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- Study of the Transportation Corridor Between

Rio de Janeiro, Sao Paulo, and Campinas

VALERIO J.BERTUCCI, HSU Y.H.OKEEFE, PAULO A.R.LAGO, AND WEIDER G.SOUBHIA

Inthispaparthepassengar-demandstudiesandthepreliminaryeconomicevac-
uationofpeliciestomeetthepsaaangsrtraveldemand withintheRiode
Janeiro–S~oPaulo-CampinasCorridoraresummarized;particularanentionis
paidtotheintroductionofahigh-speedtrainservice.Existingmethodsfor
traveldemandforecastingwerenotjudgedsuitable,bothbecauseoftheircroas-
slasticityproblemsandbscauaaofthevolumeofdatarequiredtocalibrate
them.Accordingly,anew direct-demandmodelwasdevelopedcanteredon a
multilevelmultinomial-logitmode-splitformulation.By applyingthismeth.
odologv,themainresultsoftheevaluationofhigh-speedtrainserviceshowed
thatitisunlikelytobeeconomicallyjustifitiforthewholecorridor.How-
ever,itappeerstobewarrantedforpartofthecorridor-the.% Paule-
Ccmpineelink-underallhypothesesadopted.

*

The 500-km corridor between Rio de Janeiro and S%o

Paulo had in 1975 a population of about 21 million
that increases at an annual growth rate of 2.7 per-

cent. For this study, the towns in the corridor
were grouped into 12 level-l zones surrounded by 8
level-2 zones (with 4 million inhabitants in 1975) .
Four more external zones were considered since they

contribute a large amount of freight that goes
through the corridor. The entire study was carried

out by Promon Engenharia S.A., a Brazilian private
consulting company, for the Brazilian Transport
Planning Agency (GEIPOT).

This study investigated three policies to meet

the travel demand in the area:

1. Tramsfer of freight from road to rail, which

frees the road system for passenger use;
2. Transfer of passengers from road to rail: and

3. Introduction of a high-speed train.

The study was made up of three separate aub-
studies: a passenger-demand study (which included a
study of land use within the corridor), a review of
available high-speed rail technology (which included
estimates of capital and operating costs as well as
a route-location study), and a preliminary economic
evaluation.

This paper presents only the method used in the

transportation studies and in the economic evalua-

tion as well as the results obtained.

METHOD

The aim of the study was to evaluate alternative
ways of meeting travel demand within the corridor
between Rio de Janeiro, S%o Paulo, and Campinas.
These alternatives included operational measures,
such as the partial regulation of freight transport,
as well as alternatives that require large capital
expenditure, such as a high-speed train (TAV), which

would provide a new mode that has characteristics
quite different from those of the existing ones.

In addition, the corridor is expected to expe-
rience a period of strong population and income

growth during the next 20 years, particularly an the
Rio de Janeiro-S% Paulo section, and it was neces-
sary to take this into account in evaluating the
alternatives.

A model was therefore required that was capable
of responding to changes in the operational
characteristics of existing modes, to the introduc-
tion of new modes that had characteristics different

from those of the existing ones, and to changes in

population and income distribution.
A particularly important requirement was that the

model adopted be one in which the demand for travel
was responsive to the supply, i.e., that, as the
cost and time of travel by various modes changed and

as new modes were introduced, Imth the total volume
of travel and the proportions of persons who travel
by the various modes respond to such changes.
Figure 1 shows the major stages in the modeling
process; the demand, supply, and evaluation phases

are identified separately.
The modeling approach adopted was therefore one

in which a direct-demand submodel is linked with a
submodel of the transport network to provide an
integrated representation of the transport system in
the corridor. It should be noted that, since the
demand for travel is a function of the system that
satisfies that demand and since the level of service

is conversely a function of the demand for travel,
the modeling procedure adopted is an interactive one

in which the results of the demand submodel are

input to the supply submedel, and vice versa, until
equilibrium is reached.

There are several methods available for forecast-

ing the demand for travel. They can be summarized

in four main groups: growth factors and allied
techniques (Fratar expansion), traditional four-step
mo@els, direct-demand models, and disaggregate
models.

Each of the above methods was considered for use
in the present study. Since the central problem is

one of mode split and possible trip generation, it
was thought that a technique should be selected that
was strong from the point of view of mcde split and
trip generation. This suggested a direct-demand

formulation. However, existing specifications were

not judged suitable both because of their cross-
elaaticity problems and because of the volume of
data required to calibrate them (~,~). Accordingly,

a new direct-demand model was developed centered on
a multilevel multinominal logit mode-split formula-

tion (~,~).
The mdel used has two important features that

distinguish it from earlier direct-demand mcdels.

First, the multilevel mode-split formulation allows
the clustering of modes into subgroups that contain
modes that are relatively close substitutes for each
other (~). Second, the linking of mode-split and

trip-generation characteristics via the composite

utility (U) ensures that cross-elasticities are
always positive, if the parameters satisfy certain

simple conditions (~).
The supply submodel concerns the transPort net-

works for the various options and years considered
in the study. The approach adopted is a conven-

tional one (~): the main steps can be summarized as

(a) the construction of a multimode network; (b) ‘the
calculation of speeds and times for each link of the

network; (c) the extraction of subnetworks (called
reduced networks) for each mode; (d) the calculation

of minimum paths, costs, and times by mole between

all pairs of zones; and (e) the assignment of the
flows that are output from the demand submodel to

the network constructed above.
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‘There are two points in this process at which

there is interaction with the demand submodel: (a)
in the second step, the speeds and times in the net-
work, particularly on the road links, are a function
of the amount of traffic and (b) the output of the
fourth step, the minimum costs and times, is input
to the demand submodel.

The main purpose of an economic evaluation is to

provide a measure of the value to society of the

different options being considered.
This study has adopted the more-conventional

efficiency approach in which individuals provide
their own valuation of their costs and benefits.
However, it should be pointed out that in a country

such as Brazil, in which there are large income
differentials both between different parts of the
country and different groups in the same region,
care Is required in comparing different projects
since efficiency evaluations inevitably favor those
projects that help the richer members of society.

The calculation of the net present value (NPV) of

costs and benefits provides the main economic indi-
cator for choice between alternatives. Breakdown of

this NPV by user Income group and by organization
gives useful additional information on the distribu-

_-j

I

tional impact of the change. Some other performance
indicators may be regarded as useful additional
information to be assessed before a decision is
reached.

The structure adopted is given in Figure 2, which

shows the different categories of costs and benefits
(labeled A-K) and their distribution among the three
groups--users, transport operators, and government

(s). Certain costs and benefits that accrue to a

particular group do not accrue to all the groups
together.

DEMAND SUBMODEL

Three types of travel demand were identified:

1. passenger travel among the 20 internal study

zones (levels 1 and 2):
2. Freight traffic among the 24 study zones

(levels 1, 2, and 3); and
3. The remaining traffic, made up of PdS.sen9er

travel between the study area and the rest of

Brazil, as well as all passenger and freight traffic

internal to a single study zone. (This traffic was

judged to be unaffected by any of the OPtiOns cOn-
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Figure2. Economicevaluationstructure.
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sidered in this study and hence could be treated as
constant for any given year. )

The first two groups of demand were estimated by

using origin-destination (O-D) models. The third
group was estimated on a link basis as the dif-
ference between the assigned flows of the first two

groups and the average traffic flows recorded on
each link.

The study considered total trips subdivided by

income group and car ownership, since these are
important factors in mode choice, which lies at the

heart of the work. In an ideal world, separate
mcdels would therefore be estimated for each of the

market groups. However, in the present study,

information on the income and, to a lesser extent,

the car ownership, of travelers was severely
1imi ted. It was therefore necessary to estimate
models for business and leisure travelers as a whole

and to then subdivide the matrices in a manner that
was consistent with the aggregate data available.

Based on the above, separate trip models were
estimated for

1. Business and nonbusiness trips and

2. Pairs of centers connected by commercial ties

(hereafter termed functionally related) and those
that are not (hereafter termed unrelated).

The business and nonbusiness models have the same

specification in terms of variables, but the speci-
fications are different for functionally related
centers and unrelated centers.

A final ~int concerns the influence of income on

trip making, specifically interurban trip making.
The results clearly demonstrate the strong influence
of income on this type of travel, and it was thus
important that this variable be included in the

model. However, there were no data available on
incomes at ~he required level of detail, so the

model used car ownership instead, which is a good

proxy for expenditure on this type of trip over the

range of data considered.
The model used for mode split was a multilevel

multiple-logit model. Such models are comparatively

new; they first appeared in the literature about

1976 Q,z) and are developments of the simPle logit
model that seeks to recognize the different

sensitivities of different travel decisions.
The model used is set within a utility maximiza-

tion framework, which assumes that each individual
associates a utility Ui with each choice i and

then makea the choice that has the highest utility

(E). In Practice/ individuals attach different

utilities to the same choice, either because they

perceive the attributes of the choice in different
ways or because they attach different weights to the

different attributes. In either case, the utilitY

Wi thus becomes a random variable and may be

written (~) as follows: Wi = Ui + Xi (Ui is

the measurable utility of choice and X1 1S a ran-

dom variable). The exact form of the choice model

depends on the distributions assumed for the random
variable. The normal multiple-logit model results
if they are assumed to be Weibull (~).

Under this assumption it can be shOwn that var

(Wj - Wi) = 112/3A2, where i is the param-

eter associated with the Weibull distribution and

Var(Wj - Wi) is the variance of the difference

between two choices; however, this will not be the

same for all pairs of choices. For example, in the

“red-bus, blue-bus” paradox, estimates of the

utility of the red bus relative to the blue bus will
be almost constant: If passengers like the red bus,

they will like the blue bus, and vice versa. Thus ,

in this situation the variance of the utility
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differences will be very small and A should be
large. By contrast, in considering car and bus, it
does not follow that a particular person’s attitude
to bus travel can be predicated by his or her atti-
tude toward car travel; in this case the variance
will be large and k should be small.

The formal structure of the mode-choice model
used in the study is given below. The model con-
siders five modes: car, bus , conventional rail,
air, and TAV.

The model is defined as follows:

T,j!n[= T,ll[exp(kU,j)/exp(kU,,O}] P,,m’

where

t . number of perSOn tr
‘i]m

I by mode m in year
Ui, = composite utility b~

(1)

ps between i and
t;

tween i and j for-.
forecast-year network;

t . total number of person trips between
‘iI

i and I in year t, assuming the base-year

network cost and times, when the

composite utility U1l = UijO ;

Pijm t = proportion of trips between i and j
by mode m in year t; and

k = calibration constant.

Each of these modes has a utility Ujk attached

to it defined as follows:

~’jk=dJk++k8! ‘~)k’ *tv+c,k2* t.+c,k3*tw
(~)

where

‘]k = utility of the jth

mode for the kth market;

djk = constant (mode-specific
constant) ,

b3k, C,kl# cjk’~ cjk 3 = constants that use the
same notation as Ujkl

g = cost,
tv = time in vehicle,
ta = access time, and

tw = wait and transfer time.

Define composite utilities wl and W2 for bus

and train and air and TAV (dropping the subscript k)
as follows:

exp(klW, )= exp(A1U2)+ exp(AIU~)

cxp(A,W2) = exp(k2Wq)+exp(A2W5) (3)

and define a composite utility U over all modes by

exp(U)= exp(Ul)+ exp(Wl)+ exp(W2) (4)

Then, if pm IS the probability of choosing mOde m,

PI = exp(ul)/exp(U) (5)

P2 = I~xp(wI)/exrXU)lx lexP(AlLJ2)/exp(llWl)1 (6)

P3 = [CXP(WI)/~xP(w)lx [exp(A,uJ)/exp(k,w,)J (7)

p~ = [exp(Wj)/exp(W)lx [eXp(i*U4)/eXP[A2W2)l (8)

P5 = lexp(w2)/exp(w)l x lCXP(A2U5)/CXp(A2W2)] (9)

The medel assumed that the choices between bus or
train and air or TAV are both second-order decisions
compared with the choices among car, bus, or air and
thus that beth Al and 12 were greater than

unity. The parameter estimates and comparison of
the modeled results with original data are given in
Tables 1 and 2.

The term exp(kUil) \exp(kU1jO) in the model

generates and suppresses trips according to changes

in the composite utility U.13, which is output from
the mode-split model. As a function of composite
utility it reflects the pure generation effect of

changes in the transport network, net of any
switching between modes.

The estimates of k that were derivable from the

cross-sectional models are approaching or are
greater than unity. This confirms the view
expressed abeve that the estimates of k are too
large.

However, realistic estimates of k can be obtained
by consideration of the following air cost and time

ehStlCltleS between Rio de Janeiro and GO paulo:
business: k = 0.2; nonbusiness: high income,
k = 0.3; medium income, k = 0.5, and I.ow income,
k = 0.7.

SUPPLY SUBMODEL

The supply submodel represents the networks for the

var ious options and years considered, provides
inputs to the demand models, and then assigns the
trips that are output from the demand model to the
network.

A different network was constructed for each year
and each option, although some of the them were
physically identical and only different in terms of
systems parameters such as operating costs. Four
mooes (road, bus, train, and air) were used for all
runs except those that involved TAV, in which a
fifth mode was introduced. However, in order to
facilitate the evaluation, the road was split into
two submodes--car and truck.

Operating costs were also input to the model at

the network-construction stage. These costs are the

costs as perceived by the user and hence include

perceived motoring costs, fares, tolls, and parking
charges. .

The selection of minimum paths was handled by

using a standard program that identifies the minimum
paths between each pair of zones for each mode and
calculates the appropriate costs and times. The
minimum path was calculated as the path that had the
lowest generalized cost. This study considered four
groups that had very different values of time and
theoretically, therefore, different minimum paths
should have been calculated for each group. How-

ever, such a process would have been prohibitively
expensive in computer time, and it is unlikely that

significantly different paths would have emerged

from the sparse networks used in the study. The

minimum paths were therefore in general calculated

by using a value of $1.35\h (1979 U.S. dollars), as
had been used by another study (~).

The study used the all-or-nothing assignment,

since the lack of route choice over much of the

network meant that the potential improvement from
using a probabilistic assignment would be very

small. The assignment procedure loaded each of the

modes separately into their subnetworks and then

recombined them, thus amalgamating all the road

flows by the different modes.

ECONOMIC EVALUATION

This study analyzed alternative transport invest-

ments in the corridors between Cameinas and GQ

Paulo and S~o Paulo and Rio de Janeiro and the ef-
fects that different transport policies might have
on the volume of traffic by the various males.
Three options were considered:

1. Transfer of freight from road to rail by

using the existing rail system more intensively and
thus freeing the road system for passenger use,
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Table1. Parameterestimatesformode-~pl!tmodel.

ParameterEstimates utdlty

r~meIn Access Transfer RIode
Marke[ !vfOlie Constant cost Vehicle Time Time Janewo Camplnas

Business car
Bus
Train
Au

Nonhuslness
HighLncomc (“dr

Bus
rraln
Air

Medium tn~onle C’~r
Bus
Tram
AM

Low Income car
Bus
Tram
,41r

Global (’Jr
Bus
Tra)n
Alr

-0.53 -0.0072
-0.0130
-0.0130
-0.0130

-052
-0.36
-0.36
-036

-0.52 -0.52
-0.52 -1.04
-052 -104
-0.52 -1.04

-446
_34>

-5.17
-3.19

-0.38
-0.78

I 12 -00052
-0.0130
-00130
-0.0130
400s2
-00130
-0.0130
-0.0130
-0.0052
-0.0130
-00130
-0.0130
-o00s2
-00130
-00130
-0.0130

-0,29
_(J,Jo
_o ~o

-0.20
-0.10
-0.07
-0.07
-0.07
-004
-003
-003
-003
-0.22
-0.16
-0.16
-0.16

-029 -0.29
-029 -0.57
-0.29 -0.57
-0,29 -0.s7
-0.10 -0.10
-0.10 -021
-010 _o,2I
-o 10 -021
-004 -0.04
-0.04 -008
-0.04 -008
-004 -0.08
-022 -022
-0.22 -044
-0.22 -0.44
_(3,~2 -0.44

-215
-239
-424
-369
-185
-1 24
-2.40
-418
-207
-083
-1 72
-5 13
-258
-198
-334
-4 10

017
-099
-217-106

07s
021

-0,84
-026
-044

-032
-0.47
-134

-0.83
-0.28
_[(3Z-074

-140
0 ?6 -051

-0.80
-1.63-0.74

0.07

was also examined by using the lower rate of growth.
A per-capita income growth of 4 percent per year

was selected as the basic hypothesis on the grounds
that, if options proved infeasible for this assump-
tion, the conclusion would also hold under a lower

rate of income growth and thus eliminate the need
for sensitivity tests. This proved to be the case
for both the forced-freight and conventional-train-

Improvement options.
The main economic evaluation KeSulta are Pre-

sented in Table 3, which presents an approximate

evaluation on a sectional basis. The sections are

described below:

Table2. Comparisonofestimatedandmodaledflows.

Flow(thousandsofpassengersperyear)

SiioPaulo-RIode
SioP3u10-(3mplnas Janeiro

Market Mode Ohsc!ved Modeled Ot.servedModeled

Business (-3[
Bus
Train
Alr
Total

c3r
Bus
Train
A1r
Total

Car
Bus
Trmn
.Air
Total

car
Bus
Tra[n
A1r
Total

Car

747 730 184 187
835 801 511 530
126 177 39 17

__.Q Q a m
1708 1708 1393 1393

Nonbusiness
HighIncomes 974

280
15

_.J3
1269

202
181
27

’959
284
26

A
1269

212
168
30

272 273
208 213
II 5

_j.& J&
549 549

User Passengers

Length Benefits per Kilo-

Section m (%) meter (%)

S30 Paulo-Campinas 93 43 36

Siio Paulo-Cruzeiro 209 44 43

Cruzeiro-Rio de
Janeiro 198 Q ~

Total z 100 100

Medtum income’ 57 52
87 89
9 II

_J3 __Q > ~
410 410 157 157

Lowincomea 6 5 6 4
b 7 ]~ 12

2 0 2
Jadd

14 14 18 18

All costs and benefits in Table 3 are relative to

the base case and are expressed in 1979 U.S. dollars
discounted to 1990 U.S. dollars at 12 percent per

year. The study period extends from 1979 to 2010r

giving a 20-year period of operation for TAV if it
is opened in 1990.

It Shews that under the high-attraction

hypothesis, the section from Cruzeiro to Rio de

Janeiro does not appear to be viable. Under the

low-attraction hypothesis, this conclusion is of

course reinforced, and the existence of the

Cruzeiro-S50 Paulo section is also in doubt.

Totalnonbusiness 1182 1176 336 338
800 797 608 611
148 151 46 40

_.Q Q ~ ~
21OI 2101 1045 1045

Bus
Tram
Alr
Total

“Carownem only bIncludesthosewhodonotowmcars

2. Transfer of passengers from road to the
existing rail system by improving the services
offered but without prejudicing the carriage of

freight traffic in that system, and

3. Construction of TAV link between Rio, S%o

CONCLUSION

Total passengers per kilometer within the study area
ia forecast to increase from 43.5 milllOn/daY in

1975 to 221.1 million\day in 2000. The figures are

based on a 4 percent per-capita rate of incomegrowthand on increases in opecating costs based on

a rise in the price of crude oil to $30/barrel by
2000. The cost increases fall more heavily on some

modes than on others, and the limited capital

Paulo, and Campinas.

The study adopted two rates of growth per capita
for real income throughout the study period: 2

percent and 4 percent per year. of these two

values, 4 percent per year was selected as the
primary forecast for the study, and the TAV OPtion
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Table3, Econom(cevaluatmnofhypothesesofattraction,

‘ii<l’dul<>-(’.lr]l~>jn~s8 076 783
$i<)Pdult).(r“,L’,r,]

1028 6 265
8263 936 2310 501T

‘DataarefromDa!vandJ.chary(7)

expenditure assumed causes traveling ~peed~ On some

stretches of road to be comparatively slow by 2000.

Freight transport Ln the study area is forecast
to grow at about 7 percent per year; road freight is
forecast to grow more slowly than rail freight.
Road freight nevertheless increases at about 6
percent per year throughout the study period. This
increase in freight ton kilometers is not translated
directly into trucks, since the size of trucks IS
forecast to increase over the period in which the

average payload (including running empty) increases
to 10 tons by 2000.

Three broad options were considered in the study,

as discussed below.

Transfer of Freight to Rail

The study assumed that under this policy all bulk

ores and 10 percent of the general freight would be
carried to rail in areas in which a rail link was
available. This policy reduces interurban road
freight vehicle kilometers by about 20 percent and
increases the rail freight on the S~o Paulo-Barra
Mansa link to about 50 million tons/year. Although
such a policy is clearly not viable, the results
from the transport model show that, even if it were,

the impact either on road travel times or on travel

demand would be very slight. The study also shows

that, even if such a policy were considered from the
point of view of pure efficiency, its economic
merits depend crucially on the comparative haul

costs by road and by rail. The data used in this
study suggest that, although rail is more efficient
for bulk commodities, road is more efficient for
general freight for the typical distance carried
within the corridor.

Improvement of Existing Passenger Services

This option was a difficult one to formulate and was

eventually modeled in a form that implied a level of
frequency, reliability, and punctuality that is

competitive with existing bus services. As buses,

by their very nature, will always provide a higher
frequency of service than the larger-capacity

trains, this is a very generous assumption, and the
forecasts for this option therefore represent an
upper limit. The forecast volume of freight for the
link between Rio de Janeiro and S~o Paulo is such
that this policy, like the forced transfer of

freight, is not feasible in that corridor. The

study has not been able to estimate in detail the
effects of such a policy on the S~o Paulo-Campinas
stretch, but it is probable that an augmented

service could be incorporated on that link without

undue difficulty. However, Increasing it to a level
competitive with the existing bus service (with,
say, 10-min departures in the peaks) would certainlY

create capacity problems. Although this option
shows signif~cant benefits, they are mostly caused
by the undefined improvenrents in the rail Service
assumed in order to make rail a “bus on rail
tracks.” Although the study ruled out capital
investment, it is clear that very little improvement
could be made without at least some injection of
capital, and this has not been included in the
evaluation. It must be noted that the Costs
developed for this study indicate that rail
passenger services do not cover their avoidable
costs, and this option must therefore be considered

in that light. The results of the option with a
fare level that covered avoidable costs would be
much less encouraging.

Introduction of TAV

This option was examined in detail; four fare levels

were analyzed in addition to tWo different
assumptions on the attraction of the mode relative

to the bus. The results show that TAV gains at the

expense of all modes but principally air and b“s and

that, particularly at the lower fare levels, TAV is
also a generator of traffic. The figures hide the
very different responses to these changes in the S~o
Paulo-Campinas and Szo Paulo-Rio de Janeiro
corridors. While TAV is competing only with car,
train, and bus in the Campinas corridor, it also
faces competition from air for the Rio de Janeiro
link and thus loses passengers to air as TAV fares

approach air fares. Since there are a number of
intermediate stations, the volume given for each
section of the TAV system is the maximum loading
within it. Analysis of these results shows that the
fare that maximizes net revenue (i.e., net of

variable operating costs) from S~o Paulo to Rio de

Janeiro is about $0.11/km (1979 U.S. dollars) more
than the $0.15/km (1979 Us. dollars) for the

remainder of the system. It should be noted that

air fares for the year 2000 were forecast to be

about $0.15/km (1979 U.S. dollars). In addition to

being more sensitive to price, the RiO de Janeiro
travelers do not generate the benefits, either per
capita or per kilometer, that the remainder of the

system generates. This again is due to the fact

that TAV competes with air and does not provide a

completely new alternative.
The evaluation of this option indicates that it

can be divided into three sections for analysis.

1. The Rio de Janeiro-Cruzeiro section is

unlikely to be economically justified for many yers,
even with a high rate of income growth. The area

through which the line passes is in general sparsely

settled, and through traffic from S~o Paulo suffers
from competition from air services. In addition,

this is the most expensive part of the line to

construct, since it contains extensive tunnels and

earthworks.
2. The CruzeirO-S20 Paulo section (more

particularly the Taubat6-S~O Paulo section) is

]ustified under a high rate of income growth but not

under a low one. This section Passes thr0u9h the
Paraiba valley, which is denselY settled and has a

llnk with S~o Paulo that will be severely congested
by the end of the century. The ultimate viability

of this llnk would be subject to any future

decisions regarding any upgrading of Dutra.

3. The S=o Paulo-Campinas link appears warranted
under both high and low rates Of income growth.

However, a substantial portion of these benefits
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comes from travelers from outside Campinas proper,
and this may nOt be substantiated under closer
examination. Nevertheless, the results from both
the demand model and the evaluation indicate that
this link warrants further examination at a greater
level of detail.
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Simple Equilibrium Analysis ofthe Dedication ofa
Freeway Lane to Exclusive Bus Use

YOSEFSHEFFI

Inthispaper,thededicationofanexistingfreewaylanetoexclusive(with-
flow)bususeiscriticallyexammed. A simpleequilibriumanalysisby means
ofa Iogitmode-choicemodelandtypicalvolume-delaycurvesindicatesthat
suchprojectsmightbringabouttheexpectedbanefitsonlyunderextreme
congestion.The benefitsaremeasuredintermsoftheratiooftotalperw”
hoursbsforetothoseaftertheimplementation.

One of the many methcds suggested in order to

increase transit ridership is the dedication of a
freeway lane for exclusive use by high-occupancy
vehicles or buses. The rationale behind the
so-called “diamond lane” is that by shifting the
right number of users from private automobiles to
buses, everyone would be better off. The automobile
users, who are faced with higher congestion on a

reduced-capacity freeway (and, it is hoped, who envy
the free-flowing buses on the dedicated lane) would

shift to transit. Naturally, it is hoped that there

would not be a shift of so many users to transit

that congestion would develop on the diamond lane.
(It is reasonable to assume that the travel time on

the diamond lane should be no longer than the travel
time on the remaining lanes.)

The above-mentioned scenario seems to be a part
of the underlying rationale for several diamond-lane
projects throughout the country--for example, the
Southeast Expressway in Boston and the Santa honica
Freeway in Los Angeles. In both of these pro]ects no
capacity was addea to the system, but rather

existing automobile lanes were reserved for

high-occupancy vehicles. Neither of these pro]ects

achieved sufficient riiverslon to high-occupancy

vehicles, possibly because they were terminated at

an early stage for other reasons.

Obviously, many local factors, such as enforce-

ment, marketing, and geometric design, have con-
tributed to the early termination of such pro]ects.
However, this paper suggests that such pro]ects
might not be beneficial even if the flows are al-
lowed to stabilize, due to the equilibrium charac-
teristics of the problem. At the new equilibrium
point, the total travel time (in person hours) might

be higher than it was before.
The analysis offered here is very simplistic and

the actual results in a particular case would

naturally depend on the actual demand and congestion
functions involved. However, it seems that only

under conditions of quite high congestion would

benefits be realized.

A detailed analysis of priority lanes had been
performed by May and others at the University of
California in Berkeley (~-~) by using simulation
methods. Such methods can obviously handle many more
factors and considerations and (unlike the analysis
presented here) are suited for a detailed design or
a feasibility study.

our analysis assumes two modes only (buses and
cars) on one freeway segment. It can be extended tO
aodltional mod es and more-realistic conditions at
the expense of somewhat complicating the analysis.
with the present scope of the analysis, the reader

can follow the formulas and results with the aid of

a POcket calculator.
The paper is organized as follows: The next

section presents the equilibrium framewOrk and the
model from which the total travel time (before and

after the implementation of the exclusive lane) can

be computed. The performance measure and analysis of
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F!qure1 Flow versustravel-tnmecurvesforthree

segment1 km longITO= 1 mlnlkm,J= 112).

&

..-. —_
1 2 3 4 5

x [THOUSAND VEH/HRl
6

andtwo-lanehighway

some numerical examples are presented in the
followlng section.

THE MODE,L

COnSlaeK a three-lane freeway segment ot length L
miles tnat leads from Residence City to the central
business alstrict (CBD). Let the volume-delay curve
associated with this freeway segment be as tollows:

TC=L T,,{[6-(1-J)q]’(6-q)j (1)

where

Tc = automobile travel time per kilometer (h),

q = flOw of vehicles (in private-car units)
(thousands of cars/h),

J = parameter of the volume-delay function, and

To = free-flow travel time (mi,n/km).

[All quantities, such as car and bus travel times,
flows, and occupancy factors, referred to in this
paper are averages for the analysis period (say,
peak) over a sufficiently large number of days.]
Equation 1 has been suggested as a model of

congestion by Davidson (~) and an estimation
procedure has been reported by Taylor (~). This
curve is shown in Figure 1. It is based on three
lanes of freeway, each of which has an absolute
capacity of 2000 vehicles/h. In Figure 1 we have
assumed J = 1/2, L = 1 km, and To = 1 rein/km.

ke assume that the flow of vehicles consists of a

flow of cars (Fc) and a flow of buses (Fb). If
we denote the flow of car users by Xc and the flow

of bus users by ‘b, the vehicles and occupants

flows are connected through the occupancy factors
(JC and Ob for the cars and buses, respectively.
In other words, Fc = xc/oc , and Fb =

Xb/Ob . Let the total flow of users of the road
segment unoer study be denoted by N, i.e., N =
Xb + Xc. In Equation 1, we assume that q =
rJFb + Fc, where a is the equivalent of a bus
In private-car units (typically 1.5 - 3.0).

In mixed-mode traffic, the bus travel time (Tb)
equals the car travel time plus additional collec-

tion-distribution time (Ts). Thus Tb = Tc +
r>1s.

Let us assume that the mcde split between the
cars and buses is given by a logit mode-choice
function. If we define the measured utility of the

car and bus modes as Vc and Vb , respectively,
the share of car users is given by

XCiN= Ii[l+exp(Vh -V,)) (~)

where it is assumed that we are dealing with an
a99re9ate mcde-choice model or, alternatively, that
the naive aggregation approach is used. [The loqit
function as a demand model is discussed by Comencich
and McFadden (~), by Richards and Ben-Akiva (~), and

by many other authors. The aggregation problem and
in particular the naive a99re9ation approach have
been discussed by Koppelman (~) and by Bouthelier
and Daganzo (~) .] Assume that a mode-choice model

has been estimated for the problem under
consideration and the resulting parameters are as
follows:

VC=-QTC+~ (3a)

Vh = -QTb (3b)

In this model, 0 1S the coefficient of the
(generically specified) travel-time variable, and
Y includes all other parameters and variables in
the model. It is reasonable to expect T to be
strictly positive since, at equal travel time, we
eXpeCt the car share to be more than half. In fact,

Y can be expressed in terms of the existing flows
and the product of u and Ts. By using the logit
formula with the definitions of Equations 3, it is
not dlfflcult to see that

v=lOg(xc/xb) -&r, (4)

Now consider the dedication of one of the freeway
lanes for exclusive bus use. Since congestion on the
two remaining freeway lanes would increase, some
users would divert to the bus, and the system would
reach another equilibrium point.

The volume-delay curve that corresponds to a
two-lane highway is given by

T:=LTO {[4-(1-J)F;l/(4-F:)~ (s)

The primed variable refers to the values of all the

previously defined components after the introduction
of the exclusive lane. The function given in
Equation 5 is depicted in Figure 1 for J = 1/2,
L = 1 km, and To = 1 rein/km.

The third lane is reserved for buses, which
operate at constant (not flow-dependent) speed. we
assume that the bus travel time equals the free-flow
car travel time plus some collection-distribution
time; i.e., Tb’ = To + Ts.

In order to keep the analytics trivial, we assume

that the total number of person trips (N) remains
fixed and so do the vehicle occupancy factors. The
first assumption is reasonable for work trips,

whereas the second assumes the typical behavior of a
bus operator, i.e., keeping the load factor constant.

Thus , the total travel time before the

introduction of the exclusive lane is given by

T,=(XC+Xh)TC+Xb T, (6)

or, substituting Equation 1 for Tc,

TL=(XC+ Xh)LTo{[ 6-(1-JJq]/(6 -q)}+Xb T, (7)

Substituting q=Fb+Fc and the definitions of

‘b and Fc in terms of Xb and xc * respec-

tively, the total travel time (in person minutes)

becomes
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T,= IXC+Xh) L T,)({6-(1- J)[QfXb,0b)+(XCOC)l },

{6-[d X,0, )+(XCOcIl})+X,T, (8)

The total travel time with the exclusive lane is
given by

T,’=X; TC+Xh T; (8a)

Substituting Tc’ and Tb’ as in the derivation of
Equation 6, the total travel time (in person
minutes) becomes

T:=X; L TO {[4-(1- J)(X:IOC)\/[4-(~’/OC)]}

+ (N - XC’)(T,)L + T,) (9)

where (N - ~’) replaces xb’.
In the last equation, Xc’, the equilibration

flow of car users, is unknown. However, the
equilibrium condition (Wuation 2) holds after
introduction of the exclusive lane as well and can
be used to find Xc’; i.e.,

x:/~=1/[1+, XfI(Vh-VcJ] = 1/{]+tXP[@T:-Tb) -*]} (lo)

Substituting for Tc’ and Tb’, one obtains

W=N{ I+exp[@(LT,, {[-$-(1-JHX.(1,)1[4-(X,’0,)]}

-(ToL+ T,))-V]}-’ (11)

Equation 11 is a simple fixed-Point problem in the

equilibrium car flow ~’. The equation can be

easily solved numerically (by using, say, a pro-

grammable calculator) for Xc’, 9iven the values of
L, N, ?), J, Oc, To, T5, and ‘f. Instead of

using Y, one can alternatively use (log [(N -

Xb)/Xb] - uT~) (see Equation 4), thus

Introducing the “before” bus-users’ flow (or share)

as a parameter In
Equation 8, the
specified as well.

We now examine
system before and
exclusive bus lane.

ANALYSIS

the model. In order to evaluate
parameters Ob and a must be

the total travel time in the

after the introduction of the

This section analyzes the mode split and the total

travel time before and after the institution of the
exclusive bus lane. We also change parametrically

the values of all inputs to Equations 8, 9, and 11

in order to determine the ranges in which the

exclusive bus lane is advantageous. The criterion

used here is the ratio of the total travel tlMe
after the introduction of the bus lane to the total

travel time before. Let R denote this ratio: i.e.,

R = T(lT, (12)

where Tt and Tt’ are given by xuations 8 and 9,
respectively. Note that the ratio specification

eliminates L from Equation 12. It only enters
through Equation 11, in which only the product G*L

affects the result.
Let us assume the following values of the model’s

parameters:

L.

To =
J=
Q=

Oc =
C)b .

T~ =

20 km,

L rein/km,
0.5,

3 private-car units,
1.2 persons/carf
40 persons/bus, and
10 min.

These parameters can be thought of as site specific.

We will now investigate the dependency of the ratio

R on the total volume of users (N). In conjunction

with the investigation of this function, we conduct

a sensitivity analysis on the demand-mrxJel
parameters (0 and ‘f).

Figure 2 depicts R as a function of N for

@ = 0.05 and ‘Y= 0.5, 1.0, 2.0, and 2.5. (Some
of the values on which Figure 2 is based are given
in Table 1.) Since R is defined as the ratio of
total travel time after the implementation of the

bus lane to the total travel time before, R>l
indicates that the exclusive lane worsens the level

of service. The lane exhibits net benefits only for
R<l.

As seen from Figure 2, the ratio is rising at

moderate levels of congestion, peaking, and
decreasing as the total population increases. Beyond

a certain level of congestion, the exclusive lane

becomes favorable. As congestion increases (N

increases) , one can note twO competin9 effects. Even
though the share of car users drops with increasing
N (and relative to the car share before), as is
evident from Table 1, the number of users increases
with N. Those car users are realizing conditions
that are worse than before. It is reasonable to

believe that the last effect is stronger than the
former one, thus explaining the increase in R. The

parameter that controls this effect in the demand

Figure2.Ratiooftotaltraveltimehforeand atierinstitutingpreferential
laneversustotalflowfordifferentvaluesofY.
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3.270
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30.548
34.506
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33.685
39.225
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26.003
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58.825
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44.679
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I 045
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1.069
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1.039
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I .337
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NOW L=20, T,,=1,J= 0.5,0c=12. T,=100=3.0h=40.8nd
e ‘0.05,var,ablesaredefan&antexl
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fUIICtlOn 1S f, which can be interpreted as the

pure car bias. This now also explains why, in Figure
2, R Lncreases with increasing Y.

Nevertheless, beyond a certain ~int (given 0
and ‘Y), the number of car users stabilizes and the

Figure3. Rattooftotaltraveltimebeforeandafterinstitutingpreferential
laneversustotalflowfordifferentvaluesof6).
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)
/=l; ,=00,
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Table2. Predictedstatisticsbeforeandafterpro)ectasQ andN vary.

@ v x<’ xc T; Tc R

O.IJI I 0.889 0.891 .. ,,~ 21.430. . . 1.027
. [ 771) I7,82 25.843 23.337 1.078
3 2.63b 2.673 32.176 26.008 1.178
4 3.454 ?,.S64 45,647 30.017 1 399
j 4,099 4,455 78.485 36.702 1.846
b 4.3V7 5.345 129.098 50.096 2.005

4.50: 6.2263 171.095 90.452 1.319

0,05 I 0916 0.924 ~~,357 21.485 1.034
. 1.801 1.84’2 26.003 23.488 1.089
i ’611 2,77? 31,927 26.337 1.169
4 3,244 3.697 40.857 30.713 ,233
j 3.621 4.621 50700 38.289 1.1522
b 3817 5.545 S8,825 54,605 0,873

010 I 0.940 0.953 ~-,,qs~ 21,537 I.040
. 1831 I.905 26.168 23.620 1.100
i :,~~b 2.858 31.680 26.630 1.160
4 3.080 3.810 37.912 31.348 1.134
5 3.344 4763 42.971 39.804 0.960

Note L-20,T,,=I,J=05,0< =7.2,T,= 10,0=3,0, =40,andW =2,
.mablesaredef,nedI.text

Figure4. Regionsofdemand-functionparameterinwhichexclusive-lane
projectISadvantageous.
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fact that more and more users choose the bus causes

the Kdt10 to start decreasing. Note, however, that
no congestion on the exclusive lane is included in

the model, and thus the R-values for the congested
part Of the figure are somewhat biased in favor of
the exclusive-lane proposition.

When the values of !’ are very low, this second
effect is more pronounced. A low value of ‘! means
that users react principally to travel-time dif-
ferences. Our example would correspond in this case

to fixing the travel time on an existing highway
lane at (Ts + LTO) and eliminating congestion
effects on this lane. This, of course, is an un-
realistic scenario. By using Squation 4, one can get
a feeling for which values of Y are associated

with different preimplementation mode-split levels.
For 0 = 0.05, a bus share of between 25 and 5
percent is associated with values of Y between 0.6
and 2.4, respectively. For such values, the ex-
clusive lane is appropriate only for N between 4.5
and 5.7. Such a use level of the facility cor-
responds to congestion that approximately doubles to
triples the free-flow travel time.

We now turn to investigate the model’s
sensitivity to the values of 6. Figure 3 depicts R
versus N for Y = 2 and ! = 0.01, 0.05, and 0.10.
(Table 2 gives some of the values on which Figure 3

is based.)
The general shape of the curves is similar to

that in Figure 2. A low value of e means that
travel time is not a ma]or determinant in the
mode-choice decision. The associated values of the

ratio R would be high, since individuals would keep
choosing the automobile mode even though the car
travel time is growing as congestion grows. At the
extreme (cJ=O), the curve would not have a

downward-sloping part at all.
At higher values of 0, users respond more and

more to the travel-time differences and the share of

bus riders grows; this leads to a reduction in R.
(This effect was discussed in the context of Figure
2.) From Figure 3 one can see that for Y = 2, the

exclusive lane becomes appropriate for N = 4800

users/h (which corresponds to (3= 0.10) and

N = 7300 users/h (which corresponds to 3 = 0.01).

These values correspond to travel times on the

remaining two car lanes that are between two and
nine times the free-flow travel times.

Figure 4 shows regions of values of the

demand-model parameters b and ‘f in which the

exclusive-lane project would be warranted. (The

values of the rest of the variables are identical to
those fixed in Tables 1 and 2.) In general, for a
given number of total person trips, the project

woula be favorable when H is high and Y is 10W.
Thus, for a given N, the pro]ect is favorable when

the values of e and Y are located to the right

and below the corresponding N-value curve.
The dashed lines in Figure 4 indicate

combinations of e and Y in which the preprogect

bus mode share (Xb/N) is 5, 15, and 25 Percent.

Based on these shares and the total volume, one can

get an idea of the probability of success of the

exclusive lane, given the values of all the rest of
the mode parameters as defined in the beginning Of
this section.

DISCUSSION OF RESULTS

In this paper, we have tried tO show thatt under

general assumptions, dedicating a freewaY lane ‘or
bus use yields net benefit only under conditions Of
relatively heavy congestion.

So far, only the sensitivity of our model tO the
demand-function parameters was discussed. The other
parameters of the problem were fixed at the values
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presented at the beglnnlng of the section on
analysls. The effect of these parameters can be
determined from the model’s equations. This is
discussed next.

Increasing the segment length (L) or the

free-flow travel time would have an effect that is

quite similar to the effect of increasing 0, i.e.,

a lower R-value and favoring the project at lower

volumes. This can be seen from Equation 11. The

effect of increasing the collection-distribution

times (Ts) is similar to the effect of increasing
Y, which is contrary to the effect of increasing
u. The effects of the car-occupancy parameter
(Oc) and the congestion-curve parameter (J) are
similar; both cause the congestion curves to be
effectively lower. Lowering the congestion curves
has a similar effect to using lower volumes to enter
these curves and thus the exclusive lane would be

less favorable if either Oc or J is increased, all

other parameters being equal. The private-car-unit

parameter (a) and the bus-occupancy parameter

(~) would not substantially affect the results.
In general, as a/Ob increases, the flow (in
private-car units) in the base case, for a given N,
is larger. Thus the ratio R would tend to be lower

and the project more favorable.
The model presented in this paper is very simple

and does not pretend to capture the subtleties of
the real situation. However, it is suggested only as
a framework for a more-complete analysis on the

subject, which should precede the implementation of
a similar bus project. Such a simple analysis can

capture, in many cases, the important elements of

equilibrium attained through the interaction of

demand and performance (supply) relationships and be
used for a first-cut or sketch-planning tool in

other contexts. In the context of bus priority

lanes, such analysis should indicate that a

mre-comp”rehensive in-depth study should be carried
out since the benefits of such projects as bus
priority lanes are not obvious.

The model presented in this paper can be

trivially extended to include a carpooling model and
a lane for high-occupancy vehicles rather than a
lane for buses. One should also include a calibrated
demand model and congestion function as well as a
more-accurate aggregation method. This, however,

extends the analysis and one would require more than

a programmable calculator to carry out the model

estimation, aggregation, and equilibration.
In closing, we note that extending the analysis

method to Lnclude carpooling on the hlgh-occupancy-

vehicle lane would mean that our no-congestion

assumption on the exclusive lane would become ques-
tionable, especially at the high congestion levels
at which the pro]ect seems attractive. Note also
that at higher CongestIon levels there is more
accident potential, a fact that was not included in
our model but whose effect would be to make the
exclusive lane an even less-desirable project.
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Car-Ownership Forecasting Techniques in Great Britain
A. D. PEARMAN AND K.J.BUTTON

The prospectofcontinuingchangesintherelativepricesofdifferentenergy
sourcesand ofenergyasa wholewithrespecttothegsneralpricelevelhas
heightenedinterestintheforecastingofcarownershipanduse.InGreatBrit-
ain,two mainschoolsofthoughtexistconcerningaggregateforecastingtech.
niques.The Ionger-establishedoftheseusesstraightforwardprojectionsfrom
alogisticcuwe ofcarownershippercapitacalibratedmainlyon thebasi$ofna-
tional-leveltime-seriesdata.Thistechnique,however,haslatelybsensubject
toincreasingcriticism.As aresult,asecondapproach,closertorecentAmeri-
canworkandbasedlargelyon cross-sectionalcalibration,hasnow emergedand
isincreasinglyfindingfavoringovernmentcircles.Thedevelopmentsthat

havetakenplaceinGraatBritaininnational-levelforecastingtechniquesare
describsdandassessed.Thenrecentadvancesinlocal-levelforecastingarede-
scribedandparticularreferenceismade toadetailedstudyof10000 house-
holdsintheWestYorkshireconurbation.Specialemphas!sisplacedontherole
offamilystructureandemploymentstatusininfluencingcarownershipandalso
on theimportanceofaccessibilitytofacilitiesby publictransport.Inthefinal
mction,thoseareasinvhichfurtherworkisparticularlyneededandtheim-
portanceofintrahousaholdinteractionandtherelationsamong accessibility,
pu~ictransportprovision,multicarowner~hip,andenerw pricesarediscus*d.



Rellaole Car-ownership forecasts have always been of

conslaerable technlcai importance to the urban
transportation planner because of the sensitivity to
the level of car ownership of subsequent elements In
the conventional transpoctatlon planning process,
notably trip generation and mod e split. More
recently, the prospect of continuing changes in the
relative prices of different forms of energy and of

energy as a whole with respect to the general price
level has heightened interest in car ownership and

use. The strong interdependence among car-ownership

levels, the provision of publlc transport, and the

planning of urban areas has been particularly
highlighted.

The importance of car-ownership forecasts has
led, both in Britain and in the United States, to
increased efforts to provide more-accurate and more
theoretically satisfying forecasting models. The
eXtent to which these efforts have been coordinated
is, perhaps, not as great as it should have been,
and one of the purposes of this paper, therefore, is
to give an up-to-date account of British work so as
to facilitate interchange of ideas in the future.
In the first main section, a description is given of

the development of the two main British schmls of

thought. The longer-established of these uses
straightforward projections from a logistic curve of

car ownership per capita calibrated mainly on the
basis of national-level time-series data. This
technique, however, despite being the sublect of

progressive refinement, has been increasingly criti-
cized. As a result, a second school of thought,
which is closer to American ideas and depends mainly
on cross-section calibration by using disaggregate
data, has come into being. The latter approach has
found increasing favor in government circles, al-
though not as yet to the extent of ousting time-
series projections altogether.

At the same time that cross-sectional models have

been increasingly used to guide national forecasts,
work has been going on to gain a fuller understand-

ing of the localized factors that influence the

car-ownership decisions of individual households.
This is described in the second main section of the

paper with particular reference to a detailed study

of 10 000 households in the West Yorkshire
conurbation. Special emphasis is placed on the role
of family structure and employment status in
influencing car ownership and also on the importance

of accessibility to facilities by public transport.
In the final section of the paper, an attemPt ie

made to contrast British work with current
developments in the United States and to speculate
on those areas in which further work is particularly
needed. Further understanding of the importance of

intrahousehold interactions in determining car own-
ership and use appears to be particularly important
and so (in Great Britain at least) does the interac-
tion among accessibility, public transport provi-
sion, multicar ownership, and energy prices.

CAR-OWNERSHIP MODELING IN GREAT BRITAIN

Since World War II, two broad schools of
car-ownership forecasting have developed in Great

Britain. The longer-established of these, which

until recently formed the basis for official
forecasts at both the local and national levels, 1S

the logistic-curve procedure developed at the U.K.
Transport and Road Research Laboratory (TRRL) (+).
Initially, the model used was a pure logistic time
extrapolation that can be fitted if the following

parameters are known: car ownership per person in
year zero (Co), rate of growth of C at year zero

[(1/CO) (dCo/dt) ] (90)c and saturation level

to which C is asymptotic as t increases (S). It can

be shown that for

dCdt=aC,(S.C,)
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the logistic curve

(1)

where a is a constant.
The solution to Equation 1 is

Ct= S/[1+ b exp(-aS[)] (2)

where b is a constant of integration. At t = O,
90 = a(S - co) and Co = S/(1 + b), SO Equation
2 becomes

C,= S/{1+ [(S-Co)/CO]exp[-gOSll(S-CO)]}

Consequently, if co, 90# and S are known,
can be calculated. In practice, however, S is

known with any degree of certainty and must

(3)

Ct

not

be
estimated. In their early work, the procedure
adopted by TRRL to try to solve this problem
involved the use of data from two cross sections of
English counties to estimate first the linear
relationship:

g,=rc+dc, (4)

which can be derived from Equation 1. Hence S can
be identified as -a/d, since in Equation 4, when

9t = o, Ct must equal S, the saturation level.
In addition, however, supplementary evidence from

the United States and other sources guided the final
choice of S. Thus the value chosen for this very
influential parameter depended strongly on the

judgments of the analysts concerned.
Between 1958 and the early 1970s, TRRL produced a

series of forecasts by using the basic logistic

method, accompanied, however, by increasin9 Public
skepticism about the long-term accuracy of the

method as it began to become apparent that

consistent overprediction was occurring. Initial

attempts at rectification (~) consisted of the

incorporation of income and motoring-cost variables
into the basic relationship:

Ct = SI {I + [(s - cJ/COl (YJYO)”kl s(F’t/F’0)”k2s ew(-kost)} (s)

where the ki are constan:s, Yt is income per

capita at fixed prices, and pt is cOst Of motoring
at fixed prices.

This modified version, however, only partially

solved the problems. For example, it allows income

and motoring costs to affect the rate of growth of
car ownership but not its ultimate saturation

level. The determination Of the saturation level is

a problem inherent in the logistic format, which

stems in part from the difficulty of even defining
what is meant by saturation. Three types of

saturation level may in fact be identified.

1. It may be taken merely as a statistical
parameter for a sigmoid growth curve never intended
to approach its upper asymptote durin9 the Peri@
under consideration. When there is certainty about

the model form, external evidence about saturation

level of the kind used by TRRL can be employed.
However, it is dangerous practice to Superimpose

even correct external data on a model form that may
itself be wrong. In these circumstances it may be

preferable to treat S as nothin9 more than an

endogenously determined parameter rather than

potentially to distort forecasts W forcin9 s ‘0

take an externally conceived value.
2. It may be defined as the ceiling level Of car

ownership, which will never be e=@ed- Since it

is sometimes claimed that income acts as the

dominant influence on car ownership, this concept ‘f
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saturation has been described as a moneY-no-object
saturation level (~).

3. Last, it may be taken as the average
long-term level of car ownership consistent with the
model as the independent variables follow their
hypothesized courses over time. There are two
distinctive features of this notion: First, there
may be a variety of factors other than income that

influence the saturation level (for example, fuel
prices and extent of road provision). This implies
the view that government policy can exert real
influence over eventual levels of car ownership.
Second, it implies that different groups in the
population (for example, spatial or social) may have

markedly different levels of car ownership even when
there is no budgetary constraint operative. In this
case, changes, say, in spatial or social structure
may affect levels of car ownership, and specific
long-term planning for those who will be disadvan-
taged in terms of transportation is suggested.

One of the fundamental problems with early TRRL

forecasts was that no clear distinction was made

among these three concepts of saturation. In
addition, the cross-sectional estimation technique

by using data from the English counties, which TRRL
used as a major determinant of S, has been
criticized by J.G.U. Adams of the Department of
Geography, University College, bndon, on
econometric grounds. The principal objection is
that inadequate allowance was made for the
possibility that different groups of counties might
be heading for quite different saturation levels;

the result would be that a cross-sectional estimate
is unlikely to be an unbiased estimator of the true

overall saturation level. Kirby (~) suggests that
time-series estimation of S may be statistically
preferable.

In addition to the difficulties caused by the

partial erogeneity of S, in Equation 5 the
coefficients associated with motoring cost and
income also result from external calculations. The
implication, however, that there exists reliable
information about the income and motoring-cost
demand elasticities of car ownership is
questionable. Empirical evidence on income
elasticity, for example, has produced a wide range
of estimates [see Button and Pearman (~, Table l)].

After the oil crisis in the mid-1970s, it
appeared that the symmetric growth path of the
logistic curve might not reflect the iikely trend in

car ownership. As a response, TRRL put forward a
power growth curve (~):

Ct= S/(1 + {[ Co/(S-Co)]’/n + at+ b log(y,/yo)+ ck@’[/po)}””) (6)

where a, b, c, and n are constants. AS n tends to

infinity Equation 6 tends to the logistic, but for

finite n, the relationship of g against C is not

linear as in Equation 4 but convex to the origin and
thus tends to saturation more slowly. The intention

is to avoid the previous short-term overprediction,

but most of the other problems already identified in
the context of the logistic curve remain,

particularly the use of exogenous parameters.
At about the same time that TRRL was beginning to

revise their forecasting methods, the central

government was independently exploring an

alternative approach as part of a much wider

exercise concerned with the whole process of

modeling national traffic flows. This developed

into the Regional Highway Traffic Model (RHTM). The

car-ownership component of the overall model (~) is
more firmly based in behavioral theory than are the
TRRL models and is similar in concept to a number of
disaggregate car-ownership models developed in the

United States, for example (~). It parallels the
aPProach used in many local urban transportation
studies, which relate car ownership specifically to
a set of causal spatial, social, and economic
variables. Cross-sectional data collected at the
household level are used for calibration. The
functional forms employed are log lcqistic for the
proportion of households that own one or more cars
[P(l+)] and simple logistic for the proportion of
households that own two or more cars [P(2+/1+)].

At the national level, the models are fitted with
only one independent variable--income:

P,(l+)=S(1+)/{1+exp[-a,(t)]Y,[-b,([)]}

P,(2+II+)=S(2+’1+)[1+exp[-a2(()-b2(t)Y,\}

where S(1+) is the saturation
S(2+/1+) is the saturation level

(7)

(8)

level of P(l+),
of P(2+/1+), and

the al(t) and bl(t) are estimated coefficients
for the equations that have data for year t. At
other levels of aggregation, it proved desirable to
supplement income with other causal variables (Q),
notably residential density.

This approach offers both advantages and
disadvantages when compared with the earlier TRRL
models. One of the clear advantages is the fact
that all parameters except S are estimated within
the model; thus the potential for inconsistency is
minimized. The theoretical framework is also
consistent with the models of disaggregate trip
distribution and mode split that now form the basis

of much traffic forecasting. By working with data

at the household level, not only are the
possibilities of aggregation bias diminished but the

analysis is in terms of what is widely regarded as

the basic decision-making unit. Further, by

distinguishing single-car from multicar households,

a clear identification is made of two household

groups that have markedly different trip-making
characteristics.

As with the logistic models, however, significant

practical difficulties remain. The reliance on

spatial and economic explanatory variables compounds
the problem inherent in the later TRRL models that
there is a need to have accurate projections of each

explanatory variable used. There is thus a clear

trade-off, which may have been underemphasized,

between theoretical acceptability and practicality.
This has been highlighted particularly by the form

of the income variable chosen for the RHTM

approach. In order to obtain consistent parameters

when the same model form is fitted to cross sections
in consecutive years, it is necessary to adjust the

basic income variable to reflect changes in motoring
costs. This is achieved by deflating income by an

index of the cost of car purchase. Such an

approach, however, imps.es serious restrictions on
the underlying relationship between income and car
price in much the same way as the often-used

generalized cost variable imposes restrictions on

the time and money cost elasticities of travel (~).
The underprediction of car-price changes over the
past two or three years has resulted in serious

overprediction of ownership levels by means of the
RHTM approach. Nevertheless, despite these

problems, the recent Leitch Committee report on

trunk road assessment (~) strongly favored the use
of causal models of the RHm tYPe and, althou9h at
present the official government forecasts are in a
state of flux, it would be surprising if models of
this type did not substantially replace

time-trend-based models in the near future. Indeed,

the U.K. Department of Transport has recently insti-

gated additional research based on the RHTM work and
aimed at incorporating measures of accessibility so
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as further to Lncrease the realism of the forecasts
obtained.

CAR OWNERSHIP IN WEST YORKSHIRE

Car-ownership modeling at the local level in Great
Britain has recently developed along lines similar

to those followed by the car-ownership com~nent of
the RHTM. The emphasis has been on causal modeling
that employs similar functional forms but
incorporates a wider range of variables to reflect
more localized influences. One of the largest
studies (~) has used data provided by the West
Yorkshire Transportation Study , based on nearly
10 000 household interviews carried out in 1975.
Two broad llnes of analysis were followed.
Initially, category analysis was used to provide
preliminary insights into the data (~), but the
main analysis has used log-logit models to develop

Tablel.NotationforvatiablesusedinWestYorkshiremr-ownershipstudy.

Variable Deflnltlon

c
P(o)

P(1)
P(2)

Y
~

H
S2

z

4vertigcnumberofc arsorvansavallableper1000 households
Households[hathavenocarsorvansavillable(%)
Households that have one car or van Ivadable (%)

Households that have two or more cars or vans available t%)

Hou$choldIncome(E)
finlployedrm]dtnlsinthehousebcdd
Ilouwholdrcsdents
Household-stmcturecode
1= Oempioyed rewdentsand I nonemploycd restdent

2= Oemploycd ms,dcntsand ?+nontmployed rmldtnts
3= 1 employ edresldent and Oor 1 nonemployed resident
4= 1 employed nxdent and 2+nonemploycd residents

5 = 2+ employed reslde”ts

Zone-type code.

I =urban or suburban

2 = dormitory or rural
3 = other

Resldentlal density code. tour roughly equal groups bymcreasmg
density

,MeaII rtduct]on m genemhzed time cost tohouseholds that res-
Idencc zone from having >0,6 car available per dnvmghcense

compared w!th being dependent on pubhc transport, assuming a

typ]cal dtstnbutlo no fjourneysto work and coded !“to four
equal groups:

1 =ga!n <18.2 generallzed cost mmutes

?= gum 18.2 -20.7 generahzed cost mmutes
s = gain Z0,7.27.4ge”eralized cost minutes

4=gdm >27,4 generalized cost mmutes

causal relationships. A particular concern was to
examine the role played by different policy-sensl-
tive variables, for example, public transport acces-

sibility and land-use features.
The variables explored fall into two group5--

those that reflect the socioeconomic characteristics

of households and those that may be broadly termed

policy sensitive. Both average ownership levels and
the distribution of households among no-car, one-

car, and multicar groups were investigated. The de-
pendent and independent variables used are shown in
Table 1.

An outline of car availability relative to some

of the major socioeconomic variables is given in
Table 2. Car availability rather than car ownership
is modeled because of the significant number of cars
in Great Britain not financed by private income but

by employers. It is apparent that the expected
positive relationship between car availability and
household income exists. Further, it is clear from
examining the breakdown of car ownership by either H
or E that anticipated variations in car availability

generally do take place. However, the combination
of E and H produces interesting results. The column
headed All Incomes implies that, with H fixed, C
increases with E, but this is largely a consequence
of increased employment that provides households
with larger income, since, when H and Y are held
constant, C more often than not falls as E
increases. In view of these findings, more-detailed
investigations of measures of household structure
were undertaken, and on this basis the structure
variable preferred was that termed S2 in Table 1.

One fact that this type of analysis highlights is

that small, low-income households tend to exhibit
quite different patterns of behavior from the

others. It thus cannot simply be assumed that

future increases in income for these groups will

cause them to behave like more-typical households of
today. It seems that such households are likely to

be atypical in many ways and that different types of
models may be required if reliable car-ownership
forecasts are required for them.

In addition to investigating household-structure

variables, an examination by category analysis of
different policy-sensitive variables was under-

taken. Some attention was given (13) to classifica-.
tion according to general area type (Z) and also to

population density (D) but in both cases, since the
degree of control that the transport planner can

Table2.Obaarvedaveragenumberofcarspar1000householdsanalyzedbyhouseholdsize,employedresidents,andincome

Y (t)

.411
1{ E <1041 1041-2080 2081-3120 3121-4160 4161-5200 5201-6240 6241-7800 >7800 incomes

1 All 43 176 566 630 . — — 133

0 33 140 417 — — — — 50

I ,97 192 571 692 — — — 353

. ,AII 144 284 597 832 908 1219 1317 1519 503

0 125 220 647 ?09— — —

1 Mu 328 595 897 917 1400 1750 512

j 391 592 813 906 1215 1333 l~!36 761

3 All 211 47h
o 91 341
1 273 439
~ 566
3 923

4+ All 100 380

() (J ,7?

1 420
~ 413
3+ 203

658

661
660
621

675

700
641

084

845 986
—

1424 1382

1000 1160 1286 698

845 958 1667 1312 1562 852

639 936 1286 1308 2000 943

823 1034 l~30 1371 1843 809
— — — — — 253

952 1192 1500 1500 2235 806
813 1053 1288 1480 1852 807

645 YOY 983 1293 1667 924

Note Var,at,lesar.<fef,nedI.Table1
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Table3, Observed@r availabilityanalyzedbv householdincomeandaccessibility.

~ ..1041 1041-2080 208I-3I20 31~1.4160 41bl-5200 5~(31.~240 6241-7800 >7800 .AllIn.ormcs

AvcrJgeNumber }f CJrS per 1000 Households (C)

1 7< 294 590 765 90? 1104 1214 1556 496
2 46 288 586 716 92X 906 1~35 ls~g 48 I

3 68 30h 637 833 ugj 1476 1513 1656 565
4 99 368 737 986 1130 I440 1529 1855 689

All 93 H ‘1 I 42.2 29,5 21 7 13.9 9.4 59 54,1
I ~:,7 719 48.7 31.3 :(,,5
2

16.9 14.3 13.9 58 0
95,2 -?7 44.8 36.5 216 26.6 14,7 3.4 57Q

3 93 7 .2.? 41 -i 30.4 219 8.5 77 62
4

54.1
Ll~5 h6 4 338 20.6 17n 8.0 2.0 1.8 46.4

Table4. ParameterestimatesforIog.logitmodelsofP(0)againsthousehold
incomeanalyzedby householdstructureandaccessibility.

G

s~ 1 . 3 4 All

Estimatesof ho ((’on~t.bnt~

I . :0 I 7? : ~1 3.80 >.72
2 j :2 2.84 2 88 306 280
3 9 2.41 304 1.74 2.70. .
4 . .3 2.50 2 7(5 364
5

2.97
:.66 155 184 187 1.99

All 2 4> :46 ?,78 2.94

Estimatesof b, I lnc Omc (’Oelflclcnt)

1 -156 -078 -1.88 -3.07 -1.81

2 -152 -2.33 _~ 16 -2.56 –2.25

3 -1 70 -1.86 -2.35 -1.45 -2.12

4 -195 -Z.ol –2.33 -3.10 -2.49’

5 -1.60 -124 -1.52 -1.62 -1.61

MI -187 .]91 _ ~~o -2,45

Estimates ,]f lncumc I E) a: Which PO = 0.5

I 3926 20 989 3439 2235 4121

2 1753 2 160 2425 2022 2284

3 2854 2 579 2572 2047 2427

4 21)Q4 2 194 197Q 1930 2025

5 2521 2 334 2089 1838 2233

All 2544 2531 2353 2063

hope to have over these variables is limited, more

attention was paid to G, a variable that measures
the generalized time costs of accessibility to
different types of work (Table 3) . The results

obtained with this variable were plausible and, in
view of its obvious policy relevance, it was decided
to use G as the main policy-sensitive input to the
logit-analysis phase of the study.

The approach adopted here was to use the

log-loglt form to relate P(O) to income fOr 14
income groups, five household types (S2), and fOur

accessibility bands (G). Although there are a

number of statistical problems associated with the

approach (~), so that the individual coefficients
b. and b~ In the log-loqit formulation vary
widely, their ratio, which permits the estimation of

the income level at which P(0) is exactly 0.5,
behaves consistently (Table 4). The equiprobable

income IS negatively related to the accessibility
index (G) so that the greater the generalized cost

gain on work trips through car availability, the

lower the level of income at which a household is

just as likely as not to own a car. Subdivision by

household type leads to less-unambiguous results,
but in general there is a tendency for the

equiprobable income to be lower for large households.

The coefficients bo and bl are noc so readily

open to interpretation, but for all households they
generally increase in absolute value as
accessibility gains from car availability increase.
This suggests that the income elasticity of car
ownership increases as opportunities for generalized
cost savings from car use become available.
Confirmation depends on the application of improved
calibration methods to a more-detailed set of
variables abstracted from the initial data base,
which is the sub]ect of current research.

CONCLUSIONS

The intention here has been to give a brief account

of the development of the two main types of
car-ownership model commonly used in Great Britain,
with an emphasis on recent developments in causal
mcdeling, especially at the local level. It is
clear that British work is now close in spirit to

much of what is going on in the United States,

although there is probably less emphasis on economic

theory and more on demonstrable predictive

capacity. This may well be due to the strong

influence of the central government on much British
work in this area and lts concern with the politics
of building interurban trunk roads in an age Of

increasing environmentalist criticism of such

proposals.
However, it seems that the most pressing need in

Great Britain is now for more-thorough work at the
microscopic level to provide a more-sophisticated
guide than hitherto for the manY difficult urban
transport planning questions that will have tO be
answered in the 1980s. These are questions the

answers to which are only secondarily technological

and in which behavioral insights are going to be of
the greatest importance. In this respect, the work

of Heggie and Jones (~) , for example, is

noteworthy; it stresses the complex structure of

social interactions within households and the

interdependence of their transportation requirements

with structure. The major hurdle to be overcome
with this strand of work is that between the

descriptive and the predictively operational. At
present, the idiosyncrasies of each hOusehOld seem

to be so dominant that to get a sufficiently

detailed prediction of reaction to a proposed change

in transport provisiOn appears only tO be Pssible
through direct questioning of the familY about that

change. In an era of restricted budgets for

transportation studies, the drawbacks to this

aPPrOach are self-evident.
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In Great Britain, another question of real

concern IS now households are likely to behave with

respect to multiple-car ownership. Until recently,

lt would have been reasonable to surmise that
British development would follow that of the United
States, but the increased energy consciousness that

is now arising throws some doubt on this. A
particularly British difficulty in this respect is
the provision by many firms of free or Sube,idized
cars for their employees, thus making the
household’s second car the first one for which it
has to bear the brunt of the financial burden.
However, it seems likely that this practice (which
is in large part a tax-avoidance device) will be
curtailed by government policy changes. Thus not
only will the second car become a less-attractive
proposition in terms of running cost because of
diminishing energy resources, but it will also
require significant capital outlay. Likely changes
of this kind throw into doubt the British tendency

to use in their forecasting models combined

variables (such as car-purchasing income) rather
than separate variables, as is more common in the
United States. If major changes in transport
structure are probable, it is undesirable to develop
models that are constrained by the use in fixed form

ot complex combinations of explanatory variables.
The final major question that appears to deserve

particular attention is the concept of accessibility
in relation to its influence on car ownership and

use decisions. In this area, work in both Britain

and the United States seems rather crude. There is

some ~nterdependence here with the kind of questions
that Heggie is addressing. Whether attractors of

enough importance are sufficiently inaccessible to
gustify car purchase is intimately bound to the ways

in which households arrange their lives. To expect

the very general measures of accessibility now used
to go far in explaining travel behavior is overly
optimistic. If there is one area common to U.S. and

British researchers in which progress really is
needed, it is in understanding the interaction

between the locations a household wishes to visit
and the transportation requirements that these

wishes engender.
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Strategy Studies for Urban Transport in the Netherlands

AAD RUHL

A strategystudyisdescribedthatwasundertakenintheNetherlandsinorder
todevelopandtesttransportpolicies.Thetransportcontextwasthatofthe
declineofthetraditionalDutchbicyclemode,sincetripdistanceshavein.
creased,andthegrowthofcaruse,whichhasledtomore-dangerousandcon-
gestedtravelingconditions.Promotionofbicyclingandpublictransportand
restraintofcarusewerethereforepolicyobjectives.Inthemostrecentstudy
completedforpreparationofpoliciesfortheearly1980s,ademand modelwas
empleyedthatuseddisaggregatedatafromtheAmsterdamareacollectedin
1976.Severaldifferentstrategieswereinvestigatedforshiftingtrafficfrom
cartobicycleorpublictransport.Particularcarewastakentoensurethat
policiestestedwerebothtechnicallyandeconomicallyfeasible.The findingc
indicateanumber ofinterestingpolicyconsiderations.Aggregatestudytests
showedaconsiderablesensitivitytobtcycledisutility;i.e.,quickerormore-
pleasantconditionscausedaconsiderableshifttowardthemode. Changesin
thequalityofpublictransportdidnotgenerallyshow much potentialincrease
indemand,withtheexceptionofoneareaofdeficiencyinAmsterdamInwhich
improvementsinthenetworkproduceda 10percentincreaseinpublictrans-
portusebutcartrafficdecreasedonly2 percent.Thestudyindicatedthatan
importantinfluenceon carusemightbetheintroductionon anextensivescale
ofcompany buses,vanpools,andothersimilararrangements.Theeconomic
feasibilityofthisoptionwasnottested,however,The resultsofthestudyhave
tobelookedatwithsomecare,givensomedoubtsastotheexplanatorypower
ofthemodelsused.It!shopedthat!nfuturestrategystudiesamodelcanbe
usedthatwillbebasedon a realunderstandingofthedecisionprocesses.

Short-distance passenger transport in the
Netherlands has traditionally relied on the bicycle

as its main nmde. Even now, 53 percent of all
vehicular work journeys less than 4 km are made by
bicycle, as well as 46 percent of other home-based

journeys in the same distance category (~, pp. 18

and 37) .
Car ownership has been increasing rapidly during

the past 20 years and often results in use of this

mode for most trips.
A more-important factor, however, has been the

change in land use. The peculation density of

cities has decreased considerably. This is largely
explained by the demand for better housing and the
trend toward smaller family units (more single

people are occupying dwellings that were formerly
occupied by families). The big cities have grown to

the extent that now some journeys inside the

agglomeration are too long for bicycling and

therefore people have changed to public transport

or, in most cases, car. Also many people have moved

out of the cities even though they continue to work
there and, for these journeys, the bicycling mde

could only attract a few enthusiasts.
Government policy could not prevent people who

work in cities from occupying much of the new

housing in small villages and for them the

difference in quality between public and private
transport has been such that the private-car mode is

predominant. Even between planned new towns, which

are well served by public transport, and the main

cities, an appreciable share of traffic is by car.
The reason is the convenience of this mode and the

fact that destinations (jobs, shops , etc.) are

sometimes at considerable distances from the city

center .
These developments have greatly increased the

number of cars on city streets, which results in

strong competition among bicycle, car, and public

transport for road space. Bicycling has become more

dangerous and also slower because of the

introduction of traffic lights that give a 9reen
wave to cars and a red wave to bicycles. Trams and

buses are held up in traffic and also hindered by
traffic lights, and this makes this mod e less

attractive to passengers and more costly to operate.
During the early 1970s, transport policy

gradually changed from a following-demand approach
(i.e., one responsive to the demands of users) to
selective policies that introduced restraint on car
use. Long-term parking was restricted by the
introduction of parking meters. Also, priority
schemes for trams and buses, which includes
segregated tracks for trams and lanes for buses,
were introduced and bicycle routes were constructed

to promote this least costly energy-efficient mode
of transport (~, p. 49).

After a short period of metro (heavy rapid tran-

sit) construction, the central government realized
that this mode was not justified in cities the size

and structure of the large Dutch cities, and atten-
tion was given to extension of the existing tram
(light rapid transit) networks. In Utrecht, the
fourth-largest city in the Netherlands, trams will
be reintroduced on a new suburban line.

EARLIER STRATEGY STUDIES

During the preparation of the first Medium-Term
Passenger Transport Plan (MPP) for 1976-1980,
studies were made of alternative transport
strategies for the urban areas in and around
Amsterdam, Rotterdam, and Tilburg.

The pur~se of these studies was to obtain
information on the possibilities of influencing car

use where undesirable side effects, such as
occupation of too great a proportion of the
available space, deterioration of road safety,
pollution, noise, and road congestion, made the
unlimited use of the car undesirable or even
impossible.

The following is a summary of the Amsterdam
study, for which a re~rt is available in English
(~).

The main part of the strategy study is concerned

with the estimation of the influence on demand for

passenger transport of a number of alternative

pollcies. ‘The demand mcxiel used belonged to the

family of models first used in the SELNEC study (~)

with minor adaptations to take account of the Dutch
situation. The results of a household survey in

1966 provided the main data for this adaptation.
Travel impedance was expressed in generalized

time or generalized cost divided by the coefficient
of in-vehicle time. M exponential function of the

general form [exp (-’Jc)I was used in a two-way
mode split--first for car owners, to obtain the

split between bicycle and car plus public transport,
and then for the split between the latter two. For

those who do not own cars, of course, only one split
was needed. Distribution was done on the basis of a

log sum, which combined car and public transport

impedances. Five strategies were tested: (a) doing

nothing; (b) having a higher cost of car use or more
congestion (since monetary cost and travel time are
combined in one generalized time function, a higher
value of this function can stand for a rise in money
cost, a longer travel time, or a combination of

both) ; (c) having better urban public transwrt: (d)
the same as (c) but also with higher fares; and (e)
the same as (d) combined with higher cost of car use
[but less than in (b)].

It was found that providing better public

transport could not by itself produce any
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significant snift from car to public transport.
This could Omy be brought about by either higher

costs of car use or a combination of higher car cost

and better public transport. This was an im~rtant
conclusion since It ran counter to the argument put

fOrward earlier (and even now) that people would be
glad to leave their cars at home if only public
transport would give them better service.

In line with the results of this study, the MPP

1976-1980 contained a package of measures that aimed

at selectlve restraint of car traffic by an active
parking policy that favored short-term parking, very
few improvements to the urban road system, and only
llmited extensions of the main roads around the
larger agglomerations; thus a deterioration in
traffic conditions was accepted.

A rise in the price of gasoline was planned but
could not be brought into effect in view of the
effects at the borders. Road pricing was mentioned
as a subject for study, but even though calculations
of the effects of an area-licensing scheme for
Amsterdam were made (~), no action in this field has
been undertaken so far.

The quality of service of public transport should

be raised by providing more tram and bus lanes and
new lines to serve the expansion areas of cities and

new towns; eLsewhere, the Level of service should be
adapted to respond to changes in demand.

NEW STRATEGY STUDY

When the preparations for a new MFP, which would
include 1980-1984, were started, the possibility of
making new strategy studies was considered. The
reason for this was not so much that doubt was cast
on the conclusions of the earlier studies but that,

since 1975, new model estimations had been made that

aimed at a policy-sensitive demand model for the

Amsterdam area by using data collected in 1976
(6,7). This model had the advantage over the

e=r;ier one of being based fully on data collected
within the study area and of using estimation
techniques that were considered to be the best
available.

Another advantage was that the traditional

distinction between those who do and those who do
not own cars was replaced by a car-availability

factor . For home-based work trips, this was
calculated as a proportion between workers who had a
driver’s license and cars in the household. For

other home-based trips, a car-remaining factor was
calculated and, if all cars in the household were

used for work trips, the other home-based trips made
during working hours were put in a separate category
for persons who owned a car but whose car was not
available. In this way a change in mode choice for
the journey to work has an influence on mode choice
for other journeys.

A program was set up that consisted of the

development of a base strategy (no change in

transport policy) and the calculation of the traffic
flows to be expected in the study area--road and
public transport loadings derived from total trip

matrices by mode and travel purpme. A certain

number of general policy options were then to be
considered for the whole study area and the

consequences calculated for the sample of trips that
were used for estimations. Finally, one or two

options were to be developed into a realistic

network to provide better public transport on a

selective basis, I.e., where a potential demand

existed that was not sufficiently catered to for the
base network. These networks were then to be used

for new forecasts of traffic flows. It was intended

that the additional costs and revenues of providing

better public transport should also be calculated.

Unfortunately, the model, estimated on a
disaggregate basis, proved difficult to use for the

calculation of a matrix of trips for the study
area. It is not the purpose of this paper to tell
the sad story of what has been called aggregate
validation (1,8,9). This process is comparable to.——
traditional calibration, the main difference being
that it had to be done with far fewer data. After a
lengthy process, it was eventually possible to use

the new models for aggregate forecasting, with the
exception of the home-based work-destination choice

model, which was considered to be weak as a result

of the aggregate validation (10)..
The delay incurred made it impossible to complete

the studies in time to use the results for the
preparation of MPP 1980-1984, and abandoning the
project altogether was considered. However, it was
decided to proceed with a limited program, which was

to be ready in time for the discussion of the plan
in Parliament. This decision was promoted by
remarks made by a member of Parliament stating that
an active policy of providing better public
transpert should be followed to attract people away

from use of their cars, a statement contrary to the

conclusions of the first strategy study. It was of
course worthwhile to see whether this conclusion
would still hold when the new model was used.

BASE STRATEGY

The base strategy was formulated for 1985. This
year was chosen mainly for practical reasons: The
land-use and other data that are necessary for a run
of the model had already been collected for that
year, and a year some five years away seemed

realistic for medium-term planning.
The networks were based on the existing situation

and included those additions that had already been

planned. Parking capacity was based on the traffic

circulation plan for Amsterdam, which severely

limits the number of long-term parking spaces

available to workers throughout the agglomeration.
Modal probabilities were calculated by using the

travel disutility derived from the Stadsgewestelijk
Individueel Geschat Model [Individually Estimated

Conurbation Model (SIGMO) ] study and were then

applied to an existing home-based work matrix.
Next, the number of cars that remained was

calculated and applied in a full run of the other
SICi?10home-based model. This process is eC@Vdlent

to the application of the SIGMO models described in

an earlier paper on the use of these models for

railway investment decisions (~).
The demand forecast for the base strategy was

used not only as a basis for comparison with other

strategies to be tested, but also as the starting

point for the development of these strategies. They

were meant to be realistic, that is, both

technically and economically feasible.
Technical feasibility of a change in the public

transport system can only be guaranteed if changes
in the network are determined individually by the
introduction of new infrastructure or public

transport lines; by changes in the speed of the car,
bicycle, or transit traffic; or by changes in

frequency of public transport.
on railways and the metro, speed is 9iven by the

technical characteristics of the network and rolling

stock . On many tram and bus routes, speeds are

already at the highest possible level; on Others#
however, the introduction of tram or bus lanes and
regulation of traffic lights so as to give prioritY
to public transport vehicles is feasible. A higher

frequency on a line that already has a verY hi9h One
does not make sense or may nOt even be technically
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possible because of restrictions in line OK terminal
capacity.

Economic feasibility means that there should be a
demand for better service: It is not sensible to
provide goad public transport between areas in which
there is low traffic demand, because it can in no
way influence car traffic appreciably.

Analysis started by studying sector-to-sector
relations on a nontraditional basis. Normally the
full matrices that result from destination-choice
and mode-split calculation are condensed in matrices
containing at the most 19 sectors. Each of these
sectors consists of a combination of adjacent zones

that can easily be printed and inspected. In this
case, a distinction was maae between zones near
railway stations and zones far away from railway
stations, and relative differences in mode choice
were studied.

Unfortunately, this analysis was not very
conclusive. The reasons for this might be not only
an inappropriate combination of zones into sectors,
but also the values of the coefficients in the
disutility (generalized cost) function. In fact,
coefficients for walking and waiting times are very

high compared with in-vehicle time (5-10 times the

latter, instead of the usual 2-3). This makes the
relatively slow bus, which is available anywhere,
attractive compared with the fast trains that
generally have a longer access time.

Another analysis was directed to find areas or
routes in which public transport probabilities were

low compared with those of the car. The results of
this analyais will be mentioned below.

AGGRECJ+TE STRATEGIES

As a side product of the SIGMO study, a sample
enumeration system was developed that can be used to
calculate quickly the impact of general changes in

the independent variables of the model on
destination and mode choice of the trips that are in
the 1976 sample for Amsterdam (Q).

A general change in car speeds was not a policy

to be tested, since it was expected that the
diminishing capacity of long-term parking would keep
traffic flows reasonably within the available road
capacity. Use of traffic congestion to limit road
use is not being considered by the present
government and, even if there is a tendency to raise
the variable cost of using a car, this would not

show any change in the outcome of at least the
home-based work model, since this contains no

coefficient for monetary cost.
As has been aaid earlier, bicycle traffic 1S

being slowed down by traffic lights and road

congestion; moreover, many people consider bicycling

to be too dangerous. A test was therefore

undertaken in which bicycling times were reduced by

30 percent. Bicycle use appeared to be very

elastic: Bicycling from home to work went up by 36

percent and from home to other destinations

(excluding school) by 41 percent. The following

table gives further details about the mode SPllt

after the test:

Percentage of
Trip Type Total Trips

and Mcde Change (%) Before After

Home-based
work (exclud-

ing walking)
Bicycle +36 29 40

Car -12 32 28

Transit -22 28 22

Percentage of

Trip Type Total Trips
and t40de Change (%) Before After

Home-based
other

Bicycle +41 37 53
Car -13 26 22
Transit -32 35 23

A change of 30 percent in bicycling time may seem
considerable. It has, however, already been said
that in many cases a series of traffic lights can

slow down bicycle traffic considerably. Also,
one-way schemes and large-scale layout of junctions,

both meant to facilitate car traffic, make bicycle

trips longer. Furthermore, we should realize that
the propensity to uae a bicycle is dependent not

only on the bicycling time, but also on the coeffi-
cient of this time, which is the ne9ative value to
personal well-being of a minute of bicycling. This
value is influenced by a number of factors, and re-
cently a study was started to determine which fac-
tors are most important for determining attitudes

toward bicycling. For example, if many find bicy-
cling dangerous, providing protected bicycle paths
may influence the negative value of bicycling time.

The main purpose of the study was to see to what
extent better public transport could promote a shift

from car to transit. In the SIGMO study, the coef-
ficients for out-of-vehicle time were, at least for
the journey to work, far higher than those for in-

vehicle time. It was therefore natural to consider

strategies that produced a lower out-of-vehicle time.
Three options were open:

1. Shorter access and egress times, to be

realized by a denser network;
2. Shorter waiting time; and
3. Elimination of interchanges.

The last was chosen: Transfer waiting times were
eliminated. In practice this can be realized by

offering a through service to all passengers or by
providing planned interchanges: i.e., a vehicle of a
connecting line leaves immediately after the arrival
of the vehicle that makes the connection.

Public transport home-based work trips increased

by 12 percent and home-based other trips by 21

percent. If these changes are compared with the

relevant trips (that is, those trips with at least
one interchange), then the influence will of course

be greater. The table below gives the details:

Trip ~pe
and Mode

Home-based work
Transit
Micycle
Car

Home-based other

Transit
Bicycle

Car

Percentage of
Total Trips

Change (%) Before ~

+12 28 32

-5 29 28

-6 32 30

+21 35 42

-17 37 31

-3 26 25

NE’IWORK STIUITEGIEB

In reality, changes in the quality Of the transport
system will never be of the same proportion

throughout the network. Technical and economic

contingencies will cause the changes to varY from
none when there already ia good service or no demand
to very considerable when there is a missing link in
the network.

In general, the quality of service on the public
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transport system of the base strategy proved to be
very satlsfactoryf and few possibilities were
available to speed Up services. Apart from a few
Lsolated links, there was a general deficiency In
quallty of service only In a region southwest of
Amsterdam. New services were introduced and
frequencies changed on order to cater more
effectively to the demand In this area.

Following the promising outcome of the SIGMAT
test for the elimination of transfer waiting times,

the public transport assignment of the base strategy

was searched for important transfer movements
between two lines or directions, and through
services were introduced where appropriate. In some
cases it was possible to link two lines that
terminated at the same place, and sometimes lines
were diverted, with possibly a loss of frequency or
even of an existing through service. As a result of
these changes in the network, the overall share of

public transport for the journey to work rose by
more than 10 percent, with a corresponding fall in

car traffic of only 2 percent. The modifications
would of course have been more important if they had

been compared only with trips between zones that
were affected by changes in the network.

The SIGMO model distinguished only walk, bicycle,

public transport, and car as available modes for the

journey to work. Shared ride or carpoel, minibus,
company bus , subscription bus , and similar
intermediate forms of transport are not included.
In fact, group transport (buses provided by the
employer) is used to an important extent by workers
at Schiphol and at Hoogovens (the blast furnaces and

steel works at velsen) in the two outer areas of
these underserviced zones. These forms of transport
are less frequent to other destinations but far from

nonexistent.

It was therefore decided to study the effect of

giving the opportunity of using these forms of
transport to all workers who live outside the
agglomeration, since they provide better service
than the normal public transport network of the base

strategy. Workers who live in Amsterdam were
considered to have sufficient traditional public
transport services available.

This was done by using the highway network as a

spider network for”company buses after having scaled
down the speeds by 20 percent to allow for.the lower
speeds of buses versus cars and the stops and
detours to pick up passengers. A walk link that
averaged between 5 and 10 min was introduced between
the zone centroids and the highway network (since it

cannot be expected that every worker will be picked

up in front of his or her home) and a waiting time
of 10 min (one way only) to allow for irregular

running of the buses.
The coefficients of the public transport mode

were applied to the walk, wait, and in-vehicle time
obtained from this network, which implies that
traveling in a company bus is considered to be as
unpleasant as traveling in a public service
vehicle. This hypothesis of course needs to be
tested on the basis of appropriate data before any
conclusions from this research can be transferred to

actual policy.
“Parabus, ” as the hypothetical system was called,

proved to be more attractive than traditional public
transport for more than 60 percent of the trips
generated outside the agglomeration. Substituting
parabus disutilities for those of public transport
gave an increase in use of the combined modes of 76
percent, with a corresponding drop in car traffic of

13 percent. One should realize, however, that the

calculation were made on the hypthesis that

parabus waa always available. In practice, however,

this form of transport can only be provided if a

group travels on a route at approximately the same

time. But even if this mode could only be made
available to 20 percent of the workers, its effect
would already be stronger than that of either a
better public transport network or the elimination
of transfer waiting times. It may be of interest to
start a feasibility study of a parabus system.

These and other ancillary calculations can,
however, be made later.

CONCLUSIONS

The strategy studies show that there are several
options available to promote the use of public
transport. However, the conclusion of the first
strategy study that provision of better public
transport could not by itself produce a significant
shift from car to public transport has not been
refuted, since the influence on car traffic is very
limited.

The parabus system may be a more-successful means
of reducing car traffic than providing better public
transport, but this provisional conclusion needs to
be studied further to determine (a) where and for
which commuters parabus can be provided in practice

and (b) the disutility or generalized cost of this
mode, or at leaat the validity of the hypothesis
that the coefficients of this retie are similar to

those of public transport.

Unfortunately, a procedure followed in the model

estimated for trips generated in Amsterdam has not
been followed in the estimation for trips generated

outside the agglomeration: In determining car
availability for home-based other trips, the fact
that all the cars available to the household are

alreadY on a work trip has been accounted for and
therefore the effect of fewer people who use their
cars for the journey to work in this mcde or for
other journeys can only be determined for trips
generated in the agglomeration.

The importance of the validation coefficients
introduced after the estimation of the model can
give rise to serious doubts as to the explanatory

~wer of the model. The functional form itself

(multinominal logit) is sometimes criticized, and the

disutility functions have some strange elements--no

cost factor and extremely high coefficients for
out-of-vehicle time in the home-based work model and

a Positive coefficient for in-vehicle time of ~re
than 20 min in the home-based-other model for trips
outside the agglomeration, to cite just a few very
striking examples.

If a third series of strategy studies 1S ever

undertaken, it is hoped that a model can be used
that wall be based on a real understanding of the
decision processes that determine behavior. From

this better understanding, relevant factors for the

decision of users may be identified, so that data

can be collected and analyzed that will have

sufficient variability in these factors. Also,

model building should be based on the theories Of
the behavioral sciences and not on mathematical
considerations, as is now often the case.

Developing this type of model will provide the

experts with a great deal of work that, to some
extent, will require different skills than those now
being applied in the field.
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Use of Incremental Form of Logit Models in

Demand Analysis

ASHOK KUMAR

Many transportationsystemsmanagementpoliciesaregearedtowardmaking
minorchangesinthelevelofservice(LOS)providedby transportationnet-
worksinanurbanarea.Estimationofchangesintraveldemand isusuallypre-
requisitetoassessingthecostsandbenefittassociatedwithsuchpolicies.The
pivot-pointtechnique,wfrichusestheincrementalIogitmodel,isespsciaily
suitedforthistypeofanalysis.Thisprocedurepredictsrevisedtravelbehavior
basedon existingtravelbehaviorandchangssin LOS experiencedby a trip
maker.The majoradvantageofthisprocedureisthatno knowledgeofdetailed
existingLOS dataon allrelevantalterrrativaeavailabletoa tripmakerisre-
quired.Onlyestimatesofexistingmarketsharesandpropraedchangesin
modaldisutilitiesarenecessa~.%ed on thevaluesofthecoefficientsof
traveltimeandtravelcostreportsdintransportationIiterature,defaultvalues
ofthecoefficientsofin-vehicletraveltime,out-of-vehicletraveltime,andout-
of-pockettravelcosthavebaensuggeeted.Thesecrrafficierrtscsnthenbeused
tocalculatethechangesinmodeldisutilitieeduetochangssintraveltime,
travelcost,orboth.The useofthistsohniqueisdiscussedby usingacase
study.

More and more, transportation planners are being

asked to consider low-capital short-range transpor-
tation system management (TSM) solutions PK1OK to

justifying transportation improvements such as

fixed-guideway transit facilities and limited-access
highways in an urban travel corridor to alleviate

traffic congestion. Some of the management strate-

gies for shifting motorists to public transportation
mcdes involve consideration of changes in headway,

routing, and fare structure; preferential treatment;
signal preemption; and express service and route

extensions. Operating strategies for discouraging
the use of the automobile on the highway system may
include consideration of preferential treatment for
high-occupancy vehicles and, at certain locations,

parking restrictions, parking-fee surcharges, or
both. Such strategies should also be analyzed in the
preparation of a state implementation plan for the
attainment of air-quality standards and of an energy
contingency plan. Transportation analysts are in-

variably asked to assess the impacts associated with

such changes. Assessing changes in travel demand for
the subject mod e and competing modes is usually

prerequisite to estimatin9 impacts on energy con-

sumption, air and noise pollution, fare-box reVe-

nues, and operating expenses.
It is usually difficult to estimate the changes

in travel demand by using the classical Urban

Trans~rtation Modeling System (uTMS). ManY binarY

mode-choice modeling techniques developed during the
1960s (~) have proved to be ineffective in cOmputxng
the changes in travel demand. These techniques were

primar.ly designed for S.YStem-level transportation
and land-use studies and could not easily split the
travel demand among the several competing transit

and automobile mode choices usually present in a

large metropolitan area. Since these models cannot

adequately simulate the equilibrium flows along

competing transit routes, changes in travel demand

due to minor changes in level of service (1..cE)

cannot be accurately estimated.
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,Multlnomlal loglt models (2,3) enable analysis of

multlple transit and highway ~p-tions simultaneously.
In addition, the incremental form of a multinominal
logit model is especially suited for analyzing the
shifts in market shares of competing modes if the
LOS for one of the m~e~ is changed. The following

sections describe the structure and application of
an incremental logit model in estimating changes in
travel demand due to LOS changes.

INCP.SMENTAL LOGIT MODEL

This procedure predicts revised travel behavior
based on existing travel behavior and changes in LOS

(such as travel time and travel cost) experienced by
a trip maker. The malor advantage of this procedure
is that no knowledge of detailed existing LOS data
[such as parking fees paid in the central business
district (cSD) and travel times] on all alternatives

available to a trip maker is required. Only existing
probabilities (market shares) and proposed changes
in the LOS are necessary. The incremental form of
the logit model is used to pivot about an existing

Situation. The use of this technique in transporta-
tion systems analysis has been pioneered by the Rand

Corporation (~) and by Cambridge Systematic (~).
This procedure has also been discussed in a recent

National Cooperative Highway Research Program report

(Q).
The incremental form of the logit model (~) is

expressed

where

pA(l:A) = revised market share Of a~teKnative

i out of A Wssible alternatives avail-
able to a trip maker,

P(i:A) = original market share of alternative i,
AU1 = change in disutility (travel time,

travel cost, or both), and
m = summation index.

For example, assume that for a given community there

are the following three modes available to commute
to the CBD: express bus, rail rapid transit, and

automobile. The existing market shares of these
modes are expressed ‘bus ~ ‘rail? and ‘auto”
Further, assume that the travel time and travel cost

associated with these modes are changed so that the

changes in disutility associated with these modes

are given by AtJbu5, AUrall, and Auauto.
By using the incremental form of the logit model,

the revised market shares are then expreseed as
follows:

Pbu.’=Pbu, exp(AUhU,)

-[Pbu,exflAUbU,)+P,,,lexp(AU,,,l)+P,u,,,exp(AU,.,,,)] (2LI)

P,,,,‘ = Prd,,eXP(AL!,,,l)

[Pbu,cxp(AU~U,)+ P,,l,,Xp(AU,i,,j+ P,u,,,exp(AU,u,oI] (Jb)

P “ = P,.1”exp(AU..t,,),“1!)

-[Pbu,exp(AUhu,)+P,,,,cxp(AUr,,l)+P,uloexp(AU,u,O)] (2c)

It IS customary to express the disutility associated
with any mode as a weighted combination of travel
time and travel cost associated with that mode:

UI=A1.l]mc,+Az.costi (3)

where

Ui =

timel =

Costi =

A1, A2 =

disutility asswiated with ~~e i to

travel to any specific destination j,

travel time associated with mode i to
travel to destination j,

travel cost associated with mode i to
travel to destination j, and

weights associated with travel time

(’h)

and travel cost that show their relative
imgmrtance.

Travel-behavior studies also indicate that time
spent walking and waiting (out-of-vehicle time) is
perceived differently from time spent traveling
(in-vehicle time). In addition, trip makers who have
different socioeconomic characteristics (income,
occupation, etc.) attach different values to travel-

time and travel-cost coefficients. Therefore, F.qua-
tion 3 is modified and rewritten as follows:

Ui= 40.[\]ut-of.vehlclettmel+A1. []n-vehlcle[ravelftme]

+ ,42.[ou!.uf-pvckettravelcost]+ A3.!ncume

or

U,= AO. [f,ut.{>f.veh]cle[ln]e]+A, [fn.vehicle travel tlnle]

+(A2/!ncomc)*[(Ju[.I]f.pocketCOS(] (lb)

It should be noted that these are just a few of

the mathematical forms of utility expression. Other

forms of utility expression used in travel-demand-

modeling studies are discussed in a publication

prepared by the Federal Highway Administration

(FHWA) (~).

The changes in the disutility expression due to

change in travel time, travel cost, or both by using
Equation 4a can be expressed as follows:

AIJ,= AO. [ch~nge In out-ut.vehicle ttme]

+ A,. [changeln m-vehldetrwel!!me]

+ Aj.[changelnou[.ul-pc)ckcttravelcost] (5)

In order to use the incremental form of the logit

model (Equation 1), one must specify the existing

market shares; the changes in travel time, travel

cost, or both; and weight coefficients A13~ AI?
and A2. Existing market shares can usually be

approximated by first estimating total person trips

between the origin-destination (O-D) pair in

question and then by using the results of recent

on-board surveys, base-year O-D surveys, U.S. Bureau
of Census journey-to-work data (~), and all other

data sources available for a study area on mode
choice. Changes in travel time, travel cOst, or ~th
can be easily related to the systems management
policy under consideration. If multinominal logit

models have been calibrated for the study area under
consideration, values of weight coefficients %~
Al, and A2 can readily be substituted in

Equation 1. However, if the calibrated models are

not available, it becomes necessarY to tirrow these
values from other study areas. For several

metropolitan areas, the values of the coefficients

for in-vehicle travel time, out-of-vehicle travel

time, and out-of-pxket cost have already been

estimated. Table 1 shows these values for the

mode-choice models calibrated for the metropolitan

areas of San Diego (~), MinneaWlis and St. paul
(Twin Cities) (q), Washington, D.C. (M) v and

Chicago (~). The values vary somewhat depending on

other socioeconomic variables used in formulating

the utility expressions for these areas. The utllitY
expressions used for calibrating mode-choice m~els
for San Diego, Twin Cities, and Chicago are similar
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Table1.Coefficientsfor!“.veh,cleandout-of.vehicletraveltimesa“d~“t.of.
pocketcostm Iogitmodels.

in-Vehicle Out-of-Vehicle Out-of-Pocket

study Travel T!me Travel TIrne cost

Home-t*Work Trips

San Dingo (3.0563 0.0916 0.0106
Twin C!tles 0.032 0.044 0.014
Washington, D.C. 0.0308 0.320. travel 57.6- annual

distance household
(males) lncOme($)

Chicago 0.040 NA 0.010

Home-to-NonworkTrips

Twm Cities 0.007 0.018 0.01i
Chicago 0.0054 NA 0.014

to Equation 4a, whereas the utility expressions
employed in calibrating mode-choice models by using

Washington, D.C., travel-survey data (~) are much
more complex. Variables such as the number of
automobiles per licensed driver in the household,
the household income after mandatory expenses, the

duttmtyvariable that indicates whether the worker is
a major breadwinner in the household, the dummy

variable that indicates whether the worker is a
civilian employee of the federal government, the
number of workers in the household, and the
employment density at the work zone have been used
in specifying the utility expressions for work-trip
mode choice. Although these causal variables improve
the overall statistical predictive ability of
mode-choice models, stratification of trips by such

detailed socioeconomic characteristics usually

cannot be easily achieved by using conventional
tranaportation-planning data. Therefore, if it

becomes necessary to borrow the values of logit
coefficients from other studies, it is suggested
that the analyst assume that existing choice

probabilities (market shares) for modes under
consideration are governed by utility expressions

such as Equation 4a. Transferability of individual
choice models to urban areas other than the one used
for mcdel calibration has been reported (~,~).

Based on the values shown in Table 1 and limited

validation performed for the case study to be pre-

sented later, the following default values of the
coefficients for in-vehicle travel time, out-of-ve-
hicle travel time, and out-of-pocket cost are recom-
mended:

Home-to-Work Home-to-t4cn-

Variable Trips work Trips
In-vehicle travel time 0.032 0.007
Out-of-vehicle travel

time 0.052 0.018

Out-of-pocket travel
cost 0.010 0.010

Am re9ation and Market Segmentation

Prior to the application of Equation 1 to calculate
revised market shares of competing modes, it is

necessary to specify the assumptions related to

aggregation and market segmentation. Wote that,

although Equation 1 actually holds for an individual
trip maker, for planning purposes the choice

probabilities should be estimated by traffic zones,
political units, or both. The use of Equation 1 for

a group of individuals rather than for a single

individual does not cause bias provided the group of
individuals has

1. Identical sets of choices available to com-

plete the journey, i.e., choice of bus, rail, and
automobile;

2. Identical values of travel-time and travel-
cost components; and

3. Identical socioeconomic characteristics.

Several schemes to facilitate aggregation and market
segmentation have been proposed by Talvitie (~) and
by Koppelman (~). The simplest of the aggregation
techniques is the naive approach, which assumes that
the choice probabilities computed at the mean values

of the explanatory variables in the utility

expression represent average choice probabilities
for that group. In other words, by using the naive

aPProach, the aggregate mode splits can be computed
for an O-D pair by simply substituting in the
utility expressions zonal means of socioeconomic
data (such as mean household income and mean zonal
parking fee) and zone-to-zone time and distance
skims obtained by using standard Urban
Trans~rtation Planning System (UTPS ) and FHWA
PLANPAC software. However, due to the nonlinear
relationship between choice probability and model
disutility implied in the logit formulation, average
choice probability computed by using the naive

approach may be significantly biased. To circumvent
this problem, Talvitie (~) suggested using the

aPPrOxlMate a99Ke9ate Utility function obtained by
using a Taylor-series expansion about the mean

values of the explanatory variables in the utility
expression and truncating the series after variances

and covariances of the distribution of independent

variables have been incorporated. By using this

approach, it is possible to derive the aggregate
form of the incremental logit model. However,

computation of variances of variables such as

walking distance to the transit stop, parking fees,
and other discrete socioeconomic variables used in
the utility expression usually poses a problem and
therefore this procedure is difficult to use.

Koppelman and Ben-Akiva (~) have suggested a
classification approsch to reduce the bias intro-

duced in the naive approach. In this procedure the

decision makers are classified into a set of rela-

tively homogeneous groups by virtue of choice-set

availability, socioeconomic c characteristics, LOS

experience, or all three characteristics. For ex-

ample, trip makers can be classified by availability
of automobile and transit mode or modes, income,

distance to the transit stops, or all three. For
each group, the mean choice probabilities are com-
puted by using the naive approach and aggregate
probability is computed as the weighted sum of group
probabilities. Usually, in practical planning appli-
cations, determination of homogeneous groups with

respect to choice-set availability, socioeconomic

characteristics, and LOS becomes a formidable task,

especially if the utility expressions use several

socioeconomicc variables, e.g., the utility ex-

pressions used for the U.S. Department of Energy’s
State Energy Conservation Program (~). Therefore, in
practice, groups are determined either on the basis
of choice-set availability or LOS experience. If the
classification approach is the aggregation procedure
chosen, it appears most prudent to calibrate the
mode-choice models by using simpler utility expres-
sions (for example, Equations 4a or 4b) and to
determine choice-set availability on the basis of

automobile availability and dichotomized distance to
the transit stop (that is, acceptable versus unac-

ceptable walking distances to the transit stop) . I
will discuss issues related to determinatiOn of

automobile availability again later in this paper.
mo other approaches used in aggregate

predictions from disaggregate mdels are the
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sample-enumeration and pseudosample-enumeration
procedures. In the sample-enumeration technique,
before-and-after choice probabilities are computed
after the utility expressions have been modified to

reflect the policy under consideration for a sample
of households for which detailed socioeconomic, LOS,

and choice-set availability data exist. Calculated
changes in the choice probabilities of the sample
are then used to draw inferences about the entire
population. Sxamples of this approach can be found
in the work of Cambridge Systematic _ _ .(5,16) The
samPle-enumeration procedure can provide accurate
predictions; however, this procedure is not feasible
for TSM-type project-level planning due to the
unavailability of special household survey samples
from the project market area. Use of this technique
also relies on the availability of and the
familiarity with special computer prcqrams designed

for this pur~se (~). The pseudosample-enumeration
technique relies on the synthetic household samples

constructed by randomly sampling from the pmtulated

distributions of LOS and socioeconomic data. These

synthetic samples are then used to compute before-

and-after choice probabilities and to draw infer-
ences about the proposed policy. Examples of the use
of the pseudosample-enumeration technique to perform

a99re9ati0n may be seen in several reports (~,~).
Like the sample-enumeration technique, this proce-
dure is also tied to the use of special computer
programs.

Applicability of the aggregation techniques
described above is dictated to a great extent by the
availability of transportation-planning data (es-
pecially the type of data that were collected during

the on-board surveys), the analytical capabilities
of the analyst, and the other components of the
modeling system developed by the Metropolitan Trans-
portation Planning Study . Invariably the naive

aPProach adjusted for the choice-set availability is
the most practical way to estimate aggregate market
shares. It has been further shown by Koppelman (I_&)
that changes in market shares estimated by using the

pivot-~int procedure tend to have minimal aggrega-
tion bias.

A case study presented below further illustrates
the application of incremental logit models in
transportation planning.

Case Study

Figure 1 shows the major freeway and arterial
highway network that provides access to the
Cleveland CBD in the eastern half of the Cleveland

metropolitan area. It also shows the general
corridor location of the proposed Interstate 290.
However, due to anticipated adverse social,

economic, and environmental impacts of the freeway
construction, project planning for 1-290 has been
dropped. Figure 2 shows the rail facilities

available in the metropolitan area. An extensive

rail network is also available to provide line-haul
and feeder service within Cuyahoga County. Many

planning studies have propesed the easterly

extension of the Shaker Green Line from its current
terminus at the Shaker Green--West Green mad stop

to the 1-271 overpass at Shaker Boulevard (Figure
2). The proposed project is about 2.25 km (1.4

miles) long and can be accommodated within the

median of Shaker Boulevard (Figure 1) . Besides

extending the Shaker Green Line, a proposal has also
been made to construct a new parking lot in the
vicinity of the 1-271 and Shaker Boulevard overpass
and to build special ramps from 1-271 to provide
exclusive access to this parking facility. To

discourage through traffic, automobile access

between lcxzal streets and the parking facility or
1-271 would not be permitted. To serve the local

communities, a Proposal has been made to build a
station and a small parking lot at Richmond Road. A
feasibility study is currently under way to

determine the cost-effectiveness of this proposal

along with three other alternatives, namely, do

nothing, expand the existing parking lot at Green
Wad, and build an autoway. The autoway alternative
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Figure2. Railtransitsystem.
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essentially involves building a new parking lot in
the vicinity of Green mad and constructing a

two-lane roadway within the Shaker Boulevard median
to connect this new lot to 1-271 by a set of
excluslve-access ramps. For this alternative, dlSO,

access would not be permitted between local streets

and the new parking lot, the autoway, and I-271. The
method used to estimate patronage by using the

incremental loqit model is summarized below.

Complete details of this method may be found

elsewhere (~).

Patronage Estimation

Identification of Market Area

The first step in using the incremental logit model

for pivot-point analysis involves identification of
the O-D interchanges for which the existing market
shares of different transportation modes may be

altered due to the proposed D3S changes in one or
more modes that serve these interchanges. Usually,

results of on-board surveys and LINKUSE (computer

program issued as part of FRWA PLANPAC software

package in 1976) analysis can be readily used to

establish the market area. For this case study,

results of an on-board survey indicated that the

primary use of the rail extension or alternatives by
the conununities in the market area would be to

commute to the Cleveland CBD. For example, results
indicated that 92 percent of the boardings at the
Shaker Green--West Green Road stop were bound fOK
the CBD and only 3.6 percent of the boardings were

due to commuters who were going the other way.
Therefore, it was decided to analyze only the

home-based-work and home-based-nonwork trips from

these communities to the CBD.

Determination of Existing Market Shares

After O-D interchanges that need to be analyzed have
been established, the next step in the process

involves determination of existing market shares of
all transit and automobiles modes that serve these
interchanges. This is essentially a multistep pro-

-.

m“

-*.* --

- I

cess. Results of person trip-generation and triP-

distribution analyses can be used to estimate the
total person trip interchanges for home-based-work

and home-based-nonwork trips. To facilitate the

market segmentation of trips by automobile avail-

ability, a cross-classification approach to trip

generation is very useful. If automobile ownership

-is used as one of the stratifying variables in trip
generation, trips from households with cars and

without cars can be readily estimated. Examples of
home-based-work and home-based-nonwork person trip-
production rates as a function of automobile owner-
ship, household size, and residential density maY be

found elsewhere (~). A method for estimating joint

distribution of household size and automobile

ownership at the zonal level to apply the production
rates by using readily available zonal data such as

mean household size and mean automobile ownership is
also described elsewhere (21) . It should be noted

that the segmentation of tr~ps by automobile avail-

ability frequently used in mode-choice analysis is
not the same as stratification of trips from auto-
mobile-owning and carless households. It is possible
that the automobile from automobilewwning house-

holds may not be available for triPs at certain
times of the day, whereas carless households maY

have the option of using a carpool to make trips. An
emplrlcal technique due to Wilson (~) can be used

to approximate market segmentation with respect to

automobile availability if the trip-generation

analysis is conducted as described above.
The next step in the process is to tabulate the

results of the most-recent on-board survey to

estjmate the number of transit trips made by means
of different line-haul modes and associated acceas
and egress modes that serve the market-segmented

trip interchanges. The number of automobile trlPS

can be estimated by subtracting the total number of
transit trips from the total number of person trips.
~ example of such a tabulation may be seen in an

earlier paper (Q) . For this case study, the

analysis of home-to-nonwork trips posed an

interesting problem. A parking-lot survey conducted

at the Shaker Green--West Green Road stop indicated
that this lot is about 90 percent occupied by 9:00
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a.m., whereas a 1963 home O-D survey showed that
abut 60 percent of the nonwork person trips to the
CBD are made between 9:OO a.m. and 4:00 p.m.
Therefore, it became apparent that there is a latent

demand for additional park-and-ride facilities. In
order to determine the magnitude of this latent
demand, use of parking spaces at the Brmkpark,
Puritas, and Westpark stops (Figure 2) was studied.
The maximum occupancy of parking spaces at these

stops is currently about 42 percent. Therefore, it
was assumed that communities served by these stops
do not experience any parking shortages during any
time of the day. Results of an on-board survey
showed that about 7 percent of the home-to-nonwork
trips to the CBD from these communities are made by
using the rapid transit and park-and-ride mode of

access. Communities served by the Shaker Green--West
Green F@ad stop showed that only 3.5 percent of the

nonwork trips to the CBD were made by using the
Shaker Green Line and park-and-ride mode of access.
I assume that, if there were no shortage of parking

space at the Shaker Green--West Green Wad lot, 7
percent of the nonwork trips would have been made by
using rail rapid transit; the unconstrained number
of park-and-ride trips was derived by factoring the

observed number of trips by 2.0. Once the number of
trips along all possible modes that serve an O-D

pair had been determined, aggregate market shares
were calculated by dividing the modal trips by total

person trips.

Determination of Changes in Modal Disutilities

Changes in modal disutilities can be calculated

first by expressing the proposed policy in terms of

changes in travel time and travel cost and then by

multiplying these changes by the appropriate
coefficient values presented earlier. For this case
study, the impact on the number of boardings at the
Shaker Green--West Green Road stop was analyzed for

(a) possible reduction in autombile access time to
the stop due to the construction of new ramps

(autoway and rail-extension alternatives) and (b)
possible increase in automobile operating cost due
to the gasoline-price increase. Three possible
scenarios for automobile operating cost increases

were developed: 25, 50, and 100 percent increase in

automobile operating cost per mile.

Determination of Revised Market Shares

Once the existing market shares have been estimated

and changes in modal disutilitiea calculated,

revised market shares can be obtained by using

Equation 1. At times the revised market share may
indicate trips on a certain mod e that are not

physically possible due to the supply constraint.
For example, in the present case study , the

do-nothing option cannot accommodate additional

park-and-ride trips. However, if the pivot-point

procedure is applied by assuming increase in

automobile operating expense and no change in

transit fare, more trips may be assigned to the

Shaker Green Line than are physically possible. TO

avoid this situation, a shadow price can be

calculated to artificially increase the disutility
of the mode in which equilibrium between supply and
demand has to be maintained.

For this case study, the shadow price was

calculated as follows. Let a o
‘rail ~ ‘rail ~

‘bus~ and Pauto be the existing market shares of
rail with automobile access (park-and-ride), rail

with access modes other than automobile (walk,

feeder bus, kiss-and-ride) , express bus , and

automobile, respectively. Let Auauto denote the

change In disutility of the automobile mode. Then,

by Using the incremental logit model, the revised ‘

market-share of rail that has the automobile access

mode (Prai~ a, can be eXpressed as follows:

P,.,,’= P,l,,’’IPC,,I’+ Pra,lo+ Pbu, + PautO exp(AUau, O)] (6)

Now, if the impact of change in disutility of the

automobile mode (that is, AUauto) is such that
;ral~ a > prail a but it is not physically
possible to satisfy this additional demand due to

supply constraint, a shadow price (AC) can be
imposed on the rail alternative that has automobile

access to ensure that a=p
‘rail

a,
rail The

numerical value of this shadow price can be
calculated by using Equation 6 as follows:

P,.il”= P,.,,aAC;[P,.,IaAC+ P,.,10+ PI).,+ Pau,o CXP(NJ,.,. JI (7)

This expression can be rearranged to yield

AC = [P,.,l”+ P~.,+ P..,Oexp(AU..,~)l/(l-p,.,1’) (8)

The revised market shares ofA rail that has access

other than by automobile- (Prail 0), express bus

(~bus) , and automobile ‘Pauto) can be calculated
by using the following equations:

h., = pbus’[prd,l”zl~ + P,,,,” + Ph.,+ P,.l.~xP(ALa.,,,J] (lo)

~du(<,= Pa.,,,exp(ALl,.,o)

~ [P,A,I’AC+ P,.,l”+ P~u,+ Pa.,,,eXP(AL!,ulO)] (11)

where AC is first calculated by using Equation 8.

Numerical Example

For the city of !fayfield Heights, data related to
home-based work trips to the CBD are as follows:

total person trips to the CBD = 793, tripa made by
using the Shaker Green Line = 141, and tripa made by

using express bus = 186. Network analysis indicated

that reduction in access travel time by automobile
to the Shaker Green --West Green Road lot due to the

construction of an autoway alternative would be 3.4

min. If the automobile operating cost per mile

increases by 50 percent, change in travel cost for a
trip to the CBD will be 33d. TO determine the number
of new rides on the Shaker Green Line from this
community, we use the following calculations:

‘Shaker = 141/793 = 0.178, Pbua = 186/793 =

0.234, Pauto = 466/793 = 0.588, AtShaker =

3.4 rein, bcauto = 33d.

By using Equation 1 and the default values of the

coefficients for in-vehicle travel time and travel
cost, the revised market share of the Shaker Green

Line is calculated as follows:
.
‘Shaker = [0.178 x exp(O.032 x 3.4)1/[0.17

x exp(O.032 x 3.4) + 0.234 + 0.588 X exP(-O.O1

X 33)] = 0.232.

Therefore, new rides on the Shaker Green Line =

0.232 X 793 - 141 = 43.
Changes in market shares for home-to-nonwor k

trips to the CBD were analyzed in a similar manner.

Changes in ridership due to non-home-based trips
destinations other than the CBD were estimated
using suitable factors for the home-based-work
nonwork trips (Q).

and

by
and
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Table 2. Prolected new r!des on the study alternates.

S[ull>,\)[crrld[l\c (, 75, ~) 12

Do noth, ng o 250 5?0 1126
l-xp~nd(;rccnR>,*J
parkinglot 638 1912 2888 5C!16
BUIII.I~utow.~y 1224 ::()~ 3236 5538
Ixtcnil r311 line 1932 2938 3~98 6370

aA1 the t,rrw of th, s ,,udv the Pmva,l,(lq w,,L?,vW “u,-of. pocket cost for cmera,, ng the
automob?lf? vws aswrned to he 6d IT IIL?.

RESULTS

The results obtained by using pivot-point analysis

and base-year (1975) market shares are summarized in

Table 2.

CONCLUSION

Changes in travel demand due to changes in tA3S on

one or more transportation modes that serve an urban

area can be readily estimated by using pivot-point
analysis. This technique is much less cumbersome to
use than traditional mode-split models. Many policy
issues related to fare structure, headway,
automobile operating cost , etc. , can be quickly
analyzed by using this procedure. This paper also
illustrates the use of pivot-point analysis for
specific project-level planning in addition tc its
use for the quick order-of-magnitude analyses
described in the literature (~,~).
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Model Specification, Modal Aggregation, and Market

Segmentation in
Some Empirical

Mode-Choice

Evidence

YOUSSEF DE HGHANI AND ANTTI TALVITIE

MultinominalIogltmodelsthathavefcjur,five,andseven~(ternatlve~arede.
scribedforwork.tripmode choice.The mostsatisfactoryoverallspecification
isbasedon treatingtravel.timecomponentsasasinglevariableinadditiveand
ganericformandalsoon equatingthreerailalternative-spec!ficconstants(in
theseven-alternativemodels)asa resultofstatisticaltests.A simplisticmethod
isusedtoaggregaterailandbusmodesinthefive-andfour-alternativemodels,
respectively.The resultingceeff!cientsofcorrespondingvariablesamong all
themodelsareallconsistentsincetheyarestatisticallyequalandnumerically
veryclose.Statisticaltestsshowthatatleastalternative-specificconstants,
wisichaccountforovertwo-thirdsofthetotalexplanato~powerofthemOd.
els,arevalueddifferentlyforthefollowingmarkets:(a)one versustwo-car
households,(b)commutersboundforthecentralbusinessdistrictversusothers,
and(C)low-andhigh-incomehouseholdsthat~1~0VaIUesemiceattributes““.
equally.Finally,coefficientsestimatedby meansofobservationoflevel-of.
serviceattributesorby meansofnetworkmodelsthatestimatetheseattributes
arealsocompared.

A series of multinominal logit models for work-trip

mcde choice that have four, five, and seven alterna-
tives is described. The four basic alternatives are

drive alone, shared ride, bus, and rail. In the

five-alternative model, the bus mode is separated

into local-bus and express-bus modes and, in the
seven-alternative model, rail is further divided
into the modes of rail that has walk access, rail
that has b~s access, and rail that has car access.
The data used in this study were originally col-
lected by the Urban Travel Demand Forecasting Proj-

ect (UTDFP) at the University of California at
Berkeley in 1975.

A number of alternative model specifications were

tested, and the results of these tests were
analyzed. The model specification that was
considered to be the most satisfactory overall is
based on treating travel-time components (in-vehicle

and excess times, i.e., wait and walk times) as a

single variable in additive and generic form.

Alternative-specific constants for the three rail

modes (in the seven-alternative model) were found to

be statistically equal for the models calibrated
that had observed service attributes. This refined

and simplified mode 1 specification is used to

analyze the effect of market segmentation on model

coefficients. Three market segments are used--one-
versus two-car households, low- versus high-income
households (annual household income of $13 000 was
used as the point of division between high and low

income) , and commuters beund for the central

business district (CBD) versus others.

The results are presented in the following order.
First, some mdel-specification issues are

discussed. This is followed by a discussion and

analyses on aggregation of alternatives. Third,

market segmentation is studied. Last, the models

with observed and network level-of-service (Los)

data are compared.

MODEL SPECIFICATION

Travel Time

Previous studies by Talvitie and Dehghani (~)

Models:

suggest that, statistically speaking, the

travel-time components are valued equally, at least
when the observed LOS data are used. The folklore of

mode-choice models divides travel time into excess

and line-haul components; the former has a value two
to three times that of the latter.

The following explanatory variables are used in
the models:

Variable
INVT

WALKT

TRANSFERS
WA 11’T

TT IME

COST/INC

DR

CARS/DR

SMPD

WACCESS

CBD

CONST

LOG(N)

Definition
In-vehicle time or time spent ins.lde a

vehicle when traveling from origin to
destination, door to door (round-trip

time) (rein)

Walk time to and from bus stop or Bay
Area Rapid Transit (BART) station, in

transter, or to and from car’s park-
ing place (rein)

Number of transfers
Sum of wait times of all transit

vehicles, normally one-half of first
headway [headway of first transit ve-
hicle boarded on a trip (rein)]plus
sum of wait times of second, third,
etc., transit vehicles at transit
transfer points (rein)

Sum of in-vehicle time, walk time, and

wait time. (determined in same way as
WAITT)

Out-of-pocket travel cost divided by

household income (dollars)
Number of drivers in household

Number of cars owned divided by number
of drivers

Rnployment density in neighborhood

(employees per acre)
Walk access to transit facility (takes

value of 1.0 if transit-mode stop or
station is within 0.60 mile from
residence)

Dummy variable constructed to differ-

entiate trips destined to CBD from
these destined to other locations
(takes value of 1.0 if EMPD is

greater than 120.0, zero otherwise)
Constant (takes value of 1.0 for

specified alternative, zero other-
wise)

Natural log of number of transit-access
modes (N) accessible (available)

The null hypothesis that the excess and line-haul
components are valued equally was accepted for both
the observed and the network LOS data; these two

types of data are defined in Table 1, which gives
the models that have the segmented travel times. The

supporting statistics for Table 1 are as follows

[L(6*) is log likelihood at maximum, the success

index is the weighted average of differences in

correct predictions between the full model and the
model that used only alternative-specific constants,

and prediction success is that percentage attrlb-
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Table1 Modelspec!firatmnandcoefficientswithsegmentedtraveltimes.

TypeItLOS Dat~b

41ttrna- Nc[w(]rk ohwrved
tlve

Vand Olc f-nteredd (’oe!f’lclcnt t-vdluc C’oefflcmn[ t.v.ilur

l~VT l.; -0.0198 j~l -0.0215 2 29
W.A[KT I-7 -0.0473 l.~11 -0.01s ? >66
W:\l TT !-7 -0.0345 3.16 -0.0208 ; 95
f_RA\SI:lRS ‘-(1 0,1?6 1.79 -0.050 030
(’f)sr IN( i.7 -8438 1,20 -38.56 3 10
DR l.; 0454 290 0.0823 042
CARS DR 1 ?360 443 1824 ,-~

7 1 185 242 (37~f)7g :“?5
EMPD 1 -0001 32 2.89 -0.00153 2.81
wAcrEss 2.4,5 ().852 2.89 0679 203
CBD 1,7 -1.096 330 -10398 2.42

4-6 J~,Q 381 0,895 I84
co\sr I -1 747 2 34 -o 2s2 (011

3 -0807 2 10 .0561 161
4 -3799 497 -1.878 3 10
5 -3749 5.46 -1 578 2.76
b _~ Z60 3.77 -10h5? 2.13
7 -1 787 2.54 -u 7X5 1,07

a Alter .at,.es 1 df, ve alone, 2 =10C.Ibus,3 =expressbus,4 BART w,th walk access.
5=BART w!th bus access,6 = 13ART w,th car access, and 7 = ~hared nde

bNetwork LOS data are zone-ro-zone travel t,mes and cost obta, ned from srandard coded
“exwmks bv .s, ng lhe Urban Trmspoc tatto” Plmmng Svstem (UT PSI m ,ts ‘m., valenl
Observed LOS data were obta, ned by d,recl obsewarton, measurement of travel l,mes
and costs for a door.l o-door trtp, or both ( Il.

Table2. Modelspec!ficstionandcoefficientswithonerail.modeconstant.

TT1\lL i.? -0021 ‘) 4 b7 -0021 0 478
COST INC ,.7 -8.84? 121 -38.60<1 3.10
DR 1,7 0.466 3.00 0.082 0.42

CARS/DR 1 2.367 445 1.823 2.74

7 1187 2.45 0,759 1.22

EMPD 1 -000131 2.83 -0.001 53 2.81

WACCF. SS ?,4,5 0.862 2.95 0635 1.96

CBD 1.7 -1.228 3.77 -1.073 2 59

4-6 2.324 390 0.883 1.84

CO\ST 1 -1.306 2.04 -0.238 ?.95

3 -() 554 1.87 -0599 i.76

4 -4.098 5.98 -1744 339

5 -3.549 5.48 -1.626 3.10

h -2.17Y 3.70 -1.058 2 13

7 -1.326 ?.30 -0.777 1.03

Nore Alternal, ves are same as ,. Table 1.

Table3. Modelspecificationandcoefficientswiththreerail-modeconstants.

rVDC of LOS f)titd

Alt~rnd- Network Observed
[Ivt!

Van~hle Entered C’oefflcwnt t-value Coeiiwwnt t-value

rrl\ft: I-7 -U.0?7 7 6,84 -00245 6.16

COST IN(’ )-7 -[),6(13 131 -37325 3.00

DR 1,7 ().437 282 00635 032

(’)\RS DR I 2.345 4,40 1.813 2 70

7 I 18<) ?41 0.760 1,21

EtviPD 1 -0.001 29 280

WAL’Ck. SS ?,4,5 0.404 1.60

CBD 1,7 -1.275 3.90
4-6 ~,~4<) 3.81

cONST I - 1.77~) 2 82

3 -0.836 300

4-(> -3 134 5 72

1 -1.70? 3.10

Nor. Altcmat,vm are same .5 III T.ble 1

-0.001 54 2.83

0.397 1.46

-1.094 2.62

0.845 1.75
-0,57 073

-0.764 :,4?

-1 4s7 3.35

-1.074 1.47

utable to variables other than alternative-specific
constants] :

Statistic Network Observed

L(d*) -583.927 -478.36
Percent right (maxi-

mum utility classi-

fication) 63.40 66.80
Success index 0.097 0.152
successful predic-

tion (%) 49.6 54.3
Prediction success

due to other than
modal constants (%) 20(= 9.7/49.6) 28

It may be seen that, in the network model, the ratio

of the coefficients of excess time to in-vehicle

time has the customary value of about 2; for the
model that has observed travel times, this ratio has

a value of 1. Again, statistically speaking, the
travel-time components are valued equally. This
result is adopted for further analyses in this
paper. It is also a result that one can live with
fairly comfortably, considering the accuracy of the

travel-time data. Briefly, studies by Talvitie and
Dehghani (l_)and Talvitie and Anderson (~) show that
the excess-time components are poorly approximated
by the network models, but the total travel time (at
least for car and bus modes) is calculated quite
well by tbe network models.

Medal Constants

These have a totally different function from that of

the other variables. If the variables included in
the mod a1 utility functions fully explain

mode-choice behavior, then the modal constants

should equal zero. Thus , with a perfect mcxiel

specification and with perfect data, it can be
argued that no constants are necessary. However,

estimating a model without constants is not

recommended in practice because the estimated values
of the coefficients of the variables included are
seriously affected if those variables do not fully
explain the observed behavior. The constants,

therefore, represent the effect of those variables

that influence mode choice but are not included
explicitly in the model. This effect was found

empirically to be substantial (1) and accounts fOr
more than two-thirds of the total explanatory power

of the model.
In the seven-alternative models developed in this

study, tbe alternative-specific constants fOK rail
were found to be statistically equal at the 0.05

level of significance by using observed service
attributes. However, when the network-based service

attributes were used, statistical equality of the
rail mode’s modal constants was re]ected. The

relevant models are shown in Tables 2 and 3. The

supporting statistics are shown below [L(O) is 109

likelihood at zero] for Table 2:

Statistic
L(0)

Network
-1005.987

L(B*) 586.155

Percent right (maxi-
mum utility
classification) 62.43

Sample size 626

Success index 0.096

successful predic-

tion (%) 49.5

Prediction success
due to other than

modal constants (%) 19

Observed
-724.633
-478.547

66.67
567
0.152

54.3

2B
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ana for Table 3:

Statlstlc

L(o)

Network Observed
-1005.987 -724.633

L(c*) -597.235 -480.118
Percent right (maxi-

Lmum utility

classlficatlon) 61.98 66.84
Sample size 626 567
Success index 0.091 0.152

Successful predic-

tion (%) 48.9 54.2
Prediction success

due to other than
modal constants (%) 19 28

For three reasons, the results of one modal
constant for rail mode are adopted for further work.
First, summary indices of predictive accuracy for
the model that has one rail-mcde constant are not
materially worse than those for the model that has
three rail-mode constants (Tables 2 and 3). Second,
the model with one modal constant enables easier

a99re9ation of alternatives. Last, the observed LOS
data are more reliable than the network data and

that model suggests that one modal constant for rail

is enough. It 1S further evident that the modal
constant for express bus is no different from that
for rail. This finding enables the application of a

model developed for the express-bus mode to be used
for a new rail-mode situation.

Other Specification ISSues

The models in Table 3 indicate that the variable DR

is insignificant in the model that uses observed LOS
data but has strong significance in the

network-based model. A model estimated without froth

variables DR and CARS/DR is shown in Table 4. The

supporting statistics are shown below:

Statistic
L(0)
L(6*)
Percent right (maxi-

mum utility
classification)

Sample size
Success index

Successful predic-

tion (%)

Prediction success

due to other than
modal constants (%)

Ne twork
-1005.987
-609.425

62.62
626

0.083

48.2

17

Observed
-724.633
-484.438

67.20
567

0.149

53.9

28

Table4. ModelspecificationandcoefficientestimatedwithoutvariablesDR
andCA RWDR.

Type ofLOS Data

.Al!crna- Ne(work Observed

llve

v,lr!Jt~l L, Intcrcd (’oefflclcnt t-vdluc Coefflclent t-v’due

Prediction-success indicators show that the
network-based model lost more in Predictive power
than the model based on observed 103 data. Future

work will study in more detail whether this pattern
and the surprisingly small loss in predictive Imwer
will also hold when models are transferred to other
locations. Clearly, forecasting errors in the
variables CARS and CARS/DR might be more detrimental
to forecasting accuracy than errors due to excluding

these variables from the model altogether.

AGGREGATION OF ALTERNATIVES

Most of the modes actually represent a group of

modes: For example, several bus lines or carpooling
arrangements may be available. In the seven-alterna-
tive model, the bus and rail modes are separated
into their various components. Model simplification
would be accomplished if the components of bus and
rail mcdes could be represented by two modes or one
composite mode--for example, bus and rail or simply
transit. In this section a method for aggregating
alternatives is studied.

McFadden (~) has shown that if there are J choice

groups and Mj components (submodes) within each
group (mode) and if each component has a utility
function of the form Vjm = “Yj + “xjm~
where yj represents attributes common to the group
and ‘jmr attributes specific to the component,
then the choice probability for a group is

‘]

/

I’j=c\p(ayj + w,) ~ exp(aj, + w,)

,1

where

1

M

1

1-<,,

w, = log ~ exp[6’x,m/( I - u,)]

~.,

(1)

(2)

If there is no variation in the attributes of the

component alternatives, ‘jm = O and Wj =(1-

0,)
1

l~Mj . If the unobserved attributes of the

component alternatives are uncorrelated, the

parameters ~j are equal to zero and the usual
MNL form is obtained. If Oj = 1, the unobserved

attributes are perfectly correlated and the term
vanishes.

In this study we assumed that the variation in

the component attributes (Xjm) was very small and

calculated the group attributes (!fj) for BART

(rail) by using the following conventions:

1. BART that has walk access was used if the
residence location was within 0.60 mile of a BART
station,

2. BART that has automobile access was used if

the household owned at least two cars, and
3. BART that has bus access was used otherwise.

For bus, the group attributes were calculated by

using the following:

1. Express bus was used if the service existed

and was accessible and
2. Local bus was used otherwise.

r[-itll I-7 -0.029 1 630 -0.0245 6,21

(’os’1 l\(’ I-7 -10. ?41 1.35 -38306 3.10

t. MPI) 1 -0.001 22 2.64 -000147 2.70

WAC(’[ Ss 2,4,5 0.463 1,87 0.399 1.47

ClIf) 1,7 _\,~\7 3.8b -1 091 2,51

4-6 2,146 3.84 0903 1 88

COKST 1 0787 ?,40 0.[)84 ?,56

3 -0.825 3.00 -0.762 2.41

4-6 -3.2 [’) 5,94 -1.514 350
1 -().177 0 (JO -0.413 I 1 I(I

Note A!ternd!,ves dre mm,: m t. Table 1

Model-estimation results showed that the

parameters Oj were not statistically different

from zero. At the same time, the addition Of logM

to the model brought at least some degree 0$

stability to the values of the modal constants

regardless of whether seven, five, or four

alternatives were used. This procedure of USln9 a

somewhat maximum mcde to represent the 9rouP alsO
facilitates partitioning the results into

access-mode levels.
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The estimated models are shown in Tables 5 and 6
for five and four alternative modes, respectively.
The supporting statistics follow for Table 5:

Statistic

L(0)

L(6*)
Percent right (maxi-

mum utility

classification)

Sample size

Success index

Successful predic-

tion (%)

Prediction success
due to other than
modal constants (%)

Network Observed
-922.937 -637.543
-561.275 -430.055

63.61 69.29
621 560
0.099 0.165

50.4 56.6

20 29

Table5. Modelspecificationandcoefficientswithfivealternativemodes.

Type of LOS Data

41ternd- NetwOrk Observed
tlve

Varmble Entered COefflclent t-Value COefficlent t-Value

TT1!vfE
COSTIINC
DR
CARS/DR

EMPD
WACCESS
CBD

CONST

LOG(NJ

1-5

1.5

1,5

1

5

2,4
1,5

4

3
4

s
4

-0.0223 4,99

-10.790 1.42
0.586 3.64
2.799 S.02
1.591 3.02

-0.001 25 3.66
0173 0.65

-1.335 4.00

1.698 3.30
-2.182 3.20
-0.901 3.24
-2.340 4,98
-2,189 3.50

10

-0.0178

-37.943
o,z92

2.326

1.208

-0.00149

0.130

-0.947

0.829
-1.105

-0.87

-1.246
-1.613

10

3.88

3.04
1.41
3.38
1.86
2.71
0.42
2.22
1.63
1.26
2,74
2.81
1,97

Note Alte&twes. 1 = dr, ve done, 2 = local bus, 3 = express bus, 4 = BART, and 5 =
shared r,de.

Table6. ModelSpecificationandcoefficientswithfouralternativemodes,

Typeof LOSData

Alterna- Network Observed
tlve

Variable Entered COefficlent t-Value Coefficient t-Value

TTIME 1-4 -0.0238 5.20 -0.0167 3.70
COST/lNC 1-4 -9399 1.30 -37.4S2 3.00
DR 1,4 0.581 3.60 0.305 1.47
CARS/DR I 2.792 4,98 2.322 3.36

4 1.588 2.98 1.198 1.84
EMPD I -0.00128 2.72 -0.001 51 2.72
WACCESS 2,3 0.123 0.50 -0.0156 0,05

CBD 1,4 -1.294 3.86 -0,936 2.70

3 1.718 3.30 0.878 1.72

CONST 1 -2.552 3.77 -1.351 * 1.56

3 -2.024 4.33 -0.998 2.28
4 -2.531 4.10 -1.859 2.29

LOG (N) 2,3 1.0 1.0

Note Alternarwt?s 1 = dn.e atone, 2 = local and express bus, 3 = 8ART, and 4 = shared
r,de,

Table7. Alternative-specificconstantsoftherailmode.

Observed LOSData NetworkLOS Data

With Without With Without
Model logMj logM1 logMl logMj

Seven alternatives -1.457 -1457 -3 134 -3 134

Fivealternahvcs -1.246 -0.488 -2.340 -1.618

Fouraltcrnutlvcs -0998 -0.809 -2.024 -1.983

and for Table

Statistic
L(0)
L(6*)

Percent right

mum utility

6:

(maxi-

classification)

Sample size
Success index
Successful predic-

tion (%)
Prediction success

due to other than
modal constants (%)

Network
-757.727

-508.942

65.86
621

0.115

52.7

22

31

Observed
-545.876

-388.489

71.01

545
0.179

59.1

30

Table 7 contains a comparison of alternative-
specific constants. Note that the coefficients of
other variables, notably those of WACCEBS, have also
changed due to modal aggregation.

Statistical tests of coefficients are an incom-

plete means of assessing the similarity of forecasts

by different models. When model specification is

changed, all the coefficients change to some degree

but not really substantially. The most troublesome

changes are those in the alternative-specific con-
stants. There is an ongoing study to determine
empirically whether the method of modal aggregation

reported here is as useful in making forecasts as it
seems to be in achieving regularity in coefficients.

MARRET SEGf4ENTATION

Three variables were defined to divide the travelers

into market segments. These were (a) car
ownership--one versus two or more card per household

(there were too few carless households to allow
analyses of that segment of the market), (b) C.SD-

bound conmtuters versus others, and (c) income--less
than $13 000 per year versus mere than $13 000 per

year.
The results are summarized as follows. The car-

ownership models for the one- and tw-car families

were statistically equivalent when five- or four-

alternative model structures were used, regardless

of whether the service attributes were obtained from
the networks or coded manually. On the basis of
visual examination, the inclusion of carless

householda in the models did not affect the

coefficients.
When the seven-alternative mcdel waa used, the

alternative-specific constants were different but
other coefficients were equal. From a visual
examination, it seems that the walk-access variable
has a very strong positive effect on transit

ridership for carless and one-car households: this

variable has a reverse influence for transit use for

two-car households. Not surprisingly, it is the rail

mode’s constant that causes these problems.

Apparently, there is interaction among car

ownership, location of residence, and availability
of transit to work that is not captured by the model
as specified here.

For the CBD and non-CBD travelers, the results
depend on whether network or observed LOS data are
used. When the observed values of service variables
are used, the models for CBD and non-CBD travelers
are equivalent if separate CBD dummies are used for
rail and automobile modes. However, when network-
based service variables are used, the coefficients
for both the socioeconomic and service variables are
different reqardlesa of the number of alternatives

in the model. We will discuss the reasons for the

ambiguous results later.
The division of travelera by inccme produced

rather clear results: The modal constants and
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coefficients of the service variables are different,

but the Coefficients of the socioeconomic variables
are equivalent for the two market segments
regardless of the number of alternatives used in the
mrxiel. The models for the two income groups are
shown in Tables 8 and 9. The supporting statistics

Table8.Models~c!fiUtionandcoeffic!entsfOrlow.lncomehouseholds.

Tvpe[IfLOS Dat~

Altcrna- Ne[work Ohwrved
tlve

Vanahlc E.ntercd Coeitl.lent t-v.iluc (“oe[flc,c,, t [-Valueare shown below for Table 8:

rTIME
IR,\NSFERS
COST/lNC
DR
CARSIDR

-0031 2 40
().27’9 ‘3

_~,173 6“40
0.572 2.54
1.427 I 88
1 010 14

-0.00141 180
0.694 2.10

-0.909 20

2.811 2.56
-1.497 1.73

-1 256 3.30
-4.389 4.20
-2.157 2.7.?

-00109

0.063 I
-23.477

0.550

1.614

1.238

-0.001 38
0818

-1.229

2.?05
-0.0697
-o V30

-J 067
-1 423

I 79

0.40
1.63
1.50
1.45
1.20
1.74
?.15
1.90
2.10
0.05
7 .....-
2.94
1 15

Statistic

L(0)

L(ti*)
Percent right (maxi-

mum utility
classification)

Sample size
Success index

Successful predic-
tion (%)

Prediction success
due to other than
modal constants (%)

Network

-406.225

-254.654

Observed

-304.915

-192.116

EMPD
WACCESS

CBD

62.11
256
0.110

68.53
232

0.195

2,4,5
1,7
4-6

CONST
3
4-6
7

47.3 55.9

23 35 Note Alternatwes are same as (. Table 1

and for Table 9:

Table9,MAelspecifimtionandmefficientsforhlgh-incomehouseholds.

“rypeutLOS DJtJ

Alterna- Network Ohservcd
tlve

Vcmable Entered Coeit’lclent t-value’ Coct!lc]ent [-value

Statistic

L(O)
Network
-599.762

Observed
-419.718
-261.531L(t+*) -317.235

Percent right (maxi-

mum utility
classification) 63.51

Sample size 370
Success index 0.093
Successful predic-

tion (%) 52.7
Prediction success

due to other than

modal constants (%) 18

67.16

335
0.139 TTIME

TRANSFERS
COST/[NC

DR
CARS/DR

1.7
1.6

I-7

1,7

1
7

1

2,4,5
1,7

4-6

1

3
4-6
7

-0.032 I 3,20 -0.0377 5,13
-0028 2 020 -0.0647 (332

-80214 3,60 -10752 4,32

0.090 Y 0.34 -0.0869 0.31
3.513 423 2.439 2.67

1.777 2.32 0715 0.84
-0.0005’2 1.0 -0001 56 1 92

0.0:53 006 0315 0.70
-1,5S8 2.80 -0584 0.88

1.540 1.98 0.637 089

-0.749 074 -0.834 074

-o.07b 8 (J,jo -0002s4 0.005
-1.938 2.60 -0345 0.52

-0.630 0.70 -0993 0.93

56.2

EMPD
WACCESS
CBD

25

It is seen from Tables 8 and 9 that there are

clear “differences in the coefficients for one income
group. Surprisingly, the low-income travelers are
less elastic with respect to cost . At average
values, the cost elasticities are -0.03 to -0.23 for
the low-income and -0.50 to -0.60 for the high-
income travelers. In general, however, the model
seems to be more applicable to low-income rather

than to high-income travelers.

COMPARISON OF MODELS THAT USE NEIWORK AND OBSERVED
LOS VARIASLES

An earlier study by Talvitie and Dehghani (~) found

that models developed by using network and observed
LOS variables resulted in differing coefficients for

modal constants and service variables for the two
types of data. In the current model specification,
travel-time components and rail modal constants have
been consolidated.

With this new mcdel specification, the models

that use network and observed LOS variables are
statistically equivalent except for the seven-

alternative model, in which the modal constants are

still different for the two types of data. It is

noted that the cost coefficient alone is borderline:
The t-statistic for the test of the equality is

1.92: the critical value is 1.96. Table 10 gives the
results.

The results of Table 10, although encouraging,
must be checked against the forecasting and

transferability aspects of the models. As seen from
Table 3, the cost coefficient is four times higher
when observed data are used than it is when network

data are used. There are also substantial
differences in the CBD dummy and rail-mode constant.

Also troublesome is the fact that the two types of
data yield different mcxlels for the CBD and non-CBD

CONST

Nore: Alternal, vesaresamea$ ,. Table 1

travelers. This and other issues are discussed in

the next section.

DISCUSSION OF RESULTS AND CONCLUSIONS

The issues studied in the previous four sections are

interrelated and really cannot be studied

separately. Because of the complexity of the

subject, the attempted separation of tasks can be
defended on the grounds of clarity of presentation.

In this section we try to make some amends.
It is appropriate to start the discussion with

the measurement of travel-time and cost variables.
The discrepancy in the cost coefficient depending on

whether network or observed LXX data were being used
is disturbing. The explanation for this discrepancy

most probably involves the way in which parking

costs have been calculated. The coded networks

assign travelers the zonal parking cost. This figure
is misleading. Surveys that have asked about the

parking cost show that few drivers actually pay for
parking. There is also a large variance in parking

costs for those who pay. This is because, by walking

a longer distance, one can normally Park for less

and because, for many zones, available parking

spaces vary greatly in cost.
The re are even-greater problems in assi9nin9

parking costs for transit users’ potential

automobile trips. Da the transit users know what the
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Table10.Chl.rquare$tatmtlcsfortestsofcoefficientequality.

Seven Alternatives Ewe Alternates Four Alternates

Accep[ Accept Accept
(.’ntlcal X2 or Cntlcai X2 or

Null Iiypo(btsls
Crltlcal X2 or

xi (o 05 level) Re)ect X2 (0.05 level) Reject X2 (0.051evel) Re)cct

aTh\s stat, st,c ,s 11 16 at the 0,025 level

parking charges will be? Would current transit users

be eligible for parking privileges available to

current drivers? There are also fundamental problems

in assigning car costs. Should automobile-ownership

costs be included and how should they be divided
between work trips and other trips?

How costs are calculated appears to have a
significant effect on coefficient values, and there
are no clear answers. It is safe to say that it is

untenable to assume a zonal parking cost that is
equal for all travelers.

The problem with the travel-time variable seems

to be in not consolidating all travel-time
components. Studies by Talvitie and Dehghani (~) and

Talvitie and Ande rson (2) show that networks
estimated poorly the excess time components but

provided rather good approximations for total trip
time. The analyses in this paper Show that,
statistically speaking, trip components are valued
equally by travelers and there is no need for
separating travel time into excess and line-haul

components. This is a fortunate result.
There are also other data problems that begin to

interact with model-specification issues. These are

(d) the use of the walk-access variable and its
interaction with the car-ownership and income
variables, (b) definition and use of the CBD dummies

and market segmentation in general, and (c)

specification of the shared-ride mode. These are

discussed next.
The models developed in this paper show that walk

access to transit significantly increases the

chances that transit will be chosen for carless or
one-car households and for low-income households.

For two-car families, walk access to transit has a
negative effect on choice of transit. Three or four

factors are interacting here. The first factor is
one of tastes and values. Some prefer to use transit

and live near transit lines to be able to do so.
Others prefer to use cars even if transit is nearby.

The second factor is income. Households that have a
higher income can well afford to own two or more
cars and, if their tastes favor the car, theY will
use it. The third factor has to do with the needs of
the other household members. The present model

specification does not explicitly incorporate

notions of household decision making.
The effect of the CBD dummy variables and their

definition presents another complex problem for the
modeler. It was seen that the CBD variables do have

an independent effect. If the network variables were

used, this effect was particularly annoying because
it established the CBD commuters as their own market
segment. Undoubtedly, CBD parking costs and Other

zona 1 variables that assign their disaggregate

effect on socioeconomic variables are at work here.

This was concretely shown by the fact that the
models that used observed KM values were equivalent

for CBD- and non-CBD-bound travelers. Nevertheless,
the CBD variables are problematic. They interact
strongly with the rail-mode constants and their
definition is ambiguous. The CBD variables may act

as proxies for tastes and for occupation. A better
variable that represents (or at least is correlated

with) the causes now captured by the CBD variables

is needed.
The data are not plentiful enough to draw firm

conclusions regarding market segmentation. The data
suggest that there are income effects that a single
model cannot capture. There probably are also car-

ownership effects not captured by a single market
model. The indications from Tables 8 and 9 are also
that models. for a specific income level may need
fewer variables than a single model for the entire
market does. Several issues must be addresaed before

such a conclusion can be made definitive. For

example, what relative errors will be committed in

developing a mcdel that has fewer variables but ones

that must be made income specific? Surely the price

variables are not the same for each income group. Is
there really a substantial gain in forecasting

accuracy from doing this?

The specification problems of mode-choice models

are indeed pervasive. In particular, there is need

for the specification of the utility function foK
the shared-ride mode. In current models, 80 percent

of the shared-ride mode’s explanatory power is in
the mtial constant. And , in general, the dummy

variables assume too large a share of the explana-
tory ~wer; at most one-third of the explanatory

power can be attributed to variables other than the
modal constants. If the CBD variables were included

in the list of constants, this figure would be even
less. The price variables, as included in the model,

assume a minuscule part in explaining mode-choice

behavior.
A direct outgrowth of these considerations is

that travel forecasting by using disaggregate-choice
models is subject to substantial uncertainties.

These uncertainties are due to both data

inaccuracies and model specification. There appear

to be no quick remedies available. An honest user of
these models must convey to bth planners and

decision makers the existence of these uncertainties
in predictions. Otherwise these models are only a

tool to justify those decisions that a group that
has strong influence may want. Even then, the

opportunities for misuse and what one might call

unethical behavior (for whatever good reason) are

numerous.
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Nonresponse Problem in Travel Surveys:

An Empirical Investigation

WERNER BROGAND ARNIMH.MEYBURG

Theeffact$insurveysamp4ingofnonadherencetotheassumptionthatallele-
mentsofatakted sampleprovidethedesiredinformationareinvestigated.On
thebasisofa thoroughsurveysamplethathadfourfallow-upreminders(77
percentreturnrate)andasubsequentsuweyofnonrespondents,itisshown
thatsubstantialmisrepresentationsofmobilehoumlsolds,tripfrequencies,
17SOdS-ChOiWdistributions,andcertaintrip~r~s ~ome evident.A “urn.
barofprecautionsandrern.sdesaresuggestedtodealwiththisprotdeminor-
dartoimprovethequalityoftheinformationinputusedfortheanalysisof
travelbehavior.NotenlyisdsenonresponsebiesforIowrespensarataaeub-
stsntiallygreater,M italsoaffectvthetripstructure(frequency,choice,pur-
peee,anddastinatiors)morethanisthecsseinemore-exhmsstivewarvayssmple.
Itisdemonstratedthatasy$tarstaticbiesarisesduem theun~r~prewtstion
ofnonmobda pemon$.Itisthereforeessentialtomka stipsthatwillincre~

thewillin~assofthenonmebilepartonstorespcssdtosuoheurvaysansfthat
willgenerstemorecost-effectivamethodttosccomplialstfsisebjactive.Itis
stillnecessssytoaimforaslar~areepenseratasspoasibie,ahswtheeystsmetic
nonresponeabiascannotbecompensatedfosby aeciodemographicweighting.
Areductieninthefollow-upremindarscsnnotbsrecommendsd.

In general, empirical surveys are based on the
assumption that the survey of a sample will provide

sufficiently precise information about the total
population from which the sample was drawn. The

significance tests used to prove and control the
results are based on a further assumption, namely,
that every sample point selected provides the
desired relevant information. Of course, it is

known from experience that this condition is

practically never met in survey sampling (~).
In order to be able to make statistically sound

statements about the survey population in

better-quality surveys, an attempt is made to

estimate the effect of this nonresponse factor on
the population estimates. This nonresponse factor
can seriously distort the results of investigations

into travel behavior and can cause inappropriate
investments into transportation facilities or
services.

BACKGROUND

The research reported in this paper is based on a

household travel survey conducted in West Berlin in
the spring of 1976. By means of a carefully

administered mail-back questionnaire supplemented by
four follow-up reminders at one-week intervals, a
total return rate of 77 percent was reached. In
spite of the excellent return rate, the question

remained of what influence the 23 percent
nonrespcsnse rate had on the population estimates for

that particular investigation of travel behavior.
The existence of any nonresponse component in a

survey sample leads to the undesirable, yet often
disregarded, fact that the principles of the theory
Of survey sampling are only appllcatsle with certain
limitations. Only when information about every
element of the sample is available can the
statistical computations of sampling theory be

indeed preci$e.

In general, there are four different approaches

used in order to deal with this nonresponse
problem. First is the naive approach, in which one

simply ignores the problem and proceeds with the
computation of statistical significance and
population values.

The second approach, the so-called “technocratic
approach,” compares selected sociodemographic data
of the survey sample with corresponding secondary
statistics and makes adjustments by means of

weighting factors in case of observable deviations.
The better strategy in this case is the use of cell

adjustments rather than column and row adjustments.
The results of the survey can only be improved in

cases in which there exists a correlation between

the phenomenon under investigation and the

sociodemographic variables used.
The scientific approach replicates, by means of

substantial effort, the selection principles used

for the construction of the original survey sample

and combines them into a procedure called “free

grossing up” (estimation of population values). It
is generally overlooked that nonresponses to survey
questions are subject to systematic bias caused by
the interrelationships among the survey

administrator, the phenomenon under investigation,

and the interviewee.
Finally, in the problem-oriented approach, one

attempts to gain some basic selection of information
for the nonrespondent about the subject under inves-
tigation. For that purpose it is generally neces-
sary to conduct so-called “nonresponse investiga-

tions.” These investigations are guided by the con-
sideration that it might be better to obtain rele-

vant qualitative information for at least a subset
of the survey elements than to obtain possibly ir-

relevant quantitative data from all elements.
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Again, the Influence of the nonresponse problem can

only be estimated.

RESINUICH APPROACH USED

The approach used in the investigation on which this

paper is based represents a combination of the
technocratic and the problem-oriented approaches.
This approach implied that the sociodemegraphic
structure of the nonrespondents was obtained by
means of correcting the corresponding variables for
the respondents on the basis of secondary statisti-

cal information. A second task was to determine the
travel behavior (the phenomenon under investigation)

of the nonrespondents by a nonresponse investiga-
tion. The travel behavior of the remaining hard-

core nonrespondents was to be determined by using
the response speed of the respondents as a measure

of their willingness to participate in the survey.
The stratification of respondents according to

their willingness to respond can generally only be
performed for mail-back surveys. It should also be
noted that it is essential for a meaningful
nonresponse investigation that the main survey and

the nonresponse survey be performed during the same
season in order to avoid the occurrence of seasonal

bias in travel behavior.
The basis for this investigation is the

Continuous Travel Survey (KONTIV) (~) performed in

West Berlin in 1976. The results of that survey

were stratified by their different return phases and
evaluated according to their return speed. The

nonrespondents were the subjects of a special
nonresponse investigation.

RESPONSE GliOUPS IN MAIN SURVEY

The respondents to the main travel survey and its
four follow-up steps can be stratified as follows:

Group 1: Prompt respondents, who anrwererl on the
specified survey date;

Group 2: Respondents to the first reminder (a

postcard) ;
Group 3: Respondents to the second reminder (a

postcard) :
Group 4: Respondents to the third reminder (a

second copy of the questionnaire) ; and
Group 5: Respondents to the fourth reminder (a

postcard) .

Table 1 gives the results of the main survey by re-

sponse group. The results of each subsequent fol-
low-up naturally decreased in size. Nevertheless,

these reminders contributed substantially to the

overall response rate. Each reminder can also be

viewed as a separate survey that has a separate
gross sample size.

Smaller households tended to show slightly

greater willingness to respond to the travel

survey. The cumulative average household size

increased in the course of the four follow-up

actions. Overall, it was found, however, that the

Table1. Responsegroupsandresponssratesinthemainsurvey.

Gross Sample ResponseRateper
ResponseGIOUP Slu Responses ResponseGroup (%)

1 918 265 29

2 631 I 48 23

3 470 88 19

4 36Y 67 18

5 288 30 10

Now Resoonse qro.m are del, ned (. The text

distribution of

was virtually
phases. This
willingness to

35

individual household characteristics

identical for these four response

confirms the assertion that the

respond to travel survevs (at least
in Germany) has very little relation_ahip to the
socioeconomic characteristics of the population.
Rather, the personal interest in the phenomenon
under investigation is of decisive importance in
determining both the willingness and the speed of
response.

The trip structure (represented by trip length
and duration, trip purpose, and mode choice) showed
an equally uniform picture for the groups of
respondents as did the sociodemographic structure.
If the degree of mobility is considered, however,

rather than the trip structure, the results are
substantially different. The cumulative average
trip frequency decreased by 4 percent between the
main survey date and the last response phase after
the fourth reminder. The reason for this reduced
mobility lies in the fact that completely nonmobile

persons are very reluctant and slow to respond,
since they tend to assume that their responses are
unnecessary for an investigation into travel be-
havior. These results facilitate the investigation
into the nonres~nse problem. The relevant problem
to be investigated is the question whether the mo-

bility of the nonrespondents differs significantly
from that of the respondents.

NONRESPONSE INvESTIGATION

In order to solicit responses from nonrespondents,

it is often advisable to change the survey method.
Of course, different survey methods will also affect

the results of the survey. In order to maintain

full compatabili ty with the main survey, the
mail-back approach was also used in the

investigation of nonresponses. The problem is that

this method will not lead to a 100 percent return
rate. In this project the final hard-core
nonrespondents were contacted by specially trained
interviewers in order to find out whether and to

what degree genuine nonrespenses (e.g., change of
residence or death) existed among the nonrespondents
and whether there were any genuinely nonmobile
persons in that last group.

The target group for this nonresponse investiga-
tion consisted of 209 households out of a gross to-

tal of 984 households (Table 2). This survey of

nonrespnses consisted of a main survey followed by

two written reminder notices. In the course of the

survey, 30 households were found to be genuine non-

respondents, whereas 59 completed questionnaires

were received. The remaining households were vis-

ited by trained interviewers, durin9 which time ad-
ditional genuine nonrespondents and nonmobile house-

holds were identified. Table 2 shows that the non-

response survey added substantially to the informa-
tion of this travel survey, which led to the result
that statements about travel behavior could be made

for 95 percent of the original survey ssmple. The

remaining s percent constitute the hard core of
project-specific nonrespondents. All percentage

values presented in Table 2 represent uncorrected

gross values that relate to the original survey sam-
ple. Information was obtained about all households;

yet this must not be equated with a true response

rate. For the true response rate, we started from

984 original sample elements: 178 households were
genuine nonrespondents, which left a corrected s~-
ple of 806 households, of which 699 were respon-
dents. This represents a return rate of 86.7 per-
cent.

Table 3 represents the cumulative response ratea
for the six groups of respondents (groups 1-5 were
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Table2.Summary ofresponse ratesformaintravelsurveyandnonre$ponsesurvey,

,MmnTravelSurvey Mall-BackNonresponse IntewlewNonresponse Combined !vfaln ~nd Nonrcspo”se
(S =984) Surfey (N = 209) SUIT’ey (N= 1]6) surveys (Y = 984)

CategOry %0 Percent No Percent No. Percent No. Percent

Respondents 598 61 59 28 42
Genuine nonrespundents ] 28

36
13

699 71
30 14 20

Other nonrespondents 49
17 178 18

5 4 . .
2 55 6

Total households for which
— —

mformatlon was obtained 775 79 93 44 64 55
Households for which no

932 95

tnformatlon was obtwnedd 209 21 116 56 52 45 52 5

aBas,s for compute?, ons In the nexl column,

Table3. Cumulativeresponseratesandmobilityvalues,

Cumulative Average Mobility Cumulative Mobdlty
Return (trips per person Values I trips per

Response Group Rates (%) per day) oerson Der dav)

3 62.2
4 70.5
5 74.2

6 86.7 I 46

I 32.9 ~,y~ 2.72
2 51 : 2.31 2.57

2.27 2.51
z,~~ 2.48
??1 2.46

2.32

Table4. Trendextrapolationforcomputingmobilityby responsegroup,

Computed Return Computed Cumulative Average
Increment Mobdlty ( trips per person per day) Change

First tenth 2.77
Second tenth 2.73
Third tenth 2.68
Fourth tenth 2.6S -0.07
Fifth tenth 2.58 -0.07
Sixth tenth 2.53 -0.05
Seventh tenth 2.47 -0.06
E@th tenth 2.40 -0.07
Ninth tenth 2.34a -o.06b
Tenth tenth ~,29a

-o.05~

aVal.escomp. ted from the trend esr,mat, on bTrend e$ttmate

defined earlier; group 6 contains respondents in the

nonresponse survey). It also depicts the average
and cumulative mobility per person per day.

A number of approaches, either intuitively simple

or statistically sophisticated, are available to
estimate the mobility of the nonrespmse group.
Examples of the former approaches are trend

extrapolation, a ntlnimm-ntaximutn method (averaging
procedure), and a qualitative estimation. Simple
methods were used here since we are dealing with an
estimate of mobility that remained obvious only by
means of a simple estimation procedure. Another

argument in support of simple approaches is that
they a’re easily tractable by the analyst.

Trend Extrapolation

In the trend extrapolation of the cumulative

mobility values, the return rates were subdivided
into 10 equal increments and v~lues were estimated
for the last 1.5 tenths. Table 4 shows the values
computed for this procedure. By using this method,

an average trip frequency of 2.29 for the total
population was obtained.

Minimum-Maximum Method

In the minimum-maximum method, we ignored response

Record 775

group 1, since persons
particularly interested in

investigation (i.e., travel),
that they almost all will
leaves 2.21 (group 5) as the
2) as the highest mobility

groups 2-5; this results in
2.29 trips per person per

in this 9roup are
the subject of the
and it can be assumed
have answered. This
lowest and 2.31 (group

values among response
a weighted average of
day. ComDut inq the

highest and lowest mobiiity al-ternately fo; the
nonresponse group, averaging the two values, and
inserting that value into the cumulative analysis
results in a mobility value of 2.32 trips per person

per day.

Qualitative Estimation

In the qualitative-estimation approach, the individ-

ual response groups were subjected to a qualitative

analysis and the mobility value was used of that
group most similar to the nonres~nse group. After
the characteristics of all response groups (in terms
of their socioeconomic characteristics) had been in-
vestigated, it was concluded that the structure of
the nonresponse group (group 6) was most similar to
the last two groups of the main survey (groups 4 and

5), whose average mobility was 2.22 and 2.21 trips
per person per day, respectively. On the other

hand, the values derived from the nonresponse survey
seemed to stabilize at abut 1,46 trips per person
per day. It seemed reasonable to conclude that the
mobility of the remaining nonres~ndents would tend

to be lower than that of the comparison group.
The average value of the comparison group lies at

2.22 tripa per person per day and would have to be

adjusted downward to an average trip frequency of
1.83 trips per person per day. Inserting this value

into the cumulative computation results in an

estimated average value of 2.26 trips per person per
day.

The results of the three simple estimation

methods differed only insignificantly. The final

value would have to lie somewhere between 2.26 and

2.32 trips per person per day, namely, an estimated
trip frequency value of 2.29.

ANALYSIS OF RESULTS OF NONRESPONSE ANALYSIS

In general, the ultimate objective of an investiga-

tion into nonresponse is not the detailed analysis

of “the nonrespondents; rather, it is the determina-
tion of the changes that would have occurred in the

survey results had the opportunity exiated of secur-
ing a response from every element of the survey sam-

ple. Since survey results are generally weighted,

we can reformulate this objective as investigating

whether such weighting will have already provided

sufficiently corrected results for the phenomenon

under investigation.
For this investigation the weighting of the main

survey sample (taken as 100) resulted in a reduction
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Table5. Mobilitvandtrip-frequencyindices. TRAVEL CRARACTERISTICS OF MOBILE VERSUS

NONMOBILS RESPONDENTS

Cumulative Share Cumulative Tnp CumulatlvcTnp
of Mobde Persons Frequency for All Frequency for

[tern ln Survey Survey Elements Mobde Persons
It is significant to determine how many of the
survey respondents participated in an activity
outside the home during the survey date and what the

trip frequency of this mobile group was. As is
evident from an inspection of Table 5, the portion

of mobile persons was too high in the early phases
of the survey compared with the share of mobile
persons in the whole survey population. The degree
of representativeness of the mobile persons (those
who participated in an activity outside the home)
improved within subsequent response groups.
Nevertheless, at the end of the survey there
remained a discrepancy between the expected share in
the total population and the share evident in the
survey sample.

On the other hand, it was found that the average

trip frequency of the mobile persons was almost
independent of the return rate. The value was a
little too high with the first response group, but

it reached the final results of the survey very
quickly. Furthermore, this result is not affected

by the results of the nonresponse survey. The
observed reduction in overall mobility in later
response groups can therefore be attributed
exclusively to the underrepresentation of nonmobile

persons in early response groups. A further
investigation of the relationship among response
speed and choice of mode, trip purpose or
destination, and trip length (time and distance)

revealed that the nonresponse investigation did not
result in any changes from the unweighed values of

the main survey. In most cases, the results were

already stable after the first response phase; i.e.,

they were free from any nonresponse influences. On
the other hand, the results obtained by weighting

according to socioeconomic characteristics do not

show this homogeneous picture. The sociodemographic

weighting procedure did not lead to anY improvements
in the results, since the rel.StivelY small Portion
of mobile persons in the nonresponse group cannot

lead to such a change in the trip structure. On the

contrary, sociodemographic weightin9 in Part led to
deterioration of the survey sample results.

Response group

1 107
~ 103
3 101
4 101
Sa I 00
6 95

We[ghted V3]UC?S
formalnsurVey 96

Final estlmatts 92

Ill
104
102

101

100
94

103

IOJ

101

I 00

I 00

I 00

96
93

99

I 00

aTheunb..e,ghred o.erall results of rhema, ns. rvey were set to 100

Table6.timparisonofindicesfromlowresponwsuweysamplewiththoseof
mainsurveysample.

Group 1 Main Survey Final

Respondents Estimated
Variable (unwelghted) Unwc!ghted Weighted Values J

Mobile persons

Share

Overall

Mobdlty

Mode choice
Walk

B>cycleor me

tonzcd b!cycle

Aut Omobtlc
driver

Automobde
passenger

Publlc transit

Tnp purpose
Work

School

Shopping
Social or recrew

tlon
Other

Trip length
Average duration

Average distance

116
119

103

109
107

I 00

104 100
103 I 00

99 100

I 03 I00

15 100I00 100

i 00 101 97 100

100 I00
104 I 00

114
89

103
94

97

92
116

I 00
88

97

100

104

100
I00

I00 I00
85 I 00

112 I00

I00 I00
100 100

100
100

100 I00
100 I00

I00
I00

aThe f,nal est, mated values were set to 100 for the t.dex computatmn

IMPLICATIONS POR SURVEY PRACTICE

It is not uncommon for survey analysts and

administrators to work with return rates of about 30
percent without attempting to obtain any additional
information about the remainder of the sample. This

research has shown what consequences such a strategy
has on the quality of the collected travel data.

The data of such a survey correspond to the 32.9
percent of group 1 respondents identified in the
main survey in this paper. Table 6 permits a

comparison of survey results for that group

(response rate of 32.9 percent) with those of the
main (complete) survey (response rate of 74.2

percent). The major results of using such a low

response rate are likely to be as follows:

of the average mobility, as shown below:

Average Mobility
Item (trips per person per day) _Index

Main survey
Unweighed 2.46 104

Weighted 2.36 100

Final estimated

value 2.29 97

It turned out that the direction of the correction
(which included nonresponse considerations)

performed through the weighting process was correct
but not pronounced enough. If we set the typical

result of a household survey (weighted according to
sociodemographic characteristics) equal to 100, we

have to suspect that nearly 50 percent of the

actually required correction is not accomplished by
such a weighting. This result confirms the fact

that the correlation between sociodemcgraphic

characteristics and travel behavior is not

sufficiently strong to provide a corrected picture
of travel behavior that can be obtained by means of

weighting through demographic characteristics.

1. Overestimation of mobile persons (those who

pursue activities outside the home on the surveY

day) ,
2. Overeatimation of trip frequencies per person

per day,
3. poor representation of the mode-choice dis-

tribution, and
4. Serious overestimation of shopping trips

(although social and recreational trips are

represented correctly).
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In summary, it can be stated that the nonreswnse

bias for low response rates not only is ~ubstan-

tlally greater but also affects the trip structure
(frequency, choice, purpose, and destination) more

than is the case in a more-exhaustive survey sam-
ple. As a consequence, the nonresponse error cer-
tainly cannot be compensated for by a correction of

the share of mobile versus nonmobile persons.

The survey procedure (which includes the main
survey and the nonresponse survey) was obviously
quite cost-intensive, mainly because of the various

follow-up phases. The question arises how these
costs can be reduced while essentially the same data

quallty is maintained. The insights into the
response behavior provided by this research might

provide the prerequisite for meeting such a goal.
It was demonstrated that a systematic bias arises

due to the underrepresentation of nonmobile
persons. It is therefore essential to take steps

that increase the willingness of the nonmobile
persons to respond to such surveys and that generate
more cost-effective methods to accomplish this
objective. It is still necessary to aim for as
large a response rate as possible, since the
systematic nonresponse bias cannot be compensated
for by sociodemographic weighting. A reduction in
the follow-up reminders cannot be recommended. At

the moment, cost savings might be suggested

(assuming that the results of this research are
transferable) by means of correcting the portion of
mobile persons on the basis of the research results

presented in this paper prior to the sociodemo-
graphic weighting of results. Another procedure
would be to determine the ratio of mobile to norrmo-
bile persons on the basis of a subsample of nonre-
spondents. This approach would be justifiable on
the basis of this research, since the trip structure

is practically unaltered by the nonrespondents.
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Assessment of Land-Use and Socioeconomic Forecasts in

the Baltimore Region

ANTTI TALVITIE, MICHAEL MORRIS, AND MARK ANDERSON

Accuracyofforecastsforpopulation,laborform,employment,andcsrOWIS-
erehipfrom 1962to1975 inthe6altimoreareaareexamined.Comparisons
aremade atthreelevelsofzonalaggregation-cityand suburbs,trafficdis.
tricts,andtrafficzones.The Icskofinformationabouthouseholdsizeand
householdincomemade inferencesfrom tfseresultsincomplete.The results
show thatregionwideforeaastawereaccurateforallthevariafrlesexceptpop-
ulation.However,allocationoftheseforecastsbetweencityand suburbs,to
trafftcdistricts,and totrafficzoneswas quiteinescurate.The correlation
coafficientbatweenpredictedandastuelchangasvariadfrom0.93to0.17
forthecityzonesandfrom0.26to0.02forthesuburbanzones.The cor.
respondingrangesatthetraffic-districtlevelwarefrom0.86to0.61and
from 0.26t00.20,respectively.llseresultsinthepaparpointtowsrdlarge
errorsand uncertaintiesintheindependentvariablesoftraditionaltravel-
demand models.

The importance of socioeconomic and land-use varia-

bles to travel forecasts requires no elalxxation.
Forecasts of population, labor force, employment,
car ownership, income, and other such variables are

routinely made for 15-20 years into the future.
In spite of the popularity of hindsight, the

accuracy of forecasts of land-use and socioeconomic
var~ables is rarely examined. In fact, we know Of

no other study that has reported on the matter.
In this paper, forecasts of Baltinmre-area

population, labor force, employment, and car

ownership by traffic zone made in 1962 for 1980 are

interpolated for 1975 and compared with the actual

1975 figures as given by the Baltimore Regional
Planning Council.

The comparison is made at three levels of zonal

aggregation--city and suburbs, traffic districts

(68), and traffic zones (484). These levels of

a99re9ation were chosen to pinpoint the lccation of
inaccuracy in forecasts., It is noted that 14 zones

or 2 districts were eliminated from the analysis
because of lack of 1962 data. These areas were on

the very outskirts of Baltimore.

DATA AND METHOD

Three things need to be said about the data and

method. First, the data pertain to the Baltimore

area. In the 1962 study, this area was divided into

796 traffic zones. Some time later, the traffic

zones were redefined, which resulted in 498 traffic

zones. Equivalency between the old and the new
traffic zones is achieved by means of a zone-equiva-

lency table that assigns certain percentages of the
old zones to new zones. This introduces a source of

error. Percentage allocations of old zones to new
zones cannot be done in a faultless manner. This

problem will be examined briefly later in the paper.
Second, the 1960 forecasts were interpolated for

1975 by using both linear and logarithmic

mathematical forms. The former provided better

agreement for areawide figures for population, lat@r
force, and employment (jobs). The latter provided a

better ’match for car ownership [Table 1 (1)1. Thus ,

the linearly interpolated figures are chosen as the

basis of comparison for population, lamr force) and
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employment, and the logarithmic interpolation was

used for car ownership.
Third, forecasts will be evaluated in terms of

both absolute numbers and change from 1962 to 1975.
As a comment to Table 1, it is noted that it is

unfortunate that predicted figures for household

size are not available. Thus, it is not clear

whether population projections are off because fewer

households moved to the area than were predicted or
because household size declined. If fewer
households have moved to the area, labor-force

participation rate and household car ownership have

increased from the projections made in 1962. On the

other hand, it is possible that family size has gone

down and that household car ownership and

labor-participation rates have been predicted

correctly. It is not known which of these two

sources of error is more important.

ANALYSES AND RESULTS

Allocation of Activities Between City and Suburbs

TO begin, the predictions for city and suburban

areas are compared with the situation that existed
in 1975. The data are shown in Table 2 (~). Again,

linear-interpolation figures are used for all the
variables except cars, which is interpolated by

using the logarithmic form.
It is seen from Table 2 that the total

(normalized) population is allocated reasonably well
between the city and the suburbs. Car ownership is

Table1. ActualandforecastvaluesforSaltimorein1975.

Interpolatmn of 1980 Forecast

Actual Error Error

Variable 1975 r (%) Logarithmic (%)

POpulatlOn 1749125 2 uOO 592 +14 2079342 +19

Cars 693627 643974 -7 693508 0

Laborforce 773522 777496 +1 816295 +6
EmDlovmenl 776765 763464 -2 816690 +5

Overprecficted in the city and underpredicted in the

suburbs. The same applies mre strongly to labor
force and jobs. In fact, the location or relocation
of jobs into the suburbs is substantially
underpredicted.

The data in Table 2 are brought into a sharper

focus when the forecasts are viewed as changes from
1962 to 1975. These changes are shown in Table 3
(L).

It can be seen from Table 3 that changes in the

number of cars and in the labor force have a low
percentage of error for the suburban areas, whereae

other changes have been poorly predicted. In
particular, the drop in labor force in the city was
much larger than anticipated and the number of jobs
created in the city was only half what was
anticipated; also, the increase in car ownership in
the city was much less than was predicted.

In general, the total change was predicted quite
well except for population. This total change was
inaccurately divided between the city and suburbs.
The misallocation may mask im~rtant and interesting

demographic changes that were not foreseen in 1962.
Key information on income, household size,
unemployment, and labor-participation rates would be
desirable to make speculations shut these
unforeseen changes worthwhile.

Tables 2 and 3 are, of course, important from the
point of view of travel-demand forecasting.
According to these tables, population is the OnlY

variable that is substantially mispredicted as a

total. However, predictions of allocation of
activities between the city and the suburbs resulted
in significant mispredictions, not only for

population but also for employment and labor force.
Because travel demand is directly dependent on these
variables, travel forecasts may be critically
affected by geographic misallocation of activities.
The allocation of activities into geographic areas
smaller than the city and the suburbs is examined
next.

Allocation of Activities into Traffic Districts

The quality of the forecasts deteriorates rapidly

when allocation to geographic areas smaller than the

Table2. ActualandforecastvaluesforcityandsuburbsofSaltimwe,1975.

City Zones Suburban Zones
Actual Totals

Error Error

Variable Actual Forecast (’%) Actual Forecast (%) 1975 1962

Population 845035 942813 +12 904090 1 0s7 779 +17 I 749 125 I 624138

Cars 227 165 238461 +5 466462 455047 -2 693627 438564

Labor force 357420 379748 +6 416 102 397748 -4 773 522 616659

Employment 417015 462970 +11 359750 300494 -16 776765 542692

POpulatlOn

(normalized) 845035 824304 -2 904 09(3 924821 +2 — —

Table3. Actualandforecastchangesfrom1962to1975forcityandsuburbeofBsltimore.

City-Zone Change Suburban-Zune Change Total Change

Error Error Error

Vanablt’ Actual Forecast (%) Actual Forecast (%) Actual Forecast (%)

POpulatlOn -10664 I -8863 -92 231 628 375637 +62 124987 366774 +193

can 22748 34044 +50 232315 220902 -5 255063 254946 0

Laborforce -23760 -1 432 +94 180623 162269 -lo 156863 160837 +3

EmplOy!nent 41 955 87910 +110 192 118 132862 -31 234073 220772 -6

Population
(normalized) -106641 -3020 231 b28 128073 124987 124987
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city and the suburbs is required.

Table 4 (~) shows the average absolute error, the
correlation coefficient (P), and the Theil U
coefficient between the actual and forecast values

for population, cars, labor force, and employment at
the traffic-district level.

It may be seen from Table 4 that total
predictions for the city districts are quite good.
Forecasts for the suburban districts are still
fairly good, but their overall accuracy is about
one-half that of the city districts. It may be
noted that allocation of jobs, especially to
suburban districts, has been predicted poorly; on
average, they are 50 percent off.

Again, when the allocation of changes from 1962

to 1975 is considered, the quality of the forecasts

drops. The average absolute error remains the same,
but correlations between the predicted and actual
changes are about one-half of those between the
totals. Interestingly (and unlike the prediction of

the totals) , the prediction of changes is only
slightly (if at all) better for the city districts
than for the suburban districts.

Of course, the use of average-error figures can
be misleading. More accurately, many districts are
reasonably well predicted and few districts have
been predicted very pcmrly. For example, one
suburban district had a population of abeut 5000 in

1975; in 1962 it had been predicted to have a
population of more than 23 000. Another suburban
district had been predicted to have about 2500 jobs

in 1975; in reality it had nearly 21 000 jobs.

Based on visual observation, 5-10 percent of the
city districts (one to two districts) was predicted

poorly, whereas 15-20 percent of the suburban
districts (seven to nine districts) was predicted
quite poorly.

It is not surprising that allocation of

activities to the city districts is predicted better
than allocation of activities to the suburban
districts. The city districts had already been
built at the time of the forecast. Knowledge

existed about population and employment, and trends
of change may also have been known. The situation
is different in the case of the suburban districts.

Often a fair amount of suitable vacant land exists
for development to take place. It is always
difficult to prediCt which tracts will develop,

since this depends on choices of many individuals

and firms. It is left for further studies to show

how sensitive travel forecasts are to errors in

Table4. Statktkxfortotalforecastsand
forecastchangesattrafficdistrictlevel.

Table5. Statisticsfortotalforecastsand
forecastchangesattraff!c-zonalevel.

Input data. Nonetheless, a guess is made that
prediction of changes In travel demand is subject to

substantial uncertainty.

Allocation of Activities into Traffic zones

The same pattern of accuracy observed at the
district level holds for zonal-level predictions
eXCept that, relatively speaking, at the zonal level
the errors are much larger than at the
traffic-district level. Table 5 (~) gives the same
statistics as Table 4 for the zonal level.

The prediction of totals for the city zones is

made with half the precision of the prediction of
totals for the suburban zones. The exception that
confirms this rule is employment, which is done
equally poorly for both the city and the suburban

zones.
When only the allocation of forecast changes is

considered, these forecasts are wholly inaccurate
for both city and suburban zones. Theil’s U
coefficient is nearly equal to 1, except for the
labor force in city zones, for which the value is
0.35. This observation was confirmed by plotting
actual versus forecast changes on graph paper. Such
plots showed that if a dozen well-predicted zones
were removed--zones that gave direction to the
plots--the plots formed a circle. This shape
indicates a completely random pattern of
predictions. The plot for lafmr force also
suggested that the reason for the good correlation

coefficient and low Theil U value was due to a
single well-predicted zone. Without that extreme
value, the plot was effectively a circle.

The numbers of both origins and destinations of

trips are dependent on variables shown in Table 5;
some variables, such as income and household size,
are still missing. Because of such direct
dependency and because of substantial uncertainty in

allocating activity changes to the traffic-zone
level, prediction of changes in travel demand must

be subject to large errors, since changes from the
base line are beund to occur even if the region is

not experiencing growth or decline.

Comparison of District- and Zone-Level Forecasts

Traffic zones have traditionally been used in

transport planning for pinpointing origins and

destinations of trips and thus for defining trips.
Most of the summary information relevant to

CityDistricts(N = 26) SuburbanDlstrlcts(N = 42)

Absolute Absolute

Variable Error PI P2 u, U’2 Error PI p~ U1 u~

Population 5341 0.98 0.61 0.13 0.73 6928 0.85 0.36 (3,24 0.62

Cars 1070 0.94 0.40 0.12 0.65 3743 0,79 0.30 0.27 0.52

Laborforce 2172 0.94 0.86 0.15 0.47 3140 0.85 0.31 f),J4 0.s4

Employment 3708 0.98 0.64 0.13 0.58 3787 0.74 0.36 0.41 0.72

Note%.The The+l U coeffment s equal m O for perfect predtctlons and has an upper bound of 1.
The subscrfot 1 refers 10 the lolal forecast and subscr,pt 2 to the forecasr changes.

City Zones (N = 205) SuburbanZones(N = 279)

Absolute .Absolute
Variable Error PI P2 u, U2 Error PI P2 u, U2

PopulatlOn 1217 0.87 041 0.22 0.81 2106 0.36 0.28 0.46 0.78

Cxrs 331 0.89 0.40 0.23 0.75 982 0.24 0.02 0.51 0.79

Labor force 538 0.80 0.93 0.27 0.35 855 0.39 0.03 0.46 0.80

Employment 1151 0.77 0.17 0.36 0.91 948 0.71 0.17 0.49 0.88
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transport decision making is provided at the
traffic-district level. The information for the
traffic-district level is obtained by adding the
zonal figures that make up the traffic district.
For this reason, it is of interest whether traffic
districts could be used directly for predicting
travel demands and especially whether this is
warranted on the basia of accuracy of predictions of
the socioeconomic and land-use forecasts.

Table 6 summarizes the relevant statistics of
forecasting accuracy at the zonal and district
levels for total forecasts and for changes from 1962

to 1975. These include the statistics given in
previous tables and the actual and predicted means

and the root-mean-square error (RMSE).
The data in Table 6 suggest that the prediction

of totals at the district level is more accurate
than it is at the zonal level. Theil’s U
coefficient for districts is about one-half that for
the zones, and the RMSE, as a percentage of the
mean, is also twice as much for the zones as for the
districts. The activity levels in city zones or
districts are predicted better than in suburban
zones and districts; actually, the accuracy of
predictions for city zones is quite comparable to
the accuracy of predictions for suburban districts.

The data on changes also show that changes from
1962 to 1975 are allocated better at the district

level than they are at the zonal level. The
advantage that district-level allocations of changes

have over the zonal-level allocations is, however,

less pronounced than is the allocation of totals.

This is in part due to the general inaccuracy in

allocating changes even at the most aggregate level
of city versus suburbs.

At any rate, Table 6 suggests a general
conclusion that the district-level allocations are
superior to the zonal-level allocations in the

suburbs’n areas and the allocation of employment in
the city is substantially better accomplished at the

district rather than at the zonal level. Because of
the importance to travel demand of the location of

jobs, the problem whether traffic zones or districts

Table6. Comparisonofrelevantstatisticsofforecastingaccuracyatzonalanddistrictlevels.

should be used from the point of view of accuracy of

trW.7el forecasts merits serious consideration and
study.

REDEFINITION OF ZONES AS SOURCE OF ERROR

Between 1962 and 1975 the traffic-zone structure was

changed in the Baltimore area. In 1962 there were
about 800 zones; these were consolidated into
approximately 500 zones in 1975 by percentage
allocation of old zones to new zonea. From 1962 to
1975, 58 city zones and 80 suburban zones remained
unchanged. It is therefore of interest whether the
redefinition of zonea alone introduces a substantial
error.

Table 7 (~) lists some summary statistics for all

zones and for the zones unaffected by the
redefinition of zone boundaries. It can be seen
from Table 7 that the allocation of activities to
the zones unaffected by zone redefinition is done

more accurately than it is to all zones. The
exception is allocation of jobs to suburban zones,

in which the unaffected zones fare less well.
So the results in Table 7 give a new twist to the

results obtained earlier. At least some of the
allocation error by zone must be attributed to the
redefinition of zones. On the other hand, the lack
of redefinition of these zones may imply that they

are well-defined and well-established areas and, as
such, easier to make predictions for than other
zones. There may also be other reasons for fore-
casting success for these few zones. To pursue de-

tailed analysis of such causes would require a good

knowledge of the area and its historical development

for such analysis to be of value. Due to lack of

such knowledge, the matter was not researched
further.

CONCLUSIONS

The conclusions of this paper are tentative and

quickly stated. First, regionwide forecasts for

cars, labor force, and employment were made with

TotalForecasts Changesin Forecast

City City Suburban Suburban City City Suburban Suburban

Variable Zones D1strlcts Zones Districts Zones Districts Zones Districts

POpulatlOn

Mean

Actuaf 4]22 32501 3240 24955 -520 -4102 830 5515

Predicted 4599 36262 3757 21 526 -43 -341 1346 8944

RMSE 1619 7420 2772 9452 1621 7452 2773 9439

COrrelatlOn cOefficlent 0.87 0.98 0.36 0.85 0.41 0.61 0.28 0.36

Thed U 0.22 0.13 0.46 (3,24 0.81 0.73 0.78 0.62

Cars
Mean

Actual 1108 8737 1672 11 106 Ill 875 833 5531

Predicted 1163 9172 1631 10835 166 1309 792 s ~60

RMSE 480 1691 1482 5067 479 1692 1482 5071

Correl.itlon coefficmnt 0.89 0.94 0.24 0.79 0.40 039 0.02 0.30

Thed [T f),~3 0.12 0.51 0.27 075 0.65 0,79 0.52

Labor force
Mean

Actual 1747 13147 1491 9907 -116 -914 647 4300

Predtc ted 1852 14607 1426 9470 -7 -s 5 582 6918

RMSE 859 3444 1165 3985 859 3453 1165 3982

Correlation coefficient 0.80 0.94 0.39 0.8S 0.93 0.86 0.03 0.31

Thed U 0.27 0.15 0.46 0.24 0.35 0.47 0.80 0.s4

Employment
Mean

Acfual 2034 16039 I289 8565 ?05 !614 689 4574

Predlcttd 2258 17807 1077 7155 429 3381 476 3163

RMSE 1652 5181 1825 689 I 1654 5194 1824 6889

Correlatlnn cwfftctent 0.77 098 0.7 I 0.74 0.17 0.64 0.17 0.36

Thed U 0.36 0.)3 0.49 0.41 0.91 0.58 0.88 0.72
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Table7. Summary statisticsforallzones
andzonesunaffectedby redefinmonof CICyZones1!4”= 58) Suburban Zones INd = 80)

boundaries.
Absolute 4h~olute .4 bsolute Absolute

Variable krror Error= P Pa Error Errora P Pa

POp”lat!ov 030 0.19 0.87 0.96 0.65
Cars

0.35
0.30

0.36 0.62
0.24 0.89 0.94 059 0.37 0.24 0,64

Labor force 0.31 0.23 0.80 0.92 057 0.34 0.39 0.68
Employment 0.57 0.40 0.77 0.92 0.74 0.73 0.71 0.38

aZOnes unaffected by redef!n, t)on of zone bo. ndams,

good accuracy; however, population was substantially

overpredicted. Second, allocation of these
forecasts to traffic districts and zones “was
inaccurate. Statistical indicators showed that the

allocation of activities to districts was more
accurate than their allocation to traffic zones.
The allocation of predicted changes was especially

inaccurate; at the zonal level it was essentially
random. This conclusion is tempered because of the
redefinition of zones that occurred during the
forecasting period. Because of the grave inaccuracy
in those zonal projections, research should be
undertaken to examine whether traffic districts
could be successfully used to predict travel demands

without unduly increasing the uncertainty in
travel-demand predictions. Third and last, it needs

to be mentioned that progress has been made since

1962 in methods for allocating activities to
geographic areas. The use of present methods in
1962 might have resulted in better allocations and

forecasts. By the same token, the worLd is more
complex and uncertain now than it was in 1962, and

we doubt that we are really more knowledgeable now

than we were in 1962 of the many causes that affect

spatial choices. The uncertainty in forecasts of
socioeconomic and land-use variables, whether at the

zone or district level, is large and, with
certainty, here to stay.
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Components of Change in Urban Travel

GERALDS.COHEN ANDMICHAELA. KOCIS

Horns-intetviewtravelsurveysintwoupstateNew Yorkareas-Buffaloand
Rochester-wereconductedintfseearly1960sandrepeatedintheearly
1970s.An analysisofthechangesintravelandhouseholdcharacteristicsfor
bothareasshowssomesurprisingpatternsaswellasmany thatsupportthe
currenttheoriesofurbangrowth.Travelincreased8 percentand37 percent
inBuffaloandRochester,respectively,overan 1l-yearperiod.However,
averagstripratesandtriplength~remainedrelativelyconstsntovertime,
v.isereasautomobile-ownershiplevels,numberofhouseholds,andaveragetravel
tinseincreased.Ingsneral,theincreassinpersonkilometersoftravelovertime
resultedprimarilyfromanincreaseinthenumberofhouseholdsratherthan
fromincreasingtripratesorlengths.The theorythattravel-timebudgetsare
stabfeholdsfortravelerrand,toalesserextent,forhouseholds.New highway
construction doesnotappaartohavegeneratedlargenumbersofnew tripsbut
hashadagreaterimpacton triporiginsanddestinations.Analysesofvarious
stratificationsofthedatashowsdgenerallysimilarresults.

How do area and household trip rates and trip
lengths change over time? On area characteristics
or system investments cause the changes? What sort
of similarities and differences emerge when one

looks at two different areas? Trip rates and
lengths are inputs to the computer-simulation
process, and tem~ral instability must be adjusted
if future forecasts are to have validity. If
results are transferable from one area to another, a
literature search may reduce the need for a local

survey. In an attempt to answer such questions, we

describe travel patterns observed in Buffalo and

Rochester, New York, over an n-Year Peri~.
Many cities in the United States have conducted

comprehensive travel home-interview SUNeys at two

different times. However, the growth in the areas

surveyed often makes comparison over time

difficult. Atlanta, Georgia, for example, had a

comprehensive survey in 1961 that covered an area of
588 kmz (227 miles’), whereas the area surveyed

in 1972 was 6068 kmz (2117 miles’) (:) . The

Niagara Frontier region of New York--Buffalo and
Niagara Falls--conducted home-interview and

cordon-line surveys in 1962 and 1973. Rochester,

New York, conducted similar surveys in 1963 and

1974. The type of information obtained was similar

for both areas. The survey design for the

more-recent surveys permits direct comparison with
the earlier surveys, since the area of the first

survey is a major subset of the later survey. Thus ,

the analyst is able to compare travel changes in two
cities over time and to note differences between the
two areas.

Examination of results in different areas su9-

gests that areas should be treated on an individual

basis and that triP rates, in general, are not

transferable (~). The study of travel changes in
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the Chicago area over the period 1956-1970 was one

of the most extensive. Some of the results are of
particular interest (~). The city of Chicago showed
a significant decrease in importance as a trip
destination, and the suburban areas gained in
importance.

The 1970 survey results showed that two-person

households made approximately twice as many trips as
one-person households. But, as household size
increased, each additional person was associated
with fewer extra trips. There was a decline in trip
rates for carless households. Trip lengths
increased very slightly, from 6.75 to 6.92 km
(4.2-4.3 miles), during the 1956-1970 period. Work
trips generally grew longer and trip lengths for
other purposes showed little or no change.

In Washington, D.C., between 1955 and 1968, there

was a 21.4 percent increase in households but only

an 11.7 percent increase in peculation (3).
Household size (persons per household) decreased-in

all 14 districts studied.
Single-person households increased as a propor-

tion of all households (from 15 to 22 percent),

whereas the proportion of three- to four-person
households fell from 38 percent to 33 percent.

Zahavi’s Washington, D.C., study (~) found that
travel time per household was 2.29 h in 1955 and
2.27 h in 1968, which suggested that this variable
remains constant over time. Average trip time was

approximately 0.41 h for both years. Trip rates per
household were also constant over time; trip rates

for automobile users increased slightly and trip
rates for transit users decreased. Trip rates per

person increased slightly. Trip lengths did show an
Increase over time from 6.45 km (4.01 miles) in 1955

to 7.88 km (4.90 miles) in 1968. There was a
decrease in the proportion of work trips and an

increase in the proportion of shopping trips.
In addition to his study of Washington, Zahavi’s

study of several other areas (~) showed that the

average daily travel time per automobile is

approximately the same in all areas. This concept

explains the expansion of influence of an urban area
by noting that an increase in the speed of the
transport ties enables one to live farther from the
city and still travel the same number of minutes per
day. Zahavi suggests that automobile drivers appear

to trade travel time savings for more trips and that
trip makers’ daily travel-time budgets are affected

by their location, income, and modes selected.
Zahavl ’s recent work for the Federal Highway

Administration (~) studied the stability and change

in travel components over time in Washington, D.C.,

and in the twin cities of Minneapolis and St. Paul.
He found that the daily travel time of approximately

1.1 h per average car driver was stable over time
and in both locations. The paper discusses the

implication of this result for forecasting purposes
and suggests that models might be calibrated on the
constraints under which decisions are made rather
than on the decisions themselves. If a household

budget is known, McLynn and Spielberg (~) show how a
graphical approach can be used to determine the
response to changes in transportation policies.

Recent research by Smith and Schoener (~) also

supports the theory that travel-time budgets exist.
They studied the impact of highway construction on

mobility and found that highway construction did not
seem to generate increased trips or vehicle hours

per household. However, there waa a significant

increase over time in vehicle kilometers of travel
per household.

BACKGROUND

Standard home-interview surveys were conducted in

Buffalo in 1962 and again in 1973. The 1973 Buffalo
survey was a stratified multistage sample of
approximately 2000 households, apportioned equally
over 12 large subareas of the region (~). Previous
Surveys, including the 1962 surveys, had samples
drawn proportionately to households. This decreased
reliability in certain areas. The study area was
unchanged from that used in the 1962 survey. The
1962 Buffalo survey consisted of approximately
13 000 households that made approximately 103 000
trips, a truck and taxi survey that included
approximately 2800 interviews, and a roadside survey
that included approximately 36 000 interviews (~).

In Rochester, surveys were conducted in 1963 and

1974. The 1963 survey had truck and taxi and exter-
nal surveys as well as a home-interview survey. The
procedure was a 5 percent sample from a land-use in-
ventory. Of the 9701 interviewa attempted, 7809
completed interviews were obtained. The survey was
conducted in May, June, and July. Within the cordon
of the 1963 survey, the 1974 survey covered
approximately 2500 households (u).

Table 1 shows the changes in travel parameters by

automobile ownership, family size, and location of
residence. For both Buffalo and F@cheater,
significant increases in the number of households
were found but very small changas in trip rates and
trip lengths for the data sets aa a whole. This
seems to suggest that the increase in travel is due
primarily to the increase in the number of
households. In Buffalo, the number of households
increased by 17.6 percent and the area population by
leas than 8 percent. This seems to suggest that the
bulk of the increase in number of householda was in
one- and two-person households. As we see when we
examine Table 1, this assumption is correct.

To determine the components of this change, let
us define calculated person kilometers of travel
(PKT) by using the following formula:

PKT = (number of households) x (trips per house-

hold) x (trip length per trip).

This will generally differ from the PKT given in

Table 1 because of the rounding error associated
with the two-place accuracy for trip lengths and
trip rates.

By using elementary calculus, it can be ahown
that the percentage change in PKT is approximately
equal to the sum of the percentage changes in the
key input variables. Thus, the main contribution to
the change in PKT is associated with the input

variable that changes the most.

CHANGES IN TRAVEL BY AU’NNOBILE OWNERSHIP

In Table 1 the travel parameters stratified by
automobilemwnership categories over the n-year

period ahow that the more automobile a household
owns, the more likely it is that the household will
make more tripa. However, for each automobile-

ownership category, fewer trips were mde in the

1970s than in the 1960s. Both cities showed an

increased proportion of households that owned more
than one automobile.

Trip rates (trips per household) showed a

decreaae for all automobilemwnership categories in
Buffalo and a smell decrease (-5.8 Percent) for the
whole data set. In Rochester there was an increase
in trip rates for the carless households, whereas

households that owned one or more cars showed a
decreaae but generally a smaller one than that seen
in Buffalo. Overall, the average trip rate

increased only 1.9 percent.
Rochester’s greater growth in households and its

small but positive changes in trip length and triP
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Table1.Changesintravelbyautomobilesowned,familysize,andIocstton

Tnp Rate ltmps per
Variable Number of Households household) TrLp Lentth (km) PKT

Buffalo 1962 1973 A(,k) i962 1973 A(7) 1962 1973 A(’?) 1962 1973 A,;)

Automobdes owned
o 73 222 74889 +2.3 2.4 1.6
1

-330 6.0 4.6
214243

-240 1041 121 543 488
208917 -2.5 8.4 6.9

-478
-178

.
5.9 5.8 -1.4 10574984 8356 269 -210

54967 106293 +93.4
i

12.8 11,5 -10.0 6.6 6.2 -61 4658828 7606455
5760

+63.3
15251 +164.9

4+
16.8 13.6 -18.7 6.6 6.8 +2.9

~
636023 1 409770

5018 +646.8 27.0 18,8 -30.4 7.1
+121.7

Total
5.8

348864
-]8.4 1~8 866 546704 +324.2

410369 +17.6 8.0 7.s -5.8 6.1 6.0
Family size

–2.1 17039823 18 -!62 686 +8.4

1“ 34826 88280 +153.5 1.9 20 +5.7 6.2 6.0
, 91724

-34 415 139 1 074263 +158.8
114908 +25.3

3
5.0 5.0 0 6.5 70 +8.4 2978864

67911
4033909

68407 +0. 7
+35.4

7.8 8.5
4

+? 8 61 6.4 +4.5 3246312
63696 59332 -6.9 10.0 11.7 +1 2.0

3685691 +13.5

5
6.1 57 -63 3896706 38[ 1.391

44477 39169 -11.9 11.5 13.2
—2.2

6 25227
+145 5.6 5.3 -6.0

21 859 -13.3 11,8
2882586 2730915

12.9
-53

7+
+8.8 6.0 5,1

21003
-14.6 I 804800

1841~ -12.3 13.4 15,9
1452515 -195

+19.0 65
Total trips

5.7 -11.5 1 815413 I 673998
2785677 3085837

-7.5
+10.7

District group
1 216525 217464 +0.43 6.8 6.1 -10.1 55 5.0 -9.3 8078 258 6625 197 -18.0

96763 137899 +42.5 10.0 9.0
3

-104 6.3 S.8 -6.7 6071 593 7 231 972 +! 9.1
27072 41839 +58,2 9.9 96 –25 7,8

4
8.4 +8.3 2080099 : 470 395

8504
+66.8

,2 ,66 +43, 1 10.0 9.3 -6.9 95 10.0 +5.3 809872 1 135 122 +40, 2

Rochester 1963 1974 A(%) 1963 1974 A(wc) 1963 1974 A(%) 1963 ]974 A(’,z)

o 35571 37874 +6.5 I 9 2.2 +16.1
1

51 4,7 -6.9 337814
106052

388211 +14.9
104988 -lo

2
8. I 7.1 -12.9 56 5.8 +3 4 4848584 4.329 ,5(35

34190 76267
-10.7

+123.1 12.4 11.1 - !0,4 b.o 6.0 +0.3 2 538 868 5072918
3 3935 12213

+99.8
+210,3 14,9 ,42

4+
-s.0 7.0 6.9 -1.4 410 129 I 189915

. ..542 _2834 +537.3
+190.1

21.3
Total

12.9 -39.1 6.6 6.7 +0. 5 6’850 :44307
180193 234 178 +30.0 7.9

+288.7
8.0 +1.9 5.8 6.0 +3.4

Famdv size
8 19i 247 II :249s7 +36.9

1- 28946 38726 +33.8 2.1 2.3 +8.5
2

6.3 6.4 +2 0 38S 657 570 837 +48.0
48870 70201 +43.6 5.3 5.6 +4,9 6.3 6.5 +3.6 163 I 540 2 541 393

3
+55.8

30000 402]3
4

+34.0 8.1 8.3 +2,2 5.8 6.1 +4,9 I416899 2 (349327 +43,6
31098 35631 +14.6 10.7

5
11.1 +3.5

21387
5.8 5.6 -3.8 1941 171 2212897 +14.0

23 751 +11.1 12.2 132 +8.6 54
6

6.1
10667

+12.5 1412444 I912888
13556 +27.1 12,5 13.6

7+
+8.5

+3s.4
5.4 5.5 +1.5 726043 101’s9? +40.2

9225 l~]lo +313 14.0 14.4 +3 ‘4 5.2 5.3 +0.6 674489 919987
Totaltrips

+36.4
I420906 1882119 +32.5

D1stnct grOUp
1 104279 102569 -1.6 6.2 59 -4.7
2 58748

4.9 4.8 -0.7 3 145080 2932 159 -6.8
89400 +52.2 10.1 ‘)4 -7,1 6.1 5.8 -5.5 3620871 4830721

3 8562

+33 4

23 731 +177.2 11.2 10.4 -70 70 74 +5.5 665902
4 8604 18488 +1 14.9 10,3 10.6

1813357 +172.3
+2.3 8.6 8.4 -2.1 766394 1648718 +115.1

rates led to a 36.9 percent increase in PKT over
time. In contrast, Buffalo’s smaller increase in

the number of households and reductions in trip

rates and average trip lengths generated only an 8.4

percent increase in PKT over the n-year period.

CHANGES IN TRAVEL BY FAMILY SIZE

In Table 1, family size concerns all members and
those visitors who are more than 5 years old; all
trips that ended in the study area made by

study-area residents more than 5 years old were

included in the analysis. Trip length in this study
is the zone-to-zone centroid airline distance.

There was a significant change over time in the
distribution of households by family size for the

Buffalo area. Although only 10 percent of all

households in 1962 consisted of one person, this

percentage grew to 21.5 percent of all households by
1973. In Buffalo, trip rates for all household

sizes increased but, because of the shift to smaller
households, the overall trip rate was slightly

lower. The phenomenon of increased trip rates for a
given household size held true for Rochester but,
because there was less shift to one- and two-person
households, in which trip rates are lower, the

overall average trip rate showed a small increase.

CHANGES IN TRAVEL BY RESIDENCE LOCATION

In Table 1, travel characteristics and patterns in

Buffalo and Rochester are shown by location of

household in one of four district groups. For

Buffalo, district group 1 represents the cities of
Buffalo, Niagara Falls, Lockport, Lackawanna,

Tonawanda, and North Tonawanda: district group 2,

stable suburbs; district group 3, growing suburbs:
and district group 4, rural areas. The definition

of the last three categories was based on the judg-

ment of the metropolitan planning organizations and
the New York State Department of Transportation.
The district groups for Rochester are similar in
character. District group 1 is Rochester proper;

group 2, stable suburbs; group 3, growln9 suburbs;

and group 4, rural areas. The suburbs and rural

~rtions of both the Rochester and Buffalo study

areas grew substantially mere than the respective
cities. In Rochester, there were actually fewer

households in district group 1 (-1.6 percent),

whereas the city portions of the Buffalo area gained
a small number of households (0.43 Percent). The

stable suburbs Of Buffalo showed a 42.5 percent

increase, and those of Rochester showed 52.2 percent
increase in the number of households. The areas

classified as growing suburbs showed a 58.2 percent
increase in households in Buffalo and a 177.2

percent increase in Rochester. The number of
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Table2. Changesm travelt!me.

Travel T[me per Trip (mm)

Butfalo Rochester

VJridh\e 1962 1973 A(W 1963 1974 A (%)

.Au[omoh!lcs uwned
II 264 27.? +3.0 ?4 v 28.6 +148
1 173 18.1 +4,6 17,4 !9 I +9.8
. [7 1 18.9 +10.5 174 19.9 +145
i 155 180 +16.1 20.3 21.3 +4.9
4+ lb I 178 +[ob 174 195 +12.3

Famdy size
1 213 20 1 -5.6 20.0 218 +8 8
~ 194 19s +0,5 19.2 200 +4 2
3 178 178 0.0 18.6 20. I +7 8
4 17.3 17.3 0.0 17.5 19.0 +8.9
s 16tJ 189 +139 16.6 184 +109
6 17 1 20.0 +17,0 176 213 +20.9
:+ 1:7 19,8 +119 16.5 23 6 +42.7

D]s[ncl group

1 183 188 +2 ‘ 181 20.9 +15 1
, 17 1 11~ +4 I 17b 19.6 +11.4
; 170 20,4 +20.0 17,1 18.9 +10.6
4 180 :1,7 +JO, b 18.6 21 3 +147

Total dal J WI 17,7 188 +6 2 179 20 1 +12,5

Table3. Dailytraveltimepertraveler

Bullalo Uochester

Vanablt’ 1962 [973 1963 IY74

.4utomuh11c~ owned

o
I
.
3
4+
Dlstnctgroup

i
~
3
4
Average

669 6.7.5 63.4 70,6
68.0 66.4 68.2 69.5
75.8 74.1 73 j 76.4
72.1 63.1 82.1 85.3
85.2 78 1 86.8 690

69.I 67.7 68.1 73.3
70.6 b7.I 71.8 74.4
70,1 77.9 68.4 74.4
75,7 79.5 73.2 73.1
69.8 69.1 69.9 73.9

households in rural areas increased 43.1 percent in
Buffalo and 114.9 percent in Rochester. In Buffalo,

trip rates decreased only for growing suburbs and

rural areas. PKT decreased only for city households

in Fkxhester. Although trip rates decreased for all
but rural households, trip lengths in F@chester
showed an increase only for growing suburbs. It
should be stressed that the satellite cities in the
Buffalo area, namely, Niagara Falls, Leckawanna,
etc., are larger than the satellite cities of

Rochester, such as Brockport and SpencerPort.

CHANGES IN TRAVEL TIME

Table 2 shows average trip time in minutes for

Buffalo and Rochester. Trip time is defined as

door-to-door time elapsed. In Buffalo, average

travel time has increased by slightly more than 1

min (6 percent) over the time period. This result

is surprising in view of the 2 percent decrease in

average trip length as seen in Table 1. Increased

congestion is a possible explanation. Calculating

speed changes, we note a 1.6-km/h (l-mile/h)

decrease. The largest increase in travel time is

for residents of the growing suburbs and rural

areas; these groups also show a gain in trip length.
Since trip rates in Buffalo decreased 5.8 percent

and, as shown in Table 2, trip times increased 6.2

45

percent, we can conclude that the average household
spent approximately the same time travelina in 1973-. .
as it did in 1962. This constancy of the travel-
time budget has been noted in several cities
(Chicago, Washington). Zahavi (~) noted that both
the trip makers’ and households’ travel-time budgets

changed little over time in Washington. This result
appears to be confirmed, as shown in Tables 2 and
3. Average trip time for carless households is much

longer than it is for households that own one or

more cars. This is because many of the trips are by
transit and such factors as wait time and access

time are much longer for transit trips than they are
for automobile trips. Presumably, the much longer

travel time needed for transit trips is one reason
for the long-term decline in tranait use.

The results in Rochester give less support to
Zahavi’s theories. Households’ travel-time budgets
increased by 20 min and the budget for trip makers
increased by approximately 4 min.

In both Buffalo and Rochester, we notice a trend
toward longer travel times-- by 6.2 and 12.5 percent,
respectively. In the base years, the two cities
experienced very similar travel times for the
parameters automobile ownership, residence location,

and family size. Travel times in Rochester
increased by a greater margin, due in part to an
increase in trip length, lower speeds, increased
congestion, and a smaller increase in roadway
capacity. The highway networks used for planning
purposes show an increase in vehicle kilometers of

capacity for the Buffalo area of approximately 10.8
million km (6.7 million miles)--an increase of 27.5
percent. Rochester showed an increase of
approximately 5.5 million km (3.4 million miles)--an
increase of 17.1 percent. These numbers represent

the increase in vehicle kilometers of capacity
(capacity times link length) for roads of the
minor-arterial functional clasa and for higher
classes. During the same time, PKT increased 36.9
percent in Rochester and 8.35 percent in Buffalo,
which presumably led to increased congestion. It

should be noted that, as shown in Table 4, the
average PKT decreased slightly over time in both

areas.

IMPACT OF TRIP PURPOSE

Table 5 shows the changes over time and by area in

trip length as stratified by trip purpse. It is

noteworthy that, whereas there are large Percentage

changes in certain trip-purpose categories, overall

there is a small decrease in Buffalo trip lengths

and a small increase in lbchester trip lengths. One

should also note that the percentage changes over
time by categories are somewhat similar for ~th
areas. For example, both areas show lar9e increases

in trip lengths to work and to dine and large
decreases in trip lengths for social and

recreational purposes and for changes in mode.
m examination of Table 6 suggests some reasons

for the lack of long-term growth in triP rates in
spite of possible population shifts. There has been

a shift over time in trip purposes to trip tyPes
that have relatively short trip lengths (such as

personal business and dining) and away from trip

purposes that are relatively long (such as wOrk and

social and recreational trips). For example, work

trips as a proportion of all trips decreased from

16.2 to 14 percent in Buffalo and 17.2 to 16 percent
in Rochester. Similarly, social and recreational

trips declined from 11.5 to 6.9 percent in Buffalo

ana 9.2 to 7 percent in Rochester. A factor in the

increase in the proportion of school trips in both
areas and a decrease in the proportion of social and
recreational trips is the time of year when the
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Table4.DSttYPKT.

PKT (km)

Buffalo Rochester

Vanabk 1962 1973 1963 1974

Automobdesowned
o 15.3 108
I

12.9 11.9
23.2 21.4

2
22.0 21.2

29.3 24.3
3

25.1 23.2
30.6 23.8

4+
28.2 27.7

375 25,4 33.1 24.1
Oistnctgroup

share of bus trips declined by 62 percent in Buffalo
and by 30 percent in ~he~ter. The share of
automobile driver trips increased by 10 percent in

Buffalo and by 5 percent in Rochester.

ROLE OF DOWNTOWN AREA

The central business district (CBD) has declined in

importance as a trip attractor in both Buffalo and

Rochester. This is particularly true for shopping
trips, for which the decline was 62 percent and 56
percent in Rochester and Buffalo, respectively. For
all trips, the decline was 33 percent and 27
percent. In the rest of the cities, the decline has
been almost as precipitous. These results coincide
with the trend in the declining number of households

in district group 1.

1
2
3
4
Average

20.9 18.1 18.3 17.2
259 22.0 24.9 22.0
32.0 32.2 27.8 29.1
40,I 36.7 33.9 29.1
24.1 22.0 ~~,s 22n

SUWMARY AND CONCLUSIONS

Table5.Triplengthbydestinationorpurpose.

Tnp Length(km)

Buffalo Rochester
Destination or
Purpose 1962 1973 A(%) 1963 1974 A (%)

Home 6.0 60 -1 5.8 59 +1
Work 6.8 8.0 +17
Shopping

6.I 7.9 +29
4.0 4.3 +7 3.8 4.6 +2 I

School 3.8 4.2 +8 3.5 4.6 +3o
Soclslor recreatlOnal 93 7.6 -18 9.2 6.7 -27
Dining 5.2 7,1 +35 5.0 6.1 +2 I
Personal business 4.9 5.4 +10 55 S.6 +3
Serve passenger 4,7 4.8 +3 4,4 49 +1 1
Change in mode 13.3 6.5 -50 14.3 7.5
Ride

-47
6.0 6.0 +1 5.1 5.0 -2

Totaldataset 6.1 6.0 -2 5.8 6.0 +3

Table6.Shiftintrippurpoaa.

PercentageofAllTrips

Buffalo Rochester
Destinationor
Purpose 1962 1973 1963 i974

Home 37.0 39.0
Work 16.2 14.0
Shopping 11.0 10.3
School 2.9 7.7
Socialorrecreational 11.5 6.9
During 2.2 2.9
Personalbusiness 6.6 8.0
Servepassenger 7.3 7.8
ChangeInmode 0.6 0.6
&de 4.7 2.8

37.5 39.2
17.2 16.4
9.3 8.9
4.0 7.8

9.2 7.0

2.3 2.6
8.1 7.4

7,8 7.8

0.6 0.6

4.0 2.3

survey was made. The surveys in the 1960s were held

in part during the summer months, when there were
few school trips and many social and recreational

trips, whereas the surveys in the 1970s were held in
the fall during the school year.

CHANGES IN MODE CHOICE

Similar mode-choice patterns eXISt in Buffalo and
Rochester for both years for the different automo-
bile ownership and trip-purpose categories. Gener-

ally, as automobile ownership increases, the per-

centage of trips by automobile driver increases.
Carless households rely more heavily on the bus as a
means of transport for all purposed.

There appears to be a difference in the magnitude
of the changes in share of the trip modes. The

It is important to recognize that the sample sizes

of the surveys, although large enough for planning

purposes, are not so large as to reduce the sampling

error to insignificant levels. Thus, caution should

be used when attempting to draw conclusions from
small changes in travel patterns. Nevertheless,
most of the trends observed in this study have been

seen in other areas, and generally the magnitude of
the change leaves no doubt that events have occurred

as described.

For both areas, growth trends are confirmable by
the census and other sources. Confirmation of
autcsnobile ownership levels in Buffalo and Rochester

can be found by using data from the New York State
Department of Motor Vehicles (Form MV 213). Number
of automobiles registered increased at a more rapid

rate than did number of households, which led to an

increaae in the level of automobiles per household.
This trend of increasing automobile ownership

levels has been noted in studies of other areas.
The largest difference between the growth patterns

of R@hester and Buffalo was the striking trend
toward smaller households in Buffalo, a trend that

occurred to a much smaller degree in Rochester.
Both areas show a greater degree of growth in the

suburbs than in the city. Although this growth is
probably due to migration from the city, the study
did not obtain the type of data that would confirm
this hypothesis.

Trip rates were down slightly in Buffalo but up
slightly in Rochester. Changes are of a magnitude
that casts some doubt on the precise nature of the
trend. The data sets stratified by automobile

ownership show a decreaae in all categories for
Buffalo and in all categories but carless households

for Rochester. In contrast, trip rates are up for

all categories when one links at family size. This

appears to result from the increase in automobile

ownership. A family of a given size is likely to

own more automobiles in the 1970s than it did in the
1960a, and increased automobile ownership lesds to

more trips. When the trend in trip rates by

district group is examined, the long-term trend

appears to be down. There is, however, greater

growth in the areas in which trip rates are higher,
and this is the major factor that leads to the
increase in trip rates for Rochester.

There is a long-term trend toward increases in
trip length in Rochester and decreases in Buffalo.
Generally, trends are small. It appears that the

growth in the suburbs does not necessarily lead to

longer trips, possibly as a result of increased
ccmunercial and industrial development outside the

city. This hypothesis is supported by the far

smaller share of shopping trips with a destination
in the city. Changes in trip-purpose patterns over
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time have also led to a smaller increase in trip
lengths than might have been expected to arise from
Lncreased suburban migration. Trip length in this

study lS zone-to-zone centroid airline distance
rather than distance by highway. The error
introduced is not significant in the small zones of
the city, but lengths for trips that ended in the

suburbs or rural areas are probably underestimated.
Since there are a greater proportion of these trips

in the 1973 and 1974 surveys, the decline in trip
lengths indicated for Buffalo is probably not so

large as stated, and the increase in trip lengths

for Rochester is in actuality probably somewhat
larger. Similarly, the actual decline in average
speed is probably smaller than our study shows.

The growth in PKT over time of 8.4 percent for
Buffalo is due almost entirely to the growth in
households. In Rochester, the 37 percent F’KT growth
is due mainly to the increase in number of
households, although there were small increases in
trip lengths and rates. The results seem to suggest
that the highways that have been constructed in the

areas have not necessarily resulted in the
generation of vast numbers or lengths of additional
trips but may have had a more-profound influence on

the orig~n and destination of these trips.

Our studies of trends in average travel time

suggest an increase in congestion in both areas.
Although trip lengths in kilometers for Buffalo
showed a decrease over time, there was a small (6

percent) increase in average travel time. Average
travel time in Rochester showed an even larger

increase (12 percent). There was a good deal of
highway construction in both areas. Buffalo’s
somewhat greater investment to reduce congestion--a
27 percent increase in vehicle kilometers of
capacity compared with a 17 percent increase in
vehicle kilometers of capacity for Rochester--is a
partial explanation for the larger increase in
travel time in the Rochester area. More significant

is the much greater growth in PKT for I@chester.
The additional travel presumably leads to greater

congestion. Average speeds decreased slightly in
both areas.

Although some of the trends noted by Zahavi were

confirmed, travelers’ travel-time budgets in
Rochester were not stable over time. Total
household travel time changed little in Buffalo but
increased 14.6 percent in Rochester.

Over the period of time covered by the surveys,
transit use declined in both Buffalo and Rochester.

Transit use declined in Buffalo from 7 percent in
1962 to 3 percent in 1973; in Rochester it declined
from 6 percent in 1963 to 4 percent in 1974.

Increased levels of automobile ownership, higher
fares, and reduced service (11) are all contributing—
factors.

Over time, the proportion of trips that had a
destination in the CBD declined in both Rochester

and Buffalo. Work trips showed the smallest
decline, whereas the CBDIS loss of shopping trips
was particularly significant.

This study has attempted to quantify changes in
travel patterns for the two upstate New York areas
of Buffalo and Rochester. The importance of the
study is that the trends discovered appear to
confirm several (but not all) of the current beliefs
of transportation planners about the nature of
travel. In particular, some doubt is cast on the
theory that construction of highways will generate

large amounts of additional travel and on the theory
that travel-time budgets are stable both

geographically and over time. The loss in
importance of the CBD, the decline in average family

size, and the increased level of automobile

ownership are all trends that have been seen not

only in this study but in most localities. Thus,
although the numbers themselves are probably not
transferable to other areas, the patterne exhibited
suggest trends that have probably occurred in many
similar areas.
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Travel Demand Forecasting by Using the Nested

Multinominal Logit Model

KENNETH L.SOBEL

A considerableamountofrecanttraveldemand rese.vrohhashighlightedthe
limitingassumptionsofthemultinornial Iogitmodel,p.stiimlaflyitiprops~
Ofbah?gindependentofirrelevantalternatives.Nwerthele~,~uw ofis
trsctability,thamultinominalIogitformulati~islikelytoremainthemostim
portentofdiesggregste-analysistechniques.Thispaperpointzoutthat,al-
dtou@rtheaxiomoftheindepsndencaofirrelevantalternativesisaproparty
OftheSim@e mldtinomieiIogitmodel,agane,alizationofthatm~~ hasken
developedthatisvirtuallyfreefromthatIimitation,hasbeenshowntobeef-
fSCtiVeandeconomiodlyusableinpracticalstudies,andprovidesasimpledi.
agnosticcapabilityformessingthevalidityoftheassumptionofindependence
ofirrelevantalternativesinanygivensituation.The generalizedIogitmodel-
referredtoheressthenestedmultinominalIegitmodel-hasbeenreportedin
theliteratureforSeveralyem’$,ht a~a,enessofi~prO~flie~andevanexl$.
tencaa.aematobeveryslight.Thispaparprovidesabackgroundon thedevel-
opmentofthenestedmultinominalIc.gtmodel,presentsitsstructure(with
~idelinesforitzuee),andreportson currentresearrhtiatusasthenested
formulationastheanalysistool.

In recent years, disaggregate approaches to analyz-

ing travel demand have exhibited very promising
characteristics, and a wide variety of advances have
been achieved. Models have been developed to study
not only the traditional problems of mode choice for

work trips (l_), but also the full range of travel
decisions: frequency, time of day, destination,

etc. (~-~). There are two primary rationales for
the disaggregate approa~h--efflciency of data ~e-
quirements and validity of results. Unlike models
that rely on zonal averages, disaggregate models do
not require analysts to discard the majority of the
information that describes the distribution of im-
portant variables prior to the statistical estima-
tion of model parameters (6). This enables develop-

ment of models that exhi~it high statistical va-
lidity by using only a small portion of the data

otherwise necessary. Second, because travel deci-
sions and factors that influence travel decisions
are measured and analyzed at the level of the house-
hold or the individual, it seems more plausible that

actual behavioral relationships may be reflected in
successful models rather than in the simple exploi-

tation of ecological correlations in the data (~).

This provides increased confidence in forecasts

(which of course requires some degree of faith in
the behavioral representations of the models).

Most disaggregate models have been formulated
from the concept of random utility, which assumes
that individuals’ evaluation of available alterna-
tives and their attributes can be conceptually des-
cribed by utility functions and that the choice pro-

cess can be conceptually described as the selection
of the alternative that has the greatest utility

(:). However, it has also been explicitly recog-
nized that all the important components of utility
functions cannot be observed or measured, so that in

practice the utility functions (U) of alternative i

are typically represented by a deterministic portion
(V) and a (usually additive) random POrtlOn (c):

Ui=v,+q (1)

The deterministic portion of the utility function is
composed of the observable characteristics of the
alternatives and the decision maker and measures the
average (systematic) tastes of decision mskers

within each category of socioeconomic descriptors.
The random portion of the utility function contains

the unobservable attr
the decision maker,

variations in taste

butes of the a,ternatives and

which includes idiosyncratic

that may be present in the
population of decision makers (also called random

taste variation) .
The popular multinominal logit (MNL) model is

based on the assumptions that the random components
of the utility function are independently and
identically distributed by means of the negative
reciprocal exponential distribution:

Prob(ci < c ) = exp[-exp(-c)] (~)

This is equivalent to assuming that random taste
variation within a population of interest does not

exist and that the effects of unobservable
attributes of individuals and alternatives are
uncorrelated across individuals or alternatives.
Specifying the random components of the utility in

this fashion allows for the derivation of the simple
MNL model (Q):

‘i= exp(V,)/$exp(V,)
1 (3)

where P1 is the probability that a decision maker
will choose alternative i from the set of A

possibilities and V1 is the deterministic portion
of the utility function of alternative i.

In recent years, the assumptions of the MNL mcdel

(lack of random taste variation and uncorrelated
disturbance terms across alternatives and

individuals) have been criticized as being overly
restrictive and, in some cases, blatantly counter to
observed behavior. This has been especially true

insofar as these assumptions have led to the

notorious property of independence of irrelevant

alternatives (11A) (~-~). The 11A property states
that the relative odds that an individual will

select one alternative from an available pair of
alternatives ia independent of the presence or

absence of any other alternatives. Although this

property may be quite reasonable in many cases and
in fact is useful for the prediction of demand for a
new alternative, it is also easy to construct

examples in which the 11A property yields false
results.

Consider the infamous problem of the red bus

versus the blue bus: A given market is initially
served by two modes --automobile and a bus line with

red buses. The automobile mode has two-thirds of

the market, so the ratio of automobile to bus prob-
abilities is 2:1. If blue buses are introduced into
the bus line (with relevant characteristics iden-

tical to those of red buses), we would exPect the
new market shares to be two-thirds for automobile
and one-sixth for each bus mode (red or blue) . How-

ever, because of the 11A property, the MNL model
will predict the automobile’s new marKet share to be
only twice that of the red bus, not four times as

large. Further, because the relevant character-

istics of the red and blue bus modes are identical,

their market shares will be predicted to be equal.
Thus, the ratio of market shares predicted by the
MNL for automobile to red bus to blue bus is 2:1:1,
or one-half to one-fourth to one-fourth.
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With the recent development of improved methcds

of statistically estimating multinominal probit
mcdels (~-~) , many researchers have shifted
attention to that model, because of its ability to
represent explicitly random taate variation within a

sample population and especially because of its
ability to account explicitly for covariance among

the unobserved attributes of the alternatives’
utility functions, thereby overcoming the 11A
restriction inherent in the MNL mdel (Q) . The
added flexibility of the multinominal probit model ia

not gained without paying a price: Its generality
is derived by the estimation of many more parameter

than are necesary (or possible) when the logit model
IS applied. For example, one empirical comparison
test of equivalent logit and probit models required
the estimation of 34 probit parameters and only 7

logit parameters (~) . This suggests that the
statistical efficiency of each of the coefficient

estimates may be lower in probit models than in
loglt models, which yields greater standard errors
of estimates or requires larger data samples (~).
Of course, it is a reasonable criticism to state
that, when two mcxiels require the estimation of 34

and 7 parameters, they can hardly be considered

equivalent. In the case cited, however, the key to

the comparison lies in testing the probit model’s

added flexibility--this flexibility is provided by
the additional estimated coefficients. Therefore,

to restrict the number of parameters to be equal for
the two models would defeat the purpose of the
comparison. Also, the computational requirements of
estimation appear to be between 2 to 10 times as

great for probit models as for logit models (~), a
factor that may have practical importance in the
production environment of ongoing studies. In

addition, there is reported experience that the

estimation properties of multinominal probit models
may not be well behaved (their likelihood functions

may exhlblt multiple local optima) , which possibly
would confound attempts to solve for the the

maximum-likelihood coefficient estimates in some

circumstances (lJ).

One rationale of this paper concerns the frequent

statement that the MNL model cannot account for
interdependence among alternatives. In fact, this

statement is only completely valid for a restricted

variation of MNL nmdels, called the simple MNL

model. In addition to the simple MNL model, the

more-general nested MNL logit (also called the

structured or hierarchical MNL madel by some

authors) retains many of the desirable characteris-
tics of simple MNL formulations but also explicitly

represents many of the possible correlations of ob-
served attributes across alternatives and does not
therefore suffer from the restrictions of the 11A
axiom in situations in which it is not warranted.
Furthermore, the model also provides an explicit
statistical diagnostic of the appropriatenesa of as-

suming independence across alternatives. Therefore,
when the purpese is to transcend the limitations in-

herent in the 11A property of the simple MNL model,
to represent interalternative correlations of the
utility function’s disturbance terms, or to test

whether either of the above possibilities is valid,

it is not necessary to abandon the advantageous com-
putational properties of the MNL model. Instead,

one can accomplish those more-general investigations
with the nested MNL model. Of course, for situa-

tions in which it is desirable to represent or test
for the existence of significant random taste varia-

tion, the nested MNL model will not be the appro-
priate analysis tcol; fully generalized multinominal
probit approaches will probably be required in-

stead. However, man y multinominal probit analyses

have been performed that have restricted probit ap-

proaches, which themselves do not permit the mea-
surement of random taste variation (3.6).

A2thou9h the nested MNL model has been presented
in the literature, derived, and explored in the last

few years, its properties (and even its existence)

are not widely known. This is true in part because,
in the United States, the nested MNL model has
usually been applied to problems of representing
multidimensional choice contexts, e.g., separate
nesta for mode and destination choice (~,~), even
though the 11A property can also create problems
within the context of a single choice dimension
(several destinations may be perceived as similar to
each other by travelera). One purpose of this paper
is to add to the dissemination of knowledge about
the nested MNL model so that unnecessary sacrifices
of mathematical convenience and tractability can be
avoided.

NESTED MNL MODEL STRUCTURE

To best present the nested MNL structure, it ia
useful to first reexamine the simple MNL model to
highlight their differences. Figure 1 illustrates
the model portrayed by Equation 3, in which A, the
number of alternatives, equals 3. For purposes of
exposition, the alternatives have been identified as
bus, train, and automobile. Conceptually, each
alternative is evaluated by individuals according to
utility functions Ub, Ut 8 and ‘a; furthermore,
individuals are conceptualized as selecting the

alternative that has the greatest value of utility.
However, since the Ui’S cannot be completely
observed, they are written as in Equation 1. Given

suitable assumptions about the distribution of the

Ci’a, Equation 3 is derived.
If there are reasons to believe that the

alternatives are not completely independent, one can

postulate that a particular nested structure applies
or, alternatively, one can test the validity of all
possible nested structures as well aa the simple
(MNL) structure. Figure 2 shows one nested
structure that seems to be a likely candidate for

Figure1.SimpleMNL model.

auto bus train

Figure2. NestedMN L model.

A

transit auto

bus train
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testing. In this situation, each individual is
again conceptually assumed to evaluate each of the

alternatives that has the same utility function as
specified by the simple MNL model. However, there
is also a composite utility of the nest, which in
this case represents public transit. The comprsite
utility includes the expected value of the maximum
utility of the members of the nest, given by

Ib,, =E[max(Ut)] =n Jexp(V, ) (4)
d

where Ib,t is the expected maximum utility of the
members of the public-transit nest, N is the number

of available alternatives in the nest (N < A), and
all other symtols are as defined previously.

The nest’s composite utility is then written as

where 6 is an estimated coefficient, q is a vector
of estimated coefficients, and kib,t is a vector of
attributes common to all members of the nest.

The nested f4NL model shown in Figure 2 can be

estimated by using standard logit estimation
software in two stages: First a simple binary logit

model between bus and train is estimated; the
results allow the calculation of the expected
maximum utility of the nest lb,t according to
Squation 4. This value is then entered as a typical
independent variable that has the &,t variables

and the characteristics of automobile into a
second-level simple binary logit model between the

public-transit nest and automobile.
For prediction, the first-level log it mode 1

yields P(blb, t) and P(tlb,t), the conditional
probabilities of the bus or train given that the
choice is constrained to public transit. The
second-level logit model yields P(b,t) and P(a), the
marginal probabilities of public transit and
automobile, respectively. To calculate bus and
train choice probabilities, Equations 6 and 1 are

invoked:

Pb = P(blb.[)P(b,t) (6)

Pt= P(tlb, t) P(b, t) (7J

The automobile choice probability (Pa) is given
directly by the second logit model.

A critically impertant feature of the model con-
cerns acceptable values of 8, the coefficient of
the expected maximum utility of the nest. It can be
proved [see the report by Williams and Ortuzar (~)]
that 8 must satisfy 0<!3:1 and that, if
O<llor e>l, pathological forecasts may
re;ult. If 13t O, then improving the utility of
one member of a nest (say? Vb) can decrease the
choice probability of selection Pb of that alter-

native. Ift?=O, then an improvement in the
utility of one or both members of a nest will not

change the choice probability of the nest. If
e>lr then improving the utility of one member
of a nest (say, Vb) will not only improve its
choice probability Pb but may also improve the
choice probability of other members of the nest
(here, Pt). If .!5=1, then the choice-prob-
ability calculations yield algebraically equivalent

results to those of the simple MNL model.
The concept of separable logit mdels linked by

measures of inclusive utility is not new. Even the

particular formulation of Equation 4 as the func-
tional form of the linking measure was tested as
early as 1973 (~). However, in the early tests, the
consistency of Equation 4 with the underlying util-
ity maximization theory was not recognized. This is

shown by the selectlon of other composition rules or
by the rejection of any composition rule as un-
founded (~,~,~,~). SOOn afterward, however, the
behavioral consistency of the composition rule em-

bodied by Equation 4 was formally derived and proved
by several researchers almost simultaneously (~-~).

NESTED MNL MODEL ISSUES

Structural Alternatives and Diagnosis

Use of the nested MNL model results in a new degree
of freedom in the problem of specifying a model.

Not only must the analyst (a) specify the functional

form of the choice probabilities (logit, probit,

etc.), (b) identify the available choice set for the
members of the relevant population, (c) select the

appropriate set of explanatory variables, and (d)
define the functional form of the utility functions,

but also he or she must decide on or test the
structure of the model a priori. Figure 3 displays

a number of feasible structures for the cases of
two, three, and four fundamental choice alternatives

(a-d) . Clearly the number of structural

alternatives increases much faster than the number

of Choice alternatives. Furthermore, the selected

structure may interact with the desirable variable

specification, so that, when a satisfactory set of
variables is tested in the context of one structure,

it may prove to be unsatisfactory when imbedded in
another structure. This, of course, would

considerably increase the complexity of searching
for the best model for a given choice context.

As described earlier in this paper, there is an
important restriction on the values that the coef-
ficients of the expected maximum utilities (the

e’s) can take. Specifically, a must satisfy

O<ei:l, where Oi represents the co-

efficient of the expected maximum utility of the

ith-level nest. Furthermore, if tli ‘l., then

the linked nest at level i is mathematically equiva-

lent to the simple MNL model at that level. (As an

example, referring to the four-alternative case of
Figure 3, if the 8 that correspcmds to the ex-

pected maximum utility la,b,c of structure 21 is

equal to 1, then structure 21 is mathematically

equivalent to structure 11.) Clearly, structure 1

(the simple MNL structure) is the sPecial case Of

all other structures when all possible 6’s have

values of 1.
These properties suggest a technique by which an

analyst can statistically test whether particular

structures can be rejected and whether the 11A prop-
erty IS appropriate for the situation that is being
examined. Each feasible structure (after pre-

screening to eliminate theoretically unreasonable

structures) can be estimated in turn. The tested

structure is re]ected if d does not satisfy the

constraint (3< e < 1, and, it : is not very

different from 1,– its nest and structure can be

evolved into a less-general form. If all e’s

equal 1, then the 11A property cannot be rejected

(alternatives cannot be empirically indicated to be
interdependent) and the simple f4NL model is likely

to be appropriate.
When an estimate for 6 results in a value of

approximately 1, it is preferable to reestimated the
model without the separate nest. Although the

mathematics of a nested M14L model with e = 1 is
equivalent to a simple MNL model, the statistical

results of the two formulations may not be identical
for three reasons. First, the values of the

coefficients of the lower-level logit model (which

are used to calculate the value of the nest’s

expected maximum utility I) are not known with

certainty. Their errors create an additional source
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of measurement error in the value of I; this
measurement error affects the estimated coefficients

ot the higher-level logit model. This problem would
be eliminated if all the nested MNL coefficients
were estimated in one step. Second, since the same
amount of data is used to calibrate either the

simple or the nested MNL model, the estimates of the
coefficients of the simple MNL model will be
statistically more efficient since there is one less
coefficient that requiree estimation (there is no
e). Third, only a subset of the full data set is

used to estimate the coefficients of the utility
functions of the members of the (lower-level) nest
of the nested MNL model, although the complete data

set is used for estimating all coefficients of the
simple MNL model. This more-complete use of data

results in statistically better coefficient

estimates.
The computational advantage of nested logit esti-

mation when compared with probit estimation loses
its importance when the process of structural test-
ing is considered. Although any given probit esti-
mation may require 2-10 times the computational re-
sources of logit estimation (I&), the probit results
show the degrees of interdependence between all pos-

sible pairs of alternatives. In contrast, a single

nested MNL model estimation measures only as many
sets of interdependencies as there are e’a in the
model; many nested MNL model estimations may be re-

quired to yield most of the information that results
from one (albeit complex) probit estimation.

Goodness-of-Fit Measures

Goodness-of-fit measures for logit models depend on

the values of the logarithm of the models’ likeli-
hood function when the coefficients assume various
values. In general, the value of the likelihood
function (L) is given by

(8)

where Pi3 is the probability that j would choose
alternative i, and Nlj equals 1 if individual j
was observed to choose alternative 1, 0 otherwise.

Pij is found from ~uation 3. The logarithm of L
is usually denoted L*. The value of L* when all the

coefficients in V are aet to zero is written L*(O)
and representa the maximum amount of uncertainty
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that can be removed by developing a perfect Model;
L*(O) corresponds to an initial state of information

that all alternatives are equally likely. Because
of the way in which it is defined, L*(0) is a large

negative number. When the coefficients in V1 are
set to their maximum-likelihood estimated values,
the result is L*(6), a smaller negative number [a
value of O for L*lB) would indicate a perfect
model] . L*(B) corresponds to a final state of in-
formation about the likelihood of alternatives when
the information in V is fully known. Host logit es-
timation software packages routinely report both
L*(O) and L*(6) as part of their OutPut. When all
coefficients in V are set to zero except the coeffi-

cients of a full set of alternative-specific con-

stant terms, the result is L*(C), a negative number
that lies within the range L*(0) < L*(C) L L*(6).
L*(c) corresponds to a second lnltl~l State Of in-

formation that alternatives are as likely to be
chosen by any individual as are their aggregate mar-
ket shares.

The value of L*(C) can also sometimes be calcu-
lated without the estimation of a restricted model.
A formula for L*(C) for a binary model has already

been reported (~), and the following equation
generalizes that result for a model among N alterna-
tives in which all individuals have all N alterna-

tives available to them or in which the unavail-

ability of alternatives is independent across in-
dividuals:

L“(c) = ~ X,[ln(~/’f,)]
,.,

(9)

where Xi equals the number of observations in the
estimation data set that have selected alternative

i, and Y1 equals the total number of observations
in the estimation data set that had alternative i

available (including those that selected alternative
i).

Because the dependent-variable observations of

logit models are discrete, or qualitative (e.g.,
bua, automobile), a coefficient of determination
(R’) cannot be calculated as is done with

regression analysis. Statistics similar to R2 are

constructed from the values of L* given
are called P2 (8,24). In particular,——

P2=I -[L*@)/L*(0)]

PC2 = 1- [L*@)lL*(C)]

Both lie between O and 1, although the

(Pc’) allows comparisons between

estimated with observation sets that have

market shares.

above and

(lo)

(11)

corrected
models

different

At first glance, the development of overall mea-

sures of goodness of fit for linked sequential es-
timated logit models appears to be a complicated
task. In reality, measures equivalent to 92 Sug -
gested by McFadden (~) and the 0C2 suggested
by Tardiff (24) can easily be constructed. The cor-.
responding equations are as follows:

P* = 1- {[L,*(6)+L**(P)+ .+ L,*(L?)]/[Ll*(0)+L2*(0)

+. .+ L,*(o)]} (1~)

PC2 = 1 _ {[ L1 *@)+ L2*(~)+ .+ L,”(fI)l/[Ll*~C)+L2”(cJ

+ ..+ L,”(C)I} (13)

where the subscripts 1 through j refer to the ]

simple MNL models in the structure of interest.

Simultaneous or Sequential Choice

Clearly, as descri-d in this paper and elsewhere,

the estimation process that uses nested MNL models

has so far been sequential: Lower-level choices are

estimated first, then inclusive utilities of nests
are calculated, and last upper-level choices are
estimated. (These estimations could be done
simultaneously, and more is mentioned on this issue
later .) The forecasting process that uses nested
MNL models is also sequential, although the
direction of sequence is less clear. First,
lower-level models are applied to calculate
conditional choice probabilities and inclusive
utilities (moving up the tree) ; then marginal choice

probabilities and trip volumes are calculated
(moving down the tree).

These sequences notwithstanding, the fundamental
question whether nested MNL models imply a
particular sequence of individual decisions may not
be meaningful. When there is a clear reason to

presuppose a particular sequence (say, one nest is
the mode choice for shopping trips and the higher
nest represents residential location), then the
nested MNL can be used to represent a choice
sequence (3,5). On the other hand, if the nests are.-
intended to represent varying degrees of closeness

among alternatives (one nest representa access mode
and the higher nest models line-haul mode), the
nested MNL can clearly be interpreted as a model of
simultaneous choice broken into steps merely for

reasons of computational convenience (~).

PLANNING APPLICATION

As part of a larger currently ongoing regional-

planning study of the Rotterdam-Hague metropolitan
area (~), mode-choice models are being developed to
represent travelers’ decisions among the six funda-

mental alternatives: automobile driver (D), auto-

mobile passenger (P), public transit (T), walk (W),
bicycle (B), and moped (M). Among the preliminary

mode-choice models estimated for travel to work,

there were two models that had identical specifica-
tions in all respects except for structure. Figure

4 illustrates the two nested structures: (a) the

four-alternative structure A, made up of the com-

bined D and P alternatives and the slow modes (the
w, B, and M alternatives), and (b) the three-alter-
native structure B [automobile (D and P), T, and the
slow modes]. The approximate split of travel in the

study area among these modes is D, 22 percent; P, 8
percent; T, 6 percent; W, 33 percent; B, 28 Percent:
and M, 3 percent; or 30 percent for automobile, 6

percent for transit, and 64 percent for the S1OW
modes.

The four-alternative model (structure A) shown in”

Figure 4, which was based on 726 observations, had

an overall 9C2 of 0.321. The coefficient of

the slow-mode expected maximum utility was 0.413:
the t-ratio was 1.44. (Note that, when calculated

by many of the standard MNL estimation software

packages, t-ratios at upper levels of a nested

structure are biaeed upward. Examples cited in this

paper have not been corrected for such bias.) The

slow-mode expected maximum utility variable waa

calculated from a lower-level submode=hoice model
of work travel that had 21 variables (Table 1) and
the upper-level main mode-choice model included 33

other variables as well (Table 2).
Structure A in Figure 4 was converted to struc-

ture B by estimating a second lower-level sub-

mode-choice model between the automobile alterna-

tives (D or P) . The nine variablee used in struc-

ture A and associated with the D and P alternatives
formed the specification of the automobile submode-
choice model (Table 3), which was used to compute
the expected maximum automobile utility variables

for the main mode-choice model (Table 4). The other
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Figure4. Nestedmode-chowestructures. Structure A:
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Table1.Submode-choicemodelfor slow modes.

COefflc)cnt
Vd[!dhlr value t-Ratio

TRANSIT SLOW

WALK BICYCLE MOPW

Table2. Structure-Amainmods-choicemodel.

Coefficient
Variable Value t-Ratio

W-constant (= 1 ) [,~s 2.53
W-dlstancc

O-1 km -1.74 -3.32

>Ikm -0.558 -4.60

w-l
If ,lge <25 years -0.549 -2.07

If Iun.h-time trip -0.184 -0.810
IILncOnle >$10 S00 -1.62 -6 20

,k-constdnt (= I ) -3.86 -9.71

M-distance
G9 km 0.273 5 16
>Ykm 0.0876 1.11

M-1 If Oge
<20 ye.irs 1.17 3.74
25.45 ycdrs -0.626 -2.03

M-1 II departure before 8 00 a.m. 0.818 2.87
W.1 t! unfixed destmatmn 0.333 0.911
M- I

[i unilxcd dcstmatlon -0.390 -0.696
If white collar -0.472 -1.37

W-1 lt hllle C0113r -0.991 -313
M-l

II blue collar 0.467 1.56

If no driver’s license 1.01 3.41
M, W-l It part-time or commercial worker 0.665 2.91
W.1 If ~erv~ce worker 0.436 1.23
W-popul,rtlon denstty, on~n 0.000082 1 3.28

25 variables previously used in structure A were
left unchanged in the three-alternative model

(structure B), which was then estimated with 765 ob-
servations of work-travel modes. The overall

PC2 for structure B was 0.333. The coeffi-

cient of the slow-mode expected maximum utility was
0.384; the t-ratio was 1.36. The coefficient of the

automobile-mode expected maximum utility was 0.477:
the t-ratio was 2.7.

Bconstant (=1)

T.constant (=1)
P-constant (= I )

S-expected maximum utdity

D,P,T-m-vehicle tf!nc

D, P, T-cost
T-final walk time

T-outbound headway
T-return headway

T-1 If Rotterdam destlnatlon
S-distance

O-10km
[@~5 km

., 25 km

s-l
If departure after 5’30 p.m.
lf Iunch-hme tnp

If age <30 years
If male

If Hague destination

D-number of carr
DI

If male
If parking cost >0 and arrival after

9:OOa.m.
P-distance
P-parking cost
P-household density, orrgm
P-employment dens[ty, dest!natlon

P-1 lf unfixed destmat}on
D, P- 1

[f male
Ifag.e >55 years

D, P-number of cars per license
If 1 car
[f 2+ cars

D, P- 1
[f parking cost >0 and arrwal after

900 a.m.
[f no driver’s hcense
If whjte collar
If peak-period tnp

-1,34

0.150
-1.12

0.413

-0.005 17

-0.0875
-0.00394
-0.0481

-o. I 09

0.694

-0.355

0.315
-0.742

-0.376

0.395
0.304

0.920
0.940
0.812

1.59

1.23
0.00476
0.168
-0.000 I 94
-0.0000669

0.103

-0.220

-1.05

0.728
0.261

-1.14
-2.32
-0.508
-0.866

-2.05

0.243
-1.89

1.44

-0.551
-0.945

-0.401
-2,97
-3,90
1.94

-7.32

3.62
-1.85

-1.13

1.28

2.67
2.71
2.36

4,06

1.05
1.29
0,940
-1.28
-0.532
0.212

-0.442
-2,78

1.75
0.639

-0,926
4.07
-2.25
-2.84
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Clearly, the value of WA in structure B is
sufficiently and significantly unequal to 1.0 to

indicate the lack of independence between the D and

P modes, which helps to explain the improved summary

statistics of the structure-B model despite its use
of a seemingly lower number of variables.

For Tables 1-4, it should again be stressed that
these were preliminary mcdels, already superseded by
revisions typlCally necessary in the course of an
ongoing study (Z&). The modal symbols preceding
each variable description (B-, W-, M-, T-, etc. )
show the alternative (i.e., utility function) with
which that variable is associated. Table 5
summarizes the statistics for each of the models
compared.

FUTURE RESEARCH

Three areas for future research will be mentioned;

they are areas likely to yield high payoffs or quick
results and insights or both. In reality, the
nested MNL model is simply a special case of a class
of generalized extreme value (GEV) models (&) .
However, to my knowledge, it is the least-restric-
tive form of GEV model implemented in an operational
sense thus far. Other GEV models should be pursued
through at least the proof-of-concept stage, es-
pecially insofar as they may be made to represent

random taste variation within a mathematically con-

venient framework.
Futher investigation into the numerical solution

of probit mcdels should be pursued with two goals:

Table3. Submode-choicemodelforautomobilemodels.

Coefficient
Variable Value t-Ratio

U-constant (= I ) 0.0995 0.177
Bnumberofcars L29 3.32
ml

If male 0.930 2.78
If parking cost >0 and arrival after

9 00 a.m. 2.65 2.13
P-distance 0.00931 4.01

P-parking cost 0.390 2.99
P-household density, ongm -0.000413 -2.75

P-employment density, destination -0.000251 -1.89
P-1 lf unfixed destination -0.653 -1.60

to learn about the potentially pathological behavior

of the probit’s likelihmd function (~) and to re-
duce further the Computational burden associated
with evaluating the likelihood function. Research
Into the comparison of probit and logit m~els [for

example, the report by Horowitz (~)] should be ex-
panded to consider nested MNL models so as to draw
more-meaningful conclusions.

Finally, accessible and user-oriented software
should be developed to allow for the simultaneous
estimation of all levels of coefficients of a nested
MNL mcdel. Although this presents no new
theoretical problems, the computer proqratmning may
be quite complex. Nevertheless, the consequence of

Table 4. Structure-B main mode. choice model.

Coetflclent
Variable value [-R~tlo

A-constant {= 1)
T-constant 1=1 j
A-expected mdx!mum utdlty
S-expected maximum utlllty
A,T-in-vehicle time
A, T-cost

T-final walk time

T-outbound hefldway
T-return headway
T- I if Rotterdam destlnatlon

S-distance

<lOkm
IO-25 km
>25 km

s-l
[f departure after 5 30 p.m

If lunch-time tnp
[f age <30 years

If male

[f Hague destination

A-l
lf male .

If age >55 years

A-number of cars per hcensc
If I car
If 2+ cars

A-1
[f parking cost >0 and arrlvaI aftel

9:OOa.m.

If no Ilcense

If white collar

If pesk-penod trip

-161
-~ ~~~
0.477
0.384
-0.00694
-0.108
-0.00477
-0.0313
-0,097.
08?6

-0.363
0.326

-0780

-0.464
0.36S
0.270
0.822

0,885

0.346

-0.987

1.81
1 07

-1 00

-1.97

-0454

-0.755

-~94
-()376
2,70
I,36
_~ 770

-1 21
-0.512
.2 jg

-405
233

-7.66
388
-1.71

-1.41
1.54
1.16
2.44
2 59

0.8?0
-?64

498
2.98

-1,42
-3.47
-2.05
-255

Table5. Summsry statkdcsformodels.
Model

Submode SubmOde

Choice for Choice for ~ Main Mode Overall CorrecteddOveraO

Statistic SlowModesa .Automobde Cholcec Structure Structure

Structure A

L*(0) -802.44 -868.56 -1671,00

L“(C) -643.66

-124[.67

-740.85 -1384,51 -1041.61

-469.06 -470.7 I

;;(o)

-’939.77 -686.83

0,415 0.458 0.438 0.447

Pm 2 0.198 0.147 0171 0161

P, 2 0.271 0.365 0321 0.341

Structure B

L*(0) -802.44 -765.93 -74759 -2315.96

L*(C)

-134546

-643.66 -263.56 -711,22 -1618.44 -1078.40

-469.06

~:)

-231.56 -379.08 -1079.70 -659,31

0.415 0.697 0.493 0534 0.510

0.198 0.656 0.049 0.301 0198

pc 2 0.271 0.121 0.467 0.333 0.389

aNumberofobmwat,o.sbvmcde wereasfollow.walk,146, bficvcle, 4S0, mooed,107(total= 733).
bNurnberofobserva!,onsbymode dr!.er,1034,passenger,71(total= 1105).
cNumberofobservationsbymode strucwreA–drwer,313,passenger,41,trans,t,89;slow.2S3(total= 726),$Icuct.re
%–automobile,354 slow,322;lrans!t,89 (total= 765)

dAdWtmentsmadetocorrectfor,ncommtencmsduetovar’ftngsample$#zes.
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sequential estimation IS a 10ss of statistical

efflclency, which may be severe.
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Network Equilibration with Elastic Demands

NATHAN H. GARTNER

Elaaticdemand equilibration (as$i~ment) isan ~nalytl~l~~eI for travel

foresssting in homogeneous and multimedsl transportation networks in

which the demand for travel bstween each origin+jemi~tio” (0.D ) psir

is an elastic funstion of the tarvice level offered by the network. The

problem was formulated ss a mathematical optimizatirm program in 1956

and,since thst time, a variety of iterative sshemes have been proposed

for its solution. In this pspar, the mathematical-programming formulation

of the network-assignment problem (NAP) with elastic demands is ex-

amined, an economic rationale for its optimirstion objestive is derived, and

an affisient method for its solution is presented. The method is bssad on

medeling the NAP as an equivalent-a$$ignment pro&m inane~~”ded
natwork. The variable-demand NAP is thus transformed into a fixeddemand

NAP that hss a trip table that cerssists of the potential O-D travel demands

md cantherefore be solved by any fixeddemand assignment prosadure

available.

Conventional traffic assignment--the final phase in
the travel-forecasting procedure--calculates load-
ings on a network of trans~rtation facilities given
the predicted interzonal travel demands. The result

of the assignment is an estimate of user volumes and
associated performance measures on each segment of
the transportation network. The interzonal demands
are usually assumed to be fixed and are estimated by
earlier stages of the analysis. In the traditional
urban transportation planning method, these stages
consist of trip generation, trip distribution, and
modal split. The user volumes may be determined by
the number of vehicles, the number of persons, the

number of transit riders, or any other measure that

has an origin, destination, and some quantifiable
trip-interchange characteristic (~).

A large variety of assignment techniques have
been developed; those most frequently used are based

on heuristic procedures, such as capacity restraint

or probabilistic multipath assignment (~). During
the last decade, a number of assignment methcds have
been introduced that are based on mathematical
programming. In general, these methods model the
assignment problem as a multicommodity convex cost-
minimization problem in which each origin-destina-
tion (O-D) flow is considered to be a different com-
modity. Reviews and discussion of the methods may be
found in papers by Gartner (~) and by Nguyen (~).

The main advantage of these methods is that they
provide access to efficient network-optimization
techniques that are both mathematically rigorous and

computationally predictable and therefore offer im-
proved analysis capabilities.

A more-general class of problems in transporta-
tion-network analysis (one that has a sounder be-

havioral foundation) is to equilibrate (assign)
traffic with elastic demands. The basic premise is
that trips are undertaken by persons who (a) have a

rang e of choices available to them and (b) are

motivated by economic considerations in their

decisions. Thus, the total amount of travel between

any O-II pair and the mode chosen for the travel are
considered to be a function of the perceived benefit

(or disbenefit) to the potential travelers between
this O-D pair. The problem was originally described

in 1956 in a seminal study on the economics Of
transportation (~) in which it was also formulated

as an equivalent mathematical optimization program.
Over the years, this problem has attracted

considerable attention, since it was recqnized to
have a wide range of applications in the analysis of
transportation networks (@. A number of specialized

techniques have been proposed for solution of the

problem, all of which are based on various iterative
schemes for equilibration of demand and supply in a
network. I do not dwell in this paper on the various
possible applications of the problem. Its main
application KeCentlY has been in the development of
multimodal equilibrium models in which the demand

for each mode is an elastic function of the service
levels offered by the mode (7-1O). My pur~~e is to.—
encourage use of the models and develop new appli-
cations through improved understanding of their for-

mulation and the development of more-efficient com-
putational techniques for their implementation.

In this paper, the formulation of the network-as-

si9nment problem (NAP) with elastic demands as a
mathematical optimization program is reexamined, an
sconomic foundation for its optimization objective
is identified, and an efficient method for its solu-
tion is presented. The method is based on reform-
ulating the problem as an equivalent-assignment
problem in a reedified network. The variable-demand

NAP 1S thus converted into a fixed-demand NAP in
which there is a trip table given by certain (fixed)
pOtentldl demands. AS a consequence, anY technique
available for fixed-demand network assignment be-

comes directly applicable to the more-general NAP
with elastic demands.

MATHEMATICAL FORMULATION

In this section the NAP with elastic demands is

formulated as a mathematical optimization problem. A

transportation network is considered that consists

of N nodes and L links. Some of the nodes represent
centroids, i.e., origins and destinations of traf-
fic. Between each O-D pair (i,k) there exist, in
general, pik distinct possible paths. M denotes
the set of all O-D trip interchanges (i,k) in the

network. The following variables are used:

f = f“owon link j;

Cj ‘fI
1 = average cost of travel (or, in

general, the level of service) on

link j;

Mj (fj) = marginal cost of travel on link j;

gik = trip rate from i to k:

‘P
= flow on path p;

Cik = average path travel cost from i

to k;

G1k(C1k) = demand function for travel from i
to k, i.e., trip rate as function of

interchange travel cost; and

Wik(gik) = Glk-’ (Cik) = inverse of demand
function, i.e., interchange travel cost

as a function of trip rate.

The following integral functions are defined:

J

fj

z, = C,(z)dz
0

I
Lt,k

Y,k= W,k(y)(ly
o

If, for convenience, a link-path formulation is

used, the elastic-demand NAP consists of the follow-
ing equivalent mathematical optimization program.
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Determine llnk flows ‘1 and O-D trip rates
glk so that

(1)

LS subject to

z llP = g,k Ilp,g,k 0

‘!k
(~)

The link flows are related to the path flows by
means of

1,= z x J,pllp (3)
\!1,,~

where a

‘s

= 1 if Ilnk I is on path p, or O otherwise.
Accor lng to the theory of mathematical

prograrrmung, an optimal solution to the N@
(indicated by an asterisk) is characterized by the
Kuhn-Tucker necessary conditions:

W:k = C:k ($)

Equation 4 represents the network-equilibrium
condition that corres~nds to Wardrop’s first

principle; i.e., travel costs on all routes used

between any O-D pair are equal to or less than those
on unused routes. Wi~* is the cost (level of
service) that generates the demand gik* that, at
optimality, has to be equal to the average path
costs. When the objective function is convex, the
necessary conditions are also sufficient. Commonly

used link performance functions (such as the Bureau
of Public Roads volume-delay function) and O-D
demand functions (such as those of the simple

Figure 1. Market equilibrium paradigm.

t
A

}u–
I

.+–– –-.

C3NSUMER
‘JTILITY

.

:

?

0 M P QuANTITY

gravity type) are, in general, convex with respect

to cost.

If demand is inelastic (i.e., if it is given by a
fixed value rather than by a function), the first

term in expression 1 is a fixed quantity and can be

eliminated from the optimization objective. The
fixed-demand NAP objective is then simply

‘inzjzj” The term “user Optimization” has been
coined for this problem (~).

INTERPFtETATIoN OF OPTIMIZATION OBJECTIVE

Several economists have studied the effects of
transportation costs on equilibrium prices in
spatially separated markets in the early 1950s,
notably Nobel laureates Koopmans and Samuelson.
However, 13eekmann, McGuire, and Winsten (BMW) (5)
adapted their results to the travel market Ly
considering trip making itself as the conrsdity that

is traded. They discuss the computational aspects
of their mathematical formulation but neglect to
furnish an economic justification for the
optimization objective. This has led some analysts
to argue that there is no such justification and
that the formulation is an artificial construct

(~), whereas other analysts (10,13,14) believe that
the equilibrium-NAP objective implies the
maximization of consumer surplus. BMW specifically
warn against the adoption of this simple
interpretation, which is valid only in capacity-free
networks, i.e., when link costs are independent of
volumes, a rather restrictive assumption that is of

little PrdCtlCal value. In this section, the BMW
formulation is reexamined and it is shown that its
optimization objective can be rationalized on the
basis of accepted economic criteria.

Market Equilibrium

The equilibrium market price is where the demand

(d-d) and supPly (s-s) curves intersect (point E,
Figure la). At this point, consumers buy and

prcducers supply quantity 0!4 at price ON. If we
assume that money provides a firm measuring rod of

utility, the areas in Figure 1 represent the
following values:

OMEN = total revenue paid by consumers to

producers,
OMER = total use to consumers,

OMEF = total cost to producers,
NER = 0f4ER - OMEN = consumer surplus,
NEF = OMEN - CMEF = producer surplus =

economic rent, and

OMER - OMEF = NER + NEF = social surplus.

It is easy to verify that, at equilibrium,

Social surplus = consumer surplus + producer

surplus = consumer utility - producer cost,

which is maximized with respect to the rate of

consumption (see Figure lb).
An analogy is now drawn in a transportation

system with due consideration for the inherent

differences between the consumer-product market and
the distribution of trips among given facilities of
a transportation system. A major difference is that
traffic routing is a short-term problem that has an

objective of optimal use of facilities that already
exist and not a long-term one that has an objective
of Optimal investment. (Therefore, the notion Of

performance rather than SUPPIY should be used.)
Travel costs are presumed to include only those

short-term costs that usera perceive in deciding

whether or not to tranaport, when and how to do ao,
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which mode and route to use, and so forth. Those
costs paid by users but considered by them only on

some longer-term basis are not included. The period
considered is also a short one, e.g., a typical
daily peak period. Thus, the operators of the system
dO not expect to recover investments by affecting
routing, and fixed costs can be disregarded in the
analysis.

Transpo rt Network Equilibrium

A simple transportation system is considered below

that consists of one link(j) and a single O-D pair
(i,k); it is related to the paradigm described

abcwe. Complex networks can be similarly analyzed
when the summations over links and O-D pairs are
restored. As stated in the section on mathematical
formulation, Yik represents the total utility to
travelers between i and k measured by the maximal
cost they are willing to expend for making the trip.

Figure 2. Demand. performance equilibration in a transpertetion system.

Fi~re 3. Surplus maximization in a two-route network.
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The user surplus (which replaces Consumer surplus)

aggregates the excess of this utility over the
actual costs incurred in making the trips. The
notion of social surplus is also replaced by system

surplus, while the optimized quantity that
corresponds to producer surplus will be given a new

interpretation. In analogy to market equilibrium,

the W ob]ective corresponds to the maximization
(with respect to flow) of

SS (systcm surplus) = US (u!,cr surplus) + Q (b)

where Q is given by

JQ=f,(f)- f C(L)(IZ (7)

n

The marginal travel cost is defined as follows:

m(i)=(d;df)[t’(l)]=.(f)+!’’(t) (8)

i.e., it is equal to the average (private) cost plus
the increment In cost to all other users imposed by

an additional user, which is termed the marginal
social cost (MSC). When Equations 7 and 8 are
combined, the following results:

‘f f’ll(’ti’-Jfc(’)d’=l’’((”d(9)

Economists believe that economic efficiency is
achieved when every user pays the full social cost
of his or her travel. Therefore, the cost increment
fc’(f) should be charged as a toll by the operators

of the transportation system. This argument is
critical to this analysis; however, I shall not

elaborate on it here, since it has been discussed

economists, Equatio;5’15)

extensively in the literature _ _ . BY usin9 the

terms of 9 aggregates the

difference between the social costs and the private
costs when flows are considered incrementally, i.e.,
the summation of the MC. If no tolls are charged,

the value of Q represents an undercharge tO the
users or, equivalently a lost revenue for the

operators. The assigned flow pattern maximizes this

quantity together with US, as indicated by Equation

6. Economists also suggest another meaning for Q:

Since the existence of congestion creates an

obligation to pay, the failure to price the social

costs of congestion amounts to an outright subsidy

to motorists (16, p. 49). This reinforces the notion

of user opti~zation for describing equilibrium

flows in a transportation network.

The concepts discussed here are illustrated in
Figure 2 for the single link. The Q-value 1S

represented by area AEF, which (according to

Equation 9) is equal to area AEH, the c0n9estion

undercharge. Since area WI( is common to both
quantities, the two triangular areas AFK and HE~ are
equal.

Example

Consider a system of two parallel links a and b that
have flOws fa and fb and cOnnect One O-D Pair
(illustrated in Figure 3). Total demand is

represented by the baseline 00’ (assumed to be of

variable length). At user equilibrium the flow

distribution is determined by the intersection Of

the two average link-cost functions at Point E.
Average travel cost on each link is then ME (Fi9ure
3a) and the system surplus is maximal at M (Fi9ure
3b) . us is calculated as the difference between the
total utility (a fixed quantity) and the travel Cost
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and 1s not maxlmlzea Ln this pattern. Its maximum
occurs at h, the nonequlllbrlum situation in which

marginal costs are equallzed (17).—

EFFICIENT TECHNIQUE FOR SOLUTION

‘The first computational attempt at predicting flows

in a network by means of elastic demands was made by

bMW (5). They proposed a heuristic procedure
conceived to emulate user behavior: Given existing

(nonoptlmai) traffic conditions, a fraction of the
users (who have or can obtain adequate knowledge of

these condit~ons) will divert during the upcoming

period to a route that 1s optimal at the present

transportation cost and WI1l set their demand for

transportation at levels that correspond to the

present average trip costs. The responsive fraction

of road users in each period is regarded as an
independent random sample drawn from the total
population of users; Its size is assumed to decrease
as time proceeds. Martin and Manheim (~) developed
an iterative assignment procedure based on a
different heuristic. Assuming an unloaded
transportation network at the outset, they
incrementally assign fractions of the potential O-D
demands onto current shortest routes until
equilibrium is approached. This, too, is believed to
emulate user choices as they gradually load up the
network. The procedure was later incorporated into
the DOOOTRANS analysis package (Q) . Bruynooghe,
Gilbert, and Sakarovitch (20) use a technique in

which shortest and longest ~outes between each O-D

pair need to be calculated. Flows and demands are

iteratively ad]usted until they converge. Wigan (~)
uses a simple iterative procedure in which the

variable-demand functions are simply looped with a
fixed-demand traffic-assignment algorithm (20) .

Wllkie and Stefanek (22) present a constrained-Za-—
client algorlthm and a modified Newton-Raphson proce-
dure for the same problem. Although these algorithms
can (potentially) provide rigorous solutions, they
fall to exploit the specialized structure of the

transportation network problem and are computa-
tionally unwieldy. Florian and Nguyen (13) developed—
an iterative scheme based on Interlacing the vari-
able-demand function with a fixed-demand traffic-as-
signment algorithm vla generalized Benders decom-

posltlon. Dantzig, Maier, and Lansdowne (~) also
proposed use of fixed-demand assignment by
introducing an additional slack variable for each

commodity. A more-detailed review of these

algorithms may be found elsewhere (~,~).

The technique for solution described in this

section is based on representing the O-D
variable-demand function by an auxiliary link that

Figure4. Travelcostversusdemand representation.
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augments the network model of the physical

transportation system. This artificial link is
termed a demand link (as opposed to the ordinary

supply links). The resulting formulation, called the
excess-demand formulation, is discussed below.

Consider expression 1, the objective function of
the elastic-demand NAP. The first term in this
expression is given by the integral of the
Inverse-demand function. Ne:erring to Figure 4, it
may be seen that this integral may be decomposed as
follows:

(lo)

where Glkm is a fixed upper bound. The first term

on the clght-hand side of Equation 10 is a constant

(Say, Jlk) and is unaffected by the optimization
procedure. The maximizing objective of expression 1
may therefore be replaced by a minimizing objective:

(11)

Defining the excess-demand elk = Glkm ‘gik# the

following is obtained for expression 11:

(12)

The new function [Wik(eik)] is obtained from

Wik(gik) by flipping the inverse-demand function
about a vertical axis that passes through

gik = Glkm. It may easily be seen that this func-

tion is similar in shape to the average link-travel-

co.st functions (Figure 3a) and the elastic-demand

NAP can now be restated as follows:

(13)(Illlrl ~ ~, + x Xik
J t,k )

subject to

Zhp+cik=G~ hP,eik* 0 (14)
P,~

where

1

‘,,

xfk=Jlk-y’ik= w,k(/. )dL

0

(15)

The elastic-demand NAP now becomes a fixed-demand
NAP on a network that is modified by forward-demand

links that connect each O-D pair (i/k) and carrY the
excess-demand eik” The cost associated with the

link is Wlk(elk). The resulting COnf19Urdt10n is

illustrated in Figure 5. The fixed O-D demands are

Glkm, which are termed the potential demands. Thus ,

after the modified network has been created? there

need not be a distinction between demand links and

ordinary links and any fixed-demand network-assign-
ment algorithm can be used to solve this problem. It

is important to chcase G1km ldr9e enough to prevent

binding the solution too low and so that there will

always be (at optimality) a positive excess demand.

CONCLUSION

‘l’hispaper derives an economic rationale for the NAP
with elastic demands and presents an efficient
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method for its solution. The optimization objective
of the NAP implies the maximization of user surplus

+ Q, in which Q represents an undercharge to the
users due to the social costs of congestion. The
method of solution is based on modeling the problem

as an equivalent network in which the elastic-demand
functions are represented by appropriate demand
links. This transforms the variable-demand NAP into

an equivalent fixed-demand NAP that has the (fixed)
O-D trip table given by the potential O-D demands.

The equivalent network model has the obvious
advantages of convenient representation and
efficiency in data handling, which thereby renders
unnecessary the specialized iterative schemes
inherent in all other methods of solution. The tiel

is amenable to solution by efficient fixed-demand
network-assignment algorithms without modification
to those algorithms. Most important, in terms of
computation, the model requires no additional nodes
in the expanded network. Since network-assignment
algorithms, which are based on the calculation of

shortest-path trees, are more sensitive to the
number of nodes in the network than to the number of

links (2@, this model requires only a moderately
larger computational effort than that for a
fixed-demand assignment on the same physical
network. This effort is estimated to be only 25-75

percent larger than a comparable fixed-demand
assignment. The most important conclusion, however,

is that there are no inherent computational
differences between fixed-demand and elastic-demand

network-assignment problems, and the same algorithms

can be used in both cases.

As noted above, the method described in this
paper can be extended to consider more-general
demand (cost) functions and is also applicable to

other transportation analysis problems that involve
choice situations that can be modeled as an equiva-

lent-assignment (path-choice) problem in an expanded
network. Such problems include, for example, the
combined distribution-assignment problem (which in-
volves origin or destination choice) and assignment

in multimodal transportation networks (which may
also include simultaneous medal choice).
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