|
2. 113 Discussion Papers April 1994

Dag G. Wetterwald

Car Ownership and Private
Car Use

A Microeconometric Analysis Based
on Norwegian Data



Discussion Papers no. 113 « Statistics Norway, April 1994

Dag G. Wetterwald

Car Ownership and Private

Car Use

A Microeconometric Analysis Based
on Norwegian Data

Abstract:

In this paper we analyze household's car ownership and private car use decisions in a model proposed by
de Jong (1990). The model, which incorporates variable and fixed costs of car use, can be used to predict
the effects of changes in policy measures on the car stock and aggregate use. The model is estimated on
Norwegian household data for 1985. .

Keywords: Car ownership and car use, Tobit model, Heckman's two-stage procedure, misspecification.
JEL classification: D12, R41

Acknowledgement: | am greatly indebted to John Kr. Dagsvik who both initiated this project and was my
supervisor. Also, | thank Rolf Aaberge, Margaret Simpson and Pam and Frode Johansen for reading earlier

versions and giving valuable comments, and Rune Johansen for computational and mathematical
assistance.

Correspondence: Dag Wetterwald, Statistics Norway, Research Department,
P.O.Box 8131 Dep., 0033 Oslo. E-mail: daw@ssb.no



1 Introduction

Models of the car ownership decisions are numerous in the literature; for example, see
Manski and Sherman (1980) and Berkovec and Rust (1985). By contrast, models of the
joint decision of car ownership and private car use are, to our knowledge, only studied by
Train (1986), de Jong (1990), Institute of Transport Economics (ITE) (1990) and Crawford
(1993).

Train (1986) was probably the first to introduce a model in which car ownership and
use are treated in a coherent framework. His model explains households’ car ownership and
use decisions in terms of operating cost, socioeconomic factors and availability of public
transport. Whereas Train (1986) allows for multiple cars in each household, de Jong (1990)
restricts the car ownership decision to the choice between no car and one car. However,
de Jong (1990), unlike Train (1986), realizes that car use is associated with both variable and
fixed costs and incorporates both types of costs as explanatory factors. ITE (1990) exploits
de Jong’s model in developing a model of multiple car ownership and use in households.
Crawford (1993) study a model of multiple car ownership and use in households, however
he does not incorporate fixed costs.

The point of departure for this paper is the model introduced by de Jong (1990). The
incorporation of variable and fixed costs of car use makes it possible to discriminate between
the effects of changes in policy measures directed towards fixed and variable costs on aggre-
gate car use. For example, we can study the relative effectiveness of an increase in the fuel
tax with an increase in the vehicle excise duty. Also, the effects of policy changes on ag-
gregate car use can be considered both in a short- and a long-term perspective!. Therefore,
this model may prove useful to policy makers as a means to evaluate how different policy
scenarios affect aggregate car use.

de Jong’s model has, however, some serious shortcomings. First, it fails to account for
the intertemporal nature of car ownership decisions; within the model, the car ownership
decision is independent of previous ownership decisions. Suppose we have two households,
one that possessed a car last period and another that did not. According to de Jong’s model,
the probability of currently owning a car will be equal for these households, ceteris paribus.
Second, fixed and variable costs of use are assumed constant across households. Since these

costs depend on characteristics of the car owned, such as make, vintage, size, fuel economy,

'In our concern, long-term means the effect on aggregate car use due to changes in the car stock.



it is unlikely that households face identical fixed and variable costs.

de Jong (1990), using Dutch household data, finds that all but one explanatory variable
have significant effect on households’ car ownership and use decisions, and tha.t‘ the estimated
parameters have the predicted signs. However, as de Jong points out, the estimated standard
deviations of the error terms “are rather large revealing a substantial unexplained variation.”
Despite this fact, de Jong uses the estimated model in microsimulation studies, without
recognizing the possibility that it will have very low explanatory power.

The purpose of this paper is to study how well de Jong’s model explains household’s
car ownership and private car use decisions. Recalling the above mentioned shortcomings,
there are reasons to believe that this model fails to explain the car ownership and use
decisions very well. Moreover, the empirical model of de Jong fails to include some essential
explanatory variables, such as availability of public transport and dependency on the car.
Thus, there might be misspecification due to missing variables.

We pursue the following procedure to study the explanatory power of de Jong’s model.
Since we do not possess the dataset employed by de Jong, we commence by reestimating
de Jong’s model on Norwegian household data and compare our results with those of de Jong.
Unless the estimation results are similar, we can not determine whether our conclusions
are due to the dataset employed or the econometric model. We compute a goodness of fit
measure for the car use equation and, based on this and the estimation results, we offer some
conclusions about the model. The next stage is to relax some of the theoretical restrictions
imposed on the parameters in de Jong’s model. The substantial difference between our
generalized model and de Jong’s model is that the generalized model treats car ownership
and car use as separate decisions, whereas de Jong’s model treats them as simultaneous
decisions. Separating the decisions allows us to draw separate inferences at each decision
stage. Note that we cannot justify the generalized model theoretically within the theoretical
framework developed by de Jong.

The structure of the paper is as follows. Sections 2 and 3 introduce the theoretic and
econometric models, respectively. Section 4 presents the data and section 5, the estimation

methods and results. A summary and discussion of the results are given in Section 6.



2 Theoretical model

The econometric model discussed in this paper is derived from the neoclassical theory of
consumer behavior. Thus, we assume that the preferences over consumption bundles, con-
sisting of annual driving distance and consumption of all other goods and services, can be
represented by a strictly increasing and quasi-concave utility function. Specifically, let A be
a household’s private car use (measured in 100 kilometers per year) and X be the house-
hold’s annual consumption of all other goods and services. The prices for one unit of A and
X are v and 1, respectively. v is interpreted as the variable cost of driving 100 kilometers. In
addition, each household faces fixed costs, C, of owning a car. Variable costs comprise fuel
and oil costs, and some part of maintenance, repair, depreciation and insurance costs. The
other part of maintenance, repair, depreciation and insurance costs as well as items such as
road tax, registration costs, vehicle excise duty comprise fixed costs. Thus, the household’s

budget can be expressed as:

(A, X);Y >C + X +vA, if A>0),

(1) B=
(A, X)Y > X, if A=0)

where Y is the household’s annual disposable income. Note that the budget set is non-
convex due to the fixed cost of car ownership. We should, at this point, emphasize some
of the restrictions imposed on the model by this specification. First, the setting above
cannot account for differences in car costs, since car ownership and use are treated as
homogeneous commodities. Thus, while the prices v and C associated with realized choices
are assumed constant across households in this model, households can in reality choose
among a variety of types of cars with different costs, implying that the realized costs vary
across households. Second, there is no gain in utility from pure car ownership. Ownership
is merely a prerequisite of usage. Third, the model considers one period only implying that
current decisions are independent of the past.

Define the conditional indirect utility:

(2) i=V(v,C,Y)= i (4,X)
and let:
(3) Vo = U(0,Y).

V; and Vj are the utilities of owning and not owning a car, which means that the household

will chose to own a car if V; > Vj. If this is the case the intensity of use is determined by
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Roy’s identity:
oVi/ov
(4) A e

We should emphasize that, although many households own more than one car, this model

specification excludes that possibility. Although ITE (1990) has extended the model to
a situation where each household may own two cars, throughout this paper we shall only
consider the case where each household owns at most one car.

Consider next the problem of specifying a tractable functional form of the utility function.
One possibility is to specify the conditional indirect utility V; and apply Roy’s identity to
derive the demand function for usage. Rather than starting from the indirect or direct
utility function, we follow de Jong (1990) in specifying the household’s demand function for
kilometers and applying Roy’s identity to find the indirect utility function?.

Thus, following de Jong, we assume that the demand for kilometers in a household that

owns a car is given by:

(5) InA=aln(Y - C) - Bv+54,

where o and § are unknown parameters assumed to be non-negative and é contains socioe-
conomic and demographic characteristics of the household. de Jong’s argument for using

this functional form is that it performed well in an empirical analysis by de Jong and Cramer

(1987).
From Roy’s identity and (5) we obtain the following partial differential equation:
6‘/1/6'0 _ _ a, —PBv+b
(6) -—away_A_(Y C)ePute,

The solution of (6) has the form
1 §—pPv 1 l1-o
(7 Wi(v,C,Y) = ¢(v,Y - C) = Be +E(Y—C)

By letting the variable cost, v, in the expression for V; approach infinity, an expression for
Vo can be obtained. In general, this limit does not exist. However, in our case, with the
assumptions that the marginal utilities of both goods are positive and B is non-negative,
the limit exists and is equal to the utility of not owning a car. Formally we can express this
as:

(8) U(0,Y) = lim Vi(v, C,¥) = ——

yi-e.

2Whether we specify the indirect utility function or the demand function is of course a matter of conve-

nience because there is a one-to-one correspondance between the two.



The last equality follows from (7). We can see from (8) that the household’s utility in the
case where it does not own a car depends only on « and Y. Note that (8) does not contain

C. This is due to the fact that only households that own a car incur the fixed cost.

3 Econometric specification

To this point we have considered a single, unspecified household. In order to distinguish
between households we add a subscript ¢ to identify the ¢th household. Further, we have not
addressed the uncertainty with which we, as econometricans, are faced. There are various
types of unobservables in this model, such as measurement errors and taste differences
between households. We shall now explicitly take into consideration these unobservables
by incorporating two random variables in the model. The first one, which accounts for
unobservables in the households utility and taste differences between the households, is

incorporated in the model via é in (5). We assume that
(9) 6; =8+ ¢

where v is a coeflicient vector, S; is a vector containing observations on socioeconomic and
demographic variables for the ith household and ¢; is a random variable that we assume
is IID(0, o). The second random variable, defined as the difference between intended and
observed car use, accounts for measurement errors and factors that affect the driving decision
after the car ownership decision is made, such as unanticipated driving and factors on the
supply side of car use, for example availability of road infrastructure. Formally, we state

the relationship between intended and observed car use as
(10) K;=InA;+w;,

where K; is the logarithm of observed annual car use and w; is a random variable that we
assume is IID(0,0,) and independent of ¢;. Note that only ¢; enters the indirect utility

function, while both ¢; and w; enter the expression for observed annual car use.

4 Data

We have estimated the model using the Norwegian Survey of Consumer Expenditure (Statis-

tics Norway) data set of 1985. The data set contains figures on disposable income, number



of cars owned, annual car use and several household characteristics. An explanation of the
socioeconomic and demographic variables used is given below. The data set contains obser-
vations on 1559 Norwegian households. From this data set we have excluded 263 households
that own two or rmore cars, 34 households with one car but for which data on car use is
missing and 4 households for which data on income is missing. The resulting sample consists
of 1258 households. The sample contains 365 observations on households without a car and
893 households with only one car.

The following definitions are used for the socioeconomic and demographic variables in

the model:

DF: Dummy for female head of household.

DS: Dummy for rural area.

DT: Dummy for urban area, except Oslo, Bergen and Trondheim.

AGEH: Age of head of household measured in five-year intervals (where class 1: < 20year;
class 2: 21—25 year;. . .; class 11: 65 and more).

LNUMB: Logarithm of 10 x household size.

The S; vector contains a constant and observations on these five variables.

In table 1 we have given summary statistics of the variables used.

Table 1

Summary statistics

Mean St.deviation

Disposable income before
interest deductions in kroner 147823 76231

Usage in kilometers (car

owning households only) 11168 6014
DF 0.23 0.42
DS 0.29 0.45
DT 0.53 0.50
AGEH 6.90 | 3.22
LNUMB 2.63 1.36




Data on v and C are not reported here since we shall assume that they are constant
across households. The argument behind these assumptions is that every household, in
principle, faces the same exogenously given price vector. Due to missing information on
variable and fixed costs we have used values on v and C computed by ITE (1990). These

computations are based on figures for 1985. The values are:

C = 9204 kroner per year
v = 76.37 kroner pr. 100 kilometers.

5 Estimation methods and results

The econometric model derived in section 3 is classified by Amemiya (1989) as a Type II
Tobit model. In this section we shall discuss the estimation methods used and present the
estimation results. As will be seen later in the section, we will also introduce and estimate

a more general version of the model.

Full information maximum likelihood estimation

A Type II Tobit model has two dependent variables, one binary and one censored. In
our case the binary variable refers to car ownership or lack of ownership and the censored
variable is annual car use measured in 100 kilometers. From Amemiya (1990) it follows that

the likelihood function of this model is:
L= HP{¢;(U, Y - C) < Ui(()’ Y)} X
(11) HP {¢,~(v, Y - C) > U,’(O, Y)}f {K,'; w;(v,Y - C) > U,(O,Y)} ,

where n, and no are the number of households with and without private car, respectively.
f{z;y} stands for the conditional density function of z, given y. Under the assumptions

that both ¢ and w are normally distributed we have, according to de Jong (1990), that:

P{¢i(v,Y — C)<SU(0,Y)} =

(12)

Oc

o {m [V — (Yi— €)' —In(1 —a) + In B — 4S: + ﬂv}



and

P {7/15(1), Y - C)> U,-(O, Y)} f {Ki; ¢'i(va Y - C) > U,’(O, Y)} =

o Do oy

where ®(-) is the standard Normal probability function, ¢(-) is the standard Normal density

function, N; is the numerator in (12), v = ¢ + w and M; = aln(Y; — C) — Bv ++S5;. (12)
is an expression for the probability that household 7 does not own a car and (13) is the car
owning households’ contribution to the likelihood function. From (11), (12) and (13) we
obtain the following log-likelihood function.

(14) InL= Zlnq)i —nylno, — 2—1—2-2(1{; — M,-)2 +Eln(1 - ®;) —n,InV2m,
no o np

u np

where )
N; — Zg— (K: — M;)

o (1-3)"

u

The estimates were found by maximizing (14) using the Maximum Likelihood application
of the statistical package GAUSS, and are given in table 2. In table 2 we have included the
estimates obtained by de Jong on Dutch data. Note that de Jong (1990) uses C' = 2536
guilders per year and v = 21.09 guilders per 100 kilometers.

Table 2 shows that our results are quite similar to de Jong’s. Moreover, in both studies
the estimated standard deviation, o,, is rather large compared to mean of the censored
variable, K; (4.62 in our sample). The elasticity of use with respect to variable costs, —jv,
is 0.65 in de Jong (1990) and 0.61 in our study; the reduced income, Y; — C, elasticity of
use, «, is 0.33 in de Jong and 0.177 in our study.

Microsimulations revealed that the model predicts car ownership decisions correctly in
approximately 70% of the cases. The R? statistic, which provides a goodness of fit measure
for the demand function for kilometers, equals 0.009. The extremely low value of the R?
is somewhat surprising even in light of the considerable amount of unexplained variation
revealed by the estimated standard deviation. This forces us to question the validity of
the model and to conclude that the model explains the car ownership decision fairly well,
but does not explain the demand for kilometers. The lack of explanatory power of the
demand function for kilometers may indicate that the theoretical and functional form as-
sumptions are too restrictive and that crucial variables are missing in the demand function

for kilometers. In the rest of the paper we shall discuss this in more detail.
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Table 2

Results from maximization of (14). (t-values in parentheses)

Variable de Jong
In(Y;— C), (@) 01770  (5.26)  0.33 (7.61)
v, (=B) —0.0080 (—28.84) —0.031  (—26.22)
LNUMB 0.0009  (0.05)  0.016 (0.50)
AGEH —0.0179 (—4.99) —0.016  (—4.13)
DF —0.1140 (—4.73) —0.094  (—1.94)
DT 0.0673  (2.99)

DS 0.0517  (2.12)

DAl 0.048  (=0.97)
CONSTANT 3.0470  (8.01)  1.80 (3.89)
o, 0.1811 0.26

G0 0.7360 0.50

T 0.7584 0.57

Log-likelihood
per observation —0.5896 —0.394

1DA represents the dummy for farmer head of household.

Two-stage estimation

To determine whether it is likely that the theoretical and the functional form restrictions
are too stringent we generalize the model to one in which all the parameters may assume
different values, that is there are no restrictions on any of the parameters between the two
decision stages. We should note that this generalized model cannot be justified theoretically
by the model developed in Sections 2 and 3. However, since our purpose at this stage is
merely to detect the weakness of the original model rather than to propose a new model,
we proceed as follows. First, we estimate the parameters in the generalized model and
compare these with the estimated parameters of the original model. Then, based on this
comparison, we discuss the reasons for the lack of explanatory power of the demand function

for kilometers in the original model.
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At first glance, the most convenient way to estimate the generalized model is to replace
(a, 8,7) in (14) by (a1, B1,1) in N; and by (az, B2,72) in M;. However, this will not work
since v is constant over households. One solution is to assume that #; = f; = B and
that the intercept terms in N; and M; are equal. Even with these restrictions we are not
able to estimate the model using the ML procedure because the iteration procedure fails to
converge. Rather than pursuing the Maximum Likelihood estimation procedure any further
we shall estimate the model using a two-stage estimation procedure.

The two-stage estimation procedure presented here is a version of Heckman’s two-stage
estimation method. In our context, this method is implemented as follows: We estimate
the structural equation for the intensity of use by OLS but, since this equation is defined
for car owning households only, we exclude observations on those households without a car.
One obvious problem, then, is how to account for the sample selection bias that results. We
study this problem for two different distributions of ¢, the normal and the logistic c.d.f. To
this end, we start by taking the expectation of Kj;, conditional on car ownership, in (10).

We find that:

E(Ki I g > M) = E(lnA,'—}-w,- IE.’ > N,')
(15) ' = opIn(Y; — C) — Bv+12S; + E(&; | &; > Ny).

Since €; is symmetrically distributed around zero, we know that the following must be true

(16) E(ei|ei > N;) = ef(e)de > 0,

1 00
1 - F(N;) /M
where F'(-) and f(-) are the distribution function and density function, respectively. Fur-

thermore, we find that

O (1 fé\f* *)) , if €; 1.1.d. normal

(17) E(S,’ I g > N,) =

, (_M*A(A/'i") — In(1 — A(NV}))
. 1—A(NY)

where N = N; /o, and A(-) is the standard logistic distribution function. If we let A(N;*) =

) , if ; 1.1.d logistic,

E(ei | & > Ni)/oe, we can rewrite (15) as

(18) E(K;|& > N;) = apIn(Y; — C) — Bv + 1,5; + 0. AMN)
or
(19) Ki = aaIn(Y; — C) — Bv + 72S; + 0 AMN]) + mi,
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where 1, = K; — E(e; | & > N;). From (19) we see that if we introduce A(N;") as an extra
regressor we are able to control for sample selection. But since A is unknown we must

estimate it to use A(N

*) as a regressor. This is done by estimating the parameters in N}

using a probit or logit estimation of the car ownership decision and replacing the parameters

by their corresponding estimates. The two-stage estimators are then the OLS estimators of
(20) K; = az1n(Y; = C) ~ fv + 125: + 0eMAT) + i

where A7 is the estimate of A*.

Before we can present the results there are two problems to be solved. The first concerns
the discrete choice estimation. As we see from (12), the probability that a household does
not own a car, the numerator N;, cannot be transformed to a linear function in . This
prevents us from using a standard Probit/Logit estimation package. However, if we consider
the first order Taylor expansion of N; around a; = 0 we find that:

In (Y - (Yi— 0)‘*“*) N ((Y; —C)ln(Y = C) - YilnY;
~ C

+1) C¥1+IHC

1—-01

(21) F(Y;,C)y + InC.

Our simulation experiments indicate that this approximation is extremely good for a; €
[0,1). Substitution of this expression in (12) enables us to estimate the fraction oy /o, by a
standard Probit/Logit estimation package. .

The second problem we face in this two-stage estimation procedure is that v is constant
across the sample, which prevents us from estimating 3. However, we can cirumvent this
problem by defining:
(22)

(i)=lnﬂ+ﬁv—7o+lnc

Oc Oc
where v, assumed to be equal in the two stages, is the intercept term in the model. Then
we can use this definition in (20) to obtain an equation in which all the parameters in stage
two can be estimated. The resulting equation is:

(23) K;—InC = a;In(Y; = C) + In B 4+ 7S + o ()\(N?) - <0'i>> +

€

where the bar indicates that the intercept term has been subtracted. Thus, In 3 is estimated
as the intercept term in (23). Finally, we have to substitute x/o, with its estimated value

from the first stage.
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Table 3

First stage of the two-stage estimation. (t-values in parentheses)

Variable PROBIT LOGIT
F(Y,C), (2) 0.994 (8.82) 1.849  (8.85)
DF —0.637 (—6.07) —1.078 (—6.00)
DS 0.272  (2.11) 0515  (2.29)
DT 0.382  (3.32) 0.706  (3.49)
AGEH —0.093 (—6.53) —0.157 (—6.25)
LNUMB —0.029 (—0.25) —0.096 (—0.46)
CONSTANT

(InB + Bv+1InC — 7o) /0. 10.368  (8.94) 19.358  (8.95)

Log-likelihood
per observation —0.441 —0.438

Percent correctly

predicted 80.92 81.24
McFadden’s pseudo- R? 0.2678 0.2730
Cragg and Uhler’s pseudo-R?  0.1327 0.1366

The results from estimation of the Probit/Logit models are given in table 3 and the
results from OLS estimation of (23) are given in table 4. The results in table 3 support
our earlier results that the model explains the car ownership decision fairly well. In fact, if
we divide the estimates from the original model (table 2) by the estimate of o, in table 2
and compare the resulting values with the corresponding estimates in the probit estimation,
we find that the values are almost equal, except for LNUMB. Also, LNUMB is the only
insignificant variable in the first stage. Table 4 shows that only two variables have significant
effect on usage, namely the sample correction variable and the intercept (In 8). In addition,
the estimate on the sample correction variable, o, is negative. Based on the results in
table 4, we thus conclude that the assumed demand function kilometers does not explain
the variation in observed car use well.

Although our purpose here was to check the nature of misspcification, we have in real-
ity only investigated one possible misspecification, namely the imposed restrictions on the

parameters in the model of de Jong. However, the analysis has given us some insight to the
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Table 4
Second stage: OLS on (23) with Probit or Logit in first

stage. (t-values in parentheses)

Variable Probit Logit

In(Y; - C), (a2) —0.228 (-1.37) —0.149 (-1.04)
DF 0.221  (0.163) 0.145  (1.27)
DS —0.041 (-0.46) —0.021 (—0.25)
DT —-0.118 (-1.32) —0.088 (—1.05)
AGEH 0.004  (0.21) 0.007  (0.48)
LNUMB 0.049  (0.74) 0.056  (0.84)
ANT) —0.923 (-2.40) —0.396 (—2.27)
In g —11.276 (—5.01) —10.360 (—5.22)
o, 0.741 0.741

Number of obs. 893 893

R? 0.043 0.042

R? 0.035 0.034

problems with which we are faced in modelling car ownership and use in households. In the

next section we suggest some factors that should be considered.

6 Conclusion

In this paper we have estimated the model of car ownership and private car use proposed by
de Jong (1990) on Norwegian household data. Although we obtained significant estimates
for all but one parameter. However, the low R? value for the demand function for kilometers
suggested that the car use decision was poorly explained by the model. We conjectured that
the original model was misspecified and, to check the nature of misspecification we estimated
a more general model where some of the theoretical restrictions imposed on the parameters
by de Jong (1990) were relaxed. The estimation results revealed, however, that the low R?
value prevailed, suggesting more severe misspecification.

We conclude that de Jong’s model does not provide a satisfying description of house-
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holds’ joint decisions on car ownership and use. This may be related to the following
shortcommings. First, the model, in its present form, does not account for the possibility of
owning more than one car. Second, obvious relevant variables are missing from the model,
such as availability of public transportation and dependency on the car. Third, cars are
heterogeneous goods; when, as in de Jong, automobiles and usage are treated as homoge-
neous commodities, we cannot account for the possibility that low income households own
cheap cars and high income households own expensive cars. For example, in this approach
no household may shift from owning an expensive car to a cheap car if the costs of car
ownership and use increase relative to the costs of other goods or to income. Fourth, the
dynamic nature of the car ownership decision is not accounted for. And last, no care is
taken for the possibility that in some occupations private car use is necessary to do the job,

implying endogenous sample selection.
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