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Abstract. We develop a model for the joint determination of private car
ownership and private car use by households. To own a private car is not
worth the cost unless permanent annual mileage exceeds a certain minimum;
observed annual mileage however differs from permanent mileage because of
transitory factors. This model calls for a nonzero Tobin threshold and for an
unusual distribution of the disturbances. We estimate its parameters from the
1980 Dutch household budget survey and obtain satisfactory results. The
threshold is about 7500 kilometers per year, and the overall income elasticity of
mileage 0.5. We also estimate a variable threshold model. In this case the
overall income elasticity is slightly higher. The estimates of the variable
threshold model confirm the old idea which says that the higher incomes will

have a lower threshold.
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Introduction

While there are many models of car ownership — see Mogridge (1983) or Tanner
(1984) — analyses of car use are rare. With the exception of Train (1986) these car use
models moreover explain or predict the number of trips, not the annual mileage or
distance driven (see Daly and van Zwam, 1981). Yet mileage rather than the number of
trips is the decisive variable when it comes to pollution, congestion, or the number of
road traffic casualties. In this paper we present a model for private car use as measured
by annual mileage. The use variable is determined jointly with private car ownership in a
censored regression model. This approach is quite different from that of Train (1986), who

derives the joint determination of car ownership and mileages from the maximization of a

single indirect utility function. We learned of his work only after our own analyses had

been completed.

The present type of model is due to Tobin (1958). Our model differs from the
original Tobit in the treatment of the threshold value, which is nonzero, and in the
specification of the disturbances. The principal regressand is y;, the logarithm of the
annual number of kilometers (x 100) driven by household i for private purposes. This
includes travel to and from work, but not business or professional use. If household i does

not dispose of a car, y; is not observed; it is a censored or limited dependent variable.

A household may have a car at its disposal on either of two counts. It may have a
business car, which is necessary for professional or business purposes but also available for
private use, or it may own a private car. In the former case the household has no choice
in the matter of the car's presence. Note that the definition of a business car is
independent of the financial and fiscal arrangements in respect of costs, which merely
affect disposable income. If the household has no business car, the option to acquire a
private car represents a genuine choice. We assume that this choice depends on the
permanent mileage yi* exceeding a certain threshold value. In view of its large fixed costs,
car ownership is not worthwhile at a lower annual mileage, and the threshold must be
substantial. This is the first difference with the Tobit model, which has a zero threshold.
The second difference is that permanent mileage yi* is not itself observed. It is a
long—term variable that enters into the consumer's decisions, exactly like Friedman's
permanent income (Friedman, 1957) from which it takes its name. Actual observed mileage
y; that is in fact realized once a car has been acquired may differ from yi* by all sorts

of transitory effects, including errors of observation.

After a brief description of the data in section 2 we present two models of privatc
car use and ownership in sections 3 and 4. The model is extended to business cars in

section 5, and we discuss the income elasticity of car use in section 6. In section =~




generalize the model of section 4 by treating the threshold as a dependent variable.

2. The data

We estimate all models from the same data set by means of Ridder's general
Maximum Likelihood programme GRMAX (Ridder, 1982; Ridder and Bekkering, 1986).
This data set has been taken from the Dutch national budget survey of 1980 (CBS, 1982,
1985).

The survey covers 2859 households and provides a wealth of information about
background variables, consumption patterns, and about car ownership and private car use.
A combination of several variables is used to identify business cars, as is explained in
appendix A. Annual mileage is recorded for one car only, and in the case of multiple car
ownership this can not be identified; households with both business and private cars had
therefore to be discarded. Households with two or more private cars were also disregarded
because other research (Dix c.s., 1983) has shown that their behaviour is different from
households with only one private car. Some households were omitted because of
insufficient or inconsistent information on other variables. Table 1 shows the composition
of the total sample by car ownership categories, and indicates the subsamples that have
been used in estimation. We shall label the observations in index sets as follows:

o no car (n = 763)

p private cars (n = 1545)

b business cars (n = 245)

— see here Table 1 —

The car use variable y; is the logarithm of the number of kilometers (x 100), driven

annually for private purposes. This includes travel between home and work. Table 2 shows
the mean and variance of mileage (not logarithm of mileage) for private and business
cars. The mean is much higher for private cars, confirming that there is endogenous

selection with a substantial threshold at work.

— see here Table 2 —




Table 1. Composition of the sample

(numbers of households)

omitted

Car ownership category:

(o) no car

(p) one private car

Subtotal used in § 3, 4 and 7

(b) one or more business car(s)

Subtotal used in § 5

- two or more private cars
- both business and private cars

- no information on car ownership

Total sample

Table 2. Annual mileage for private purposes (in kilometers)

household with one private

car only (n = 1564)

household with business

cars only (n = 249)
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* . . . .
Permanent car use y; is commensurate with yj» but it is a latent, not an observed

variable.

Throughout the analysis we use the same set of six regressor variables x;, selected by
an exploratory OLS regression analysis of car use y; among the 1545 households with only
one private car (de Jong, 1987). These six variables are as follows:

CONS unit constant, with intercept coefficient;

LNINCH log of annual net household income per equivalent adult;

LNUMB log of household size expressed in number of adult equivalents;
AGEH age of head of household, by classes, measured in five—year intervals;
DA (0,1) dummy for farmer head of household;

(0,1) dummy for woman driver;

The exact definitions of these variables are given in appendix A.

Preliminary exercises

The simplest way of allowing for the fixed costs of private car ownership and the

ensuing lower bound for private mileage is to modify the Tobit model by the introduction

of a nonzero threshold, as in
Vi = xB + oy if oy > o, (1a)
not observed otherwise, (1b)
y> 0, _ ' (1c)
u; censored i.i.d. N(O,ozu). (1d)
The trouble with this model is that with straightforward Maximum Likelihood estimation

the estimate of v tends to infinity, as inspection of the likelihood function will show. The

value of +y must therefore be fixed a priori, but if we do so we find that any sensible
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value is contradicted by the presence of a handfull of very low observed mileages. To fix

Y» and then to delete the offending observations with y; ¢ v, would constitute too much
data trimming.

We account for these low observed mileages by the distinction of permanent and
transitory components of car use. Permanent private car use yi* must exceed < to induce
private car ownership, but observed private car use y; may fall short of the expected

value of yl (and of v!) for a variety of transitory reasons, including reporting errors.
We write this model as

Vit = x'8 + v,

' . *
Yi = xiB + oy if y > v,
yj not observed otherwise,
¥y> 0,
vi iid. N(0,62,),

u  iid. N(0,02).
Up to a constant, the loglikelihood function of this model is

log L = X log (1-9;%) + L log d;*

1
-np log oy - — Z (yi-xi 6)2
202u

X.'Q-
&% = (_ﬂ),
Oy

where d(.) denotes the standard Normal distribution function. We recall than o denotes

the set of households without a car and p the households owning only one private car; n

P
is the number in the latter subsample.

— see here Table 3 —




Table 3. Estimates of model (2)

(n = 2308; t-ratios in brackets)

elements of f3,

by variable:

CONS

LNINCH

LNUMB

AGEH

DA

DF
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Maximization of this loglikelihood readily yields the parameter estimates of Table 3.
The results are quite satisfactory, with high t—ratios and plausible values for most
parameters. The threshold ¥ of 4.59 corresponds to 9850 kilometers per year, 70% of the
mean of Table 2, and an altogether acceptable value *). The income elasticity is .36
and the household size elasticity .33. With increasing age, mileage declines at the rate of

.6% for each year; farmers drive less (presumably because they live near their work), and

so do woman drivers.

It is also gratifying to find that azu exceeds ozv, as we must assume that the
transitory disturbances are in some sense added to the variation of permanent mileage. But
it is a weak point that this relation between the two disturbances is not elaborated. In so
far as v; enters into uj, the latter is truncated, but this effect is in no way reflected in
the distribution of uj as specified above. We shall remedy this defect in the next section.

As it stands, model (2) is weak, possibly even self—contradictory, and it should be

regarded as an approximation to a better specification.

A proper model
We retain the main systematic features of model (2) in
* ]
Yi = xiB + vp (4a)

vi= xB8 +y if yt> 4, (4v)

yj not observed 6therwise, (4c)

vy > 0. (44)
As before, permanent and actual private car use are governed by regression equations with

identical systematic parts but different disturbances. The disturbance term of permanent car

use is specified as

vj iid. N(0,02,).

*) The t—ratio of v of nearly 190 may seem absurdly large. It should however be note.!
that the corresponding t—ratio of the 9850 kilometers, not in logs, is only 41 — <

large, but not at all inconceivable.
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This disturbance of permanent mileage presumably reflects the effect of unobserved factors
affecting household behaviour, including tastes, that have a fundamental, long—term
character. This effect is likely to persist in actual car use, even though additional

transitory disturbances occur here. We therefore write

- *
Yi= Yy tow,

w; iid. N(0,02y),

and w; independent of Yi* and hence of vj. It follows from (4a), (4b) and (6) that

uy = S+ Wj. (8)

Because of (4c), v;' is a truncated version of vj of (5), or
' .o 2 . '

vi iid. N(0,04y) if vy > y—x; 6,

u; not observed otherwise.
Note that, by (8), u; is not independent of v;.

By this specification the distribution of u; is the convolution of a truncated Normal

and a complete Normal distribution. This distribution has earlier turned up in the context
of production theory (see Aigner, Lovell, and Schmidt, 1977), and its analytical form has

been provided by Weinstein (1964). With a nonzero threshold value, as is here the case,

we must use the density given by Stevenson (1980), that is

R uj _ v* _ (uj+xi'B=-y)\ _ v, -1
h(uj) = 7y Z (;:;)‘ (1 (b(ffu)‘ 1 <lru )1 (1 ‘1’(;\-/)] '

with

v =5 - x;'B,

N = 0y/0y,

Z(.) = the standard Normal density function,

02, = 02, + d2,,.
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Upon making use of this expression, and some rearrangement of terms, the loglikelihood

function is given by

log L = % log (1-¢i*) - np log oy

15 (yi-xi'®2 + g log (1-d;*%),

202u P

6F% - { Y% B _ (Yi-1A }
1 Tu\ Oy ’

A simpler and more straightforward representation is to treat the model as a case of
sample selection of the type studied by Heckman (1979). We then start from a simple
regression model for yj, and treat yi* as the related variable that governs the selection of
observed values. With the same substantive assumptions about the structure of the
disturbances this leads of course to identically the same loglikelihood function, as is shown

in appendix B *).
— see here Table 4 —

Maximum Likelihood estimation of the parameters of this model yields the results of
Table 4. The values, and their interpretation, are not widely different from the values
obtained in Table 3 by an approximate model, although all elasticities are reduced in

absolute size. We postpone the discussion of the results until the end of the next section.

Extension to business cars

The present model is easily extended to the private use of business cars. For

households owning a business car we specify private mileage y;
]
Yi = X B + v

uj ii.d. N(0,d2,).

*)  We owe this point to Geert Ridder.




Table 4. Estimates of proper model

(n = 2308; t-ratios in brackets)

elements of @,

by variable:

CONS

LNINCH

LNUMB

AGEH

DA

DF
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We thus impose the same car use regression with the same coefficients as for owners of
private cars. Since there is no car ownership decision for this group of households, we

only have to add

1 - 1
-np log oy - — I (yi-xi B)2
20-2u b

to the loglikelihood function (11). We recall that the index set b refers exclusively to

owners of a business car. Estimation now involves 2553 observations (see Table 1).

— see here Table 5 —

The results are shdwn in Table 5. All estimated coefficients have larger t—values
than in Table 4, which is in keeping with the increase of some 10% in sample size.
Except for the constant, they are also greater in absolute value. The same variables that
influence the private mileage of private cars apparently affect the private mileage of
business cars even more strongly. But the standard deviation of the disturbance increases
substantially too, as the overall standard deviation ¢, goes up from 0.53 to 0.67 *). This
is in keeping with the earlier observation of Table 2 that private mileage of business cars

is widely dispersed. We suspect that this variable is not very accurately recorded in the
survey.

The estimates of Table 5 are based on all the observations that we can use, and
these are the estimates of the present model we accept. Their values are quite plausible.
The short—term income elasticity of private car use is 0.32, and the elasticity in respect
of family size is similar at 0.31. These values may seem rather low, but they reflect the
behaviour of car owners only and do not take into account the income (or family size)
effects on private car ownership itself. We remedy this defect in section 6.

Car use declines with age at 0.7 percent per year, farmers drive 10% less, and
woman drivers 25% less. The threshold value for private car ownership is 7500 kilometers

per year, with a t—ratio of 29.

*) The standard deviations of the constituent parts of u increase as well: gy of the
permanent component from 0.19 to 0.37, and oy, of the transitory component from 0.49
to 0.56. But the additional business car data contain no information about these scjp.iiate

terms, only about oy.




Table 5. Estimates of proper model,

including business cars

(n = 2553; t-ratios in brackets)

elements of g,

by variable:

CONS

LNINCH

LNUMB

AGEH

DA

DF




6. The income elasticity of private car use

The effect of an overall increase of disposable income by, say, 10% consists of two
parts, namely i) the response of households already using a car, and ii) the effect of
increased car ownership. We shall assess both terms on the basis of the sample of

households of 1980, that is on the assumption that this sample is a fair representation of
Dutch households.

To begin with we revert to Table 1 and reproduce the composition of the sample,

adding the average and total number of kilometers of private car use recorded.
— see here Table 6 —

In Table 5, the income elasticity of private car use for car users has been estimated
at 0.32. We assume that this value holds for all car—owning households, including the
categories that have been excluded from the analysis. The response of car users to an

income increase of 10% is then
0.32 x 0.10 x 30126 = 964 (X 103 km). (13)

The increase of all incomes will also induce a number of households without a car to

acquire a private car. By our model, the probability for household i to own a private car
is

P; = P(yi®™7y) = ¢(§%),

and if income has increased by 10% it is

:'6+0.032-
P;° = & i 5 T).

(15)
v

We can thus calculate the expected number of private car owners in the subsample of

2308 households owning no car or one private car as

m = )3 P;,
ieo,p

or, after income has gone up,

m = X P;O.
ieo,p




Table 6. Composition of sample and private car use in kilometers

per year (main car of the household only)

average™

Car ownership category:

(o) no car

(p) one private car

Subtotal

(b) business car(s)
Two or more private cars

Both business and private cars

Subtotal

No information on car ownership

Total

*) X 1000 kilometers per year

1) of which 19 deleted from analysis

2) of which 4 " " "




= 1578, m® = 1635.

The first value is close to the observed sample frequency of 1545, as it should *). The
overall income increase of 10% thus leads to an increase in expected private car
ownership by 57. But while we can calculate expected frequencies, we can not identify
predicted car owners nor these new entrants. And as we can not identify these households,

we can not calculate their annual mileage.

We may assume, however, that the permanent or envisaged car use of new entrants
was just under y before the increase in income, and just over v afterwards. We therefore

attribute the number of kilometers that correspond to v to these households, and assess

their mileage as
57 x 7.500 = 428 (x 103 kilometers) (18)

We thus equate the transitory disturbance w; to its expected value of zero, as is
usual in projections.

It now follows from Table 6, (13) and (18) that total mileage of main cars for
private purposes (in the subsample of 2847 households) goes up by 964 + 428 = 1392 (x
103 kilometers), or by 4.62%, as a result of a 10% increase in income. The income

elasticity of private car use is therefore approximately 0.46.

A variable threshold model

It stands to reason that the minimum mileage which justifies private car ownership
will vary with income: only the rich can afford to own durable goods for which they have
little use. This argument, which goes back all the way to Roos (1934), suggests that the

threshold value will decline as income rises, basically because of the declining marginal

*) If we use the households with no or one private car in a model of the probability of
ownership alone, the two would be identical, provided the model allows for an intercept
constant. But we use a model that allows for information from the mileage dat: .ud
moreover include business car in the sample used in estimation. For these reason. ‘!

observed and predicted frequencies may differ.




16

utility of income.

This leads to an obvious generalization of the model of section 4 whereby the
constant threshold value v is replaced by an endogenous variable 4;. When we introduce
a straightforward regression equation for Yi» With income and other household

characteristics as the regressors, the model becomes:
yi* = x"1if1 + v, (19a)
Yi = x"1i61 + vy if yi* > v (19b)
yj not observed otherwise, (19¢)
Mo T xif2 + oz (19d)
The loglikelihood function of this model is identical .to that of Nelson (1977) for an
unobserved stochastic censoring threshold model. As in Nelson's model, all parameters are
identifiable provided at least one element of X1j is not included in xy;.
For x1; we use the same variables as before, but in X2;i we omit the dummy

variables DA and DF, and add a new variable that is of interest in its own right, viz.

URBA degree of urbanization, measured in 6 categories, ranging from rural (1) to
highly urbanized (6).

The stochastic structure of this variable threshold model is:
vi—z = s iLid. N0,02, + 02)), (20a)
u = vp +owif s > —(x"i81 — x"2i62), (200)

u; not observed otherwise, (20c)

vi i.id. N(0,62,), (20d)

w; i.i.d. N(0,02y), (20e)
Z, iid. N(0,02)). (20f)

As before v;j and w; are the permanent disturbance and the transitory disturbance of

mileage respectively, and z; is the disturbance of the threshold value. We assumc ‘v Vi

and w; = u; — v; to be independent.




The loglikelihood function of this model is:

1
log L = £ log (1-9;€) - nj log oy - T (yj-x'1iB1)2
o 202u p

+ T log &;C*,
5 log &

x'1iB1 - x'2iB2
¢;¢ = ¢ ,

(62, + 02,)%

0'2v
x'1iP1 - x'21F2 + 7 (¥i-x"1161)

®;¢* = ¢

[(02v+022)62u - 04V]0"1u

Maximizing this loglikelihood function yields the results of table 7.
— see here table 7 —

All parameter estimates have high t—ratios. The coefficients of y; have the same
signs as in Table 4, but, except for the constant, they are all greater in absolute value.
The threshold +v; has opposite signs for the three major regressors (income, family size
and age) which is what we would expect; it strengthens the car ownership effects of these
variables. Urbanization raises the threshold value, and thus has a negative effect on car
ownership.

In this model oy and oy, take the values 0.11 and 0.48. In the model of section 4
oy was 0.19 and oy, was 0.49, which is rather similar. The value of ¢, the disturbance
of the regression equation for the minimum mileage, is very large in comparison. We
must have overlooked many variables that affect the threshold value.

We do not have an estimate for the threshold value in this model, but the mean
threshold value is calculated at 8000 kilometers, not far from the value for the previous

models.




Table 7. Estimates of variable threshold

(n = 2308; t-ratios in brackets)

model

Elements of (7 and (o

Dependent variable

by variable

CONS

LNINCH

LNUMB

AGEH

DA

DF

( 13.01)
(- 8.55)
(-10.12)

( 2.87)
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As in section 6 we can assess the income elasticity of private car use by simulating
an overall income increase of 10%. The response of households already using a car is
0.38 x 0.10 x 30126 = 1145 (x 103 km). (22)

m (see equation (16)) is calculated at 1542, which is very close to the observed

sample frequency. m©? (see equation (17)) now takes the value 1627. The expected number
of new entrants is therefore 85.

If we combine this number with the mean threshold value in the new situation, we
get

85 x 7.500 = 638 (x 103 km).

Total mileage goes up by 1145 + 638 = 1783 (x 103 km), which is 5.92%.

About half of the increase of the income elasticity from 0.46 to 0.59 is due to
stronger - ownerships effects in the variable threshold model, the other half being the result
of the higher estimate of the income elasticity for households already using a car. The
ownership effects would have been larger if o, would have been smaller. Further

investigation on the determinants of the threshold is needed.
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Appendix A Definitions of some variables

Al _Business car or private car?

The decision to classify cars as a business car or a private car depends on the

answers of the respondents to the following two questions.

I) Whose name is mentioned on Part II of the registration certificate ('deel II van
het kentekenbewijs)? Possible answers are: a) a member of the household, b) a
firm or institution other than c), c) a car lease company, d) someone else.

II) Do you need the car for your profession or your firm? Possible answers are: a)
Yes, b) No.

If question I) is answered a) or d) and II by a), and if in addition more than half

of annual mileage is for business or professional purposes, the car is classified a

business car.

If question I) is answered b) or c) the car is always a business car.

All other cases are classified as private cars.

A2 Main_car
Only registered are the kilometers of the main car of the household. This is the car

that has the highest mileage in private use.

A3 Adult equivalents

The variables LNINCH and LNUMB depend on the number of adult equivalents as

calculated from the following weights:




Table Al. Common market adult equivalent scale

age/sex number of adult equivalents

and years
and years
and years
and 7 years
and 9 years
10 and 11 years
12 and 13 years
14 - 59 years, male
14 - 59 years, female

older than 60

(source: CBS, 1982)

In the data set we used, the total number of adult equivalents in the household was multiplied
by 10.

A4  Age classification

The variable AGEH is classified in the following way:
1) <20 years, 2) 20—24, 3) 25-29, 4) 30—34, ..., 12) 70—74, 13) s 75.

Woman driver

Households can be classified as follows:




Figure Al: Types of households

single person man
households woman

non —family man, 1 woman

households men

2 women
all 3 or more
households persons
families married couple
(not extended) without children
married couple
with children
man with
children
woman with
children

other households

There is a woman driver (DF=1) if the household is of type B, E, or J, and uses a car.

In households of type J there is a possibility of children driving the car.




Appendix B Another route to the loglike]ihood function of section 4

The contribution of non—owners to the likelihood function is:

PO <) = PGy < yx' ) = 1 - oY),

as it was in section 4.

The contribution of the car—owners is:

P(yj , yi* > 1) = Py = yi—xiB , yj > y—x'if) =

= P(y; > y=x'iB | y = yj—x'if) P(y; = y;—x'if),

while in fact in section 4 we used:

P(yi » ¥ > 9 = Py = yi—x8 | i > y=x46) By > v—x'if).

Using the formulas for a conditional bivariate normal distribution (see Mood, Graybill, and

Boes, 1974, p. 167, 168) we can write for P(y; > y—x"i8 | y = y;—x"if):

2
1 v t-x'iB - %“ (yi-x"iB)

1- 273 exp 3 g u2 ;
aotafr T . -2

o2 o2
v-x'iB - —2¥ (yi-x'iB) v-x'iB - -—2¥ (Yi-x'iB)
=1-49 Ty =1-9 97y

av[l-[gilz]% oyo-1y(02y-02,) ¢

=1-9

(y-x'iB) (02 4-02,) - (yi-v)azv]

Uvau(azu'azv)%




The loglikelihood function now becomes:

X'iﬁ-‘y 1 2
Log L = X log j1-9 - np log oy - L (yi-x'iB)
° ay 202u p

(y-x"iB) (62y-02,)) - <yi—7>02v]]

+ X log [1-® ]
P ovau(02u'02v)

Which is the same as (11a) on p.9.







