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Thie paper presents an analysie of the factors affecting
freight-facility location choice. These factors are
determined by using an Elimination-by-Aspecte model.
Correlation between the characteristics in the model is
minimiged prior to model development. The medelling
approach is then showun to be a suitable and potentially
valuable approach for analyeing freight-facility loeatiom.
Using data collected in Melbourne, the model calibration shows
that the decision of faeility location ecan be modelled using
five characterietics. Three of these characteristics are
related to acceesibility (accessibility to arterial roads,
eustomere and labour) while the remaining two are fleet
operating cost and the availability of suitable sites. Of
these, accesslbility to arterial roads ie the most
influential. Thie result is of value in a transport planning
eontext because it means that transport sysgtem variables
have an effeet on the choice of freight faeility loecation.
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INTRODUCTION
Both passenger and freight transport systems have important spatial

ramifications. Transport effects, for instance, often influence the Tocation
decisions and viability of industry (Weber, 1929; McMillan, 1965; Rimmer,

1970). However, the extent of this influence and the nature of the relationship .

are as yet generally not fully understood,

Although the amount of urban land occupied by freight distribution

facilities is relatively small, such land uses are amongst the most volatile frop =

Data -
uses

the community viewpoint {especially where large, heavy trucks are involved),
from the United Kingdom (Wigan, 1979} has shown that freight depots and wareho
in London are highly footloose, If this is so in other cities (and Australian
cities in particular), it may be possible to influence the location of such
freight-generating land uses throughout the planning process to reduce transport
costs and broader community costs associated with environmental and social

impacts. In previous work Ogden (1979) has suggested that control of the location -

of freight generating activities is one of the main influences that the planner
can exert on the urban freight system,

Howaver, although a large body of theoretical and empirical work on the
location of manufacturing industry already exists (Beard, 1973), comparatively

Tittle has been reported on the lacation of freight-distribution activities, whth;;

mostly fall within the service industry sector, Consequently, the level of

under standing of the location behaviour of firms that operate such facilities, andfﬁ

the extent to which their choice processes might be common, is quite Timited,
Thus, before predictions about the spatial impact of policy initiatives on urban
goods movement can be attempted, it is necessary to investigate further the
location characteristics of such freight firms. The successful derivation of an
explanatory capability for the Tocation preference of individual freight firms
could ultimately Tead to the development of disaggregate behavioural models of

freight-facility Jocation for use in transport and Tand use planning of urban
systems (Watson, 1975),

This paper reports on an extension to a previous study of the locational
preferences of firms which operate freight facilities in MeTbourne, Australia

(Young, Ritchie and Ogden, 1980). The study included a range of firms whose main
function was the distributi

wholesalers and distributors.

distribution but which had a significant distribution function were also included

{e.g. o0il companies and major retailers). Freight terminals, depots, storage
facilities, distribution centres, warehouses,
in the study.

AN _ELIMINATION BY ASPECTS MODEL

In order to analyse the effects of trans
on the location of freight facilities, a mode? s
policy decisions was used, Previous work {Young,
Togit model to perform this task, but the present
this work using an Elimination-by-Aspects (EBA) approach, first discussed by

Tversky (1972). A comparison of the results of the EBA and logit model will be
presented later in this paper,

on of goods, including freight forwarders, truck firms, =
Some firms whose main function is not transport and -

and similar facilities were included |

port and land use policy decisions.
ensitive to the influence of such.
Ritchie and Ogden, 1980) used .=
study reports on an extension to.:
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Two features of the EBA model are of fundamental importance. First, the
model states that, rather than an individual considering all the characteristics
“of 211 possible locations simultaneously in order te generate an overall composite
-avaluation for all locations, the individual conducts a mental search of the
‘characteristics in a sequential fashfon proceeding from the characteristic which
is considered most important to that characteristic which is conside(eq teast

mportant, It may well occur, therefore, that many locations are eliminated after
only a few characteristics have been considered and that a decision can be made
pefore all the characteristics describing all the locations are examined,

The method by which this characteristic-search is terminated is the second

feature of such a model. It is assumed that at each stage of the search (i.e.
when each characteristic is considered), the level of the characteristic for each
‘location is compared to a minimally acceptable level of that characteristic. 1If a
‘Jocation fails this test {i.e. the characteristic level is less than the minimally
“acceptable Tlevel) then that location is eliminated from further consideration. If

t passes the test, it continues in the characteristic-search to be compared with
“pther remaining locations with respect to the next most impertant

characteristic. The search continues until all except one of the possible
“locations have been eliminated. The remaining location is then considered to be
“the chosen one.

Given this basic framework, the generalised mathematical form of the EBA
‘model is as follows  (See Young (1983) inthese proceedings for a more detailed
erivation and Young (1982) for the full derivation).
C, + 3 1(8)  P{x/0)
ATl o
P(x/d) : (1)
¥ C, + § I(r)
Al doanr
P(x/J} = probability of selecting x from total set of Jogation J
3 any subset of characteristics that are satisfactory for at
least x
sum of jmportance for characteristics in set &
all subsets of total locations set J except the subset
that inctudes all Tecation in J
Cj = constant for Tocation j

1(3)
r-

Another problem to be addressed s the method by which minimally
acceptable satisfaction levels are to be set. The present study uses a "minimum
regret" criterion whereby characteristic satisfaction levels are considered to be

cceptable if they Tie within a specific fractional tolerance of the maximum
Satisfaction level for that characteristic aver all locations for that
ndividual, Thus,

Acceptable Squ {1 - Tk) M?x squ (2)

hera Squ = satisfaction with the xth characteristic of the jth location
- for the the individual q.

T, = tolerance for the gth characteristic

Max Squ = th%hmaximum satisfaction with the kM characteristic for the
] q-" individual over all j Tocations
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However, an individuals perception of his tolerance may be affected by ,
multitude of chance errors, and there may also be a distribution of tolerances
across the individuals in the study population. Therefore the EBA model shou
generalised to incorporate a distribution of the most appropriate set of mean
tolerances (T }. The task of the calibration program is to determine the
distribution and mean of these tolerances such that a specified ohiective f
is maximised. Because the output of the EBA model described above is a
probability of selection (see eqn (1)) maximum 1ikelihood is used to estimate

these parameters. This procedure is explained later, when the results of the
analysis are presented,

d be

unctign

EMPIRICAL STUDY

. Although the choice model outlined above has been applied to residentia] G
tocation choice (Young, 1982}, it has not previously been applied to the location

preference of firms and, more particularly, to firms invelved in the distribution
of freight.

Sample Selection

In selecting a sample from which to obtain data for the building of x
location choice models, two criteria should be met. The first is that the sample -
should be homogeneous with respect to location choice. This criterion was partly -
met in this study by selecting only firms that were {a) involved in the
distribution of freight and {b} located in Melbourne. However, since the
distribution sector is large, different firms have different market and location

characteristics and therefore the sample could not be said to be truly
homogeneous.

The second criterion is that the firms should be in equilibrium so that
the factors which affect the decision to Tocate will be the same for all firms in
the study., It is unlikely that this criterion will be satisfied, since different
firms in the sample had been at their present Tocation for different lengths of i
time and each firm was probably faced with a unique set of characteristics when it -
made its latest location decision. However, after that decision was made, changes .
in the firm's circumstances, or in the urban and economic environment, may have :
resulted in another Tocation being more appropriate. To overcome this problem of .
Tack of equilibrium, respondents to the survey were asked to compare their '
existing Tocation with one other possible Tocation, as of the time of the study o
and not as of the time when their last Tocation decision was made, They were also
asked which of these two locations they would select if they were making thefr
Tocation decision now. This preferred location, rather than the firm's actual

current location, was used in the development of the models presented in this
paper,

It is important at this point to note the distinction between the 5
preferences of a decision-making unit and its final decisfon since, even if it is .
assumed that a firm's location behaviour s rational and that the choice set for
the firm is completely specified, a firm's preference for a location other than
its current one need not necessarily lead to a relocation, The preferences of
individual firms for alternative Tocations can be viewed as a measure of the R
demand for alternative locations, but before a choice decision will result, an
interaction of demand and supply must be considered. Moreover, unless the '
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- perceived "benefit" to the firm in moving to an alternative location exceeds the
 cost of that move, perhaps by some threshold amount, the firm is unlikely to
-.relocate_regard1ess of its stated preferences.

Questionnaire
ess el s

_ To apply the model outlined earlier in this paper, data on importances and

~satisfactions are required, 1In this study, these data were obtained by using a
uestionnaire completed during interviews with senior management personnel of a
ample of firms in Melbourne (Ritchie and Ogden, 1979), These firms covered a
ange of activities in the transport and distribution sector. A total of 71
yestionnaires were completed satisfactorily.

More specifically, each respondent was first asked to rate on a
chometric scale, whose end points were 1 and 100, how satisfactory two loca-
“tions were with respect to 19 locational characteristics.  The two locations were
he firm‘s current location and one other possible location nominated by the
pondent. (Note that not all areas in the urban region can be considered
Iternative locations. For example, land use planning regulations may prohibit
reight activity in certain localities. Thus if all locations were considered in
i This study
nly included one alternative, selected by the respondent, to ensure that the
lternatives considered were valid for that firm}.

o The 19 location characteristics and their abbreviations {in parentheses)
ere as follows:

closeness to existing markets (Customers)
:closeness to expanding markets {Expanding Markets)
. closeness to other facilities
operated by the firm {Other Facilities)
-closeness to firms providing services {Other Firms)
“closeness to arterial roads (Arterial Roads)
loseness to freeways {Freeways)
-access to country highway (Highway)
-Closeness to rail freight facilities _ {Rail)
loseness to port faciiities (Ports)
loseness to public transport {Public Transport)
traffic congestion and delay (Congestion)
vailability of syitable sites {Sites)
nvestment potential {Investment)
i i (Prestige)
ost of land and buildings (Land Costs)
ost of council rates (Rates)
0st of operating the respondents vehicle fleet {Operating Cost)
¥ailability of Tabour (Labour)
Nvironmental impact of the facility {Environment)

Respondents were then asked to rank, on a similar semantic scale, how
Lant each of these characteristics would be in their selection of a location
eIr freight facility. Finally, they were asked to rate both Tocation
t‘V?S overall, It is interesting to note that, although most respondents
heir existing site higher, many did not.
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The result of this part of the questionnaire was a set of data on
satisfactions and importances for each of the 19 characteristics given above,
From these, it was possible fo use the theory to build an EBA model of fac111ty
lTocation preference.

CORRELATION OF CHARACTERISTICS

Before the formulation of the model of freight facility location

preference is discussed, it is necessary to explain how the data obtained in tm

questionnaire survey were made suitable for analysis.

The characteristics introduced in the process of model calibration WEFE1n
the form of separate importance and satisfaction ratings. However the
characteristics described above are by no means unique or mutually exclusive apg
so may be interrelated. For example, several of the characteristics given abow
relate to ¢loseness to transport, whereas perhaps only one relates to the
ava1lab111ty of labour,
to a spurious model, it was necessary to determine which, if any, of the
characteristics were correlated. To do this a factor-analysis technique which
measures the latent dimensions in the data, was used. (Recker and Golob, 1975:
Brown, 1977).

Factor analysis is a technique whereby characteristics which are
correlated can be determined. In the factor analysis process the principal
components are Tirst determined from these correlations. The first component
explains the maximum possible variance on the data. The second component is then
the one that explains the second largest amount of variance and is also at right:
angles to {i.e. uncorrelated with) the first component. The process continues
until all of the variance is explained. The amount of variance explained by ead
factor can be represented by the efgenvalue (Tarrani, 1973).

Since each of the components explains progressively less of the total
variance, there comes a point at which factors explain less of the variance thani
single characteristic, This point is reached when the eigenvalue of the factorls
less than 1.0. Therefore, only components that had eigenvalues greater than 1.0
were used in this study.

To make the relationship between the characteristics and the factors
clearer the principal components are "rotated". This rotation increases the
correlation between some characteristics and particular factors towards 1,0

while it decreases the correlation between other characteristics and the factors.§

towards 0.0.

Since the importance and satisfaction ratings are input into the EBA mode
calibration separately, factor analysis was carried out on both sets of data
separately. Table I presents the results.

The factor analyses for importances and satisfactions show some
differences,.

for both importances and satisfactions, These are

Factor A Customers and Expanding Markets
Factor B Arterial Roads, Freeways and Highways
Factor C Rail and Ports

Factor © tand Costs and Rates

Since correlation between independent variables can 1em

There are however several attributes that Toad onto the same factor .
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Given that each of the characteristics within the above factors are
correlated it was decided to leave only one characteristic from each factor in the
‘model building. The new attribute set, comprising 14 attributes (i.e. 19 minus
“the 5 incorporated in the above factors) is presented in Table II

TABLE I FACTOR ANALYSIS RESULTS FOR IMPORTANCE AND SATISFACTION RATING

Satisfaction Impor tance

: L % Variance % Variance
Characteristic Factor Explained Explained

1 15 71
37 57

- 20
36 . -
48 49
a4 58
25 35
55 43
62 43
25 -

. 47
42 : -

- 34

- 27
a7 = 43
23 31
29 39
23 50
20

63
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TABLE IT  INITIAL EBA MODEL

Characteristic Tolerance Significance of
Parameters
(-2 2n x.)
Customers 0.45 4,33
Other Facilities 0.20 * 3.62
Other Firms 2,70 * 0.22
Arterial Roads 1.30 * 0.29
Port 0.90 * ¥ 0.75
Public Transport 2.80 * 0.17
Congestion 2.35 * 0.30
Sites 0.20 24.51
Investment 2.20 * 0.23
Prestige 0.25 12.93
Land Cost 2.30 * 0.30
Operating Cost 0.55 7.89
Labour 0.40 9.61
Environment 2.25 * 0.21
-2 4n Ar 47.07
p2 0.48

* Not significant at 5% level

MODE|. DEVELOPMENT

Initial Model

Table II also presents the parameter estimates for the E8A mode] developed:
using these 14 characteristics. A short description of the measures of significant
of the model and parameters presented in Table I is given in Appendix A. A more::
detailed description can be found in Young (1982).

These tests of significance do however suggest that overall the model 15”ﬂ
highly significant (y2, 05 14 = 23.69 < 47,07 = -2 en Ay and p2 = 0,49). Hence tht
model is acceptable froh the point of view of overall fyt. However many of the -

I e
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.parameter estimates for characteristics within the model have -2 gn A, values of
“less than 3.84 and are therefore not significant at the 5% level, Thg model was
‘therefore refined by removing the characteristics with parameter estimates that were
‘not significant. These characteristics were removed one at a time, the parameter
“with the lowest -2 gn Ay value being removed at each step of the refinement.

}Refined Model

i Table III presents the tolerance estimates and the relevant statistical
“values for the refined model. Again the overall fit of the model is highly
signficant (x2p g5 5 = 11.07 < 44,18 = -2 2n A and p2 = 0.45). Furthermore all the
_parameter estimdted have -2 gn i, values greaIer than 3.84 and are therefore
“significant at the 5% Tevel.

The refined model includes only five characteristics. These are

closeness to existing customgrs

closeness to arterial roads

availability of suitable sites

cost of operating the respondents fleet, and
closeness to labour

TABLE I1I  REFINED EBA MODEL

ﬁharacteristic Tolerance Significance of

Parameters

(-2 2n A)

Customers 0.45 10.99
Jrterial Roads 0.25 12.89
i 0.65 18.95

6.64
9.21

L Several of these characteristics relate to the transporf infrastructure.
ome implications of this are discussed below.

S The sensitivity of the characteristics to changes in the level of
atisfaction has been shown to be related to the size of the tolerance

1.  Correlated with closeness to freeways and closeness to country highways.
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(Young, 1982). Characteristics with small tolerance estimates are more sensj
changes in characteristic satisfactfon than are characteristics with larger
tolarances. Hence the characteristic which is most sensitive to a change in
satisfaction level is closeness to arterial roads. This is followed by
accessibility to customers and accessibility to Tabour., The availability of
suitable sites and the operating cost of the fleet are the least sensitive, Thess
results further reinforce the suggestion that the location of transport 2
infrastructure has an influence on the location chaice of freight facilities iy
Melbourne, .

COMPARISION OF EBA AND LOGIT MODELS

As was stated earlier the EBA model is a relatively new addition to the
tools available for analysing choice situations. It has however been applied to f
studying residential location choice (Young, 1982} and the transport mode used to
move freight between capital cities of Australia (Young, Richardson, Ogden and i
Rattray, 1982). The more common model for studying choice situations is the Togit,
model and a previous study of the freight facility data used for this study used -
this approach (Young, Ritchie and Ogden, 1980). It is therefore interesting to
compare the EBA and logit models. Table IV presents such a comparison.

TABLE TV CHARACTERISTICS INCLUDED IN REFINED EBA AND LOGIT MODELS

Characteristic EBA LOGIT

Customers * X X

Expanding Markets * X

Other Facilities * X

Qther Firms * X

Arterial Roads t X X .
Freaways 1 X i
Operating Costs X X -
Sites X X

Labour X X

-2 20 Aq lea.18 40,42

p? 0.45 0.41

* These characteristics were arouped into a factor caltled closeness to
markets in logit model.

t These characteristics were grouped into a factor called truck transport
in logit model
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Table IV shows that the characteristics found to have significant

Hparameters in the EBA model also had significant parameters in the Togit
“qodel. The logit model does however contain more characteristics in the model
“that does the EBA, This 1is due to a slight difference in the formulation of

“the factors put into each model. (In the ltogit model characteristics were
. “combined into factors using the factor analysis results, whereas in the EBA
“model one characteristic was used to represent all the characteristics
o ipcluded in the factor). Given these slight differences in model formulation
" ‘and the marked similarity in the characteristics present in the final models
it can be concluded that both medels show the same characteristics influencing
Schoice.

The second aspect of interest in Table IV is the overall fit of the

“‘models, It can be seen that the EBA model provided a better fit

© (-2 an a7 = 44,18 and p2 = 0.45) than did the logit model (-2 en xry = 40.42
“and p2 = 0.41). While these differences in overall fit are not very great,
' they do however suggest that the EBA model produced results which were at
“"least as good as those produced by the logit model.

“'DATA LIMITATIONS AND_IMPLICATIONS

The study outlined in this paper involves the application of a
relatively new choice model to the location preferences of freight firms.
Since the study is explanatory in nature, it is important to discuss some of
the biases that may be present in the data so that these can ba avoided in

" future. There appear to be two main areas of concern here,

One possible bias may result from the limitations put on a respon-

-idents' choice set. Each respondent was only asked to consider two Tocations.,
SiIn reality, it is likely that a firm would consider several alternatives
:before making a final decision. If the two locations considered in this study
_are not representative of all these alternatives it is likely that there will
“‘be bjas in the final model. One method of overcoming this problem is to
“incorporate a wider range of lacations when collecting the data.

Secondly, it was pointed out eariier that there is a link between

. preference and the final decision which is not considered in this model, This
2o link can be influenced by physical, social and institutional censtraints or by
" the decision maker making a sub-optional location due to lack of knowledge of
= all the alternatives., More detailed knowledge of the processes Tinking

‘- preference and behaviour is required before the model can be applied with

confidence.

Finally, before the models described in this paper can be made fully

operational it is necessary that relationships between the measures of

satisfaction used in this study and physical measures such as travel time and
cost Dbe developed, Some steps towards this goal have been described Young and
Richardson (1978) and Young and Morris (1980)




YOUNG and OGREN
CONCLUSIONS

ConcTusions from this study fall into two areas, firstly, these
related to the use of the EBA model in analysing freight facility locatign
choice, and secondly those relating to the factors found to influence that
choice,

Because of the relatively small sample size and the explanatory natypg
of the study, the results should be treated with caution. Nevertheless, the
results are encouraging. With respect to the use of the EBA model in
analysing freight faciiity location choice, the research showed that the EBA
model not only provides a behaviourally acceptable theoretical faundation fqp
this sort of analysis, but also that it provided a satisfactory fit to the
data. Moreover, comparison between the EBA model and the commonly-used Togit
model showed that the EBA model provided a comparable {indeed slightly betteq
statistical fit,

It is concluded therefore that the EBA ﬁodel]fng approach is a syit.
able and potentially valuable method of analysing freight facitity location
choice,

With respect to the results of the analysis, the five factors found to
be significant were not only reasonable, but consistent with those found using
the logit model.

Closeness to arterial roads (which was correlated to closeness to
freeways and closeness to country highways) reflects the importance of road
access to freight facilities,

Closeness to existing cystomers is important, particularly for those
firms with a small number of clients,

Closeness to labour is interesting because, although much of the labour .
used in the freight and distribution sector is relatively unskiiled or senmi-
skilled, firms apparently consider the availability of suitable labour as an
important factor in their location choice.

Cost of fleet operation, although not statistically correlated with
proximity to roads or clients, nevertheless reflects much the same sort of
considerations, namely the importance of a good location on minimising costs
and maximising market advantage.

Finally, the site-availability of attribute referred to the avail-
ability of a suitable site in the area concerned, Many firms nominated as

their alternative location an inner-suburban or near-central locality (reasons ;ﬁ
for this, in the Melbourne context, included proximity to rail yards for firms i

that serve these markets, accessibility to radial freeways and arterial roads,
and the cost advantages of having trucks running in the counter -peak
direction). Since few suitable sites exist, this attribute figured quite
prominently as a governing factor in Tocation choice.
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Except for the site.availability characteristic, alt of the remaining
four characteristics are transport-related. This result is important in a
transport planning context because is suggests that the planner can have some
influence on the Tocation of freight facility location decisions, and thus on
the Tevel of truck traffic on roads in various parts of the urban area. This
influence operates by changing the transpert system, and thus changing the
o perceptions of the transport system attribute in such a way that freight
© facility location choices may be affected.
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APPENDIX A : Significance Tests

Since maximum-likelihood estimation techniques have been used in thy -
calibration procedure, it is possible to use specific values of the 1ike1ihoo¢
function to test the overall significance of the model. In particular, the
generalised likelihood-ratio test (Hensher and Johnson, 1981) can be used tq
test whether the probability of an individual choosing location is independep
of the values of the parameter estimates. 1In this study the hypothesis that
all tolerances are very large (say =)} is equivalent to the null hypothesig
that the choice is independent of the values of the parameter estimates.

The generalised 1ikelihood-ratio criterion is of the form:
» = max L{w)/max L(Q) {A-1)
where ) = the 1ikelihood ratio
max L(w) = the maximum of the likelihood function where M tolerances

have been set to =.
max L{g) = the unconstrained maximum of the Tikelihood function.

Wilks (1962) shows that -2anx is approximately distributed 1ike chi.
square with M degrees of freedom when the null hypothesis is true. Therefore
if -2enx is greater than the critical value of yf (for a preselected signifi-
cance Tevel) then the null hypothesis, that all tolerances are equal to = ,
may be rejected and the model, as a whole, may be taken to be significant.

The natural logarithm of the unconstrained maximum 1ikelihood may be
written as L*(T) (i.e. the log of the likelihood evaluated with the best
estimates of the tolerances) whilst the log of the constrained maximum
likelihood may be written as L* («) (i.e. the log of the likelihood where all
tolerances have been set equal to =), -2gna for the total model (T) may
therefore be re-expressed as

~amy = -2(Lx() - LX(T) (n-2)

The above test is not a particularly §tfbng test. An alternative test

of the overall model is the use of a pseudo-R%, This measure is calculated

as:
p2 = 1 - (L*(T)/L*(=)) (A-3)

Since the unconstrained log-1ikelihood will always be greater than the
constrained log-l1ikelihood (both being negative numbers), the ratio

L*(T)/L*(=) will always be between 0 and 1. The smaller this ratic, the
better the explanatory power of the model over the aggregate constant-share
prediction model, and hence the larger the value of p2. However, whilst p?
can theoretically vary between 0 and 1, it has been noted by Hensher and
Johgsgn {1981) that a value of p? between 0,2 and 0.4 is considered to be a
good fit,
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The role of each characteristic in explaining variance in the data may
be considered by examining the tolerances associated with each of the
characteristics. A method of testing the significance of a tolerance estimate
. is based on the Tikelihood-ratio test {described above, as a test of overall
-.model goodness-of-fit). Thus if two models, of the same form, are built from

ine data set where the first model uses M parameters whilst the second uses M'
. parameters (such that M > M'}, then the significance of the second model with
¢ respect to the first is given by the 1ikelihood-ratio test where:

-29m = -2(L*(?)M. L*(T) (A-4)

_ m)
f where L*(?)M. = the log-Tikelihood of the secend model
with M'parameters

L*(T)y = the Tog-likelihood of the first model
with M parameters

: As for the overall model likelihood test, -2gnx is distributed like
© x2 but with (M - M') degrees of freedom. If -2¢nx is less than the critical
tvalue of x2 then it may be assumed that the two models are not significantly
“different from each other. That is, the omission of the (M - M') parameters
“has had no significant effect on the explanatory power of the model.

To use this test to ascertain the significance of individual chacter-
istics within a mede? ~ ‘s necessary to first construct the model with M
sparameters and calcui «“(T)y. The characteristic in question is then
:omitted from the model (i.e. its tolerance is set equal to = ) and the value
of L*(T)y.1 is calculated. The value of -2gnx, (the measure of the signifi-
‘cance of a parameter associated with character?stic k) is then calculated and
compared to the critical value of x2 with 1 degree of freédom. Using a 5%
evel of significance the critical value of ¥2 is 3.84. If -2znx, is less
han 3.84, the tolerance of the characteristic in question can be assumed to
.have no significant influence on the model and can be removed from the models
‘characteristic set.
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