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ABSTRACT 

The transferability of disaggregate travel demand models is viewed as a problem 
of predicting the values of model parameters in a new context by using the 
estimated values from an existing model. The approach tested in this paper is 
to use survey data from the new context to estimate transfer-scale parameters 
that correct for context-specific effects. The empirical tests investigate a 
variety of transfer models with different numbers of transfer-scale parameters 
ranging from complete reestimation of the entire model specification to none at 
all. The results support the partial transfer model in which scale parameters 
are estimated for a limited number of functional subgroups of variables such as 
alternative specific constants, level-of-service attributes, and personal char
acteristics. 

During the past decade a substantial body of liter
ature has emerged with empirical evidence on the 
variability of the estimated parameters of disaggre
gate travel demand models between urbanized areas 
and over time. [See, for example, the studies by 
Watson and Westin (l,pp.227-249), Atherton and Ben
Akiva (~), Parody (~), Talvitie and Kirshner C!l, 
Train (5), McCarthy (6), Silman (7), Koppelman and 
Wilmot(~), McCoomb (~), Tzieropoulos (10), Rose and 
Koppelman (ll,pp.471-491), and Supernak (12,pp.533-
559) .] Evid~e of stable values of estimated param
eters provides a direct indication of the range of 
validity of a model. A model that is not stable over 
time is likely to produce inaccurate predictions and 
a "transferable model" would permit more cost-effec
tive analyses of transportation plans and policies. 
Therefore, many of the transferability studies have 
tended to focus their attention on statistical tests 
that reject or accept equality of parameter values 
between populations from different areas and time 
periods. The conclusions of these studies are mixed. 
Tests of entire sets of parameters have usually 
shown significant differences between urban areas 
(_!) , whereas comparisons of subsets of parameters, 
in particular coefficients of travel times and cost 
variables, have found some similar values in models 
estimated for very different populations. [See, for 
example, the review by Ben-Akiva (13) .] 

Because it is unrealistic to expect an oper
ational travel demand model to be perfectly speci
fied, an estimated model is in principle context 
dependent. This means that it would not be useful to 
define transferability in terms of equality of pa
rameter values in different contexts. The proper 
role of statistical transferability tests is to help 
identify those aspects of a model that need to be 
further investigated and potentially respecified to 
obtain an improved model (13) • 

Thus, a constructive definition of transferabil
ity must be based on pragmatic considerations. It is 
assumed a priori that model parameters have dif
ferent values in different contexts and consider
ation is given to the more general issue of whether 
an existing model provides information that can be 
used in some way to improve forecasting in a new 
context. 

The value of transferring an existing model de-

pends on the magnitude of the differences in param
eter values between the two contexts. This is the 
transfer bias, which is generally unknown. In addi
tion, the value of a transfer would depend on the 
accuracy of the estimated model in the base context 
and on the level of the available information in the 
transfer context (e.g., the size of the new survey). 

A variety of methods to update an existing model 
with information from a new context were suggested 
by Atherton and Ben-Akiva (~). For example, if it is 
believed that the transfer bias is negligible and a 
travel survey is available in the new context, then 
a Bayesian model-updating approach can be used. How
ever, the available evidence suggests that transfer 
biases do play an important role for at least some 
subgroups of model parameters. 

In the following section of this paper, the 
transfer-scaling approach designed to correct trans
fer biases is presented, followed by a description 
of the tests that were performed to find the most 
appropriate approximation for the transferred model. 
The empirical evidence does not support complete 
equivalence of parameter values. It suggests that a 
partial transfer by using the scaling approach is an 
effective method of transferring disaggregate travel 
demand models. Additional practical aspects and data 
requirements for implementing this approach are dis
cussed by Gunn and Pol (!!). 

THE SCALING APPROACH TO MODEL TRANSFER 

In the previous section transferability was charac
terized in the context of predictive models as being 
a property of general similarity between members of 
a family of models. It was argued that, to be a use
ful property, this similarity need not be a complete 
equivalence. 

First, for practical purposes there will be a 
range of parameter values within which the response 
characteristics of the model are effectively equiva
lent. Models within this range are, to the practi
tioner, transferable regardless of the statistical 
evidence for the nonequivalence of the parameters. 

More generally, there may exist simple transfor
mations of one model that will bring it within such 
a range of another. Thus the transfer process may 
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itself involve estimating parameters from data col
lected in the area to which the transfer is being 
made. Such a property will be of practical value if 
it is easier (cheaper) to estimate the transfer 
coefficients than to estimate the model coefficients 
in the new context. 

Some empirical evidence will be presented here 
about a family of simple transformations that could 
provide such a link. The basic idea is not new; it 
has been proposed by Atherton and Ben-Akiva (~) and 
by Ben-Akiva (13) and has also been used by other 
researchers in this area [Rose and Koppelman (11), 
Supernak (12), and Koppelman et al. (paper in this 
Record)]. The family of transformations consists of 
a set of transfer-scaling factors for each of a num
ber of subgroups of explanatory variables; the vari
ables in each subgroup have already been scaled by 
their respective coefficients in the base model. 

Thus a completely reestimated model is included 
as the special case when each subgroup contains only 
one member, and the "naive" transfer is also in
cluded, which is the case in which all variables are 
contained in one group and the transfer-scaling fac
tor is set at unity. 

The behavioral rationale behind the approach 
rests on the hypothesis that the (measurable) vari
ables in the models can be collected into subgroups 
on the basis of the function they serve and that 
that function may be more or less important in dif
ferent contexts. 

For example, it may be expected that the level
of-service variables will be jointly influenced by 
real income levels and individually influenced by 
the specific character is tics of each travel mode in 
that context. Thus traffic conditions, service reli
ability, the standard of comfort of transit vehi
cles, and the quality of pedestrian and cycle facil
ities specific to the context will also affect the 
relative importance of the level-of-service vari-
ables and hence the scale cf the coefficients in the 
models. 

Other variables entering travel demand models are 
mostly concerned with effects that can be broadly 
categorized as personal character is tics, household 
character is tics, time of day, area type, and local 
effects. 

Personal character is tics affect the absolute 
levels of modal attractiveness in mode-split models, 
and they are the main explanatory variables in 
travel frequency models. In mode-split models, these 
variables primarily reflect the availability of the 
alternative travel modes. However, they also account 
for contextual variations in reliability, safety, 
and other effects not proportional to travel time 
and the differing importance of these variations to 
different types of individuals. Once again, their 
absolute scale is potentially context-related. 

The most important household variables are income 
levels and the level of competition for household 
automobiles. The former might be expected to be re
lated to price levels (potentially context-specific) 
and the latter to patterns of automobile use and 
specifically to the use of the automobile for the 
journey to work (also potentially context-related 
through the availability of parking space and the 
competitive position of the other modes). 

Time-of-day effects may be influenced in certain 
cases by local work practices (e.g., flex time for 
work, opening hours for shopping). Inasmuch as de
mand varies between hours of darkness and light, 
these effects will also be dependent on the time of 
year of the survey. 

Area-type variables are probably the most obvi
ously context-specific, even when the measured vari
able can be defined quite rigorously. For example, 
zones may have exactly the same population density 
but entirely different land use patterns. 
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Local-effects variables are included in destina
tion choice models to allow for perceived differ
ences in the attractiveness of near and distant 
destinations due to differences in knowledge or 
familiarity. Measured distance has been included in 
some models to represent this effect; intrazonal 
dummy variables are also used. once again, these 
effects could be expected to vary with context and 
the choice of zoning system. 

Finally, there is the question of the variables 
and effects that are not specifically included in 
the model specification. The means and variances of 
these residual effects determine both the levels of 
the alternative-specific constants and the absolute 
scale of the representative utility function. Here 
too the size of these effects may be context
specific. 

In conclusion, the inclusion of transfer-scale 
parameters in the manner that has been outlined 
allows the empirical investigation of a variety of 
possible context-specific effects ranging from one 
per variable (complete reestimation) through one per 
functional subgroup (partial transfer) and only for 
omitted effects (complete transfer) to none at all 
(naive transfer). 

CONTEXT OF THE EXPERIMENT 

The transferability experiment was based on two ad
jacent regions of the Netherlands, one centered at 
Rotterdam and The Hague and the other at the city of 
Utrecht, each having respective populations of ap
proximately 3 million and 1 million inhabitants. The 
data collection exercises took place 5 years apart 
and at different times of the year. In this section 
some statistics are presented to identify those 
variations in travel patterns and in major back
ground variables that should be attributed to the 
differences in geographical area, year, and time of 
year of the survey. These statistics are derived 
from a nationwide travel survey conducted annually 
by the Netherlands Central Bureau of Statistics, 
which includes some 10 ,000 households a year. This 
survey has been used throughout the transferability 
experiment to provide a control data set against 
which to judge both base and transfer surveys. 

Average levels of household size, income, dr iv
ing-license possess ion, and automobile owner ship in 
the base and transfer areas for the control data set 
are as follows: 

Variable 
Household size 
Income (guilders) 
Driving licenses per 

household 
Automobiles per 

household 
Average no. of trips 

per day 
Mean trip distance (km) 
No. of households in 

sample 
No. of trips in sample 

Base Area 
2.68 
28,300 

1.17 

0.83 

1.29 
16.7 

5,439 
24,461 

Transfer Area 
3.00 
30,300 

1.22 

0.89 

1.34 
17.9 

1,680 
8,283 

It can be seen that the two areas are very similar 
in all these respects; the transfer area has some
what larger households, higher income per household, 
higher average license possession, and higher auto
mobile ownership per household. 

In terms of travel characteristics, the levels 
displayed in Table 1 for the control data set indi
cate once again that there is very little difference 
between the two areas. There is a general tendency 
for more trips to be made in the transfer area, 
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TABLE I Average Level of Trips 

Base Area Transfer Area 

Percentage of Percentage of 
Population in Trips per Population in Trips per 

Age Group Age Group Day Age Group Day 

12-17 II 1.47 14 I.SO 
18-26 15 1.38 15 1.45 
27-46 36 1.47 37 1.47 
46-65 25 1.15 23 1.26 
Over 65 14 0.84 II 0.88 

regardless of age group. However, the effect is 
small; around 5 percent more trips were reported. 

When the tables were compiled from the control 
data set, surveys conducted on weekends were ex
cluded, as were surveys on public holidays or days 
adjacent to public holidays. This was done to maxi
mize the correspondence of the control data with the 
experimental data. 

Trip lengths are also slightly higher in the 
transfer area; self-reported distances suggest an 
increase of around 7 percent in the transfer area 
from the level in the base. These figures have been 
corrected to adjust for a systematic reporting bias 
established by Moning (15) • 

Overall mode use differs little between the 
areas, despite the absence in the transfer area of 
the tram and metro modes that are available in the 
base: 

Percentage of All 
Tri12s Re12orted 
Base Transfer 

Mode Area Area 
Automobile 

Driver 28 28 
Passenger 12 8 

Transit 3 3 
Walk 31 26 
Two-wheeled vehicle 24 33 
Other 2 2 

A feature of travel in the Netherlands is the inten
sive use of bicycles and mopeds. The absence of gra
dients and the high density of population and ser
vices typically combine to make the slow modes 
(walk, cycle, or moped) account for in excess of 50 
percent of all trips. The only noticeable difference 
between the areas is the more intensive use made of 
two-wheeled vehicles in the transfer area, which 
draws travel from both the walk and the automobile 
(passenger) modes. 

In conclusion, in all major aspects the two areas 
are very similar and appear to be ideal candidates 
for a model transfer. 

Because the experimental surveys were conducted 
at different times of the year, further analysis was 
performed to establish the significance of vari
ations in trip rates and mode use over the different 
months of the year. The results are given in Table 
2, which suggests that there are no extreme vari
ations for which allowance need be made. Note that 
this data set excludes holiday travel, work-based 
business travel, and travel by commercial travelers, 
truck drivers, and other professional travelers. 
Thus, to some extent, the factors that cause sea
sonal fluctuations have been deliberately suppressed. 

Last, some analysis was performed to establish 
the changes that had taken place over time during 
the 6 years between the base and the transfer survey 
periods. The statistics are not presented here, but 
the conclusions were that household incomes had 
grown initially and then leveled off or even de
clined somewhat during the period of general eco-
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TABLE 2 Seasonality in Travel by Mode: 
Netherlands 1982 

Avg No. of Trips per Person 

Month Automobile Transit Slow Total 

January 0.53 0.09 0.75 1.37 
February 0.54 0.08 0.69 1.31 
March 0.57 0.10 0.72 1.39 

April 0.49 0.07 0.67 1.23 
May 0.51 0.08 0.68 1.27 
June 0.49 0.06 0.86 1.41 

July 0.55 0.06 0.71 1.32 
August 0.58 0.07 0.75 1.40 
September 0.52 0.09 0.84 1.45 

October 0.53 0.09 0.72 1.34 
November 0.57 0.09 0.76 1.42 
December 0.60 0.10 0.68 1.38 

nomic stagnation in the early 1980s. License owner
ship had continued to increase and so too had 
automobile ownership, although to a lesser extent 
and with some suggestion of a decline in the year of 
the transfer survey, 1982. More information about 
these trends has been given by Daly (16,17). 

COMPARISON OF THE BASE AND TRANSFER SURVEYS 

The base sample consisted of data from some 3,000 
households collected in the last months of 1977 for 
a regional transportation study in the Netherlands 
(the Zuidvleugel study), an overview of which is 

given by Daly et al. (18). The transfer sample was 
collected in the late spring of 1982 and consisted 
of some 1,000 household interviews. In this later 
survey, it was ensured that the content of the ques
tionnaire and the definitions of mode and purpose 
that were used were entirely consistent with those 
in the earlier study. In terms of questionnaire lay
out and presentation, however, no attempt was made 
to replicate the earlier study. Rather, every effort 
was made to improve the clarity of the questionnaire 
and generally to minimize the difficulty of comple
tion in an attempt to maximize response. 

The household interview was later augmented with 
several thousand interviews with travelers. However, 
only the analysis of the household survey data will 
be reported in this paper. 

In terms of character is tics of households and 
persons (number of members, workers, automobiles, 
income levels, etc.), after expansion both base and 
transfer surveys compared well with the control 
data. In keeping with the trends over time and the 
area-to-area differences apparent from the control 
data, automobile ownership by household was nearly 
40 percent higher in the transfer data, and driving 
licenses by household were around 50 percent higher. 
Although the transfer area is generally a more pros
perous area, the overall economic decline has left 
it only some 2 percent better off in terms of real 
household income than was the base area 6 years 
earlier. 

In Table 3 trip rates per person by travel mode 
are compared for the base and transfer surveys. As 
might be expected, the large increase in automobile 
availability has resulted in a comparable increase 
(50 to 60 percent) in automobile trips. What is more 
surprising is the large increase in the slow modes, 
walking and two-wheeled vehicles (bicycle and moped). 

Table 4 shows the same comparison by person type 
and trip purpose, and it is clear that the increased 
trip rate in the transfer area reflects general in
creases in travel irrespective of person type or 
travel purpose. By far the largest increases are in 
travel for discretionary activities; this is also 
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TABLE 3 Frequency of Trips per Person: 
Experimental Data 

Transfer Percent 
Mode Base Survey Survey Change 

Au.tOP1Qbik 
Driver 0.28 0.44 +57 
Passenger 0. 11 0.17 +55 

Transit 0.08 0.09 +12 
Walking 0.42 0.62 +48 
Two-wheeled vehicle 0.40 0.73 +82 
Other 0.02 0.05 

Total 1.31 2.10 +60 

TABLE 4 Trip Rates: Experimental Data 

Base Transfer Percent 
Survey Survey Difference 

Person type 
Worker 1.38 2.01 +46 
Unemployed 1.09 1.88 +72 
Housewife 1.25 2.14 +71 
Student 1.39 2.39 +72 
Other 0.98 1.79 +83 

Trip purpose 
Work 0.28 0.44 +57 
Shopping 0.23 0.32 +39 
Education 0.32 0.39 +22 
Social and recreational 0.26 0.53 +100 
Other 0.21 0.40 +90 

reflected in the differences in mobility increases 
for workers and nonworkers. 

A detailed comparison of the transfer survey with 
data from the same area in the same year extracted 
from the control data set suggests that the transfer 
survey recorded some 25 percent more trips of less 
than 15 min than would be expected on an average 
day. This result, peculiar to the survey instrument 
or to the days of the survey, would go some way to 
explaining the large differences shown in Tables 3 
and 4 but would not of itself account for the entire 
effect. 

Another result that should be noted is that in 
the base survey some 23 percent of the interviewees 
reported no travel at all on the survey day. This 
proportion of nontravelers is nearly four times as 
high as was found in the transfer survey, where only 
6 percent of interviewees reported no travel at all. 
The levels in the control surveys were around 12 
percent in all years, and levels of 10 percent for 
nontravelers have been found in large British travel 
surveys (19,pp.49-64). It appears that the large in
crease in-;;;obility can be explained only by a combi
nation of an increased number of trips per traveler 
and an increasing proportion of the population re
porting travel. 

A variety of factors could have contributed to 
produce this effect. The questionnaire layout and 
administration of the transfer survey may well have 
been significantly improved over the base survey. 
Another factor concerns the definition of the survey 
day i the base survey used an arbitrary 24-hr period 
and a portion of travel was "lost" when trips were 
started but not completed in that period. In the 
transfer survey, the interviewees were requested to 
complete travel diaries for a 24-hr period commenc
ing at the time that they first left their home on 
the survey day, a measure specifically introduced to 
minimize lost travel. There is also the observation 
that the population in the transfer area appears to 
travel more than their counterparts in the base 
area, albeit by only a small amount. However, the 
weather probably did play a part, despite the evi-
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dence of Table 2 that travel patterns change little 
over the months of the year. The base survey was 
conducted during a particularly unpleasant period of 
winter weather, the transfer survey in an unusually 
hot early summer. 

In summary, the principal differences between 
base and transfer data sets are ones of automobile 
and transit availability, the apparent generation of 
an extra number of short, slow-mode trips, and gen
erally higher mobility rates. 

Overall, the experimental populations are similar 
in all respects but private vehicle ownership and 
driver's license possession. However, their patterns 
of travel demand are substantially different, at 
least before the influences of the range of back
ground variables incorporated in the models are ac
counted for. It appears that the two surveys offer 
quite a stern test of the transferability of the 
base system of travel demand models. 

OUTLINE OF THE MODEL SYSTEM UNDER INVESTIGATION 

A full description of the structure and component 
models in the Zuidvleugel model system may be ob
tained from the series of project reports, and an 
overview is presented by Daly et al. (!.!!_). In brief, 
the system is an application of discrete choice 
theory to the range of aspects of travel demand from 
license possession, automobile ownership, and per
sonal travel frequency by the household to travel 
mode and choice of destination. It has been esti
mated by using disaggregate data. 

The standard simplifications are made to reduce 
the number of alternatives to an analytically tract
able leveli potential elemental destinations are 
grouped into zones, and trips are assigned to one of 
a small number of categories of travel mode and des
tination activity purpose. 

Perhaps the most significant simplification is 
the reduction of complex trips involving visits to 
multiple out-of-home destinations to a categori
zation according to the activity carried out at a 
single selected primary destination. The advantages 
of this simplification are primarily to ensure con
sistency in mode use throughout the trip and to 
allow network conditions on both outward and return 
trips to influence the overall choice of mode. The 
principal disadvantage is that for the 16 percent or 
so of trips that involve more than one destination 
there is some systematic underestimation of the 
travel generated. These points are discussed more 
fully in the reports of the Zuidvleugel study. 

Given these approximations, travel demand is 
characterized as a choice of the mode, destination, 
and freauencv of trios for each distinct purpose. 
The stru~tur~ of the ~odels is hierarchical, allow
ing for the possibility of unmodeled similarities 
between clusters of alternatives. 

A distinctive feature of the models is their in
terconnection into a linked system. This linkage is 
extended to the longer-term decisions about house
hold automobile ownership, inasmuch as the represen
tation of private vehicle accessibility gains is 
through an expected utility (logsum) term from the 
travel models. 

This system of models has been used intensively 
for the last 4 years to appraise both short-term and 
long-term policy proposals. Its response character
istics have been examined in detail and have been 
found to be reliable, at least in applications in 
the region from which the data were drawn. 

TRANSFERABILITY TESTS 

Given a thoroughly tested and apparently suitable 
model system and data specifically collected for the 
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purpose, the broad aim of this experiment was to 
assess the practical worth of the transfer-scaling 
method. This approach to transferability offers the 
possibility of trading off model precision against 
the number of parameters that must be estimated; the 
question to be tackled was whether an advantageous 
trade could be made. 

The experimental approach taken here is aimed at 
casting light on the manner in which model precision 
deteriorates in the progression from the complete 
reestimation of each parameter toward the naive 
transfer of the entire base model specification. 
Essentially, the performance of transfers involving 
different subsets of variables has been examined by 
estimating the corresponding transfer-scale param
eters from the transfer survey data. 

A crucial question concerns the way in which 
model performance is to be assessed. The usual con
siderations of model fitting apply here; the two 
most important might be characterized as validity 
and adequacy. In the context of the transfer, a 
third consideration could be broadly defined as rel
evance. 

For the purpose of this investigation, the valid
ity of the various models that have been fitted has 
been judged in terms of their performance in pre
dicting response over a series of predefined predic
tion tables for various market segmentation schemes. 
The model predictions of the probabilities with 
which certain options are selected are summed over 
groups of individuals and compared with the propor
tion of times that the option actually was selected 
in the data base. A second consideration here is 
that the signs of all subgroups of variables should 
be in accord with common-sense a priori reasoning. 

The assessment of the adequacy of the model here 
has been formed primarily on the evidence that a 
more detailed model could be supported by the data; 
that is, a much better model could be achieved by 
estimating more coefficients. 

The relevance of the transfer of a particular 
subgroup of parameters is perhaps the simplest of 
all to characterize; it was deemed that if the 
transfer-scale parameter was estimated with reason
able precision but was insignificantly different 
from zero, that subgroup of variables was irrelevant 
in the transfer context. 

Formal statistical tests can be associated with 
each of these three basic checks on model perfor
mance. For the prediction tables, a range of tests 
has been proposed by Horowitz (20) to assess the 
likelihood that the distribution of observations 
across each table is consistent with a well-fitting 
model. For the assessment of the support that the 
data provided for more complex model specifications, 
the familiar likelihood ratio test is available, 
providing that it is ensured that the successive 
specifications are nested. Last, the t-ratio of the 
transfer-scale factor, taken together with the esti
mated standard error, can indicate both the accuracy 
of measurement and the evidence for a significant 
difference from zero for that factor. 

Not all of these and other possible statistical 
summaries will be presented here, quite simply be
cause the authors do not wish to investigate the 
hypothesis that a transferred model is "well
fitting" in the sense of being identically equiva
lent to a best local model. Rather, accepting that 
it will be an approximation, they would like to know 
the extent to which it differs from the "best avail
able" model and eventually to be able to form a 
judgment as to whether the decrease in model pre
cision could be acceptable given the savings that 
could be made in model estimation. 

Accordingly, rather than summarizing the predic
tion tables by a single statistic, an attempt has 
been made to preserve more information to indicate 
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the overall performance of the model. In the follow
ing section, each table is reduced to three numbers. 
These are constructed as follows; first, for each 
cell in the table and conditional on the fitted 
model, an estimate is formed of the variability to 
be expected, for the given sample size, for the data 
points falling in that cell. For each data item con
tributing an element of probability, say p, to the 
prediction of the number of times that a particular 
cell is chosen, an approximate variance of that con
tribution is estimated as p(l - p), assuming the 
model to be given and correct. The variance of the 
overall prediction is then given as the sum of the 
variances of the constituent elements. The cell is 
then categorized into one of three groups according 
to whether the model prediction is (a) less than 
one, (b) between one and two, or (c) more than two 
standard errors from the observed data. In an in
formal sense, the more cells that can be assigned to 
category (a) rather than (b) and the more that can 
be assigned to (b) rather than (c), the better the 
model. In principle, if the model were well-fitting, 
the distribution of cells among these categories 
should tend to that expected for a standard normal 
distribution (i.e., approximately 70, 25, and 5 per
cent, respectively, in each of the categories). In 
this case correlations between the model and the 
data, together with misspecification in the model, 
will lead to departures from that pattern. Despite 
this, the three numbers are a simple and useful sum
mary of the prediction tables in which the discrep
ancies between predictions and observations are 
viewed in relation to the expected accuracy of the 
observed data. 

In practice, a number of relevant background 
variables were selected and for each variable, two 
prediction tables were formed that stratified alter
natively by mode and destination area chosen. The 
triplet of numbers summarizing model performance was 
then accumulated over both tables. 

SOME EMPIRICAL RESULTS 

The data collected for the transfer study area have 
now been used to reestimate the model system fitted 
to the base survey. For most of the models, trans
fer-factor models have also been estimated. In this 
section, results will be presented for only four of 
the models in the system, although these will be 
discussed in the wider context of the larger number 
of exploratory estimations that have been performed. 
The models that will be presented address, respec
tively, the joint choice of mode and destination for 
shopping trips and for personal business trips and 
the frequency of trips for the same two purposes. 

In Table 5 a sequence of transfer-factor tests 
fot the personal business joint mode and destination 
model is given. This trip-purpose category contained 
business travel for private reasons, for example, 
visits to banks and insurance offices. 

The explanatory variables that enter the model 
are listed in the first column. These have been 
organized into groups. The first group contains 
mode-specific constants. Three modes are distin
guished--automobile (driver or passenger), transit 
(bus or train), and slow (walking or two-wheeled 
vehicle). The second overall group has been labeled 
"overall utility" and is composed of the three sub
groups "level of service," "other variables," and 
"size variables." Within the subgroups are the ele
mentary explanatory variables that constitute the 
base model. Most of these are self-explanatory; the 
variables "cars/license" and "female driver" are 
probably the least transparent. They refer respec
tively to a constructed variable proxying automobile 
competition by means of the number of 1 icenses and 
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TABLE 5 Transfer of the Personal Business Joint Mode-Destination Model 

Transfer Model 

Base Model Reestimated Model Partial Complete 

Variable Coefficient T(O) Coefficient T(O) Coefficient T(O) Coefficient T(O) 

Constants 
Car -4.79 -5.07 -4.74 -4.39 
Transit -1.09 -0.37 -0.72 -0.67 

Overall utility 0.83 28.7 
Level of service3 0.82 26.3 

In-vehicle time -.046 3.9 0.59 2.5 
Walk access time -.067 2.8 0.96 2.7 
Waiting time -.024 2.0 2.02 2.3 
Travel cost -1.02 8.6 0.87 9.7 
Slow-mode distance -.539 10.9 0.83 14.2 

Other variables• 0.93 10.0 
Cars/license 2.00 4.9 1.24 5.5 
Female driver 1.52 3.6 0.14 0.8 
CBD destination 0.55 2.7 2.42 4.1 
lntrazonal dummy 0.58 3.5 1.33 4.4 
Logsum car .793 7 .2 0.97 7.6 

Size variables o.oob o.oob 
Population -3.39 .45 -2.56 .42 
Service employment -2.23 .74 -1.45 .50 
Retail employment 0.00 - b 0.00 b 

No. of observations 352 405 405 405 
Likelihood at zero -1424 -1883 -1883 -1883 
Final likelihood -770 -784 -804 -804 
Rho-squared (0) .459 .584 .573 .573 

8 See text; transfer results given as :i;tnie factors on base survey estimates. 
bThe coefficient of the last size varl .. hle (or group of size variables) is constrained to be exp(O), i.e., 1.0. 

automobiles in the household and a dummy variable 
identifying trips made by women who possess driver's 
licenses and are members of automobile-owning house
holds. 

The second column sets out the fitted coeffi
cients and t-statistics for the base survey. The 
third, fourth, and fifth columns contain results 
from the transfer-scale experiment. Column 3 sets 
out the completely reestimated model, in which vari
ables are entered already scaled by their coeffi
cients in the base model. Thus, for example, the 
factor 0.59 for in-vehicle time should be inter
preted as a coefficient of (0.59 x -0.046) on the 
same variable; that is, the transfer value is just 
some 59 percent of the base value for that variable. 
There are two exceptions to this rule; both the size 
variables and the alternative specific constants are 
given as unscaled values. 

Looking through the level-of-service variables 
first, it may be seen that the transfer scales are 
generally less than unity, with the exception of 
waiting time, for which the transfer survey value 
actually appears rather more plausible than the base 
value. Among the other variables, levels are gener
ally around 1. 0, with the exceptions of the central 
business district (CBD) dummy (twice as highly 
weighted in the transfer survey) and the "female 
driver" effect, which appears to be absent in the 
transfer data. 

Size variables are within one standard error or 
so of each other, and levels of explanation provided 
by the model are apparently rather higher than those 
in the base survey. 

Overall, then, the variables that appear in the 
base model specification have proved, with a single 
exception, to have a statistically significant role 
in the transfer model. Transfer-scale factors are 
generally around unity; the highest is 2.42 and the 
lowest, 0.59. All signs are correct. 

It should be noted that the specification of the 
base model contained a number of other variables 
that were not included in the transfer model; these 
were variables specific to the base region, such as 

Coefficients are unscaled. 

constants for destination zones in specific cities 
in the base area. Nationally these variables may be 
deemed to be included in the specification, but to 
take zero values in the data. Their absence does not 
affect the other results. 

A transfer-scale model is given in column 4; it 
involves the three major subgroups of variables in 
addition to the mode-specific constants. The size 
variable subgroup is constrained in this estimation 
[the use of size variables in the estimation of des
tination choice models has been discussed by Daly 
(_!2) l. 

The compound scale factors for the subgroups re
flect the trends within subgroups seen in the previ
ous model. Overall the level-of-service subgroup 
acquires a scale factor of 0.82, extremely well de
termined in statistical terms, and the "other vari
ables" subgroup acquires a factor of 0.93, also very 
well determined. 

There is a small decrease in the explanatory 
power of the model, as measured by the rho-square 
index (calculated with respect to zero here), but 
the model still appears to provide a relatively high 
degree of explanation. In the tables given here, the 
statistic rho-squared (0) is the commonly used mea
sure of model fit computed by calculating the dif
ference between the log-likelihoods of the fitted 
model and of a "null" model in which all coeffi
cients are set to zero and dividing this by the log
likelihood of the null model. Rho-squared (C) de
notes a similar statistic, but with the null model 
replaced by a model in which alternative specific 
constants are estimated from the data set, all other 
coefficients being set at zero. Note that the last 
size variable is retained with a coefficient set at 
1.0 in all of these models. 

Comparison of the log-likelihood values of this 
model with those of the fully specified model shows 
that a reduction of 10 scale parameters has resulted 
in a decrease of 20 uni ts of log-likelihood. The 
chi-square 95 percent probability value with 10 de
grees of freedom is 18.3. Given that (-2 x log-like
lihood decrease) = 40, there is clear statistical 
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TABLE 6 Personal Business Joint Mode-Destination Model: Prediction Table 

No. of Standard Deviations 

Reestimated Model Partial Transfer Complete Transfer 

Category 0-1 1-2 

Distance to destination 32 9 
Arrival time 49 14 
Age group S4 14 
Car competition 42 6 
Education level 49 13 
Sex and license 36 6 
Occupation 47 14 
Population density at destination 26 9 

Total 33S 8S 

evidence that the more detailed model can indeed be 
justified on these data. 

However, looking at the accompanying prediction 
table (Table 6) and the summarized results from the 
validation tests puts the decrease in model pre
cision into perspective. Although every single pre
diction table has been made worse, the broad picture 
has not been changed greatly. 

Finally, the complete transfer is given in column 
5 in which all variables other than the mode-spe
c ific constants and the size variable are grouped 
into a single compound and given a single transfer
scale factor. Because the levels of the two separate 
transfer-scale factors were so similar in the pre
vious model, this factor also turns out to be around 
0.8, and to be extremely well determined in statis
tical terms. 

Log-likelihood values and prediction tables con
firm that the partial and the complete transfer 
models are virtually identical. 

In Table 7 the same results are given for the 
model of joint mode and destination choice for shop
ping trips. The broad conclusions are similar to 
those drawn for the previous table. 

First, looking at the completely reestimated 
model in column 3 where the transfer-scale factors 

2+ 0-1 1-2 2+ 0-1 1-2 2+ 

13 30 10 14 31 9 14 
1 46 14 4 46 14 4 
3 S6 9 6 SS 10 6 
2 40 s s 40 s s 
1 46 lS 2 47 lS 1 
0 30 8 4 31 7 4 
2 46 10 7 46 10 7 
s 2S 9 6 2S 9 6 

27 319 80 48 321 79 47 

are statistically significant 
2.0), they vary around unity 
being 3.5 and the lowest value 

(t-ratios more than 
with highest values 
being 0.93. There is 

much more scatter in these 
than in the corresponding 
business model. 

transfer-scale factors 
ones for the personal 

There are 5 statistically insignificant factors 
out of 11, which in this case suggests that some of 
the effects are absent or not well measured in the 
transfer context. However, comparison with column 2 
shows that two of these five were also statistically 
insignificant in the base model, and none of the 
others was particularly well measured. The distance 
variable was included in the base specification 
primarily to proxy prejudices toward local facili
ties unconnected with relative level-of-service at
tributes; in the transfer survey, the effect appears 
to be in the opposite direction, although the evi
dence is not statistically significant. 

The log-likelihood decrease on moving from the 
fully specified model to the partial transfer is 19 
units, in exchange for 10 parameters as in the pre
vious table, so that once again there is clear sta
tistical evidence that the full specification can be 
justified on these data. 

TABLE 7 Transfer of the Daily Shopping Trip Joint Mode-Destination Model 

Transfer Model 

Base Model Reestimated Model Partial Complete 

Variable Coefficient T(O) Coefficient T(O) Coefficient T(O) Coefficient T(O) 

Constants 
Car -6.49 -6.07 -S.36 -S.80 
Transit -3.66 -3.23 -3.03 -3.08 

Overall utility 1.09 27.0 
Level of service3 1.11 26.0 

In-vehicle time -.OSS 3.7 0.93 2.S 
Walk access time -.033 2.0 0.S9 0.7 
Waiting time -.013 1.4 3.06 1.0 
Travel cost -.26S 1.3 3 .so s.s 
Slow-mode distance -.700 11.S 1.37 14.S 
Slow distance ( 8 km) .3S2 2.2 2.19 9.4 

Other variables" 0.94 8.4 
Cars/license 1.34 4.0 1.69 S.2 
Female driver 0.77 2.9 0.47 1.4 
CBD destination 0.3S 1.7 2.01 0.4 
Distance -.103 3.0 -S.13 1.6 
Logsum car .7Sl 6.S 0.98 6.7 

o.oob Size variables o.oob 
Population -3.08 .43 -2.74 .29 
Retail employment 0.00 b 0.00 b 

No. of observations 441 S66 S66 S66 
Likelihood at zero -1806 -2403 -2403 -2403 
Final likelihood -896 -80S -824 -82S 
Rho-squared ( 0) .S04 .66S .6S7 .6S7 

a See text; trnrn.fer results given as sca1e factors on base survey estimates. 
bThe coefficlcut of the last size variable (or group of size variables) is constrained to be exp(O), i.e., 1.0. Coefficients are unscaled. 
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TABLE 8 Daily Shopping Trip Mode-Destination Model: Prediction Table 

No. of Standard Deviations 

Reestimated Model Partial Transfer Complete Transfer 

Ca tegory 0-1 1·2 

Distance to destination 29 4 
Arriva l lime 36 9 
Age group 48 8 
Car completion 39 2 
Education level 45 6 
Sex and license 30 4 
Occupation 42 7 
Population density at destinat ion 29 3 

Total 298 43 

The evidence of the validation tables (Table 8) 
is that the approximation introduced by the partial 
transfer does not overly distort the predictions 
within the various groupings of the data i only the 
distance segmentation shows a serious deterioration, 
as might be expected from the discovery that the 
effect in the base model is wrongly signed in the 
transfer. The car competition effect, proxied by the 
"cars/license" variable, is also somewhat distorted 
by the overall scale in the partial transfer, but 
the worsening is less serious. Other than these two 
effects, the reduction of the specification to the 
partial transfer system shows only slight deteriora
tions in the predictions over the different tables. 

The values of the transfer-scale parameters, as 
in the personal business model, are both around 1.0 
and highly statistically significant. 

Another similarity with the personal business 
model is that the complete transfer in column 5 is 
virtually indistinguishable from the partial 
transfer. 

Tables 9-12 set out the same form of models for 

2+ 0-1 1-2 2+ "' ' ~ '" ·-L 
6 23 5 11 24 5 IO 
I 35 IO 1 35 IO I 
3 49 6 4 5 1 4 4 
3 35 6 3 36 5 3 
3 44 7 3 44 6 4 
2 29 4 3 30 3 3 
3 4 1 8 3 4 1 9 2 
7 29 3 7 29 3 7 

28 285 49 35 290 45 34 

the prediction of trip frequencies. Rather fewer 
variables are involved, and only one comparison is 
made--full reestimation against complete transfer. 

One difference is that logsum variables were 
poorly identified in the base models and have been 
estimated separately in the transfer models to avoid 
distortion. 

Table 9 gives the results for the personal busi
ness trip frequency model. The full set of transfer
scale factors is given in column 3 i only the in
fluence of sex on trip frequency failed to attract a 
statistically significant transfer-scale parameter, 
al though the log sum variable was also statistically 
insignificant. 

The full transfer in column 4 has exchanged three 
fitted coefficients for four units of log-likelihood. 
The 95 percent value of chi-square with 3 degrees of 
freedom is 7.8, so that the more elaborate model can 
probably be justified. However, the prediction tables 
indicate that there is very little difference in the 
model precHctluns. The overall scale factor, at 0 .68, 
is quite well measured in a statistical sense. 

TABLE 9 Transfer of the Personal Business Trip Generation Model 

Base Model 

Variable Coefficient T(O) 

Trip -2.25 10.6 
Joint logsum .064 1.6 
Overall utility 

Age 16 and under -1.42 7.8 
Age 65 and over -0.23 1.6 
Non worker 0.75 5.1 
Female 0.28 2.2 

No. of observations 3817 
Likelihood at zero - 2646 
Final likelihood -1 290 
Rho-squared (0) .51 2 
Rho-squared (C) .044 

Reestimated Model 

Coefficient T(O) 

-2.29 5.8 
.030 0.7 

0.74 5.9 
1.64 1.8 
1.16 5.5 

-0.4 1 0_8 

2439 
-169 1 
- 974 
.424 
.027 

Complete Transfer 

Coefficient T(O) 

-2.22 6.5 
.025 0.6 

0.69 6.6 

2439 
-1691 
-974 
.421 
.023 

TABLE 10 Personal Business Trip Generation Model: Prediction Table 

No. of Standard Deviations 

Base Model Reestimated Model Complete Transfer 

Category 0-1 1-2 2+ 0-1 1-2 2+ 0-1 1-2 2+ 

Age of person 7 1 1 7 1 I 7 I 1 
Sex/cu available 4 0 0 4 1 0 3 2 0 
Education level 8 0 0 5 4 0 5 4 0 
Occupation/profession 6 3 0 6 3 0 5 4 0 
Household size 5 3 0 4 4 0 4 4 0 
Household income 5 3 0 7 2 0 8 1 0 
Household cars/license 3 1 0 6 1 0 6 I 0 

Total 38 11 39 16 40 15 
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TABLE 11 Transfer of the Daily Shopping Trip Generation Model 

Base Model 

Variable Coefficient T(O) 

Trip constant -2.12 7.4 
Joint logsum .005 0.3 
Overall utility 

Age 16 and under -1.85 12.1 
Age 65 and over -0.40 3.0 
Nonworker 1.56 11.7 
Female 0.75 6.6 
No. of adults -0.17 2.1 
Primary education -0.46 4.3 

No. of observations 3817 
Likelihood at zero -2646 
Final likelihood -1525 
Rho-squared (0) .424 
Rho-squared (C) .148 

Reestimated Model 

Coefficient T(O) 

-2.61 6.9 
.089 2.2 

0.81 8.4 
0.97 2.0 
0.97 10.2 
0.82 4.8 
1.22 2.5 
0.58 1.8 

2439 
-1691 
-1084 
.359 
.122 

Complete Transfer 

Coefficient T(O) 

-2.41 8.7 
.066 1.8 

0.86 16.l 

2439 
-1691 
-1086 
.358 
.120 

TABLE 12 Daily Shopping Trip Generation Model: Prediction Table 

No. of Standard Deviations 

Basic Model 

Category 0-1 1-2 2+ 

Age of person 8 1 0 
Sex/car available 2 0 2 
Education level 5 3 0 
Occupation/profession 4 2 3 
Household size 6 2 0 
Household income 5 3 0 
Household cars/license _1_ 2 0 

Total 32 13 

Table 11 presents the same comparisons for the 
shopping-trip frequency model. All the variables in
cluded attract statistically significant coeffi
cients, with the exception of the "primary educa
tion" variable (a dummy identifying those whose 
highest completed education was at the primary 
level). The simplification of the specification to 
the complete transfer exchanged only two units of 
log-likelihood for five parameters; in this case the 
simplest model appears quite adequate to explain the 
variation in the data. The single transfer-scale 
parameter, 0.86, is once again very well measured in 
a statistical sense. 

SUMMARY OF RESULTS FOR MODE-DESTINATION CHOICE 

In the previous section attention has been re
stricted to the various models associated with shop
ping and personal business trips. Table 13 presents 
a summary of results for the models of joint choice 
of mode and destination for seven activity purposes, 
listing the various log-likelihood values associated 
with the following models: 

1. Zero coefficient, 
2. Naive transfer (all coefficients including 

the constants set at the base values), 
3. Complete transfer (updating of scale and con

stants) , 
4. Partial transfer (involving two or three dif

ferent functional subgroups) , and 
5. Final, in which all coefficients have been 

reestimated and the model specification has been ex
tended to include area-specific effects. 

TWO points should be made about these models. 

Reestimated Model Complete Transfer 

0-1 1-2 2+ 0-1 1-2 2+ 

4 3 2 3 3 3 
4 1 0 5 0 0 
7 2 0 5 4 0 
6 3 0 6 3 0 
4 3 1 4 3 1 
6 2 1 6 2 1 
4 3 Q. 4 3 Q. 

35 17 4 33 18 

TABLE 13 Log- Likelihood Values for Various 
Mode-Destination Models 

Model 

Trip Zero Naive Complete Partial Final 

Work -3381 -2408 -2226 -2221 -2169 
Social -3092 -1523 -1499 -1482 -1354 
Recreation -2376 -949 -919 -910 -765 
Shopping -2403 -858 -824 -824 -782 
Personal business -1883 -828 -804 -803 -770 
Education -4667 -1717 -1504 -1483 -1398 
Other -3476 -1566 -1413 -1392 -1336 

First, the likelihood associated with the zero
coefficient model is somewhat approximate, having 
been calculated over a different sample of destina
tions than that used for the other models 1 it also 
differs from the null model of Tables 5, 7, and 9 in 
that the size variables have been excluded alto
gether. Second, the final model has been developed 
on a data base enriched with observations of trav
elers crossing screen lines; however, the likelihood 
reported in the table is calculated only for the 
household interview data and is comparable with the 
other entries. 

The move from the naive transfer to the complete 
transfer involves the estimation of 3 parameters, 
from complete to partial generally involves an extra 
1 (2 for work and education), and from the partial 
to the final an extra 20 or so. Each successive re
finement of the specification is clearly justified 
in terms of statistical fit (as judged by the like
lihood ratio test), although there is an obvious 
trend of diminishing returns in terms of likelihood 
gain per extra parameter fitted. 
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CONCLUSIONS 

The conclusions based on the empirical evidence can 
be summarized under the same broad headings identi
fied for the transferability tests. 

First, in terms of the adequacy of the transfer
factor models, it was found that the performance of 
the model can usually be improved by reestimating on 
the local data, that is, by using more variables and 
more parameters. The transfer-factor model should be 
regarded as an approximation, although the nature of 
the two data sets (and in particular the scarcity of 
transit trips in the transfer survey) may actually 
make this model more reliable than the completely 
reestimated model for some variables. 

Second, in terms of validity, the transfer-factor 
models perform worse in the prediction tests applied 
here, but the deterioration in performance over the 
reestimated model is not dramatic. For most purposes, 
the predictions of the transfer-factor models are 
quite similar to those of the most detailed specifi
cations. 

Last, in terms of relevance, all the transfer 
factors here were very well estimated and statisti
cally different from zero (when compared with stan
dard errors returned by the maximum-likelihood 
estimation routine). Interestingly, they were not 
very different from unity in most cases. 

Overall, then, this experiment has provided some 
evidence of a stability in model specification and 
coefficient levels between the base and transfer 
surveys. This stability falls short of complete 
equivalence, and it would be unwise to rely too 
heavily on such a transfer without some corrobora
tion or updating from local data sources. The trans
fer-factor approach allows variables to be scaled in 
blocks and appears to be a constructive way in which 
to adapt models to different environments. 
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