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Estimation and Use of Dynamic Transaction Models of 
Automobile Ownership 
IRIT HOCHERMAN, JOSEPH N. PRASHKER, AND MOSHE BEN·AKIVA 

Models of automobile ownership level and type choice are described by using a 
dynamic transactions model structure. The function1I form of the model is 
two-stage nested logit: the higher level In the hierarchical decision proca11 is 1 
decision on the type of tran11ction in the car m1rket. The lower-level decision 
is on type of car, which is conditional on the decision to buy a car. Automobile 
type altern1tivas are defined by make, model, vintage, and body type. The 
model was estimated with data from the Haifa urban ar11 in Israel. The 11mple 
consisted of a choie&-based (stratified) 11mple of 500 households that did not 
buy a car in 1978 and 800 households that bought a car during the 11me yeer. 
Each stratum was drawn at random from the respective population of the Half1 
urbanized area. The models estimated in this paper are sansitive to 1ttribut11 of 
the type of car, household characteristics, end acceasibility by public tr1nsit 
and private car. The models take explicit account of the transection cost• that 
are incurred when operating in the car market. 

The purpose of this paper is to develop and test a 
dynamic demand model for automobiles. Understanding 
the demand for cars has always been an important 
consideration in transportation studies. In recent 
years the composition of the car market has become a 
key factor in the evaluation of energy-consumption 
policies. The relative roles of purchase price and 
usage costs in determining car choice are of inter
est to policy decision makers. This is especially 
true in a country such as Israel, where cars and 
fuel are taxed at high levels. Thus changes in the 
structure of these taxes can be used to achieve 
policy goals, such as increasing the share of small 
cars. In Israel, car purchase and use also affect 
the balance of payments, because almost all the cars 
sold and all the oil consumed are imported. 

The market for private cars in Israel is charac
terized by two major aspects. First, the level of 
ownership is relatively low compared with North 
America and Western Europe, where a third of the 
households (40 percent in the major urban areas) own 
cars, and of these only about 6 percent (2 to 3 
percent of the total population) own more than one 
car. Growth of the private car fleet still occurs 
mainly by purchase of a first car. 

The second important characteristic of the 
Israeli car market lies in the composition of the 
car stock. Most of the cars in Israel are small 
European cars, with only a small percentage of U.S. 
made cars, one popular Japanese brand (Subaru), and 
two domestic models that are assembled in Israel. 
The Israeli car fleet is heterogeneous and includes 
scores of different makes. The typical car in Israel 
is older than in the United States. About 60 percent 
of all cars are more than 5 years old, with 20 per
cent more than 10 years old. 

These character is tics imply that the usual cate
gorization of cars into subcompact, compact, and so 

forth, used in some models of car type choice (1,2) 
is not valid for the Israeli market, as almost -all 
cars fall in the subcompact category. Also, the 
relevant ownership levels are zero and one. Owner
ship of two or more cars may become of interest in 
the future, but any attempt to model this phenomenon 
now will require special data-collection efforts. 

In summary, a practical model of the Israeli car 
market may confine itself to zero- and 1-car house
holds1 should deal with holding or purchase of all 
cars, new or oldJ and should be able to describe the 
determinants of growth in the market. 

MODELING APPROACH 

The model developed in this study is a disaggregate, 
dynamic transactions model for level of ownership 
and type of car owned. As its name implies, the 
decision process involved in buying or replacing a 
car at the household level is the model studied. 
The model is dynamic in the sense that level of 
ownership and type of car owned during the previous 
time period are assumed to influence decisions about 
transactions made during the current (modeled) time 
period. 

The key aspects of the model developed here are 
as follows. 

1. The model is dynamic. It uses data on pre
vious car holdings and includes a detailed treatment 
of transaction costs. 

2. It is a transaction model that concentrates 
on changes in automobile holdings. 

3. It is a nested logit model of the decision to 
transact and then the choice of car type given a 
transaction. 

4. It describes the Israeli market, which may be 
more representative of conditions in some European 
or developing countries than in North America in 
terms of type, composition, and levels of ownership. 

THEORETICAL FRAMEWORK 

Previous Disaggregate Automobile Ownership Models 

The development of the discrete choice econometric 
techniques facilitated a disaggregate approach to 
the modeling of car ownership. The first studies 
dealt with level of ownership, usually as a joint 
decision with mode to work (1-11· 

Lave and Train (1) studied the choice of new 
vehicles by size class. Manski and Sherman <!> 
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developed a car type choice model where the car 
alternatives were def ined by make, model , and vin
tage. Hensher and Manefield (9) suggested a nested 
logit model of automobile acquisition and type 
choice and presented some preliminary results. The 
car types were grouped into three classes according 
to fuel consumption. A different approach to model 
automobile market shares was applied by Cardell and 
Dunbar (.!.Q.) and by Boyd a nd Mellman (.!!). They 
estimated a l ogit choice model with random coeffi
cients by using aggregate market share data (!a). 

Almost all the studies mentioned used static 
holding models. Manski and Sherman <!> used an 
aggregate estimate of the proportion of cars pur
chased during the previous year as an external 
estimate of a constant transaction cost. 

Rationale for a Dynamic Model 

The importance of a dynamic model structure stems 
from the following observations. 

1. Transaction costs: With time, the car owned 
by a household gets o l de r and some of its attributes 
change, and the car may no longer match the require
ments of the household. Also, the characteristics 
of the household may alter, thereby causing further 
changes in the relative attractiveness of the var
ious car alternatives. Nevertheless, cars are usu
ally kept for a number of years (in Israel the aver
age holding period is 3.5 years). The reason for 
this phenomenon is that the process of selling and 
buying a car involves s ignificant transaction costs. 
A static model assumes a perfectly competitive 
market with no transaction costs. A dynamic model, 
on the other hand, allows for the inclusion of vari
ables that measure these costs. 

2. Brand loyalty: Brand loyalty is a well-known 
marketing phenomenon, which is apparent in the car 
market. It is revealed in the tendency of households 
to buy a new car of the same make, or even the same 
model, as that of a previous car. Brand-loyalty 
reflects lower information acquisition costs and 
idiosyncratic tastes. Allowing for a brand-loyalty 
effect in the car type choice model imposes a dy
namic structure. 

3. Income effect: The money received from sell
ing an old car may be used toward the purchase of 
another car, so that, all else being equal, a house
hold with a car during time period t - 1 may be able 
at time t to spend more money on its new car than a 
household without a car in the previous period. In 
general, knowledge of the choice made in the last 
time period provides useful infor mation fo r the pre
diction of the choice during the cur rent period. 
This information can easily be obtained in a house
hold survey. Omitting such informat i on may not only 
weaken the explanatory power of the model, but also 
may induce biases in the estimates of the parameters. 

On the other hand, a dynamic model introduces 
econometric difficulties. If the error terms of a 
model are serially correlated, then the error term 
will be corre lated with lagged explanatory vari
ables. Th i s m~ans that the use of a dynamic model 
structure requires the assumption of serial indepen-
dence. 

It was assumed that there was no serial correla
tion, thus allowing for the use of a dynamic model. 
This decision is justified if the biases caused by 
violation of serial independence are small compared 
with the advantages of a dynamic characterization. 

Behavioral Framework 

The behavioral framework assumed in this study is as 
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follows. Every time period (a year was chosen to 
avoid the effects of seasonal variations and also 
because new car models come out yearly), each house
hold evaluates its current car holdings and decides 
whether to transact in the car market or not. A 
transaction may mean buying, buying and selling, or 
just selling. If the decision involves buying a 
car, then the type of car in terms of make, model, 
and vintage is also decided on. 

The household is assumed to act as a utility 
maximizer, that is, the household assigns a utility 
value to each of the alternatives based on the at
tributes of the alternative and the costs involved, 
including the transaction costs. The alternatives 
that the households face are either do-nothing or 
transact in the car market by buying a specific type 
of car or selling the existing car or both. The 
household will decide to ti;ansact when the utility 
of one of the p<>ssible alternatives is greater than 
the utility of the current state. 

The decision to transact and the choice of car 
type are assumed to be based on last year's holdings 
and current socioeconomic status. This results in a 
first-order Markov process. This is not an essential 
assumption to the model, but it is imposed by data
collection limitations and the relative ease in 
using the model for predictions. 

The dependence on only last year's holding may be 
justified by realizing that, because of the rela
tively long car-holding period, the most recent car 
holding has the strongest impact on the current 
decision. Furthermore, some of the influence of 
past history is captured by the last holding. 

Future expectations probably influence the deci
sion processi for example, a household usually pur
chases a car with an a priori intention of keeping · 
i t for a fixed number of years. Also, expectations 
about future earnings and use of the car may enter 
the process. Unfortunately, it is difficult to 
collect reliable data on future expectations. 

In the models presented the possible transactions 
are either buying (for households that did not own a 
car last year) or replac i ng (for households that 
owned a car). The possibility of buying a second 
car is omitted because, as previously mentioned, in 
Israel more than 95 percent of the households have 
zero or one car. 

Another option that is not considered here is 
selling only. This restriction stems from the nature 
of the data. In reality, this type of transaction 
is rare in Israel. However, it can still be allowed 
in the aggregate, for example, as a function of age 
of head of household , when the model is used for 
prediction. 

Model Structure 

Formally, the model can be stated as follows. Let 
j1i 'indicate the transition from owning~ car of type 
i in time period t - 1 to owning a car of type j in 
time period t, where i = 0 is the state of not own
ing a car at time t - 1. Assume that 

UG Ii)= VG Ii) +Ei (I) 

where 

U(j Ii) 

V(j Ii) 

random utility of the (j1i) tran
sition, 
average utility of the (jli) tran
sition, and 
a disturbance that represents unob
served utility of alternative j. 

The error terms are assumed to have the following 
joint probability distribution: 
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F(e; , ... , fJ , .. . , ek , ... ) =exp - { exp(-µe;) 

+{Ji exp(-ek)Jµ }. o.;; µ.;; 1 (2) 

This is a special case of the generalized extreme 
value (GEV) family of distribution functions devel
oped by McFadden (12). The marginal distributions 
of c· and ck for allk are 9umbel (0,11). 

TRe first te.rm inside the brackets [-exp (-11ci)J 
refers to the alternative of no transaction1 the 
second term {[texp (-ck) Jll} refers to all the alter
natives that involve a transaction1 and 11 is a 
measure of similarity of the unobserved attributes 
among the transaction alternatives. 

It has been shown by McFadden (12) and Ben-Akiva 
and Francois (13) that the assumption of the GEV 
distribution onthe error terms results in the fol
lowing choice probabilities1 

P(ili) =P(iltr, i) · P(trli) (3) 

P(trli) = 0<µ0 <1;0<µ 1 .;;1 (4) 

(5) 

where the expected maximum utility from available 
car types is Ii a tn Eexp (Vkri)J and Vtrri is an 

k¢1 
average utility component of the transition from 
state i that is equal for all alternative transac
tions (where tr denotes transaction). The subscript 
0 denotes no car owned at time t - l. The subscr i pt 
i for i * O indicates that one car of type 1 was 
owned at time t - 1. 

The choice probabilities describe a dynamic 
nested logit model with two decision levels. The 
first level decision is whether to transact or not, 
and the second (lower) level decision is on the type 
of car to be purchased, which is conditional on a 
decision to transact. 

The choice probabilities of the first stage have 
a legit form with scale parameter 11 and with It 
(a composite variable from the lower-level model) • 
The choice probabilities of the second level have 
the logit form with scale parameter normalized to 
equal one. The particular form of the GEV distribu
tion that was assumed was chosen because it imposes 
a nested structure in the choice probabilities, 

Figure 1. Structure of the model. t-1 ownership level and type 
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which is behaviorally reasonable and computationally 
feasible. 

As mentioned before, two distinct types of trans
actions are allowed in the model, depending on the 
level of ownership at time t - 1: buying a first car 
or replacing an e:dsting car. To enable different 
specifications for the utilities associated with the 
two types of transactions, two different transac
tions models were assumed. The two models can be 
viewed as one model with all var iables specific to 
either of the two transaction types. Because the 
two transactions are mutually exclusive (i.e., each 
household has only one type of transaction in its 
choice set), the estimation can be done separately. 

The utilities of the automobile type choice model 
are assumed to have the same functional form for all 
households, regardless of their level of car owner
ship at time t - 1. flowever, the specification inay 
include variables that are specific either to first
time buyers or to previous owners. This assumption 
simplifies the estimation process significantly. It 
may be justified by realizing that once the decision 
to transact was made, the household faces the same 
set of alternatives, whether or not a previous car 
was owned. The structure of the suggested model is 
shown in Figure l. 

SPECIFICATION OP THE MODEL 

The utility that a household derives from buying or 
replacing a car is a function of the attributes of 
the purchased car, the transaction costs, household 
characteristics, and previous car characteristics. 
In the following sections the variables in each of 
these groups that were used to specify the model are 
described. 

Household Characteristics 

Household characteristics affect car purchase deci
sions in three ways1 

1. The income and wealth of the household affect 
the amount of money it is willing or able to invest 
in buying a car1 

2. Some household characteristics, such aa resi
dential and work place locations and household size, 
influence the need for a car and the type of car 
suitable for the needs of the householdJ and 

3. There exist household car choice preferences 
that can be modeled with variables such as age and 
education. 

In this study income was measured in four cate-

0 l,i 

first decision /\ 
do nothing buy eplace 

second decision 

type 1, ••• j,. .. k 
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gories. Also used were proxy variables for income 
and wealth, such as education, age, and work status. 

Household characteristics that affect the need 
for a vehicle can be divided into two groups: vari
ables that affect the relative utility of owning a 
car compared with not owning one, and variables that 
influence the relative utilities of different types 
of vehicles. The first group consists mainly of 
accessibility measures £or work and other trips. 
The characteristics that affect the type of car 
chosen are household size and composition and the 
need to use a car for work-related purposes. Indi
vidual preferences were characterized mainly by 
interacting age and education of the car user with 
car attributes such as performance and age. 

Attributes of Previous Car 

The attributes of the cars owned during the previous 
time period affect the decision to replace a car and 
the choice of car type. The replacement model in
cludes the following attributes of the previous car: 
age, engine size, number of years owned by the 
household, and average mileage. Engine size serves 
as a measure of durability, and mileage is a measure 
of use. 

Attributes of the previous car were also assumed 
to affect the car type choice. Purchase price for 
each type was defined as its market price minus the 
sale price of the existing car. Brand loyalty was 
captured by a durnmy variable, which is set to 1 if 
the type is of the same make as the previous car. 

Attributes of Alternative Cars 

The car attributes are of special interest because 
they characterize the alternatives that a household 
faces when choosing a car, thus enabling predictions 
of the effects of policy and technological changes 
on the market. The car attributes were selected 
according to two criteria: (a) the attribute has to 
be familiar to prospective car buyers, and (b) a 
reliable data source for the attribute exists for 
all the alternative car types. The following attri
butes were selected: cost--retail price and fuel 
efficiency1 size--dimensions, weight, luggage space, 
and engine size; performance--acceleration (measured 
by HP/kg) and maximum speed; and other--age, manu
facturing country, and number of cars of the same 
type in the market. 

The alternative-size variable (i.e., the number 
of cars of the same type in the market) is also of 
special interest. In the type cho.ice model, each 
type represents a group of elemental alternatives-
all the cars of the same make, model, year, and body 
type on the market. All of these cars have identical 
observed attributes. In this case it is necessary 
to add to the utility of an alternative a normaliza
tion term equal to the leqarithm of the number of 
elemental alternatives (1nNjl· The coefficient of 
tnNj is a measure of the variation of the unobserved 
attributes among cars of the same type. It is rea
sonable to assume that as cars get older, the heter
ogeneity among them increases. To enable different 
coefficients for car types of different ages, the 
alternative-size variable was introduced in the 
model as a group of age-specific variables. Four 
type size variables were used for cars: 2 to 5, 6 to 
9, 10 to 14, and 15 or more years old. The type-size 
variable is not used for new car types. The choice 
probability for new cars does not depend on 1!.nNj 
becau'!le. the buyer faces only one new car that he 
orders from the dealer. As described in the next 
section, the type-size variable is also a proxy for 
search cost so that the coefficients of these vari-
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ables capture the total affect of alternative size 
on the utility. 

Transaction Costs 

Transaction costs arise from two main sources: 
search costs in terms of time and money that are 
incurred in the process of searching for a car, and 
information costs that are caused by incomplete 
knowledge ,of the attributes of alternative cars. 
This model includes a detailed specification of the 
transaction costs, expressed as functions of the 
attributes of the previous car, the purchased car, 
and the nature of the transaction. 

In the process of testing alternative model spec
ifications, some simplifying and generalizing 
assumptions had to be made with respect to the spec
ification of transaction costs (TC). The specifica
tion of TC in the car type utility function is as 
follows: 

TCG) = C1!1liJii + Cl!2 QnmJ + 1 Cl!3Q · liv1Q fonJ + f Cl!4Q livJQ 

where 

{ 

1, if make (j) = make (i) 
6j1i -

O, otherwise 
mj number of cars of same make 
nj • number of cars of same type 
"j age of car j, 

as j I 

as j I 

{ 1, if vintage of car j belongs to 
6v JI. • vintage group JI. 

j O, otherwise 

and a11 a2r a3 1 and a41 are unknown parameters. 

(6) 

The first term represents brand loyalty. The 
second term captures the market-size effect of all 
cars of the same make. The third term captures the 
effect of the number of cars of the same type on 
search costs and the basic correction for alterna
tive size of the utility. These effects are allowed 
to vary with the age of the vehicle. The fourth 
term represents the effect of the age of the vehicle 
on the information acquisition costs through a num
ber of age-specific dummy variables. This effect is 
measured relative to new cars. 

T~e average TC for each of the two types of 
transactions appears in the respective transaction 
models as part of the alternative specific constants. 

SAMPLING STRATEGY AND ESTIMATION PROCEDURE 

The estimation of the models was carried out by 
using the data from a sample of households that were 
collected in the Haifa urban area during 1979. The 
nested structure of the model dictated the sampling 
strategy. The upper-level (transaction) model re
quires a sample of buyers and nonbuyers, with and 
without a previous car. The lower-level (car type) 
model requires for its estimation the households 
that bought a car during the study year. A random 
sample of households would not provide enough such 
purchases unless it is large, because only 40 per
cent of the households own cars and less than one
third of these households are expected to purchase a 
car in a given year. 

The sampling strategy used was choice based or 
endogenously stratified, where the stratification 
was based on the transaction decision. The total 
sample consisted of a random sample with one sam
pling quotient of households that did not transact 
in the car market during the study year, and another 
sample with a greater quotient of households that 
purchased a car during that year. About 500 house
holds that did not buy a car during the study year 
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were surveyed, as well as 700 households that pur
chased a car in the same year. 

The estimation of the model was carried out in 
two steps. First, the lower-level or conditional 
model of car type was estimated by using the data of 
the purchase sample alone. Then the two samples 
were combined, and the expected maximum utility from 
all car types was calculated for each household by 
using the results of the type choice model estima
tion. The combined choice-based sample was then 
used to estimate the coefficients of the upper-level 
models of transaction choice. The alternative spe
cific constants were then corrected to produce con
sistant estimates. 

ESTIMATION RESULTS 

Type Choice Model 

The type choice model describes the choice of a car 
type, which is conditional on the decisior;i to buy a 
car. The alternative cars are defined by make, 
model, body type, and vintagei the choice set during 
1978 consisted of 950 alternatives. To reduce the 
cost of model estimation, a sample that included the 
chosen alternative and 19 randomly selected alterna-· 
tives was selected for each household. This sampling 
procedure results in consistent estimates of the 
parameters (12). 

The estimation sample had 786 households that 
purchased a car in 1978 in the Haifa area. The 
estimation results are given in Table l. 

The coefficients of the cost variables indicate 
that, all else being equal, a low price is a desired 
attribute. The effect of price on the utility de
creases as the household's income increases. The 
cost coefficient for households whose head is 45 
years of age or older is not negative, but the over
all effect of price and 0th.er variables is still 
negative at all income levels. The only exception 
is a small group of households of disabled drivers 
that are exempt from taxes. These households are 
allowed to sell the car at market price after a few 
years of ownership, so that a higher cost means for 
them higher gains. The last two dummy variables in 
the cost group measure the preference of older 
people and people with higher incomes for more ex
pensive cars. Age here is probably a proxy for 
accumulation of wealth. 

The effect of fuel efficiency of a car on its 
choice probability is measured separately for owners 
who pay for the fuel costs themselves and for owners 
who are reimbursed by their business or employer. 
Both groups preferred fuel-efficient vehicles but, 
as expected, the first group placed higher weight on 
this attribute. 

The data in Table 2 give the marginal rates of 
substitution between purchase price and fuel econ
omy. To understand these figures, consider an aver
age travel rate of 2000 km per month. Savings of l 
I.L. (Israeli lira) per 1000 km amounts to 24 I.L. a 
year. For a used car with an average depreciation 
rate of 10 percent a year, these savings are equal 
to an increase of 240 I. L. to the purchase pr ice. 
For a new car that is held for 2 years and depreci
ates 35 percent during this period, the savings are 
equal to an increase of 4 20 I. L. These rough cal
culations indicate that the marginal rates of sub
stitutions obtained from the model for households 
that pay for car operating costs are reasonable. 

Two performance variables were tested during the 
model estimation process: maximum speed and acceler
ation (measured by HP/weight). Maximum speed was 
found to have no effect on choice probabilities. 
Acceleration was found to be a positive attribute 
for users younger than 45 years of age, but it had 
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Table 1. Estimation results-a logit model of car type choice conditional 
on purchase. 

Coefficient Asymptotic 
Variables Estimate t·Statistic 

Cost" 
Cost when income < I 0,000 LL. per month -0.148 -S.36 
Cost when income I 0,000·20,000 I.L. per month -0.137 -8.40 
Cost when income 20,000-30,000 I.L. per month -0.093 -S.22 
Cost when Income >30,000 l.L. per month -0.072 -2.70 
Cost when income unknown -0.086 -3.31 
Cost when head of household > 45 years old 0.0029 0.134 
Cort when tax exempt 0.214 6.62 
Dummy for high income and experu:ive carb 0.723 1.97 
Dummy for age 45 or older and expensive carb 1.19 4.38 

Fuel efficiency 
Liter per 1000 km for owners who do not get -0.0224 -4.69 
full maintenance and operating cost coverage 

Liter per I 000 km for owners who get full -0.0092 -I.IS 
maintenance and operating cost coverage 

Size 
Size of care for S or more member households 0.0111 1.38 
Engine size for receivers of full maintenance O.OS64 2.69 
costs or self-employed 

Dummy for small card and I- to 2-member 0.470 2.28 
households 

Luggage space when car not used for work -0.0059 -1.89 
Luggage space when car used for work 0.0034 I.OS 

Performance 
HP/weight when user< 30 years old 0.872 1.72 
HP/weight when user 30-4S years old 1.89 4.41 

Transaction costs and alternative size 
Brand loyalty dummy 1.48 10.6 
Jin number of cars same make x I 00 0.248 4.48 
Jin alternative size for cars aged 2-9 years 0.868 15.8 
Jin alternative size for cars aged I 0-14 years 10.493 6.79 
Jin alternative size for cars aged 15 or more years 0.904 6.60 
Dummy for cars aged l S or more years -3.67 -5.80 
Dummy for cars aged 10-14 years -4.76 -IO.I 
Dummy for cars aged 2-9 years -6.64 -17.8 

Other 
Age of car when main user <30 years old O.OS6 2.47 
Age of car for first car 0.107 S.40 
Dummy for cars made in Israel O.S83 4. IS 

Note: Numb.:r of hou.achold1 • 786, number of obaervatlon1 = 14,834, .t~ = -1,543.'79, 
and -2(£o - Lp} = 1,609.7. 

:~~0~1~:.n:da-::ru~~:';!:::.::::1:~~:: 1°:.~:~0:::~:~ (120,000 I.L.). 

"c., 11Jc " l•nJlh x width (in cm)/1000. 
dSmall car= eq.Lne- size up to 1300 cc. 

Table 2. Marginal rates of substitution of purchase price versus fuel cost. 

Price Premium (LL.) to Save I l.L. per 1000 km in Fuel Costs 

Full Car Cost, Not Covered Full Car Cost, Covered 

Income <4S Years >45 Years <45 Years >4S Years 
(l.L. OOOs) Old Old Old Old 

<10 199 202 83 8S 
10-20 21S 219 90 92 
20-30 321 329 132 136 
>30 341 426 170 178 

no effect on the decisions of older users. This 
attribute has a stronger weight for users in the age 
group 30 to 45 than on younger users. A possible 
explanation is that the latter group, which has more 
limited resources, views acceleration as a luxury 
and puts more emphasis on other, more essential, 
equalities. It is interesting to note that in the 
Manski and Sherman model (8), acceleration had nega
tive coefficients for all age groups. 

All measures of the transaction costs have highly 
significant coefficients. The coefficients of the 
type-size variables are positive and smaller than 1, 
as expected. The highly significant and negative 
coefficients of the three vintage dummy variables 
represent the effect of lower transaction costs 
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involved in purchasing a new car, as well as the 
effects of other desired qualities of a new car, 
such as reliability and prestige. The different 
magnitudes of the three coefficients represent the 
effects of unmeasured attributes that are related to 
either age or vintage of the cars. 

The other two age variables measure the prefer
ence for old cars displayed by young buyers and by 
first-time buyers. In part this represents more 
limited resources, but it may also indicate a lesser 
concern for reliability on the part of inexperienced 
buyers and young users. 

The last dununy variable for locally assembled 
cars represents a preference for these cars that 
cannot be explained by their lower prices. 

To examine the goodness of fit between the esti
mated and observed aggregate choice probabilities 
for the sample, the 950 car types were grouped ac
cording to engine size and vintage. Generally, a 
satisfactory fit between the estimated and observed 
probabilities was revealed, and none of the differ
ences was greater than 3 percent. 

Purchase Model for Households Without a Vehicle 

The purchase model for households without a vehicle 
describes the purchase decision in year t for house
holds that did not own a car in year t - 1. The 
model was estimated with a sample of 618 households, 
about half of which came from a random sample of 
households in the Haifa area and the other half from 
a random sample of car buyers from the same area. 
The estimation results are given in Table 3. All 
coefficients in the model .have the expected signs. 

Table 3. Estimation results-a logit model of car purchase decision for 
households without vehicles. 

Coefficient Asymptotic 
No. Variable Estimate t-Statistic 

1 One-adult households -1.04 -2.96 
2 Income > 10,000 I.L. 0.498 1.92 
3 Income not reported, head of household -0.06 -0.15 

employed 
4 Head of household self-employed 0.699 1.52 
5 Occupation of head of household- 0.624 2.31 

academic or managerial 
6 Education of head of household-more 0.416 1.88 

than 12 years 
7 Age of head of household when older -0.0093 -2.56 

than 50 
8 Use of car on Saturday (I = yes and -0.409 -1.63 

2 =no) 
9 Travel time to work by bus 0.0185 3.56 

10 Travel time to work by car -0.0131 -1.70 
11 Walking distance to bus stop (in minutes) 0.142 4.41 
12 Dummy for purchase alternative -6.5 -3.55 

(corrected) 
13 Expected maximum utility from the car 0.512 3.22 

type choice (Rn sum) 

Note: Number of observations= 618;.Ca = -339.56; and -2(.Co -.ca)= 177.60, d.f. 13. 

Attributes 1-6 represent the financial ability to 
purchase a car; they include income and some socio
demographic descriptors that are correlated with 
potential earnings. Attributes 8-12 represent the 
need for a car. They include the following accessi
bility measures: travel time to work by car and by 
bus, walking distance to the nearest bus stop, and a 
proxy to the need for a car for leisure trips, that 
is, traveling on the Sabbath, when public transpor
tation service is significantly reduced. 

The variable age of head of household when older 
than SO represents the tendancy to change that is 
associated with age as well as the increasing dif-
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ficulty of acquiring a driver's license. The last 
variable is the expected maximum utility that the 
household derives from the car choice, given that a 
decision is made to own a car. 

The data in Table 4 demonstrate the influence of 
socioeconomic and accessibility attributes on pur
chase probabilities. The effect of the relative 
accessibility by bus and by car is especially sig
nificant; for example, when travel time to work is 
10 min by car and 30 min by bus, the purchase proba
bility for a blue-collar employee (column 3 in Table 
4) is O. 08. When travel time to work by car in
creases to 20 min and by bus to 60 min, the proba
bility that the same household will purchase a car 
more than triples to 0.26 (column 6 in Table 4). 

Table 4. Expected purchase probabilities computed for households with 
various attributes that did not own a car in the previous period. 

Attribute Values by Household Number 

Attribute 2 4 6 7 

No. of adults in house- 2 2 2 2 2 
hold 

Household income l 1 1 1 
Work status of head of SE SE EMP EMP SE EMP EMP 

household 
Occupation of head of AM AM BC BC AM BC BC 

household 
Education of head of 15 15 10 10 15 10 10 

household 
Age of head of 45 45 45 55 45 45 55 

household 
Use of car on Saturday Yes Yes Yes Yes Yes Yes Yes 
Travel time to work by 0 30 30 30 60 60 

bus 
Travel time to work by 0 10 10 10 20 20 

car 
Walking distance to bus 2 3 3 3 10 10 

stop 
Inclusive value 6 6 6 6 6 6 

Purchase probability 0.14 0.22 0.08 0.02 0.54 0.26 

Note: SE= self employed, AM= academic or managerial, EMP =employee, and 
BC= blue collar. 

Purchase Model f or Households Already 
Owning a Vehicle 

60 

20 

10 

6 

0.07 

The purchase model for households already owning a 
vehicle describes the probability that a household 
will replace its car during a certain year, given 
the socioeconomic descriptors of the household and 
attributes of the existing car. The estimation 
results are given in Table 5. 

An unexpected finding was that high income re
duces the probability of replacing a car. This 
result is strengthened by the negative coefficients 
of other attributes that are correlated with income, 
such as education, work status, and coverage of car 
operating and maintenance costs. 

Age of head of household has a negative effect on 
the probability of replacing the car. So does being 
a one-adult household, especially if this adult is a 
woman. It is possible that women and older persons 
face higher transaction costs. As expected, house
holds that are exempt from taxes have a higher pur
chase probability. The exemption is generally given 
to disabled people who need a reliable vehicle and 
therefore replace it often. Accessibility measures 
were found to have no effect on the replacement 
decision. This is expected, because replacing a car 
will have only a small effect on accessibility. 

The attributes that describe the previous car 
have the expected effect on replacement choice. 
replacement probability increases with age and 

The 
use 
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Table 5. Estimation results-a logit model of car purchase decision for 
households with a vehicle. 

Coefficient Asymptotic 
Variable Estimates t-Statistic 

One-adult household -1.52 -2.35 
Woman head of household -1.23 -1.77 
Income < 10,000 1.L., head of household 0.455 0.816 

employed 
Income > 20,000 I.L., head of household -0.550 -2.00 

employed 
Income not reported, head of household -0.919 -2.15 

employed 
Head of household self-employed -0.0654 -0.14 
Full car maintenance cost covered -0.150 -0.30 
Exemption from car taxes I.SI 2.03 
Education of head of household-more than 12 -0.494 -2.18 

years 
Age of head of household 3 5 years of younger 0.816 2.71 
Age of head of household 50 years or older -0.721 -2.65 
Monthly kilometerage exceeds 2000 km 0.960 2.37 
Previous car characteristics 

Year -0.0907 -2.55 
Engine size smaller than 1300 cc 0.699 2.30 
Engine size larger than 18 00 cc -0.829 -L59 
No. of years car was owned by household 0.076 1.49 
Dummy for purchase alternative (corrected) 6.5 3.67 
Expected maximum utility from car type choice -0.092 -0.625 

Note: Number of observations = 5 82; £~ = -2 67; and -2(£o - £~) = 2 71, d.f. 17. 

of the vehicle and with duration of holding, and 
decreases with engine size (a proxy for durability). 
The positive effect of duration of holding on re
placement reflects the decrease in relative utility 
of the existing vehicle with time. 

The coefficient of the expected maximum utility 
in this model is negative but small. It is not 
significantly different from zero. This means that 
given the socioeconomic characteristics of the 
household and the attributes of the existing car, 
the utility from the car type choice was not found 
to have an effect on the replacement decision. In 
other words, the decision to replace a car is inde
pendent of the type choice. 

This result deserves an explanation because it is 
expected that the replacement decision would be 
dependent on the characteristics of available cars. 
Two reasons may account for this effect, and both 
reasons are related to the fact that this model is 
based on cross-sectional data. First, exogenous 
variables such as fuel costs and microeconomic con
ditions do not vary across the sample. Thus any 
possible effect of the variables is contained in the 
transaction-specific constant. Second, technological 
changes in the car industry are not so dramatic as 
to cause a major shift in choice from one period to 
another. Thus the expected maximum utility from all 
car types is well represented by the attributes of 
the existing car and household character is tics, and 
those attributes are represented in the replacement 
model. 

Forecasting Resulti:; 

The mod.el developed in this study was used to eval
uate the automobile-demand effects of the following 
two scenarios: 

1. A change in tax rates that will result in an 
increase of 20 percent in the price of new large 
cars with an engine size larger than 1900 cc, and a 
decrease of 20 percent in the prices of new small 
cars with an engine size smaller than 1300 cc (it is 
assumed that the changes in the prices of new cars 
will cause price changes of similar proportions in 
the used car market), and 

2. An increase of 100 percent in fuel prices. 

Transportation Research Record 944 

As expected, the price changes created a relative 
advantage for small cars, which resulted in an in
crease in purchases of these cars and a correspond
ing decrease in purchases of larger cars. An inter
esting finding is that the increase occurs mainly in 
the purchases of new cars in the engine-size cate
gory that benefited most from the tax changes, 
namely, cars with engine sizes of 1100 to 1300 cc. 
Apparently, for households that intended to buy a 
small car, the price reduction enabled the purchase 
of a newer or a bigger car within the same category. 
On the other hand, the price changes caused some 
potential buyers of intermediate or large cars to 
choose a smaller car, and the savings thus gained 
could be used to purchase a newer car. The net 
effect of these shifts is an increase of 38 percent 
in the category of new cars with engine sizes be
tween 1100 and 1300 cc, and a 10 percent decrease in 
the demand for cars with engine size larger than 
1400 cc. 

The assumed changes in car prices did not affect 
the purchase decision. This result is obvious for 
households that already own a car and consider 
whether to replace it, because according to the 
model the replacement decision is independent of the 
car type decision. For households without cars, the 
purchase decision is affected by the expected maxi
mum utility from all car types. However, these 
values are not changed much by the proposed price 
changes, and the predicted aggregate effect is neg
ligible. 

The increase of 100 percent in fuel price in
creased the demand for fuel-efficient vehicles (with 
engine volumes of up to 1000 cc) by 16 percent and 
caused a corresponding decrease in the demand for 
bigger cars, especially for gas-guzzelers in the 
1900 cc or larger category. The choice of a smaller 
car enabled the buyer to purchase a newer car with 
the same budget, so that the overall demand for new 
cars increased by 7 percent. 

The 100 percent increase in fuel price was found 
to have a strong impact on the probability of buying 
a first car. The estimated number of purchases 
decreased by 4 7 percent as a result of the fuel 
price hike. However, the implied assumption that 
the car prices will remain unchanged in the face of 
such changes in demand is unrealistic, and the real 
effect of a large increase in fuel price on purchase 
probabilities of first cars is expected to be 
smaller. 

SUMMARY AND CONCLUSIONS 

In this work dynamic transaction models for car 
ownership were defined and estimated. The main 
advantage of these models is their dynamic struc
ture--Markovian of the first order--which provides 
for a direct account of transaction costs and char
acteristics of the previous ownership level as well 
as the attributes of cars in the choice set. The 
nested structure of the logit model used in this 
study provides for an efficient data-collection 
effort and eases the estimation process. 

Specification of the models includes policy-sen
si tive variables such as characteristics of car 
types, socioeconomic variables, and accessibility 
variables. 

The use of the models to support policy decisions 
was demonstrated for two scenarios involving changes 
in purchase and operating costs. For a more compre
hensive policy analysis, the models developed here 
can be easily supplemented to include all the trans
actions that are possible in the car market (e.g., 
transactions in multicar households and transactions 
that result in a reduction in level of car owner
ship). A full set of such models can be incorporated 
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into a system of equations to represent equilibrium 
conditions in a car market. A general structure of 
such equations ia described by Manski (14). It is 
believed that the use of the dynamic models devel
oped in this work, in the framework of equilibrium 
equations, can provide a useful system for the anal
ysis of policies that affect the car market. 
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Experiments with Optimal Sampling for Multinomial 

Logit Models 

YOSEF SHEFFI AND ZVI TAREM 

In this paper a recently published method for optimizing the sample used in 
estimating discrete-choice models is tested. The work is intended to identify 
and explore the elements that influence the effectiveness of this methodology 
in designing sampling procedures for estimating log it models. The investiga
tion includes both analytical and numerical tests. The results indicate that 
the sample optimization method can improve the accuracy of the resulting 
estimates, as compared with random sample. 

Data collection is, in many cases, the major cost 
item in studies that involve the estimation of econ
ometric models. Techniques for sample design have 
therefore been developed for many econometric and 
statistical models <!.>· In this paper discrete 
choice models, which are extensively used in travel
demand analysis, are examined, and, in particular, 
the multinomial logit (MNL) model is discussed. The 

focus here is on a method for optimizing the sample 
used to estimate discrete-choice models. The ap
plicability of this sample optimization approach to 
the collection of the sample points (the data) used 
to estimate MNL models is examined. Also examined 
is the appropriate amount of effort that should be 
invested in the sample optimization process. 

The original development of the sample optimiza
tion method, which is the subject of this paper, is 
from Daganzo (2). Daganzo's method is a stratified 
sampling technique. It assumes that the population 
to be sampled from can be partitioned into separate 
groups (or strata) and that observations can be sam
pled independently from each group. The objective 
of the sampling method is to determine how many ob
servations should be drawn from each group so that 




