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BSTRACT i '

T

Ohe result of calibrating a spatial interaction model using

[
interaction data specific to an origin' i is to produce an estimate of

-

, L. A2 ) L. .. -~ %
the distance-deétag-parameter specific to that origin (Bi). A correct
interpretation of Bl,is important since it is frequently used as a des-
..

.

: . . . . -
criptive statistic of “the spatial system under investigation and“as a
hd Lx Y . .

—_
[l

parameter for predﬁctin@ unknown interactions.
A
The traditipnal and still commonly-accepted interpretation of ;

~

Bi is that it is a purely ‘behavioural measure.of the relationship between

distance and interaction from an origin, ceteris paribus. The distance-

E b4 \}nr/
decay parameter is assumed tb measure the rate of decli of interaction

between centres as the distance separating the centres increases. Howevey,

»

when a set of ofigin—épecific, distance-decay'parameters,{éi}, is mapped,

there is usually a marked spatial pattern to the valu®wg accessible

’ \
* » . 1} - ] - - -
origins have less-negative values while inaccessible origins have more-

negative values. As a result, several studies have recently attempted to
reinterpret Bi in terms of the spatdal structure of the system under

' . '
investigation. These attempts have not gained general acceptance, however,
' .

and no sound theory has been posited to explain how spatial structure can

determine Bi . s A . _H.,'

This thesis demonstrates that a strong relationship between

spatial structure and Bi exists-and that the present interpretation of

such parameters is wrong. Spatial structure can determine Bi in two ways:

A

one is' a calibration-specific effect (to which existing literature has un-

successfully alluded) and the second is a calibrdtion-independent effect

iii
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which until now has been unrecognized. The former résults from multi-

. .

collinearity in unconstrained interactioq models and from the pragence -

. . N\
of balancing factors in constrained interaction models. The latter iﬁ)a

: S/
result of model mis-specification: ' the accessibility of a destination-

is shown to be an important explanatoty variable of the volume of inter-

action into that destination. Theoretical and. empirical evidence is

given that the more accessible is a-destinaticn to other destinations, -

-

the less attragkive it is for interaction, .ceteris paribu This

relationship is not measured iff present spatial interactigh models and

when it is, the exaggerated spatial variation of distfance-decay para-
Yy ;

meters'déﬁappears and the parameters can b;>interpreted as purely

Vo behavioural measures. When the effect of spatial structure is not taken
>

~

into account, Bi is shown to be primarily an index of accessibility ang

. . | S
- not a behavioural parameter. Jf,

Thus, current spatial interaction models are mis-specified. &

new type of spatial interaction model is presented which is correctly

-+

Sy,
specified and which rpmoves the spatial structure bias from distance--

decay parameter estimates.

N
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PREFACE ' ~

A necessity of a society in which there is specialisation is

-

spatial interaction, the movement of peop%g, goods andwinformation from

r ’

one location to another. This interaétionris undertaken at the cost of
overcoming the spatial separation of locations which.eﬁcourages short
distance interactions rather than long distance interactions. It is

important to measure the perception of spatial separation (or distance,

as spatial separation is commonly measured by) as a deterrent to inter-

action in order to predict interactions where ‘they cannct be measured.

~

- L : . . .
For this remason, models of spatidy interaction are calibrated and
distance-decay parameters are estimated.
2 distance-decay parameter measures the relationship between
observed interaction patterns and distance when all other determinants

of interaction are constant. This relationship is assumed to be an

-~

accurate reflectipon of the perception of distance as a deterrent to
1€ : :

. : a .

interaction. Thus,- when a distance-decay parameter is estimated in the

calibration of a spatial interaction model, the interpretation of the
A . - '
estimate. is that it is purely a behaviqural measure of the relationship
FY. .

between distance and interaction, ceteris. partbus. Chapter 1 defines

this behavioural interpretation and then questions'it. Evidence is given

‘that distance-decay parameters may be a funcpion.of spatial structure.

Chapter 2 describes and demonstrates the weakhesses in existing theories
) .

relating distance-decay parameters to spatial structure.

There are two ways in which spatial structure can bias an esti-

mated gistance—decay parameter such that it no longer solely measures the
) A - "

»

wii
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perception of distance as a deterrent to interaction. The first is that
- r\ *

. ~
because of the spatial structure of opportunities, obhgerved interaction
. “"\ﬂ' N
patterns are not a true reflection of the perception of distance as a

barrier to interaction.  For example, assume that interaction patterds

for grocery shopping are observed in two towns which have identical

S

population distributions and the residents of which have identical per-

o

ceptioﬁs of disffance with respect to interaction. In tewn A there is
onl} one grocery store while in town B there are three stores in dif-

ferent locations. From the observed interaction patterns, the mean

:

trip length to buy groceries wegi? bé‘;?aéte: in town A than in town B

and .it would be assumed that the residents of town A perceive distance

to be less of a deterrent to interaction than do the residents of town

- B. This would be a false assumption since the perceptich of distance
is egual in both towns: the observed interaction-patterns and the
resulting distance-decay relationships are biased by spatial structure.

People travel shorter distances in town B simply because the destinations

]
]

are closer on average than in town A.
: !
‘ ) ‘ /

The second way in which spatial structure can bias an estimated
distance-decay paraﬁeter occurs when the parameter estimated in the cali-
bration of a spatial interaction model is not solely a measure of the
relationship between observed interaction patterns and distance but is

) . S, &+
also a function of spatial structure. Inadvertently, either the cali-
bration procedure or the structure of the spatial interaction. model, or

both, .allows the estimated distance-decay parameter to be a function of

spatial structure as well as observed interaction patterns.

xkiii
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This thesis concentrates entirely on the latter effect. The
former effect, if it occurs, is very difficult to measure or corrett
since the onLy\}nfoFmation on people's perception of distance that is
usually available is the pattern of observed interadtions. There is no

standard to decide whether these are accurate data from which Fo'measure

.the perception of distance. In any case, the former_effeét is unlikely

2

to bias distance-decay parameter estimates severely. The example given
of grocery trips in two towns is only valid when townlA has only one
oppoftunity at which-to buy groceries. ‘If there were two grocery stores,
at different locations, observed interaction patterns would reflect the
fact that one store is closer to some residents thah .is the other and

3 <
the perceived disutility of distance with respect to interaction could
accurately be measured. |

Chapter 3 of this thesis proposes that the latter spatial struc-

turgfgffgbt can occur in three ways depending upon the type of spatial
L. . N

_interaction model calibrated and the qgiibration t hnique. Chapter 4

describes the effects of multicollinearity between mass and distance on

‘parameter estimates derived from unconstrained spatial interaction models;
e

E i , . o
Chapﬁe{Jﬁfﬂescribes the relationship between estimated distance-decay

parameters and the balancing factors of constrained interaction models;d

and Chapter 6 describes how present unconstrained and constrained spatial

. interaction models are mis-specified and derives new interaction models

which are correctiy specified. Chapter 7 contains a compariscn of the
calibration results from both setsmof interaction models.

4

Thus, the hypothesis upon which this thesis is based is that

actual interaction-distance reiationships, ceteris paribus, are constant

»

xiv ' \\“_
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over space but estimated distance-decay parameters are not since the

latter are bifased by spatial structure. It is assumed that observed

intéraction patterns are an accurate reflection of the perceptiogbbf .
distdnced as a deterrent towinteraction énd once t%F spatial structure
bias is removed from the models or the calibration procedure, estimated
distance-decay farameters will be constant over space.

. The conblﬁsions of this work are far—reaching. The intérpre—
tation of présent distance-decay p;fameters is shoﬁn;ﬁo be‘false.
Instead of being indicators of interaction beh;viourlthey are primarily
indices of spatial structure. New models are presented, however, from

v

which purely behavioural distance-decay parameters can be derived. These
"
latter distance-decay parameters should aid greatly in predicting inter-

actions when there 1s a change in spatial structure since they will be

.invariamk to such change - a property present parameters do not have.

»
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CHAPTER ONE ;
—

i -

» \ ’
AN JINTRODUCTION TO-DISTANCE-—DECAY PARAMETERS °
. AND SPATIAL INTERACTION MODELS -
\ : _ .
“ K ’I/'

< : , E’ s

1.1 Distance-Decay and Distance-Decay Parameters

7 Spatial in£eraction can be defined as thé movement of people,
1)
goods or information fesulting from a decisian to move. The decision
‘to, move is based on the utility derived from the movgmenp.l In inter-
action terms, total utility, U, can be defined as the follq{iiiifp\
benefit;cost equality: . :

v o= £(8) +g(@ - . (1.1

‘where £(B) is a function of the total benefit derived frém interacting,
g(C) is a function of the total cost incurred from interacting,
ana‘utility is assumed to be an increasing function of benefit and a
decreasing funetion of;cost:
The total volume of interaction, I, between any two points will
| be an ingféasing Fuhiction of the total utility derivéd from such inter-

action:

hiu) . - (1.2)

=
il

By substituting (1.1) into (1.2), interaction is seen to be a decreasing

;’ s

A
More correctly, this discussion should be in terms of expected u;ilityﬁ
expected- benefit, and expected cost. For the sake of brevity, it is
as¥umed that all expectations are realfﬁid. )

/ W . ' . . rﬂf'



function of cosk\ As the cost of interacti®fg ingreases, the volume of .

' B

c . . . 1 c .
interaction decreases, ceteris paribus. This is the essenve of distance-

decay since the cost of interacting is assumed to be ig,increasing

function of the distance, D, over which th% interaction is taking place:

c = i - L T (1.3)

e

Distance-decay can then be defined as: the rate at'which the
volume of interaction decreases as the distance over which the inter~
action is taking place inereases, ceteris paribus. A’ distance-decay
parameter simply measures this rate. It conveys information about the
relationship between interaction and distance or: alternatively, between
interaction and cost. :

¥

1.2 The Importance of Measuring Distance-bDecay

The ébncept of distance-decay is an-extremely important one in
urban and economic geography. It is difficult to imagine urban geography
existing if distance did not play an important role in human organisation.

As Olsson [1970, p. 223} states:
’ J . . ‘i

"Under the umbrella of spatial interaction and distance-
decay, it has been possible to accommodate most model
work in transportation, migration, commiting and dif-
fusion, as well as significant aspects of location
theory."

lthe term ceteris partibus is used throughout the text. It is necessary to
discuss the relationship between the volume of interaction and the cost *
of interaction with "everything else being constant" since the true
relationship may bé disguised otherwise. For example, the volume of

i 3 etween Chicago and New York city may be greater than that
between Chicago and Duluth even though the cost of the former may be
greater. Obviously there are other factors that affect the volume of
interaction besides cost {in this case, population}) and these must be
controlled for in order” to determine the true relationship between inter-
action and cost.

—
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. 7 Lol
- Such an impertant concept should,@% fully understood and accurately

¥
measured. There are two main reasons why the accurate measurement of

distance-decay in spatial intgractions is important: (i)} to obtain

P AP D . . can
descriptive statistics about the system under investigation and (ii) in

’ 4 . " - . . 7 -
‘order to_pred1Zl unknown interactions accurately.  These two reasons

are now expanded.

. "
(1) DescriptiuesStatistic

~§§\; Congider a spagial system within which interaction iswtakingm

I -

place. Knowledge of the distance-decay of interactions within that

.

system can be important in several ways. It can indicate how sensit%;e
LY
particﬁlgr types of interaction are to distance. Shopping trips, for

example, may be more sensitive to distance than are work trips. Trips

to consume hamburgers may be more sensitive to distance than are trips
s v . :
to consume steaks. Knowledge of this sensitivity, which is given by

, . . \
the distance-decay parameter, is invaluable in locational analysis.

To determine the location for a facility which will maximise its

patronage, a good estimate of the relevant distance-decay parameter is

necessary. There have been many empirical investigations .to obtain

this information, inter alia, Ik1lé [1954], Hansen [1959] and yuill [1967].

A corollary of such knowledge is that distance-decay parameters can aid

sm\determlnlng market areas for various facilities. Huff [1963] and

\

Beaumont [1978] discuss this subject

Black [1971,51972], Chishaolm and 0'Sullivan {1973] and Gordon

- ’
[1978] have dgmonstratéﬁ that if the interaction under investigation is

movement of a particular commodity, then the distance-decay parameter

——



can be used . to determine regional market areas for that commodity. They.
also show how such parameters can Be used to determine certain commodity
chafacteristics. A steep distance—decay function, for example, would
indicate tha;’thé commédity is sensitive to distance and is probaﬁly
either bulky, perishable or has a low value/weight ratio. ﬁ_qentie
distance-decay functfon would indicate(the cpposite’ characteriséics.

Insighg into interaction behavijour in different areas is
important. It might be determined, through knowledge of distance-decay
parameters, that interaction behaviour in one Yirea is very different
from ipteractidn behaviour in another area. One can tﬁgn ask: w{at
causes this diéference?\'Is it differences in the medium throughiwhich
interaction is taking place or is it differences in distance perceptions?
Also, once one is aware of differences in interaction behaviour, one
can ask: do we want to chaﬂée’such behaviour{'émfndgh; be found, for
-example, that there are maﬁy long distaﬁce shopping trips froﬁ a parti-
cular suburb. On investigatioﬁ, this may be a resul; of poor shopping .
facilities withiq that'suburb.

Differences in interaction behaviour over time can be.evéluated
gy comparison of the releQant distance;décay parameteré. Hagerstrand
[1957],‘for’example; investigafed how migration patgern; changed over
time‘ih Sweden through comparison of distance-decay parameters. Clark
énd Ballard [1979]'similarly_studied‘variations in dfstancé—decay
parameters over time-uéing oﬁt—migration data for the Appalachian
statié. They c¢oncluded that distance is.becominé less af a factor in
détefmining interaction andﬁFhus'we could expectithe "ghettoes" of
Ap;alachians in nearby states to disappear as people migrate further

-

afield. . !
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There ﬁave been several other studies in which knowledge of

‘distance-decay parameters has produced jinsights into human behaviour.
\\\?acKay [1558] investigated the effect of boundaries upon interaction
through ;istance—degay parameters. Gould [1975] used distance-decay
parameters to analyse spatial variations in the level of information of
school children and the transmission of knowledge. Clark [1979] .used

distance-decay parameters to determine the nature of ancient exchange

.systems-

’

Finally, knowledge of distance-de arameters is useful in a
ra pa

heuristic sense. Besides describing‘kgggfactkon behaviour, patterns of
b

distance-decay parameters can indicate determinants of such behaviour.

Olsson [1965] and Young [1975], for example, have suggested from such

an analysis taat the size of a centre determines, in part, the inter-

g .

action distance-decay connectdd with that centre.
. . . : (-9 . 1
Accurate measurement of distance-decay parameters is thus very

0 - . n

important in order to describe interaction behaviour. Accurate measure-
ment is a necessity. if any inference is to be drawn from such
(R )

description.’

-,
*

N [
. (i1) Prediction _ . \\§
. . The result of predicting interactions often has major policy

implications. Predicted interactions can influence'ghe building of
. new transit systems'and the siting of facilities and thus the accuracy
. : Co . :
of /such predictions is very %gportant. The usual method of prediction-—=

is td calibrate a spatial interaction model using interaction data for

one particular spatial system in one particular'time'period.‘

kY

Vel —

.
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The parameters-glerived from the calibration are assumed to remain con-

stant over time or over space) or over both, So‘Ehat they can be used
. ~ )

to predict_interactions where data inte&dégions“?re not avéilgble.
Since the distance—decéyaparameter is an integr;l-cohprent of all major
spatial interaction modei?‘ﬂﬂﬁhﬂnctiéz 1.3y, obtaining accurate

stimates of distance—éecay parameters is then essential to accurate
prediction. ‘fhese éqramgters idéa\}y shouid have litﬁle variation over
time ana space, or if they do vary, the wvariation:* should be predictable.
Southworth [1980] demonstrates £Haklarge errors/in predicting interactions
as.a result of assuming constant distancg—decay paramete;s over time when
indépendent calibratiops show that they-&ary. . .

Fie R

1.3 Distance-Decay Parameters and Spatial Interaction Mod&ls

It has been shown that interaction is a function of distance:

I =, £(D) . : - {1.4)

It is clear, however, that interaction is also a function of other
’ ‘

‘variables. The greater the population of a centre,” for. example, the

Ve
greater the volume of 1nteract10n would be expected to emanate from,

and be.attracted to, that centre. ,Interaction between two centres is
then a function of the propulsiveness and at§ractiveness of both centres,

I3

as Qell as the distance between them: '

I = £(D, P, A) (]9)/

where P is a measure of propulsiveness

and’ A is & measure of attractiveness.

M

\ &
i
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In order to measure accurately the Ef§§Ct of distance upon

; (innteraction, all other determinants of interacton must be accounted

v‘."-";‘J
}:‘
Ny
A
2T
3
L N

,I“\1975], Openshaw and-Connolly [1977]).

for. Spatial interaction models permit measurement of the d%stancé—"

intérqct}on relationship by controlliggifor varying degrees of pro-

pulsiveness and attractiveness. Distance-decay parameters derived from

1 ’ - ) LA Y . r
three classes of spatial interaction model will be investigated. The

class into which a model is placed is determined by the numbe;'of con-

i e
.straints on the predicted interactions operating upon the model. There

may be zerc, one, or two such constraints producing unconstrained,
T ¥
singly-constrained and doubly-constrained spatial interaction models

L3

respectively. The effect of varying the number of constraints produces

varl%ng functions of propulsiveness and attractiveness. The distance

fun&tion, however, is independent of these constraints, and hence

remains congpahtAbetween.dlasses of model. More formally, (1.5} can
1 -

L L Y
be- rewritten as: ™ :

[
-

@ 1 N L9 . na)

.

(1.6)

where the functions g and h vary between model class while f remains
¢ ' . )
gonstant. The exact forms of g and h are given below for each type *

of mbdel. It is useful first,‘ho&ever, to define éhe function of dis-

tance used for each model. ' TN~

.// . \

. . . . ! ‘ '
The Distance Funation Used,/’“\\fr
‘There a fossible™~functions of distance which could be

used in spatial 'interaction modelling ( ee, for gxample7~Taylor [1971,

e

However, three are most commonly

- .

1-
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- ’ 8
used: ? ,
) ' ’
A Power function where:
B , o .
f{D) = D , . .- o a.n
. -
B being,the,disténif decay parameter. ‘
. . N
An Exponeﬁtial function:
£(D) = exp (B D} , : - (1.8)
and a Gamma function: ) —
, Boy ‘ L n |
f£(D) = exp (Bl D) . D4 . - ) {1.9)

Each of.these functions describes how distances are Egrbeiveﬁ .
in terms of interaction. Usg of the power and‘exponential fugctions
assumesrthat a monétonie non—linear relationship exiéts between disﬁanée
and iqteraction. Use of the power anction agéuﬁés that the relation-
ship‘can be made linear when both variables are converted to natural
logarithms. Use of the exponential function assumes that the relation-~ -

ship can be made linear when only interaction is converted to natural’

,.‘logaritﬁg;. The gamma function.is more flexible than either the power

Er'éxponential function. 1In (1.9) if Bl = 0 and 82,# 0, Lhé gémma
function degenérates'yo a power function. If 82 =.0 and 82 # 0, the
gamma function dégehgrétes to an exponen;ial function. 1If Bl and 82
ére both non-zero and have different signs, the gamma function can
model relationships that are not monotonic. Examples of thé three

functions are given in Figure 1.1.
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 FIGURE 1.1: The Power, Exponentlal and Gamma Funetions of T
; Distance. ’
B I '

INTERACTION

Exponential (8<0)

Gammo (8,40, 58,0)
Power (3<C)

DISTANCE T

o
' v

The function chosén fof\ analysis in this thesis was the Pareto

"or power function. There are three reasons for this choice. Firstly, the
data analysed in this thesis are. inter-urban interactions. It is assumed
t

that the power functlon is a more accuvate description of the perceptlop

- of distances at th:.s scale than is the exponentlal tfunctlore Su,pport_: for-

d‘thls assumption is gJ.ven by Frost [19691, Hyman [1969], Wilson [1970a]

' Gordon [1976] and Stillwell [19?7] While the gamma function may also be
more appropridte than the xponeptlal, the interpretation of its two
i , 7 p
' parameters is not always obvious. Secondly, ,a primary objective of this

thesis is fo demonstrate how previously estimated distance-decay para-

* meters are biased. It is then useful to use the same function of distance
T .
‘ ¢

that has been most commonly u'sgd in previous studies. Both Black anw .

Larsen [1972] and Taylo‘rf [1975]) point out that this is the power function.

[

q S e
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While the expeonential function has also freguently been used.in inter- ©

aﬁsion modelling, the gamma function has not. Thirdly, an advantage of
using the exponential function rather than the power function is that
. [ -4

the former can model interactions ové&'zero distances while the latter
cannot. This is irrelevant in this case, however, since the interaction

v . Lo .
data to be analysed contain no such interactions.

While a power, function of distance is used here, thé results///-

obtained wo“}d be
. L -/
The framework of the analysis would remain the same, as woul@ the inter} -

similar to those obtgghed using an e<gfnential function.
oy -

) )

pretation of the distance~decay parameters.. Each of the spatial inter-

action models ta hé analysed is now briefly described.-

-—

-
-

(i) - An Unconstrained Spatial Interaction Model

Lénsider a spatial system consisting of m origins i, and n
\ . . ' r

destinations j. An unconstrained spatial interaction model can then be

. T

L N ' T - ’
written as: p , \kT ad

whér%‘ Iij is the interaction between i and j,

oMy is the. measure of the propulsiveness of i, R
fj mj is the measure of the attractiveness of j,
. “ 1 )]
d,. is the distance between i and i
ij SRR

and *, w, Yy and B are parameters to be estimated/given: data on Iij' m, , mj
and d,, 7 :
1]

When (1,10) is calibrated, it is rewritten as:

2. 0= an®nY¥a B (1.11)
ij i 3 ij ' .

-
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wher2a """ denotes an estimated value. Hence, é is the estimated distance-
decay parameter. The usual methpd of calibrating {1.10) is to take the

natural logarithms of both sides of the equation and to estimate the

4

parameter values by ordinary least squares regression (OLS). This pro-

duces an equation of the form:

- T,.*= a* 4 g * + Ym*+B8a, * (1.12)
i] J ] 1) '

-

where "*" denotes a natural logarithm. Comprehensive reviews of this
model are given . in Carrgthers [1956], Isard [1960] and Olsson [1965b].

v ’ | ' . - ’ .
(ii) A Singly-Constrained Spatial, Interaction Model

The singly-constrained model to b?,investigated is a prog%btion—

constrained model of the forh:j

-". ) -
7y S 9
I,.. = 2,0, D, 4.. (1.13)
ij i1 79 745
: a
where,
T o 4 Bq-l - '
z, = [} p,a 17t o (1.14)
1 j=1 J 13
When calibrated, the model is rgwritten as: <;H\A
a n ) .
: B _ A
I,. = 2MN0, b, 4, " . {(1.15)
13 /1] ij : > .
’
whéé%} . N~ :
n . ﬁ 1
z. = [}p,a." - (1.16)
. =1 J i3 .
1' n
0. is the true outflow  from origin i, or Z Iij' and Dj is
i .
« 3=1 :

.
-

1 , " ) .
» For prediction purposes, of course, 0i musﬂsbe estimated or measured externally.

e

| ' | \
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a measure of the attractiveness of destination F. Zi is a balancing factor

which ensures that the constraint,

Vi . (1.17)

It~
[
Il

il ~13
H

is met. In words, (1.17)states that the predicted total outflow is equal
1] M .

to the true total outflow for each origin.

Pz:oof of (1.17)

Summing (1.15) over all j gives: _
.. 4

n . n . é
! 1.. = z, 0, ) b, a.B . (1.18)
j=1 13 i7i Lk

- ' 4
Substituting z, from (1.14) into (1.18):

n n - n S
w J I ={7 p oa B? 0, Yy b oa® . (1.19)
j=1 ij =1 J i 3=1 J 13
¥ - - s ‘*\
" )
= 0, = I. .
i 521 ij
a
Q.E.D.

¢ Since (1.13) is non-linear in barameters, it cannot be calibrated
i ' 4 .

using OLS. Instead it is calibrated by maximum likelihood estimation

.assuming a multinomial- likelihood functionl with the const;a{nt that the

' /
estimated mean trip length for the system equals the tru¢’ mean trip length or,

lThe exact form of this likelihood function and the procedure for the con-
strained maximum likelihood est@Pation of the parameters of spatial inter-
action models is described in detail by Batty and Mackie [1972,212-214].

-
s

<
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m o m n -
R (
. - = 1.20)
m N " , m n
Y P11
i::rl j: 13 i=1 j=1 1)

Se | @

The singiy*coiiziaihed spatial interaction model is discusséd

and its derivatian fromehtropy-maximising principles\is outlined by
latia Y

Wilson [1971]. v’:
&
(i11) A Doubly-Constrained Spatial Interaction Model
The doubly-constrained model investigated is:
. ) 8 J
I.., = 2, 0, B, D, 4,. (1.21)
i3] i1 3 3 17,

» . - ‘ | ”
where, ) \\/’— ’ . ‘
i n .

: z., = [ § B.,D, a Bt (1.22)
i 521 33 43 .

and, -

B, =.[) z o a "1t . - (1.23)
3o s 1) - .

The measurement of j's attractiveness is now equal to the true total inflow

m
e N . »
ingo/jl, or Z Iij .. When calibrated, (1.21), (1.22), and (1.23) are
// i=1 N ' 1
" “fewritten as follows: : W\
. . r
N 8
I.. = 2.0, B, D, 4,, (1.24)
1] i i3 3 ij-
where, ,
n -
B.-1
Z, = B. D, 4d..
i [jzl j 3 i3 J ‘ {1.25)

lAgain, this has to be estimated or measured independently for prediction.
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and,
m ~
B,-1
B.. = [ 2. 0, d,. 1.26
3 izl i 1 1] ] (r( R %
In the above systemé, Zi and Bj are constraints which ensure %pat:
n n - -
j=1 =1 - \
and, .
~ ? - yom -
' I.. = ) I..  ¥3 (1.28)
i=p M i=1

-

' respectfvely.' The interpretation of (1.27) is the same as that of {1.17).
Equatior} (1.28) states that the total predicted inflow is equal to the '

true tdtal inflow for each destination.

Proof of (1.27)

Summing (1.24) over j gives:

n : n’ é
I I, = z 0 } B, D.4d. (1.29)
. j=l l:] i j':-l j j l:] ‘
Substituting Z; from (1.25) into (1.29): ‘ - 7
no n Vg B :
) Ty = I B, b, d."1" o Y B, D, 4,. (1.30)
j=1. & jep 4 3 A je1 303 R0
n "
1 = Oi = .Z Iij .
g =1
~ Q.E.D



u\/ .

o

15

f/
(‘ =
Proof of (1.28)
-
EF Summing (1.21) over i gives:
> . -
mo . m é
! 1.. = B.D, ) 2 0 a..® . (1.31)
i=1 * C T I :
L 4
Substituting Bj from (1.26) into (1.31):
m m. - m - ’
DI, =107 2.0 a. %o y z o0, 4" (1.32)
. i=1 ij i=1 1 1 1] ] i=1 i 1 1]
f
m
= D, = } 1,
I '

lad

/

Equatién (1.51) is calibrated by maximising the same likelihood
function dicussed for the singly-constrained model. Thi; maximisation
;s again achieved by ensuring that the constraint given in (1.20) is met.
;he calibration of the doubly~-constrained model is more demanding compu-
tationally, however, thén the singly-constrained model since the balancing .
factors given in (1.22) and (1.23) ‘must be estimatgd iteratively.

&

MacGill [1975] gives a proof of the convergence of the balancing factors

while Wilson [1970b, 1971] discusses further details of the model. \\\\\‘—///

Origin-Specific Spatial Interaction Models

The models given in (1.10), (1.13) and (1.2i) describe interactions
in a spatial system consisting of m origins and n destiﬁations. Such a
system can be considered as an aggregatfion of m subsystems: each subsystem
« being the set of interactions from a particular oriéin. This is shown in

Figure 1.2. Cal;brating'an interaction model for each of these subsystemé
J-

. B \
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-FIGURE 1.2: An Interaction System and Subsystem.

(a} Interactions in a Spatial System

(b) Interactions in a Spatial Subsystem (origin-specific)

le ¢+

'l
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would thus ﬁioduce useful ipformation on the interaction patterns specific

to each origin. With slight modifications, the models given in (1.10), ™
’ b
(1.13) and (1.21) can be used4A¢ obtain this f%foxmation. These origin-

/

spécific models are written as follows:

(i) An unconstrained origin-specific model; ,

e -Y . 8 . .
I,. = = m,1%a "1 . S .
i3 Y ,qu i - (1.33)

|
The mi variable in (1.10) is a constant when i is constant and is

subsumed in ¢i

(i) A singly~constrained origin-specific model:

I.. = 2. 0. D, d_,Bi vi - : : {(1.34)
1] 1 1 3 1] / )
where, {%}
n .
z, = [] b, a 10 i , .35
i 521 1 13

(iii) A doubly-constrained origin-specific model:

1.,. = 2,0, B, p. 4 Bi Vi . (1.36)
, ij i"7i 3 73 i3
where, J )
+n <‘\
z, = ['] B,D.d Bi] X ¥ L (1.37)
, j=1 J ] 1] . \ .
and, N fn .
- Bi -1 .
B, = [] z 0, 4, "] vy . (1.38)
3j j21 01 i

. . N

In allfthree models the pdrametérs to be estimated are origin-specific

parameters. &i is then the origin-specific distance-decay parameter and,éi its
. ) ’ )
estimate. The interpretation of Bi is the major concern.of this thesis.

Consequently, the models given in (1.33), (1.34) and (1.36) will be closely '

—

-
I

investigated in éﬂ;sequent chapters. However, it is useful to note here -

three points cbncerning these models. The first is that the sﬁbécripts l\
; : p, .

/
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given in {1.33) appear unbalanced. They are ‘not: since there is only one

origin i a

entirel

£ each calibration of the model. The calibration of_(l.33) is

L}

y independent of data coﬁcerning the other origins of the system.

This is also true of {1.34).

The second point follows from the first. The meodel given in

- -
— T

" {1.36), although calibrated for a spegifid‘origin, is not independent

of the other origins in thé system. The model includes a constraint on

4

(.

( the total predicted inflows into each destinetion and hence (1.3B) con-
. tain? a summation over all origins in the system. By fqliowing the

; - / -
? proofs of (1.27) and (1.28) it is easily seen that/}l(ﬁ?) and {1.38)

ensure that, ’

oo om .

Y i, = 1 I vi

j=1 * j=1
and' ’f\j

Ia,- ) "

I.. = I.. A ¥]
i=1 i=1 *J ) :
. A
‘ L]

respectively.

The third point concerns the constraint necessary for the cali-

bration of (1.34) and (1.36) by,maximum—likelihood estimation. For the

complete spatial sysﬁem, this was given by {(1.20). However, for origin-

specific calibration, it {s necessary to constrain the estimated mean

trip length for each origin so that it is egual to its true value.

Formally, the constraint is written as:

%

n - n ,
z Iij ij Z Ilj dij :

=1 I vi o, {(1.39)
n n .

REE R
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1.4 The Interpretation of Bi'

v
- - ' !

Tradiiionally, the sign and magnituﬂé of Bi' the estimated origin-

spegific disﬁance-decay parameter, are assumed to be solely functions of

interaction behaviour. The estimate oﬁ-Bi_is assumed to reflect under-

s

lying interaction behaviour with respect to distance: the underlying

behaviour being a rggult of many individual decisions. Wnder this

assumption of 8;, if the underlying decision-making process was constant
. . V- R
over space, Bi would be constant for all origins. Variations in Bi are

ascribed teo variations in interaction decision-making. However, this

thesis will demonstrate that Bi is also a function of spatial structure
\ . . /- .

so that even if the underlying interaction behaviour ié constant over =

A
. ' . * * . - * .
space, Bi can vary due to variations in spatial structure. An example is

-

useful here to demonstrate the meaning of spatial structure and behaviour

as determinants of estimated distaﬁcgidecay parameters.- Consider airline

passenger interaction between the hundred largest cities in the Uhited

o

States. Such data are used to/obtain estimated distance-dec5§ parameters

/

for each city. Suppose tHe parameter value for Los Argeles was —-2.0 while
that for Chicage was -0.5. Then suppose that there was a complete

exchange of residents between Los Angeles and Chicago (their 1980 popu-
. .
lations are aéproximétely eqqgl) and interaction patterns were again

measured and originéspecific»dist Ace-decay parameters estimated. If the

'neq estimated distance-decay paramet for Chicago was -2.0 and

kY . .
parameter value for Los Angeles was -0)g, then thée determinant of Iwof;9’

be entirely behavioural, where Behavioural refeﬁs to the discriminating

~

characteristics of people interacting. Bi ig\determined solely by pecple's

»

perceptions of the utility to be derived from interacting over various
L . .

. | O S

-~
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distances. However; Af the resulting values after the exchange of residents

were still -2.0 for Los Angeles and ~0.5 for Chicageo, the determinant of

~ ~

Bi would be entirely a function of spatial structure: Bi is éetermined

solely. by the configuration and gize of destinations faced by an origin.

-~

. Cbviously, Bi can be determined ?y both behaviour and spatial structure

_ expectéd sign of Bi is negative.

fewer long distancé’interactions.

interaction decreases, ceteris paribus. It would be very difficult to

‘the greater is the "friction of distance" effect or the di tance-decay

and the resulting estimated parameter wvalues for Los Angeles and Chicago
N . ‘ Y

would.then be somewhere between —é.O-and -0:5. At this point, since the

~

nature of the relationship between Bi and spatial structure has not been
given, .the interpretation of Bi continues under the assumption that'Bi
is solely a function of underlying decision-making behaviour.

% It is evident that in each of the models discussed above, the

accept as accurate a phsitive Bi value since it would imply that the
greater the separation between two centres, the greater is the interaction

between them, ceteris paribus. There is no rationale for such behaviour.

o0 -
: ~

Thus, the,axpected sign of Bi is negative. The more negative is;Bi, then
' i

effect: interaction declines more steeply as distance increases and there

are proportionally more short distance interactions and p:c:oport:i.'onally(-\\tI

The interpretations| given above can gasily be demonstrated ugigg

(1.33). Assume the following:

. = 0.1
i
Yi = 1.0 '
K-~ ; . .
m = 10,000 vi . L

L 3
As the distance increases between centres,

-
~
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tionships measured by different values of éi' ) ‘ \

Then Figure 1.3 describes the different,distance—interd%}ion'rela—

. o

L
J - i - ' ‘ )
* FIGURE 1% 3: 8; and the Distance-Inteéraction Relationship
‘ V i . L4

Tij } , '
{ Bi=0 Co
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A large negativé value of éi indicates a very steep interaction distance-

decay while a small negative vai?e of éiaindicgtes ? shallow distance-

decay. If éi f 0, then di e is not a factor in'éxplaining interactions.

If éi is positive, then the volume of interaction increases from a ginimum \

of l,dﬁO as distance increases. The steepness of this increase is indicated

by the magnitude of éi' A very rapid increase woul pqe%uce a large posi-

[



Thus, the estimation of

Bi is very important in measuring interaction .

to distance.

~

behaviour w%&&érespec

Origin-spef€ific distance-decay parameters have now been defined

rom which they are commonly estimated have been described.\\\kqt
. ' """f-”.
section of this introductory chapter reviews some currently

and the models
. <
The remainin

accepted empirical results of the calibration of these models. Particular

attention is paid to the spatial variation of Bi.

¢ L &
©5 Existing Empirical Evidence Relating Bi to Spatial Structure

The spatial structure ofan interaction system is defined here as
. ‘_ N F
the spatial configuration of origins and destinations between which inter-
- d—\/ .
. . action takes place. 'S tTSt*Upriguration is taken to,ehcompass not only

the relative locations of Céntres but also the relative sizes of centres.
. [
This thesis investigates effects of spatial structure which are unaccounted

for in the estimation of distance-decay parameters from present spatial

\

interaction models. This “spatial structure effect" is thus assumed to °
be a function of the configuration of origins and destinations within the

spatial system under investigation. If there is such an effect, it

should be evident in the patterns of estimated origin-specific distance-
s T —— .

decay parameters. There should be a systematic pattern of parameter

estimates since on%y the configuration of destinations tan affect Bi' and

=
-

. ) adjaéent origins will have similagfponfigﬁfations of destinations. Seven

P

1 —— .
_,,f,ﬂ;;ffgifigﬁl—stqdiég’g;gﬂgriefly reviewed to investigate whether or not suc

P

“ﬂb- a pattern is evident. These studies are identified by their respective

author(s).

L/
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" under-estimates of interaction between certain zones. This pLint is

S ,
o
\ - 23
(i) Chisholm and 0'Sullivan [1973] ]

. .

Cﬁisholm and 0'Sullivan calibrated a gingly-constraiﬁed model
very similarl'to (1.34}) for 78 zones in Biitain using ffeight élgw‘data.
Their‘;ap of.ﬁhe resulting digtaﬁhe-decgy Rarameters is_reprodﬁced in
Figure 1.4. A.cleér séétial pattern eQErges. ‘Generally, more acce;sible
origins havelless.negatiye éi values, while 1esgﬂacces$ible origins have
more negativé éi-values. Thig pattern was ¥ecognised by Chisholm and

™

O'Sullivan[p.72] and the na&u;al logarithm of potenéial accessibility2
was found to explain 48% of the variance of é.. fﬁeir exﬁlanation for
thlz pattern was that mere remote zones attempt to avoid the penaltles
of long hauls t& central zones and therefore have, Droportlonately more

short distance interactions, while central areas distributg their traffic

with less regard to distance. Chisholm and O'Sulliﬁan also noted that

because there was such a large spatial variation in parameter valubs, a

single model applied to the whole country may result in Serious overf'qr
returned to' later. The range of Chisholm and O'Sullivan's parameter
estimates-is given in Table 1.1,

It is interesting tekggge that Frost [1969] calibrated (1.33),

-

the unconstrained modelf using the-€ame data as Chisholm and 0'Sullivan.

s

His results were similar: the logarithm of potential accessibility

3

explained 31% of the variance in E..

The conly difference ts-that Chlsholm\and o' Sulllvan's model contained
an  exponent on the D. variable. This in no way alters the interpre-
tation of Bl, however:

. n D :
2 ‘ . .
Potentlal accessibility was deflned R’y Z -l—g + where § was assumed to
to equal 1.0. j=l d-~

3This is my calculation. The potential acces51b111t1es used are those
reported by Chlsholm and 0'Sullivan. . -

Ly . )
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FIGURE 1.4: The Spatial Variatidn of éi Estimated from British Freight
Flow Data (Reprdduced from Chisholm and 0'Sullivan [1973,
p. 1. N
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The B—i values were assumed ta be negative in Chisholm and 0'Sullivan's

~ -

study. A positive Z-store therefore indicates a Bi value more negative ’

than the mean.’

N

@
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TABLE 13 Y- ]
! &
RANGE B.YBIN NINE EMPIRICAL STUDIES
i .
Range of Values
. | No. 8. Least Negative B, ive 8
.-Study o. of Bl_g eas egative B* Most Negative Bi
Chisholm and O'Sullivan 78 To-1.3 © -4.8
ﬁ%é\n - 78" +0.3 -5.2
. . , -
Gould ' 33 - -0.2 0 -l.0 o
Stillwell 44 -0.8 ' ‘o209
Leinbach 16 -0.4 -1.0
Greenwood and Sweetland 50 ' {0.4 -2.5
Smith " 49 0.0 -2.7 )7
. Y, -
. r -
Linneman 75 >0 =-2.3
2 Kl
" Griffith and Jones 24 ~0.1 -0.4
S \ -ep

°.\. I i

lExact value not given. -
LS

2
Their model used an exponentl al function of dlstance. The other studies
used power functions. . .

/,\
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(i7) Gould [1875]

—— -

gt

Gouldyg?librated.an unconstrained origin-specific interaction

model (1.33) for 33 Swedish towns. The interaction data werg measures

of children's spatial awareness and the éi values measured the distance-
decay rate of the acquisition of knowledge at each town. The spatial

pattern of the distance-decay garameter is réproduced in Figure 1.5.

With reference to the point of gregate travel, it is clearly

¥
seen that, in general, the further a town is from this point (i.e. the
more inaccessible it is)ﬂ the more negative is the. parameter value for

that} town. Gould calculated that the square root of distance to the

pol minimum aggregate travkl explained 64% of tbe variance of éi'
He_also noted that the variance in éi‘was much greater than in Qi'

the mass parameter. Gould could not give a béhavioural rationale !
for -the large variance in é;, nér for itg sfatial pattern. He proposed
that in egalitarian societies, such as Sweden, interaction behaviour

with respect to distance shoul@ be reasdnably constant. fhus, to

explain his findiq?s, Gou1§ sugges@gg that éi is not only a function of
behaviour Dbut alsq of spatial structure. On this subject, he referrgd to
the theoretical work of Curry [1972] wﬂich is discussed in Chapter 2.
(i71) Stillwell [1978}

Using Britishrinterregional migration data for 44 r gions, Stillwell
calibrated a doubly-constrained origin-specific interaction model (1.36).
The spatial pattern of the distance—decay parameters indicates the duality
between accessible and inaccessible origins observed in thekagove studies,

More accessible origins have less negative parameter estimates and less
. -

accessible origins have more negative parameter estimates. One apparent

-~
-

anomaly is that Scotland, an 'inaccessible origin, has a very

low negative parameter estimate. However, an exaplanation for this, in -
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The Spatial Variation of Bi- Estimated from Swedish

Interaction Data {Reproduced from Gould [1975, p. 93]).
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terms of spatial structure, is given in Section 5.6.

Another interesting finding from this study was that there was

no significant relationship between Bi and the mean trip length from
=
origin i. A strong positive relationship would be expected if Bi wdre

purely a behavioural measure: the greater the mean trip‘length fro

origin, the less negative should be Bi' and vice versa. This expe

the interaction data for that region by age and sex. These results were

(iv) Leinbach [1873]

' In a study on modernisation,Leinbach analysed telep one meséage
flows between exéhangeg in West Malaysia. . Eduation (1.3?) was caliﬁratea
and a strong relationship between. the location of an excﬁange and its
estimated distance—decay parameter was found. Leinba;h reports that the
Spearman Rank correlation c0efficien£ betweeq dlstance from the moderni-
sation core (a central loc®ion on:the island) and the ﬁagnitude of the

distance coefficient was .75. Since the coefficients were all negative,

[ -
this indicatee?lhat the more inaccessible an origin, the more negative

‘ ¢

was it parameter estimate and vice versa. Leinbach assumed that this

pattern was a result of varying behaviour. .
i

(v) Greenwood and Sweetland [1972]

In a study of migration between 50 major cities in the U.S.,

) PR

Greenwood and Sweetland calibrated an unconstrained interaction model for

} . .
fEach city. As they notq& there is a strong relationship between the acces-

Lsibility of an origin and its estimated distance-decay parameter. The smallest
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lBi[ reported is for Chicago while the largest is for Salt Lake City. For the

10 cities in the sample that are loecated in the .North-East (accessible éentrés),

Greenwood and Sweetland report that the average éi is -0.87 thle that for the
; 1

11 cities located in the West (inaccessible centres), the average Bi is -1.74.
It is interesting to note t% for the same cities, the parameters reported

for migration are very simiTar to those reported for 1960 airline passenger

interaction by .Smith [1973] who interpreted the pattern as a result of varying

%??&vggkbehaviour. Both sets of paraﬁeter estimates appear to be determined

o

primarily by the accessibility of the origins.

(vi)  Linneman [1966)

Linneman's origin-specific econometric model of trade flows is:

* * * ) b * p *1 ¢ p *2 P *3 (l 40)
. = + ¢ Y, + ¢ N, + L.+ .. + . + . .
Xij ¢0 ¢l i ¢2 3j \ ¢J3 ij ¢4 13 5143 ¢6 i] . J//
. K !
where xij is the trade flow between i and 7,

Yj is the GNP of j, . N

Nj\ is the population of j,

'Dij is the distance between i and j,

P..l, B .2 and Pi'3 are dummy variables related to trade blocs,

ij " ig i
\
:=====IEB’=“"’f’;;d man denotes a natural logarithm.

Define,
W, = Y. *N {1.41)
and, : {\\_/f_ i
: *1 *2 *3 . e
= + + + P, 1:42
= %o * 8P <Py 6P —{1:42)
o i
. ~
and then (1.40) can be rewritten as: ~ ,
* * * 3) E
= + R + o D, . 1.4
xij =+ (9 ¢2) WJ g i . {

Y

which is of the same form as (1.33) and where ¢3 is the origin-specific

distance-decay parameternand is henceforth referred toas Bi .

ﬂ- | ~

o



Linneman calibrated this unconstrained spatial interaction model
for 75 countries. Two of the resulting Bi values were positive but
Linneman dismissed these as "nonsensical” [p. 91]. Eight extremely large

negative Bi values and eight extremely small negative Bi vglues were
. ) v ’
given. The former are associated with inaccessible courdtries such as
—

South Af;ica,.Au%tralia and Jaban: The latter are assdciated with

-~

accessible co’tries such as Cuba, Cyprus and the U.K.. Linneman demon-

-

strates that this relationship is supparted ?y calculating éi values
fgr different‘ continents and sub-continents. The smallest negative
value-is for Central America while the largest negative value is for

R
Africa. He interprets these flndlngs as 1ndlcat1ve that relatively
"unfavourably located" countries direct a greater part of their exports

to their closest neighbours than do "more favourably" located countries. -

However, Linneman states that it is not easy to understand why this

should be so. '

(vii) Griffith and Jones [13g0)

L)

Using journey - to - work data for 24 Canadian cities, Griffi h
and Jones calibrateﬁ a doubly-cponstrained interactiéh model for eéch_/
origin. 1In a detaiied analysis, they showed how the estimated distance-
decay parameters were ré}ated to spatial structure. VaFious measures

of the spatlal autocorrelation of destlnatlon accou1§ffﬁf?r 41% of

the varlatlon in B In absolute terms, smaller distance-decay para-

i

\/
meters were associated with geometric patterns in which similar numbers

of jobs tended o cluster, whereas larger distance~decay parameters

were/associated with geometric patterns in which dissimilar numbers of



g

jobs clustered. No significant relationship Fas found between Bi and

various economic characteristics of urban ar Griffith and Jones

thus concluded that spatial structure and le istance-decay do

covary and that [p.l99]:\\

"distance decay exponengs’ for spatial interaction models
measure both the influence of map pattern and th%
true friction of distance.”

Thus, from the above studies it appears evident that there is a

relationship between Bi and the location of i and conseguently Gi-may
] T .

be a function of spatial structure. “The evidence for the latter state-

ment falls into, four cate res, .
en al s o c gq{ﬂ/

(i)_There is an empirical reqularity of less accessible origins héving

sible origins having 1es§ negative parameter estimates. This
regularitQ is unexplained ?y a priori behavioura% reasoniﬁg.
(ii) Following Gould's reasoning, interaction behaviour within a rela;
: )
" tively homogeneous society should be faf}ly constant. Thus, the
variation in estimated distance-decay paraﬁeters should be
minimal. Table 1.1 indicatgs that this i§ not so and there are
large differences between parameter eétimapes in all”of the studies
jl descriged above.
(1ii) Near—zgro negative vélues of éi and even pbﬁitiV? values of éf

--"’-'
occur. Such results are contrary to all intuitive understanding

i \
of interaction behaviour. - : .

-~

{(iv) If Bi is solely a function of kehaviour, argtrdhg positive rélation—

.
’

ship between Bi and the mgigftrip length ggom origin i, di’ would

more negative distarce-decay para?eter estimates and of more acces-

&
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be expected. As ai incr;aﬁés, Bi should becomé less negative and
vice versa. This relations ip is rarely found, however, and often éi
and Ei are negatively relatkd.

The investigation of a link between spatial structure and Bi is

important since, if Bi is a function of spatial structure, then much of

‘\fhe variation in Bi would be a result of variations in spatiall\structure.
’ . X \\ N
«Interaction behaviour could be constant over space and yet Bi would

&

is has important implications for prediction since a problem

-

in predicying interactions has long been that parémeter values vary

-

over spafe.
. N \

While there are several researchers who are aware of the empirical

Al A .

i)

findings present above,/ and who believe that éi is a function of spatial

structure, a problem as been to demonstrate this relationship theoreti-
ca;ly. ,H°~ is éi reélated to spatial structure? Demonstratiné a theore-
tical relationship be Weén éi'apd-spétia% structure is the concern of
this thesis. It is an important concern gince, if such a relationshipézi
exists it would be necessary to reinterpret the results of calibrating
présent spatial_interaction models. Demonstrating a Gheoretical
relationship between ﬁi and spatial structure is.also important as a

rd

necessary step in obtaining estimates of Bi which are unbiased by'spatial-

structure and which can be interpreted as solely-Pehavioural measures.

. 4 . .
Existing approaches to this topic are now-describedagnd their weaknesses

highlighted. ' : ' .



CHEAPTER TWO - - '

EXISTING THEORIES RELATING DISTANCE-DECAY
PARAMETERS TC SPATIAL STRUCTURE
- .

()

2.1 . Introduction -~

. While it has long been hypothesised (for example, Porter [1956])

that estimated distance-decay parameters and spatial s;ructﬁigﬂare

! .

related, it is only within the past ten yearé that this relationship has

been investigated theoretically. However, these investigations have
only stfudied unconstrained models and there exists no theory which relates

spatifl sfructure to distance-decay parameters in constrained interaction

1
models.

Three separate ideas have emerged. The first links é to the

. , . \}‘:
range/9£ distances which separate origins and destinations and is attri-
B/ . I . -+ .
butable to Johnston. The'gécond links B the.spatial autocorrelation
of populations within a spatial system and is fhe result of work&ﬁy
. ‘ ) . _
Curry, Griffith and Sheppard. Thirdly, Fotheringham and Webber describe
the unconstrained spatial interaction equation as one equation of a
simultaneous equation system. -
) ' Ao

y While the Fotheringham and Webber study/&s very recent apg Jts

gS;;;al acceptance cannot be commente n, the studies by Johnston and

Curry, Griffith and Sheppard do not pear to have gained universal

acceptance. It is still generally assumed that the variance of {éi} is
y ) i ‘

o

a function solely of varying behaviour. Thereﬁgzé_éyo reasons for thi§1 €
33 Vs .



N

34

The, first is that the work of Jochnston contains a flaw in logic while that

) ]
of Curry, Sheppard and Griffith contains unnecessary and misleading

ht

complications. The second is that both approaches are only applicable

to uﬂconstrained spatial interactiqn'models. Since_empiripél studies

have shown that the variation in.{éi} is ,similar in cgnstrained and
unconstrained models, the explanation may be common to both types of
model. While any theory that is peculiar to one type of model may explain

some of the variance of {Ei}, it is unlikely to describe the underlying

Y ’ T A .
;;Ihi@fhip between Bi and spatial structure’Pnless, of co&se, the
e

similarity between {Bi}'s estimated from unconstrained and constrained
models is purely coincidental. The Fotheringham and Webber study is

guilty of this latter criticism but not of the former.
)

The three theories which have attempt to demonstrate a link

between estimated distance-decay parameters'aﬁa spatial structure are now
reviewed and their weaknesses highlighted. The chapter concludes by
briefly reviewing several studies which have proposed methods to eliminate

-
w .
the effect of spatial structure in interaction models.

2. The Work of Johnston ’
Johnston [191§J i975, 1976] attributed the spatialsvariation of
L] . .

{Bi} to variations in the range of logarithmic distances from an origin

&E? its destinations. For example, an aécessible'origin is likely to have

very near destinations as well as very distant‘destinations; hence, the
range of logarithmic distances to its destinations will be large. An

inaccessible origin, on the other hand, is unlikely to have nearby des- -

tinations and hence, in loga;ithms, the range of distances will be small.

.

.-
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v

This variation in the range of logarithmic distances is then related to
the variation in {Bi} as follows. Assume that,in (1.33) Tij = Iij/iji

and that_Yi = 1.0 for all i. Then the OLS estimator for éi is:

. " * ‘* .
. 5. covariance, {Tij . di] } . . (2.1)

variance, {d..*} i
i Tij

Johnston assumes that {Tij*}-is constant for all i so that as the variance
of logarithmic distapces varigs, éi will vary. Under tbese assumptions,
there can be no corresponding change in the covariance between {Tij*}
and {dij*} for origin i as the variance of {dij*} for origin i varies.
Thus, from (2.1), as ?he vari:ncé of logarithmic distances increases;
éi will become~1ess negative (the numerator of (é,l) is assumed to be. .
negétive). As the variance décreases, Bi wi;} beceme mofe neggtive.
This is shown graphically by Johnston Iiévs, p. 2821. Hence, if Johnston's
assumptions are cor;ect, the estimated dfstance—decay parameter will
Become 1esé negative as the accessibility of an ofigin increases; thnston
attributes this variation solély to variation; in spatial stru;ture where
spatial structure ismeasured by'the.range of logarithmic distances.
- X

An immediate weakness in Jchnstop's arqument is that it only
applies to an unconstrained spatial interaction model. The distance-
decay parameter in singly and doubly-constrained interaction models is
estimated by MLE and the estimator contains no term gimilar to the

T 3
dencminator. of (2.1). Yet, as already ntioned, the spatial variation

i
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Another weakness of Johnston's argument is that there is a very

large discrepancy between his assumption of a constant set of interactions

. ovezr varying‘sets of distance; and reality. Ags Sheppard [1979] indicates,

Johnston implies that interaction beﬁaviou; is solelj a function of inter-

AN

vening opportunities and not of distance.\\gence, Johnston is discussing

a éase of model misspecification whereby a gravity-type model is used to
describe intqrveﬁigg—gpporéénity behaviour. His argument is irrelevant

when interaction behaviour ié\a function of distance and not of inter-

vening oppértunities. This ca% be shown as follows. Consider the

interaction merl:
N~
\ - T
T,.* = S+ B AN* + e, X . . (2.2)
ij }1. it i ij /
where, . - L.
T * = I_.* - m.*
ij ij Yl ’
and,
= .0 Vi.
Ti 1 .

The OLS estimator of‘Bi from (2.2) is given in (2.1). Assume that the
variance of {dij*} increases and estimates of Bi are derived for three

situations. 1In the first, the variance of {dij*} increases and {Tij*}

remains constant. This is the situation envisaged by Johnston. In the

v

" second, as the variance of {dij*} increases, {Tij*} varies as a result

of Tij* being a deterministic function of dij*. In the third, as the
variance of {dij*} increases, {Tij*} varies as a result of Tij* being

a stochastic function of dij*. The latter two situatiags are incon-

sistent with Jcohnston's discussion hut are more representative of



.

. 4- A
reality than is the first situation. The latter two situations assume

interaction is a function of distance: the former assumes interaction

N

is a function of intervening opportuni;ies. An estimate of Bi is derived

for each of the three situations and these estimates are comparéd‘to the

original estimate given in (2.1). The original estimate is denoted by
N 3 ~
Bi (OLD) and each new estimate is denoted by Bi (NEW) . \\’///

For each of the three situations, the variance of {dij*}.is

increased by ihcreasing dij* by an amount proportionate to d_jf. Let
‘ i

the increased value of dij* be denoted by cij* and define,

: z
. = lo (4a,. z > 1.0 : 2.3
c:l_J 9, 43 ) _ 7 { )
: . N m—
which is equivalent to, (: 7hu o
c..* = z.4d,.*" . ’ : (2.4)
i3 1]

Let Varifx} and Covi{x,'y} dencte the variance of {xL/for origin i and

the covariance of {x} and {y} for origin i respect{vely. Then,

1§ =2 : »
var,{c,.*} =-= ] (e, .* = c,.*) (2.5}
i 7ij o n 5=

o B

(2.6)

f
N
<
f

. A

S ob
~—
o

F.
.4

y

- . . . : 2
The variance of {d'j*} has then been increased by a factorwef z° .
1 .

‘Consider the new/égtimate of Bi,'given this increase, for each of the"

situations described above.

.
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[ %
() {quj*} remains consEant

Covi{5:;17~c71*}

n

£

1] 3=1 1) i
‘ 4 . n
v — —
. T
; = z Cov,{T..*, d
i
rom {2.1),
. Lov {T .*, c..* “
B, (NEW) = = 2]
. Var {d, %
i 4]

]
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(2.7)
* -3
i)
(2.8)
(2.9)
!

~7 (2.10)

\
"
/
"

/“4
¢ {(2.11).".,

Equation (2.11) states that as the Vari{dij*} ihcreases'by a factor of

zz, where z > 1.0, léil decreases by‘}

factor of z. This is consistent °

with the empirical findings described ip Sect;BQ\}.S since, éS‘mentioned,

the variation of logarithmic distances is greater for accessible origins

v

tion that {Tij*} remains constant e

A

[

than for inaccessible origins. However, the result

’P‘ -
.depends on' the assump-

.

ven when {dij*} varies. Singe the

model being calibrated describes Tij* as a function of dij*; the assump-

tion is a false one.

L=

—

1

rl

— e
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(11?) ® There ic a deterministic relationship between Tij* and dij'*.

/ N
~Let,
—'\/{ \ N . B

M, . = a,*+ B, c,. (2.12)
1] 1 1 1]

where Mij represents the new value of Tij when the distance between

ijand j is increased from dij to ¢, ..

ij
Then,
o I
Cov {t .*, o % = = Vo, * - M%) (e % - e ) (2.13)
-3 1] j=1 I J ] 1]
o L
1§ s - -
== ) fa.* + B.zd,  * - (a,* + B.zd, *)) (zd,.* - zd,  *)
=1 1 iT7iy i iiy ij ij
21 % % - *" - .z
= = + B.4,.* - + B.d,.*)) J*o— ). .
2" = jzl(;;’: Bidg¥ = (= + B d @ * - dn . (2.19)
. \{/ ——
- n .
Tty * * * d =* x _ g '
~i .I Sk + B (@ % + 8.8 %)) (@ % - d %) {2.15)
- n j=1 .
& 0 - o
. 22 YT v - T %y(a, - d,.
n .- iJ 1] 1] 13
j=1 -
= 2% cov {T..*, a4 . - (2.16)
1 1] 1]
From (2.12), . ® ’ ) ‘".-
’a . N ~cov, {M, %, ci,.*.} ! (2.17)
B, (NEW) = SIS J :
. var,{c,.} -
i "ij
. ) 2 _
z° cov {T . *, 4,.*
= ,‘2v>l l:l.l _lJ . \'H (2-18)
- z Vh'r‘-{d .*} s .
175413 )
N
= B, (oLD) (2.19)

i ' i
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Thus, when Vari{di.*} varies and T, .* is a deterministic function

-

1
of d..*, there is no variation in B
1

(iii) There is a stochastic relationship between TT:.* and d?:j*.

40

Let,
MY = a*+ B e . *re %, ! {2.20)
ij i i Tij ij .
1
and then, ‘
) n
R 4 n .
Cov. {M, . *, c,.*} = Z¢ ) (W T* - H..*)(c,.* - ¢, .*) (2.21)
. i i iJj n j=1 i3 1] 1] 3
5y B a,* e, * a, * _
= 2= J (= +8,a *+ 2] ( —=— + B,d,.*)){d, *-ad .*)
n .~ i 7ij i7ij ij
j=1
2 n - e..
= 2 _l._ z (T * o T_.* + _lJ_
., n j=1 ij i3] z

. .

Cov,{M..*, c..*} ‘
B, (EW) = ) (2.23)
var~c,.* } g
1
z” cov {T. .*, 4, .% * -4, %)
i i 1]
z Cov.{d\..‘L
i 7iy =
ne
1 e .* (4, .* -3 .*%
' ; .El 1] 1] 1] )
= B, (OLD) + —4 (2.24)
. z var, {4, .*}
: i iy



R . 41
R n _
1 Je . *(a, *-a,*
ni=r* 4 1

=]

The term is a randem variable and hence,

5

B.(NEW) is not related to var_ {4, .*}.
i 1 iJ

z Var, {d,

i i
g

Thus, Johnston's explanation for the épatiél variation of éi is
only true when Tij* is not a function of dij*. it ﬁgnan irrelevant »
argumenF when Tij* is either a determinis?ié or stochastic fugction of
dij* _— the usuval occurrence. Sheppard [197%a]-shows, for example, that
) Johnstbn's ideas explain none of the variance in the estimated diétance—
decay parameters‘reported by Gould and Legnbach (seg Section 1.5) because
the interactions in each case wé}e a function of distaice and not inter-
vening opportunity.
i Sincé it i$ commonly accep&ed thaf interactions are usually a

function of distance, Johnston's ideas can be dismissedAa;_an explanation
of the effect of spatial séructure upcn éi; There is likelgsﬁo be some
other spatial structure éffeét thét deFermines éi and'if there is, this "
has é further implication for the relevance of Johqston's'work; Even
Qhere interactions are a functicn of intervening oppertunities, the ’
vérian;e of {dij*} is unlikeiy to be as strong a determinant of éi as 7 ()
Johnston imagines since the spatial structure effect that occurs in
éfavit? models is also likely to occur in intervening opportunity models. - °
In texms of (2.1) such a result may occur by tﬁe numerator varying as

the dencminator varies. Johnston does not discuss E%is poésibility :)

although it could nullify the effects of varying {dij*}.

-~

TN

2.3 The Work of Curry, Griffith and Sheppard

Curry [1972] hypothesiséd that in an unconstrained spatial

inte;action model the estimated distance-decay parameter depends on the
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spatidl autocorrelation of the mass terms present in the model. Masg,
or %opulation size, is a commenly;use measure of attractiveness and
prbpulsiveness andkthe spatial autocorrelation of masses is a description
of the spatial struﬁggfe of the system under investigation. Curry's
ideas were ntested in an ensuing discussioﬁ (Cu;ry, Griffith and
Shepparé [1975], Sheppard, Griffith and Curry [1976], and Cliff, Martin
and Oxd [1974, 1975, 1976]). Subsequently, separate studies-were under-
taken b} Griffith and Jones [1980] and by Sheppard [1979al. Briefly, the
hypothesised relationship between the spatial autocorrelation of masses
and the estimation of B can be stated as follows.

Consider the unconstrained spatial interaction model given in
~{1.10). If the masses of the spatial syetem under investigation a
spatially autocorrelated, and there are k origins and n destinatio:j,

Y

then the following equations hold:

n ’ A
mpy + ' . . 2.25
'E ¢13(s) wlJ 5 ( )
( i
J#L
\
N v R
and ™
_ o o I{"
m, = m, + ol L., 2.26
j j izl byl Wiy my ¢ )ﬂ -~

i#j A ‘-(;

-

where m. is the mass of centre i belonging to the vector M whose elements
v ) )
are spatially autocorrelated, -
mi is the mass of centre i belonging to the vector M whose elements

- 1
are not spatially autocorrelated, . .

-~

lIn matfix'nqtation,\ M ={I-A M

/

where I is. the idenéity matrix, the typical elements of M and M are m,
and mflrespectively and the typical element of A, aij is ¢ij(s) wij'

v
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. , N .
¢ij(s) is the spatial autocorrelation statistic of the mass

terms at a lag of distance s where s is the distance
between i and j,

and wij .is 'a connectivity measure.

Equations (2.25) and (2.26)} can be substituted into (1.10) to produce:

n k
I.. = atm, + § 6. () w, m)%m, + ) 4..(s) w.. m)¥a, Bl (2:\5‘/?
ij LI & SN N R S ij i i3

i iy

The spatial autocorrelation statistic, ¢ij(s),is a function of

distance and Curry [1972, p. 132] states that it can often be represented
by a negative power function of distance.- Hence, the mass terms in (1.10)
are, in part, a function of distance and the calibration of this model{

/
by OLS regression would. produce an estimate of B which includes this
‘mass-distance relationship and estimates of w and ¥y which include the
distance-interaction relptionship. Curry élso notes that it is only
.when masses are not spatially autocorrelated that the distance-decay

| i

paFameter in an uncoﬁStrained.spatial interaction medel is wholly a

. \‘_'__’ N -
measure of behaviour. This, he ifates, explains the large spatial S

variation of Bi since mass-distance relationshipzvary widely over space

. even if behaviour is constant.

The work of Curry, Griffith and Shepéard-can be interpreted as
investigating the effects of ﬁulticollinea;ity in 6LS regression. In
(2.27), for éxémple, it is assumed that the autoéorrela?ionvstatistic
is a negative ?ower function of'di%t\ e so that the total‘effect of the

4
explicit distance’ function is hidden. The true relationship between

.. Gdistance and interaction is not given by 8 but~it is included within B,
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&, } . To demonstrate this, the intermediate step of introducing spatial

/ o

is unnecessary. If there is a relationship between mass

autocorrelatic

{(1.10) can be rewritten as:

- by ~ Xz
| I, = am 4. D @ a9 a b, (2.28)
X i3 i,74]3 3 i3 ij
- \:D in natural logakithms: o
K= ak 4 m,* o+ A, &%) 4 y(m* o+ A, 4, .*) + * .
. LT Ii] _a w(ml i i3 ) Y(m‘ 3 dij ) B dij o 2 2?)

where mi* is the mass of centre i in logarithms which is not a function

of distance, and Ai is the elasticity of- mass with respect to distance.
: N

It is clear from (2.29) ﬁha; B may not be an accurate measure of the . =~

relationship between distance and interaction when Ai # 0 or when Aj # 0.

i This is an effect of multicollinearity in OLS regression and this is the

® essence of the Cufry, Griffith and Sheppard papers. .Their work is con-

fusing,Khowever, because it introduces and emphasises an intermediate
step, spatial autocorrelation, which need not be discussed. wWhat is
important in determining B is the linear correlation between mass and

distance. As Cliff, Martin and Ord [1974, p. 282] note:
B i . @ -
. . - ; - 1 -
In such a situation (multicollinearity)™, the precision
of the coefficient estimates would be small so that it
would he difficult to disentangle the reldtdive influence

of"Xl and X2, the population and distance variables.

As a simple example, consider the situation given in Figure 2.1.
It is impossible here to determine the true effects of mass and distance
upon interaction. On one hand, the apparent relationship between mass

and distance in 2.la mav be entirely spurious. It may simply be a result

of mass decreasing as distange increases, (2.lb), and interaction increasing .

Yhe wording inside the brackets is mine.
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FIGURE 2.1:

Relationships between Interaction, Distance and Mass.
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N
as mass increases (2.1lc¢). ©On the other hand, the apparent relationship
. “

between’ mass and interaction may be entirely spurious. It may simply be a

result of interaction decreasing as distance increases and mass decreasing

- N . v

as distance creases. This subject is expanded and discusséd in detail"

in Chapter 4.
The jntermediary step of spatial autocorrelation used by Ggry,
Griffith and Sheppard is defended by Sheppard [197%9a] as being a more

general measure of the relationship between mass and djstance than the

. L
specific linear relationship implied by a linear corrélation coefficient.

However, the OLS estimator of £ is not a function of any spatial auto-

correlation measure but it is a function of the lineasfzorrelation coe-

- .

fficient between the ;ogérithm of mass and the logarithm of distance.

Ch&éter 4 demonstrates this explicitly. It is not variations in the

‘ .

spatial autocorrelation of mass terms that -are responsible; bholly or
_in part, fom the spatial variation in origin-specific distance-decay

" parameters; rather, it is the degree of multicollinearity betweeneqass,

X . Q3
in logarithms and distance in logarithms that can produce biased estimates

. L
of 8. Spatial variations in multicollinearity would then produce spatial
. 1]
variations in estimated distance-decay parameters. The use of & spatial .

- .
-t

autocorrelation statistic is simply a ‘surregate measure for the linear

correlation,coefficient between the logarithm of mass and the logarithm

of distance. There is neo theoretical‘reason-fgithe use of the former

- | ‘
as a determinant of 4{he spatial varidtion of Bi. The theory given in

-

Chapter 4 indicates that the relationship between multicollinearity and »

Bi is very complex and the use of a spatial autocorrelation statistic

to measure this relationship would be a gross oversimplification,

Thus, the discussion.relating variations in spatial autocorrelation
LY

. . ‘ »
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of masses to variations. in éiais-miéleading. Spatiél autocorrelation
is a surrogate for the degree of mul;icollinearity between mj* and dij*
present in the data. The problem which Curry, Griffith and Sheppard

address should then be restated in three parts. One, how does the

degree of multicollinearity-between mj* and di.* affect éi? Two, if
there is a Systematick\relationship between Bi and multicollinearity,

AN C
is the degree of multicollinearity likely to vary over space? It should

—

do if multicollinearity is to explain the spatial pattern of éi values
eommonly found. This éroblem is not investigated thoroughly by Curry,
Griffith and Sheppard but CLiff, Martin and Ord [1974] suggest that

multicollinearity is Jikely to be a problem in intra-urban interaction

but not in inter-urban interaction . Three, the analysis of Curry,

Griffith and Sheppard is specific to an unconstrained interaction model

yet there is empirical evidence that distance-decay parameters estimated
¢

from constrained models have similar spétial patterns to those ‘estimated

from unconﬁég;ined_models. The problem is then to determine whether there is

some other spatial structure effect that is independent of the-method of

calibration. If there is such an effect, how much of ‘the variation in

is due to this effect and how much can be attributed to variations
. \ .

iR multicollinearfty?

’

T
[N

Each of these problems is investigated in later sections of this

. 5
thesls. . = . : -

- X o
, - .

2.4 The Work of Fotheringham and Webber

-1

ume that in a region there are k small centres and n large

1 . . ’
centres. Interactio;\zzza?g‘bgfween each smal;&Sentre i and each large

< .
: L3 . =~ . . Y I3
centre j in a Tipner described by the unconstrained stochastic version
r !

-
°

of (1.12): L . .



S

% '. ( 48

-

I..* = a* +wm*+ym*+RBd, . *+c¢c, * (2.30)
ij i 3 i3 ij

where sij is an error term which is assumed to be an independept random
V?EZable. It is well-known thaé under the usual éssumptions of OLS
regression, the estimators &, &, ;, and é'are unbiased and consistent
" estimators of their respective population-parameters. ;/
Fotheringham and Webber [1980] used various branches of ge;graphi%‘
theory to show that (2.30) is one equation of a set of simultaneous

< .
11near.£quatlons For example, growth centre theory suggests that the

\\‘\\\mass of the small centres is a functlép of their 1nteractlons with the

/large centres. The greater the interaction a small centre has with a
large centre, the more the small.centre grows. One particular,form of

this simultaneous relationship given by Fotheringham and Webber is:

»

]
I,.* = a* +wm*+ vy m.*+ B d..*gi e,.* {2.31)
ij 1 ] i3] 1]
A . 1
T L *
\ n _4—\-{ ‘
P+ o ) T..*+p % (2.32)
=1 Y3

where u * is an error term.

If these equatléis do describe reallty, \H ‘m\ nat 1ndependent
of €* in (2.31) and hence biaSed and inconsistent parameter es mates are.
produced by OLS regression on (2.31). Thus, B would be a biased and
inconsistent estimaggr of B due to the ;ntrusion of a spatial structure
effect. ﬁpétial structure in this éase is measured by the relationship

between mass and interaction or, since interaction is a functi;h of

. /—\
distance, between mass and.distance./jFotheringham anq/WEbber shoz/HBw
. * 7/



.
the inconsistency of B can be. removed by calibrating the system given in

-

(2.31} and (2.32) by two-stage least squares regression or by indirect
least squares regression (the latter can be used since the system is

exactly identified). The resulting equilibrium interaction equation is:

I.* = a+b d .* o+ o+ LIES TR ) :
. a Vo 3 m, Ba .”ig (2.33) \

Thus, B should be obtained from (2.33) and not from (2.31) if a
\;Tmﬁltaneous equation system exists. However, the value of B obtained-

from (2.33) still does not represent the total distance-decay effect on
* i~

SN

i ' . : ~ .
interaction, since distanceeterms occur twice in the model. This éan be

seen b§ expanding (2.33) in terms of a specific destination, k, to obtain:

.

* = a,.,*+ * o4 + + * .34 n
I a+bjzl 1 Ymk (b + B) a, * +u. (2.34)

7k ' b

The total distance-decay effect i& then measured by (b + B}. .

- . < c
Fotheringham and Webber have thus shown’tﬂgznthere are two sources -

of error in estimating’ the dlstance -decay parhmeter from (2. 31) ‘rather
| than from (2.34). Firstly, th;ﬂgﬂs estlmator of B us;n?ri? 31) is biased

and inconsistent. Secondly, .34) shows that tbgngauced"fbrm‘dl tante-

T decay paameter is b + B, 96¥ B. Their paper demonstrated theoretlcal%y ) ,ﬂk/}\_
. : N
that accu‘ te estimates of B can only be obtained 1f other elements of '
14

the spatia}-system are modelled too: in particular, B depends upon
spatial structure as well as upon interaction(gghaviour. In the dgxample ==

" given above, growth centre theory is used to define a simultaneous equation- »~:)

syatem. There is, however, no single equation system which is correct, /P
. \,? A - ay:
S . - . . . . ;

2 :
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but different systems, ut{lising different branches of geographic theory,

s

should be used in different problems. . N
Howev;;?/altﬁough their theory i; sﬁund, three criticisms can be
1evelled‘atvyhe Fotheringham and Webber approach. One is that the method
appeérs to have limited application. Tf a simultaneous equation system
¥is not present, then obviously the method is not applicabléx Tgere may
bé situations, for exampie, iﬁ which mass is not a functionféﬁ distance,
although thé method can easily be generalised so that»it depends upon
mass being a function @f general accéssibility - a more frequently -
fospd relatioﬁship._ This generalisation is given in Section 2.5 and
removes much of the criticism of limited application.
.‘A second~cfiticism is that the relationship between mass anid
. ~ ’ ‘ _
interaction is fairly qrbitrary. Cther functions of interaction may be
equally plausible, a priorﬁ,‘but which do not give a linear equation in
- logagithms and Qould be much more‘difficult to cglibrate.:‘
» The t;igd criticism is the oné that also apgé}es to the work
of Johnston' and of Curry, Griffith and Sheppard. Fotheringham and
Webber's work is again solely concerned.with unconstfained interaction
modelling and no expl natidn_can be given_fbr tﬁe effect of spatial
structuge £;3é abpears O;BQ present iﬁi@pngfrained modelling.

g

.
[

2.5 A Generalisation of the Fotheringham and Webber Method

» .
Consider the}sﬁGEﬁastic version of the origin-specific uncon-

‘strained interaction mbdel given in (1.33). This is written as:

L . om, . cx e (2.35)
ij i3 i] 1]
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where Eij* is an error-term having the usual_properties assumed in OLS

regression (see Fotheringham and Webber [1980] ). Biased and inconsist-
—
ent estimates of ai, Ti and Bi are obtained From thé calibration of

(2.35) by OLS regression when mass 45 a function of interaction. 1In

the Fotheringham and Webber technique the mass of small centres is
. -~
related to interactions with large centres. Thus, the discussion was - s

3 - « .) . i
confined to interactions petween small and large centres and more accurate
e

“ [ . &
values of B{could only he cbtained for such interactions. However, if !

the relations . betwegn mass and interaction eiven by Fotheringham and
“ .
Webbex is improved upon, Q;;;>e general result can be obtained which can
P .

be applied to any origin-specific interaction. The distinction between
small and lasye centres can then be elimiﬁhted.

‘The mass of a centre is in part- a function of the volume of

interaction’betweeh itself and all other centres. A centre having a

large volume of interaction with surrounding centres qi;l grow rapidly

while a centre having little interaction with other centres will stagnate."—“\\
: ;

-

»
-

However, the mass of a centre is not an eéual functioﬁvqf a1l inter
ﬁctions;l Interactions with 1§rgér centres are more’ important to the

growth df/E’;;;Ezéular cenf;e than are interactions with s;aller Eentres.
Tﬁe h?pothéj}gfig\ihat tbe relationshipfbetween'ﬁhe mass- of destinatioﬁg

and’ interdction is of the following form:

v

) n -
i n . .
A
m, =-8 I I, mi¢ v, . (2.38)
] i:l lj J ‘ - \
\ . B
1This fé the assumption made by Fotheringham and Webber. Sincg they only
,discuss interactions between small centres and large centres though, and -
the large centres have approximately equal masses, their gssufiption is not
an unlik one. When all interactigns are modelled, however, it is a poor
assumption. : < L _
* ~ - . S R
- r ~

s~ ’ .
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. * . . . ;J
where n is the number of origins in the system and,uj is an error term.

Epis relationship holds for all centres in the system each centre in

~ - . ) .
the system is assumed to be both an origin and a degtination. The total

<M
systeﬁ can then be described, in natural logarit as: .

= gt ay, m* 4B, A .t Lt ; _ 2.37) -~
Iij i T3 m] 81 ij Ei] . . - ( //L’—/ﬁ
- . . : C
o e Lorgees | | .
. m* = &% + ) I..*+ ¢ m* + v, * {2.38)
] =1 i=1 * )

- ' . \\\\ . /
Since both equaticns are exactlyfidehtified, eitfer two-stage least
. . squarés or indirect least ¥quares regresSion cdn be used to obtain a

consistent estimaté of B.. The Yeduced form'equations of (2.%?)iand'

(2.38), £rom which B is derived, are, respectively: - ) ' »
e - ) a - Klféq P
I 0 ,

) 1.4 = A +3B, ] B d.% +B d_.*+R T (2.39)

ij i i,k i i3] L 10 - 5 | ;
i=1 .
S &
' )
. m* = C+0D B, d_.* + E, (*0)
- 3 ‘ 3=1 1 i3 J -
-\ o

~
" where Rij and Ej are error terms. The derivation of f2.393 and (2.40)

is given in Appe;;écl. Estimating (2.39) by OLS regressicn produces

.

' ]
a consistent estimate of Bi since none of the indepenﬂpnt variables is .

, correlated with the error ﬁqrm. ,However, the term_Bi dij occurs twice -

[ ] X . 3 - j-\.
so_that the interaction can be rewritten for a' specific origing as: - - | 4:?7/
- o - . - . R \\“.
. o . . &‘) N : {
n' [ 4 ]
* = + da .* + (B + K t+e . 2.41)
T* = At izl‘si 55T B Bt BIGT * 6y (2.41) -

3 The parameter to be estimated‘ié then (*k

- B B+ B) and not 8. T
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( . .

Thus, the Foﬁheringham énd Webber techniqué can easily be
generalised‘ to”estiméte the distance-decay parameter spa&%fic.tc
an; éet Qf origin. interactions. -However, the generalisation given héfé
doégﬂhot apoly to the set of interactions for the complete.spatial
syﬁ%éajj For example, i? m is also a function gf Iij' *then the simul-

d .
taneous —%;uatlon system would be:

g I, = e*+ym*+pm*+Bd *+e * (2:42)
ij 3 - i) i3
- ~ ol n : n ‘
~ . rd .
mo* =S X ] L4 ) mo* 4oy k (2.43)
3 22 17 j=1 1 J

n
o+ ) mj* + X (2.44)

*
3=1 1

-

Each eguation of this system is underidentified and the parameters of
} .

the system cannot be calibrated by indirect 3}~two—stage least squares

e . /
2.6 Existing Methods to Account for Spatial Structure in Interaction

1ling Ry
!

A sound theoretical method to obtain estimated distance-decay

regression.,

parameters which a¥e free from any effect of spatial structure depends

.upon a thorough understanding of the relationship between the two. Since

¢
the previocus .sections have demonstrated that the latter is not yet

available, it.is highly unlikely thaf any existing method. is complete.
Fqg;,guch methods are known. The first is the two-stage or}indirect
least squares estimation procedure outlinegipy/fgtheringham and Webber,

which is not totally satisfactory.

+
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The second results from the work by Curry, Griffith and Sheppard

Q‘*ér‘—“f“and is given by Griffith and Jones [1580]. Using the same notation as

in Sectieon 2.3, Griffith and Jones propose th;E\Fhe unconstrained model
. - -
which should be calibrated in order to obtain estimated distance-decay
parameters free from spatial structure effects is not (1.10) but:
- - -y -
I = am“m Va8 .. (2.45)

ij i J i3

-

where """ denotes a variable which has zero spatial. autocorrelation.

In matrix notation:

—
Bo= (T -pw M . : (2.8
N = (I -yW N T ' : (2.47)
* = Tr
T = (I-pW T (I- YW | | (4.28)

1 J

<\\~where the*typical elements of M, N and T are, respectivelk, m., m, and

-

- . .
Iij' while the typical elements of M, Nwand T are, respectively, m, mj

&

and Iij' 'W is a connectivity matrix and p and Y are spatial autocorre-

lation statistics. Tr represents the transpose of a matrix.

- However, as Griffith and Jonés note, {2.45) is very difficult’

to calibrate. There may be non-positive values in ﬁ, N and T which

.preclude the use of logarithmic regression and Since the first partial

. ‘1

derivatives with respect to the parametbgglinvolve lpgaritﬂms, non-
linear regression technique eannot be‘emp£g§ed for the same -reason.
Another, more serious disadvantage of thié technique is‘éhat_it is
unlikely to_remové all, aor much, of the spatial structure effect from

{Bi}since the use of spatial autocorrelation measures in this context .’
»

e
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" has been shown to be very dubious (see Section 2.3).
The third method that has been proposed to account for the

effect of spatial structure in interactien modelling is that-given by
Ewing‘[1974] and Cesario [1975]. Their metﬁ;d ié specific to uncon-
étrained spatial interaction models. Very simply, they state that biased
parameter.estimates will result from the calibration of (1.10) since it
misspecifices reality: nolaccount is taken of alternative destinations.
Consider (1.10), | . '

Iij = am mj dij . ' | ' *(2.?9)

L]

‘The a;tracﬁiveness of |j for interaction with i;‘.s.m.Y dijB‘ As the mass
of j increases, its attractiveness increases butgas its distance from

i increases, its attractiveness to %’aecreases. Ewing and Cesario
proposed thap this is not a true measure of attractiveness but that it

should be standardised by - dividing by the sum of attractiveness measures

to all destinations. This produces a so-called "spatial choice"” meodel,

CemTat S

= S I B : o ; . e
Iij @ m - . o . @ (2.50) A .
» Z m Y 4 B Y

13 iy Qk}
- - \ ’ ’
which, they argued, wo@ild control for\compe&inq destinations and would
produce unbiased estimates of B.
'Hd%ever, it is obvious tﬁat {2.50} is simply a production—cbnstrained;

L] .

. . w .
interactign model in.which oi =& m . Section.l.5 has already shown that
distance-decay parameters estimated from this model appear to be as equdlly
biased by spatial structure as those derived from (2.49). Also Ewing and

Cesario’'s hypothesis'that the denominator of (2.50)- accounts for competing



. ST )

destinations is wrong. The inclusion of the denominator éimply produces

4

a relative accesgyibility measure for one destination with respect to all
others. The model given in (2.50) does Aot necessarily differentiate AT
between situatfgn;‘in which a destination is clustered with other

\\_F, destinations as opposed to being completely isolated. A @estination

could be isolatéd and be relatively accessible or it could be clustered
-

and be relagively inaccessible. In either case, Ewing and Cesario's

n. . - N LN . . -
standardisation would not. model what' they propose. Their idea is a

good one in that compe 'ng'destinations are likely to be a factor in

-

. explaining interactions but their mod%lling of this wrong. The theme
& ® _ )
of competing destinations is pur%ued in later sections and is shown to

n

. " be a prim¢ reason for the spatial structure component in estimated

o~

Bt N
ldistance"decaY parameters. N ’ —_—
. . S
& The fourth method that has been proposed te eliminate the.r %ation-

5

ship between spatial structure and estimated distance-decay parameters is.

?;yeﬁ/by.Gordon [1976]. In &™=imilar manner to Ewing and Cesario, Gordon

hypothesised that accessibility measures should be added to the uncon-

LN strained interaction model iniorder_ that‘unbiaseY mates of Bi- can
. 7 A . T
be obtained. He Qroposed that this should be donq y adding origin

¢ © ' and destination constraints on the estimated interactions to produce the
. _-4 : .

doubly-constrained spatial interxaction model given in (1.21). Comparison
. ] 1 . .

of the calibration of the ‘unconstrained and doubly-constrained models

P
@x

was undertaken by Gordon with the. British freight flow'data'useé\by

'Chisholﬂ'.kd 0'Sullivan [1973} and by Frost [1969}. The results. showed .

Y

that the variation in {éi} was approximately halved when Bi was estimated

from the doubly-constrained model as copposed to the unconstrained model.

\
L
~ . . v
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Howéyer, there was no significant change in the correlation coefficient

between éi and a measure of the accessibility of i, which was high for

both models. While the decrease in variat“onhof' Bi} is encouraging,

'

the 'strdng relationship between accg§sibility and {éi} suggests that

there is some effect of spatial structure still not accounted for in a

o
doubly-constrained model. Further investigation is needed into th

¢ . )
* nature of the balancing factors of constrained models and their relation-

ship with éi' It would also be\extremely useful if some megthed of con-
! . N

trelling for spatial strucfurejin an unconstrained model could be found

which does not eliminate the useful preperty of being able to eét%mate

. . 8
such a model by regression technigques. . ~
el

In ‘constrained spatial interaction modelling, none of the exist-
ing theories relating spatial ééructure to distance-decay parameters is
entirely satisfactory, while in constrained mbdellihg su;h theories are
nop-existant. More investigation intq the relationship between éi and‘

spatial structure is cleaxly éeded and Chapter 3 develops a paradigm
P YD

for such investigation:

\
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CHAPTER ’IEIE}{ '
- . .
| \/ |
A PARADIGM RELATING SPATIAL STRUCTURE TO
ESTIMATED DISTANCE,DECAY PARAMETERS _
- f\\ . e
L ) . L N
L3 ~ ]

’ 3.1 Introduction ‘ . 7
/T -

Chapters 1 and 2 introduced the topic of distance-dec¢ay parameters

o

decay parameters to spatial struchre. oA majoxr conclusion from the out-

~Tand ouwtlined existing hypotheses relating the'estimated values of distance-

line was that much more 1nvestlgatlon into the nature of this relatlonshlp

'
li

is needed. The purposes of this brief chapter are twofold. Flrst, it

indicates, and justlfles, the dlrectlons subseguent research will take

4, 5 and 6 can be categorféed. Thus, while it is very brief, this chapt

~

.
" can bhe considered as d.cbsperstone in this thesis gince it connects

O

ex1st1ng theor;es on distance-decay parameters and spatial structure to

new theories which are presentedj&n following Fhapters.

o

- [

*

3.2 Di;::EThné for Research in Subsequent Chapters

. B . ~

Chaptér 1 described how the traditional interpretation of B is-
) ., .
a purely behavioural ohe.“Distahce—decay parameters are assumed to

describe: interaction bebaviour with respect-fo.distance, and, as such,

they are aseuméﬁ_io be measures of distance-disutility. Section 1.5,

however, demconstrated that the spatial variati of Bi often has a

regulaf pattern and that éi and the accessibility of i are related.

58

and second, it provides a paradigm for this research into which Chapfers \

i
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 outlinad attempts at demonstrating this relationship theoretically.

"constrained interaction models may be better than singly-constrained

. f ——
This suggests -that Bi may be related to spatial structure. Chapter 2

- |

None was totally satisfactbry although some ligﬁt‘was shed on important

~

. t
queftions to.be asked about thé/;élationship between spatial structure - -

a stimated distance-decay parameters.

- !

The theories of Curry, Griffith and Sheppard and oi}?ﬁﬁé{ingham

‘ . SN s
and Webber are both essentially concerned with the effects of}multicolﬂ ..

o3

linearity upon estimated parameter values in a regression model. However,

© only fh the Fotheringham and Webber study is this made explicit and then
" thddr theory is primarily concerned with simultaneous equation systems.

It would be interesting and useful to determine the exact relationship

between\mpl collinearity anﬁ"ﬁhrameter estimatipn.. What effect does
multi¥olline rity have on parameter esﬁima;es? Is this the source of—
digéance—deca{ Pgyameter variations when these para;:%gré are derived
from ;h unéon§t§§§lg& spatial interactigglmodel calibrated by OLS

.

The work of Ewing, Cesario gnd Gordon raises the questicn of a

regression? . - '

poésiblé relationship between the codstraints of constrained;spat%ﬁi
. -

interaction models- and Bi through the inclusion of balancing factérs

-c

into the models. They only suggest that such a relationshiplﬁgy accur,

lhoweber, and no theory_i? given for such a relationship. What is the

exact relationship between Bi and the balancing factors of constrained
spatial interaction models? Do the balancing facters eliminate the )

spatiél variation of Ei? The empirical evidence suggests That doubly-

modelsMin reducing the spatial variaticn of 6i. If this is sp: why’is o

$ : .
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[

it so? _Alternatively, can the additicn of constraints produce relation-

R

ship between Bi and spatial structure since the balancing.factors are ~

. iy s 1 '
guasi-accessibility measures? - oo .\

N -

_ The third area of serious guestioning is that hinted at through-
out Chapter 2. Every existing theory that has proposed a link between
3 ~
spatial structure and estimated distance-decay parameters is specific

to an-unconstrained interaction model. No theoiy is given which could
t . . R\\

explain such a relationship in unconstrained and constrained modelling,
yet,Section 1.5 demonstrated that distance-decay parameters estimated

, . ’ . : , . . .
from constrained models also appear to be a function of spatial structure.

.

L
Is there some spatial str?ifgﬁp effect that is common to.both types of

model, or more gEnerally, to both types of calibration method? .If there
is, what 'is the relative importance of such a calibration-independent

L} . )‘ ‘ -
effect compared to calibration-specific effects such as multicollinearity

e T s L :
in unconstrained models of Bi being a function' of the balancing factors
- . ‘
in constrained modelling? :

s, if a relationship between éi and sp;pial structure exists

and is to be determined, three major guestions need to be answered. One,

in unconstrained interaction medels, whgt is the relationship between Bi
]

and thg degree of multicollinearity between mass and‘distance? Two, in
‘ ' - - . » . - d
constrained interaction models, what quihe relationship between'Bi and

the balancing factors included in the models? Three, in both types of

~ .
model, is there a calibrationsindependent spay}al structure effect and,-

~ C e oA . s
if there is, how important is it in determining the.spatial variation of

Bi? Answers to these questions corréspond to the thed}etical work given

o~
in Chapters 4, 5 aﬁa§6 respectively. . N

[ 4

lFor example, the right-hand side of (1.14) is the in%e %e of potential
abcessibility défined in Section 1.5. . j{;f’“ V//:.r

G N :
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3.3 The Paradigm

From the above reasoning; it is hypothesised that there are two
effects of spatial structure present in estimated distancq—decéy para-
meters: a model—specific-effect and a model-independent effect. The

model-specific effect is subdividfd into uncenstrained and constrained

L

model effects. In unconstrained models, the model-specific spatial T~
structure effect is related to multicollinearity while in constrained

models it is related to the presence of Balancing factors which are

~

functions of accessibility. The model-independent effect is hypothesised

to he a function of the varying accessibility of centres within a spatial
. »” )

system. These hypothesised relationships between spatial structure and

-

-~

Bi are presented in Figure 3.1.

FIGUREw3.1l: & Paradigm Relating Spatial Structure to Bi . . )

L

/\ “A )

»
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. /
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RN .
A link between the model—ihdependeht spatial structure effect and the
constrained model spatial structure effect is envisaged since the
balancing factors are functions of accessibility:

The paradigm giv?n in Figure 3.1 i; presented ag this stage,
rather than as a cdnclusion, since it clarifies the organization of

.
subsequent chapters. Chapter 4 is concerne?xyith mult%collinearity;
Chapter 5 is concerned with balancing factor effepts; and Chapter 6
is concerned with the effects of varyiQ? accessibility.‘ It is useful
-

to be aware of the connections between these chapters.




N

CHAPTER FOUR

MODEL-SPECIFIC SPATIAL STRUCTURE EFFECTS
IN AW UNCONSTRAINED INTERACTION

MODEL: MULTICOLLINEARITY AND_é ' ’ // .
- ¥
4.1 Introduction LY
Surprisingly little is known about the effects of multicollinearity'
. S Lz
on parameter estimate erived from OLS regression. _Standard econometric

texts such as Christ [LQGGi*éHE—EEEng [1970] merely sQow that multlcolll—

nearity between, 1ndependent varlables has two main effects. It produces

greater sample variance! in the parameter estimatcrs and so reduces the

power of standard inferential statisticel tests; and it confuses the
e .

interpretatipn_of,the-exact‘parameter estimates derived.’ Little or noth-

ing, however, is reported en the effects of varying degrees of multicol~-

linearity. Multicollinearity is usually taken to.be a severe problem ot e

else it is’ignored completely. Klein [1962, p. 101], for example,-refere

to multicollinearity being a severe problem ohly when the absolute value

of the cobrrelation coeff1c1ent between the two 1ndependent varlables ts ‘ -

o
gregter than the'sguare roct of the coeff1c1ent of multiple determlnatlon

in the regression. Huang [1970], on the other hand, suggests that the

.

poink at which multlcolllnearlty~becomes @& problem in parameter estimation

-

~
ubjective and should be ﬂeft to the individual 1nvest1gatq:
-

Farrar and Glauber f1967] state that "harmful multicollinearity" is” hard -

is more

to identify but agree that Kleln s rule may be approprlate. Alternatlvely,

they suggest that multlcolllnearlty becomes a problem when the correlatlon
. &

63 -
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coefficient between the independent variables reaches 0.8 or 0.9.
B s d?
~ 7 An alternative to the use of the correlation coefficient between
_the two 1ndependent variables in assessing. multicollinearity is to examine
the determxnant of the correlatlon matrix between independent varlghles//"\\\f/
(Haitovsky [1969]). If any of the independent variables is exactly cor- ‘ x/{;-/

relatedrggth another the correlation;ma;rig becomes singular and its ‘
determinant will be zéro. The determiéant of a correlation matrix of
orthogonal variables is 1. téaitovsk? presented a heuriitic chi-square
statistic to examing whether or not the determinant of a correlation
matrix is significantly different from zero. If it is, multlcolllnearlty
is assumed not be a severe problem. - However, élthough .this is a different
measure of multicoll;nearity,,it still assumes a cut-off goint to one side
which multicollinearity is a severe problem whgie to the otge; side it
can be ignored. N .
All four studies'éssume that the effect on parameter estimation
when the degree of multicollinéaritynis below a certa¥h level is negligible.
?he effects of mgﬁﬁiaqllinearity are assumed to be discontiﬁﬁous although !
this discontinuity is not Eheoretically proven and since the degree of
multicollinearity is conti uoﬁs (rang%ng from 0.0 to 1.0 as measured by
the correlaticn coefficient petWeen the‘éndependént\;éfiabie51L_the effects
of ;ulticollinearity are also likely to-be continuou;. Any departure from /
the orthogonéiity of in@épéndent variahlé; prfduces multicollinearity and
the severity of EPXL multicollinearity will increase as khe departure { '
s ’ . .
from orthogonalify increases. There is no theoretica son why multi-
collipearitynshould cnly be qonsidéred at a certain degf for ekamplg
h

when the correlation coefficient between two.indepeqdent variables reaches~

0.8. - Is muiticollinearity not- likely to havqusohe effects on parameter
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; . .. .
estimators when the correlation coefficient is 0.757 '
T . - ) ) ' .
A problem then in econometric and statistical 1iterature ie that »

there are no studies of the explicit effects of varylng degrees of
I SO
multicollinearity on Darameter estimates. Such a stué; is presented here .

’ -~
in terms.of the unconstrained spatial interaction modal.

e A LN

d-the- Unconstralned Spatial Interactlon Model

Consider th stbchastle’ver51on of (1. 33) in.natural logarithms:

M ( ‘ ] . .

@Y L m.* + B, d,.*% + g _* ' ) 4

~ ) i YT B gt et .

The aim of this chapter is to demonstrate explicitly -the pattern of
5 - . LY .

estimated distance—decay parametJFS'derived from the,ﬁtilbratlgn—éf (4.1)

‘when varylng degrees of multicollinearity eXlst between m.* and dij
H
. _Although the analysis will be presented h1£€rms 3£ the origin-specific /)//
. . 7 g
‘- " w
unconstrained model it cAn easily be extended to the deneral unconstrained .

a »
model. The‘/ﬁ(pn%\ge of discussing the former model is that only ne type
-

-
af multicollinearity can affect the estlmated dlstence—decay purameter,

whereas 1%g:iezfatter there are wo - mj* and d.]* can -be h;§h1y corre-

lated as cay m.* and d,ji. st g "linear relatlonshlps between m,* and
i . ~ J
dij* are plausible. Consider, for example, origin-i being a growth
B .
-centre. Population size is then llkely to declxne as dlstirce from the
growth centre lncreagpé//\hlternatlvely, origin i could be a small
inaccessible oriq;p%and‘as distance from this origin increases, the ‘\\

. . /\
population size @f centres é%creases-as they become more access%h%e.

. To_study the éffeats of multic%}linearity a simulatioq.is\ [
N ; h 4 .
undertaken in which the degree of multicollinearity between mj* and d,j*
is grédually increased and Bi is eéstimated at each degree. The T ot

[+
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- < -
relationship beEgeen m,* and dij* in part determines Bi and this can
- 9 . ‘

‘\4\\ proa‘ée a bias in the estimate due to spatial structure.” The rélation-
. . -~
~ . -
ships between d,.* and I, .* and between m_ *-and I/ \#gan be constant and
ij ij -3 . i3 ;ﬂ

yvet Ei %i}l vary due to variatioms in the relationship between mj* and

™ . .
dij* - this latter relationship being a measure of spatial structure.
c“"‘\_. o \- a9 4 ! ) e )
Such variation in Bi needs to be described accurately since &t is the

K

essence of the-fidel - specific ®patial structure effect in unconstrained -

.

-interaction modelling. . \\ﬁah -

- e . . . .
. ' Thus, the main assertion on ich‘tﬂé following simulation is 5
based is that the correlation between the logarithm of mass and the kY

)

logarithm of distance in a spatial system may have no effect upon a person's

perceived d&sutii}tyﬂof travel yet the strength of this correlation is—;\\\\;,/K,//fET\\

~

major determinant of Bi. Hence, Bi can contain a measurement of spatial
. . L
structure which is independent of travel behaviour. The extent to which

spatial. structure can determine Bi'in this way is now shown.

o/

o 4.3 The éir’mﬁlation . .

Consider an area divided into zones, each of which contains

¢ >

. centres bfpﬁopﬁlation.'_A zone centroid (the largest cenpte in the zone)

.is designated, in each zone and interactions are modelled from the zone ‘e

- ”~

' ' .
cent16?3\to_all of the other centres within the zone. All interactions

Aa:g_iptrazonal.. The zone Fentroid ahd'the zone it is 1ghat§d in are
denoted gy an i subscript.- A destingticn in-any ;one is denotgd.by ; Q‘/\\«>
j subscript. In each zone, the location of the centres is identical so
that-{dij] %f identicalsfar each zone. Also the set of interactions,

. {1,.}, is identical for eagh_zohe, so that only {mj] varies between

- ke < S
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centres and one zone centroid. The sets of interactions and distances

4

used for all zones are given in Table 4.1.l The set of masses was’

varied 71 times so eimulating 71 zones. For each variation of masses

ot

. . s . 2
equation (4.1} was calibrated and the following statistics obtained.

Bi’ . the eétimated distance-decay parameter for zone i,

-2

1

Ri(m*d*), the correlagion coefficient between {m*} anay {a*} for zone i
where m* is the mass of a destinatien j in natural logarithms
and d* is the logarithmic distanice between i and j. The j

snbscripts are omitted for concisenEEs. In all simulations’

Ri{m*d*)'was negative. . /S
Ri(mix*), the correlation coeffiqient berweeﬁ\{T*} and {I*} for zone i

"where I* is the logarithm of interaht#on'from i to j. In all
;m‘ulations this was positive. | | -

R (d*I*), the correlation coefficient for zone i between the log~
arlthm of dlstances to the zone centroid and the logarithm of interaction
from the zone centroid, is a constigt for all zones since_{dij}land {Iij}
are constant. The value of Ri(d*I*) in these simulations is -0.7.

'For each simulation the value of éi can be graphed againsE,Riis*d*)
and Ri(m*I*). It is then Solely.variations in these two relationships that

- . : L
proeduce variations in Bi. The relationship between distange and T

.

remains constant. The interrelationship between Ri(h*d*) an
C . v

includes a measure of épatial structure and as this interr€lationship varies
(i.e. asfimj} varfes), E. va§Ié§ The relationship between B and R {m*a*)

and R (mFI*) is not a sfhple llnear one, however, as can be seen from -

Figure 4 1 which will ngw be descrlbed and h/pﬁ explained theoretlcally.

. l _ -
1There is qo srgniflcance to the. values 1nteractlon and disgsnce given
for eadh‘l . An attemp‘t_ya mage to.. uce a negative re ionship
he&ween ‘th va otherwise the-values are entir 1y random.

21t is 1mpornant to note that ‘for each zone, that is for each callbratlon
of the modeT. \{m *} angjec:;} are J.ndependenr\r

L N a .

=

<N

.y the estimated parameter relating mass to interaction for zone i,
\ -~

\-
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l\‘fo - ofq Centre _Iil
1 10 .

2 20

3 50

3 35

5 60

6 .90

7 , ]

3

8 45

9 25

10 1

1 50

12 80

13 . 75

14 ' 90

1552 10

16" 25

17 '. 9

18 40

19 20

20 . X 1

“
b
e i
. ‘

“

TABLE 4.1

{I,j} AND {dij} USED FOR ALL 71 SIMULATIONS
1 . -

-

]

110 21
70 22
45 23
80 24
0 25
10 26

100 27 ?)
80 28
75 29

200 30
50 31
40 32
45 33
.30 34
90 35

80 T 36
75 37
& -7 38

126“2:/ 39

200 ) 40

.
.
- -

~

o,
N

No. of\-Centré/ ' Iij )

N

(e ~—

4

60
70
8O
80
40
60
40
20
25
10
50

20

55

60

‘15

40

45

85

40

15

a..
2]
]

35

40

90
{
40 %
J

[=

70
20
50
50
60

110

25
20
70
80
35

20

70
35

20

68
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{m*d*) and R_?ﬁ*l*) on 8,

1

1

FIGURE 4.1 fThe Effect of Variations in R,
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4.4 A Descripéion of Figure 4.1

~

-

' The horizontal axis of the graph given in Figure 4.1 is defined’
: , S \

by Ri(m*d*) whichiénges'frem 0 to -1.0. The vertical axis of  the graph
is defined by Ri(m*I*) which ranges from 0 to 1.0. The values inside
thesaéaphﬂare the values of éi derived from cglibrating {(4.1) with variqus
{mi}. Consequently, each éi corresponds to a specifiic combination of
Fi(m*d*) and 3§(ﬁ*1*) representing a zone. Iﬁ al%}cases.éi was found ta
be negative since Ri(d*I*) is negative, a}though it wil} be demonstrated
theoretically that e;en under these!cirghmstances, éi can be positive.
\‘ The valugs of éi ranged from -4.26 to -0.01 indicating that even if the

correlatieﬁ between distance and intergction remains constant, Bi can

_“show marked variation. ) ' “» B

The §oliq/iines witﬁin the graph represent éombinations of
M

Ri(m*d*) and Ri(m*I*) ﬁ%&&&\produce equ;l values of éi' These\conto;; .

lines were interpolated partly from theory and partly from the derived

LR .

vayhes of_Bi. They converge on the point where Ri(m*d*) = ~1.0 and where
. r
R, (m*I%) ='|R.l(d*1mhich here is G7.\ e T
: v b ‘ '
The broken lines within the grﬁph delimit regions of homogeneity -
and their diagnostic.properties are: ' : ' )

£ :
. . L
Region (A): The mass'term enters the regression positiv‘;y.
. R /
For a given value of Ri(m*;*), Bi increases as

i
w

P ~ -|Ri(m*d*)| increases.

= - L)

o .
. Regicn (BY: The mass term enters the regressicn positively.
~~For a given value of Ri(m*I*), éi decreases as

.o 1Ri(m*d*)| increases.

R
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Region (C): The mass term enters the regression negatively.

w©
For a given value of Ri(m*I*), Bi decreases as

IRi(m*d*)I increases.

It is obvicus from Fiqure 4.1 th the relationship between Ri(m*d*)

. )
and Bi is not always monotonic and is quite complex. The implication of

\ . D
this find: is that increasing multicollinearity does not have a predictable /\\\\

effect on the parameters of a regression model unless other relationships

[ . &
between viriables are taken into account. For examplsl‘in Figure 4.1 if
. £
Ri(m*I*) is 0.8, increasing multicollinearity produces increasing values

of éi: If Ri(m*I*) is 0.0, increasing multicollineafity produces decreasing

.

~

values of Bi. If Ri'(m*I*) is 0.5 increasing ‘ulticollinearity produces
increasing values of Bi up to a certain degree of multicof&inearitﬁ and
then decreasing values of,Bi as multicollinearity continues to increase

beyond this certain degree.
v ’ N
> There are three ipfeasible regions on the graph which represent

. .
combinations of Ri(m*I*)gand Ri(m*d*) that are impossible given a fixed

value of Ri(d*r*). The infeasible regions are defined as lying outside -
the curve BE. No values of ﬁi/ére possible within these regions.
For combinations of Ri(m*d*) and Ri(m*I*) which lie within the

rectangle:AFCN, distance will enter a stepwise regression, in which

. c S
. interactian is the dependent variable, before mass since lRi(d*I*)| > r

~ Ry (m*T*) . Ro:—dS;glnations of R; {m*d%) and R, {m*I*) which lie within ' :
. “ . B ' N .
the rectangle NCGH, mass will enter a Stepwise regression before ) .

- - i T eb
distanc® since Ri(m*I*) > |Ri(d*I*]|. ) ’ ' X

-

The base value of Bi to wifidh all®other éi s gan be compared

is the value of Bi obtained when the mult%gollinearity between m,

-
L

dij* is zeroe- in, this case, -1.24. The value is equivalent to the
. N . A

- — » . o d

O Y LT
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-

distance-decay parameter that would be obtained in a simple regression of ;f\

. . / .
distance on interaction. This base value occurs for all values of

Ri(m*I*) when Ri(mfd*) = 0 and it also occurs along the diagonal line AC
which runs from the origin‘to the point at which Ri(m*d*) = ~1.0 and§

Ri(m*I*) = IRi(d*I*)l. Along this line mass does not enter the regres-

~

sion and -y, = 0 even though R.(m*I*) may not be zero. \This and other fea-
- 1 9 i

tures of Figure 4.1 are now explained theoretically.
J

4.5 A Theofetical Explanation of Figure 4.1

Nl

.The "preceding section contains a simple description of the

.

grap; given.in Figqure 4.1. In this section variqus features of the )

gfaﬁgaaré derived theoreti 1lly and the trends in éi aré explaified in /)f‘-?ﬁ\i? .

relatio: to variations'i[:: (rrf*d*) anc‘ R& (m*I*)_. Central t this theory ‘ _

is the derivation of mathematical.expressiqps‘ggi\fi’inﬁr&i from the
_ ’ s =

ad . .
(4.1} - a _technique outlined in gmst econometrics

normal equations o
and statistics’texts, (inddx 4lia, Christ [1966, pp. 380-383]). sincg

the derivation of such expressions is well-documented, they can simply

be stated here as:

n 2 n n
z (m_|) R Z d.'l . I * o Z m.' . L Zm LI 1
T = NS = S R = S A R = U N S 7 25
i E 2 § 2 E 2 '
@, . ) m° - () m' 4"
. j='l 13 j=l ] j_—'l, 1] . H
and, -
n 2 n Ii IZT
@, . Lom LIt L oast I . Imto.a,
~ =1 *J 4=1 7 S = L 5 U 2
Y, = . .
i : n 2 B 5. n ‘ 2 ,
. 1@, amm-(Jl m S . .
i S * =1
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~ .
where n is the number of destinations available to the inhabitants of’

origin i,
v n 5 .
m' = m*- (] m*/mn , 1 . (4.4
3,0 3 sop 3 _
8 n’
d..'= 4, ,.* - d, _.* . .
ij i3 (-Zl 1370/m : - (4.5)
. ]=
LY
and
-- n ¢ ) . .
..I = I * ( I.-*) n _’ : 4.6 )
i3 3 jzl Y (4.6)

Several features of %he graph given in Figure 4.1 will now be

.

stated as theorems and pioved:

) I%éorém (i)

Given a fixed value of Ri(d*I*) < 0, there exist regions of

= .
the graph which have infeasible combinations of Ri (m*d*} and _
e . ¥
R, (m*I*), and in which no Ei ig possible. The boundary-of"
N these regions is given by the quadratic equation: o
2 ; 2. 5 N
R, “(m*I*) + R, (m*d*) - 2R, (m*I*)-R_(d*I*)-R, (m*d*) + R, (3*I}) -1
i i i i 1 i
= O &
Proof:

Following Merrill and Fox [1970, p. 402}, the coéfficient of

determination.of the regression given in {4.1): can be defined

in the following mannex: . ' . L .

-

A

2 (rT* 2, ]
+ *y o *T*) "R. *T*Y - dr A
R, " (m*I*) + R, (@¥TI*) ~ 2R, (m*I*) -R, (d*I*)-R, (m*d*)

»

1&2(1* :'m¥d*) =
. o1 - Riz(m*d*)

(4.7)

:
i
!
i
[
f
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. 2 i : . . .
where Ri (I* : m*d*) 1§'the Proportion of variance of I.jfi:“\\\\‘
. 7 ’ B 1

explaiﬁi?/g;mj* and\iijﬁ and Riz(x,y) is used as the notation

£or (R%(x,y)lz

w . I3

With Ri(d*I*) given ,.the proof involves deriﬁing the

1
maximum possible values of IR.(m*d*)l given various values of
' ]
R (m*I*) or der1v1ng the maximum possible values of R (m*I*)

given varlous values of R, (m*d*) Such maxima occur when

2 i . . 2
Ri (I*:m*d*)is at a3 maxlmum,that is, when Ri (I*: m*d*) =

. L.
-

L &
-i.e. when .

R Z(m*I*),i_Riz(m*d*) -~ 2hi(h*1*)-ni(d*x*)-Ri(m*d*)
| L v (
Z)' B FRO@TY) -1 = 0. o (4.8)

. Q.E.D.

While it is clear that the maximum value of R {m*I*) ocrurs when

4

(I*' m*d*) is at a maximum, it may not haobv1ous that R, 2(I*: m*d*)

and fR (m*d*)] are posxtlvely related and that by increasing IR (m*d*)l
a greater proportion of the variance of {I, J*} can be explalned: the.
two coefficients seem;unrelated. They are not, however, as the follow=

. s
ing exampie demonstrates. Suppose R (m*I*) = 0.0 and R. (d*I*L -0.7.

-
[
From (4.8), the maximum value of R, (I*: m*d*) occurs when IRi(m*qp)L
] d
2 ) !
= 0.71. wWhen !R.(m*d*)] € 0.71, R, “(T*: m*d*} < 1.0. The reason for

this relatlonshlp is that the s:.mple correlatlon be?ween m* anq.{ *J.ch

: ~

is 0.0, becomes 1ncreas;ngly spurious as ]R (m*d*)l increases. The _‘
simple correlation of 0. 0 is.a resultant of two forces actlng in opposite

directions. Mass, is related to 1nterect1?n directly in dne direction

. - - | .

./*\\I )
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but it is related gsfinteractidn indirectly in the other direction. This
. : —_

3 s ° I} . 0 1] . l" . r
indirect re}atlonshlp occurs since mass is inversely related to distance

which in turn is inversely related to interaction. ‘As !Ri(m*d*)] increases,
the indirect relationship increases and for Riiﬁ*E:%rto remain at 0.0,
4 ‘
the Mirect reélationship. must increase. Thus, as IR.(m*d*)I increases,
; i
2 . . . .
Ri (I*: m*d*) can increase, and vice versa, because the simple correla-

tion coefficient between m* and I* becomes increasingly spurious. In

the example given here, the indirect relationship between m* and I* is

pogitive {as distance ingreases, mass decreases and interaction depggases),
so that the "hidden" direct relationship musy be negative.- This is _C:
evident in Figure 4.3 where ;i < 0.0 when Ri(m*I*) = 0.0 and ;i becomes

increasingly negative as [Ri(m*d*)l ﬂncreases. -

- x

Some interesting properties derived from (4.8) are that:

y \ - | - :

“ (a) qpen ﬁi(m*d*)- = 0, Qéx.(Ri(m*I*) =Vf1 - Rizld*I*) .

(b) When R, (m*I*) = 0, max. |Ri(m*d*)| =\," 1 - Riz(d*x*)'.
. : ' {

{c) When |Ri(m*d*)| + 1, max. Ri(m*I*) + lRi(d*I*)| .

(@ lelenv R (m4I*) = 1, max. R, (ma*) | = Ix_zi(d*z*)l . &

. f
From the above four properties and from (4.8), it is obvioug,
. ‘ . s L . p
that as Ri(d*I*) varies, the area of feasible'Bi values will vary. As
: n

.

a result, Figugg 4.1 can be considered as cne'"slice"- ut of a "mound"

. - - 2 > . ) . ~
of feas;ble Bi values tﬁé\sllce biipg taken~at a phrticular yalue of

I
Ri(d*I ). Othef "slices" wiMl give differently-shaped areas pf feasible df?”
Py ¢ e . - . i. : '
v hue as showp by Figure 4.2. The graphs in F:Lgﬁre 4.2 were derived ' i
‘ \ . ~ R + [

LI
Ao

. - . «‘ . . \]\ [

\
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‘Figure 4.2:Variations in the Area of Feasible Parameter
Values with Variations iniRi (@*1%) .

lp.%.‘(d*l*) |= 0.0 ) 2 !Ri(cl*l*) [= 0.1 ‘
A
a ' //
. |R, {@*1%}| = 0.9
* VAN
[ R (d*I*)| = 1.0 .
. L . N - .
f L] W + '
. > .
N .
% . - :
- . ‘ . “
i 4 ' N ' / = 'Area of feasible parameter
. : | // . values .
/ o . ' . E . q .
s v’b -~ . Q
L it
* i 7
'&_‘s ‘ v

»

\ L"v" V . ’ L ‘,- * '-‘?"..

U
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"by substituting values of Ri(d*I*) into (4.8), and into the four properties

-~

listed above, and obtaining maxirmum values for Ri(ﬁ*d*) and R, (m*I*).
. i

- 2 2
. For example, if Ri(d*I*) = 0.0, (4.8) reduces to the form x. + y = 1,

which is the equation of a circle. If IRi(d*I*)] = 1,0, (4.8) reduces

to the form x = ¥, which is the equation of a straight ine. Fiépre 4.2

indicates that as [Ri(d*I*)| increases, the area of feasible parameter

values decreases until at IRi(d*I*)I = 1.0, the' area degenerates into a
straight line from the origin to the point at which IRi(mgd*)l = Ri(m*I*)
= l_Q_ : s ‘ . -

A consequence of the varying areas of these "slices" is that,

~

since Bi varies with variations in R,(m*d*) and Ri(d*I*), the variation

of B will decrease asf\R (d*I*)l 1ncreases. Thus, the effects of multi-

2 N\

colllnearlty on B w11ﬁ decrease as |R (d*I*)[ increases. -When |R (d*I*)|

= 1.0, there will be no effect on parameter estimates due to multicol-
S .

. R . LA /
linearity, and consequently nc spatial ﬁfructure bias in Bi,unless
. &

Ri(m*d*) = 1,0, since the pamameter estimites will bé constant along the
diagonal line of feasible values (see;ghe proof of theorem {(ii)). Thié
.

diagonal line would be equlvalenhﬂfo the stralght lan4AC in Figure 4.1. .
—

Thus, the effects of multlcolllnearlty on parameter estimates cannot be

described by the degree of multicollinearity alone. The relationships

. . Ay N L . * l- . &
between all other wvariables 1n the regresszon - in this case.measured

Y

by R, (mf}*) ‘and Ry (d*1*) - must “also be considergd A correlatlon

‘\ . .
coeff1c1ent between m* and d* of O. 8(;%;;\Eiamgigifmay have very serious

effects oevparameter estlmaﬁes if. |R (d*I*)| i low, whereas it w111 have*
L

no effect on parameter estimates if IR (d*I*)| = 1.0.

It has been shown how variations in R, (d*I%*) produce variations

- ~
ix the effectS/of multicollinearity quwe%p m* and d*. In thg following

L - : &

—»( ~\\'-\”'..."_‘-'“ S

———

™y
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theorems and pﬁoofs; Ri(d*I*) is considered fixed and the effects of

a -7

v ] : Ve

varié%idﬁs in Ri(m*gi) and Ri(m*I*) on B,, which are described by ¢

Figure 4,1, are inve tigated theoretically.

Tﬁeorem (it} . .

. . A -
The straight line AC is defined by the conditions that Y; =0
= = t

and éi 18 a constanz equal to its "base-value". The equation -4

of this line is Ri{ *T*) = Ri(m*d*)-Ri(d*I*). .
Proof- ‘ . u .
. N ‘e 2
Mass dces not enter'the regression when Y;"= 0. (From (4.3) this :

L TN '
- 1is when,— : .

© n \<§ﬂn n \\\\ ' C
. 2 . :
¥ CIRD R N TR CIULRE SRS ) mNd =0T (4.9)
=1 %7 5= R S = L -
Rearranging (4:9)| gives: - ' " -
. . 2 - —ey . . K s .
- g n ‘ :
,Z m,"-I, . % 'Z m.'-df‘fﬁ z di ‘s
j=1 7 12 5=1 3 ] J l .
z (4.10)

/f.g (mj') / E (I 2 : Z {4, ")V/’Z (m "? / Z(di Z(I
AV

j=1 VAL =1 l P d =1 y=1, ]. V J¢1 n

zﬁj&h is equiggient to: . . . .
. . ' " LY -

R, (M*I*) . = R_(m*d*) - R (d*1%) .. ~ v oaan . e
l 1 1 N ) ] \

Lt LB ‘ : : )
-- - ‘ . . . [N P <
The distance-decay parameter in {4.1) will be equal to ifs base- .

value whenever mass do€s not enter the regression since Bf.is then simply

’ . . . ’ < . -
determined by i.(d*I*) which is a constant. . : s
i I o . - =
. . . , *‘

In words, the relationship given in (;.11) indicates that m§55" y l
* t

. does not enter the re%;e551on alofig the stralght line AC because 1t as
- Qg .ot

N j“‘\

-
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P

no direct effect on interaction. The relationship between mass and inter-

the rrelation coefficient is entirely due to mass
.\ -, ‘ . -
Q'; being relafed to distance which in turn is related to interaction.
-’ ’ N

e

“action indicated

.

Hence, whelp distance has entered the regression, the presence of ; mass
- . !

term explaing no more of Ehe'variance of }nteracﬁion and vy, = 0:

bt
* - V ~ P
Theorem (1iB): : : -
. Y * '
’ . The curved line AC is defined whereﬂm) 0 and it

f

represents the boundar: y between regions (A) and (B). pr* eom-

-

8 ‘Binations of R_i(m*l'*) ’ R, (m*d*) that lie \above this lzne, S
as Ri {m*d*) decreases, ;. trereases. For combtnatwns of‘
- AT# A A : %%
. Ri(m I )k(].ﬂ Ri(m d*) that lie belgy this line, c‘zﬁ'; Ri(m d*) -
lﬁa‘ " .decreases, ﬁi decreases. The curved ling AC is'def¥ned by Jthe

quadratic efpressign:
. a - . fad 2 \
3 ’ . . Q ) ‘
R, (m*I*)-R.~(m¥d*) - 2R, (3*I*)-R. (m*d*) + R, (m*I*) 0.
3 .1 1 1, . 1. ]

"Proof:‘ T ' .

+. S

Dividing the ﬁumeratqf and dencominator of equation (4.2) hy *

- .
L . -
n : n ‘n : - x
. 2 ‘
) (d.i')z' ) (m.')z.' ) (Iij') gives '
j=1 I j=1 < i=1 .- '
T n .
. : - Z (I,.'?
) Ri(d*I*) - Ri(m*I*)-Ri(m d*) 3 ij-
f - ' r Bi = ] 2 . f-n " . ,(4.12)
' f [1 - Ri (m*d'*)] z d/\&)
. "_ . o ) . \/ J_l ’lj . , .
. - . ; . . o
. J ’ (n ’ ’ E
s ) .“ . & . lt
oL . n / ) /_
: " Define -£ = JI(I, Z (d .‘ since { } ang {d .} .
. ‘ ;ao J i}
) ;e /\, J=1. R
L ’ A - )
- ! [
- . N\ .
S . E
\ '
k ]
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are censtant, and then the derivative of‘Bi w.r.t. Ri(m*d*) is:

3

. S8, 2R, (A*T*} "R {m*d*) - R (m*I*)-[1 + R.z(m*d*)]
- . l o - l 1 1 . l . c
SR, (m*d*) [1 - R, 2 (m*ax) ]2
. . , * 7 ; (4.13)
. For any given value of R(m*I*) the curvedihneAC represents the
polnt at wh?chothe derlvatlve 88, /GR {m*g*) = 0. Thus, the
—— curved line AC is defined when: » <i:)J
- 2R. (*I*) -R_ (m*a*) N
R (m*r*) = —2 — (4.14)
o 1+ Ri (m*a*Yy ‘ . . . ¢

L

whlcq is equ1va1ent to the quadratlc eéquation in. R {m*d*) ;
- P Py

R.(m*I*)-R. (m*d*) - 2R, (d*I*) R (m*d*) + R, (m*I*) = ¢
1 1 - e 1

- e T

Q.E.D.

Equation (4.12) indicates that as lRi(m*d*)l — l}léil + =

This explains the rapid decrease in Bi . when [Ri(m*d*)[ > 0.9
. - — - ',

in Figure 4.1.

Theorem {iv):

Along the line AE where R, (m*d*) = 0, éi does éot vary and is

' equal to its "base-value".

Proof:
: c"ﬁ-

_wheﬁuhi(m*d*)= 9, Z mj‘.dij' = 0 and (4.2) can be rewritten

J= o
as: fou F) e
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. . o . -
o C,x' . n 5 “n L*
R PRI AN
N ‘___l 1] 1 pa
g = J_n J - /. (4.15)
Q 1 2 2 .
. ) (@, 0% L m.n7
- e
‘ n 2
Dividing through by Z {m.')" gives:
. j=1 3
. ’ n‘r/\'"‘\.
= TR
. .Eiylj ij
B, = J n-\\jf R (4.186)

which is a constant Xince {I_j} and {dij}rare constant. The value
, i

" L RS T

" of Bi given in (4.16)| is identical to the value .of Bi derived for

- N .

AC. This is proved ad follows. The straight line AC is character-

_'ﬂ// ised by the property that:

R, (m*I*) = R, (m*d*)-R, (d*I*)
i i i .
or equivalently, where - s

’y\‘\J 1 j = 1] y :] 1 J 1:]. . :(, 1] 13 .
’,;-" Nt p tt— W W o 7““ n‘—"*-“‘—
] "“3-}2: ) (:rij')2 ) (mj') "Yua ij')2 7 (a PN
N . j=l \,‘j"'—'.l v j" 'w’ j=1 “ j?l J \t ]—l
- (4.17)
Equation (4.17) can be simplified to: y
} )
m,'-d,.'s ) d,." ' .
' Em T o S & S (4.18)
~ aZ 3 iJ n 2 .
) =1 I (a,")
j=1 M ’



T Substituting (4.18) into (4.2) and rearranging gives:

; . n ’
Z a. . T.1 . .
. .. ) é j=1 ] .13 Fl
) . 5 = n o d .
2.
: _ \i‘ Y d@n =
.-- ; - . - j=l 1]

N -
l', b

Sinceg this value is the same as that given in (4.16) the value :
. . - ”*j\

of éi ig the samg along AE as it is along the straight line AC.

0.E.D.
N

Theorem (v): - \

Along the line AB where R, (m*d*) varies and 'Ri(ﬂ*l”*) =0, éi varies.

4 . . s
Proof:
- ' n \ |
When Ri(m*I*).= o, z m.'-I_.' =0 and (4.2) can be rewritten as:
. j=1 lj ’ .
A
—‘, n
2
] Tm."". X&d;_hj'_.Ilj' < . *
él = — j=1 . J=l_ . : . (4.19)
{ T2 2 2 -
L@ Ml - (Imea L)
=1 * y=1 j=1 ) ¥ >~

Since, by definition, the denominator of (4.19) varies as Riem*d*o

-~

varies, Ei

311 vary as Ri(m*d*) varies. . Again, asd|hi(m*d*)|—-¢‘l,'

the denomiritor‘of (4.19) —> 0. and |§i|—> o . .

. 'Q.E.D.

» Theorem {(vi):
Along the stra;?}hf line DC, distance does not enter the regr'ess'ion.
ymd éi = 0. This-lgfe is defined where the equal'ﬁf;y Rifd*I*) =

' vy % 4 R X g . i -
P;?Sm d ).R_i(m T*) is t_me. | .

\
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- o SRR
Proof:
From {4.2), when éi =0,
“ p
o ] : ;
(m,") g .' - I." - R eI s mted =0
- D 551 501 17 ij 521 3 i3 0 4213 ij ‘
B {4.20)
. 3 n - /n ‘n
Dividing both sides of (4.20) by ) m,° /T (d,.')z-/{ (1..1°
. 3=1 3J j=1 1] =1 i)
aéE’EQarranging gives:
n . n
zd_.'-I_,' ):m.'.I,,'
5=1 il 1) _ j=1 J 17 .
n n : n 0
L2 2 2 2
/Z (@, " ./*Z(I..') /Z (m. ") ./z (1,5")
. j=1 J j=l 13 ; j=l j j=l 1 -
n -
Zm."d..' )
- . j=l J 1j . .
> T (4.21)
J/n : 2 ¢/n ] 5 . -
Ym0 Y] @h /
j=1 1 j=1 I i
. which is equivalent to: .
R (@*I%) = R (mI%) - R (m¥at) . ' / (4.22)

Q.E.D. ‘ _ .

In words, the relationship iﬁ {4.22) indicates that distance
does not enter the regression along the straight line DC because it has
no direct effect on inéeraction. fhe relationship betwéen distance and
interaction is entirely due to distance being related to mass which in

turn is related to interacgion. Hence, when mass has already entered

*



A

g o /{ | | a4
\_ﬂ | \

the redression, the presence of a distance term explains no more of the

h ] -
{;;J variance of interaction and.Bi = 0.

Y

Theorem (vit):

'

Proof:

When Rifd*I*I< 0, éi can be 3 0. In Figure 2.19¢this oceurs in

" the feasible region which lies between the straight line DC and

A ]
the curved line DC. In the rest of the feasible region Qi < 0.

- - . -

As can be seen from equation (4.2) and the proof of theorem (vi},

éi will be positive when,

R, {(@*T*} > R, (m*I*) - R, (m*d*) _
Q L 1 i .

Siqmce, Ri(d*I*) < 0 and Ri(m*d*) < 0, @a will be positive, when,

R (m*I*) - |R, m*a*)| > |R, (@*1%)] . (4.23)
i _ i . i

‘Squaring both sides of the inequality given in (4.23) and

rearranging gives the condition that_ﬁi > 0 when,

2 /

5 R, Z(@*T*)
R, < (m*a*) > iz—— . . (4.24)

- ' Ri (m*I*)

From {4.8) the boundary of the feasIE&e region occurs when:

’ 2 .
Ry {m*d*) = 1 + 2Ri(d*I*)-Ri(m*d*)-Ri(r@i*) D

2 2
; - RS@ro) - RS(@Th) L (4.25)
. .

- 2 . e
Values of Ri (m*d*) above the value of the expression given 1in

A\
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L (4.25) a?é‘énfeasible. This is easily seen by the fact - that the

‘maximum derived value of Riz(m*d*) is '1.0 when
. B - 'l -4
- R, {m*1*) = |R, (a@*1%) ], Hence, B, > 0, iff;
i I . t -
2 ' ~ o :
- . {d*I*) 2 ¢ .o
—12—— S R T(ma*) < 1+ 2R (d*I*) - R(m*d*) © R (mAIY)
R, (m*I*) . l * :
' 5 - 1
‘g 5 - _ )
- R, (m*I*) — R, (d*1*) . (4.26)
i . ia

-

\ . -—

If—fhere is a combination of wvalues for R {m*a*), R (d*1*) and
R (m*I*) which satisfies (4.286) then thisg pi?yéé that there
will be a region on,the graph where Bi > 0 even though

Ri(d*I*) < 0. In fact there are many combinations of the three.

Is

‘ . . % L \
correlation coefficients which satisfyN{4726). One such com-
bination is when Ri(m*d*) = - 0,9, Ri(d*I*) = - 0,7 and
Ri(m*x*) = 0.9. Hence, by s%ﬁ?}y alter ing {mj} and keeping

{1..} and {d..} constant B. can var extremely large
iy, i) i IL‘ YN Yy 1arg
negative values through te positive values. ‘ .

Q.E.D.

Theorem (viit): : ‘ .
. . . “~
For a fized value of‘Ri(m*d*), as Riﬁﬂ*f*) increases), Bi inereases.

Proof: 4

From (4.12} the derivative of @i'w.r.t. Ri(m*I*) is:

-

~

88, E - R, (m*d¥)
SR, (m*1%) - w 2 wany ]/ [ (1, J/[ @, )2
j=1

-

&
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—Ri(m*d*) } )
= — w €020 ' (4.27)
1 - R Z(mra%) 7 e - .
i . g
\ !
/“ -~ 2 /® 2.-1 - 3
where ¢ = [ V] (Iij') -V ¥ (d‘j')-] . -
j=1 =1 7 - ‘
Hence, as Ri(m*{*) increases,'Bi increases for any value of -
. - _ s
& Ri (m*d*) > 0. This is simplyé statement of the fact that as P
Ri(m*I*) incfeases, the relationship be een distance and ipterl
actiecn, as measured by the simple gorrelation coefficient
. . oy
between the two variables, becomes increasingly spurious unless L

. i -
mass and distance are uncorrelated. As a rESuLt,/|Bi| decreases.
0.E.D.

?’heorem {(ix):

ere exists a. feasible region on the graph where mass enters

) * b .

the, regression positively and for a given value of R, (m*I*), ae

Ri (m*d*) decreases, éi inereases. This is region (A).

Proof': ' ' °
f ' ’.

From equation (4.11)} and the proof of theorem (ii), mass enters

the regressign positively whenever,

. xTH
Ri(d I*)y .

. oy 5 . -~
From equation (4.14) and the proof of theorem (iii), Bi

. . .. .
as R, (m*d*)Y dec»aases whenever, .ot .
i (e , .
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The del -calibrated is:

87

2R, (d*I#) - R_(m*d*) _ ,
R, {m*I*) > = — = " (4.29)
* 1+ R (mra*)

~

2 : . .
Since 2/[1 + Ri (m*df)] > 1, the ineguality in (4.28) is true
wheneve;}the inequality in (4.29) is true. From eguation (4.8)

and -the proof of theorem (i}, the upper boundary of regioq‘(h)
) -

is given.by the equation °

-

R Z(m*I*) + R, 2 (m*a%) - 2R, (m*I*)-R, (d*I*) "R, (m*a*) + R, (d*1*)
1 1 1 1 1 i
i o . R = 0 . (4.30)
Thus region (A) exists'whenever,
2R, (d*I*) . Ri(m*d*) 7 N .
‘ 1 < R m*1*)” < R, (m*I*) (4.31)
. . i . — gt .

2
1+ Ri {m*d*)

* where R.+(m*I*) is a value of Ri(m*I*) satisfying (4.30).
i L

0.E.D.

e

-1

Ah explanation for-the trend in Bi in region {A) is as -follows.

- N By, ) - - .
= : > < .
Iij i @, {hypothesis Y, 0, Bi Q)
! R
’ ’ ‘ { ' (4.32)
] »
If Ri(m*d*} < 0, thtn the "distance effect" of the mass term in
v
(4.32) ca?i?e represented explicitly as: \:). N
T = a,l 1 )Yi d Bi (ﬁ othesis: 4. > 0, B, < 0)
13 17a i3 YP PAy T Ve By
- (4.33)
FJ *
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{ 7

which is equivalent to
~ PO Y:L Bi -~ -
= . a. . is: < < -
Il:| a; i3 dij (hypothesis: Y. O,uBf 0)
(4.34)

.

As lRi(m*d*)l increases, the effect of distance upon interaction is

-~

increasingly measured by Qi and since ?i and Bi are complementary, Bi

~ | (

increases. .

.

@'heorem (x) : J\ . h wh ) \

There exists a feasible region on the graph where mass enters the
" pegression positivelysand for a given value of Ri'(m*l'*), as
N Rifm*d*) decreases, éi decreases. 'This is region (B).
; A .

; <.
Proof: p

From equation (4.11) and the proof of theoreé’TEXi;/mass enters
-

the regression positivél! whenever,

—

-

R, {m*I*) > R, (m*d*) - R, (d*I*) . ' (4.35)
1 . 1 1

From equation (4.14) and the proof of theerem (iii), Bi decreases
L

as Ri(m*d*) decreases whenever,

2R (ErTY) - R, (m*d*) ,
R, (m*I*) s 5 ' . ) : (4.36)
1 + R (m*a%) .

Thus region (B) exists whenever, jo ’ .

2R, (d*I*)-Ri(m*d*) (4.37)

\ R, (m*ad*) -R, (@*I*) < R, (m*I*) < >
(‘.‘| . 1 1 1 1 + R, (m*d*)
& QEJ- " . bR .
- "'\' . » )
= - Q.E.D. /-

. r . \"

.
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An explanation of the trend in éi in region (B) is as follows.
..

Since Ri(m*d*Y < 0, the "distance effect" of the mass term in the inter-

action model can be represented explicitly as:

" 7% S W o B (hypothesis: +v. > 0 éyl< 0)
i3 iva.., ij YP Yy r By
. i3 . '
: (4.38).

This‘is equivalent to,
~N
(4.39)

As [Ri(m*d*)[ increases within region (BY, ?i decreases until the line
AC is reached when §i = 0.0/{see the proof of theorem (ii)) . Thus, as

Yi decreases, more of the pure distance effect on. interaction is

2. -
measured by Bi which decreases.
M 1
K . . ,
Theorem (xi):
B . .
There existsé a feasible region on the graph where mass- enters
the egressggx\negatively even though BiQn*I*) 18 positive.
As R, *d*) décreasEs,'Bi decreases. This is vegion (C).
, : ) i)
Proof: .
From equation (4,11) and the prodf of theoreh (ii), mass enters
. . - S
v .
the regressjon negatively whenever, . '
‘ ' R, (M*I*) < R_(m*d*) - R, (d*TI%) . = (4.40)
i 1 i . .
! o
From equation (4.8) and the proof of theorem (%lp the lower
2 boundéry of region (C) is given by the ‘equation: w

‘-\L-

(hypothesis: Y, <0, é.i < 0).

H

b |
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. o .
R, Z(m*T*) + R,2(m*d*) — 2R, (m*1*) - R (4*I*) . R, (m*a*)/
1 b3 1 \ 1 1

) .

g + Riz(d*I*) -1 = 0 .¢ ‘ (4.41)

v

Thus regicon (C) exists whenever, \
\1

+ .
R, (m*I*) < R, ([m*I*): < R.{m*d*) - R, (d*I*3. , (4.42)
i ' - i i i

' + - .
Jg;ﬂé Ri {(m*I*} is a value of Ri(m*I*) satisfying (4.41). Jh

o Q.E.D.

7 '

//’ 4 | .

An explanation-of the trend in Bi in region (C) is as follows.
L ) ] A . ) l . e
Since Ri(m*d*) <D and Yy < 0, the interaction eguation in terms of

. \ L .
distance can be represented as:. o 1
. /""f’""—-‘ ) . B -
(-’ ; - . . ] Yi Bi ) . . S
I = a, d,, .- thesis: .7 < 0).
. i3 7 % 9y dij. (h_ypo esis: Yy, > 0, B.7< 0)

(4.43)

+

.., As |Ri(m$d*)] increases, the "pseudo-distance” term becomes
S ‘ : .

-

increasingly inversely related to- the real distance term and Yi increases.
. ~ “a ) Lt R - . : .
Since x;and Bi have opposite .signs, as Yi increases, Bi becomes increa-

. X ‘ . . . ‘s -
singly negative to compensate for an increasingly strong. pdsitive distance

eﬁfizf/}nithe regression. . ' , . oo

.

4.6. The Graph of %i'with.Variations in Multicolljinearity

' . 1 l .

This section represents a sidestep from the ‘general discussion
e i ” .

on distance-decay parameters and spatial strﬁct‘Ee but ‘it is.included -’
here since it is relevant to the topic of multicollinearity and paraméte% -

estimates. The -parameter Yi'iS a measure of. the elasticity of interaction .’

.
. . '

' . \-v.



- ' When Ri(m*d*) = 0,

?{ﬁ;/ ' - N /;_J__f;‘§r-
« N
| AN

with respect to mass, and multicollinearity between m* and d* will affect
. . - . .

the estimates of this parameter when these estimates are derived from

- .
OLS regression. Figure 4.3 represents the variation of ?i under_ varying
. ‘ 7

aegrees of multicollinearity and under wvarying values of Ri(m*I*). All

estimates of y; are derived from the same simulation described in

Section 4.3.
The pattern of ;i descfibéd Qy Figure 4.3}£f§f€;; from the pattern
of éi descriged by Figure 4.1 in several reépeéﬁs. The reason for the
differences is-that in the simulation,{dij} and {Iij} are constant so
that thé main detefminant of‘éi, Ri(d*I*)} is a'co;;tént. Since {mj}
varies inleach simulation, the main deteiminant ?f ;i' Ri(ﬁ*I*),ki::ift A
a constant. This produces variation in ?. along both axes ¢f Figure 4.3
whereas 3 only varies. along;£he horizontal axis of Flgure .l; Another
difference between the two graphs is the vositioning of the 11ne/dE3iding-

regions of homogeneity wilth respect to parameter vafiatipns. Ip'-igure

o r ~
4,1 thi® is the curved line AC which in terms of lRi(m*d*)l and Ri(m*I*}

,

co-ordinates rugs from (0,0) to {1, |R,{(d*I*}|). In Figure 4.3 the
. ) . i :

respective line is the curved line YC which ryns from point Y to the point"

: ‘ 7 w
where |Ri(m*d*)l = l.O-and,R{(m*I*) =3+Ri(d*I*)J_

The main differences between Figures 4.3 and 471 are now explained -’

.
- .

theoretically. - C -

Theorvem (#ii): - | . . :
Along the line AE.where R (m*d*) 0, Y varies.
Proof: “’/r//— S

''= 0 and (4.3) can be rewritten ags:

ne--13
3
[
O



Figure 4.3: The Effeat of Varjatidns in R
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H
n n
2
) CHA 7 om,! L
;-3 j=1 3 (4.44)
i .
n n -
2 2
) (@ n° - T m, ")
371 g=1 7 ®
n /nT -
. 2
' D1v1dlng through by Z (d //Z (m _//z (I_j') gives:
, 3=1 . i
n .
N /Yo n?
n =1 1] ‘. .
Y. = R, (m1*) - 2o . (4.45) -
i i —— Ve
& /n . o .
7 m, ") _
j=1 ) ) : » n
s Sinc {I } is constant, then as R (m*I*) increases, ?i increases.l
4 0.E.D.
o - . ‘ Ty | >
. Theorem, (xiii): ' ‘ '
Along the line D where R (m*I*) = 0, Y varies.
- N ‘ ) .
. - .Proocf': ‘ ' ) . - : ' \
- n .
When R, (m*I*) =-0, I m," - I,' =0 and {4.3) can be rewritten as:
i j=1 * - i .
. 4
1 T .2 n 2 l
The assumption has béen made heré that the termv/ Z (m, does not

decrease as R {*I*) lncreases, a situation Wthh could résult in no
inc;ease in Yi' Whlle there was no actual constralnt on the varlance

of the mass ferms, there was an attempt to keep this var}ance constant.
However, since {m } varies at each simulation,'i% is'likely that ;E(m.')z
will also vary at each 51mu1atlon. This would produce much more 7

. _ variation in the graph of Yi than is shown in- Flgure o 3

- \ ) - - . . .

<>
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As [Ri (m*d*)| —> 1, the denominator of (4.46) —> O while the .

numerator increases. Thus, as ]R].:(mfd*) | increases, JYil becomes

large and as R, (m*d*) —> -1, -}i > -

0.E.D.

Theorem (xiv): ] - ' RSO
P T / : Q-Yi . .

The line X is defia::'ed‘ by the condit'{lqn_ that W
and the equation of this line is R_i(m"I*) = Ri(d"‘I*)' [1+R£2(m*d*)]/
2R£(m*d*). For combinations of Ri(m’*I*) and Rif'm*d*) that lie

~

above this line, as |R£(m’*d*)| inereases, Y; tnereases. For .

combinations of .Ri(m*l'*) and R, (m*d*) that lie below this line,
: .

- LA . .
as ‘IRi(m*d*H inereases, Y, decreases. .

-

Proof': . R

i . . - - n
. 2
Dividing tl\:% numerator and denominator of (4.3) by z (dij') -
. ; 551

-

n /n '
)_‘,(m.')2 - Z (I..')2 'g/ives * ’
§=1 ] 4=1 1] . . .
. n
R, {m*I*) - Rv(d*I*) ¢+ R (m*d*) /Z (.I- ")2
;- 4 - 1 i e (4.47)
i

2 .
1 - R, {m*d*) : M o
1 /I (m.')2
j=1 J

13 —_— ’ .
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2 ~
yo(r.." 22
=1 1] 3
Define ¢ = —1:::::::::‘ since / is non-zero constant
=1 -

n
/T mony?
j=1

——
-

,"n
. 2 :
and 7 Z(m,'}-l is assumed to be constant,1 and then the derivative

& j=1

of v, w.r.t. R, (m*d*) is:
i . i

f f1 - R.z(m*d*)][- R, (@*I*)] - [- 2R, (m*a*)] ~
1 1 1
55 X [R;.(m¥I*) - R, (@*I*)-R, (m*a*)] .
i - . . C
SR, (m*a*) [1 - Rizl(m*d*)‘]z"

(4.48)
For any given value of Ri(m*I*) the line YC represents the point

at thch the derivative 6§i/6Ri(m*d*) = 0, Thus, the line ¥C

is defined when: * !

R, (@*I*)[1 + R.Z(m*d*)] _
R, (m*I*) = -= = (4.49)
i 2Ri(m*d*) '

-

/
e

. Q.E.D.

’

Equation (4.48) indicates that as |Ri(m*d*)[ —> 1,
Y HAKY) — . : . *Tx { {g*I* . s : :
6yi/6Ri(m a*} © when Rl(m I*) .4@ j )I «+ This explains the rapid
decrease of-'?i in this region of Figure 4.3,

Point Y on Figure 4.3 is determined by the inﬁgﬁsection of the line

YC and ME. Thus at Y the two conditions hold that:

1 . . - E \
See preceding footnote, . s

¢

%



-'{\ : ' ' 96

R_z(m*I*) + R.2(m*d*) - 2R, (m*I*)-R, (d*I*) 'R, (m*d*) + R_z(d*I*) -1=20
i i i i i 51

(4.50)-

and,
} . : .- B |
\2 - '

R (@1 [1 + & % (mra)] .
\ R, (m*I*) = : L . _ (4.51)
1 2R, (m*d*) ro .

1 -
. - _ .

.To determine the coordinates of Y, substitute (4.51) into (4.50) and

rearrange to give: ~ ) . e
2 ‘ . )
R, % (a*1%) , 3R, 2(arr*) o or Y@y
—_— + Ri (m*a@*) [1 + - 2 1] = 1- —&——?r*——- {4.52)

2
4R,  (m*d*)
i

in which there is only cone unknown, Ri(m*d*). In this situation, when
ra

R, (d*I*) = - 0.7, R, (m*d*) = - 0.44. Substituting these values into

(4.50) giﬁes Ri(m*I*) = 0.95. Thus, the coordinates of point Y are

(- 0.44, 0.95). fThe minimum value of (4.51) is 0.7 when |R, (m*a*}|
T 7
.= 1.0 and this determines an end point of the line being at C.

Theorem (xv):

When v. = 0, éi remains constant (the straight line AC). However,

L |

when B. = 0, ¥. varies.
81 R Yz aries

N *
The normal equations for Bi and Yi can be stated as follows:1

- *

n R n
Pat -t -y, Im -4
é _ j=l l] lJ 1 j=lj l:] (4-53)
i Q n
2
da,.")

lsee, for example, Beals [1972, p. 269].
A




- 3 ' 97
.
n n 2
Ya.'-1.,'-B I @."
4 ~ - =1 1) ij i =1 ij
. = 4 B . ©{4.54)
1 n ‘
. jmt o4
\ =1 1 i3
From (4.53) when ?i = a,
- n
zd-j' - Iij'
. a1 '
i Bi . =1 “ {4.58)
n 2 =
yo@, . " : ?
j=1 1] Lo . _ _ .

which is the value of éi along the straight line AC in Figure 4.1.

This is a constant since {Iij] and {dij} Are constant.

From (4.54), when Bi = 0,

n . :
LA
jz @. dij‘ - ) .

which is the value of §i along the straight line DC-in Figure 4.1.

Tl -
This is not a constant since | } mj‘ . dij' increases as
3=1 ’ _

|R, (m*d*) | increases.
1 v

’ Q.E.D.;\-

* The implication of this result is that in this simulation,

Y

given fixed interactions and distances, if the mass term does not enter

~ r

the regression, Bi However, if the distance term

is a fixed value.

~

does not enter the. regression, Y, can vary over a range of values.
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4.7 Implications of the Results

(1) The Multicollinearity Problem

. r N . . . s
Figure 4 1 supports an earlier assertion on the variance of

" parameter estimates. " As lRi(m*d*)I -~ 1.0, any slight variation in-

o

one of the correlation coefficients produces an extreme variatiom.dn

. _—_ /.
Bi' As ]Ri(m*d*)l —> 1.0s the variancg of § —> =. When |Ri(m*d*)l'
- .

~

is low there is 1itt1e.variance in Bi. However, a cut-off point at

which the effe;t of multisg}linearity beéomestoo severe is n;t obvious.
Figqure 4.l_demoéstrates the_éar}ief/hypotheéis tha; the effects of
multicollinearity are continuous. It has also.beeh shown that the effects
of multiéollinearity cannot be assessed simply by a measure of Fhe

relationship between the two relevant independent variables.  In the case

i

of the unconstrained interaction model ;pz/effect of multicollinearity
_ y
on parameter estimates is not only a flnction of Ri(m*d*) but also of

Ri(m*I*) and Ri(d*I*). Fro

Figure 4.1 the effects of multicoliinearity
appear to be more severe fwhen Ri(m*I*) is low. %rom the proof of theorem
(1) the effects of multicollinearity are more severe when |Ri(d*I*)| is
low. Thusk the:effects of multicollinearity wﬁehulRifm*d*)l = 0.7,
R, (m*I*) = 0.2 and |Ri(¢*I*)| = 0.2 are likely to ‘be more severe and
mofé‘of & problem in parameter estimation thén when |Ri(m*d*)| = 0.9,
R, (m*I*) = 0.8 andrlRi(d*I*)I = 0,8. Simply gomparing the'degrge of
mul;icoklineaiity would lead to the opposite conclugion.

Another implication of these results is that the effect of

multicollinearity on parameter estimation is unpredictable. There is

,

5 -
rarely a monotonic relationship between Ri(m*dﬁ) and Bi. Only when
L.

R (m*I*) =:0.0 and when R, (m*I%) > |Ri(df1*)l is this so, This again

)
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~indicates how the effeéts of multicollinearity are dependent upongpther

relationships.

{(i1) Pargneter Estimation
, “

The pattern of estimated distance-decay values described by

Figure 4.1 has been theoretically derived. A ﬁodel—specific spatial

-~

structure bias in'éi is given explicitly - Bi can vary due to variations

in Ri(m*d*) even though such variations may not have any effect on people's
perceived disutility of travel. The mechanism oé this confusion is demon-
strated in the proofs of theorems {ix), {x) and (xi). When multicollinearity
is present, the relationships between each indgpendent variable and the
dependent variable are obscured. In the case of the unconstrained inter-

action model, when mj* is a function of dij*' Y is, in part, a measure of

the relatioﬁship between dij* and Iij*. Similarly, Bi is, in part, a -

meature of the relationship between mj* and Iij* and variations in masses

-

affect not only ;i,but also Bi- The obfuscation is greatést when IRi(m*d*)l

approaches .0, that is, at extreme degrees of multicollinearity. This is
the spatial ftructure effect discussed by Curry [1972, p. 132] when he T

states of the true friction of distance and spatial structure:
</ - *
AN ,
"It is clear that where there is a genuine friction of -
distance, the two guite separate entities are being
hopelessly confounded. It is only in the unlikely event

of zero autocorrelation that the distance exponent may -
be read directly as a friction term." :

‘

The latter point is also borne out in Figure 4.1. The portion of the
vertical axis between A and E represents -situations in which there is

zero autocorrelation between mass terms or where Ri(m*d*) = 0.0. Here

o)

-

: | N
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Bi is invariant and equal to its "bdSe value". Variations in the set of

masses along this line produce no variation in B
=2
Theg;\hfu51on in the 1nterpretatlon of B described above ciﬁ\

Have-spatlal implications. Given variations in the masses of origins \\

or in the distances- to destinations, Ri(m*d*) will vary between origind.
There could be a systematic variation from one extreme at the most central

- poa N . N &.

.

. N o . . .. ] . .
origin to the other ‘extreme 'at the most peripheral origin. If the under-

- . . . .. : -

" lying interaction belaviour was .constant ovér space, and if Rifﬁ*d*)

-

varied systematically, a‘sfstematic spatial variation in Bi would result.

; . A
! A N ¥ £3 1 ]
However, the large variation in Bi described in earlierfempirical studies

L3

could only result from a large systematic variaticn in Ri(m*d*). There

.

.15 no empirical evidence to suggest that such variation in Ri(m*d*) is

o
an empirical regularity. Chapter 7 presents evidence that a large vari--.

ation in éi resu;ts even when the variation in Ri(m*d*) is small.

Anothef spatial’ structure effect acéounts for the Qariatioq in éi' For
individual -origins, however, where multicollinearity in the data set is
véfy high, the estimates of Bi should be treated with great caution since

they will contain the type of spatial structure bias outlined in this

chapter. -

(i11) The Aggregation Problem

As Openshaw [1977) reports, the estimated distance-decay para-

‘meter in spatial interaction modelling is determined in part by the

-

zoning system used., For example, consider New York City as a zone

-

centroid for two zones ~ the firit zone 1s New York State and the secqnd

is the North-East U.S.A.. Calibrating {4.1) using interaction data for

o - '
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@
both zones is likely to produce different Bi values for New York City.

This is the essence of the aggregation or zoning system problem in spatiéﬁ
vy
interaction modelling. The origin-specific distance-decay parameter will

vary as the zoning system waries. As Openshaw notes [197?; PD- g%B-l?O]:

"The effects fof the zoning system on the correlation

coefficient \is well known but the sensitivity of

many other st»&istical techniques and that of spatial
. interaction models has not yet been demonstrated.”

’

This study demonstrates the 4ink between correlation coefficients

and the distance-decay parameter of an unconstrained spatial interaction
. . . .

ngei. It also demonstrates the sensitivity of the distance-deééy para-

‘meter to changes inzf!s zoning system. In an unconstrained interaction

model the reason for a specific Bi having different estimated values at

different levels of data aggregation is that the correlation coefficients

Ri(m*d*) and Rl(m*I*) vary. Different levels of data aggregation or dif-

ferent zoning systems are likely to have different values of Ri(m*I*) and

Ri(m*d*) for each origin. These varying values of the correlation coeffi-

-~

cients preoduce variaticns in Bi_in accordance with the trends given in

Figure 4.1. If an alternative zoning-system was used which did not alter

4.8 SummaSF

o
This chapter has demonstrated that a model-specific spatial

structure effect can be included in the:fii{33jfon of Bi in an uncon-
strained spatial interaction model. The esence of multicollinearit
confuses the interpretation of Bi and Yi such that Bi can include a

r

measure of the mass-interaction relationship and Y; can include a

7
measure of the distance-interaction relationship. '

"r
-

e
“

the correlation coefficients, then Bi would be identical for both zoning systems.
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Earlier work concegrned with identifying this model-specific

spatial structure Btas’has concentrated on the effects of spatial auto-

correlation.. This is shown to be too vague. Spatial autocorrelation
- h

LN

statistics in this respect are only general substitutes for the more
-

~

exact determinantsof Ei - the cérrelatioqﬁdaefficients between mass

and distance, mass and interaction and between distance and interacticn.

-

Theoretically, Bi is a functicn of correlation coefficients and not of

-

a spatial autocorrelation statistic. Since Bi can be biased by multi-

colliﬁearity, it may be possible to remove this bias by conventional

.

methods of eliminating multicollinearity (see Huang [1970, pp. 154-158]).

-

Alternatively, the technifue cutlined by Fétheringham and Webber [1980]
ned by

may be useful in this respect since it redefines mj* in terms of a sum

-

of logarithmic distances. - K . : "

N While the ap@foach_described.in this chapter to identify'a
a . .
model~specific spatial structure bias in an unconstrained interaction
- nee

model is more useful than the use of spatial autocorrelation statiﬁtics,

the actual degree of this type of spatial structure bias is in doubt.

-~

‘ -~ ‘
If multicollingmrity is extreme then Bi is likely to be strongly biased

and misleading. However, there is no evidence to suggest that a large
. 7 o

systematic variation in multicollinearity is an empirical reéularity to the

extent that it miocht explain the variance of parameter values described
. - .

in Chapter 1.

Thus, the evidence presented in khis éna}ysis supports both the
work of Curry, Griffith and Sheppard [1975] apd of Cliff, Maftin and.
Ord [1974, 1975, 1976]. ASpatiél-struFture does appear-to determine 8
to some extent due to multicollineariff - a\point consistent with the

A

] ~

—
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3 . /

- views of Curry et al. but this model-specific spatial structure effect
ik

- is unlikely to be theiFause of the reqular spatial pattern of Bi values

commonly found in emﬁirical tudies - a point consistent with the views
of Cliff et al. Since multicoll nearity‘is unlikely to be é&e main

spatial structure fect includéd in éi’ other types of seatial strué%hfe

.

bias in interaction mo ling are now investilgated.

£ .
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CHAPTER FIVE "S\

Y

MODEL~SPECIFIC SPATIAL' STRUCTURE EFFECTS IN
CONSTRAINED INTERACTION MODELS:
BALANCING FACTORS AND R

R . L

Section 3.2 posited a relationship between the balancing factors

of constrained interaction models and the estimated distance-decay para-

. - > o .
meter. From (1.35), (1.37) and (1.38) it is evident that the balancing
factors are quasi-accessibility measures and as such are measures of

spatial structure. The question investigated here is: ~"what is the

relationship between balancing factors and estimated distance-decay

_parameters?”. If a‘ref;;;Qnship exziég$\53i? would be evidence of a
link between spatial structure and in constrained ngeraction model-

ling. The question is answered by the use of simple calculus and an

understanding of tHe estimation of 8.
Ly
Consider Figure 5.la .in which actual interaction, Iij' is graphed

~ -

against distance, and Figure_S.l@ in whi¢h predicted interaction, Iij'
ié‘graphed against distance. The calibration of a constrained inter-
action model is undertaken with the objective of maximising the simi-

larity between. the two curves shown in Figures 5.1a and 5.1b usually

—

A

\-’{ B 3 - . - . ) )
utllising the constraint that d, thé predicted mean distance travellpd,

; - : 1
equals 4, the true mean distance -travelled. The only degree of freedom

.

L™
) ! .

e
1 . : .

Other constraints such as on predicted total outflows, predicted total
inflows and total predicted interaction may be used in conjunction with
the mean distance constraint but they-‘are, of no cohcern here.
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. . .. P ; .
iave this maximisation is B, the estimated distance-

closest possible

-

.

by

(ay

-

ii

{b) =2

Qi
[

TN\
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Assume that in a spatial sysﬁem conglisting of accessible and
B 8 ~

‘inaccessible centres, interaction behaviour with respect to distance .

is the same for all origins. With the cor{strai& on flow totals, Bi

-~

hY — ¢ — .
is estimated 'so that di = di and the similarity between the actual

4

and pquicted‘interaction—distance relationship is mamdimised for each

origin. If Bi is Interpreted as.being a purely behavioural parameter,

the expectation would be that Bi is a constant for all origins since

the derivative. of actual interaction with respecé to distance jis:the
same for all ofigins. The subsegquent™gnalysis demonstrates thaﬁqthis
expectation is not realised unless all origins are equally accessible.

The-accessibility of origin i determines, in part, the derivative of
. ¥ ~ '
predicted interaction with respect to distance and Bi adjusts to
. - . . Co K P
compensate for this effect “so that the predicted derivatives are con-

-

stant regardless of accessibility. 'If the predicted derivatives were*

not constant, then the predicteg~interactidn-~distance relatlonshlp would

h‘_——;zgﬁ’be equal to the actu 1nteract10n—dls?hnce relatlonshlp for each
» . ' th » »

{ e N .
~The exact nature of this relationship is described below.

origin. Hence,

accessibili

estimated distance-decay parameter is related to the

~of i which is a measure of spatial structure. Bi will not

y

be copestant for all origins even if actual interaction behaviour with

o
,

5.2 A Singly-éenstreihed Spatial Interacfiqn Model £ .

’

The origin- specific; 51nglzf00nstra1ned 1nteract10n model given
b

“in {1. 34) can be wrltten, when calibrated, as: 3 \F‘RN\E;ﬁff

espect to distance is constant, unlesg each origin is equally-accessible.
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5 ' éi . 4
: ioo= % B P (5.1}
. ik A 5. . ' :

8
a,. ™t
f/.z Dj ij

\\\\wnErE“suQFcrlpt k\éi;ffjs a particular destination. From (5.1) the
partlal de ative f'prééigted interaction with respect to dlstance

. . 1
to the'partlcular destination, k, i% given by:_ ‘ '

-t N
’ B d i (] o g p. 4 i )
~ - -d, . '
2 Ilk ) i1 "k ik J_i¥ k. ik i5-2)
3 d, - n ~ .
ik (§ o, a By?
i =1 J 13
4 . »
or alternatively,’
o> ) L . éi”l. n Bi
. B. 0. D d (} D, 4. ™h
. Com i-1 k ik 3=1 3 i)
L, STk 37K : .
. . . n : ~
: : (2
L 3 dix (] b, a Py
je1 3 i3
o

o,
)—"’ . - . .
which is only negative when Bi is negative - the standard expectation.

~

" Hence, if Bi < 0, as the

ce between i and k increases, the pre-~
“dicted interactiqn'between i and k\decreases. However, (5.3) indicates

that the rate at which-predicted interadction declines as distance

-~ LY

increases does not depend only upon Bi' Let A, represent the accessi-

. . 3
bility of origin i and define, o T A A
L \ o B —A ’
n Bi ' ) o
‘ A, = [-p a.*t . : (5.4)

. lﬁee Appendix II.

1
-t

4
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Such an accessibility measure has been discussed by Hansen [1959] and

used, inter alia, by Fotheringham [1979]. sSubstituting (5.4) into

(5.2) and using the definition of iij given in (5.1}, (5.2) can be

rewritten as:
éi
- Dd v
Y i )

ik iIikdik i - ki

= - {5.5y
. . A,
ik 1~

£
3

L] H»
™

and then it is seen that the rate. at which predicted intera?jion between
i and j declines as distancé increases is a function of the cecessibility

of origin i. The relationship between the derivative and acceésibility 1

u .
is complex and is®discugsed fully"in Section 5.5.
R 3 ' .
From (5.3),{the sgd@gd derivative of predicted 3g§eraction with -

respect to distance is given by:l

Y
22 /
/
3 Iik ¢ P 2
94,2 T
ik i ik
(5.6)
. ce 3 . I 2 v
which, if Bi < 0, is positive when™, R
. r
: . T g . . n 8.
+ ¥ > (B, - D, 4,1 | -
-"75\1 1) .p d. (B, 1)j£1 5 %53 ﬁ R
S :

4

: : o 3 :
The inequality is true except under gxtremcﬁdndltlons. Hence, when

lSee Appendix IIX -
2 .
See Appendix IV

3 .- . ; : .
For example, the inequality may not holdhen di 15 very small,

~

k
Bi <-~l, n is small,D'k is large anii Dj is small ¥ j # k.
- h=3

A -

<3 ,_‘( .



. 3
éi < 0 and the inequality is true, prédicted interaction decreases at (/
a decreasing rate as distance incréases - the standard expectation.
Assuming that actual interaction from eacﬁ origin decreases at a
decreasing mate as distance increases, for the predicted inﬂeracticn—'
distance felationship to be equél to the actual relationship for each

f A

¥ R . i
origin, Bi'< 0 ¥ i. However, if the actual interaction-distance
relationship is the same for all origins, B, cannot be equal for all

origins since, from (5.5), the accessibility of an origin determines,

in part, the predicted interaction-distance relationship, and origin

-

accessibility varies. If the predicted interaction-distance- relation-
ship is to be the same for all origins, éi has to va;y to compensate
for the variatioi in origiﬁ aciessibility. The nature of this rela%ign
ship_ig invéstig;;ed in Section 5.5 where a more representative
derivative is obtained - one that does not depend upon the destination
chosen as dog; the derivative in (5.%). Use of the simple derivative

given in {5¢5), however, dan first givé useful iﬁEights into interaction-.

distance elasticities.

5.3 A Note on Interaction Elasticities

A

Let e(iik) denote the elasticity of predicted interactiom with

respect to distance to one particular deifination, k, where e(iik) is
defined as: (
. . d'k 2 i’k k .
e(I, ) = == . - N (5.7)
ik E . 3 a _
ik ik ' ‘
- ’\
Substit.uting (5.5) ir’ito’S.?) and rearranging gives, ~—
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~ d'
e(I,) = B (1- ———AL) . © (5.8)

The elasticity of p§6a133ed interaction with respect to distance is a
function of the dist@ce over which interaction kes place and also of

the accessibility of i.. Assume that dik is a ns$a
e
. A \
thenh the relationship between e(Iik) and Ai is given
w

r all i and

» ]
~

'A\As Ai o e ' e(Iik) —> B,. The‘ﬁgasticity can never be greater than

i
. B_/
N . S i
ero sfnce in {5.8), A; > Dy dik .
' Bl
Dy dik

At the ﬁ%nimum Jue of Ai"

' e(Iik) = 0; the interpretation then is that there is only one

s

possible destination and as distance to that destination increases,

there can be no.change in interaction patterns to alternative destina-
’ N 3

tions. Given an outflow from origin i, all of that outflow must
. LY
*rerminate at destination k. Hence, Iik is a constant with respect to

a. and e(i, ) = 0.
i

ik k N ) | —\

FIGURE 5.2: Interaction-Distance Elasticities and chesgibility

g(Iik)
D
0 K A,
8. |
* 7
/
b ~
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Equation (5.8) indicates that e(Iik) decreases as the accessi-
bility of i increases. Consider the elasticity of true interactions,

'e(Iik),‘being constant for all origins! that is, interaction behaviour

—_——

is constant for all origins. Then e(Iik) can only be constant for all

origins if Bi varies since Ai is assumed to vary between origins. From

(5.8), e(iik) decreases as Ai increases and.as éi decreases. To ensure
that e(ik) i§ constaht for all i, éi'must increase as Ai increases.

The resulting patterﬁ of origin#;pecific.distan?é—decay parameters will
be cne +in which ad&eésible origins have low Aegative values and inacces-
sible origins have high negative values. This is the pattern found in
the empirical studies discussea in Section.l.S and the result is

reinforced below.

5.4 Deriving "Average" Derivatives

The prel%minary analysis in the preceding sectiong indicates
the methodology used in determining the relationship between éi and
spatial structure which is specific to constrained interacticn modelliné.
However, the derivative of predicted intefaction with respect tordistance
thch has been used so far is with respect to one particular destination,
k. The value of the derivative will vary as the destination k varies

B-1 T B By
since in (5.2) the terms D, 4. i =, VT b, a_, 1
.k ik 1]

] j=l ] J:l
37k

n
i and Z Dj d. . 1 are
. i

3

- ot constant for all k. A bias would result if the derivative given in-
RN ,
’ : v

(STQ) were used in a comparison between origi;;\hhsn k' is closer to one

ofﬁgin than another. To accurately compare derivatives between origins

in a spatial system, an "average" derivative is required which is taken with
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respect to all destinations. At least two formulations appear reason-

able for an "average" derivative where the average derivative is denoted

A
T
d

3
by ( 73

and,

ik')Av R
ik
5 -
( Iik')Av
3 d,
ik
( Iik }Av
¢ d

\’\‘\/

(5.9)

(5.10)

The averége derivative given in (5.10) was chosen for all subsequent

analyses since the derivative with respect to any particular destination

R

is weighted by the value of the attractiveness‘of that destination. At,

equal distances from an origin, a destination with an attractiveness of

100 units should be a more important component of the avefage dérivative

than a destination with an attractiveness of 10 units.

This is modelled

in (5.10) but not in (5.9). 1In terms of (5.3), (5.10) can be fewritten

as:

~

. - n A.
a. Bi L ) D. a, . Bi
ik =1 j ij
37k
n ~
(] b.a P52
jmp 9 i3

(5.11)
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5.5 Accessible and Inagcessible Origins ;

1 L . 5 - . .
In a closed spatial system consider an origin that{ is acgessible
n o . n R
{ z D. d is large) and ah origin that is inaccessible ( Z p.d, .t
ity el il
3 . i=1.
is small). Assume that for each origin the number of interactions leaving

1
i3

is equal to the number of interactions arriving and assume that this

value is the same for the accessible origin and the inaccessiblé origin.

Both origins are then confronted with the same destination opportunities . (
but at different distances. Figure 5.3a illustrates such a spatial system ’

and Figures 5.3b and 5.3c illustrate the destinétion opp?ELuQities and

distance relationships faced by an accessible origin and an inaccessible P

origin respectively, in the system.
For the spatia¥ system given in Figure 5.3 a compariseon is made

. ' o 1 31
. . A . A
of the average derivatives ( S—ELE y*Y and ( 3 dzk y*Y . To make an

1k 2k

accurate comparison, these values must be compared at the same value of

~
'

o Iij varies with 4 . The methodology

d.. since it has been shown that
13 ‘ . 1}
3 le .

used to relate éi to spatial structure is similar to that, given in Section
5.3. Assume that actual interaction behaviour with respect to distance,-
ceteris paribus, is the sahe fo;‘all OQSgérs. Then, if tﬁé traditional in-
terpretatioﬁ of éi is true, éi should %e egual for all origins since it is
ﬁeld to be solely a measure of interaction behaviour. A cbrollary of

this is that if éi is dssumed to be a constant for all origins, the

average derivative of predicted interactions wiﬁh respect to distance
!

1 . . s
All interactions are within the system.
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FIGURE.5.3: Spatial Systems ' —

(a) The Spatiai.Structure - ~\
[ D3

. Ol

is an accessible origin
3

Qé is an inaccessible origin
[)

& . -
50 is the distance,between centres

(b) Destination Opportunities Faced by the Accessible Origin 03

l = 50 St " : \
Ol ‘ .
- 10 10 , -
' - 0, =507 1 -
D. = 100 D. = 150 T o %s the ﬁu?ber.of inter
1 - 2 actiops originating from Ol.
. 50 :
D3 = 50 is the number of inter-
- actions.terminating at DB'
o ‘
D, = 50 .
3
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should be a constant for all origins. Thus, for tikg spatial system in
Figure 5:3, a comparison is made.of the average derivative for the

accessible and inaccessible origin under the assumptions of constant

-

-~

real interaction behaviour and constant Bi values. If the average
derivative of predicted interaction with respect to distance is not

equal for each origin, this would indicate that spatial structure is a
~ ~ ~ '
component of Bi'since Bi will vary in such a way that it ensures pre- ~

dicted interaction Helaviour is as similar to actual interaction behaviour

as possible. The nature™of this variation, if present, and its relation-

ship with spatial structure is investigated. ¢

Rearranging the numera;q;,of {5.11) gives,
A

L

R n n
3 I, B, O n p2a Bl D) a. Bip g, 28572
( ik )Av -4 i z k ik =1 1 i3 k ik
9 4, n -
ik z D k=1 H, é- 2
Loy K (} o ;1) -
= j=1 I 3. (5.12)
Define,
n AL n ' . -
LYRUIE 1D 4, Big ) D, dijBJ- + D dikBl -(5.13)
- =13 j=1 - |
i#Fk
4 -
- 3 28;-1
. (k = 1 . .
C, (k) P dy | o {5.14)
- 2 . Bi-1
B, z 1 ]
B, (0 D d, A (5.15)

(!"- where the notation (k) denotes a yvariable whose value depends upon des-

tina%ion k. Using the above definitions, {5.12) can be rewritten as:



3 Iik Av Bi Oi S Bi(k)-Ai(k) - Ci(k) )
R = Tn ) 2 . (5.18)
ik k=1 a, (k)
] o, ;
k=1
31,
. . 4 ik ,Av . .
From (5.16) th%’;elatlonshlp between (~§—E———) and A, (k) is described
' ik T
by,
3T ) )
3 Iik )Av . .
9 dik 3 Bi Oi - E . 2Ci(k) - Ai(k)-Bi(k) (5.17)
% n \ 3
3 A, k) ) k=1 A, (k)
Dk . 1 .
k=1

'

where Ai in the LHS of (5.17) is assumed to vary between drigins and not ~—

~

simply as dik varies. Assuming Bi < 0, the cross partial derivative

given‘iq\;j;i?) is negative, and hence the derivative of predicted

interactidp with respect to distance becomes increasingly negative as

-

L

\

the accessibility of the origin increases, when:

r

2c. (k) > A, (kY™ B_(k) ¥k, , ' (5.18)
1 1 1 . .
(o
N
that is, when, . 3
~ ~ -~ -
’ VA TEY- S S B, 2 . Bi-1
/ L Tu> D. R . i ' -
) . ;‘?\Dk diy ) 5 93 D 4,y ¥k (5.19)

3=1

{5.20)

Alternatively, if for subset of the k's, Ai(k)Q Bi(k) > 2Ci(k),

PN

2

&
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.. ,
( d Ilk )Av h .
34 -
R} < 0 iff:
A { 4 ”
“ o1
2. (k) - A (k)-B,(xX) ° | ° 20.(k) - A.(k)-B, (k)
i i i i i i
3 i’ 3 ’
pEP A.(k) geQ ' A, (k)
: i . oL .
(5.21%Y
where peP - is the subset of k for which condition (5.18) is true
and ge® is tht subset of k for which condition (5.18) is false.

Condition (5.18) is obviously a stronger condition than (5.21). Botlr
gonditions, however, #%e only true when dik is small. From (5.20),

for example, if'Dj is a constant for all j, condition (5.18) is false

. C e
whenever diﬁgz-dij where j # k. As dik increases, the derivative given

. , -
in (5.17) becomes less negative and at a certain value of dik it will

become poésitive. _Thus, when d.
Y . ik
~T 3 I

i

is small, as the accessibility of an
. .

e ik |Av ' . : .
origin increases, { I ) becomes\ more negative and vice yersa.
: ik N
g 3 I, x AV
when dik is large, as the accessibility\of an o igin increases, ( 3 dl )
s -4 k

becpomes less negative and vice versa. These relationships eﬁé\gEaphed,

in Figure 5.4.
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>

1 r
FIGURE 5.4: Theoretical Relationships between éredicted Interaction
and Distance for an Accessible and an Inaccessible Origin.

. _ N 5.
3 N S
I . \ o

ik !
Inaccessible Origin
Accessible Origin
X d.
. lk .
l* -
' Iik Av ’ .
- 3 =2 AV -
: a'd'k ; I'k Av |
When d‘k is between o and x, - < 0 and ( —2= ) is
* 3 A, (k) 3 a,
1 . ik
b YA g Iik Av
. ( ——)
: . d dlk \
more negative for the accesgible origin. When d._ > x, >0
ik
3 A, (k)
‘ i
3 i‘k . ‘ . ) .
and (z—=2) is less negative for the more accessible origin. The impli- \

3 Ay é

cation of this is that if true interaction-distance relationships are

constant over space and Bi is assumed constant for all i, then the

predicted interaction-distance relationships would vary with the

[

accessibility of i according to Figure 5.4. More accessible origins



‘ﬁﬁigdhave leeper predicéed interaction-distance aelationships tﬁan
inaccessible origins. . To obtain a constant set of predicted interaction-
distance relationships‘ é. would have to vary between ofigins‘ Specifi- Ik
cally; from (5.18) and Flgure 5.4, tbQ¢est1mated dlstance decay para-

meter would have to be more negative for 1nacce551ble origins and less

.

negative for accessible orlglns. ThlS is the frequently—descrlbed
emplrlcal flndlng dlscussed'ln Section 1 5.

A numerical example of the theoretjcal findings is obtained by
applylng the 1nteractlon model given in (5.1) to the two origins given
in Pigure 5. 3 one of whlch is defined as acce551ble and the other

y
inaccessible. Arbxtrarlly settlng the distance- —decay parameter at -1.0

for both orlglns and using the destlnatlon, l’ a set of predicted

interactions was calculated over varying distances of bl from both

6rigins. These are graphed in Figure 5.5. The fate of decrease of

predicted interactions with respect to increased-distance is much

steeper for the acce551b1e orlgln over short dlstances than for the

[

inaccessible origin. As dlstance 1ncreases, however, the rates tend

to converge and their relatlve steepnesses would eventually reverse.

-

If the actual interaction- -distance relatlonshlps were constant for

both origins, the estimated distance—decay parameter for the inaccessi

ble origin would have to be more negatlve than the parameter for the

accessible origin. Figure 5.5 shows that as a rough approximation .

éi -1.5 for the inaccessible orlgln gives much .the same slope as

fe 3
]

i -1.0 for the acce551b1e origin. Thus, if actual interaction

behav1our w1th respect to distance is constant over space, B must

vary to model such behav1our and\:hls variation is systematic. - p

\
& , LD
N

. .
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k/-.\ ) . . . r/ .f
Ceterts paribus, Bi is more negative for inaccessible origins and less

i

“neggtive for acceééible origins in order to counteract the effects of
spatial structure which result from\the balanecing fa¢tors being adcessi-

bility measureilﬁjﬁhis'fesult ig lored more fully below.

-

[

\ _FAGURE 5.5: Numerlcal Relationships between Predicted In eractlon and
- Distance for the Accessible and Inaccessible Origins in

Figureé 5.3.
I - . ¢ ‘ .
il ’ ’ .
50 ] .- B
a0 1 Inmaccessible 6rigin
(B, ='-1.0)
© 30 T Inacce551b1e Origin -
20 +
Accessible Origin
(Bi = -1.0)
;”' . ¥ : : : : : -+ : — d.,
: 1 2 3 4 5 6 7 8 9. 10

i

. ' s . -

< For the sp&tial systems given in Figures 5.3b and 5.3c,; the

v 1

average derivative given in (5.17) was calculated at various distances

and the results are given in Table 5.1. Predicted interaction declines

more rapldly from the accessible orlgln than from the 1naccess;ble

L_; :

\h—— . . 1 .
origin as dlstance 1ncreases up to a distance ‘of between 10 and 20 units.

Beyond this distance, predicted interag}ion from the inaccessible origin

\

. ‘ - '
declines more rapidly as distance increases® - a further demonstration (
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- ! ST N .
. ' k
Y - Xy . L B
df what was theoretically derived in Figure 5.4.
3 -
¥ ' . TABLE 5.1
N ‘/ﬂ‘\\
(\ AVtRAGE DERIVATIVBS,( OF PREDICTED INTERACTION
' . ° WITH RESPECT TO Q;STANCE FOR THE ACCESSIBLE
‘ ) AND INACCESSIBLE ORIGINS IN FIGURE 5.3: Ol = O'2 = 50.
_\ . ~ a ) a .A
( 2 Ilk )Av€7~ ( I2k )Av
T, d,.. 2 4a 3 d
ik 1k v i 2k .
X ’ L . : n "
1 -5.43 ) f1'79 (‘3 Ilk )hv , 3 I2k )Av |
- 1= - -0. 3
10 L 133 0.90 a.dlk de
‘// T T T T TR T
¢ ¥ - - . > . ‘ ~ .
20 & 0.49 0.56 . (‘3 I2k )Av < ( 2 Ilk )Av'
. 50 " -0.13 -0.22 3 dzk 3 dlk
. a » <
. "1 = Accessible Origin __—
2 = Inaccess{ble brigin
So far, the assumption has, been made that Oi' the total outflow- -

. from origin i, is a constant for th® accessible ar)d inaccessible origins.

- *

Th%s may be so, for example}'if zones are chosen of equal popu}atibn'

size. However, it is unlikely in rgality that_Oi wéuld be equal for

. [ .
accessible and inaccessible origins - consider citieg as origins, for

v
. example. It is more likely in this case that the total outflow from an
\\ . ‘ ? . -~ ’
accesgible origin is greater than that from an inaccessible origin and

A
©

it is of interest to investigate the effects of varying Oi on the deri-

//// vatiye of predicted interactions with respect to'disE;nce. #This infor=~
mation is difficujlt to obtain from an equatipn: 3uch as (5.17) since
'y - ' “ .
L 4 .
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varying 0i alters a Dj which in turn alters many of the terms in that

expression. It is easier to consider a numerical example such as that

.

“in Table 5.1. . ? n

In-Figure 5.3b let 01 = 100 and conseguently in Figure 5.3c,

N --

D= 100. The average derivﬁtives of 91 ané O2 are then given in Table
5.2¢ The results indicate that the disparity between fhe average deri-
vatives of predicted interaction with respect to distance for accessible
and~inaccess;ble origins increases ovér short distances. fﬁé rate at
which predicted interaction from the accessible corigin.declines as ‘
distance increases is much greaéer'tﬁan when the total outflows were

A 1

equal for both ordgins. ‘The reason for this is that in (5.17} 0. has
increased from,ggitp 100 and there hggggfen a corresponding increase in

L

_ the absolute value of the derivative. There is no change in the accessi-

bi;ity of origin 1 siﬁce when 1 = 1, Dj is assumed not to contribute to
the accessibility bf i. The¢ rate at which pfedic?ed:interaction from
the inaccessible érigin declines as distance.increases is only slightly
greater than whenlf."-l..ﬁ 50. . The reason for tﬁgg\gﬁange i§3£hat_the

inaccessible origin has become slightly more accessible since a destina-
| ol . ’ “
tion, D3; has doubled its size.

- One other scenarioc can be envisaged: -that in which the population

of, .or outflow from, an inaccessible origin is greater than the pppulaEEbn

. . . . . 3 ~
of A or outflow from, an accessible origin. In Figure 5.3c¢c let 0, = 100
Y

2

and cqnsequently in Figure‘£.3b, D, = 100. The average derivatives for

3

Ol and 02 are then given in Table 5.3, .
4

]

N

\ J
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TABLE 5.2

+

AVERAGE DERIVATIVES OF PREDICTED INTERACTION
WITH RESPECT TO DISTANCE FOR THE ACCESSIBLE
AND INACCESSIBLE ORIGINS IN FIGURE 5.3: 0l = 100, 0_ = 50

. : )

{ S Tix )A'v : 9 Tk AV
% 9 4y L 4oy
.
. =1-84 ( @ Iy AV @ Toy J BV
- g a3 "
0.99 3 8 d,,
-0.60

-0.22

=
[t}

Accessible Origin

™
1]

Inaccessible Origin ‘ . \h

_ TABLE 5.3

AVERAGE DERIVATIVES OF PREDICTED INTERACTION
WITH RESPECT TO DISTANCE FOR THE AGCESSIBLE
" AND INACCESSIBLE ORIGINS IN FIGURE 5.3: 01 = 50, 0_ = 100.

_ 2
) ( d Ilk yAv ( 9 I2k_)Av
ik 9 4y 3 dyx )
: 3 1 a8 i
A
1 -5.53 \-3:*33/ (3 dlk AV 3 dzk y
. . 1k 2k
10 ~1.15" s -1.80 ( 3 1, P 3 I, v
20 -0.48 -1.12 5 4, 5 a,,

50 " =0.12 -0.44

1 = Accessible Origin~ : " 2 = Inaccessible Origin
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The results in Table 5.3 reinforce thé\previous findings on the
relationship between populatiop, accessibiliﬁy and éi' The disparity
between the average derivative of predféted.interaction with respéct to
distance for accessible and inaccessible originé is reduced over sho;t
distances and, following the above discussion, the variance of predicted
distance-decay parameters will be reduced.

Thus, if actual interaction-distance relationships are constant
over space but accessibility varies with origin location, tbé predicted
distance-decay parameter will be more negative for‘inaccessible origins
in order to model reality accurately. If the more accessible origins
have greater populations than the inaccessible or%ginsf the disparity in
the predicted distance-decay parameters between origins is amplified.

If the more inaccessible origins have greater populations than the
;>taccessible origins,_theidisparity in the predicted distance-decay para-
meters is diminished. Hence, it is not only differences in accessibility

-~

3 I
i A - . . . -
g—E&E ) v' and consequently Bi' but it is also differences
ik

that affect (

.
.

in population size.

s

5.6 A Doubly-Constrained Spétial Interaction Model

The pfeceding theory indicates that in a singly~constrained

interaction model Bi is a function of spatial structure. Thé;baléncing
factor, Zi, is larger for inaccessible and smaller for accessible origins
since its denominator is an accessibility term. Consequently, as one

" .

N . . ? . . .
particular distance increases;~the relative decrease in Zi' and hence

‘o I'j’ is less when i is inaccessible than when i is accessible, ceteris
i .
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model such:as the calibrated versj
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paribus. If the relationship between Iij and dij when all other variables
Y : )
‘are constant is invariant over space, 8, has to be more negative for
- i
0 - L R A- + s "
inaccessible origins than for accessible origins in order to model reality.

The same process can occur in a doubly-constrained interaction

n of (1.36) which is writteh below

for convenience:

T{5.22)

where,

. (5.23)

T By -1 |
B, =[] z, @/4,."%} . (5.24)
j i’_‘l 1 lj ) . . )
. . | -

when Zi is large for inaccessible origins and small for accessible origins. -
!

and,

However, since Zi and Bj are estimated iteratively, it is very difficult

4

to interpret the derivatives of (5.22) and the methodology cutlined for

the analysis of spa%ial structure on éi derived from'singly-constrained

-

models cannot be followed. Instead, the following discussion is basically

an analogy to the singly-constrained case and it relies partly on reasoned

conjecture and partly on existipg empirical findings.

From (5.23) Zincan be considetred as a measure of the inéccessibi~
lity of an origin to the set o destinations in EEe'spatial system while
from (5.24) Bj can be considered as a measurg/gf the:inaccessibr?ity of
a destination to the set of origins. Thomas [1977], for example, indi-

cates that in the calibration of a doubly-constrained model using

-
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journey-to-work data oﬁ M?rseyside, England, the Zi's and Bj‘s were
generally larger for zones. that were inaccessible to destinations and
origins respectively. This is also tfue in the empirical work preseﬁted
- in Chapter Seven. The spatial paé%ern of 2; is then similar to that
described for the singly-constrained model and the resulting spatial
structure effect on éi is similar. .
However, the variance of.zi is likely to Be lower for the |

doubly~constrained model than for the singly-constrained model and the

spatial structure efféct may be diminished. The Zirterm in the doubly-
Bi ’

i3 .

constrained model cap be consideredL? function of two éarts:' Dj d

and Bj' For an accessible origin, the latter is large when the former

is small since j would be en inaccessible destination. Similarly, Bj

~

would be small when D, dijBi is large since j would be an accessible . ¢

- -

v - . destination. This would reduce thg relative size of the denominator

} of ¥. and inckease the relative magnitude of Z‘i when i is accessible.

~

For an 1lnaccessible origin, Bj is large when Dj dijsi is large (j is

inaccessible) and} vice versa. This would increase the relative size

of the denomin3 or of Zi and decrease the relative magnitude of Z] when _ C
i is inaccessible. Thus, the overall effect of adding Bj to the formu- -
' | S _.;-
;"’// lation of Zi is to reduce the variation of Ziu As a result of this reduced
- e ) .
> v : .

variation, following the discussion in the preceding section a#d assuming

- actual interaction behaviour to be constant, the spatial variation
‘ o>
of Bi estimated from a doubly-constrained spatial interaction model

) " Ce
would be less than that of Bi estimated from a singly-constrained model.

The estimated distance-decay parameter will still include a measure of

spatial structure when derived from a doubly-constrained model but the
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relative effect of this determinant on éi will depend upon the spatial

variation of Bji The greater the variation of Bj (i.e. the greater the
relative magnitude of Bj for inaccessible destinations and the less the
relative magnitude of Bj for access}ble destinations), the less will be

the spatial structure effect included in éi' A corollary of this is

el

\ . .
-that if the spatial pattern of the Bj's is reversed from that assumed

above and Bj is large when j is accessible and small when j is inacces- .

sible, the variance of the Zi's would be greater, and the spatial
structurgqfffect on éi would be greater, than in the singly-constrained
case.

fhe inclusion of the second balancing factor, Bj' in the doubly-

constrained model has no effect on the relationship between Bi and 0i ‘\ .

’ L
described for the singly-constrained model in Section 5.5. As Oi

increases, B. beoomes less negative, ceterzs partbus. This explains

the apparent anomaly in the empirical findings of Stillwell [1978]
described in Section-1.5. The estimated distance-decay parameter for

Scotland, an\inaccessible origin, is close to zero while the parameter estimates
A\

~

for other inaccessible 6rigins such as those in Wales are very highly

o e

negat?ve. Wales, hoﬁéver, ith a population less thanithat of Scotland

is divided into six region n Stlllwell S stu y whereas Scotland is

trgated as one region. Cons quently, for eac orlgln Jn Wales, Oiﬁu/ {:_,
is relati%ely small and B is ghlj neééiizg For Scotland, 0, 1) -
is large and é. is therefor much less negative, ceteris paribus. '

If Scotland were dlsaggregated into smaller regions in Stillwell's study,

the Bi values for the individual regions would be much more negative.

-

This has interesting implications for the aggregation problem in .
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interaction modelling as outlined by, inter alia, Openshaw [1977].

Hence, with reference to the estimated distance-decay parameter,

\;:y ame spatial strtgture bias ag a singlﬂ#tonstrained model. Even if t&ue

interaction-distance relationships are constant over space, the estimated

Idoubly-constrained spatial interaction model is likely to have the

distance-decay parameter will be more negative for)}naccessible origins
: - .
than for accessible origins. Whether the spatial variation of By is

greater or less than when Bi is derived from a singly-constrained model

depends on the variance and distribution of the Bj terms. If Bj is .

large for inaccessible destinations and small for accessible destinations,

-~

the spatial variatiom gf, and spatial structure bias in, Bi-is reduced

and vice versa.

ir

5.7 Intraurban Interactions

-

\ Much of the preceding theory has been couched in terms of inter-

urban interaction. The theory alsc holds for intraurban interaction.

™ . ] . R .
and the translation of the theory produces some interesting insights in

.

the light of a recent empirical study.

Consider a fixed guantity of employment opportunities in a city

and journeys-to-work are predicted between zones of equal population.

5’ ' Generally, the more concentrated are employment opportunities towards

the centre of the city, the greater will be the average accessibility

-

a ~ -

of an origin zone. As a city grows and employmenE opportunities become

-

increasiﬁgly located towards the periphery of the city, and ejpﬂ'outside

a

it, the average accessibility to such destinations will decliné.' Thus,
‘ / ﬂ L] 1)

as city size incredses, the average égcessibility to employmént

y J v

i

-
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!
opportunities-will decline. Smith and Hutchinson [1978] lend support |

to this argument. Usihg journey-to-work data for 30 Canadian cities,

L
they report that the mean trip length from a zone increases as the

accessibility o ‘ghat zone decreases, and that the average mean trip

1, ) . . : e
length 1ncrease§<§;th city size. If accessibility is feasured by
“.

S} average mean trip length, city size explaihs over 60% of the variance
. AN .

~

of accessi];:>ility.-2 - -

, If true interaction behaviour with respect to distance is
constant for all city sizes, fhen, relating to the preceding theory,
larger cities should have more negative éi values, A% city size
_increases, average accessibility decreasés, and éi/wifg becéme more
negative. vidence that this pattern occurs iSwJ&so given by Smith i

' B 4

and Hutchinsdh. The relationship between thg natural logarithm of

-~ "~ * ' . ) - ' * » * ~ -
Bi(Bi/}/and the natural logarﬂgim of populatgon size (Pi ) in their

study is:

2 * = - *
By 1.42 - 0.237 P, (5.26)

(7.04)

where Pi* explains 64% of the variance of Bi* and the bracketed figure

' is the t-statistic forcyhsypopulation coefficient. This relationship 1¢5£4

explains the apparently ;;;;;I;EE'?TﬁaTﬁg’:; Smith and Hutchinson's

results that Bi becomes more negative as mean trip length increases.

Mean trip length and accessibility are cyosely related and as

. ) - ) )

L

I . _ . o
The mean trip length from each zone is averaged for all zones in a city.

2 w ,
My calculation.
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accessibility increases, Si becomes more negative. The relationship
between mean trip length and éi may not be a reéult of varvying inter-
action behaviour but of varying spatial Qttuctﬁ}e. When differenceé
in accessibility are controlled for, for éxample when éi is regressed

iopulation and meén tfip length; éi becomes less negative as mean

trip length dincreases.

’ i ’ / . 3

. R . 9)

5.8 Conclusions . s
In singly- and doubly~constrained spatial intéi;ction models,

the estimated distance-decay parameter is a functionﬁgf spatial stru-

cture whether the‘interaction is interurban or intraurban. The spatial

»

structure effect identified Aeré is specific to constrained models since

Bi is shown to be a function.df the balancing factor Z{nwhich is a
' A S .

function of accessibility. As origin accessibility increases, Bi becomes

.

less negative and vice versa, producing a spatial pattern consié@?ﬁ% with
the empirical find{qgs/described in Section 1.5. The relationship between

éi and the accessibility of i woulé{prob9bly be even morefappafent in
N N l'/,‘

Y

empirical work if total outflows were equal for all origins since it has been

shown that éi is an increasi{ng function of Oi.The variance of 8, could

. . . o .
thus be attributed to interaction behaviour being constant over space but

origin—iécessibility and population size;yﬁrying. Consequently, using

constrained interaction modéls, it may not always be necessary to explain

variations in Bi as something {\"abndrmal”. Variations in Bi are the normal

result of constant interaction behaviour and varying accessibility over

space. In reality, however, the vafiandé:pf Bi is likely t a result of

——
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varying spatial structure and varying interaction. behaviour. Empirical

work in Chapter Seven attempts to identify the relative strengths of

these two effects.




CHAPTER SIX

MODEL-INDEPENDENT SPATIAL.STR&CTUREAEFFECTS:
COMPETING DESTINATIONS AND B

6.1 Introduction ) S

Chapters Four and Five discussed theoretically how the estimated

distance-decay parameter can bé a function of spatial strﬁéture in uncon—‘
strained and COnstralned models respectlvely. Both spat1a1 structure

effects, however, were spec1f1c to a partlcular type of lnteractlon model,
whereas in Chapter Three it was postulated that there is an unknown Y
spatial structure effect which is 1ndependent of the interaction modél o

calibrated:. This postulate was supported by the similarity between the

spatial pattern of estimated, origin-specific, distance-deca§ paramete
derived from unconstrained and constrained interaction models.

If sﬁch a model-independent-spatiql.5tructure effect/;xists, it
woﬁld indicate that the set of principles underlying present interdction

v N .

models is either wrong 6r incomplete, since this set is the only common
denominator of unconstrained and constrained interaction models. Con-
‘ seéuently, the principles underlying present inte;action-models an?ﬂ
their implications forinteracéion modélling are now examined. Thg'set :;ﬁ“

of these principles is indeed incomplete and the adaition of another ‘2

~

principle yields a new type interaction mqdel. This new type of

model is tested empirically ¥h Chapter Seven. Since the discussion in

]
this chapter is concerned v th basj

ciples, in some places it

13
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necessarily relies more on reasoned argument than on mathematical

justification.

-

T
6.2 The Underlying Pzdnciplesiggkﬁkesent Spatial Interaction Models
: / N -

Three pnincipFes_can be identif%ed which characterise fhe com-

position and structure of present spatié% interactionvmodels.1
(i) The number\of interactions ffom an origin is an
increasing\}hnction of the kmissiveness of thqt oxrigin.
{ii) The numﬁer of interactioﬁg/to a destination is an
. . oA

increasing functiezhff’;Le‘attrqctiveness of that origin.
(iii) The nuiber of interactions between any iwo points is a

décreasing fun;tion of the‘distance separating these

twpxpoints. . -

These three principles combine to produce the interaction models giveh
in Section 1.3. Consider the operation of theneﬂﬁ&iza:;n the two
different spatial systems shown in Figure 6.1. In both Figures 6.la

and 6.1b, centre i is the origin to be investigated and the attractiveness

,‘of each destination faced by drigin i is assumed to be a constant. The

destinations are at distances of one, two and three units from i and
origin i'is more accessible in Figure 6.1a than in Figure 6.1b. For

each interaction model it is originally assumed that Biis not a function

of spatial structure and then this assumpzé}n is proved false.
, - .

s
v B .

—

-

lA repetition of some 63\§he ideas given in Sﬁction 1.3 is necessary

here.™ = . (/
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between i and j increases, the volume of predicted interactio

FIGURE 6.1: Scenarios of\Spatial Structure

-~

(a) An Accessible Originy

D ]
3
1
A+
- : : i ~
N | {\ : R . \ ol
{b} An Inaccessible Oré?in ' 7‘& ¥

'

Predictions from an Unconstrained Interaction Model

124

v

Destination

Distance to i

Destination

o - - .
In the spatial systeméﬂbiven in Figure*ﬁ.l, the emissiveness of . B

i and the/gttractivehess of j are constant. Thus, as the dis

.-

i and j decreases if Bi is negative and this relationshiﬁ.ié'

tance .

n between
, .

independent -
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destinations. This is proved as follows.%

-

| Iij = ﬂ:i 1'[’1j /dﬁ] . - . (6.1)

A R 8,

I « m, ~d,, T . - _

s RO S B S A . (6.2)

Ilk e i B ‘;7
i ™ ik £

- ’ 7

1. 0 4. B -
= = (1) . - {6.3)
I B $ .
‘ ik ik .
3 < K] 'A A . ~
whence, if dij dik' and if Bi <0, I,.>ZI, . The result given in
(; : ij ik - .
(6.3) is independent of spatial structure if B- is independent of Spatial

and 6.1b. The ratio of the predlcted -volume of interaction termina

0

structure. As- an example, con51der the spatial systems in Flgures
tgzg

" at D, to the amount terminating at D, is (———081 and the ratio of thé

1 2

'

. -

predicted.volume of interaction terminating at 02 to the amount termin-

. . »
~ ._. [ . .
Bl. If the true values of these ratios vary as the

" . L

spatial structure of destinations varies, Bi would have to valy in order

is ('jLﬂ

ating at D3 3

to model reality accurately.
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Pﬁ*ecﬁct;ﬁons cj‘ym a Production-Constrained Interaction Model
The same results apply to the pre ictions from a pfoduction;
constrained interaction model as those obtgined for an unconstrained
m&del. The ratios of-p;edicted iﬁte ctions are constant regardless of
the spatial structure of destinations if"éi is independent of spatial
Structure.l. This is provéd as fo;lows.

The calibrated version of the.prodhction—constrained model given
in (1.34) 4s: ' : . —_
o - ‘ ) ' ~
. ~ B,
T = Z,0,D,d
iij

. . . (6.4)
i3

il . .

The ratio of predicted .interactions to two destinations, j and k, is:
TA ; -

W
o a
-~ Bi
I,.. -'Zi 0. D. 4., .
“l] = 1 B) l]é .. » 6.5
a. B :
“iik 2, 05 D dgi

. Since Dj = D _, the ratio simplifies to:

k
- I, a,. B,
el G . ‘ (6.6)
Iix 9x : ' ¢

which is equal to the result given in (6.3) and which is inaépendent of
~ A
the spatial structure of destinations.

The only difference between the predictions from an uncenstrained
and a production-constrained interaction model is that if the uncanstrained
. . . » .

model is calibrated and then new destinations are added to the system, the

existing predicted interaction pattern remains unchangéd. In the

1 . . . '
The apparent inconsistency between this statement andt;:;fesults of

the analysis in Chapter Five is diftussed in Appendix V&, It is shown
that there is po inconsistency.
~

-
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production—cons;rained model, the value of the balancing factor, Zi'

culd decrease as more destinations were added to the system and the
volume of interaction to each existing destination would decrease. The
ratios of predicted interactions terminating at various d%stinations

would remain the same in both medels, however.

Predictions from a Doubly-Constrained Interaction .Model
The above resut®s for the unconstrained and production—constiained

interaction models do not hold for the doubly-constrained model. The . -
- .

ratio of predicted interactions to two destinations, j and k, whose inflows

are egual,is:

N I.. B, a.. B, - '
Sl o= 221, . (6.7)
i . Bk d'k . -
ik "t
<
This is proved as follows. .

The célibratgd version of the doubly-constrained interaction model

given in (1.36) is:

.

. i. = 2,0 B, D, a_ " . - (6.8)
1] i1 3] 3 i3
The ratio of predicted interactidns te j and k is then: ‘ o~
Lo éi
Ii' .- Z,0Q, B, D, 4,, . :
=] = 223 I 2] .= : (6.9)
I, S Bi :
D d-, "1
ke Z; 0, B D dhy
- | . .
) s
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Since Dj = Dk' the ratio simplifies to:
I., B. 4., “i '
= = 2D % - (6.10)
I. k ik .)_ ’
ik v

Bj has already been intefpreted as a measure of the inaccessibility of -
déstination j to all other centreé in the system and'hence Bj and Bk
will vary as the accessibility of j a . k v{ries. Thus, as the spatial
structure of destinations varies,the r tio ;f predicted interactions
to j and k Varie;.l The 'nature of this variation can be described by
reference to Figure 6.1. If Bj meﬁsures the inacéessibility of a des-
‘tination to all origins and every centre is assumed to be both a destina-
. - . By .. -' : %
tion and an origin, the ratio EE.wlll be lower f?r the spatial system in
'Figu:e.G.la than in 6.1b. The accessibility of Dl' with respect Fo the

4

accessibility of D2, is greater in Figqure 6.la than in 6.1b. From (6.7)*:

.2 v
X . I3 . ; . .
this produces a lower ratio, All , for the spatial system given in Figure
: Iz i- ) . ~—
6.la than in 6.1b. Similarly, the ratio 753.wi11 be lower for the - ®
Is
— 13

spatial system given in Figure 6.la than in 6.1b.  Thus, as origin i v
becomes more accessible, the predicted interaction-distance relationship.
from that origin becomes less steep and consequently Bi becomes less

. , N L

negative. These results alsoc hold for an attraction-constrained inter—

action model sincg, the balancing factor Bj is present in this model.

1'I‘he assumption is made that there is more than one origin interacting
with each destination since if there is only one origin, all ratios would
be equal to one. Ds, the total inflow igto j, is assumed to be constant
‘for all j. If there is only one origin,I.. must be constant for all 3

and hence all ratios would be equal to oné: )
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Thus, given the assumptions made éarlier, the unconstraired and
productionuéonstrained spatial interaction models would predict’that the
interaction-distance relationships are constant regardless of the spatial
structure of destinations faced by an origin. The prediction from doubly-

constrained and attraction-constrained interaction mogels, however, would

A

[y

‘be thaﬁ\as origins become more accessible, interaction-distance relation-
“—n

ships become less steep. From the present understanding of interaction

decision-making behaviour (as summarised in principles (i) - {iii) above)},

éﬁ;(g is no reason to suspect that the latter‘prediction éepresents reality.
However, the following section describes a theory of interaction decision-
making in which true interaction-decision relationships do become less

steep as the accessibility of an origin increases. If this theory is

true in reality, present*ééatial interaction models, especially uncon-
strained and production-constrained models,are mis-specified since the
behaviour désér%bed by the theory is ignored in their formulations. This
mis-speEifiéation produces estimates of éi which are biased by spatial struc-
ture and relievihg'the mis-specification produces estimates of B. which are

[

solely measures of interaction behaviour. The separation betweeh the spatial
- R
structure determinant and the behavioural determinant of Bi is achieved.

.6.3 The Theory of Competing Destinations

Consider individuals in an origin who have already made a decision
to interact but whose destinations are. unknown. Present interaction

modéls are based on the assumption that the destinations which individuals

choose to interact with are a rgsult of a single;decision—making process.

The net utility to be derived from interacting with any particular’

N



‘and then. choose a specific destination within that region.. Another ii- ve
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A
destination '(in terms of the attractiveness of the destination and its dis-
tance from the origin) is compared -to that derived for all other destina-

tions and interactions are predicted on the basis of this comparison.

~ ‘. *

* If a destination is relatively unattractive and peripheral to the origin,

for example, relatively few individuals will be predictéd to interact
with that destination. ’ \\‘*

However, many types of interaction can be considered a result
o .

of a two-stage decision-making process. The first stage is that indivi-
duals choose a broad region with which to interact. The iisond stage 1is

that individuals then choose a specific destination with Yhich to interact

from the set of destinations contained within the broad region. Consiifr,

for example, the decision to migrate in search of employment. A indivi-

dual in a region of high unemployment  will be aware that there are other

regions which hold better prospects'of employment. _Once the individual
Al

‘has decided to move, his first locational decision is to choose one of

these broad regions to which to.move. The second decision would then be
to choose a specific cify within the broad region chosen. For example,
an unemployed individual_in Detroit who has made a decision to move may -
be aware that better employment opportunities ekist elsewhere in the
North-East, or in the Mid-West, South—gast, etc. The individual must

first choose a broad region in which to concentrate his search for work

example of the two-stage decision-making process is in choosing a vaca-
tion destination. Assume that an i:zividua&\maximises the distance
t constraint. This results in an

from his origin subject to some bu

annulus of destinations being considered. For example, an individval in

. ; B

-
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Indianapolis may decide to go to New England, Fleorida, California ox
the Pacific North-West. His first locationa& decision is to choose one
of these broad regions; the second locational decision is to choose a

specific destination within the chosen region.

—

a?ove two examples of the two-stage decision-making prociﬁs\*

refer to iﬁ}ﬁrurban interaction. The theory aiso applies to intraurban

interafﬁioﬁ. Consider the primary type of intrglrban interaction - the
journey~to-work. An individual's workplace is fixed; his Qecision which
determiﬁes his journey-to-work is to locate his home. Thp individual is
1ikely to havg predetermined criteria which his joqr;ey-to-work_gnd
housing must meet: for examﬂie, he may wish to be Eithin twenty minutes;

walking distance of his place of employment or he may prefer to substitute

travel convenience for more land by living in suburban areas or outside

of the city. 1In either case, the first decision made is that of choosing

-a particular ring of locations from his workplace; The second decision

madg is choosing a specific location within the ring of possible locations.

' . The implication of interactions being a resul f a two-stage
‘ -
decision-making process, .and not a one-stage process, is that if such

decision-making behaviour is constant feor all origins, constant propor-

-
-

tions of the total outflow for each origin hiil.terminate in given
annulii aréund each origin. For example, in the journey-to-work situa-
tion x% of total outflo; from any origin would terminate at‘égstinations
up to two miles from the origin; y% would termiqate at destinations
between two and five miles from the origin; z% would terminate at

destinations beypnd five miles. Thus, under the assumption of constant

interaction behaviour, it is these proportions that remain constant.. '
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" )
As the spatial structure of destinations vgries, however, the lume of

interaction terminating at individual destinations varies. For example,

- -

out of the x% of the total outflow that terminates at destinations up to
two miles grom the origin, the.actual number.of'interactions terminating
at specific destinations within this annulus will be greater, the fewer
number of destinations thére are in th% annulus, ceteris paribus. An
example is givenihere to clarify thesé points before their'implicat>ons
to interaction modelling and distance-decay parameters are discussed
below.

In Figure 6.1,‘as§ume that a constant proportiogﬁvf the total
outflow from origin i tefminates at destinations less than, or eqﬁal to,
a distance one unit éw?y.l Alsg assume that cons%ant proportioﬁs of
the total outflow from i terminate at destinations greater than one unit
but less than or'equal'to two units from i and at destinations greater
than two units but less than -three units from i. ﬁet these prapo}tions
be x, y and z, respectively and.if Oi is the tota} outflow from crigin i,
it

5 ) A
the number of interactions over these distances are in, y0. and z0

respectively. 1In Figure.6.la, the number of interactfbﬁ;-gff;pecific

x . X
. : . == 0. = . . = . I. = =0
destinations are then; Iil 3 01, Ii2 N 01' 1;3 z 9&' i 3 057
x .
==0.. Fi . i i ; I = . o= .
Ii5 3% In Figure 6.1b, the imteractions are Ill X 01' 112 y 0l
IiB = % ?i' qu = g-oi,”lis = %‘Oi. The rélationships between interac-

tion and distance for the spatial sysb&@é given in Figures 6.la and 6.1b

an

are showq‘in Figure 6.2, where a principle is demonstrated. which is

% \

Since it hg's already been assumed that all desti ipns lle‘at,exaétly
one, two, or three units from i, the "less than" is Arrelevant. It is
. included, however, since it aids in understanding

-

~

.

r

»

more general example.
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FIGURE 6.2: Interaction-Distance Relationships for the Spatial ;
'\ Systems given in Figure 6.1. Assuming Two-Stage
\/ Decision-Making Behaviour. - /\
1 v (a) For Figure 6.la: i is accessible
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ignored in present Spatial inﬁeraction modelling: the more accessible is
a destination to all other destinations in a spatial system, the less
atgractive 18 that destination for interaction from any - origin, cetertis
paribus. In terms of competition, there is a fixed volume of interaction
terminating at a certain distance range from an origin. The more destina-
tions there are within‘this distaﬁce range, the greater is the competition
to attract this interaction and the lower is the volume of intéracéion
-terminating at any one déstination. The fewer destinations there are with-
in this distance range, the less is the competition and tﬁé greater- is
the volume of interaction terminating at any one destin;tion.

Such behaﬁiour has the following implication for distance—décay

parameters- estimated from present interdction models. If an origin is

accessible to destinations, there will be many destinations in close
‘ ]

proximity| to the origin and each of these destinations will be accessible

with_respeqt to all other destinations. Consequently, the volume of

interac;ion tefminating at one specific destination in close proximity to
thé.origin wili be relatively small, ceteris partbus. In other words,f
there is a constant volume of interaction thét terminates within a given
radius from the origin and éhe more destinations that are within that
radius, tﬂe'lower will be the interaction to eaﬁh specific_deétination.
If an originrfgéinaccessible to destinations, there will be few dest%na-'
tions in close proximity and the interactio% terminating at éacp specific
destination will-be relatively large, ceteris paribus. Conversely, there
will be few destin%izgﬁs very distant from an acce551b1e origin (the

:‘;;;\Igzéyactlon vo{ymesto these destinations will

be relag\)ely large. There will be more destinations whlch are very

1nacce551ble centre

distant from an inaccessible orxgln (the accessible centres) and

' I
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interaction volumes to specific destinations- at these distances will be
-relatively small. Thus, the implication ofhthis interaction decision-
making behaviour is that if the accessibility of destinations is not
accounteq_for in interaction models, the‘ﬁore accessible is an origin,
the less steep will be the resultiné interaction-distance relationship
and the less negative will be the estimated distaﬁée;decay pérameter for
that orlgln. The reasén why se¥eral empirical studies have obtaﬂt;dc

« pos:.t:.ve estlmates of distance-decay paramet;ars can be seen from Figures &

‘% 0 0
- ‘16laand62au. £ X020

\\\\ u m n

tlons at one and three uniss §r0m i respectively, B will be positive.

. where m and n are the number of ina~

|
/ Since the inegquality will only occur when m is large compared to n,

origin i would have to be very'accéssible for Bi to be positive. The
- ’ : . L&
positive Bi values reported in existing empirical studies are always for

: 1]
the most accessible origins. This is a0 seen in the empirical findings

reported in Chapter Seven. ‘ Q_ "

\. T~ Ty N

.4 The-Mis-specification of“Present Spatial~Interaction Models
. - - [ o

\\\\ , The diagnostic.feature of interaction behayiour resulting from

a two-stage decision-making process 1q‘th t the more acce551ble'£% a
‘destinatlon to all other destlnatlons, g&\ IES\ attractive it is for
interaction from any origin, ceterig paribus. The implication of this
‘relationsh%gbfor estimatea distance-éecay parameters is‘that if competing
destinations are not accounteé for explicitly in a spatial interactiocn
'ﬁodel, the true interaction-distance relatid%ship is not measured.
correctly. The relattonship between interaction and disfance, of which

R. i o

; 1s a measure, st be measured holdlng ccnstant all ‘other variables

) T ) A} v—\\ - | ..
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which determine interaction. When differences in the accéssibility of‘
destinations to other destinations are not accounted fqr,;mis—specification
of the interaction model and of the interaction-distance relatienship
occurs. Estimating distance-decay parameters when differences in com-
petition are not accounted for is similar to ﬁeasuring interaction-distance.
relationships when diffé¢rences in attractiveﬁess are riot accounted for -
nonsensical results'can‘étegg such as the positive éi'valges reported in

several empirical studies.

-

e analysis in Section 6.2, however, indicates that the mis-.

“

specificafion described here is not equél for ‘all interaction models.

The degfee of mis-specificationfin a particular model i%\indicated by
A{_ . L T

the flexibility £ the predicted interactions to changes iL spatial strucs

ture. As an origin becomes more accessible, fewer interactions from

-

o P
that origin will terminate at each of the destinations in close proximity

‘tothe origin since the number of such destinations increases.. Thus, an,

v

accurately-specified interaction modgl will reflect the fact that the

ratio between interactions terminating®at a nearby destination and c

interactions terminating at a perighgga& destination will decrease as ° »
) ~ : ) .

the origin becomes more accessible. Section 6. indicates that the.

. . . I .
unconstrained™and Qﬁadéﬁtion—constrained intéraction models are totally
. . I4 S~ T .

“inflexible in this way to changes in Ebatial sﬁructqré. In the termino-
. “ . ]

-

~

,_ I.. A - : ‘

logy of Section 6.2, :ll is a constant.fegardless qﬁ'spatial structpre”
I, v A
v ik : 4

P

Theg mis-specification in each of these models is relayively major.

Section 6.2 indicates that Houbly-constrained and attraction-constrained

interaction models are more flexible to changes in-spatial structure:

g/

A
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.
s
j\ %\

i.. ’ B. d.. B. \‘. + Pt
:il = El { ail-) * which, if destination j is more accessible than
I, k ik . pt S

ik w i .

/ N -
destination k, will decrease as the origin becomes more accessible.
Thus,. the mis-specification in these models is likely to be minor
although this is dependent upon{zhe spatial pattern of the Bj term.

If Bj is small when j 1s accessible, the mis-specification will be mindr:

-

if Bj is small when j is inaccessible, the mis-specification will Be'major.
Similar conclusions are reathed by Hua and Parell [1999, p. 107]
although their “conclusions are based on an intuitive guess 6f what inter-

action patterns should loogk like. The results given here are based on

a theory of interaction decision-making behavigur. Hua and Porell state

. . b - 1

that the un??nétrained interaction model is mis-specificed since it
e - .

L

——

does not take into account

vant location of other origins and

destinations but the constrained model

- .

are probably correctly specified.

Their ﬁesult is shown to be only partially correct.

* : ) ' o

- - . 4
6.5 ANew Set of Interaction Models: Competing Destinations Models \\\h

Alleviating the'ﬁis-specification.of spatial interaction models

described above\ and removing the spatial structure bias in éi is a simple

2 i -
tter. The re} tionship between-the accessibility of a destinatiof”and

the volume of interaction terminatiﬁé at that destination needs to be

made explicit. “gince this is an inverse‘relationship, the models given
" . :
in (1.33), (1&f) and (1.36) are rewritten as:

[

Ve
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- . —=

where Aij is the accessibility of destination j to all other destinations

. r ~
available to origin i and is defined ags .
. ) n-2 ) ci
A, = d, . (6.12)
ij kzl Me jk .
. (k#i, k#3) . ‘

The parameter Ui meAsures the importance of distance in determining the
v ) ‘

. v
perception of accessibility. " Its relationship with Bi.is discussed in
-] . - : e - " ) "

Chapter Seven. ‘:::> ‘ oo

(i1) A production-constrained, om‘.giﬁ-specific competing des-

&
tinations model? Y
i)
. . ] ' _1\ Bl .
I,..= 2,0, D, A,, d, . {(6.13)
. 3 11 ]-°13 1]
. ] v -
where, . . - .
. n . B. -
z, = [] D, A'i‘j t djrj S H (6.24)
. 3=l T S //-h
and, B ' '
’ : nE2' — .
' L a,, =. ‘D4, 1 .. - (6.15)
'//—H\\\\_ | ij x=1 kK jk
[-/'\ (k#i, k#3) . ' yd
\_/ . -- )
The constraint given in (6.I4) -ensures that the total predicted outflow
. e . _ .

- from each destination is equal to its true value.

. . ] \/- ‘
{11144 doubly-constrained, origin-specific competing destinations

m,vdel:

I.. = z 0. 8.p, A . Yta B (6.16¥%
ij i i ij ij I T
/™ .
e
N e » -



ot

" ‘\
»
]
' 149 M
where, ’ '
.z, = . o (6.17)
~ ‘."\’
. B, = . (6.18)"
- . J l ] . .
and' ‘ ' | . ‘ . ’/J (‘ |
n=-2 _ { ' |
&
A, = J D A, . (6.19)
iyj-, kel k jk '
A _ ) > ' S
Pk, k#A3) / :

T

The constraint glven 1n (6«17) ensures Lhat the total predlcted ocutflow

-

from each dest:.natlon is equal to its true value. The constraint in

(6.18) ensures_ that the total'predicted inflow into each destinatd¥n
. T . . L. * -

equals its true vdlue. The variable Dy in (6.19) can- defined a§ in

(6_.16) @r it can simply be measured by population size. For completeness, (

. -

the equivalent attractlon-constralned model is also given although thJ.s
u .

model J..S not discussed further. 7 { R ’ o 1

- . ~ N )
(iv) An attractwn-constmzned desmnq'mon-‘speczfze competzng

d)"tznattona model - ot f'ﬁ

i
1. - 6.5 b a ld"sj* (6.20)
S 3 j ij - ’ ,
. o - . . L
where, . - ’ ‘ - ) - . o
m -1 Bi 1 ' - . \.L/ -
*, By = I ) 0, A a T {6.21) %\\
i ° iFl Jyy N &‘
] ) o
and, ‘ . . , \ea
. ' F ’ : .
T ’g\e/.zzl \\\_
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bility 6f a_dgstiﬁation ipcn@ases,-the volume agqipfé;action terminaﬁing
at tﬁat destipathxﬂéecreaseS, eeteris paribus. The teré Aij’ as defined

-‘éap (G'Ié)f (6.15), (6.19) and (6.22), measures the accessibility of
,!7 {733;;ination j to all other.destinations k that are available to i as.

pef!efeéd by indiﬁiéuals at origin i. .It is a-meas;re of how destination
J cémpetes wif% all other destinations for interactiéné oriéinaéiné at i.

It is important to note that the accessibility of'j is measured with

respect tg all pfher possible destinations - not only to the particular

.destinations Jggs\in an analysis. The spatial structure effect described

here'islthe result of not taking the relationship between one destination
and, all others into account. It is not an effect which could be removed
by a ﬁéasure of the accessibilitquf j to all other destinations iu_the
* analysis unless the sample of cegtres used in the analysis is a good
reprqsentafion of the population set. ir
The interrelationship between‘the~i§;eSSibility.equations given
r 4 . .
in (6.12), (6.15), (5.19) énd {(6.22) and each interaction equation has
z—**~—-_f~uaxyéﬁg‘degrees of complgxi;;Tw The two can-be considered as cormipletely
independent models. TIf éhe gample sgt of centr;s between which inter-
action is meagured is not a gooa repiesentation‘of the population_seﬁ of
. cehtres,‘qu if’ci is estimated independently'for all i (for example,
2‘ ( assuming.o'i = -1.0 for-all i), then Aij can be derived independently
of the’iﬁtéraction equétion. However, given the same poor sample of
) har,éentrés, o and Bi can be-estimated iter§tive1y. %n estimate of Ui i;

made for all.l; Aij is calculated fqzﬂgll/ﬂ and for all j; and the

interaction equation calibrated. The estimates of the Bi's are then

In (6.11) the expected sign of di is negative - as the accessi-‘’

P~
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. e . ) —’)
used as estimates of the Ui's and the Aij's recalculafed etg.. The process
continues until convergence of gi and Bi is reached or until the researcher

o+
. R : ’ ‘s ) . 1
is satisfied that accurate estlmateg of ¢; and Bi-have been achieved.

N

A further degree of iﬁ;érrelationship bgtween the equétion for Aij and
the interaction equation can‘be achieved if the, sample set of centres is
a good rebrésentation of the population set. The set of desﬁinations used
in the definition of acceésibility can b? taken from thé qettﬁf deétinations
bet#éép thch'interqctiops are modelled and the two equations become one
model. THE—degree of interrelationghip between the two %gﬁétions Ehosen
by a researcher must-first depend upon the sample of cenﬁres between which
interacgion is mgasured and then on a decision as tolthe value of slightly
better estimates of Bi at a cost of Supstanﬁially more computing time.
These different degrees of interrelationship are investigatea empirically
in Chapter Sewven.

If each centre in a spétial syetem is Yoth an origin and a des-
tination (such is usua}iy the case %n interurban interaction patterns,
for example), an approximation to the géfin§tion of Aij given in (6.12),

(6.15), (6.19) and (6.22) is:

- \ : + . . ¥

“a

where di is assumed to equal ¢ for-all i and then Aj is-equal for all i. =~

1In the empirical analysis to be discussed subsequently, it was found
that there were no substantial differences in the calibration of the
interactich model when'oi was approximated by -1.0 for all i and when
o. and B, were estimated iteratively. The former process, however, is ,
mich less time-consuming. : Coa
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- L}
This has the advantage that only n such terms need be calculated gad of
m x n. The approximation is only a good one, however, when 0 is constant

for all i and the number of alternative centres-is large since,

A,.. F A, - mid.. (6.24)

. a . . g
as ton}Je large relative tom, d,. in order to ignore m, d,. ..
L ‘ i 1ij i 1]

In the uncohstyained and production-constrained competing destinatioas/

medels given if (6.11) and (6.13), Aij is simply substituted by Aj and

sulting mModels calibrated. The substitution of Aij-by Aj in the

—constraiped and attraction-constrained competing destinations-
X -

models i e Anteresting, however. By making the approximation in
. - N

(6.23), theldoqfly-constraineé ¢ompeting degtinations wodel given in
(6.20) is structurally identical to the original doubly-constrained”
b1

interaction model given in (1.36). This is proved as follog?.

Using the substitution given in (6.23), the doubly-constrained

competing destinations model is written as:- A
- B | ‘
Ly = 2 Oi.Bj D, A a, o (6.25)
a7 g -
R & \.
whe;e, 3 ' ) ' -'}\‘; ' ’
- . . “ v -
. n \- B -
- -1 .
z. = [JB. D.a ta 1 (6.26)
- 1 j:l J 1]
-and, . ' ‘ '
m Bi -1 . .
' B, = &) z o0 a. 71" . ‘ (6.27)
J_ J .1."'], I J
Define, x . ’ ' ,
.o m B.'L -1 ' .
B, =[] 2,0 4d."] - . (6.28)
A | .
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and then (6.27) can be written as: .
S . |
B, = A, B! . i - {6.29) . .
. J p) 3 ’ AN s
2 7 .
Substituting (6.29) intoc {(6.25) gives: ‘ <
Bi : . wf
I,, =/ 2, ,0, B! D d., (6.30) ' '
ij i*7i 73 3 i3 . _
. -whe're, . ,
‘ n Bi N .
z, = [ ] B!'D,a. "] .
i 3=1 J 1]
1} 3 3 . |_ 1} - / "
and B! is defined in (6.28). Th® model given in (6.30) is identical to . .-
j . K J _ - . l" ,,—/
~ that. iginal doubl\onstrained interaction model given in (1.36). The '
» | {——/ . R
same \result ‘applies to the attraction-constrained dFstination specifj .
‘ : e A ' '
interaction model. Using the substitution given 1n\,
constrained model given in (6.20) is written as:
4 . . R
- b - /‘
a..’ (6.32) )
1] ' .
-1
7] i (ETI
Loy
. (6.34)
Substituting (6.34) into (6.33) gives:
' B = A, - B} (6.35) .
J ] 3 :
™ m
- \J ‘ . "
‘ . ]
- ’ , - . .
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N . T~
and {6.32) is rewritten as:

.

I,. = 0 B D d, 6.36

whlch is the original attractlon constralned model. Thus, if AJ as

.-defined in (6.23) is a good app;oiimation of Aij and each centre is both

<«
“"an origan and a destination, the original doubly—constrgﬂgod and

L J . “

attraction-constrained models are not mis-specified, and the competing
1 ‘

destinations models are identical to the origihal&nteqaoﬁion models.
In the case of the aEEraction-coasErained modei, the operation of the

model can be considered as allocating interactions from many origins to

.
T

one destlnatlon and as such, the coﬂtept of competing destinations is

controlled for in the original model'formulation. The same reasoning

can also be applied to the original doubly-constrained interaction moﬁel.\ﬁ;o

[
’

In both cases, .it is the inclusion of the Bj term which acecounts fofijj
differences in competing destinations and removes the problem of mis-

specification. This was discusded in Section 6.4.

destiﬁation,,however, doubl_ constraiged and attraction-constrained
gravity models are not identical to the equivalent dompeting destinatiocns
models, The competinﬁ'destinations variable, Aij,.measures the accessi-
bility of one particular destination to all other destinations. The
balancing factor, Bj' measures the accessibility of one particular
destination fo all origins in the system. TEF twe terms are oﬁly.similar
when each centre is both an origin and a destination. Such is usually
the case in inter-urban intéractions-buo isznot_alqus so in intra-urban
interattions where originé.ond destinationslmay be quite sepérate.

: K\Héf_ . . . .

PN h
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Examples are shopplng plazas and r 51dent1al lo atlons in shoppipg trip
\"“ g
/analysis and basiec industry 5qi¥;and re51de ial reas in journey-to-
T

\—/ -

work analysis. In each case, centre re elther an o igin or a destina-

-

tion but not both. The mis#%beciflcatlon of doubly and attraction- ' .

: - . . < .
constrained gravity models can easily be seen. In shopping trip analysis,
- ‘ . - N ,_‘.‘
for example, Bi wo%ld geasure the accessibility of a shopping plaza to
! . : . "‘\I“
all residential areas whereas Aij would measure the 1fffif39i ity of a ‘
. - - - ‘,r ¢
particular shopping plaza to all other shopping plazas. Thus, it is
only for interurban interactions and .intraurban interactions where each
.= ' B . .
centre or zone is both an origin and a destination, that the doubly~ :

constrqingd and attraction-constrained gravity models are not mis-

P

¥ '
specified/ In situations where each centre is not both @ﬁ{g1igin and a

‘ N
Finally, in unconstraiﬁed‘aji singly-constrained competing

destinatiggs models, other formulations for Aij could be used”

g-i'ven.in (6.12) and (6.15). Sheppard [ﬁéf} and Pirie [1979] disc

some of tﬂése alternatlv?f ' However, the formulation glven here has

been_ well-tested (inter aliay, Fotherlnéham [1979]) and conforms well

" b

i}}th§0uf infﬁitive notion of accessibility. The arbitrarihess of the

definition is no greater than that of the definition of the attrae;;

tiveness, emissiveness and distance variables already included in the N
L -
‘ "

interaction models.
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6.6 The Derivation of the Cofistrained Competing Destinations Models
~ by Entropy - Maximising Technigues

' N :
— ) .
" The constralned competing destinations models glven in (6 13)

-

’”rgnd (6 16) can be deered theoretically by entropy miF:ml51ng technlques

) .+ in a similar manner to that used by Wilson [1970b] to derive the gravity -
. . 1 . .
models given in (1.34) and (1.36)". 1In Wilson's T™glism,. the' entropy
function maximised is Shannon's [1948] measure of enttopy (H) which is

defined asf

b1 73

) . p.. Inp _ (6.37)
S i=1 j=1 : .

ij ij

where p.. is the probability of an individual travelling -between i and j,
To obtain interaction\godels of the form givqn in (1.34) and (1.36),

) (6.37) is maximised subject. to the‘const‘raip :

';‘-\." ’%} n . ’ -.f T . |
s 4] p.. = - . : (6.38)

- :|=l 1]
]

p.. = (6.39)

=1
and, . ) N

4 . m n.

) Py &5 = D (6.40)

- i=]1 %1 -

=3

where D is the expectéd distance (or cost) travelled in the system.
Maximiéing (6.37) subject to (6.3B), (6.39) and (6.405 produces a doubly-
. : ~

constrained gravity model with the same structure as that givew in (1.36).

Iif the'copstfaint given in (6.39) is omitted, a production-constrained
v

lHenceforth the models given in (6.11), (6.13) -and (6.16) will be terméd
competing destinations models while the equlvalent models glven in (1. 33),

_\»;:> : «(1.34) and (1.36) will be termed gravity models. .

——e e
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\\\‘gravity model such as that givenyin (1.34) resﬁlts."If the constraint
N .

given in {(6.38) is omitted, an attraction-constrained gravity model

results;

An alternative and more general measure of entropy.to'that
given in (6.37) is Kullback's Information Gain (XIG) [1959) which is

defined as:

i~ . -
’ -

o . m n P,

KIG = ~] ] p..1n (2l ©(6.41)
P . :
i=1 3=1 i3 -

f

f

. - ~. A
where q‘j is the prior wrobability%ef an individual travelling between
.ol
i and j given no knowledge of the constraints operating on the inter- .

action system. = The probability pij is then defined as the posterior
'proﬁﬁbility of an individual travelling'bétWegn i and_i. Maximising
. . R ’ -~
Kullback's Information Gain maximises the gain of information as a

result of knowing {pij} instead of {qij}. It is well known that if no

b%ior knowledge oﬁ,pij is known apart from that contained in the con-

traints, qij = ﬁ% for all i and for all j and maximising (6.41) is
| ¥ . - .

e%z%valent to makimising {6.37). shannon's entropy measure is a special

J

case of Kullbatk's Ipformation;pain-where prior probabilities aré equal.
. . !

Thus, in maximising (6.37), Wilson has éssuﬁed equal prior p;obabilitieg
¢ .
in the absence of the knowledgg}boﬂtained in the constraints (6.38)-(6.40).
The earlier discussion Haslshown this tolbe a false assumption: the
' more accessible is bq? destination to all othér possible destinations
il a spatial sy;tem, &?e smaller ié”the probability thaﬁ an indiviqual
in any origin will terminatg'his interaction f% that destination,
: ceteri; par(@ﬁs: Consequéntly, qij is defined as: ]

»

*

4

[
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A L “~
ij
I 1A ‘
i=1 j=1

2

and the new entropy measure to be maximised is then:

- ! .
T e~
m n m n -1
XIG = -} L p..In(p A . J I &A. ) v (6.43)
R S Tt B =
. o
m n 1 N i
Since Z Z A, .  1s a constant for“all i and for all j, (6.43) is
i=1 j=1 ) -
maximised Wwhen,
m n
KIG = - .. 1n (p . A ) (6.44).
o izl jEl Fi3 7 Pa3 Ta
S AT

\“Is maximsed. Maximising (6.44) subject to the constraints given in
o | . . :
™ {6.38) - (6.40) produces a doubly-constrained competing de%finations

. : ’ & ' ®
model such as that given in (6.16). Maximising (§.44) subject™to the

LY

constraints‘given in (6.38) and (6.40) produces™a production-constrained

compéting detinations model such as that given 13). Wilson's

artial amount
of known information on the interaction system: a mis-specifidd model
results. The abowe formalism maximises an entropy function subject to

the full amount of known information and the mis-specification is- «

relieved. . A
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Graviﬁy models have been shown to be mis-specificed by not accoun-

" L

6.7 Parameter Estimates from Competing Destinatins Models

ting for competing destinations. As a result, the parameter estimates

derived from tﬁg\palibration of such models are biased: in particular,

estimates of the distance-decay parameter are biased in such a way that (""'

accessible origins have less negativp\parameter estimates than inacces-

sible origins even if interaction behaviowk is constant over space. The

reason for this spatial pattern is given in the explanation of Fiqure 6.2.
P 2 g

The competing destinations models, however, are not mis-specified in

F ]
analysing parameter estimates -and mddel performance, is given in Chapter
P .
Seven. However{:&t is useful here tp give a brief example showing why

paraméter estimates derived from the competing destinations models are

more accurate.

The distance-decay parameter is a measure.of the relationship

between interaction and distance when all other van{;hles influencing
\\ R - -
interaction are controlled for. Figure 6.2 describes this relationship

for the unconstrained and production-constrained gravity models applied
- g

to the spatial‘systems of Figure 6.1 (it is assumed’'in Figure 6.1 that

each centre is both an origin and a destination and that the mis-

specification in doubly and attrﬁﬁtidn-constrainEd gravity moﬁels is

»

minor).' The interaction-distance relationship is simply measured by

the graph of Iij and dij since the only other variaple influencing

interaction, the attractiveness of a destination, is a constant. When

- -

-, . !..
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. .
.

the equivalent competing destinations models given in (6.11} and (6.13)

are apﬁlied to the spatial systems of Figure 6.1 however, the accessi-
1 . .
bility of a destination must be controlled for and the interaction-

distance relationship is measured by the graph of Iij . Aij and d,j.
i

This has the_foLlowing effect. In Figure 6.1a, destinations 1, 4 and
- v

S a#e accessible to all other destinations ﬁhile destination 3 is

i sible. Th R VA - . ! :

inaccessible us, Ill i1 Lia A14 and Iis Ai5 w111.be larger

relative to I, - A_ _than I ,_, I b6 and I,_were to I _.: This has the
: 3 i3 il i4 e 15 i3 . :

effect of ingreasing the slope of the-line given in Figuré 6.2a and

increasing IBiI. In Figure 6.1b, destination 1 is inaccéssible' to other

~— N

destinations whlle destinations 3, 4 and S are acce551ble to other

destinations. ?Bﬁs i will be smaller relative to Ii3 - A13
. a1, _ -
Ii4 Ai4 an i5 Ai5 than I, i1 was to I, 13’ Ii4 and I i5° Hence, the
— ~
slope. ef’;he line given in Figure 6.2b will decrease and |Bi] will

decrease. Consequently, when Bi is estimated from the competing des-
tinations models, the variance and the spatial pattern of {Bi} is

reduced. If the particular spatial structure effect described here is

-

the only such effect and interaction behaviour is constant over space,

- _ .
ﬁﬁﬁfégrived from competing ‘destinations models will be constant over space.

The bias in the estimated distanée-decay paramter can be seen

»
n

explicity in the unconstrained model. . The unconstrained gravity model

givén in (1.33) is written in logarithmic¢ form as: .

I

- \ LN 3 < i " *
I.. = « 4+ y. m + B, 4. +e€,. ' . (6.45)
ij ig i i3 ij A
‘ . -
and in similar form the competing destinations model of (6.11) E%:

* - -~ * é -a, * 5 * 6

I, . = « 4 vy, m + B, . F o A, + U, . .
ij Yi ™ i7ij i7ij - Hiy » .(6-46)

Y
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"ce,B is an unbiased estimgtor of Bi' theﬁ;;;?En Bi is given by the’

term §. I which can be interpreted as an indirect elasticity of inter-
| 4 - . . -

action with respect to distance. Gi.is the estimated elasticity of

L -

interaction with respect to the accessibility of a destination and Hi-
- : _ -

¥
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q
where Eij and uij are erxor Eerm; assumed to have the usual least-
squares properties and "~" denotes a parameter value in (6.46) whichy
- *
differentiates it from the eguivalent value in (6.45}. Ai. , the
. ' L .
logarithm of the accessibility of destination j as perceived by/;;gzﬁf/
- N
dents of origin i, can be represented as a linear function of the .
logarithmic distance between i and j, for each origin:
* - I.f * :
‘= L+ M. d.. + v, . .47) -
i3 ¢ i 955 i3 ‘ (6.47) ~
where ¢. and I, are parameters to be 92§;mated and v.. is an error term
R i % ij
assumed to have the usual least=Squares properties. Substituting‘(6.47)
. ‘ > .
.into (6.46) gives: , ’ PR . i
. . ’
* * - * ) *® B
I,. = " m, + B, 4., +& {4, + N, 4,. + v, e,. , (6.48)
1] J 1 1) 11 i 13 1] i3
which, on rearranging, becomes: - . N \\J/
' .
* =* 4 8 sy m e (B 46, W) A, 46 + €.p ,(6.49)
. = « + . . . . + . . . o, vV, . .t -
Iij C»—,«/ i ?1 Yl_mj . i i { i i ij iy '
and is equivalent.to (6.45). Thus,
= B, + 8, \I, - © (6.50
i Bi 1\n1 . ( )
or, ! ihrated, :
. - . r o
X'} 5, T . ' (6.51)



L} -
competing destinations medel of (6.11) wouldfhﬂwe more accurdte pre-

le2

[

is the estimated elasticity of the accéssibility of a destination with
- 4 : T . _
respect to distance. The estimated distance-decay parameter from (6.45) . /
. 4 '
is biafed since it includes this ihdirectreffect. The competing des-

tinations model in (6.46) makes this effect explicit in the model and

~

the estimated distance-decay parameter is unbiased. If Gi = 0 and/or

Ny,
ﬁi = Q, there_ﬁi;no bias id Bg; The former indicatggckhﬂt there is no
log-linear rela;(onshjp between ‘the accessibility of a destination and

L . . .
” .
teraction to that destination: the latter indicates that the is5 no
L) AR

1pg linear relationship between the distance to a destination land its
accéssibility. If &, = 0,.the unconstrained medfl given in (1.B3) is

5 ' * ~ ’ ~ A : “ !
gorregﬁiy specified. If II, = 0, however, and &, # 0, 8. = B but the .

; . i i \“i\\ .

dictions OEDQnteractlon}Ehan the'graVLty model of (l 33) - oo

Ffom (6}%1) it ‘is easy 4o gueds at ‘the dlrectlon of the bi

~

Bi. ﬂi§g¢e that Gi < 0 for all i and %t is constaﬁ%“bvq; space, or does

‘not‘vary systemmatically (there is no reason to suspect otherwise). Also

2 ‘ : . . S
assume that Bi isg constgpt over space. _Then, for accessible origins,
- ¢ g-
S;\if/Pegative {as thqsé}stance between the origip-and destination

' ’ 1]
increases, the destination betomes less acc9551b1e), and 8 Hl > 0 so a

i
that Sf > Bi.- Conversely, for inaccessible origins, Hi >0, 51-“1 <0
a ] ’ [

- ~ -~

and Bi < Bi;;iﬁinpe Bi < 0, Bi will be more negative for inaccessible

origins EPan for acces51ble origins. If 6i Hi_> |Bil, Bi will hg\p051-

tive and since ﬁ.d&aﬂd have to be large and-positive Eﬁf this condition

to occur, origin i must be very acce551b1e.' This was mentlf;e?'preVLOUSly
p

- ‘-
-~ only the most accessible origins could'have B values that are so up-

»

wardly biased as to be positive. . o
— _

. .
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.6.8 A Comparison of the Compe%ing Destinations Models with other Models
. of -"Alternative Opportunities". "

-~ Coe
gwiné [1574] and tesa}io,[197sj pégbcfgd a so-called "spatial

(?hoice" model as . the goluiicﬁxto the spatial structure effect \on éi derived ’

n u?conéﬁfifned_inberaction model and ,this soiuﬁion was described

and discarded in Section 2.6. The similarity betweel the "spatial choice" .

. . ) - ) 3 B .
model #nd the unconstrained competing destinations model given in (6.11)

invites conifarisorr. The t¥d models are rewritten below for convenience.

’ Ewing and Cesario's "spatial ghdice" model: : .- -}
' ' < .
" -~ .
: Y, A i
. 'mj + dcj * 4 .
. “d . B .
= H >
Iij = _“% - (hypothesis: Ti 0, Bi ).
' ' Yom,Ti -d'i.Bi . (6.52)
j:l 3. J
@

The unconstrained competing destinations model:

. ) Ty, B,

1 1
m, T d.. ‘
Iij = Ii nzz l‘a (hypothesis: Yi > Of Bi < 0'
L (Im a %’ ; 5
. ey x S5k — §.>0). (6.53)
cLou | (k#i, ki) '

*

6bviou§1y, the differences ‘between the two model ie in their respective

o - C _ .
denominators. Besides the competing destinations podel having an extra

egfee of freedom-in 61, there are two main

of the spatial choice model

erences. The denominator

v s s o eyamx
eagures the analysis-specific accessibility, -

' - of originfi. If the model igyMade origin-specific,then this variable .d’

'in theginterac n danalysis of;not.- The latter méasure removes the

i ‘/ A '- &

< .
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ﬁis—specification in the unconstrained gravity model: the former
-~
simply constrains the total predicted outflow frgm each origin to be (;ﬁ
. . o
equal to its true value. The mis-specification of\the original &Ravity

)
model is not relieved. ‘Consequently, the model proposed by Ewing and
— ) . A . -
Cesarid as a solution to the spatial structure problen in ungonstrainedﬁ\\
modelling will not remove any of the spatial structuye effect describéahikj

here. .

Gordon's [1976] suggestion to yemove sp‘atial structure effects

from {Bi}, also described in Section 2.6,“13 a more viable one. He

/

suggested adding origin and destination congdtraints to an ynconstrained
gravity model: in effect suggesting ége/Calibration of dozhty

-constrained

gra&it models inSteﬁEf;f unconstraine& gravity models. Since the doubly-
j o [ b :

constratned gravity model has been shown' to be propérly specified when

Gi is a constant for all i and when each centre is both an origin and a
destination, Gordon's suggesfion is a réqsonable one. However, in
acceptipg the replacement of an unconstrained gravity model by a doubly-

constrained éravity model,'the useful properties of the unconstrained .. .

model are lost. Also, the doubly-constrained gravity model is mis-

specified when cengges are not both origins and destinations. A better

" solution to the spatial structure bias in unconstraj ravity model-

ling is the uncoﬁgt;ained competing destinations mo

r

Britgon [1971] suggested the addition

ables to e unconstraxR?d gpavxty model whlch were very similar to
origin. and ‘destination constraints. However, Britton suggested that

* these new variaBles be calculated priQ;'to the calibration of the model
~- . ‘ .
and szmﬂ&y be adde;§as extra regr9551on terms. Since the destination L N—

o
N TN |
\g\ N~ - : = . ; ) o Y I \

--i'-"f‘:”sf_:_m;;,_____\f P QW;____{;J

— -t -y
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constraint. can be considered a measure of the accessibility oﬁké parti-

cula{’destination to-all others when each centre is both an origin and -
a destination, Britton's model is similar to.the unconstrained-competing
destinations model given in (6.11). The model can be crikicised, how-
ever, since the origin accessibility variable is irgelevant and the
measurement of destination aécessibility is Jincorrect when each centre
is not both an origin and a destination. 7

A
Long [1970] proposed an "alternative opportunity model" to

account for competing destinations. His basic model is an unconstrained

gravity model with the addition of a-variable measuring the mean distance
, L N
from an origin to alternative destinations. Empirical testing of the

model indicated that interaction to a particular destination increases
L]

as the mean distance from the origin to all other destinations increases.

However, this is not a measure of the competing destinations effect

"alternative opportunities" variable does not necessarily distinguish

between destinations which are isclated and destinations which are in

) . S . ca e
'giose proximlﬁ? to one.another. Considerx for'example, all destinations

lylng on a circre of glven rﬁg us ﬁij an origin but the destinations
q{e unevenly spaced. The mean distance to alternative opﬁBttanitles
will be equal forpearh particular destination but.fhe-aceégggbility of

each destination £ =11 other destinations will not be. There are some

' situations in which Long's "alternative opportunity" variable and the

competing destinations'wariable would have completely opposite efzgéts on
N \

o ' .
predicted interactions. If a destination is very inaccessible to an

«
ions, and the mgan distance to alternative
Vd ‘ ' .

.

described here a@lthough the two may be similar in some situations. Long's

-
fy
.\

.

y.

~ ”lé
A RN

i
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)

destinations from the origin is small, Long's model woélg predict lower

fug

interactions to that destination than would the original gravity model.

The competing destinations model, on the other hand, would predict giea

> - . "
\
interaction » te  -that destination than would the original gravity model.

.
L

'!-..__,_,.-\:f B

~

6.9 A Comparison of the Competing Destinations Models &ith the Inter-
vening Oppertunities Model

The intervening opportunities model was first form%igted by .

stouffer [1940] and has been developed and tested by many -authors, such

i
as Ullman [1956], T..omazinis [1962] and Porter [1964]1.

4

Th .model—c%j
be written in many forms which makes comparison difficult, bu *the:f)are
o
ly as’a

two basic ones. In the first, interactions are expressed sol

function of inte ening]opportunitieé {stouffer's griginal oncept)

. . T o
while in the second, interactions are expressed as a function of inter-
. s . X . o, 2 Y
vening opportunities/ and distance (Ullman's contribution). The relation-
- /I, / = : T e
" ship between interagfion and intervening opportunities is expected to be
" negative: t reater are the op?ort ities for intéractions to terminate
between i _and-j, the lower will be the volume of/interaction terminating
at j, ceteris paribus. The first formulatien the intervening oppor-
tunities model is dismissed hére as being a misyspecified interaction
17z -
N
o

is an intervening opportunities model in which 21l destinations lie in
arbitrarilydefined. annuli® arcund an origin. stiﬁatigns lying in

annulii between the origin and a specific de nation, j, are defined as
competing opportunities and are inv elated to the volume of inter-
action between the origin and destAnation j. Destinations lying in annulii
beyond that in which destination fj lies, however, are not considered as
competing opportunities. A discusgion of Thomazinis'’ model is given by
Finney [1972]. ‘ L w X

T .
,]'Thomazinis ‘termed his model a competing opportupities model although 1-2:‘

4 Ll

e modgifﬂqlso contain® variabMes meas ring, the emissiveness of otigins
and the attractiveness of destin@tions-byt theses are irrelevant to this
-discussion. : ' - Lo b

a

s

)
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. .

~model since it dggg\t?ttinclude a distance variable. The second formu-

lation, however, is wvery similar to that of the competing destinations

N
models and it is interesting to consider why this fZLmulation has never

gained universal acceptance. There are two _main reasons for this:

one is that the theoretical derivatidn of the intervening opportunities
) ) .

. 1 . . \
model is weak, and the second, which is related, is that the measure-

. ; " L . . . . . .
ment ‘'of intervening opportunities is very subjective. How 1s an inter- .
I.\; . -
vening opportunity defined-and where do intervening opportunities begin
and end? Porter's diagram of intervening opportunities rebroduced by

"Taaffe and Gauthier [1973] is a typical example of the confusion involved

in measuring such an abstract concept. The failure to obtgin accurate
‘ ' “ &

S 7 ) .
calibrations of T om@zinis' competipg opporturities model in’ both the

Penn~-Jersey Tramsport Stydy [1§%4] and in a study of trip destinations
£ % .

ﬁ . . N .+
in W%shington D.Cx by Heanue and Pyers [1966], was alsc due to the

@ifficulty in measuring the concept of intervening oppbrtunity (see = -
Finney [1972]). y
: ) . - ¢ :
The competing destination odels, ém_the other hand, suffer
. A . . ) . ) ‘ .

from neither of these problems. The theoretical deérivation of the)
models is soQEg and results from a correct understaﬁgip of interacticn
decision-making behaviour. In fact, the theoretiq;&\serivétidn of these
models is sounder than that of the respective gravity models which have

-~

been show to be mis-specified. As a result, the measurement of competing

- «

e is in eresting to note that Wilson's [1970b] entropy-maximising deri-
vation of the intervening opportunities model (Stouffer's original form)
_is very suspect and in 'Wilson's words, depends upon "a 'rather strange
tost-constraint” (p.155). The entropy-maximising derivation of the com-
peting destinafions models given here is free from such suspicion.
This relates;;;>the point made above that Stouffer's original formulation
is gié-speci ed. )
X

——
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destinatioLs is no more subjective than the measurement of the other
variables in the model. An exact formulation for the measurement of
competing destinations is derived and the subjectivity in measuring

»
interveningd6§;;;éhﬁities, that is, where do such opportunities begin "
A\ : )
‘and end, is eliminated. Competing destinations and intervening oppor-
4

tunities are obviously similar concepts{' gge advantage of the former
, . 1
»

is that it has a theoretical derivation and a)mbrq.rigofbus definition.

The cencept of intervening opportunities can be considered as an

-

earlier, less accurate attempt to measure the relationship between{h‘
) ~
A

- . L] - - - = — / ’ -
competing destinations and 1nteractlir dégg}}ped here. A quotation

l:“ .
1/ from Greenwood and Sweetland [1972, pp. 668-669] on this point is N
s - - ~

~

interesting:

\\\\\\ ’ "... while distance itself does not adequ y
’ ' reflect the opportunity costs of migratjon
v ' because it accounts for 'too much', neither is
" ' StSuffer's measure of intervening opportunities
. adequate in itself, for it accounts for 'too

Jittle'. No acceptable method has yet been sug-
¢jgested to disentangle the effect associated with
.opportunity. costs from the other effects generally
‘associated with distance."

-

The theory that-.interaction patterns are a result of two types of

= "“-\\‘
S N - .
* débision—qgking behaviour, and the consequent relationship betwé;n !
' competing destinations and inEerﬁfticn, produces 'a methed for which
this latter statement is invalidtk - e_ ¢
.. . ' v . , A
" (\ » . _“‘ )
.I'? _ -
.‘ '
' . .
Fl
/'\ - ) )
o
- __/ - ] . _J,‘/
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6.10 Concluding CJmment

ta

Two types of interaction deciéion—making behaviogr have been
described above: one-stage and two-;tage decisioh—making. bserved
interaction patterns are a result of both types of de&ision—making
behaviour. Hgwever, the present set of'interaction models assumes
éhat interaction patternsg result solely from the one-stage decision-

.

making proces&. The effect of the two-stage decision-making process

"is [to make destinations that are accessible to all other deéstinations,

" less Zttractive for interaction, ceteris paribus. Since this relation-

ship is not modelled by the present set of gravity models, Ehey are
misiipeéified. In the case of the doubly-constrained and attraction-

constrained gravity models, however, this mis-~ cification is likely

to be slight when each centre hn*the analysj# is both an origin and

a destination. Relief *of the mis ication is achieved by produ-
cing a new set of interaction models which afcount for competing

destinations and calibrating these competing destinations models will

produce estimates of Bi that are unaffected by the spatial structure

effect described in“th&s analysis. The sets of such paramet estimates

derived from\ESEBgting_destinations models will have less variagtion and

exhibit less spatial patternc<than those derived from present gfavity'

models. Both sets of models are tested.empiricélly in Chapter Seven. -

-

-
,
A

A
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. (» CHAPTER SEVEN B

Y

EMPIRICAL EVIDENCE OF MODEL INDEPENDENT
SPATIAL STRUCTURE EFFECTS:
A COMPARISON OF THE- GRAVITY AND
COMPETING DESTINATIONS MODELS

7.1 Introduction : : . ’

. P o . .
‘ The results of calibrating the competing destinations models

given in (6.11), (6.13) and (6.16) are compared to the .results of cali- .
brating the'gravity'modeis given in (1.33), {1.34) and (1.36). The main

purpose of this comparlson is to demonstrate that or1g1n—spec1f1c,

distance-decay parameters estimated from present grav1ty nodels are K
biased by spatial structure and that this bias can be removed'by‘cali-

brating the equivalent competing destinations models. In Chapter Six )

it was predicted theoretically that the removal of the spatial structure
bias results in more negative parameter estimates for accessible.origins

and-less negative parameter estimates for inaccessible origifs; Hence,

the spatial pattern and spatial variation of. parameter estimates are

prime topics of investigation. Also of 1nterest axe the parameter

L
estimates themselves since those derived from the competing destlnatlon

models can be interpreted as.pure;y behavioural measures of the distance-

.

interaction relationship from each origin, while those derived from the’ -

N .
gravity models are.primarﬁly ipdices of accessibility. of secondary

—
1mportance is a comparison of an or1g1n—spec1f1c qoodness-of—flt statistic

for both sets ‘of models to identify any reéuiér spatial pattern in the

170 . -
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elationship between the accessibility of a destination and riﬁstaction

Q

to that stination.
-

-

-

7.2 'Data Measurement

*

_The data used to calibrate both sets of interaction‘modelé are

( 1970 airline passenger interagtion data published by .the United States .

_ Civil Reronautics Board [1971]2. These data are a ten percent sample of

~ all airline passenger journeys on domeStic routes within the United

States during 1970. The sample was taken cont}nuousw.thfoughout 1970:

[ o~

each airline ticket sold with a number. ending in zero wés_selected and

the origin and‘final destination on the ticket Wére noted. Rdhnd-trip

, tickets were counted as two separate trips. The volume of interaction-

and airline (great circle) distances are given between every‘city';ﬁﬁﬁii

at least one cbmmercial airport in the United States.

. 4
The data were chosen primarily for their accuracy and com-

.prehensiveness. Many.of the interactions in the 10% sample are of the

. D ) ' . .\
order of 10% while some are as high as 107 . These sample figures are

used throughout the anaiysié. The "'sampling error statistic given by
: g ® ‘ J

the Civil—ﬁéroﬁautics Boafé indicates tﬁat tthga&imuﬁ percentﬁge error
-"of the sample is less than 10% at ¥he 953 coﬁfidence %eQel whenrthe.~

" sample size is over 4001. The éampliﬁg stétistic ?nd qu%her details
-of the data‘are given on'pages.v - xii of ﬁhg above reference. |

. . \L_) ‘ : * AN
o . ) . . / - 1*}

. ~

1For example, when the sample size is 500, the estimated populatioﬁ‘
) + size is 5,000 and 95 times out of 100 the trye population figure "
AN . will be in the range 5,000+416 where 416 is 8.3% of 5,000.
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A slight drawbaék of the interactidn data, however, for estimag- *
ting origin-specific parameters is .that the interaction given is that -

between two centres.i and j and it is the sum of the interaction from

i to j and the interaction from j to i." For any, average centre, 50%

of the interactions result from decision-making behaviour by the inha-

.
—_— g

bitants of that centre, and 50% result from decision-making behagibur

N

. ' A 1S
by the inhabitants of all other centres. Conseguently, the origin-

N '

. specific parameters estimated for such dafa giimarily reflect éﬂérgc— .
? teristics of each¥origin but also reflect, tdia very mipof degree;
| characteristics of each of the other centres in the‘system. Hoégver,
since this latter effect will be f;irly constant for eacﬂ’oriéin,
especiq;ly yhen the number oflentres in the. sample is large, the origin-

specific parameters rebulting from the data can accurately be considered

o ' 3 . [3 . . ! ‘ ) L3 \-‘
as'a,reflection of interaction thav1our from each origin. .
* ¢
. ¢

One hundred cities were selected as a basis for the analysis-and

.

interaction and distance matrices of dimension 100 x 100 were obtained

, 4
frﬁm the published data set. The cities chosen w..ere those in the 100 g

la4gest Standard Metropolitamw Statistical Areas (SMSA's) in terms of
their 1970 populationg. The names of these SMSA's are given in Table 7.1.

The size of the sample was determined by two considerations: it had to
. ., .

be small enough to be manageable on ﬁhg computing-é}stem and it ‘had to

) be large enough to produce a representative sample of oriéi -specific '

parameters. . | _ ‘
, RS
~ R . _‘—\- y
i - % :
Calibwating an origin-specific doubly-censtrained interaction model

with a 100 x 100 interaction matrix requires approximately 20 minutes e ;
of central memory time on.a CDC Cyber, 170/730. -

N &

._‘ L_l
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TABLE 7.1

- SMSA'S USED IN THE INTERACTION MATRIXI

*1., Akrpn-Canton, Ohio. *51. Las Vegas, Nev.

2. Albany-Schenectady-Troy, N.Y. ) 52. Lexington, Ky.

*3. Albugquerque, N.M. 53. Little Rock-North Little Rock, Ark.
4. Allentown-Bethlehem-Easton, -Pa.-NJ. #54, Los Angeles-Long Beach,Calif.

5. Atlanta, Ga. . _ 55,.Louisville, Ky.-Ind.

6. Augusta, Ga.-5.C. 56. Madison, Wis.

*7. Austin, .TeX. ‘» 57. Mapiphis, Tenn.-Ark.-Miss.. -

*8_ Bakersfield, Calif. 58. Miami, Fla. .

*9, Baltimore, Md. 59. Milwaukee, Wis.

10. Baton Rouge, La. Go.gwinneapolis—st. Paul, Mindr—wis.

'+11. Beaumont-Port Arthur-Orange, Tex. 61. Mobile, Ala. :

12, Binghampton, N.Y. -Pa. . 62. Moline-Davenport-Rock Is., Iowa-Ill. _

13. Birmingham, Ala. a : 63. Nashville-Davidson, Tenn.

*14. Boston, Mass. ’ 64, New Orleans, La. -

15. Bridgeport, Conn. | 65. New York- NeWarkf\N ¥.-N.Y.

16. Buffalo, N.Y. ‘ " . 66. Norfolk, Va.

17. Charleston, S.C. . 7. Oklahoma City, Okl

18. Charleston, W.Va. 68. Omaha, Nebr.-Iowa.

.19. Charlotte-Gastonia, N.C. 69. Orlando, Fla. .

20. Chattanooga, Tenn.-Ga. 70. Pensacola, Fla.

21, Chicago, Ill. _ .« 71. Philadelphia, Pa.-N.J.

22. Cincinnati, Ohio—-Ky.-Ind. *72. Phoenix, Ariz.

23. Cleveland, Ohio. 73. Pittsburgh, Pa..

*24. Colorado Springs, Colo. . *74. Portland, Orég.-Wash. .

25. Columbia, S.C. ’ 75. Providence-Warwick-Pawtucket, R.I.-Mass.
*26. Columbus, Ohio. . 76. Raleigh—Durham, N.C. - '
*27. Corpus Chrlstl, Tex. 77. Richmond, Va.

*28. Dallas-Fort Worth, Tex. : 78. Rochester, N.Y.

*29. Dayton, Ohio. - i 79. Rockford, Ill. ’

*30, Denver-Boulder, Cclo. : _ *B0. Sacramento, Calif. . . )
31. Des Monies, Idwa. 81. St. Louis, Mo.-Ill. , .
32." Detroit, Mich. . *82, Salinas-Seaside-Monterey, Calif.:

33, Duluth-Superior, Minn.-wis. *83. Salt Lake City, Utah.

*34. El Pasoc, Tex. - *84. San Antonio, Tex. -

35, Erie, Pa. : *B5, San Diego, Calif. ) ’

36, Evansville, Ind.-Ky. ) *g6. San Francisco, Calif.

*37.°Flint, Mich. . *87. Seattle-Everett, Wash.’

38. Fort Wayne, Ind. ' 88. Shreveport, La. - K 7
*39. Fresno, Calif. 89. South Bend, Ind. -

40. Grand Rapids, Mich. *90. Spokane, Wash. -

41. Greensboro—W1nston Salem-High, Pﬁlat 9l. Syracuse, N.Y.

42 Greenville-Spartanburg, 5.C. 92. Tampa St. Petgrsburg, Fla.

" 43. Harrisburg-Yogk, Pa. PR . 93. Toledo, ©hio-Mich.

* 44. Hartford, Conn. ) . *94. Tucsom, Ariz.

*45. Houston; Tex. —a 95. Tulsa, Okla.

46._ Indianapolis, Inc, - 96. Utica-Rome, N.Y. .

47. Jackson, Miss. v 97. Washington, D.C.-Md.-Va. -

48. Jacksonville, Fla. 98. West_Ralm Beach-Boca Raton, Fla.
49. Xansas Ciwy,Wo.- s. % 99. WicINtay . ’
50. Knoxvillée, Xenn. ‘. 100. Youngstown—Warr n, Ohio.

d

lRefer to Figure 7.2 for the location of each, SMSA. - , L '
Indicates an SMSA also included in a 30 x 30 interaction matrix analysed 1ater.ﬁ\

) ‘_ . ‘ ..

* i

™~ .
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The attractiveness and emissiveness of each centre were measured

in two ways depenﬁing upon the type of model being calibrated. In the

doubly-constrained models they were measured by total inflows into a

destination and total outflows out of an éridgin, respectively. In the

unconstrained models, the attractiveness and emiSsiveness of a centre

were both measured by its 1970 population size. In the production-

constrained models, total cutflows from an-origin were used as a measure

- —T
. - : 5 3 .
of the emissiveness of that origin but since either of the above attrac-

’
-

tiveness measures is commonly used, two versions of both the production-

constrained gravity model and the preoduction-constrained competing destina-

tions model were\palibrated; In one version,the attractiveness of a destina-

- . > X .
tion is measﬁ%ggfby total inflows into that destination, while in the .

other, attractiveriess is measured by population size. It is intere#ting
. .

to note whether one definition of attractiveness is superior to the
« \ ' ..
other in terms of parameter estiqa ion. _Both,versidhs of the production-
Y fo v
constrained models aré now fbrmibly defined.

- ) . 'Q’ .;}_ '. ,-*

7. 3 Two Ver51ons of the Prgzuctlon—Constralned Grav1ty and Co_petlnq -
Destlnatlons Models~ . .

-

‘_._" ! ) - . -
As mentioned above, both unconstrained medels and both doubly-

. . . . !
constrained models to be ¢ompared are defined unambigu y. However,
thFEF are two versions of -the production—cqnstrained modqlsS;;;en in

(1.34) and (6.13) depending upgg;:;;\3E£iEi§;pn’of the attractiveness -

Both versions of each modd¥, will be calibrated and” <

P ) \ " !
compared. The two versions of the production-constrained gravity model
_are:

T -
v -Q;-ﬂ " L ] a
- ‘ $2

"

et daan e
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Version I -
f B, X
I.., = z, 0, D, d,, ] {7.1)
to1] i 1 J i3 . ’ &
z ’7
where, . ' , b~
L ' éi -1 ]
2z, = [ ] D, a 'l (7.2)
. j:l J 1] .
. i -~ !
and, -
o . .
D. = LI . : (7.3)
-3 i£1 + “ . :

L=

ij

’ 0 L]

) * Version II(MQ \\\ : _
. . ' . id
‘ g »
> . S i
= Z 0, D, 4, . .
S Iy i % Py 4, (:’ 4)
o ’ .
where, \
a8, |
2, =[} D, da. ] . £7.5)
, o=
) s ud ’ '
| D, = m, ) (7.6)
J J
. . 1Y
. \
wWhere mj is the population size of j. . . \

-+

The two versions of the production- -constrained comgjt}hg destxnatlons.
\\j model are: _ .
‘. ) hd

Version I > _ e -

-
-/

I.. is the true interaction between i and j and Iij is a prediction of Iij'

.
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where,
n - 1
: z [:\{ I b, a tg Bigl (7.8) \
i Sioq did i3 - ¢
=1 :
: -
j “
and,p . ' - -
- \T
D, =t I . - (7.9)
(03 T h
v . - -
n ° 2
Version.IT f] )
. S : _ a2 B L
: I.. = 2.0 _D.A .~ 4. ' . ’ (7,10
ij - i ®7) i) ij . & »10)
where, _Il . i _ )
. n 8 Bi -1 $ . '
‘ 2, = D.A . @ 3 T (7.11)
, v s {_Z 585 9l e . T an
. j=1 : -
7 P k- - ; ] .
E ‘
and, - -~
[ ~ ( {l
D."=m . \ (7.12)
5.7 3 §
o - : ( i
] ‘. -
L 3 ‘ ) , . r‘ i o, PR St .
7.4 The Prob]fME Short-Distance Intgractions . - T e
Dlstance-decay'parameters estimated from airline 1nt ion data i
- e L] : ;

coptaln a potential spatial structnre blas which is pecullar this
type of data. Con51der two centres between which interaction is taking - -

place. Few people would travel by commerc1al a&feraft if the two centres . -,

f

‘are separated. by only a very shorbldlstance. Up to some dlstance, 1nter—

3

action by air rill increase as the distance between the two centres _

) .
n . N
‘dincreases. Béyond this dlstance, 1nteraf;10n by air.will decrease as °

r

distance between the centres incfeases due to ga;;;Etlon of distance

effect. This situation is descrzbed jn Flgure 7.1.
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FIGURE 7.1: The Rclatlonshlp between the Number of Airline Passengers
and Distance Travellcd.
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Distance betwéen-
. Two Centrgs

In estimating disténce-dquy parameters, where a measure of the

friction of distance is obtained, the interest is only in interactions
- » .

which occur cﬁer_distances greater than x in Figure 7.1. If all inter-

.

-~ .

actions are used in estimating B, then the resulting estimate will be

biased since it would also ineclude a measure of the rate at which inter-

action increases as distance increases up to distance x. This would have
the effect £ reduciﬁg the absolute value of B. It is evident that such

a bias is a spatial structure bias when origin-specific distance-decay

parameters are estimated. The abso;uté value of Bijjill be less for an

origin having destinations at distances less than x than the equivalent
. g .

Y S

Laa
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4

value Por é;'s;zéin not having destinations at distaﬁQsi;:ess than x,
ceterts paribus. Dpifferent values of B, would not necesserily reflect

varying'perceived‘travel disutilities betdeen centres but merely that

some centres have destinations in clos prox1m1ty while cthers have not.
This spat1a1 structure effect needs to be remeved from the data before

the set ofdistance—decay\parameters is estimated since it is peculiar
AN
. 1 : . . .
to this type of data. \\Tﬁe speplal structure bias that is general to
kN '

4 -~

. . . e S L. . . )
the calibration of gravity-models with any ipteraction data needs to be
N . - A

" identifief as a ‘separate entiﬁy jﬁsm the.bias described above.

To remove the Bias in Bi described by the patfern of interaction

in Figure 7.1, all interadtions which take place over distances less. than
X are eliminated from the modei calibra;ion. Hence, the variable n in

r4

all model formulations is|replaced by ni; the number of destinations

greater than distance x from origin i. In so doing, estimates of Bi are -
obtained which purport to measure solely the decline of interaction as
distance increases.' In order to determine the distance x for the inter-

action data uQEH in this study, all interactions over distances less than
- 4.

200 miles were divided into classes of dlspances of 20 - mile intervals.

-

An uncopstrained competing destinations model was caiibrated on the data
in each class and the class with the shortest distance interactions and
Having a negative 8 was the 160 - 179 mile class. When this and the 1 40

- 1 59 class were disaggregated to 10 - mile interval classes, the 160 -’

lActually,'alL interaction data when graphed against distance will have

a similar shape to that given in Figure 7.1 since the volume of inter- . .
action over zero distance is zero. However, in most cases, the dijtance
x is so small that interactions over distances less than x can be ijgnored.
In gases such as airline interaction or shipping lnteractlon, X 1s large
enough that this effect cannot be ignored. //,
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. ih,

169 mile class produced -the first negafive alue of é. Further disaggre-

gation was impossible'due to sample size.  Thus, inferactions which took -
- , 7 .\
from\all <sub-

place over déﬁgincéé of less than
g g

160 miles were excluded

: ¥ .
sequent model calibratiens. It is interesting to ncte that this -distance

is similar .to that given by Iklé [1954] who suggested th
: s
7

tution of ground transportation‘'by air transportation beging at distances

>
at the substi-

between 150 and 200 miles.

~

A

7.5 The Prdblem of Zero Interactions

It is assumed that no real flows between cenﬁ;es are zero (other-

wise the models would be mis-specified] and that zero interaction values
>,
N

’

.

. result from the sampling procedure used. Zero interaction values cause
Such

-problems when natural

logarithms of those values need tc be taken.

Y
. »

problems occur when the log-linear form of the unconstrained gravity
2 .
In logarithms, zero infgfaction

model is calibrated by OLS regregsion.
'values would(be -= and the regression would pe indeterminabie. Thus,/
[N *

-

although the broblem of zerc interactions is only of minor consequence
; s

in the data set used here (out of 9900 interactions, only 150 are zero), \j\

- Y .
the problem has to be solved where such interactions occur. There are
4
the first'is to omit all zero interactions

_ three possible -dollitiohs:
S: the)second is to reduce the size of the interaction

from ~xh 5
. A K B . .
matrix &y removiMg all origins and destinations which have zero inter-

the third is to approximate zero interactions by some

acticns; an

reasonable valué.whigh is large enough so that its logarithm does not

unduly‘béﬁ% the ca&iﬁf?tion results and. yet wh&éh/reasures the fact that- .
The mgrits ?E/Eﬁese three solutions are

=
some interactions are very low.

N,

‘ N S __/Q_M/_n_
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now discussed and the reasons are given for choosing the third solution.

N

By omitting all occurrences where Iij = 0 from the analysis, the

problem of taking the logarithm of Zero is Solved. However, the parameter

- estimates obtained from such a method will be biased. For example, if
ihdlj'is smallqahen Ilj = 0 but d2j_is large when'I.2j = 0, these different
relationships should be measured by different distance-decay parameters S
- Ed

but they will not be if all'Iij = 0 are omitted. The resulting éi values

LN

will thus be biased by these omissions.
[N CN

The second solution will remove all zerc' interactipns as in the
. first solution but it will do so in an unbiased manner. However, by
omitting certain origins entirely from the analysis, the explanatory power = - :
. : : LT

regarding some

of the model is reduced and information may be requi

"of the origins for which there are zero interactions. Itlis conceivable

that for some interaction matrix every row of the matrix gqontains at

least one zerc element and hence no model calibration by OLS regression

could be undertaken using that matrix.

,

s ) - P
The third method was-chosen to solYé the problef of zero

Actiens and all zero interactions were apgroximated by setting Iij =1
1 ) . ' ' - .

This seems a reasongble approximation when\EEe order of mégnitugp of

some of the interactions iSlOS.The approximation i;\equivalent to con-

-

stpaining the logarithm of interaction to be non-negative. No signi
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{1.33) was calibrated for each row of the 100 x 100 interaction matrix

-

described above. The origin75?ecific distance-decay parameters exhibited

a marked relationship.to origin accessibility -and this relationship was
i v .

\

the same for origins having no zero interactions as fow origins having
one of more zero interactions. The linear relationship between Bi and

Ai(thé accessibility of origin i) for the 42 origins having no zero

. \ ]
interactions 1is:

~ - 2 .
B, = '-2.31 + .00000706 A, R = .76 - . ’(‘.7},141‘
- ) ,

(.23) (.00000062)
N

-

The figures in brackets are the standard errors of the-parameter e mates.
L] - .
/‘-

, The lin€ar relationship between Bi and Ai for the 58 origins having one ‘
. : N '
or more zerc interactions is: .
&
- 2
Bi = -2.57 + ,00000733 Ai, R = .74 . (7.14)
\21)/(.000000581 :
- - ) . .’ .
When both sets of origins are combined, the relationship is: /
. . !
. 7 '
éi = -2.4% + .00000712 A, R® = .13 . (7.15)
t : - (.15) (.00000044}
L} . d
,] ) The relationship between {éi}\and [Ai} is-virtually identical whether

{Bi} is derived from origins having no zero interactidWs and origins

having one or more zero interactions which are approximated by unit : »

interactions. Thus, this\method appears to solve the ﬁ%oblem of zero
o fr ‘ )
. : interactions since the resulting distance-decay parameter estimates are -

\ N : :
not biased by the approximation. However, out of the 150 zero

™

—~
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i

. ’ - 0 A a - . ' - 3
[\\»' hoteractions which occur in the matrix, two origins, Rockford and Bridge-
_\_, 4 .

.

POt contain 53 and 18 zero interactions, respectively, and the para-'L

[
-
eter estimates for each of these origins will be treated with suspicion.
. , £ L )
I)The parameter estimates for all other origins, however, will be-minimally

~ (/ biase;k;;hary zero interactions.
7o TN
7.6 Notes,eﬁ/ghe Calibration of'ﬁravitv and Compe%ﬁng pDéstinations Models
7 ] . =

~

Tﬁgré exists an extensive literature on the calibration of interac-
tian models (inter alij;:7tty and Mackie [1972],Stefzer[1976] and Obenshaw

merely outlines some characteristics Bé the calibra-

+

[1976]) ,and this secti

tion procedures employed here. The calibration of the unconstrained interac-
) S

R H
tion models given in (1.33) and (6.ll)h33§jundertaken by a packaged OLS regre-
R . .

csion computer program. The data for each origin were assumed to be frEe from
» . measurement error which is reasonable given that the data have the degree of
accuracy described above. The calibration di\E?e con;trained interaction
models was undertaken by maximum likelihood estimation. The computer . .
programs for the calibragibn of (6.16) and (7.10) are given in Appendices
VI and VII respectively.; Tt is a simple matter to alter these programs
“to calibrate the models given in (7.1), (7.4), (7.7} and (1.321. The
Qroduction—constrained models were calibrated by a Newton-Raphson intéra-
tive procedure while the dpubly-constrained models were calibrated using
a first-order iterative procedure: both technigues are outlined in Batty

+

and Mackie [1972]. For the doubly-constrained interagtion models, the

first-order iteration procedure is probably a faster calibrating procedure

. . . . . 1
' than the Newton-Raphson technlqué whggf;hc’huefif of origins is large. N 4;\7R\
> e
7 k3 ..

lpatty and Mackie indicated that for-J Emall matrix (30 x 30), the Newtmn- /.
"\_ Raphson preocedure was more effic@entzthaﬁ the figst-order iteration procedure
T when a single parameter was estimated, No tests investigated, however, the -
effects of matrix size or multiple parameter estimation on\calgbrgiion
efficiency. . ~ " ]

- : - T

-

v/
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The latter procedure consists of calculating and inverting an m x n matrix
of derivatives (where m is the number of oriéins and n is the number of
destinations) which becomes very time consuming as m‘and n become large.
In thé set of compgting.destinations models, the accessibility of
a destination as perceived B§ residents of orig?n i was calculated with
. respect to the remaining 98 centres in the énalysis-(the origin and
des:;paéion are excluded from the galculation)f This sample of alter- - -

nativé?destinations was assumed to be a gocod representation of the popu- el

. .

lation set of such cegtres. The attractiveness g a centfé, a component
, of the accessibility terms, was measured in‘Each/;oégl by the 1970 popu-

{slation size of the SMSA. The parameter, Ui, was ass:;ed to equal -1.0

. . : - :
for 211 i, although in one analysis o, was estimated 1Eerat1vely-w1th

Bi but no advantage was found to this (see Section 7.10).

As a crude measure of how well each calibrated‘model‘replicated

s . . Cas » 2 P o~
the isting interaction data, an adjusted Ri statistic was used (ke

r

nter alia, Huang [1970; p. 81]). This statistic is defined by: -
/ : ; ~

. bl
) n, . =
A~ 2 .
I -1 .
-2 =1 - lJ n. -1 ° o
- T = (7.16)
i - 2 -k - . ’
I o, - I ng Tkl :
=1 J J o,
Iij is the measured interaction between i and j, : ~,
- : /
I.. is the model prediction of I, .,
ij - . n ij
n Cd
4 i oy [
D * :
= i g '-
~ T U o
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n. is the number of destinations greater than, or equal to,

e

160 miles from origin i,

{
and,
ki is the number of parameters estimated for ofiéin i in each
. 7
model calibration.
-y

A g

Since n, is alwiys yery large compared to ki for the 100 x 100 interaction
matfix, tae adjuatment, (ni'; 1)/(ni - ki - 1), could safely‘be ignored.

It is included, however, since it proﬁgs useful in a later analysis of a
: : sV
36 ¥ 30 infkeraction matrix. 2a5pite the p?tential'failings.of the Riz

statistic, as outlined by, inter aliag, Wilson [1976], its use can be

’ . . . =2 Cops
. defended o several groxq?s. ~“The interpretation off the R™ statistic is

immed#ately understood, ‘ranging from -1.0 to +,70 and it has beéa used

s

" in many other studies so that direct comparisons of@model fits can be

made. It is not influenced by the magnltude of the data as are somg

\ P

other goodness -of-fit measures such as phl\éhd Chl squared stafastlcs.

~ K

=2 : .
~"In a practical sense, an advantage of USlng R'in this study is that it

{4 .
is given as output in the packaged regression programs used to-calibrate

) . . . . ~
the unconstrained models. Fipal;y, as Hutchinson and Smith [1979] notel-~

no goodness-of-fit statistic is without its disadvantages: here, those

=2
of R are outweighed by its advantages.

4.
« f : ‘}

- /
. . - /

7.7 Calibration Results - , B

g hd

Origfn—speci?ic parameter estimates are given and compared for
both se:g}gzsinteraction models described jn Chapter Six. Since the
emphasis js on the spatial pattern and spatial) variattion of these esti-

“t

mates agd there are 100 estimates for eachyfodel calibration, the results

N
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~

_dre mapped in a series of figures. The key to these figures is given in

Table 7.1 and Ighre 7.2: the former gives the name and number of each

-

SMSA, while the latter gives its location inthe United States. Quantita-

tive evidence is presented on the relationship between the sets of para-

meter ‘'estimates and tpé'set of origin accessibilities, as a measure of

spatial pattern. However, in order to obtain a visual impressicn of the

{

vakying Qegrees of spatial pattern exhibited by the sets of parameter

ot L

estimates, the ‘accessibility of each origin to all other centres‘in'the
. R

- .

analysis is given in Figure 7.3. Lines joining origins of appro;apately

equal accessiﬂility are drawn to clarify the spatial pattern of these

data.l

accessible and accessibility

The pattern is one in which 6rigins in the North-East are very
ﬁénerally decreases as distance from the

North-East increases. TheiéhttErn is interrupted only around California

where there is a slight increase in accegsibility. If\is interesting to

compare the spatial pattern of eébh‘set of parameter estimates with the

, .
spatial pattern of origin accessibilities.

The results of calibrating individual models are now presented

and the results fzgﬁ each gravity model are compa;ed to those from each

equivalent competing destinations model. For clarity, the results

presented in this sectionrconcentrate on the spatial variatio

pattern and the interpretation of the parameter estimates. THI

~ s 1

, Spatial )

v

centration is justified given the a priori theoretical expectation that

lIn this, and in each of the subsequent figures where contour lines are

drawn,

there exidt exceptions to the general trend these lines represent.
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" the gravity models produge parémggh{ estimates which are biased by'épatial.

y ) -y

i
.

. . > L .- ) . . . e . s
structlire and the varration in such estimaties is due to’ variation jin
: S o . ' E Y
. - 4 - X - . -
-Spatiar'structurea, Many other issues are raised in the comparison of the
. . . . va - v . - .

calibration results -and some of these arﬁ_discdssed in later eectidns.
: ?
(1} Unconstrained Interaction Madels - ) . .

The distané\~decay parameter estlmates from theqﬁhconstralned

grav1ty model in. (l 33) are mapped in Flgure 7 4. There'is a marked . 0o

) ‘ ~

spatial- pattérn in these estlmates which is very 51m11ar to that of origin
- . L

L t
acceSSLblllty in Flgure 7.3.° rlglns in the North- East have very low

- N 3 -

negatlveh or even=p051t1ve, d stance—decay parameter estlmakes and -the

estlmates become more negatlve 0v1ng westwards and sout Wards; rising

only slightly around Callforﬂ?a. The'linear relationship between é.'and -

r

Ai,l ag measured by ‘a Pearson correlatlon coeff1c1ent (R)}; 3/753 a%d

.
-

. . “2
" regressing Bi on A. and A gives a ¢oeff1c1ent of determlnatlon (Rz) of .
N, . ~ - -
.84.‘ The strength of this relationship ¢an be seen in Figure 7.5 whére

.
-~

‘ Bi is graphed agslnst the non- -linear’ functlon of A '— as. A increases,

.
~

"B, 1ncreases.' The spatial- pattern of ﬁ desdribed in Flgure 7.4 is the
1 _5 LU
same as that descrlbed ln‘preLlous emplrlcal studies (see Section 1.5).
R - / / . - ~
The varlatlon in the dlstance decay parameter estimates is also
w- / . - .
51m11ar to that descrlbed in eat&ier emplrlcal studies. In,FfEure 7.4,
. } . . . o
B. ranges from a'high-of +0.5‘for‘fi;;tz)Michigan to a low of -2.6 for  -: J
i . // X . i s e d

N

] . ’
A 3 . O

. . . ' . . . \

.1

.
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< : - )
. Spokane;,;Washington. Following' the qiif;f:onal interpretation of Bi, t%ﬂs
. . .
range represents a tremendous variatid n interaction behaviour through-
( out the United States. Nine centres out of 100 have positive Bi values,
Y p—

while there are nine centres with estimated distance-decay parameters

equal to or below -2.0. The former seemingly indicate ‘that as distance ; .
. i

from an origin increases,. interaction increases, ceteris paribus, while

the latter seemingly\}ndicate that ipteraéfion from an origin decreases
~ +] - -

very rapidly as distance from that origin increases,- ceteris paribué.
. X s .

- -

The coefficient of va£§ation for the set of estimates is 81.0.
- - Al .
. N ; , . iy

Fhe mean parémetbz estimate in Figure 7.4 is -0.9 and cities with

ar

.

less negative parameter estimates ‘than this can be considered as "Jet-
setters" while clties with more negative parameter estimates can be .con-
- . e

sidered as "ﬁaféchial". It is éounter—intuitive that,on the basis of

- '

, the evidence given in éiguré.7.4, cities such as Albany, Syracuse and

Utica would be considered as "jet-setters" while cities such. as Los

<

.

Angeles,'San Francis?o and Las Vegas would be considered as "farochial”.
a . -

. " The reéuit;ffrom the unconstrained competing destinations model
. i N -, = . / B . . .
< : ., . " .
. .. indicate how misleading are the parameter estimates from (1.33). The

' .lﬂ- L

estimates from thd calibration of (6.11) are given‘Figure'Y.G'and these

., ‘ ,- -"cdh be comparéd to the equivalent values given in Figure 7.4. The spatial
. ffk. ‘pattern and spatial variation in the parameter estimates have been
@l T *. greatly reduced: the correlation coefficient between {Ai} and } is

- . only 0.4 and a linear function”of Ai explains less than.a quarter'of
- .. variance of {Bi} it explained for the unconstrained gravity model estimates.
. N (\:‘

There is still a band ofvless—negative parameter estimates in the North-~East

. : . and Mid-West which, although more njgétive than .the equivalent values in

¢ - . ) " -

i
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Figure 7.4, perhaps indicate that not all the spatial structure bias in

Bi has been removed. There are no positive distance-decay parameter
.
1

. - . N i3 + - -
estimates in Figure 7.6 and the variation of {Bi} has been significamtly

’ o) PO
reduced: the coefficient of variation of {Bi} i1s 30.5, compared to B1l.0

)

~

_——

for the gn‘:ity model estimates.l

. . Sinte the unconstrained competig;r;estinatidns model is correctly.

sﬁecified, the estimated distance-decay parameters in Figure 7.6 can be

interpreted as measures of the perception of distance as a barrier to

. | 4 .
interaction by the inhabitants of each origin. This perception is fairly

constant throughout the United States although some excepﬁions Gsh‘be

3

identified. The mean value of_Bi is —lzé;iﬁeicating the "jet-setter”

cities now include the Californian cities anpd Las Vegas while the .
] '
"parocﬁial" cities include Albany, Syracuseand Utica: a complete

reversal of the inferences from the unconstrained gravity model. Some-

-

small éitges in the Mid-West still appear to be "jet-setters"”, however,

.and ‘it may be that not all the spatial structure effect has been removed

by the competing destinationsrsmedel. This possibility is discussed in

Chapter Eight. T ‘ ; . N
The chanbe ‘in éi‘when Aij is added to, the unconstraingd gravjty
; | 1 p

ﬁodel has a rked spatial .pattern whiéh is showh in Figure 7.7; These

values indicate the direction and m¥gnitude of the error in estimating

.

distandb-décay parameters from (1.33) instead of from (6.11). The

parameter estimates for the cities in the North-East and Mid-West all
a0 - ' ' )
become much more negative when estimated from (6.11) while those for

('—.

tistic given in Table 7.2 indicates that thys is a significant
ion_in variance.

-
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" ceived accessibility of a destinaticn, Gi’ is 51gn1f1cantly negaﬁ;:i at -

. ‘ ‘ . 185
. .. ‘ . / .

the Western crttes all become much less negative. The spatial structure

&

bias in Pi;i?eter stimates is greatest for origins of extreme accessi-
e

most anf least accessible oriaing in the system. Parameter

estimates for origins of accessibility are okly slightly biased.

A similar result is obtained for changes in the goodness-of-fit sEktistic

e c . 7 -

and it is explained in Sec¢tion 7.8.. //,F/'
In the calibration of the unconstrained competing destinatioqg,#
i . o .

model, the estimated elasticity of interaction with respegt to the per-

.
-

S~

. e
the 95% confidence level for 93 out of the 100 orlqlns. This retrfofces
the hypothesis that interact%on patterns are£i2~gfrt a result of a tyo-
stage decision-making process and that as a Bestination becomes: more

accessible, it becomes less attractive ;¥r interaction, ceteris paribus. .

. . &
There is only a small variation in {GQE/Kéhe coefficient of variation : /,;,//

is 37.9%) and this variation is only weakly related to variation in origin
- . I'd

- ' .-

-accessibility (R° = .16). . ‘ \ 2

,

(i) Production-Constrainéd Models .
In Section 7.3 two sets of production-constrained models were

-
defined, the difference between the sets being the definition of Dj.

The calibration results proved to be similar for each set and in this

. section the results from conly one set will be described: the set being

the models given in (7.7) and (7.10) where Dj ='mj' The differences in

1 . s s
For six origins, §, is insignificantly negative and for one origin it
-1is insignificantly positive.

oo

an
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B . - *
calibration results between the two sets are discussed in Section 7.9.

The parameter estimates obtained froﬁ calibrating the ;:Bduction—
eonstrained gravit§ model given ‘in (7.7) are mapped ie Figure 7.8. The
reisits exhibit the same spatial patterh as exhibieed by the parameter
estimates derived frpm the unconstrained gravity model shown in Figure
7.4. Origins in the North-East and Mid-West have very small negative
parameter estimates while thoee in the Soutﬁ and West have large negepive
estimates.l The correlation coefficient betweenn?. ahé B. is 0.64,

The spatial variation of parameter eetimates in Figure 7.8 is
again lafge, the coefficient of variation being 52.2. while no.positive
e;timatee arel\derived ffﬁﬁ/zhe calibration of thg singly-constrained

gravity model/ 27 origins have parameter estimates whose absolute values

are less than| or equal to, 0.5. Again, the behavioural interpretation

given to these estimates is suspect. With a mean B. of -0.9, most

Callfornlan cities and Las Vegas are more parochial than average and most
L

of the Mid- Western cities have paraﬂe\gr estlmates very close to ro

i ~ .
(indicating an almost complete disregard for distance by the inhabitants

of these-cities).
o
Figure 7.9 represents the set of parameter estimates resulting

ﬁ 8

from t callbratlon of the production-constrained competlng destinations
model glven An (7. 10) The relationship between B. and origin accessi-
bility is ellmlnated (the correlation coeff1c1ent between the two

is -.01) and the paraneter estlmates are‘remarkably constant over space.

.

-

lThere are two parameter estimates which are obvious exceptions to this
generalisation. Rockford, Illincis and Bridgeport, Connecticut, both
very accessible origins, have parameter estimates of -2.2 and -2.1 res-
pectively. As mentioned earller, the interaction from these origins is
zero in many cases. This is probably due to the airports in both origins
being overshadowed by the far larger airports in nearby Chicago and New

York City, respectively, and the paraméter estimates reflect this sie:ation.

’ 1 A

,.\



y m_l

: , 1 O
R S r € 1 1 [ - .



198

(rd

| v

.

:{0T°L) woxy pyatasqg

T

'g 30 uotienep 1eT3eds ayg

16°L TNOII

[N

4




199

There are no estimates wiéh absolute values le s(EEEETB.s and there are

!
only five estimates with absolute values greatdr than 1.5. The coeffi-

'

cient of variation for the set of parameter estfimates is 30.2 which is

a significant decrease from 52.2, the value obt ined in the calibratiop
E M-

of the production-constrained gravity model.f

The interpretation of the parameter estimates gi;en in Figure 7.9
as measures of inter tionvbehaviour is also mofe reasonable. With the
mean gi equal to -1.1, thg.ﬁjéz:gétter“ cities can be identified as San
Francisco, Las Vegas, Los.hngeles, Sap.Diégo and Phoenix thle the
"parochial"” cities can be identified as Spokane, Salt Lake City, Corpus
Christi, Baton Rouge an% Duluth. The large'negative‘ﬁarameter estimates
for Rockford and Bridgeport are again ignored as being influenced by an
inordinate_numberxof zere interactions. V ’

The changes §n {éi} when the production-constrained competing
destinations model is calibr;ted, as opposed to the profuction-constrained
gravity model, are mapped in Figure 7.10. The'ﬁattern is similar to that
for the unconstrained modeis: origins of extreme acceﬁsibility exhibit
the‘greatest changes in éi; indicating that the spatial structure bias in
the original gravity model'is greatest for origins of extremely high or
low accessibility. Origiﬁs of higﬁ acceséibility have paraﬁeter esti-
mates that are biased upwards by spatial structure while origins of low

accessibility have parameter estimates that are biased downwards by -

L

spatial structure. These biases are removed when the competing Qastina—

tions model is calibrated. : : -

I

e

\
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(111} Doubly-Constrained Models

In each model calibration it i assumed that in the formulation

of Aij' Ui = -1.0 for all i. With this assuﬁption and with each centre

being both an origin and a destinatioen, Aj as defined/in (6.23) is a ‘

-

good approximation of Aij' The relationship betweeh Aj and Aij is giveﬁ

in (6.24). Hence, with reference to the‘discuSsion in Section 6.5, the

R . s '

doubly;consfrained competing destinations médel defined in {6.16) is
virtually identical to the doubly-constrained gravity model defined.in
{1.36) and the results from the two'modéls cén be considered simultane-
ously. Conseguently, only oﬁe set of paramete§ estimates will be dis-
cussed; these estimates can be derived from either mpdel ané are assumed
to be free from the épatial structure effect which fesults from model
mis-specificatioh. The set of p;ramgter estimates is mapped in Figure
7.11 and is very similar. to that given for tﬁe pn?dnstrained and singly-
constrained competihg degtinations models in Figures 7.6 and 7.9. There
is very little spatial pattern evident ip the_estihageg (the co;;elgtioq
coefficient between {éi} and {Aif is .34) and there is very little vlri-
1 .

ation (the coefficient of'vgriation of {ai}is 37.5). With a mean éi of

-1.1, the estimates conf to exﬁectations: the "jet-settdr" cities

[y

N . Y ‘
include San Francisco, Los Angeles, Miami, Washington and New York and
the "parochial® cities include Spokane, Salt Lake City, Baton Rouge,
Mobile and Duluth. The band of slightly. less negative parameter esti-
mates still exists in the North-East and_Mid—Wgst, %ggin verhaps an
s : ! .
indication that not all the spatial structure effect is removed. Hdw-
ever, the spatial pattern, spatial variation and interpretation of the

1 '

parameter estimates all indicate that for the {ﬁf@?éctiogggata used here,

o
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'\phe.pattern for the singly-constrained models' defined in (7.7

® in the middle of the country show large increases

. .o ' » 203
) 3

the doubly-constrained.gravity model\end the doubly-constrained eoﬁpeting

destinatione model are equivaleﬁp end tﬁat\;he oiigidal grasity model

is ;ot\seriously mis-specified.

7.8 Sgetialwbariations in Model Performance >

Theqéoodnesg:gﬁ’ffg—ﬁtatistic used to test thelperformance

. . ‘
of the calibrated models is Ri which is defined in (7.16). It is of

;;:e;EEE‘E;‘Eaaﬁére\the chénge in model perfq{rance between each gfavity

. . S =2
model and the eguivalent competing des tions model. Since Ri is an

e s ‘.z 2 . :
ofigin-spec;flc statistic, the chang (ARi )} has a spatial pattern

which can be mapped. Figure 7.12vrepreseﬁts this pattern for the uncon-
strained models defined in (1.33) and {6.11) and Figure 7.13 represents

»

and {7.10).

X _
. . . L. . =2 .

In the unconstralned cases the smallest increases in R: whe» Aij is

added to the. grav1ty model occur for origins of extremely high or low

accessibility, while the largest improvements in .model performance occur
for origins of medium aécessibility' n§£he\s<:gly-constra1ned case,
- the pattern . is very similar: orlglns in the most acce551ble region®of

the country .around Ohic and Indiana and oriqinsfih the least accessible

- . o - . . - 2
origins such as the West and Florida, show.large d ses in Ri when -

-

in ﬁ.? . Thié is the
4 x
reverse of the pattern de5cr1bed in Flgures 7.7 and 7.10 of changes 1n

.
~

Ei when Ai3 is added to the unconstrained anﬁ singly- constralned gravity
- Lo -'t,

models. Both patterns can be explained by the spatial relatlonshlp
. -~
. - . . 7

e o

.
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betw_een.dij and Aij (see Ap;;;gbx \lfIII).1 For the accessible origins in
the No;tthaet and Mid:West,.Aij and dij are highly negatively co?related:
as distance érom origin i increases, the accessibility of the destination
decreases. Hence, the addition of Aij to the originel gravit;‘hodels aéds
'1itt1e or nothiné to the explanatory power of the model” but it does
correct'the'spurious positive or low negative correlation between dij and

) =2, . s . C .
Iij' Consequently, ARi is either low or negative while .the change in

~

B, is large and negative.
For the inaccessible origins in the West and Florida,_Aij and dijl

to the original

are highly positively correlated sc the addition of Aij

gravity models again adds little or nothing to the explanatory power of

the models but it does correct the spurious highly negative correlation
' -2 . . L
between dij and Iij' Consequently, ARi is either very slightly positive
or negative while the change in Bi is large and positive.
4 -
For origins of medium agcessibility, A, . and d.. are weakly cor-
- g m ELC\ - ¥r 1] i] ¥

r . s .
related: in one direction. as d *increases, Aij increases, while in
)

lAppendlx VIII gives the degree of *ultlcolllnearlty between d;.* and A

the logarithms of d;j; and Alj, respectively, for each origin 51nce thlsjwas
given as output in tﬁe calibration of the unconstrained competing destinations
models. The discussion is given in terms of the relationship between djj and
Ajj in order to be more general since the logarithms of these variables are
not part of the calibraticn of the singly-constrained interaction models. It
is assumed that the degree of multicollinearity between djj* and Aj4* reflects

the degree of multicollinearity between d.., and A, ~
9 Y i3 i3° S T

2'I‘he explanatory power of the model is here taken to mean how well it repli-
cates the existing interaction data for each origin. Since the competing
destinations models are correctly specified, they will give better predic-
tions of interactions in other spatial systems than would the gravity models
even though the explanatory power of the two model types is equal on the

existing data. .




the other direction as d_j incre
i

es, A'j decreases. Hence, the addition
. 1‘ T

of Aii to the original models ad significantly to their expldnatory power

but does not alter the felationshi between d,. and ‘I.. which, since A.. BN
: ij ij ij RS

*

and dij ar:/fnly weakly correlated, is urious one. Consequently,

= 2 . c s L . . A . :
ARi, is large and positive Wwhile ‘the change in . is minimal. The pattern
N ) .

of the changes in Bi discussed above was predictedkthecgetically in

. . .
Section¥6.7. ‘ ‘ ’47‘
. o L 2
It is -interesting to note that the spatial “variations in R,” ‘given -
- . S+ ) .
. . -2 : .
in Fiqgures 7.12 and 7.13 are reflected in the mz?n Ri for each model given

in Table 7.2. For the uncod%trained_paseh'thg, ompeting destinations model .

. -2 ’ . ’ : - N
has a much higher mean-Ri value thag\$he gravity -model while for ‘the two
: (- It 4 ’
production-constrained cases,the values are very similar. The situation

-

Probably results from the fact that in the unconstrained competing dggb\\‘
tiqations model, if Aij is a.poor explanatory variable of'Iij; Gi,éan be

zerc or near zero while in &he production-constrained competing destina--

tions models given in (7.7) and {(7.10), no such freedom exists anduéi is

set at_-1.0. With hindsight: the constrained models sho%}ﬁ_perhaps include

: '

andunknown parameter on the accessibility variable which' can be estimated
in tge_calibration of the modéls. -

The goodness-of-fit statistics described here are somewhat mis-
leading since they only reflect how‘weli the calibrated models fit the
data used to calibrate them, A much better gbodneés—bf—fit test would
be to see how weil the calibrated models f;t other data. In this respect,
the~cpmpeting destinations ﬁodels shoulq be superior to the original//f é;:D'

dgravity madels since the parameter estimates of the former vary less 4

' over space. It has long been a problem that existing spatial interaction

N .

‘
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models replicate the data used to calibrate them well but fail to replicate
" other data equally well (see, for example, Hyman and Wilson [1969], Taaffe
and Gauthier’ [1973, p. 98], and Southworth [1980]). Such a problem is

——~

due to the large variation in

Arameter estimates which results from the
mis-specification of the models. Since the competing destinations modelsv
are free from this mis-specification, they should perform much better in

spatial systems,other than the one.in which they are.calibrated.

7.9 A Comparison of the Calibration Results for the Unconstrained,Singly-
Constrained ‘and Doubly-Constrained Models

A set of estimated distance—dech pa;ameters has been derived from
the calibration of each of seven pre;}gusly—defined interaction models
(the doubly—constrainéd gra;ity and competing destinations models are
treated as one model). Certain characteristics of each parameter set and
the model from which it is derived are given in Table 7.2. The ogvious
co;parison in the table is pairwise across the rows so that the supgrioritg

< f
of the competing destinations models over the gravity models can easily be

seen. N

In thé first column, the correlation coefficient between {éi} and
{MTLi},,the set of origin mean trip lengths, is given. As mentioned in
Section 1.5, the expected direction of this felationship is positive but
it is often reported as being negative. From Table 7.2 it is cleer that
the negative relationships reported are alresult of mis-specified .graviéy
models being calibrated. When the competing destinations models in'(G.ll),

s

(7.7%, (7.10) and (6.16) are calibrated, the relationship is always positive,

3

L33
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albeit insignificantly so in the case of (6.11) and (6.16).l

In the second column, the correlation-c;efficient between_{éi}
and {AiT, the set of origin accessibilities, is a measure of Fhe spatial
pattern exhibited by the parameter estimates. 1In Section 1.5, it was
hypothesised that the sgrong spatial éattern generally exhiﬁited by para-

meter estimates was an indication of Bi being a function of spatial \3

v LN N

. ]
structure. The hypothesis is supported by the evidence in Table 7.Z7a '
’
for the mis-specified gravity models, (1.33), (7.1) and (7.4), there is ’

a strong positive relationship between {éi} and {Ai} which _is signifi-

cantly reduced.when the equivalent competing destinations models are
calibrated. The proportion of the variance of {Bi} explained by {Ai}

declines from .72 to 46 for the unconstrainea models; from .25 to .06

for the singl -constrained.models in which Dj is measured by igl Iij; and .
from .41 to'.OO for the'singly-constréined models in which D. is measured

by mj.w The proportion of the variance of {éi} explaiﬁea by {Ai} for the

doubly-constrained interaction models is only .11 which suggests that the

models are correctly specified and the resulting parameter estimates are‘

.

. to ;
not strongly biased by spatial structure. ~

X, . < .
1In Table 7.2, the probability of a sample correlation coefficient being \
non-zerc when the population correlation coefficient is zero is determiné?
by a. t-test where t is defined as:

r - p
. m e . \

Y (1-r2) / (n-2)

with n-2 degrees of freedom. The sample coefficient is denoted by r and
p denotes the population coefficient which is assumed to be zero. A two-
tailed test is used in all cases.
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The third column represents the correIﬁt{?n ceofficient between
{Bi} and {mi}, the set of origin populations. Sedébal authors, inter

alia Oisson [1976], have hypothesised that the larger the population of

. -

an origin, the less negative will be the distance-decay parameter for that
origin.” An a priori hypothesis was that thii\ielationship would be more
. . . \

evident when the effects of‘spatial structure are removed from the para-

meter estimates. However, there is very little difference in the coef-

'

ficients between the relgvant models. The results indicate thét for all
the constrained models, whether éravity or competing destiﬁétions models,
there is a slight positive relationship between {éi} and {Ai}, reinforcing
Olsson's hypdthesis,~while for bo:b’@nconstrainéd models, there is n&
relationship, refuting Olsson's hypotheéﬁé;fflt ié not clear-why this
difference exists between_the unconstrainéalahdtconstrained model results.
The fourth celumn gives the mean &i value for each model asd the
fifth column gives the single é value_obtained if the models are-calibrated
for the whole system rather £han being crigin-specific. In all cases, a
comparison of the mis—sp;cified graQity model with the correctly-specified
competing destinatio?s moéeg indicates fhét the overall spatial structure
bias is a positive one. ?ﬁis is.p¥obably a result of there being many
accessible origins in the'system, the estimated disgance—decay parameters,
of which are biased upwards by spatial .structure. In the case of a 30 x
30 interaction matrix described later where most of the origins are
inaccessible, the byerall spatial ;Eructure bias is a negative one. The
single parameter estimates for the whole system indicate thatéitAis not

only origin-specific parameters that are biased by spatial structure when

obtained from the calibration of gravity models: the bias in the single

N |
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is also very large. For systenms tﬁat have\Qany accessible

origins, th bigs in the single ‘distance-decay paraméter éstimaté will
be upwards:\:gor systems that have many inaccessible origins, the bias
will be downwérds. In each case, the compeging déstinations models wili ' 54//"‘/

give gnbiase@ éstimates.

TI six and seventh columns are gopdness—.of—fit statistics for
the models calibrated for each origin énd for the models calibrated for
the whele system, respectively. The former produces origin-specific:

parameter estimates while the latter produces a single estimate. 1In each

. . s . = 2
case the goodness-of-fit statistic reported is the mean value of'Ri

since the emphasis is on how well the models predict interaction from

each origin. As expected, the origin-specific models replicate existing J

outflows from each origin better than the general models. A comparison
. -
of the goodness-of-~fit statistic the equivalent unconstrained gravity

-

and competing destinations models indicates that the latter replicates
the existing'data much more accurately than the former while the singly-

constrained models are roughly equal in this respect. As mentioned

earlier, this probably results from the relationship between I
n

.. and A,
- 1] 1]

~

5eing reflected in an estimated parameter, Gi,'in the unconstrained case,
whereﬁs no such degree .of freedom exists‘in the constrained cases. Also,
how well the calibrated nﬁdels replicate existing data is neot the best
test of a modelkg utility : the moéel ﬁeeds tﬁ be able to prédiﬁt inter-
‘actions equally well invother spatial systems. Since tgg"parametér

estimates of the compéting destinations models are less varidble over

/’épace\ghan thése from the‘gréﬂity models, the competing destinations

—

models should be superior in this respect.
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(rﬁ/’\\‘\,-\ The last three columns refer to the wvariance of the parameters

"

K\‘;/’/,estimatéd from each model. It was hvpothesised in Section 1.5 that the

,

variance of gﬁLameter estimates obtained from gravity models ifgﬁnflated
because the estimates are functions of spatial Structure and that when

this relationship is eliminated, the variance of the parameter estimates
a .
will be reduced. The results in Table 7.2 substantiate’ this hypothesis.

4 ~
. The coefficient of variation for each set of parameter estimates (v). '

derived from a competing destinations model is significantly less than

A\

that for the estimates derived from the equivalent gravity model.l
nother measure of the variation in parameter ¢stimates is given by the
number of Bi values which are greater than -0.35% or less than -2.0 in

each del calibration, wh;ch again indicates that the sets of parameter

tes derived from the competing destinations models have fewer
extrgme values than those derived from thg\?quiﬁalent gravity models.
To demonstrate further the similarities and dissimilarities.

between the sets of estimated distance-decay parameters, a matrix of

3

correlation coefficients between the parameter sets is given in Table 7.3.

T

The Z statistic for testing the significance of the difference between

two cpefficients of variation was derived as follows. As“Gregory [1963,

p. 143] notes, the standard error of the coefficient of variation is

G//EE, where n is the sample size, and the standard error-of, the difference

between twe—éé;ple coefficients is v (Giz/an) + (522/2n2) ., Thus, a 2
statistic defined as:

. v, v e,

‘ LY
-~ 2 I A 2
/1Y1$52n1) + (v2 /2n2)

*

is normally distrj ed and can be used to define the probability limits
of the sam é’; s being derived from the same population v's. A two-

////;ﬁd est was used in all cases. N

el

- -
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The sets of parameter estimates derived from the competing destinations

models are similar to each other while being dissimilar to the sets of
estimates derived from the gravity models. This is to be expected since

. - . . A -
the competing destinations models produce estimates of Bi jyiEh are com-

paratively -free from spatial structure effects while the parameter

i
estimates from the gravity models are determined to a large extent by
spatial structure. However, it is Wérrying that some correlation coef-

ficients, such as those between the uncenstrained competin§ destinations
' - . ' L~ .
model and the doubly-constrained model,.are not larger. It appears that
a .

»

the estimated distance-decay parameter obtained for an origin is in'part

a function cof the model used to estimate it and a problem then arlses in

determlnlng which model glves the most accurate estimate of the true b
distance-decay parameter. Such a problem may result because model-specifi
spatial structure effects are,greater for one mpdel than another. ~

,//// Finally, to demonstrate that the calibration results given for'

the 100 x 1QO interaction matrix are not beculiir to these data, a 30'x

30 inEE;;;;;%L matrix was constructed from the original matrix and each

model was calibrated using these data. The thirty cenfres were chosen
so that interactions would be modelled primarily between dnaccessible

centres (the 100 x 100 mat;ix is dom;nated by accessiblé centres). 1In
this way, it is shown ghat.the relevént qg&essibility measure used in the
competing destinations model is sti%l a measure of the accessibility of

a destination to all other possible destinations and not simply éo those
used in the analyéi;. In the 100 x 100 interaction matrix, origins in

the Nérth-East have i\ﬁigh accessiﬁility to all possible centres in the

system (i.e., the U.S. city system) and to all other centres in the




the efflect of overall accessibility is difficuit to distinguish from the
effect o$raqalysis—5pecific accessibility. The 30 centres chosen for the T
second analysis include 24" centres in EHEPWestern'U.S.A. and 6 centres in

-

the North-East. Thege centres are déﬁote& by an asterisk in Table 7.1.
‘The North-Eastern origins haﬁe’low analysis-specific accessibilities but
high general aécessibilities.' The Western origins have high analysis-
specific adcessibilities bﬁt low general accessibilities. -&he results
of the gravity model callbratlons on the data indicate that the B values

f -
have the same spatial pattern as descrlbed for the 100 x 100 rnteractlon

.

matrix: 1arge negatlve Bi values are associated with Western fzigizfjﬁﬂaf»ﬁgiﬂ
Y e Y

small negative..or positive éi values are associated with origins in the 7
N.;. This iﬁdicates that in gravity models, ﬁi is determined by the : s
general accessibility of an origin to all destlnatlons, whether these
destinations are in the analysis or not

The summary results “of the model calibrations are glven in Tables

L\\ -
7.4 and 7.5. They are not discussed in detail since they simply reinforce

the conclusions from Tables 7.2 and 7.3. However, a few dlfferences in

L .
the two sets of tables are worth noting. 'The positive relationship

i - ~ . - N
between {MTLi} and {Bi} decreases when the competing destinations models
are calibrated, as opposed to increasing in the 100 x l?O example. - Thi's +

‘is because for the 30 x 30 matrix, the relationship between fMTL } dna

{B } is spurious due to a strong positive relatlonshlp be

een {MTLi} and

-—

{Ai}. hen the relationship between {B.} and {A.] Is reduced in the com- Q

b

. . ; '
{MTL } is also reduced. _ i . i

. | N -

'\\t‘peting destxnatlons models, the simple relatlonshlp befween {B } ang
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Olsson's hypothesis that Bi is less negative for larger origins

“is not supported in any model calibration using the 30 x 30 interaction

matrix. The correlation coefficient between {mi} and {éi} is insignificant
in every case.

As méntion‘ earlier, the bias ?n éhe parameterlestimates estimated
from the gravity models is reversed from the 100 x 100 matrix and is a
dbwnwards one since most of the origins are inaccessible. When the compe-

ting destinations models are calibrat;d,‘the mean Bi values™and the single

éi values generally become less negative. . R
In Table 7.5, three correlation coefficients are unexpectedly low:

‘those between -{B.} from*(7.7) and the {B }'s from (6.11), (7.10) and (6.16).
. . A : ’
It appears thatvthewparameter estimates from the competing destinations

. ) -
model given in A7.7) bear little resemblance to those derived from the

other competing destinations models. A partial explanation for this may
n :
be that the attractiveness variables, Z Ii' and mj, are inversely related
: i=1 .
to each other for interactions in the 30 x 30 matrix. If destination j

. m

is located in the West, f MIij is probably higher than average but mj
; i=1 .

is probably lower than average. If j is located in the North-East,

m . -
z I_j is probably lower than average bhut mj is probably .higher than (jj
i=1 * ’ :

average. This inverse relationship between the attractiveness variables
7.

. only. occurs because the 30 x 30 interaction matrix is an unusual one in

whigh very inaccessible centres predominate, but it does indicate the
s . . -

importance of correctly meaguring the attractiveness vagriable.

7.10 The Relationship between {0.} and {Bil
- L

destinations, as perceived by residents of origin i, is:
. v - : . .

]
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R n-2 o K
N A, =} m 4, °i , ! (7.17)
‘13 k=1 k- ik
(k#i, k#3)

where the notation is the same as that in Section 6.5. The preceding
section demonstrated that the addition of‘th%f variable to gravity models
improves the performance of these models. However, a problem in the calcu-

lation of Aij is the determination of the’ parameter Gi, which is a measure

of how important distapce is™jn determining the perception of accessibility

by residents of origin nce it would be difficult to obtain accurate

data on redidents' pefcept

One estimation mathod is' to assume that people's pergeption of distance
3 :

as a deterrent to interaction is equal to their perception of distance ‘\\
s

-

in determining aécessipility, that is, Si= Bi. Although both parameterg

are meaéures-of-fhe perception of distancé, tﬂere is no theoretical

justification for the two to be equal. A second‘approach is to assume - ’ ;//’—:?
that o, is equal fqr all origins and to.estimate this single value from (

prior knoyledge of the relaFionship between {Aij}.anﬁ Gi. Both approaches | .

were used to determine sets of accessibility measures and using each {Aij},

’

~

the production-constrained compeding destinations model given in (7.10)

was calibrated. To indicate tHe ielationship between {Ui} and {Bi}. a

. o s =2 :
‘goodness-of-fit statistic (Ri ), a measure of the variance of the para-

meter estimates (v}, and the mean parameter estipﬁggz?hil for each cali-

“bration are given in Table 7.6.

: ‘ A
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THE EFFECT OF VARYING {Si} ON CAISBRATION

.ai
0.00 v il
-0.26 v i
-0.59 » i
-0.86 v i
~1.00 wv i
-1.15 v i
-1.33 v i
~1.71 v i
éi'v1

> Yihen 6. = 0.00 v i, the model is vd

TABLE 7.6

2

W

1

.81
.82
.82
.81
.80
.78
.75
.68
.79

v-
52.2
46.9
37.5

33.6

30.2

31.6

2.5
6.6
38.0

RESULTS FOR (7.10}

éi
-0.93
-0.99
-1.03
-1.05
-1.07
-1.10
-1.12
-1l.16~
-1.09

similar to the egquivalent

gravity model given ;n (7.4) and the results given are for

this latter model.

The results indi;;EE/that the best estimates of di {(in terms of

e = 2 PP ~ : . .
maximising Ri and minimising v) .are obtained by setting Ui

= -1.0 for

all i. The goodness-of-fit of the model is reasonably high and the

variance of the parameter”estimates is at a minimum.

~

When 0. is set at

a less negative value, the;goodness—of—fit increases slightly but the

221

variance of the parameter estimates also.increases, making the model less

useful for prediction. When Ui is set at a more negative value, the

goodness-of-fit decreases and the variance of the parameter

S
estimates

3

increases slightly. Allowing Gi anc‘l'Bi to be estimated iteratively. does

e

not gppear to be a suitable method of obtaining accurate estimates of

invelved in the procedure.

*

®

éi' Only two iterations were carried through, however, due to the time



distribution of Aij around large destinations. When &i is zero,

222

The relationship between {Si} and {Aij} is demonstrated by
Fotheringham [1979]. The more neggative is ai . the more peaked ij the
/‘
the
distribution of Aij is virtuvally uniform. Thus, the relationship between
’ ’ /
I,. andhg,‘ is best described when A,, has a "moderately-peaked" distri-
i3 ij . ij -
bution, that is when o, = -1.0 for all i. ~This value of 8 s very
szmllar to the mean B values derived from the model cali ratlons although

.

s a general

more emplrlcal work is needéd to determine whether thisg
result or ong which is specifi c this data set. at is known, is that
the additiof of an accessibility variable as defined in {(7.17) relieves
thé mis-specification of éfévity models. Thus, it is recommended that
the accessibility va£iab1e be calibrated with 8. = -1.0 for all i and

although this defini O 1s somewhat|] subjective, it is no Jore subjective

than that of the other viriables p esent in the models.

.11 Concluding Comments

y )

The results gf the ﬁodel calibrations show conclusively that the
competing destiqétions mogéls given in (6.11), (7.7) and (7.10) are
superior interaction modelé to the éraVity models given in k1.33), {(7.1)
and (7.4). The latter modéls are mis—specifieé since they do not expli-
citly indicate that when.a destination becomes more accessible to 6ther
destinations, it becomes less attractive for intefaction, ceteris paribus.
It was also shown that under certain conditions the doubly-constrf}nedn
gravity model in (1.36). is correctly specified’and equivalent to the
doubly-constrained competing desg}nations model in (6.16). These condi-

- 31 .
tions are that each centre is both ag origin-and a destination; the
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number of centres between which interaction is measured is large; and that
. S .

0 b . 0
cri is constant for a@orlglns.

The mis-specification of gravity models causes the estimates of

distance-decay parameters obtained from these modelé to be biased by
spatial structure, so that they cannot be interpreted as measures of
inte;action behaviour. Accessible origins have parameter estimates that
are biased upwardé by spat%gl structure and inaccessible origins have

.

parameter estimates biased downwards by spatial structure. _.Conseguently,

‘the set of origin-specific distance-decay parameters resulting from a

gravity modei calibradion exhibits a{jtrong spatial pattern and a large.
L[4

variance, both of which are spurious. When a correctly-specified set

of interaction models, the set of competing destinations modeMs, is

calibrated(/;he fpatial structure bias in parameter estimates .is reduced

es can be considered\solely functions of interaction

s a result, the spatial pattern and variance of the origin-

beha&igur.

specific parﬁme er estimates are negligible. Thus, the estimated distance-

. decay parameters from gravity models are behaviourally meaningless and
" ;

are primarily' iodices of accessibility. The egtimates from competing

destinations models on thg:other hand can be int %preted as purely

behavioural measures of the perception of distadce as an impediment to

interaction. ¢

S~

~
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SUMMARY, IMPLICATIONS AND CONCLUSIONS

-

B.1 Summary . _ F

Three ways have been identified by which some measure of spatial
structure can be included in the estimates of distance-decay parapeters

when these estimates are derived from the calibration of gravity models.

In unconstrained gravity models, multicollinearity between the mass and

distance variables results in estimates of distance~decay parameters

which are not solely a measure of the'relationship between distance‘and *\ 3

)

interaction but are also a measure of the relationship between mass and
interactigh. In singly and doubly-constrained gravity models, distance-
decay pframeter estimates- are a function of the models' balanging factors

which are in turn functions of accessibility. These two spatial struc-

ture effects are mdae;—spgqific: the third spatial structure effect

v
BTN

identified is.a gener914dne which applies to all gravity models.
o ' o

N

Uncongtrained, singly-cohst ined and doubly-constrained gravity models

are mis-specified since théy-do not measure th relationship between
F
interaction and destination access;blllty a a destlnatlon beconFs

i
more accessibile to all other destlnat ons, itgbecoy es less attractive T ﬂ?
for interaction, ce;gnps paribus. his mis-specification results in
aistaﬁce-decay parameter estimates that are strongly biased by spatial
structure. Accessible origins have parameter estimates that are biésed

-

upwards by spatial structure and inaccessible origins have parameter

224 .
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sepﬁ of parameter estimates from each of the competing destinations
.

. 225

/"

" estimates that are biased downwards by spatial structure. A new, set of
. .4‘

B
-

interaction models (competing destinations mddelsr}is derived in

. .

Chapter Six and a-comparison of the calibration results from gravity - ‘ -

»”

and competing desﬁinations models demonstrqtés that the latter models

are correctly specified and have parameter estimates which are minimally

. : 2

biased by spatial ff:gzzrre.
£ .

The empirical analysis in Chapter Seven suggests that model
mis-specification is the main reason why distance-decay paraméters
estimated from gravity models are biased by spatial structure. There

is evidence, however, that the two model-specific spatial structure

—- .
—~— .

effects. may also be jmportant in some situations. The patterns of
origin-specific ﬁk;dgg;ers derived from the calibration of the competing

destinations ‘models indicate that accessible origins %p the Mid-West

Fl "

and North-East have slightly less negative parameter estimates than

other]origins. These patterns may be a reflection of actual interac-
. ‘ ]
tion behaviour with respect to distance, or they may be a result of

model-specific spatial structure effects: severe multicollinearity

between the distance and accessibility terms in the unconstrained
competing destinations model and Bi being a function of the origin

balancing factor in constrained models. Other evidence that fhese

model-specific spatial strusydre effects are importan - at the

. L
models are not always highly correlated with each other. It may be
. i B

-

that model-specific spatial structure effects are more severe and

a

parameter estimates more biased by spatial structure in one model

-

palibration.thaﬁ\én another. (j’ -
o i . ’\é
»——~—-‘\. . .
( A M . -



8.2 Implications ENY
fmplications I8

Es 'mgtes of di§t&nce%@ec§y parameters obtained from present

};teractﬂnlmodels iﬁe primarily indices of accessibility and are

behaviourally meaningless. Thig\fsffkfii/ééaéral implications. The

use of such pdrameters, for example, as descriptive statistics of inter-
éﬁ;ion behavigqur is misl}eading. “If origin-specific distance-decay
: . .

parameters are obtained by the calibration of a gravity model, little

information is conveyed by these parameters that is not already known.

The parameter estimates simply reflect which origins are accessible
and which are inaccessible.\iThé spatial variation of parameter esti-

mates is a result of varying spatial structure and it has little or

nothing to do with varying interaction behaviour. Empirical studies

which discuss the spatial variation of parameter estimates in terms of
bl >~
varying interaction behaviour (see Section 1.5) are misleading. Excep

~

when spatial structure is constant,\\information can only be gained on

~

the perception of distance as a deterrent to interaction when estimates
of distance-decay paramete;s are obtained from the calib;aiﬁxﬁ(i;;\\\;_/
competing d;étiﬁﬁ%ions médels. Obviously, whén spatial structure is
constant; vari;tions in gfavity model estimates can be att;ibuted to
variations i{ behaviour. For example, when parameter estimates froq
different population cohorts are compared over the same spatial
étructure (Stillwell [i97%gp1978]), or when pa ameter_eétimateé for

o

different modes of interaction are compared the same spatial

structure (Alcaly [1967]), variatiqn in tqeﬁ imates is a result of
bN h ~-
different perceptions of distance as 'a deterrent te interaction.
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3

Ve

. .

predict interactions;én spatial syst

Studies which have compared estimates of distance-decay para-
meters through timg are also suspect. Since spatéal structure is likely
to vary over time, distance- -decay parameter estlmates will vary even if
the perception of distance as a deterrent to interaction remains constant.
For example, a géneral finding from investigaiions of the temporal: .

. L
stability of distance-decay parameters is that Bi becomes less negative« s

g X

over time (inter alia, Hage}strand [1957]). Since these estimates are
= -

derived from gravity models, it is impossible to determine whether the

increase in Bi over time is due to increased acces ibility or due to

A major implication of the findings in this thesis concerns

varying perceptions of distance.

(

t?f prediction of interactions. Two types of prediction can be consi-
dered. One occurs when a spati ihteraction model “ks calibrated on a

*
- .

spatial system whe{shjnteraction data are known and then it is uséd to
.

.-,

s where such data are not~ava11able.

The secend occurs when

the change in sgstgél structure is a mahro cne.

a spatial interaction modél iscaélbrated in a spatial system and then

is used to predlct Lnteractlons in the same system given a change in

~

the spatial structure of Fhe system: thé chénge in spSLial structure
is a micro one.. The parameters of the calibrated model are assumed to
remain “ohekant in both cases but this }h951s has shown that distance-
—

decay parameters de}zved from gravity models will not be constant when
there is a chan;;w;n spatial(F:;SCture. Consequently, there will be
misleading predictions of in;eraction resulting from-the use of gravity
models or similar misfspecifiéd interagggon mo@gls. Southworth [;%?O]
indicates the magnitude of the eiror;'in predictioq,%hich result from

| ‘ i

//,a . .
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mistakenly assuming parameter estlmatgs to be constant when %\ere is
. 1 i:
variation in spatial structure. The errors in assuming constant’ (:
. an ,
. : e . .
distance-decay parameters when there ar£ mdcre changes in spatial N

1

ructure are evident in the results of the gravity model calibrations

) ' r
in Chapter Seven (for example, if Seattle's pafameter estimate was

-
v

assumed to equal Bosteon's). The erfors in assuming constant distance-

decay parameters when there are micr chaﬁges in(?patial structure e
. . A
ﬁn*“\\i also quite evident. Consider shopping trips in tﬁi.spatial syste
“&iven in Figures 8.la and 8.1b. In each spatial system, the perception _ p

of distance as a deterrent to interaction and the attractiveness of .

destinations are assumed to be constant over space.

1

FIGURE 8.1: Two Urban Spatial Systems

A -
' [ ] Legend:
(a) = . ’
. ‘ -" @ Residential

. ’ A ’ arda

- i . , & Shopping

\)/. { . ) . R plaza

A .

e 3 .

9

1Southworth's results concern the temporal instability of distance-
decay parameter estimates. When 1962 estimates are used to forecast
1971 interactions, the errors in prediction are approximately two to
three times larger than when 1971 estimates are used.
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N L
e
FIGURE #=T¢ Twd, Urban Spatial Systems k. )
L <~
(b) 2 ’
‘. e 2 L. Legenﬁ:
A ® Residential
’ . . area
A . A Shopping
1@ ] plaza
. .
®3 . *

¢

In Figure 8.1la, the akcessibilities of each residential area to,

the three shopping plazas (Ai are rankéd A2 > Al > AB. Following the =/

analysis- in Chapter Six, if an rigin-specific gravity model were cali-

brgpéﬂ\in this system, the dist;kge-decay parameter estimates would be
S P .

. Suppose a new shopping plaza is- located in close

- - -
> >
?anked 82 _Bl 83
proximity to origin l.so that the new origin accessibilities (Al') are
ranked Al' > Az"> A3'. The spatial structure of this system is given {

r

"in Figufe 8.1b. If a gravity model were calibrated for this systgm,

the ranking of the distance-decay parameter estimates (Bi') would be

~ -~

Bl' > 82' > 33' and thus predicting interactions-using the original

~

parameters él' B

2 and éB would give miéleading fésults./qs?nsider,

for example, interactions from origin 1. The relationship.between

L

interaction and distance for the spatial systems given in Figures 8.la ..
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FIGURE 8.2: Distance~Interaction Relationships for Origin 1
in Figure 8.1. -

ij

(Figure 8.1b)

(Figure 8.la)

ij

The di§né?ce-interqction rélationship indicated by the gradient
él is the prediction of the "true" distance-interaction relationship
described by B;'. It is evident that if Bl is assuméd to be a constant

even though there is a change in spatial structure, misleading predic-

tions result. Short distance interactions would be over-predicted

while long distance interactions would be under-predicted. The two-

. . a

stage decision-making behaviour destribed in. Chapter Six indicates that
§ . ) ‘ .
no-matter how many shopping plazas are located in close proximity to

.

Origin 1, there will always be some residents of that origin who will

shop in distance plazas. The remaining proportion cf the residents

B



‘el

f'productlon-constralned grav1ty model is, used to.p{\?lct the distri-

{ - a3

- : s . }\

who shop in close prox mity will be divided between the increasing

number of such opportuniti€s @ the number of interactions/terminating

R

A competimy destinations model would reflect changes in spatial

at each specific destination¥will decrease.

structure and their effects on interaction p ‘terns through changes in
)

the model's -iables_rather than through changels in the model's para-
metérs. The parameters would remain constant since the’ behavioural

relationship between interaction and distance remains congtant -

.

_interaction patterns change sclely because of changes in spatial struc-

ture. Consequently, the poor predictive performance,of conventional -

spatlal 1nteractlon models can be attributed -to t@/,sejflous patial

variation of parameter es;E?ates result1 from odef’mlsf ecification -
9
and not because of, as Hyman and Gleave [1976] conc e, the existence

of intrinsically dlfferent spatlal behav1our. ' Z

' It is not only simple gravity models that will produce mislead-

ing predictions when B is aséuAed to be invariant t$ chdnges in spatial
- *

r
.

structure. Any multi-equation model which incorpofates a gravity model

v

will produce’ suspect réshlts, and especially i e gravity model is’
‘t_. .,_' . - s -

used in én'itérativerbroéedure. An éxample of such a mis-use 6f-

gravity modeis is the Lohry model (Lowry [1964]} which forms the basis
for most urban land use modelling (see, inter alia, Batty [1972]).
In the Lowrylmodel, é'is predetermined and assumed to bé constant.
An attractlon-constrglned gravity model is Rsed to‘pkjdlct the dlstrl—
bution 7;’ ;;::EIaI"populatlon within an urban system and a

bution of retail employment. Both models are used iterainefy until

>

et
R

[



~included in Rushton's analysis. . -
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B

L

the convergence of each disttribution i's achieved. Consequently, ghe

Fl

errors in assuming B tq be invariant to the changes in spatial strdbf
ture which are an integral part of the model, are compounded and this
produces potentially large errors in prediction.

A-final implication of these results concerns other types of
spatiql-intefaction modelling such as Rushton's revéaied space pre-
‘ ' o\

ference (Rushton [1969]) 'and logit modelling (Domencich and McFadden

[1975]). Ax}}}&;patial interaction model which 'does not measure or

account for the‘relatiénship between the accessibility of a destination
! ~ 4 -’

_and interaction to that destination will be mis-specified and‘will give:

. - R A oo . t '
suspect results. In the case of Rushton's work wﬁé{g aly possible

[ v .

‘destinatiphs are ranked in order to preference using the criteria of

-
size rand distance td the ‘destination, twe errors are made. The first

: ST

is that individuals do not ccnsider and rank all destinations. General

locations, subjectively defined by the individual, are compared, and
once a general location is chosen, specific destinations within that

general area are considered and ranked in order of preference.- The

7

second, which is related, is that an important criterion in deterﬁf%%é:
ing the attfqetiveness of a destinatien for interaction is the acces-

sibility of the destination to all other destinations but this is not

»

Similary, logit models which are used to analyse interaction
atterns and which do not explicitly measure the relationship between

interaction and destination accessibility are mis-specified. The

.

relationship between distance and interaction is not aizsured accurately

in such models since the distance-decay paraneter estimate is biased b§
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;ﬂ‘,/’;%is statement is verified in several ways in this thesis and a new
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-~ _ .

' - - - o i . -
- spatial structure in the same manner as gravity model parameter estimates.

. p
8.3 Conclusions

Sayer [1976, p. 227] stéées,_on the basis urry's [1972]
earlier analysis, that: ) . \
! . N . } .
"parameters in gravity mode¥s are nothing more than abstract

spatial statistics of very limited substantive meaning."
= : ~

.

©

set of interachion models is derived whose parameter estimates do not
- . . < .
suffer such/ggiticism. The interpretation of distance-decay parameters
o - ) :
is shown to be suspect when the parameters are estimated from any

interéét%gp model other than a compeéeting destinatd model’ peting
. *y : -
destinations models are correctly specified interaction models since

they take into account the‘reiationship between the accessibility of
4 destination and the volume of interaction terminating at that des-

tination. Distance-decay pargmeter estimates derived from competing

destinations models Areaﬁirtually invariant to chénges in spatial .

~structure, which is a property that makes the models vét& useful for

~ ) a .
prediction. Gravity models, on the other hand, are mis-specified inter-
action models since they ignore the relationship between destination
accessibility and interaction. This mis-specification results in

parameter estimates being a function of spatial structure and renders N

. .

the models less useful for prediction. The calibration of any spatial

interéction model which does not explicitly include a distance Variable

and a-competing destinations valliable, produces parageter estimates

which are Séhaviouraliy meaningless and predictively useless.

i
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+ APPENDIX I
THE DERIVATION OF EQUATIONS (2.39) and (2.40) )
. "

g

The simultaneous equation system given in (2.37) and (2.38) 'is:

I * = o, *+y, m*+ B, A %+ ¥ (I.1)
1] 1 i3 «~ 1. 13 )
n n .
B - m.* = &% + A z I,.%+ ¢ z m* + v * . (I.2)
& " j=1 i=1 * J ‘
Substituting (I.1) into {I.2) and expanding gives:
r
: n o, n n n
m.* = &* 4+ A Z o, + A m, Z' Y + X Z,B- d..* + A Z £, .*
2 i=1 7t Ji=1 =1+ M i=1
n * iy .
+ v * . - (I.3)
K + ¢ z mi 3 . i *
il o ‘
-
Define, ~
n . n
o = 6*+A{ai*+¢{mi* . (1.4)
i=1 1=1 2 :
and substitute into (I.3) and rearrange: '
n - n . n
m* (L -AJy) = 0+XJB. d . *+r]e *+ ,  {1.9)
3j . 1 . 1 ij .
Ci=1 i=1 i=
Define,
b1 n .
w = 1-ALY (1.6}
. i
i=1
and substitute into (I.5) and rearrange:
n
ni.*=—2—+)‘TZ B, d,.* + s (1.7) .
] . =1 * Y
~ s 234
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-
which can be rewritten as:
. ) .
n
m* = C+0Dj B, d _*+E, (1.8)
j j=p I 3, ,
~which is (2.40). Substituting (I.8) into (I.l) gives (2.39).
f
4
r
- -]
S
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APPENDIX II

THE DERIVATION OF EQUATION (5.2)

Equation (5.1) is written as:

B,
\\i . 0; Dy dik i
ik  n 3 (I1.1)
.z Dj dij i
j=1
(=3
\Begine. )
w = 0; Dy dip (11.2) /
and then, - )
N
Ju - © Bi-l
= B, 0, D 4, "% . (rr.3)
adik i i 55/ ik
Define,
4 n ;.
v = §{p,d,+* {11.4)
and then, .
v . _ & . -éi—l -4
sa. - By Pk dix . [T
ik |
J
. : -
Hence, by the quotient rule of derivativks,
n ol ~ 2 A
. Bi 3 B4 - Bi B;-1
21 1 Dy 445 i B, 05 Dgdit - O3 Dk dik - By Dy dig i
k - 3=1 .
3d "n - '
ik Bi,2
(-Z ®5 dij :
3=1 (I1.6) .

which‘gg)rearraﬁéing the numerator gives (5.2)

236
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and then, ' . vi:) ‘ \_\\
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APPENDIX III

THE DERIVATION OF EQUATION (5.6)

"

Equation (5.3) is written as:

. Bl Oi D& dlk
T3k .
ad. n
ik
(- 1
j=
Define,
A n
c, = B0 D ;
. j=1
) j#k
so that,
Bi—l
Tik S %k )
3d n - ~ )
e (T, a2
A
Define,
B
= l
uos G dgy
and then, -
du (3 . 5 _ él—z
9d.. (B; - 1) €, a4y :
ik . :
.
Definef'. .
. n -
v = ( z D, d .Bi)2

(IIT.1)

111353)

{III.3)

(III.4)

(IT1.5)

(III.6)

(III.7)



so that (ITII.9) can be rewritten as:

238
Hence, by the quofient rule of derivatives,: \
- . i
n - = T, s n ot
. - .-2 -1 -
425 ( ] D, d..Bl)z.(Bj-l)C. d.ksl - c, diksl .28, d.kel 1,{ n.a,.’
ik _ 3=1 3 i3] L\\ i i i . i =1 3 i3
2 : no g
355 . (b, a Bt
: j=1 : o (111.8)
S T AT a
i _ it : i-
ci[(éle d;y H (B - 1y T 2B, DA ]
_ 3 . (II1.9)
n é 3 :
& - (] p,da."h
j=1 J J
Now,
. : .
A, = JypD.4 .1, . =+ (II1.10)
i 421 3 713
. 2
H
) o, p 4 kBi
I, = = , (II1.11)
-1k n é
. 1D, a. .t
j=l ] 1] -
and, -
. n P :
= i J
c; B, 0, O, 1 Dy 4, . (II1.12)
. =1 )
J#k _ -

\ .

-

~

. 22 D Bir 2 5 By, 9 -
1 S501) - i
B 4k Tk .El D, 4, (A (8= a1) - 2B, Dy 4y, 7] bl\‘_J, “

3
321, . oo
_ 12 = 37k . , {IIT.13)
sy ) : a2 ‘
1 -
which is equivalent to,
2- a2 -2 . Bi\ (a. 8. - - 28 By
Ty Baly Gy B T D A D By - By - 285 By iy rrnaaa
2 . .
e A e

and which, on dividing through by Aiz and rearrahging,-gives (5.6). y
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THE NECESSARY AND SUFFICIENT CONDITIONS FOR THE SECOND DERIVATIVE
OF PREDICTED INTERACTIONS WITH RESPECT TO _DISTANCE BEING POSITIVE
IN\A PRODUCTICON-CONSTRAINED INTERACTION MODEL

~
From (5.6) the relevant derivative is:
2+ " By . B
371, p,_d, i . . D 4, 'i
ke - _B I a. Pa-X3E -8 s X2y (v
2 i Tik ik A, - i i A,
ad. : i i
ik
: - -2 - Dy dikslf aziik
ince > > - - ' i
Since, Iik Q, dik - o, Bi >0, 1 A \>O, > > 0 iff,
i Bd.k
. i
1.
. D ,kBi
(1 -8, +28 =25 >0, (Iv.2)
i i .
i -
L] (\
\:—\—
¢
¢ ¢
or equivalently! 1S
rd 7 . é *
D, g, i
~ ~ i i . Iv.3
-1_3i>_23i_1_i_L o (1v.3)
i . g
Define, . -
. N \'-' . - .
™~ n B, _ .
A, =) D.a,.t .. R4 T (Iv.4)
lf’:'j=l j i .

. | . l .’ 23é . - \O
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and then the ineqﬁality can be QQQ}iEgiz_ifi/>

By (1IV.5) <N

L——\,J‘\

n ~ .
= ~ Bi B -
- . +D d 1 - . D 4,
P (1 Bi)(jzl %3 45 o ) > - 28D dg
i#k &
\ )
or ‘ .
- - . /
~ n By ~ Bi (U
(1-8) ] D,d_ *t>(-1-8.)0Dp 4, (Iv .6)
i’ j i3 i’ "k ik .
3=1
7k
on transforminag this become$ (//

) P

(B, + 1)D, 4, Bi (8. - 1) Z D."d(..Bl / (Iv.7)
i k ik 1 =1 j 1) . -

) _ « ik

which is the condition given in Section /5.2.

oot - > R n .
Alternatively, if (B, + 1) D d, 81 . (B, - 1) z D. d..Bl_a
1 k ik i =1 S
) ¥k
‘ 3?1,
- u/ . ik
B. must be greater than zefo if > 0.
1. i 3a, 2 .
: ik \ .
AN ' '\w
[ ¥ - '
‘\_J [N ¢ . ! ‘v
0‘
v ’
7 -
,—-’i '
’/ -
// {’ .
. _ @
- ™~ g Y e
/ T
e J , 4
o _ _
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- \APPENDIX V

A DISCUSSION ON THE APPARENT ;\ SISTENCY |BETWEEN THE PREDICTION
FROM A PRODUCTION-CONSTRAINED GRAVITY DEL IN CHAPTER SIX
AND THE RESULTS OF THE ANALYSIS IN CHAPTER FIVE

- In Chapter Five it was shown that if éi were a constgnt for all
origins, the derivative of predicted interactions wiéh respect to dis-
tance, in a production-constrained éra&ity model, would vééy betweeen
origins due to differences in accessibility. In Chapter Six, it ;as
shown for tﬁe same model, that if éi were a constant for all origins,

the ratic of interaction with one destination to interaction with

another would be constant regardless of the spatial structure of des-

< .

tinations. The two results appear contradictory although they are in
%acy complementary. The relationship between the two results can be

seen by reference to an example.

In Figure 6.1, following the analysis gj/eﬁapter Five, let Dl

-~
approximate an "average" destination and then the ratio of predicted

A ~ - . . R
interaction to D1 when dil = 1, to predicted interaction to Dl when
R A
dil = 2 would increase as i became more accessible. Following the
analysis in Chapter Six, the ratiQ!of predicted interaftion terminating
——— K g .

‘i A
at a destination one unit from i, to that terminating at a destination

- .
two units away, would remain constant regardless of the accessibility’

N . '
.of the origin. The two results are not incompatible. 1In the analysis

of Chapter Five, Ghen‘é}i;f\Z} there is no longer a destination at one

. . . T . , . .
unit-from i. In Chapter Six, when the volume of interaction tesminating

D .

241

I




~NA

=N

242

at a destination two units from i is measured, there is a destination

one unit from-'i. The decrease in interaction teo this destination would

be greater in the, spétial system given 'in Figure 6.la where i is acces-

since two other destinations are now closer to i than Dl. In
Figure 6.1b, there would be a smaller decrease jn the interaction to

% since it would éj:ill be, with D

1 Y the closest destination to i.

y

A}
Thus, the rate at which Iil decreases as dj_l increases, is greater &

(}when i is accessible. This is the conclusion from the analysis in
y . [ ™

. i
.JChapter Five also. N
s ‘r » '*,A

. p, | ,
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APPENDIX Vi

)
00100=% —
00110=x% CALIEBRATION OF AN ORIGIN-SPECIFIC,IOUDLY-
00120=x% CONSTRAINED SPATIAL INTERACTION MOLEL
Q00130=% ] ) '
00140=x - N 4 . A. STEWART rOTHFhIVFHﬁH
. 00150=x '

CO160=%IKFUTS .+  INTERACTION HQTRIX(INTFUL) . . .

00170= *ooooooooaoDIQTANCC MATRIX(R“IJ)
..........DRIGIN AND DESTﬁNn1IDN FLOM TOTGLQ(TDTQLS) ‘

g%fggcﬁ\\}v - ' \\\\ \ ’
0210=X0UTNUTS .. A( Y2 B(I)PBETACI) fORIGIN~SIECIFIC R¥x2-9
00220=x% :

Q0230=XTHIS PRUGPA S SET TO REAL O(I)=SUMJTIJ ANT a

00240=x D(J)=SUHITII .

00250=x%

OOEéO=$#ﬂ§:§::IBRATION FROCEDURE IS 1Q& ORDER ITERATION. SEE BATTY

00270=%+ RJEKIE(ERF,1772), THIS IS THOWGHT .TO LE A FASTER PROCEDURE
002B0=*THANNREWTON-RAFHSON WHEN THERE IS\ALARGE NUMERER 0OF ZONES.
00290=XTHE TIME TAKEN TO COMFUTE AN INVERSE MATRIX OF DERIVATIVES
00300=XFOR THE N-R METHOD INCREASES RARIHLY AS THE NUMEE]
00310=%ZONES INCREASES f~/5‘5k\\§\

T %

00320=x
00330=x : .

00340= . PROGRAM MAXLE(QUTFUTyMTL rTAFES= MTLrTUTﬁL¢:TAFE7 TOTALS
003G0= 4 ;ROTJs TAFEB=RDIJs INTFUL TAFEL1= INTFUL:ALC;TAFEI”»ACC)
00IA=X

00370=KUORKING WITH 100%100 MATRIX : : _
00380=%.. ' "
00390= DIMENSION PAPA(lOO)ruPPED(lOO)vPﬁEEYlOO);F(1001vDERIU(100)
00400 +7,100100) yII(100),80RS(100) s ERRORC100) .
00420=  DIMENSION INT(100),RINT(100)sSTAT(100) o
00425= DIMENSION IACC(100) . ¢

00430= - COMMON DIS(100,10C),AC100),TC100),UUC100) ,WW(100) +E(100)
00435 COMMON nccc100) :

00450=% - . :

“00460=%N IS THE NUMBER OF UR?Q‘%B o

00470=%S IS A SENSITIVITY FARAMETER WHICH LQTERMIN 5~ HOW G

00480=XT0 THE ACTUAL MTL WE GET - ,%é ,

00490=%LIMIT IS THE NUMECR OF ITERATIONS UF THE CALIGRAT FROCEDURE

00500=%ASOBS IS THE AVERAGE MTL IN THE WHOLD SYSTEM. IT 19®NOT
00S10=¥NEEDED HERE BUT IS UEEL IN CALCULATING AN AVERAGE KETA
00520=%FOR THE SYSTEM v '

. ’ . ‘ ‘ -
— e Cz’ -

© 243

™~
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.004670=% PARA(I) IS5 BETA(I)

| 00920= 17 CONTINUE

-
t
.

N 244
00530=% - .
00540=_ - N=100 .
00550= 5=,001
00560= LIMIT=50
00570= READI(A91)ASORS
00580= 1 FORMAT(F12.,5) /
005920=%

00460Q07%S0RS ARE THE DRIGIN SPECIFIC HMTLS
00610=X

00620= READ(é-”)(SOBS(I)yI er) “
00630= ~ 2 FORMAT(SF1i2,5) - g
00640=xX '

00650=x SET ALL THE B(J)’S TD 1.0 ON FIRST ITERATION
00660=% STAT(I) IS THE. DIFFERENCE BE1NEEN ACTUAL ANDI FREDICTEL MTL‘S

0046B0=%
00690= & L0 10 I=1sN

00700= RB(I)=1.0 ‘

00710= - STAT(I)=1.0

00720= -~ FARA(I)=1.0

00730=x% J :

00740=% DIS(I:J)\Is—THE DISTANCE MATRIX

Q0750=%

09760= READ(B:4)(DIS(IvJ)rJ 1yN)

00770= 10 COMNFINUE

00780: A GEEAT(16F5.0)

00790=

ooaoo—}J (T9IS THE ROW FLOW TOTAL OF I . :

100810=x ZI'(J) IS THE COLUMN FLOW TOTAL OF J @ ' ‘ ' .
00820=% . o . s

0 REAI! (IOCI) rI=1,N) : NG —
00840= READC7ySICIDCJ) s d=1,N) : _ ' - ff\\f
00850= NG 17 J=1, o ’ 7
00855= READ(12,34) \IACC(J) * ' '

00856= ACC(JY=FLOAY(IACC(J)) T, ' -
00857= : JRCC () =ACC (1)} 10000, 0 T T ' /
00858= 4 FORMAf(IlO)r e c . -
00840=X : . ' :

00870=%" UU(J) 'IS NOW D(J) ’ ‘5

008B0=X WW(I) IS NOW O(I). :

00890=X - . _ .

00900= UUCJ)=FLOAT (1BY))

00910= WW(J)=FLOATS0(J))

00915= - UUCDI=UULC D) Z7ACEC )

00930= 5 FORMAT(5I10)
00940=% R R A

00950=% KK IS A COUNTER OF THE CALIRRATION ITERATLONS
00960=% :

00970= KK=0
20980= 999 CONTINUE
20990= KK=KK+1 - |

21000=%



-

-

01480= J END

- - . o . . !

e\

01010=% THC SUHRDUTI D?HONEL CALCULATES ACIY AND IN(J) aND ThHE _
01020=% FRELICTED MTL{T) (SFRED) GIVEN THE- CURRENT INFORMATION -

01030=% . , . N
01040= CaLL HDDEL(N;SySTATvPARArSPREH)

01050=x% '

010460=% FIRST ORDER ITERATION TO nEPIU&fﬁFu BETACT) ‘S
04070=%

01080= 0 40 I=1sN -

01090= STAT(I)=S0RS(I)Y-SFREDNCI)

01100= PARA(I)—PARA(I)*(SFRED(I)/SDBS(I))
01110= 40 CONTINUE .

01120= IF(KK.LT.LIMIT)G30 TOD 999

01130= WRITE 880 =

01140= 880 FORMAT (///3X4 7H URIGIN:BXr4Hﬁ(I)y11Xy4HH(J)yBXy?HHFTA(I)r
01150= +8X»3HRS5Q/ /)

04470= STOF - . : .

01160=*L\\Hy : o
01170=¥\ DERIVE THE ORIGIN-SFECIFIC R¥XK2°5
01180= IO 700 I=1sN -
01190= READN(11,702)(I JYrd=1r0)
. 01200= 702 FORMAT(1018) . ) o :
01210= RSUM=0.0 ' , .
01220= » RSUMI=0.0 -
01230= RMEAN=0,0 -
01240= * TMEAN=C,0 :
01250= TSUMI=0,0
01260= « KKK=0 . -
01270= DO 703 J=1iN" :
. 01280= IF(DIS(Isd) LT,.260.0) GO TO 703 -
01290= TCII=ACIIKECIIRWW (D) XUUCII KIIS Ty J)KKC~FARACT S )
?§00= RKK=KKK+1 - | .
310= RINT{JY=FLOATCINT(J)) - )
01320= - RMEAN=RMEAN+RINT (J) . : ‘
01330= - TMEAN=THEAN+T(J) L ) :
01340= 703 CONTINUE : : e
01350= THEAN=TMEAN/KKK =~ .~ *
01340= RMEAN=RMEAN/KKK ) - L
01370= D0 704 J=1»N - BN Eﬁ_
01380= IF(DIS(Iy).LT.160.0) GO TG 704 /
01390= - RSUM=RSUM+ (T (J) TMEAN)*(PINT(J)jﬁﬁEAN) - e
01400= M._’ry‘gg,!f};ﬁ?gLmI+(RINT(J) ~RMEAN) XX2 . —
01410= UMI=TSUMI+(T(J)-TMEAN) %%2 - . .
01420= 704 CONTINUE .
01430= RSQ= (RSUM/(RSUHI*TSUMI)**.u)*#”'z -
01440= . WRITE 890yI+ACI) RB(I)sPARACT) »REQ’ : oo
01450= 890 FORMAT(6XsI313X,F14. 10.3x,F14.:,3x,F9.u,4x,Fu.3) '
01440= 700 CONTINUE « ,

AN



01490=
01500=
01510=
01520=
01530=
01535=
01540=
01550=
01560=

01570=

01580=
01590=
- 01600=
01610=
01620=
01630=
01640=
01650=
01660=
01670=
01680=

01690=.

01700=
01710=
01720=
01730=
01740=

01750= -

01740=
01770=
01780=
01790=

01800= .

' 01810=
01820=
01§30=
01840=
01850=
01840=
01870=
01880=
018%0=
01900=

01910= .

01920=

. S 246

SULRGUTINE MODEL (NyS»STAT:FARA,PHED)
DIMENSION FARA(100) rSFREN(100) »PRENC100),F(100)
DIMENSION STAT(100)
COMMON DIS(100,100)rAC100),T¢100);
COMMON E(¢100) , )
COMMON ACC(100) t - Gf
55=5.0 ) ~ :

ABA=0.0, : t

00 717 1= 1:N . . :

IF(ABS(STAT(IB) LT.S) 60 TO M7 _ )

B(I)=1.,0 ~ )
ACTY=0,0
DO 712 J=1,N .
IF(DIS(I,J).LT.160.0) GO TO712 .
ACTY=ACT) HEC Y KU KDTIS Ty D KX (~FARACT )

(100) s WW (100D

.
(4]
2]

- N r

712

CONTINUE
ACI)=1,0/ACL)
717 GCONTINUE o _ >
DO 711, I=17N \ .
IF{ABS(STATCI)) AT.S) GO TO 711 PRy — -
B(1)=0.0 . _ L .

711

.
e

D0 713 J=1sN .

BCI)=BCIHAC) KU (D KOTS (15 D) KK (-FARACIY) | 3
713 CONTINUE » -

CONTINUE /_\ ¢ : ' o F

AAA=AAA+1 .0 ~ ~ : e

IO 1000 I=1sN- .

IF (ABS(STAT(I)).LT.5Y GO 701000 .

D0 1030 J=1yN

IFCDIS(I+J),LT.160:0)60 TO 1

DISCIyJ)=ALOGCDIS(Ird)) . -

SUM=SUM4T (J) - : LT

DISCIs A=EXF(DIS(Ird)) | L '
1030 CONTINUE j?ﬂ N . .

~CONTINUE . S .

RETURN '

IF(BIS(IyJ).LT.160,0) GO TO 713 -
B(I)=ACC(I}/B(I)
IF (AAA.LT.SS) GO TD 555
SUM=0,0 ° . ] _ : ;f”h ~Y o
SUMI=0.0 . . p - .
TCd)=ACTYKE (3 kWU T KUU G KITSNT » J) S0k C~FARACT))
© SUMI=SUMI+T(JIXDIS(I,J)  ° | .
PRED () =5UNI/SUM
. ENI

1000




. 00330= 0 17 J=1,N -
00540= UUC =FLOAT(ID(D) )

- F
VA -
S " APPENDIX VII
: _ Ve
00100=H‘i . o . - .
00110=% . TALITRATION OF A SINGLY -COMNSTFRAINLD -
0C120=% - - COMFETING HESTINHTIDNSIHUUEL
Q0130=X
001-10.-'-'& ASTFOTHERINGHAM
00150=%x .-

OQT&O?* TOR FULL COMMENTS ON THIS FROGRAM REFEK TO ACDUE OR NEWDUE
00170=% FROGEANS FOR CALIBRATING DOURLY-CONSTRATHED HOLCLS. THE
OQIBO:*COHH 1TSS GIVEN HERE -ARE SFECIFIC TO THIG FROGRAN.

00190=%

00200=% : , ’ ‘ -

0C210= FROGRAM MAXLECOUTFUT yMTI» TAPES=HTLy TOTALSy TAPEZTOTALS
T Q0220= T ROIJTAPEQ=ROIJPPAPy TAMER? =100y ACCy TAFPE10=NCCy TNTF UL »
00230= +TAFE1L1=INTFUL)

00240= . DIMENSIO FaRA(100) € rhrn<100>,rn[n\10)),r(1wu,,n|“Iuc1go)
Huns0= +yI0CL yINIC100) ¢S Oﬂﬁ(too),thUIKlOO)

00n80=" DIMENGION STAT(100)

09270= ~DIMENJIU! INTO rIRINT(100)

00230= - DI? SI0ON IACCCLON»NCCCL00) B

00290= . COWMON ﬂI (100,10 rACLIO0Y s TCLOOY s HEICI00) , WWLLOH0)
00300= ., N=100 : B ‘
00310= 5=.001 ’ T

00320=% 8 IS THE CONVERGENCE LIMIT FOR THE FARAAETIR IbTThﬁ’lﬂg
00330=%I.E. DIFFCRENCE BOTUWEEMN NEW AND MREVIOUS USTIMATED.

00340= 1=160.0 _

00350%% [ IS5 THE ESTIMNATCD CUT-OFF LISTANCE BELGW WIICH ATRL TN
00360=% INTERACTIONS ARE SURSTITUTED IY OTHLER FORIS -OF (HIERACTIGN.
00370= LINIT=5 . ‘ '

63S0=% LIMIT IS THE MAXIMUM NUMECR OF ITCRATIONG OF THE HUWITON -
00370=% RAFHSON CALILRATION FROCENUKE~GEE RATTY AND MACKIEC(EAr 197

00400= REALICS» 1) ASORS : -
00410= 1 FORMAT(F12.5) - N o
4802 CREADC6y2) CSORS(T)I=1, M) ~ (i\ﬁa
00430= 2 FORHAT(BF12.5) - ‘ , NN
00440= _ o 10 I=1+N - ’ ¥
00450=  STAT(I)=1.0 o : - -

GCAb0= FARACI)=1,0

00470= REAT(Br4) (HIGCT,d) rJ=1sN)

" 00ABO= 10 CONTINUE

00490=_ 4 FORMAT(1&4F5,0) .

'ﬁosoo: READ(795) (I0CT) yT=1,N)
00 10= READCD? 26 CID 0y p J=1,N)

60520= REALI(1057) (TACCKI) ¥ J=1 /)

o
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10550=
€0560=
)0570=
y0580=
S70=
YO&L00=
106162
JOAH20=
)04630=
JO&HA0=
20650=
10660=
#3067 0=
2046B80=
204690=
20700=
J0710=
J0720=
20730=
20740=
30750=

\,

\

~3 O N

el
~J
Rl

40

70

20760=-

20770=
50780=
06790=
00800=
00810=

J0820=

20830=
208340=
QUGa0=
208460=
o0370=
J0850=
00390=
00%00=
00710=
00920=
009230=
00940=

702 -

JTRG0="

00?60=
Q0?70=
00980=
00990=

. 01000=
01010=
01020=

ACCC)=FLOAT(IACE (D))
UUCH)=(1/aCC () »%UUCh \
WD) =FLOAT(IOCU))

CONTINUE

FORMAT(STI10)

FORMAT(BI10)

FORMAT(I10)
AINC=1,0/EXF(20.)
KK=0

CONTINUE .
RiK=KK+1 ' i
CalLl MODEL(N S DIsSTATFARALSTREDD
00 40 I=1,N
STAT(I)Y=80RS{I1)-SFPREDLTI)
CONTINUE

Do 70 L=1y+H

F L) =FARA(L)

F(LY=F(L)+AINC

CONTINUE ]

CALL WQDEL(NPJ!D!STAT!F:IRLﬂ)
D0 50 I=1»HN
IFCARSISTAT(I))LT.S)Y GO TO 30
DERIV(IY=(SPREDCI)-PREDCI) ) /NINC
FERIV(IY=1,0/0ERIV(I)

CDNTINUE
g 80 I=1+N

IFMARS{STATCIN ) LLT.SY GO 70 80
ERRONCINI=0.0 0

ERROR(IY=ERROR(IJ+DERIV(IINRETATL(I)
FARNCI)=FARA(I)~ CRRD (13
CONTINUE

CIFCRRGLTLLIMITIGO TO 299

WRITE "880
FORMAT (// /5% 7H URIGIN;10kr1HAtT)vJ>
Do 700 I=1H
READC1L,702) CINT(J) yJ=1,1)
FORMAT(1018)
RSUM=0.0
REUMI=0.0
RHEAN=0.0
THEAN=0.0
TSUMI=0,0
KKK=0 o
D0 703 J=1yN
IFC(OIS(Ir).LT.IN GO TO 703

T¢(J)= A(I)be(I)*UU(J)*DIS(];J)#k( FA\A(I))_f

KRK=RKK+1.
RINT () =FLOATC(INT(J))

s AHBEET 0L Y
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e

01020=
01030="
01040=
01050=
01060=
01070=
01080=
01070=
01100=
01110=
01120=
01130=
01140=
01150=
01160=
01170=
01180=
01190=
01200=
01210=
01220=.

01230=

01240=
01250=
01240=
01270=
01200=
01290=

01300= 1010

01310=

. 01320=

01330=
01240="
01350=
01360=
01370=
01380z
01390=
01400=

703

B8%0
7G0
- STOF.

704

249

RINTCD =FLOAT(INTCJ)) ) . . «JiZD

RHEAN=RMEANARINT (D)
THEAN=THEAT (D)
CONTINUE
THMEAN=TMEAN/KKK L\
RHEAN= n‘lﬁN/hhh
OO 704 J=1sN - .
IF(DNIS{Iy )y .LT.ID GO TO 704
REUM=REUMT (T (I =THEANI R CRINT () -RUEATD
RSUMI=RSUMI+{RINT(J) ~RMEANY¥X2
TSUMT=TSUMIH(T (I -THEANY ¥¥2
CONTINUL
RSQA=(RSUM/ (RSUMIXTSUNI> ¥ X E)kx2 -
WRITE 820y I,0C(1)FARACI) (RGO
FORMAT(BXy I3y SXeF15. 476X F10.650% 1 3)
CONTINUE y

END

SUTROUTINE MOBEL (NyS s Dy STAT y PARA S PRETD _
DIMENSION FARACLO0) »SIREDNCIO0) s FRUTIC1O0) s L100)
DIMENSION STAT(100) -

COMMON DIS(100s100)rAC100) 1007 UUCL1003 rWWEL100)
[0 1000 I=1,N . 3 —
IF(ATS(STAT(I)),LT.S) GO TO 1000

ACII=0.0 b

00 1010 J=15100

CIFCRIS(ILG) LLTLD) GO TO 1010

01410= 1030

014206=

01430= 10060

01440=

AN

e
7

ACT)=ACIIHUUC I XOIS(T » IR FARALCTY)
CONTINUE
ACD)I=1.0/4¢1) :
SUM=0.0 _ b
SUMI=0.,0 -
00 1030 J=1s100
IF(BIS(I,J).LT.IN GO TO 1030 _ .
T(J)= ﬁ(l)<uU(I)*UU(J)*D]"(Ffl%$¥(~PﬁRAé!y) .
GISCIrJd)= ALGG(DIS(B(J)) :
SUM=SUM+T () . : \_/
SUMI= SUMI+T(IIKLIS(I YD) ’
DLS(IyJ) EXF(DIS{Ird))
[CDNTINUE .
REDL(I)=SUNI/SUM
CONTINUE
RETURN o
END . .

4
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THE DEGREE OF MULTICOLLINEARITY BETWEEN Aj5* AND dj4* Sed
//TTR?R EACH ORIGIN IN THE 100 x 100 AIRLINE INTERACTION MATRIX
4
A, .* Lk R (A *, d * R, (A, *, 4, * (A, L%, *
il 'Ri( ij !’ di] ) # 1( iy " Tid ) # :.( ij ‘.313 ) # Rl(AlJ ij )
1 -.90 28 -.85 51 .69 . 76 -.76
"2 -.91 27 .33 . 52 -.73 77 -.86
3 .67 28 .25 53 -.09 78 -.94
4 . =.89 29 -.82 54 .68 79 .. -.63
5 -.49 30 .55 55 -.71 80 .66
6 -.56 31 -.33 56 -.62 81 -.46
7 .32 32 -.86 57 ~.28 82 .66,
8 .66 33 ~-.58y 58 -.31 83 .71
9 -.89 34 .67 59 -.69 84 .36,
10 .01 35 r ~,94 60 -.46 85 .68
" . A
ll .18 36 -.60 .66
1 -.92 37 <-.86 .61
13 o -.36 38 -.79 .13 .
14 -.88 39 . .68 -.75 ‘
15 -.89 - 40 -.80 .63
4
16 -.7% -.93
17 o .66 -.25
18 -.91 . -.84
19 -89 69 -.39 94 7L
20 .23 - 70 . -:17 95 © .07
21 -.69 46 -72 - .71 -.88 96 -.91
22 ~-.78 47 -.11 72 .71 97 -.89
23 -.90 48 . ~-.37 73 -.92 98 -.37
24 .57 49 * ~-.14 " 74 .64 99 ~.12
25 -.61 50 -.64 .75 -.89 100 -.93
1]
Réfer to Table 7.1 for name of origin.
~J/ .
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