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TRAVEL DEMAND MODELS FROM CENSUS DATA

Census data vepresente a resource thqt has eoneiderable but
unused potential in transport planning, and partiecularly for
the development of travel demond models of the jowrney to work.
Thie paper is a summary of a study in which modele of mode,
destination and ear oumership were developed from 1975 Melbourne
Censug data. Models of mode and destination choice, of
multinomial logit form, are revieved, and problems associated
with the use of aggregate data in models of this form discussad,
The models are chowm to be sensible, robust and well-performed,

and elearly demonstrate the potential usefulnegs of' the approach
and the data source to transport plamners.
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INTRODUCTION

The -history of travel demand modelling in Australia is a chequered
one, characterised mare by continued {and expensive) failures than by
notable successes. Of the varjous modelling exercises undertaken as part
of the transport studies in the major Australian cities, only the Perth
2000 study provides an exception to the rule that the end resulf 1%

rustration, aitenation, and wicespread disenchantment with modelling and
Thodetlers. ne consequence is that many cities are without robus often,
oven rudimentary) technigues for assessing the transport implications of
various policy changes or transport investment. Bad experiences plus the
high cost of data collection mean that transport planning agencies are
usually unwilling to rectify the situation; existing models are seldom up-
dated using new data, and faulty models are seldom re-estimated.

The general absence of models that could be used for even broad brush
testing of tramsport policy options for Melbourne, and the unavailability of
adequate data on which models might be estimated, prompted an investigation
of the potential of Census data for this purpose. It was found that the
form of the data available from the 1976 Census appeared to be capable of
supporting the development of models of mode and destination choice for the
journey to work, and of car availability.

It was considered that such models could be used in a sketch planning
context to give useful information about the direction and magnitude of
changes- resulting from transport policy actions. Further, models based on
Census data can be regularly updated as new data becomes available, and the
data is almost costless. Finally, the data is unifermly available for all
Australian cities. This means both that experiences in one area will be
Targely transferable to others, and -on a more academic but no Tess useful
note -questions of model transferability can be examined more rigorously than
has previously been possible.

The benefits of using this data source for model development are
therefore potentially major, and a study of the problems associated with its
use is nearing completion. This paper presents an overview of the models
that have been developed, the problems encountered, and the theoretical
insights that have been gained. For reasons of space, only mode and
destination choice modeis are discussed

DATA FOR:MODEL DEVELOPMENT
Census Data

The data used irn the study was from the 1976 Census, when for the
first time an LGA-Tlevel cross classification of data was made available.
This was Table Generator Matrix 17, which is a matrix of all usually-
employed persons in the Census, defined on the dimensions:

origin 55 Meibourne LGA level
destination N . " "
industry 13 ABS summary codes
occupation 11 ABS " "

mode of travel to work(1) 30 mode combinations

The trip to work as such is not recorded in the Census, but inferred for
usually-employed persons from residential and employment addresses.
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income 7 categories

vehicle availability 7 categories

age 7 categories; 715-65+
sex

2 categories

While the data is physically ordered as a record for each
individual, with membership of each category recorded as a code number,
there is associated with each cbservation a weighting factor. This is used
L0 expand the actua] recorded observations to the total recorded in the
Census, and is necessary because only approximately half the original data
available was coded,

Because of the form of the data, the option exists tc deal either
With individual records sampled from the

base data, or with the weighted
totals. The latter option was chosen, because representativeness of the
model results would be therehy ensured. Repeated sampTling and estimation
would be necessary with the former option, to ensyre that model
representativeness had been obtained. Other difficulties exist that make it
more attractive to dea? divectly with the daggregate data.

Other Data

Level-of-service {LOS) data necessary was obtained from highway and
pubiiec transport networks {see Acknow]edgéments). These existed for
(approximate1y) 1976 at a 708 zone Tevel

They were converted to an LGA
Tevel by simply selecting

@ Zone to "represent® an LGA. No more refined
approach was warranted, as no trip-table existed at this

Tevel to be used for
weighting in any averaging procedure,

Unfortunately, the public trang

the individual modes train, tram or bus, so only a composite “public transport"
mode could be defined. This somewhat 1imits the usefuiness of the resultant

models, hut will not affect the demonstration of the usefylness of the data,
or the validity of the approach taken.

MODEL FORM

port LGS data could not be acquired for

interdependent choices faced by an
ortant attributes in the modeliing

the conceptyal

« In application, it may not always
ssful as its adherents would have Tiked. 1In general,
however > failures have not been due to the model form, hyt to Tradequate data
collection and Processing (shortcomings that no modelling technique worth
using can overcome), inadequate understanding of the contextual or
theoretical bases of the model, oy averly high expectations of what models .
of any type can provide

The MNL modei is best known for 115 use with individual
"disaggregate” data, but it

can be ysed with aggregate data of the type
available from the Census. The

e are two significant differences between the
use of the two data types in an ML mode]. The first is that, with

individual data only a 0/7 choice probability ig observed, whereas with
agyregate data}_group choice probabilities aro observed. This marginally
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affects the estimation procedure; its practical implication is that

ctandard logit estimation procedures (ULOGIT, BLOGIT, SLGGIT, etc) cannot

be used. The second is that the theory on which the model form is based

is that of individual chcice. The use of aggregate data in model estimation
may give rise to considerabie biases in prediction, and special care must

be exercised to avoid this problem.

Model Theory

Space does not permit a full development of the theoretical and
statistical foundations of the MNL model, and it is necessary to assume that
the reader is familiar with these. However, model theory and its practical
application should not be separated {te such separation can be attributed
many of the previousty referenced sdifficulties" experienced with travel
demand models)  Further, it is recognised that those to whom this paper may
pe of most use - planners fooking for a robust and well performed modeliing -
approach based on readily accessible and revised data - may not be as
conversant with the theory as those of more academic inclinations. Therefore,
a summary of some of the more important but often overlooked aspects of the
mode] theory is given below

The genevally-known form of the MNL model is
Pj = exp Vj/zleA exp Vj (13

probability of choosing alternative j from a set of A available
alternatives,
the observable utility function describing the alternative and
characteristics of the individual or group = ¥ B, Xjk

K ‘

““where K3 kth characteristic of the jth alternative

B, = coefficients to be estimated.

k

L However, the model form and its underiying theory devive from the

“Uassumption that Vi is only the observable component of a more general
relationship describing the utility of an alternative,

Uj = Vj + g5 .
where e: is a random, component of unobservable attributes, and has a

‘probabiiity distribution. The distribution that gives rise to the MNL
model is the Extreme Vajue Type 1 (Gumbel) {(not Weibull) distribution. This
has a varjance that must be assumed constant across alternatives for the ML
madel to be derived, and a mean that must, again necessarily, be equal to
zero, but can only be if the ferm ¥: includes a constant term. The model
orm that derives from these assump%icns may more vigorously be writien as

= exp{aV.)/ T exp(aV.) (2}
J ] jed ]

where A is the parameter characterising the constant variance of the
: distribution, Var ey = w2iBME.,

jﬁ;fhe model (2) above, the parameter A cannot be separately estimated.

& Reference will be made later, to the properties of and assumptions
:P”dérlylng this model, in discussing models of destination choice
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Model Estimation
—ocl Lstimation

The parameters By are estim
Existing logit estimation programs
data, which
deriving from group data.

available in the

used in this study, the
Likelihood function, L

Loglikelihood function L*

where Pm = exp(vm)/m exp(vm)

T

I

observation, o.

The Adgregation Problem

A familiar
individual data,
utility function
This arises becay

problem with the
to population groups for
variaples are avaflable,

probabiTities for all members of the

discussed elsewhere (Koppe?man, 1975:
but arises in part b

socio-economic or other groups,
and retain the efficiency of work

relavant models for particular populatign
to be retatively homogeneous in th

ect of increasing (often substantialiy)

This

uncbserved components of the utility f
alternatives.

variable (
thet itsel

It witl
0f destination choice modets,
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ated by maximum Tikelihood estimation,
are designed for yse wi
gives a marginally different tikelihood functi

An estimation program was developed for this
application, and is based around the FMFP

SSP Tibrary of subroutines,
tion and its first and second
mised is minus the Tog of the

number of observed choices of

application of models estimated using

5€ group choice probabilg
values are not the same a
group..

McFadden and Reid, 1975;
ecause of heterogeneity in response

One way to practically
ing with aggregate data

groups {“market segments") known
eir chojce behaviour.

As will be seen,
model predictive performance,

the use of aggregate data exists,
which ng solution has yet been found,

ance,
function (or the variance of the

-specific socic-economic variables,
s> this assumption will no Tonger

th individual
on from that

function minimisation subroutine
A user-coded program to
derivatives is required,
Tikelihood function; for
relevant functions are given as:

T
=nnphl
o m

=ZZT_ anp
om ™ n

alternative m ip any group

which oniy group averages of

is that of "aggregation bias" .

ties calculated using group

S the sum of the individual chojce
This problem is more fully

Reid, 1973),

across different

reduce this error,

» is to develop the

this also has the

for
problem arises from the fact

It 1s necessary to assume that

random or
is constant fer all

by an average value for g
etc),

apply.
s but space does not permit

be Tater referenced in the
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@M

: The network data and the modes used as reported in the Census T1imit
the definable alternatives to:

car driver
car passenger
public transport

While there were 28 categories of responses to "mode of travel to work" in
- the data, including muitipte modes, responses giving multiplie modes could not
: be used because of imprecise framing of the gquestion. Muitiple mode use
5 was not a requested response, and consequently many such trips would not have
“: been reported. Categories were collapsed, by inspection, to the three above.
-=>- Observations reporting taxi, m/eycle, bicycle, walked, worked at home and not
. gtated were excluded from the data set. Intrazonal travel was excluded

throughout.

-~ Market Segmentation

s Model performance can be substantially improved if observations are
“separated into groups of more homogeneous response with respect to mode
“¢hoice,and separate models deve1oped for each group. Possible segmenting
svarijables that are likely to give rise to substantizl between -group variance

occupation
car availability
CBD travellers

A1l were used, and results are reported later in this section.

“Yariable Form and Definition

8 The aggregate nature of the data makes the form in which variables are
;defxned less obvious than usuat.  The variables that might enter the various
‘utility functicns in some form, that are available from the Census data, are age,
ser, income and car aguvailability, with the latter variable being potentially
useful as a segmenting variable also.  Because the data is cross-classified,
ariables can be includad either independently or interactively with other
ariables. They may be discrete, or continuous if average values are used.

Consider the two variables age and income both of which affect mode
-usage, and for each of which there are 7 membership categories Each could
_be specified as

a weighted average value for the observation {the group of travellers
for an origin-destination pair, ),

as up to 7 independent variables for each in the utility functions
for each of 2 modes, of the form T1Ja(g}/T1], where 2 denotes the
particular age or income category;

in combination as up to 49 variables in 2 utility functions, giving the
interactance effects of age and income.

; For practical model estimation, a much more limited set of variables
13 necessary, and interactance effects, interesting though they may be, cannot
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sensibly be included.  Approach b) was used, but only 1 category used for
each variabie. This was determined from inspection of cross-tabulations
of mode used by the relevant variable. The category or set of categories
that appeared to have the greatest influence was used;  the resultant
variables are listed below.

Sex. % of females in Ti'
Incone.: % of Tij with income < 6000 p.a.
Age: % of Tij in age group 20 +

Cars available:  where used, as a weighted average of cars available,

Other variables used are Tevel of service and fares

ByTo, highway travel time from the network; no terminal times
added;
PTTT. public transport travel time, plus half access time;

derived after considerable testing of a variety of
specifications;

FARE Public transport fares, based on a distance schedule, and
using highway distances.

Various other variables from the LGA summary file and other sources
were tested; these include

TEND: a measure of trip end density,

SEPH % of separate households in an LGA;
LTOD: % of LGA Ticensed to drive;

IuD: an inner urban dummy.

RESULTS OF MODEL ESTIMATION

A descripiion of each model developed is unnecessary, and only the
major conclusions are presented .

Effects of Market Segmentation

By Car Availability

Models for the two secment, zero cars available and i+ cars available,
were developed separately, with enly car passenger and public transport mcdes
available to the first. To test whether segmentation improves predictive
performance, the combined modeis were compared with a third estimated without
segmentation, but including a zero car household dummy . The measure of
comparison chosen is the very simple one of the sum of abseclute residuals
over all observations, for each mode, ZiTom~Tom|.  The comparison is
reported below. It should be noted th8t the various models were estimated
on approximately half the data set {every second valid observation), while
the residuals were calculated by applying the estimated models to the whole
data set.

Residuals From:
Total Trips Combined segmented models Unsegmented model

Public Transport 168284 36168 39219
Car Passenger 73857 16323 16394
Car Driver 420985 35516 39877
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1t can be seen that per formance is improved by segmentation, but
the difference js not as great as might be expected, largely because the
. pumbey of zevo cay households is smail, and the dummy variable used in the
* unsegmented model accounts for a large amount of the effect.

By Ocoupation Group

. The 11 Census ogccupation groups weve coilapsed into 3 on the basis

of similarity in observed trip lengths and type of pccupation, (Brown,

“1982). The resuliant groupings could be generally described as professional
/administrative, sales/clerical, and blue collar. Models were estimated
for each separately, but segmentation by car availability was not carried

" through for this exercise (b models would have vesuited).  Model performance
was compared on the same basis as above, and is reparted below.

Residuals from:
: Qccupation segmented models  Unsegmented model
public Transport 35698 308219
ar Passenger 14940 16394
‘Car Driver 34902 39877

L substantial improvement in predictive performance is cobtained from
egmentation by pccupation group. parhaps surprisingly, this segmeniing
jmension appears to perform better +than car availability. This 1s

“syrprising because car availability would appear t0 be a more direct
‘sjtuational constraint on choice tnan occupation. — However, the variable is
ot really an adequate measure of availability, in that it does not include

Cany of the important influences of household competition for available
“vehicles.  Without this effect, it must be questioned whether the measure is
ally one of wavailability" at all Segmentation by occupation, on the
pther hand, appears to give a better discrimination between socio-aconomic
‘groupings with different usage patterns, and takes better account of the
interactance effects of characteristics of sex, age, income and cay
ajlability. These interactance effects are evident in the results (not
ported), but cannot be made explicit by the forms of the variables and the
ility functions used. In the absence of such a specification, segmentation
by occupation provides a useful proxy for their inclusion.

By (BD/Won CBD Travel

An inner urban dummy variable used in the previous models to flag trips
to:these areas was highly significant, indicating differential choice
1nf1uences on trips of these types. This points to the need to develop
separate models for the two types of trips. This was done, and the vesults
of this segmentation reported below.

Total Trips Residuals Trom:
L CBD/Non CBD Segmented Models  Unsegmented model
ublic Transport 168284 28776 39219
r Passenger 73857 15314 16394
Briver 420935 28129 39857

S As expected, segmentation by CBD/Non CBD destination gives a major
improvement in model performance Over the unsegmented model, and over
ccupation-segmented models while predictive performance for the car
assenger mode 1s slightly worse than that for occupation group models, public
ransport and car driver prediction has improved by 26% and 28% over the
nsegmented model, and each by 19% over the occupation group modeis.  Further
ﬁ??qvemegt would be achieved by carvying through occupation segmentation
ough: this has not been undertaken, as the power of the segmentation approaches
as:been clearly established. ’
' 195




BROWN

Results of Model Estimation

The detailed results of the CBD/Non CBD mode choice models are given
below,

Variable  Utility Function CBD Model Non CBD Model
Parameter t-stat Parameter t-stat
HWTT -5.40 -33.5 -5.48 =42 .0
CARAY Car .48 5.2 . 266 6.8
LICTOD Driver - .026 - 88 .012 9.6
INC - .023 - 7.9 - .04 -12.5
AGE .014 4.0 .018 1.6
HWTT -5.78 -30.4 -5.89 ~40. 9
§CARS Car 1.67 6.4 634 4.7
SEX Passenger - 011 - 4.7 - .001 - - 1.
TENDDENS ’ - .0002 -0.8 .003 8.6
CONST - .72 --1.6 .54 3.0
PTTT ' ~2.35 -20.1 ~1.72 ~25.0
PTFARE Public -1.50 =15.0 -2.32 -18.0
QCARS Transport 5.0 -23.3 6.13 55.0
SEX -0.02 - G.6 01T 15.7
INC -0.003 - 1.7 - .GG6 -50
CONST }.36 3.0 .90 4.8

Overall Performance

The performance of the two models, in terms of thejr predictive ability,

is good, Based on the results reported previcusTy, the total % error for
each mode is:

Public transport 17%
Car passenger 21%
Car driver 7%

These are Tow, and would be reduced further if segmentation by occupation group
were used. It should be noted that the non-cBD model was estimated on only

approximately half the data set; these results are from the models applied
over the full data set.

Variable Performance

The first observation that must be made relates to the often extremely
high value of the reported t-statistics, These are high basically because
aggregate data for approximately half the total workforce is used in the model.

Variables significantly influencing behavicur will in this situation be highly
significant. ) .

The coefficients of the level of service variables (in minutes/100 and $
for PTFARE) ,are with the exception of PTTT, of expected order of magnitude. A
previous mode choice model for the choice of car vs. train for the Melbourne
CBD wark trip gave values for IVTT{Car} and PTFARE of -4.5 and -3.1
respectively (Brown, 1977).  Given the incomparabiiity between the data sets

used in each study, the relative censtancy of thése parameters indicates that
the models reported here are reliable.

The Tow value of the coefficient for PTTT reflects difficulties
experienced in defining the magnitude of this variable.  Public transport
network in vehicle time, plus half the zona] access time, was eventually used

,

196




MODELS FROM CENSUS DATA
This was selected after considerable experimentation, on the basis of
redictive performance. It is apparent that for an operative model to be
- developed, at least the access time component needs to be vevised

: The car availability measures clearly indicate that segmentation on
vpero car availability wiil improve mode] performance, as previously indicated
However , this would be impractically cumbersome when coupled with occupation
_and CBD segmentation, requiring 12 separate models.  The influence is
“veasonably well included through a dummy variable as above.

o 0f the socio-economic variables, two give anomalous results.  The
“}1CTOD variable, measuring % licensed to drive in an LGA, has a surprising
CYiye sign, in the CBD model.  As well, SEX (% of females) takes a negative
" sign, in contrast to previous models where it was consistently positive

It would appear that these results are due to interactance effects in the data,

Lﬁfand need further exploration.

_;_:. The models reported perform well, and with some inconsistencies give

2 plausible, highly significant coefficient estimates that accord with previous
Lipxperience. Other models developed but unreported are more consistent, but
“do not perform quite as well.  Further development will ivon cut these mincr
deficiencies.

o The strong conclusion that may be made is that the data source has
been shown to be capable of producing robust, sensible and reiatively well-
ehaved and highly performed models of mcde choice.  While there are
gvelopment costs, these are orders of magnitude less than those associated
.With models based cn special-purpose data sets. The data is freely and
idely available, and can be used feor the development of sketch-planning models
‘that should be of considerable use to transport planning agencies,

DESTINATION CHOICE MODEL

70 Data reporting residential and workplace location is almost all that

“required for spatial interaction modelling. For worktrip destination
choice modelling, only a trip table and some measure of zonal separation are
necassary. Previous work (Brown, 1982) has reported the use of Census data
irn:the development of singly constrained gravity models of trip distribution.
‘Using aggregate data, the singly constrained gravity model appears to be
identical to an MML model of destination cheice. This model Torm is, however,
theoretically incorrect in this context

The Need For a Doubly Constrained Form

o The conventional singly constrained gravity model {SCGM) is identical
1 MNL form that does not contain an alternative (destination) specific
stant. The utility function describing destination atfractiveness for
h-alternative should include variables measuring this. For the worktrip,
reris Tittle understanding of what actually constitutes "attractiveness" -
18P than the attraction variabie of total employmeni. This is not a
re of utility, but a way of aggregating individual trips from all ovigins
destination, over all opportunities at the destination. Consequently,
parate measures of attractiveness as such are never included in workirip
nation choice models. Because each destination alternative is quite
2rent in its inherent but unmeasured attractiveness, there is no reason
ppose that the distribution of the random component of utility -
founting as it does for unspecified components of utility - will be
entically located for all alternatives.
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However, any MNL model that does not include an alternative specific
constant {ASC) implicitly requires that such alternative-specific influences
are identical. This is obviously incorrect in this context, and an ASC
that proxies for the differential effects of destination attractiveness is
necessary.

The theoretically and practically required inclusion of an ASC in the
destination choice model makes the MNL model identical to the doubTy

constrained gravity model (DCGM) (Cochrane, 1975; Williams, 1977; Da1y,1982)

If origin-zone-specitic(0ZS) parameters are estimated for a SCGM,
these will exhibit marked map-specificity (Brown, 1982). The practical - %
implication of this is that the model is locked into the zone system in which ;
it was estimated, and for prediction can only be used in this system. This ig g
an unacceptable constraint for any model that is required to be generally :
applicable, as most travel demand models should. However, the use of a mode)
that includes an ASC in the utility function for J-1 destinations almost
completely removes this effect, as demonstrated beiow.

A Doubly Constrained MNL Destination Choice Model

The data used is in the form of a trip table, the cells of which
constitute the observations for model estimation. Because by definition the
table is "in balance" (row totals = zonal productions, column totals = zonal
attractions), the model must preserve this relationship in fts estimated
results., It is well known that market shares are preserved by the use of an
alternative specific constant in all but one of the utility functions. 1t
has previousiy been stated that there is a theoretical requirement for this.
The doubly constrained MNL model is no more than this conventicnal model,

It may in the context of destination choice be written as

V..
A, e k
=
Pi; "L‘vi. (3)
LAe W
i
where Pij = probability of travelling from i-to 7j
= .. + b,
Vij C1J bJ
Cij = some measure of travel cost, taken as travel time or distance
A. = zonal attractions, excluded from the utility function as it is
J not a measure of utility, but an aggregaticn measure only
B = impedance parameter to be estimated

b., j=1...J-1, is the ASC referenced.

To examine the extent to which map-specificity of 0ZS parameters is
removed by the use of a DCGM, a two stage estimation procedure was used.
This is necessary because it is not easily possible to estimate a single set
of 54 attractiveness parameters (ASC's) as well as a set of 55 GZS parameters.
Firstly, a single set of 54 ASC's were estimated using model {3). The
estimated bj were then included as constants in the utility functien of an
origin zone specific model, from which Bi was estimated for each origin
separately. These approximate B are plotted in Fig. 2, and may be compared
with the 0ZS parameters from the singly constrained model, plotted in Fig. 1.
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FIG 1

RIGIN ZONE SPECIFIC GRAVITY
; MODEL PARAMETERS,
: SINGLY CONSTRAINED MOCEL




FIG 2

APPROXIMATE 0.25. PARAMETERS,
OOUBLY CONSTRAINED MODEL
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Quite clearly, what may be termed the séructural dependency of the singly
constrained model has been removed.

The doubly-constrained form also explains more of the variation in
the data on which it was estimated. Using as a simple measure of
performance the sum of absclute residuals over all observations, the
following models may be compared.

Sum of Residuals

LT - Tl
1

ij 13 ij

Single parameter SCGM 280,798
GZS SCGM 252,228
Doubly constrained model 222,300

Total number of non-zero cells 2,708
Total trips 706,151

Predictive Performance on a Different Spatial Systenm

While model performance in estimaticn is indicative of at least
 relative performance in prediction, the latfer is really the acid test.
- Because a model of the type discussed can sensibly only be estimated using
~all non-zero cells in the matrix, the use of a hold-cut sample for
. prediction is precluded. Interest should be directed at model performance
“in prediction on a different spatial scheme than that used for estimation,
“and for this analysis a 35-zone system was created by aggregating selected
~zones from the full 55-zone scheme. A new trip-table and travel time
“matrix for this system were created, and a new model estimated as a yard-
stick against which predictive performance may be compared.

2 It is in this situation that the aggregation problem previcusly
referencad assumes some significance. Average travel times between LGA's
were constructed from a lower level (708} zonal system. Hence there exists
also an interzonal travel time variance, and the variance of the utility
function will not therefore be constant across alternatives. This is
demonstrated below.

The utility function for the destination choice model is written as

V.. = pBC,. +b, ¢ (4)

- £

ij i 3 ij
‘where the terms are as previously defined, and €45 is assumed to have
Constant variance. However, C;4 Is replaced in"practice by Cjj, and

..o= BE.. + b oF oe¥,
Vi = BOy + by v ety (5)

iﬁ-is.easify seen that Var c¥. is not constant over alteratives, as Cij has
a:variance that is different ° for each ij pair.

= BCU. + B(C”

5 .
B2 Var Cij + Var Eij

- C.. Y+ b, el
C13} bJ €45

i *
fav ely from (5)
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Hence Var =¥. is not constant, and the underlying assumptions of the model
are violated!

An attempt was made to correct for this problem, but was partly
unsuccessful, and cannot be discussed further. The potential consequences
(which apply to all MNL models that use zonal average travel times) are
that the B parameter will be biased in some way by the aggregation scheme
within which it is estimated. Application in a different aggregation
scheme would then lead to significant errors, This was not experienced in
the application, as discussed below.

Because both the singly-constrained, origin zone specific model, and
the doubly-constrained model inciude parameters specific to individual
zones, application in another system requires averaging of parameters over
the aggregated zones. Both simple averaging, and weighted averaging using
zone productions and attractions as weights for the 0ZS parameters and the

attractiveness parameters respectively, were used. Simple averaging was
found to be satisfactory.

The predictive performance of each model is given below, compared
with that of the model estimated on the new scheme. The performance of the
latter model forms the Tower bound to obtainable predictive performance.

Sum of Residua]s

IO - T

jj 13 iJ
Doubly constrained model estimated 144,058
on 35-zone scheme
0Z8 model in prediction 317,306
Doubly constrained model in prediction 145,821
Total non-zero cells 1,082
Total trips 641,161

These results dramatically demonstrate the validity of the hypothesis
that the singly constrained model is entirely dependent on the spatial scheme
in which it is estimated, and cannot usefully be applied outside that context.
On the other hand, it is alsoc clear that the doubly constrained model is not

dependent on the spatial scheme (at least, in the same way), and when applied
in a different scheme can perform extremely well.

By comparing the residuals from the model estimated on the 35-zone
scheme with those from application of the model estimated at the 55-zone
level to the new aggregation schems, an upper 1imit to the error
attributable to “aggregation bias” is obtained. It can be seen that this

difference is minimal, and gives some confidence that what is a theoretical
concern may not be of practical significance.

A caveat must be sounded, however, as regarding temporal rather than
spatial transferability of a model of this type. The attractiveness
parameters estimated will obviously be dependent on structural relationships
that will change significantly over time, but in some unknown way. Their
use in predicting future-year interchanges is 1ikely to be significantly
inferior to the performance reported above. One solution to this problem
that may be useful in using Census data for model deveTopment and subsequent
application, is to estimate (short-term) horizon year parameters from the
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fparameters estimated for previous Census years. For instance, model

- application for 1984 could be based on parameters obtained from the extra-
. polation of 1976 and 1981 estimated parameters,

'Mode] Application in Practice

- Some aspects of the way in which the model was estimated deserve
‘summary discussion, as they affect the application of the model in fore-
“casting. A further discussion is given elsewhere (Brown, 1982).

The first has been mentioned above; attractiveness parameters for
orecasting may be obtained by updating parameters estimated for previous

periods.

B The second concerns the fact that the models have been estimated using
only non-zero cells in the matrix. For application, however, it is not
“nossible to predict where zero cells will occur, and the model will predict
nterchanges in all cells defined by the zoning system, unless external
onstraints are imposed. One possible constraintrequires the definition of
“threshold trip length, beyond which zero interchanges are supposed.
nly cells which have travel times which are less than the threshold will
ntain predicted interchanges. The model is estimated on all cells within
nis threshold, and similarly applied in the horizon year. Zero cells are
ticreased by 1 for estimation.

Finally, the models reported have been estimated on data excluding
ntrazonals. It was found that inciusion of intrazonals both significantly
tered parameter estimates, and significantly reduced the model's ability
predict interzonal interchanges. A two stage procedure in forecasting
is necessary with this approach, and intrazeonals are separately predicted by
‘the  simple expedient of factoring up base year intrazonals using the previous
ensus period intrazonals. This is identical to the approach suggested for
btaining horizon-year attractiveness parameters, and has been found to give

arkedly superior performance over a model that includes intrazonals

ING MODE AND DESTINATION CHOICE MODELS

. The theoretical appeal of the MNL modelling framework is that it
ollows directly from theories of individual choice {utility maximising)
ehaviour.  Its major practical appeal is that this theoretical base allows
or; t@e modeiiing of interdependent choices, and provides a test for the

idity of the assumed sequence of choices. Mode and destination choices
'1nterdependent, in that changes in the travel environment affecting
hoices will alsc affect destination choice. It is generally assumed
ode cheice for the work trip is made conditional on destination choice.
interdependence is effected through the use of a variable in the
ation choice model that veflects the total utility to each destination
11 b!e from §11 modes, A substantial literature rvelated to the
: vation and interpretation of this variable exists (Domencich and
adden, 1975; Williams, 1977; McFadden, 1979).
: §F1ae1e? variously referred to as "inclusive value” ,"composite utility"
logsum®, is simply the natural logarithm of the denominator of the mode
-model. Its parameter is theoretically constrained to the range 0 - 1,
1S value ref]ects the level of choice interdependency that exists. (For
~-discussion, see Hensher and-Johnson, 1981, Ch. 4).
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The inciusive value variable has the effect of allowing the
impedance function to be independent of chosen mode. In the previous
destination choice model, the travel time variable used was highway travel
time, irrespective of the distribution of modes used. However, the
inclusive value is the only theoretically correct way of combining travel _
time (or generalised cost) by various modes into a composite measure that cap
be used for ail groups (see, e.g., Williams and Senior, 1977). :

As will be shown, usual practical approaches to the linking of mode
and destination choice models appear to be incorrect, and a solution to thig
probiem is suggested and, in part, tested empirically,

The Destination Choice Model and‘the Conventional Mode Choice Inclusive Value

To explore the level of interdependency between the mode and
destination choice models, and the improvement in performance of the latter
when this is allowed for, the destination chcoice model with the addition of
the inciusive value or logsum from the mode choice model, was re-estimated.

Because the Togsum is a measure of composite cost, it is not usual tg
include other measures of separation in the utility function of the
destination choice model. However, it is argued here that separation has
duail but somewhat distinct influences; it affects the cost of travel that is
traded against the trip-end benefit, and as well reduces perception of the
availability of opportunities at distant destinations. Distance is the
appropriate variable to capture this latter effect (if pessible at all)}, and
is less strongly correlated with composite cost {in the logsum term)
some measure of travel time. To explcre the possibility of capturing both
effects, distance is alsp included in the utility function.

The models estimated were of the form
A, .
— Aexp V]&

1 LA, ..

j © A exp i

= BC.. +b.

Yij = BCyy + b,

= G.IV.. + b

(2) wp=oy, |

3 V.. D..+0.1v,, + b,
(3 1) # 1] IVTJ 3

In {1}, Ci; 1s highway travel time. In {3), D;i; is highway distance. The
results ar® given below; the ASC's (bj's) are ﬂot included,

Farameter estimates Residuals

8 0 T - ?..]
i ij ij

Model 1, with ¢, -0.099 222,300
lodel 1, with 0ij -0.134 227,139
Model 2 - 284,536

Model 3 -0.116 227,322
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[t is apparent that the model based on the logsum variable by itsel¥
is completely inadequate, both in terms of perfotmagce, and bgcause the )
parameter vatue 1ies outside the range in which it is theoretically required
fo fall. While Medel 3 gives plausible results, with an acceptable parameter
value, the fact that model performance has not improved, and that the
parameter value is Tower than expected, gives rise to_concern about the nature
of the inclusive value variable, and its role in linking mode and

‘destination choice models.

Sbhe Observations on the Nature of the Inclusive Value Variable

. A detailed investigation into the problem revealed that in many
s{tuations, the socio-economic (SE) variables in the mode choice model _
contributed more (positively) to total utility than was contributed (qegat1ve1y)
by the Tevel of service variables. The effect of this is te give a high
utility to origin-desiinaticn pairs at large distances and with few inter-
hanges. As there is no consistency in this effect, it has the resu1t of
making most of the values of the IV variable, and the DC model, spurious.

It is obvious, on refiection, that to the extent that socio-economic
ables reflect only habit or captivity patterns, they have no place in the
inciusive value term, which is really simply a measure of the composite
¢osts of travel over all modes between an origin-destination pair. However ,
tis always tempting to inciude in a mode choice model as many variables as is
possible,to try and capture (in a largely non-behavioural way) as much of the
obsérved choice pattern as possible. As Williams and Senior (1977), the only
ner authors found to have recognized this problem, have noted, the
ppropriate strategy is to segment the data so that socio-economic variables
~do not compete directly with Tevel-of-service variables in the model. However,
there are many SE variables that frequently contribute significantly to mode
hoice models for which this strategy is inappropriate. Further, the
ompiexity of the segmentation scheme necessary to fullyaccount for important
influences makes this approach impossibly unwieldy if all influences are
be included,

- Nevertheless, it is clear that only level-of-service variables, and
Mot socio-economic influences that reflect only constraining effects,
_Should appear in the utility functions used to construct the IV variable,
Only.segmentation can properly capture important differential socio-economic
ifluences on choice and at the same time allow the IV variable to properly
eflect composite cost. It may be added that the mode choice model used for
Tuating short term transport policy patronage effects need not be the
aMe.as that used for linking with the destination choice modeT. For this
atter purpose, a less-refined mode choice model may be quite adequate.

s To test the validity of these arguments, and whether the problem had
Een corvectly interpreted, two strategies to overcoming it were devised.
all considerably short of the full segmentation approach suggested
. ,.put are more sensible for hypothesis-testing, as model development
;nd;est1mat1on is extremely and unnecessarily time-censuming for that purpose.
Results are reported below,

—;;;_Eﬁiigﬂ_ghoice Model with Revised Inclusive Value Variable

The first strategy involved the calculation of the inclusive value
ly the Tevel-of-service variables, and their parameters as estimated

Ing:'an
fu]] mode choice model.
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This approach is somewhat suspect, because without models sagmented
by relevant SE characteristics, it is not clear to what extent the LOS
parameters are influenced by included SE variables. However, if the effect
of the SE influences is basically on captivity and habit, rather than
through differential evaluations of the LOS variables, this approach should
give reasonable values of the necessary composite cost variable. Without
further analysis, this question cannot be fully resolved. Nevertheless,
it was a simple way to test the effect of excluding SE variables from the
calculation of inclusive vaiue.

The second involved the re-estimation of the mede choice model, using
only level-of-service variables (and constants) in the utility functions.
While the results of this new model are not central to the discussion, it is
of interest to compare the relative performances of the two mode choice
models. The performance measure used is simply the sum of the absolute
differences between observed and predicted mode use, for each alternative,
summed over all origin-destination pairs.

Sum of absoiuﬁe differences

Car Driver Car Passenger Public Transport
Total trips in sample 217,016 37,090 93,804
Full model 21,156 7,966 20,809
Model based on LOS measures 472,884 8,954 42,258

alone

Quite ciearly, a major reduction in model performance has resulted,
as expected. This would probably be improved were segmented level-of-service
models to be developed, but for the exploratory purposes outiined this was
not worthwhile.

The results of each strategy are given below, together with the
original models using the inclusive value from the full mode choice model.
Two models for each are presented, one with the inclusive value term alone,
and the second including a distance variable, as previously discussed.

The model form js as previously defined.

Parameter Estimates Residuals
B e]
Model 1, Cij = Time -0.099 n.a. 222,300
Model 2, Cij = Distance -0.134 n.a. 227,139
Model 3, IV from full mode choice -0.116 0.274 227,322
model ; Cij = distance - 1.658 284,536
Model 4, IV from LOS variables only of ~-0.058 1.068 213,315
full mode choice model; C.. =
distance 1] - 1.767 223,306
Model 5, IV from reduced mode choice -0.072 0.413 215,243
model using LOS variables alone; - 0.787 238,505
Cij = distance

Using full MC model, IV from LOS variables alone:

In this strategy, the inclusive value variable was created from
onty the Tevel-of-service variables, using the parameters estimated in the
full MC model. If the IV term alone is used in the model, the parameter
estimate is unacceptably high, but model performance has improved
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dramatically over that when socio-economic variables were used to compute
the IV variable. This by itself attests to the validity of using only LOS
variables; taking their parameter from an MC model that alsc includes SE
variables may, however, introduce some bjases. This is probably the major
reason for the high parameter value. When distance is included, a further
major improvement in model performance is achieved, and & (1.07) is aimost
acceptable.

IV from reduced (LOS variables only) MC model:

: This approach yields acceptable parameter estimates for 9, but when
the IV variable alone is used in the model, performance is not satisfactory.
- Including distance gives a marginally inferior performance to the previous
© approach, but one which is sti11 a significant improvement cver the previous
- "pest” model (Model 1) that takes no account of the composite utility from
- the mode choice model.

-"Conchsions

A number of significant conclusions can be drawn from the foregoing,
which are relevant to all MNL models of destination choice whether based on
vaggregate or individual data. For brevity, these are made in point form.

1. Conventionaliy, destination choice models of MNL form do nct include
alternative specific constants. This follows experience in the use of

;individual data, for which it is not appropriate to use ASC's for unvanked
alternatives. (Unranked alternatives arise when choice sets differ across

- individuals; alternatives must then be generalised by describing them only

by their attributes}. 1In the context of this work, however, this

irestriction does not apply, and ASC's are theoretically required. Their use
akes the model identical to a conventional doubly constrained gravity model,

removes the map-specificity or structural dependence of parameters, and

‘dramatically improves the performance and spatial transferability of the model.

~ A significant improvement in destination choice model performance is
chieved when the interdependency between mode and destination choice is
aken into account. The conditionality of mode on destination choice for
the work trip 1s supported.

.. A mode choice model incorporating socio-economic variables directly

iis utility functions cannot be used for the computation of an inclusive

Ue variable. Socio-economic infiuences may seriously distort the measure

‘composite cost" being sought, and will result in unacceptable parameter
Stimates and model performance.

. The appropriate way to compute the inclusive value variable is from
Set of mode choice models estimated for relevant market segments, and
ased only on level of service variables.

There is no reason why the mode choice model used to estimate modal
tronage should be the same as those used in the calculation of inclusive
1ue, Hence separate modeis may be developed. Those used for the

lation of inclusive value may be inferior in performance to those used
‘patronage estimation, but they will, if properly specified for the
Pﬁf?te‘purposg, be much better suited for the demands placed on them by the
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8. [t appears that the incTusion of distance
in the destination choice mode] gives a fuller sp
of separation than does composite cost alcne.

as weil as composite cost
ecificaticn of the effect

What has become the traditional problem in destination choice mode]

estimation may be substantially avoided if the approach outlined zhove is
used. :

APPLICATIONS OF MODELS BASED ON CENSUS DATA

In suggesting potential application of models
seme caveats must be sgunded. Firstly, because the
the work-trip, only this purpose can he modeiled. Consequently, transport
policy questions which do not impinge significantly on trave] for this
purpose camnot realistically be analysed using such models, However, becayse
most peak hour public transport travel is work related, and because it 1is
this system that is of most concern to public transport planners, the
Timitation may not be too great. Both road and-public transport system
tapacity and performance is targely determined by peak demands, and hence in
large part changes affecting either can be examined using work-trip models.

of the type developed,
data relates only to

Secondly, the models presented are not at
particuiar, there remain problems with the networ
corrected will affect the sensitivity of the mode
changes. Also, it is highly desirable that the "
expanded to include the separate P/T modes.

localised changes can not sensibly be underta
currently stand.

their full potential. In
k data used, which until
choice model to system

public transport" mode be

The analysis of small or

ken with the models as they

But it is clear that these problems could be overcome

» 8nd a range
of possible applications exist, that are simply noted below.

Fare policy analysis:

The patronage effects of changes in public transport fare policies
are readily estimated, using the base data on which the models were
estimataed (the most recent Censys data), and the mode choice models developed.

The Tikely impact on trip distribution of such changes, if sufficiently
significant, can also be assessed,

Major level-of-service change effects:

The mode and destination choice models can be used to assess the
effects of significant changes in travel time. Minor changes, due to
changed public transport frequencies, for example, are uniikely to be picked
up unless geod gquality public transport network data is available for

model estimation. This should be a high priority area for agencies interested
in such policy questions

Lffects of new facilities.

The models are well suited to the evaluation of new facilities.
Horizon-year socio-economic distributions must be predicted {as For all such
exercises), and used as input to the models. Because generated travel can
not be predicted, the models will under-estimate demand for and benefits from
such facilities. The likely effects on employment locations and on car
owWnership levels may also be examined (car-ownership modeis have been developed,.
but are nct reported herein}. :
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Corridor studies

The models are ideally suited to sketch planning applications, and
because they appear 1o be insensitive to the level of aggregation, their
atial transferability will materially assist in corridor study application.

-;_Ualidaﬁiﬂg models based on indiveiducl data

: The robustness of the models makes them useful as a benchmark against
which models based on individual data, which may be more useful for detajled
or Tocalised analysis, can be checked. This opportunity alone justifies

r development. .

OVERALL CONCLUSIONS

It is easy for researchers to exaggevate the performances of their

als, the excellence of their approaches, the universality of their data

S, or the superiority of their intellectyal skills. But in this
essentially pragmatic study, such claims are not warranted. Census data,

mited as it is in focus and scope, will never provide a base for the range

odels that car be developed from & skiifully designed, sensitively

nistered and meticulously processed household survey, veqularly updated

administered by a team of professionals fulily versed in the variety of
skills necessary for this, and for model development and application.

Unfortunately, these conditions are never fulfilled. 1In the absence
ceable data sets and/or forecasting modeils, Census data and the models
can be developed from it can be of considerable use. The modeis have
beeri: shown to be rcbust and well performed. They can be regularly updated
as new data becomes available. They can be applied in a variety of spatial
schemes, and are therefore suitable for sketch planning purposes. Questions
dographic and temporal transferability can be explored, because of the
jstency of the data between cities and over time. They have a wide range
plications, despite the limitations inherent in models relating only to
ork trip. ‘And in comparison with models based on individuail data, which
xpensive to collect, they are chéaply developed.

It is apparent that the MNL modelling framework is well suited to the
‘set, despite potential problems associated with using aggregate cata.
problem of the correct Tinking of mode and destination choice models has
-overcome, which allows the influence of transport envircnment changes
éstination choice to be assessed.

o It is to be hoped that the very considerable potentials that have been
OWN: 10 exist will be properly exploited in the future, so as to improve
sently extremely limited capability for rational transport policy

- from the Australian Road
: The Victorian Ministry of Transport and the Country Roads
assisted materially by the provision of network data. An anonymous
ee provided useful comments on presentaticn, and many well-turned
es that have been plagiarised by a grateful author.
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