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ABSTRACT: The major objective of the study on the dimensions of
automobile demand {1981-1988) is to chtain relicbhle
forecasts of the variables which drive the Frndamental
energy equation: energy consumed {litres) = efficlency
of technology (litres/100 kilometres) * utilisation
rate (kilometres per period). Since the level of
utilisation is unlikely to be independent of the state
of technology, and both dimensions are conditiomed by
the state of the economy and the nature of households
as well as the extent of corporate sector support to
the household sector, it is necessary to view the levels
of vehicle usage and vehicle fuel efficiency as outputs
of the broader household deeision process. This broader
contezxt can be represented by a study of the household's
choice of automobiles (by number and composition) and
levels of utilisation, This perspective snables us to
view vehicle effictency and wtilisation as derivatives of
a study of the household's demand for mobility services
which are derived from the demand for end activities
(consumption of goods and leisure), Since we ave espeetally
interested in the role of fuel prices and vehicle techno logy
in the household’s decision om the level of vehicle utilis-
atton, it ig desirable to monitor the response path of a
sample of households over a period of time. A single cross-
section approach cannot identify the influence of changing
fuel prices on vehicle use, nor adequately accommodate the
temporal relationship between vehicle purchase/disposal
decisions and the utilisation rate. To satisfactorily
represent the recle of policy variables (e.g. fuel prices,
taxes associaqted with vehicle possession, standards for
vehicle technology) in the context of the wider set of
influences on household automobile pogsession and usage,
we have developed an econcmetric model system which Jointly
models the household's choice of vehicles and wtilisaticn
level over the period 1981-1985, This paper provides a
methodologieal overview of the project which in its
entirety 1s due for completion in late 1988,
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DIMENSIONS OF AUTOMOBILE DEMAND

INTRODUCTTON AND OBJECTIVES

The '‘energy crises' of the 70%s have provided us with a rich exper-
ience of the ways in which various sectors of society adjust their
patterns of behaviour In response to non-marginal changes in the price
of essential resources, Some groups are able to change their consumption/
production profile without penalty, while others incur significant costs.
Although knowledge gained during an event is invaiuable in future
planning, the ability to predict the possible consequences of future
actions is also desirable, especially where there are early warning
signals. This capability was not available in relation to the events
in the 70's; if we are to benefit from the experiences of the past it
is necessary toc establish formal methods to evaluate the implications on
energy consumption of changes which leading indicators suggest have a
high probability of occurrence {e.g. ageing of the population, continual
increases in fuel prices, improvements in the weight and fuel efficiency
of vehicles, and increases in Teisure time). The extent of this change
is critical in the calculation of levels of energy consumption.

The primary objective of the dimensions of automobile demand study
(henceforth 'auto project') is to develop an empirically-based economet-
ric modelling system with the capabiiity of determining levels of vehicle
utilisation and fuel afficiency, the critical variables in the fundamental
energy censumption formuia. The study is specialised to the household
sector (of urban Australia), a significant consumer of petroleum, estim-
ated as 1,9 billion 1itres in 1981 for the Sydney Metropolitan Area
{Hensher et al., 1985). i

Households do not derive utility from fuel efficiency and vehicle
use per se; these are inputs in a complicated equation of the household
decision-making process, where the influence of corporate sector
supperts, household zctivity needs, financial circumstances, costs of
vehicle possession and use, and preferences for particular types of
vehicles all interact to determine the level of use and vehicle efficiency.
Since the level of use and vehicle fuel efficiency (embodied in vehicle
type) are unlikely to be independent contributions to the energy equation,
it is essential to model jointly the household's decisions on vehicle
purchases and vehicle usage. The strict relationship between the two
decisions can only be identified using household-level data. Such data
can also account for the relationship between vehicles in multi-vehicle
households, which we have identified as having a strong influence on
levels of vehicle-specific use (Hensher 1984, 1985a). Since the
relationship between changes in influences on use and vehicle efficiency
are not temporally instantaneous, it is necessary to introduce an inter=-
temporal specification. To accommodate this with household level data
necessitates the development of a panel data base. Reliance on a single
cross=section, which cannot account for the role of varying fuel prices,
and which uses strong transferability assumptions on household behaviour
as a particular household ¢hanges its 'position’ in the sample (e.g. moves
from medium to high income) provides insufficient statistical leverage to
separate the effects of persistent interindividual differences from real
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intertemparal relationships. A panel” js required to sort out the
'causal’ patterns (Hensher and Wrigley 1986, Hensher 1986a),

The overall framework of the study is summarised in Figure 1. There
are three major modules = a vehicle choice (discrete cholfce) module, the
atemporal intra-household vehicle use module and the intertemporal vehicle
use module. The discrete-chaices are a nested set of three decisions on
choice of vehicle type mix, body mix and quantily, estimated as holdings
in Waves 1 to 4, They are pocled in the dynamic specification to obtain
final parameter estimates for Tinking the vehicle choice and use modules.
We assume contemporaneous dependency among vehicle use levels in multiple-
vehicle households, with vehicle v!s use in period t only influencing
the Tevel of use of another household vehicle v*, In period t+! via
v's influence on v*'s utilisation Tevel in period t. The contemporaneous
dependency is allowed for in the Intertemporal (vehicle=specific) usage
mode! via a predetermined parameterised intra=household vehicle use
substitution variable (v in Figure 1).-

This paper is organised as follows: the next section sets out the
underlying economic theory for the static and dynamic specifications,
which is followed by a summary of the econometric system used in intra-
and inter-temporal modelling, The panel data is then described as
well as other data sources. We then discuss the policy relevance of
the study. The concluding section emphasises the overall contribution
of the study. We draw on papers of the project which contain details
on the derivation of model forms etc.
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THE THEORETICAL FRAMEWORK

We begin with a static representation of individual (household}
choice behaviour, and once the essential elements are identified for
the myopic case it is relatively simple to introduce a temporal (or
dynamic) dimension. We assume that individuals as consumers behave
as if they are utliity maximisers, and that the choice of vehicle
technology (i.e. choice of a consumer durable) and its Tevel of
utitisation are in theory determined simultaneously as the solution
to a single utility maximisation problenm. A household is faced with
a universal (but finite) set of mutually exclusive vehicles and selects
one alternative out of the set of discrete alternatives in conjunction
with the choice of level of vehicle utilisation. - That is, the house-
hold makes a discrete choice and a continuous choice.

The Static (Atemporal) Approach

Formally, the (direct) utility function is defined as

ulx,byz | 2 ulx,w (b)), o (6,), wun, ¥ {0 )2 (1)
where x is the Tevel of vehiecle utilisatien, wi("] is an index function
of the quality of the ith vehicle, with bi a vector of the set of
attributes (1, ..., K) associated with a unit of use of vehicle i

(i.e, b, = [bil’ bi2 A biKE) such as fuel efficiency, luggage
cdpacity, interior space dimensions, boot depth, and acceleration.

z is the standard Hicksian composite commodity used as the numeraire.

The x and z vectors relate to the utilisation decision, and
wi(bi) relate to the choice of vehicle. 1f (1) is defined for all
levels of utilisation and all vehicles it is an unconditienal direct
utiTity function and is maximised subject to an unconditional budget
constraint (with Py the unit price of consumption of the ith atter=-
native, which is the cost per kilometre of vehicle use and r? the
expected annualised capital cost of vehicle i):

L [p. x, + r?] +z=Y {2)
6l i 7l i

and the usual non=pegativity constraints of X, >0, z>0 and Xixj =0.
Y is total income. It is approepriate to redefine the direct u;i!ity
function to recognise that the level of vehicle use is conditional on
the vehicle chosen. The conditional direct utility function can be

defined as

7. = T fxi, v, 2] ' (3)
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Maximisation of (3) subject to a conditicnal budget constraint,

P X + r? + 2z =Y and the condition that the shape of the underlying
preferences does not include zero level of use of vehicle | (i.e.
X, > 0), yields a conditional demand function ;;(pi, Yes Y"ri), the

vehicle usage function. r is the total annualised life cyele cost,
egual to Pr X; * r?“ The attributes of the Eth vehicle are endcgenous
influences on the level of vehicle use, and that although these
attributes enter directly into the discrete-choice model and not the
vehicle usage model, the level of usage is conditional on chojce of
vehicle. Failure to recogrise and account for this endogeneity in

the usage equation results in selectivity bias. The many previous
studies on levels of consumption which failed to include the choice

of consumer durable associated with the consumption are contenders for
selectivity bias. Only in the rare circumstance of independence is
there no problem.

The demand function for vehicle use is concerned with an individual
confrented with a given set of prices and income, who wants to choose
an optimal bundle {i.e. levels of vehicle use and z) from the feasible
set defined by the maximum utility level of vehicle use emanating from
meximisation of the conditicnal direct utility function subject to
censtraints. We need however to explicitly represent the discrete
choice problem se that its econometric link with the vehicle use model
flows from the joint maximisation problem. Given the predetermined
maximum utility level of vehicle use (the optimal BundTe) we can ask
what set of prices, quality and income will make the individual choose
that particular level of use and level of z? The optimal level of

X; and z is associated with a specific vehicle and is thus a condit-
ional optimum. The 'global' optimum is associated with the vehicle

in the choice set which yields the maximum level of (indirect) utility,
Different prices, (qualities) and income produce different maximum
utitity levels of demand. That is, each discrete alterpative [s
associated with a different optimal bundle of x and z (because we
condition the direct utility function on the selected alternative).
Thus the conditional indirect utility function associated with the
choice of vehicle s defined as '

vip, ¥, Y1 = maxC v,(py, ¥y, Yor ), Vo(py, ¥y, Yor,), woe,
— 4
vilpy, by, Yor,)] ()

The discrete choice rule, given that the preferences of the determin-
istic utility maximising individual are incompletely cbserved is

Moo= Probl vi(p,, y,¥-r ) > Vj(pj,u‘)j,Y—rj) ¥ igS, T£f1, (ha)

The conditional (ordinary) demand equation can be derived using

Roy's [dentity, — . . _ aV/3p,
it V7S

. A number of functional forms for
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an indirect utility function have been;investigated fn the econometric
literature; however very few are both computationally tractable and

capable of handling fixed costs. Hanemann's recent contribution :
{Hanemann 1984) vields tractable forms but implicitly assumes the absence
of any annualised capital costs. Dubin and McFadden (1984%) propose a

specification based on Hausman's {1981) derivation of an indirect utility
function from a demand equaticn which is linear in income and prices,

The indirect utility function proposed by Dubin and McFadden {(1984) and
suitably modified is:

- . -B.p.
V.0 o= y(W(p) +¢. +Y =« r+v/ple ') (5)
where ' b y L
° B p,~t)
Wolp,) = fpi m. (t)e dt _ (5a)
¥ is a general functional form,

is an unknown parameter,

v, is the unobserved component which depends tn general on
the choice of vehicle i. ’

and p, the unit price af vehicle use (which varies across vehicles}.

Given {(4a), - . -ap
= v, ) ey /8,38, + Gl te U (6)
=B.p

where z = [Hi(pi} + wi Y - r vi/Bi]e i

o, o B.(p.~t)
EraaliE g (mitde ' 1 ar- m (o)

i i
= B W (p.) -mlp,)

8Py

- NIRRT TR A M )

i Y QBEDF
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a) ar
)
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Thus
W/ ap.

S 7 el TR R

The resulting conditional demand equation {for vehicle use) (7)
is linear in parameters and readily estimable using standard econometric
methods., For multiplie~vehicle householids there will be as many
equation {7)'s as there are vehicles. Three stage least squares is
then the appropriate method (see below). The conditional indirect
utility function (5} is nonlinear in the parameters and requires non-
standard computational software.

It should be noted that the probahility density of XT’ fx_(x) is

not independent of the choice of vehicle technology (as defineé by
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{ha) and (5)}. For computational convenience we set V. =N, a random

effect independent of alternative i, and introduce €, as an alternative

specific random effect when we specify the estimable form of (5). Sincs

we can specify the right hand side of (5) as

~B.p,
- . i
Vi) = (ay, f 8 *apy + BO=r;l v+ nle ' 7+ €, (8)
where =
A * E Sk by w[ .
The interdependence between choice of vehicle and level of use is
defined as ™ FXTIEEAELX} for x > g
fe Gl = (9)
! 1 - for x = @
where FX !EEA (x) is the probability density of ;}, the level of demand ' .

{usage) assbciated with the chosen vehicle; AE is the feasible chofce

set containing i,

The likelihood function for the sample of individuals drawn from a
closed population is, for x > 0:

Q
S\P = qE1E Teq fxmleeAqucqu (10)

where ¢ is the chosen alternative in the set A. A two-stage estimation
procedure is used, given the complexity of the joint likeliheod function.
The discrete-choice is estimated initially, then a suitable Tinking Index
is calculated to account for the presence of selff-selectivity which occurs
if an individual choosing particular vehicles uses them more than or less
than observationally identical individuals drawn randomly from the sampled
population,  Selectivity correction involves recognition of the potential
correlation between the uncbserved components of the discrete and
continuous choices and the determination of a method of handling the
endogeneity of the unobserved attributes of the vehicle in the utilisation
model . Sefectivity correction formulae can take many forms according to
the functional relationship between the discrete and continuous choices,
If we assume that the cumulative distribution function of the error terms
in the discrete~choice model is 1D extrame value type I (equation 11)

Fe(s],ﬁﬂn,aj) = exp [-I exp(~ei/u)] with scale parameter y > g {11)

then it can be shown (see Dubin and McFadden 1984) that the mean of the
unobserved influences on the discrete choice that are not independent
of the unobserved influences on the continucus choice is given as
equation 12,

6 N J ~ Prob,
HM5F1)=“'1W0[ Log Prob, + MQPmb.(———i—H {12)
i e l 5 J o
j=1 1 - F'robj

Prob, is the predicted probability of an individual selecting alter-
Rative j “from the set of discrete alternative vehicles, The coefficient
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of this 'selectivity correction’ variagle is - éépic’ where ¢ is the
standard error of the selectivity parameter and “ Py can be derived.
Further details on selectivity correction are given in Hensher and
Milthorpe (1985} and Dubin and McFadden (1984).

The empirical forms of the conditional indirect utility equation

associated with choice of vehicle type, and the conditional (ordinary)
demand eguation for vehicle utilisation are given in {13) and {1%).

29 K . B -
T 0i gk i 2
v, =[?_...+ g 2Ly . a0 Lr -%ﬁ. -8 ¢.<3; y;[le e e,

L H ka1 B ki uoi i [T I IRTI | i
_ " {13}
S TR T T BLY-{TC m+F ) -
%Dic fog ? .a ; . -~ Préb,
g Prob + Lo rob. ——-x"L-
u oy 9 Prot; e Vg {t4)
: 15 ]

whare the mew natation defines:
= anit price of vehicle use (defired as petrel gost only in e/l
= zapitai cost af vehicle {measured by -ew or used peice)

= grass househald income

L
G
¥
ﬁi = amnual maintenance and repair CoSLS
F; = annual Ffuel cost
BAF = o
% an unknoen discount rate as A Funcrion of household income:
T fa#t11 to obtain snnualised capital cost of a vahicle
T, T3 vector of aother explanatory variables influensing vehigie
utilisation

glg,a) ¥ 0

8 $ a 5 are gparameters

Ei it rhe disturbance term 3ssaciared .ith vehigle use which i

i-dependent of vehicle choice fE(r:p:‘A) =g}

All unkmowns in a logit specification of the discrete choice model are
scaled by a non-negative parameter L. Other differences between (B)
and (13) follow from the empirical assumption that the unknown discount
rate (1) for the annualised cost of capltal is assumed to be a function
of income. Given r, = p.x; + ric, ric = T, substitution into (8)
gives (13), after ST cancels out since Y does not vary across the

vehicle choice.
intertemporal (Dynamic) Extensions

Intertemporal utility maximisation is best viewed as an extension
of the myopic model of individual choice behaviour with the elements
of the static structure forming the bullding hlocks for a multiperiod
model of consumer behaviour. We assume that decisions are made at
discrete intervals and that Behaviour {embodied In plans) is revisable
after every period (although revisions do not have to occur).  Thus
as an individual moves through time and arrives at later points of time
within the horizon of a plan, non-fulfiiment of expectations may
necessitate a revision in the plan for the remaining periods of the
horlizon. Furthermore the horizen may move as the individual's 'vision'
extends one or more periods beyond the original plan horizon, Changing
expectations are not only influenced by subsequent knowledge of the
future but also by experiences accumulated during the completed phase

of the planning horizon.
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The formation of hahit and its persistence over time becomes an
important influence on the simplification of intertemporal decision making.
It acts to make the behaviour of a consumer whose decision making is
characterised by foresightedness as well as willingness te revise plans
made in the past, strikingly similar to the behaviour of a 'short-sighted!
(i.e. myopic) consumer. Hadar (1971} has proven that if an individual
maximises a multiperiod utility functien, which Is constrained by a set
of appropriate budget equations, and if the optimal plans are subject
to revision after every period, then there exists a one-period utility
function which, when maximised subject to a single budget constraint,
yields a set of dynamic demand functions that trace out the time paths
of the actual amounts consumed (e.g. vehicle usage] and held (e.q.
vehicle technology chosen) by an individual.

Hadar®s model does not allow for temporal decentralisation of budgets

and the possibility of changing tastes. Defime the direct utility function
as

u. = ulx., ¢, z, 8] )
j ity :

(15)

where the additional term, § , is a vector of state variables, describing
the state of the {current) choice Behaviour as a result of past behaviour.
In particular it represents stocks of durables such as vehicles (defined
by previous .choice outcomes - 3 first order Markov or Polya process) and
stocks of habits, including the cumulative effect on present choice of

the most recent continuous experience Tn a state {a renewal process)

and habit persistence (2 'latent' Markov process) (Hensher and Wrigley
1986). The variability in § is the mechanism for endogenising taste
changes. Without further translation, budget allocations at the beginning
of each discrete time interval are no longer separable and hence nelther
is the intertemporal utillity function. Since the complication is due

to the presence of state variables, the solution resides in the possibility
of making intertemporat models with state variables formally equivalent to
intertemporal models without state variables. Since decentralisability
simplifies considerably the empirical implementation of intertemporal
models (Phiips, 1983) and the validity of this assumption is dependent on
the suitable accommodation of state variables, the pay off is high.

Spinnewyn (1979) has shown the fermal equivalence using a change of
variables, which centres on the definition of consumption c¢ost and wealth.
If we can conveniently capture the state variable effect in the notion of
rational habit formatlon, which requires recognition of the dependence :
of current utility on past habits (a lagged index) and the impact of L
current decisions on future preferences (a "leading' index), then we can
eliminate the variables By Spinnewyn's method:

'Starting a period with a stock of habits constrains the choice of

a consumption plan and thus imposes a cost. The cost of the initial
stocks of habits s computed for eaeh period and is subtracted from
wealth, Current consumption affects the stock of habits in future
periods, The cost of induced consumption through habit formation is
added to the cost of current consumption' (Spinnewyn, 1981, 92).
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Given decentralisation, the 'cost of the inltial stocks of habits!
can be measured by a lagged index {one for each variable). it is defined
as an appropriate function of the levels of each exogenous variable, each
weighted by the state dependence parameter (B) associated with the lagged
endogenous 'consumption' level (which could be utilisation Tevel, or the
binary-valued discrete cholee index for each vehicle in the choice set)
(Hensher 1986):

b, (6 -aobqt+a%.rl¢32%’h2+a3%’v3+._. =‘; by e £16)

r=0 :
where b*t(S) replaces each of the static versions of explanatory variables
in equa%lon (13}, A similar index can be derived for a leading index.
The full summation for a given exogenous varlable describes the total
reaction of the current choice with respect to the exogenous variable;
successive values of 8 describing the time shape of the reaction. in
practice, our data base (four waves of a panel) has censored the Information
both back in the past and forward inte the future, which means that some
components of the index are unobserved. This is especially problematic |
for the lagged index associated with time pericd one, and the leading index
for period four. The issue of Initial {and final} conditions Is discussed
in the method section, but clearly has an important bearing on the capab~
ility of an empirical specification to handle Spinnewyn's procedure for
eliminating state variables, enabling us to rewrite the ncn-separable
intertemporal utility function so that it becomes weakly separabie with
respect to the new variables. This approach is preferred to the more
common econometric specifications which Incorporate lagged endogenous
varlables, which apart from introducing estimation complications (seriatl
correlation) are in the wards of Phlips (1983, 287 note 14)

tan optical illusion, due to the use of a discrete
approximation in the measurement of state variables’.

The study of consumer durables as a discrete choice amongst mutually
exclusive and collectively exhaustive slternatives assumes im an inter-
temporal setting that the difference between desired and actual stocks
(using the necclassical jargon of the aggregate stock adjustment model
of consumer durable demand) are not instantaneously or adaptively
actualised. The use of depreciation as a basis of continual augmentation
is replaced with a durable failure interpretation which requires repair
and/or replacement decisions on a usually discontinuous basis,

To establish the relationship, in an intertemporal setting, between
the forms of the conditional indirect utility funetion associated with
the discrete choice and the vehicle usage (demand) equation requires a
clarification of the notion of duality, Roy's ldentity, used to derive
the ordinary demand function from a conditional indirect utiiity function,
is taken from static duality theory where the indirect utility function
is instantaneous. The standard formula is appropriate in the context of
dynamic optimisation when duality is atemporal (i.e. relationships between
instantaneous functions), and possibly for temporal duality (i.e. the
relationship between the present values of sequences of the corresponding
instantaneous parent functions)., However when we extend duality to inter-
temporal duality, the Iimking of instantanecus functions with the corres-
pending temporal functions, the identity needs modification.
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The essential feature of the intertemporal approach is that firstly
the duality between the instantaneous indirect utility function and the
total indirect utility function (or optimal value function) is obtained;
and secondly a dynamic analogue of Roy's theorem is used to provide a
derivation of the demand (vehicle usage) equation by simple differentiation
of the optimal value function. The idea is contained in an obscurely ’
written (and consequently neglected contribution) paper By Cooper,and
MaClaren (1980). Given the form of the optimal value function, V, and
one theorem for mapping V into v, it can be shown that the intertemporal
indirect ut:ilty function is deflned by

- 32V, y y71
Y] av*j:( asz aw] (17

and the optlmai vehlcle usage {demand) equation is
1
- -1 w o ¥ av 7
x w[{.. ] E" 1[““ | (18)

and Y* is household income minus the annualised cost of vehicle possession
and usage.

If we define the total indirect utility {or optimal value) function
to have the form in equation (5) then the intertempcral forms of the

vehicle usage {x.) model can be obtained by application of (18)., The
vehicle demand (¢sage} modei is

x; = u'ii ' {19}
The instantaneous indirect utility functicn becomes

v. = w V¥, (20)

] i

which is identical to the myopic specification {13) except for the
inclusion of the intertemporal parameter w, w is identified via
specification (16), as an amendment to equation (13). The same logic
applies to vehicle use.

We now have the theoretical framework for both the static and dynamic
interpretations of the househcld's joint choice of vehicles and rate of
use, In the next section we use these results to define the form of the
conditional indirect utility expression for each discrete vehicle in the
choice set (static equation 13 and the required modification 16 for
dynamic choice), and the demand expression for vehicle use (Figure 1}.

THE ECONQOMETRIC FRAMEWORK

The centrepiece of the econometric system is the intertemporal vehicle
utilisation module with critical links from the vehicle choice (SC) and
intra-temporal household vehicle use (v VUS) modules (Figure 1). The use
module is specified as a panel-based analogue of a simultaneous equations
system, The advantage of this approach over the analogy with & pooling
method derived from the time series of cross-sections is that it treats
each wave of observations as a more extended set of data on the same
observation; whereas the time series of cross-sections approach views
each wave as a set of new measurements on the same observations. When
the number of waves Is small and the number of observations is large,
pooling is much less attractive since the flexibility gained by having

= 4 waves is much more valuahle than the precision gained by increasing
the sample size to 4Q,

142
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The Discrete-Choice Module

The conditional indirect utility expression associated with each
vehicle in the feasible chofce set, equation (13), can be embedded in a
nested-logit model of vehicle choice. Simplifying the notation by fgnoring
the moniinear-in-parameter specification of the conditional indirect
utility function, the three discrete choices of vehicle type mix (v},
body mix (m) and quantity (n) are embodied in the conditional indirect
utility function as

- Yum T B'Womn ¥ O Yo ¥ Y % (21}
with W , Y _and Z denoting the attributes specific to the (y,m,n}th

ymn® mn n .

th

vehicle type, the (m,n)th bedy mix and the n fleet size respectively.

The nested logit model is

- ¥ l-a . 1-5]1-3
w'mn/1-a V=% vim n/(1-0} s
Voan/ (10} lz e l)"" [2“ 15‘9 =
P * Mool F'; VommiUmalleZ2 27t [T, vmn'/{i-a) 57T (22}
L e mishtly'5v® _\M n'EN‘—m'EM vey® - '
v'ev L
where Vo= (t-a} 8~ L {1-8)a” Yot 's z (23}
This can be simplified as;
Pon ™ Polrnn . Pm;n N (24)
expl(a* w ] i
® PP .| {25}
v|mn \z"exp\s Wy !
expla' Ymn + %:—g- Imn} i
pmln . {26)

zooxp (o ¥ s lg
141

}

m'n  1-4 Im n

exp (v' Zn + {1411
P = (27
izexn(‘r' Lo {1-801 .}

Imn = lag Elexp {g* "‘V'mn) (z8)

- : 1
.ln - Tag rilem (e ¥rn i Im nj (29}

A sufficient condition for a nested logit mcdel to be consistent
with Tndividual utility maximisation is that the parameters (1-0}/(1-§)},
1-8 of inclusive values I and J be in the unit interval and not decline
as we move to thher-leveTndecisigns {Hensher and Johnson 1981, McFadden
(1982}, The type mix choice models are specified using a set of unranked
alternatives comprising the chosen vehicle and 1% randomiy generated
alternatives of the same body type (mix) from the universal finite set of
over L0OOC vehRicles (defined by make-model-vintage-body type and transmission).
The body mix and quantity choice models are defined on the universal finite
ranked set of alternatives, defined as the relevant set of body-mixes
{sedans, station wagons etc.} as conditioned on fleet size, and the full set
of fleet sizes (0, 1, 2, more than 2}.
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The type mix choice model is estimated by BLOGIT {Hensher 7985} to
obtain starting vafues from a linearised {in parameters) specification
of {13) for input Tnto the estimation of the non-linear form. The
calculated inclusive values from type mix choice are then included in a
full Tnformation maximum likelihood nested-logit (FIML-NL} estimation of
the body-mix and fleet size choices. The FIML-NL does not require non-
linear parameter estimation, since the unit price of vehicle use is not
a direct influence on body mix or fleet size. It is not feasible to
apply FIML=NL to all three vehicie choices since the type choice model
is an unranked set, which for FIML would involve an unmanageabie choice
set of over 4000 vehicles. Randomisation is not possible. Details of
the exact specification of choice sets and structural relationship
between decisions in the tree are given in Hensher (1986} and Hensher
et al. (1985¢). Alternative ways of modelling composition choice are
discussed in Hensher (1985b, 1985d),

There are {at least) three econometric ways of extending the myopic
discrete-choice model to an inter-temporal context. Approach A involves L
estimating wave-specific models {i.e. myopic forms) and using the estimated
choice probabilities to identify a choice sequence probability, Although
the approach can include exogenous variables to represent previous period
outcomes or propensities to occupy states in previous periods, strong
assumptions such as zero serial correlation are Invoked. This approach
has been used in Hensher and Le Plastrier (1985) and Mannering and Winston

(1985).

In Approach B the data is pooled with inter-period Tinkages built in
through a lagged index {equation 16), one for each excgenous variable.
The lagged index is defined 2s a weighted sum of each period's level of
the variabie with the weight given as the stationarity parameter 8 {to a
power of the time periods Back from the current, with the current power

= 0} associated with 2 lagged endogenous choice dummy variable. This
index is a way of handling state dependence without the serial correlation
attributable to right-hand side lagged endogenous variables., The index
(as menticned in the previcus section) serves alse as a mechanism for
adjusting the current levels of 'consumption determinants' to allfow for
'stock' effects,

Approach C treats the data as an explicit sequence wherein the 1ike-
lihood function associated with the choice sequence probability has two
major components, one which accounts for the time invariant influences
(incTuding the initial conditions} and the other which incorporates the
time varying influences. The association between states {in a sequence)
may be due to an intrinsic characteristic of the state that changes the
likelihood of that state, but it may also occur because some unmeasured
and unchanging set of characteristics of an individual causes observed
states to persist. The latter pheromenon is heterogeneity (see Hensher
and Wrigley 1986). The separation of the time-varying and time non-
varying components provides the formal mechanism for explicitly handling
heterogeneity (within and outside of the sample period).

The method increases in complexity as we move from Approach A through
to Approach ¢, The essential features of Approach B are summarised below
with more detail given in Hensher (1986) for Approach B and Smith, Hensher
and Wrigtey (1985) for Approach C. The critical issues in a dynamic
{inter-temporal) specification are associated with proper allowance for
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true state dependence (also called feedback or cumulative inertia), non-
stationarity (varying choice probahilities over time} and the presence of
heterogeneity which can distort the role of the intertemporal retationships,
Approaches (B) and (C) provide differing ways of addressing these issues.
Approach B is a practical approach for large discrete cholce sets with many
variables. The approach summarised below is impiemented at each level of
the nested set of decisions, with an inclusive value carried forward from
type mix ¢hoice and an inclusive value for body mix estimated directly in
the FIML-NL model of body mix-fleet size.

The approach (B} model is summarised in (30) to (33).

= . = . . 6
Tqo = B8 () v g= 1, o @ e T (30)
with = 1] v
Yat if \'q:>o
= i T °
Qif qtio .

b*qt(a} - as defined in (16)

=at + )

at %q0 ¥ Vgt Gn

£

qt
Yat BRE] 32
@ =85 g% v
'q0 . = £ (v )

z=0 q.-z a Yoo {33}

where th is the condicional indirest utility of an aiternative
associated with individual q in pericd ¢

th is the binary valued index taking the value | for the

chosen alternative and zero otherwise.
bﬁqt(ﬁ) is 2 lagged index operstor conditioned on the state
dependence parameter 0 associated with 3 lagged endogenous
e, V=V
o e T 8T

wqt is the traditional error tem with a suitabie iag {L}

Vq t- ¥r, -1 & T} and

operakor.

The random comporent, aqt, Ineludes an initial conditions element,
etaqo to recognise the presence of left censoring. Subscripting by g

means that prior to the sample origin, individuals have differing 'experiences®
{which may be grouped into a manageablie set of homogenous classes), and that
failure to accommodate these individual-specific differences is a failure to
account for one element of heterogeneity. Twe strategies are adopted to
handTe the initial conditions problem: we can include a set of group-

specific constants to partially account for the heterogeneity of the Initial
conditions, and can adjust for heteroscedasticity (a special case of heter-
ogeneity} due to the variation in &L, Two-stage estimation is required to
identify the optimal value of &, which is required in the calculation of the

correction for heteroscedasticity so that the random term has equal variance
for each observation.

[n stage one we estimate myopic models for Waves 3 and 4, chosen
because they are richer in observed lagged data thanm earlier waves. Two
separate models are required to solve for the value of r(=02a/62w) required

to obtain the correction weight: (SZtr * 1)%v The final 9, which is
invariant with each wave, a necessary condition for a general lag operataor,
is lTikely to be closest to the result obtained using Wave 4 with a grid
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search methad, selecting € which produces the Towest log=~likelihood at
convergence, The second stage involves the pooled data with all variables
{right hand and 1eft hand side) corrected for heteroscedasticity. Further
refinement of 8 can be allowed in this second stage. The final parameter
estimates are consistent but not fully efficient, thus t-statistics must
be interpreted as upper estimates., The selectivity correction variables
can be calculated exactly as done for the myopic model, except now the
estimated parameters are drawn from the pooied model. Choice sequence
probabilities can be readily calculated as well as the usual choice
elasticities,

The [ntra-Temporal Vehicle Use Module

We have identified three approaches to studying household vehicle usage,
referred to as the 'pooled vehicles-in-household' approach (Hensher and
Smith 1986), the ‘vehicie~level! approach {Hensher 1984) and the 'vehicles-
in-househald! approach (Hensher 1985a, Hensher et al, 1985). The first
approach views the household as the observational unit with vehicles in
multiple-vehicle househclds pooled and represented by a set of appropriately x
combined attribute levels, The second approach defines the household
vehicle as the observational unit, with the Influence of one vehicle's
usage on that of another accounted for by the exogenous specification of
the other vehicle's level of usage. The third, and preferred, approach
treats the vehicle in the household as the observational unit but allows
endogenous]y the usage of each vehicle to depend on the use of other
vehicles Tn the household.

When vehicle usage is studied separately from vehicle choice, we can
(in the long run) treat vehicle fuel efficiency and petrol cost per
kilometre as endogenous influences on vehicle use, highlighting the
opportunities to adjust levels of energy consumption via changing the
household's vehicle technology. This approach is outlined in Hensher
(1985a). An alternative way of recognising and handling the endogeneity
of vehicle attributes or vehicle utilisation is via a vehicle choice model
which produces a more general index of portfolio endogeneity, as outlined
In Hensher et al. {1985). The iatter is the essence of the method used
in the intratemporal model system which links with the intertemporal
vehicle level module.

Formally, the intra-temporal vehicle use module is a system of
continuous chofce eguations with correlated error terms. It is
summarised in {34).

vm1 = Sl + a]a(1 + ;‘:Y1 + 81?.] + YIU; + u!R1 + 01551 + g'

VKM, =
Mo T B 3Ry ATy Bk gy ek oSty + 8

(34)
VKH = § +3 X
v e T Avvv + szv +* ‘rvuv + uvRv + avscv + iv

where Xv is a vestor of vehicle possession status atrtributes
Yv is a vector of vehicla=specific characteristics
Z is a vector of housefold socio-economic spatial! location
and financial characteristics
U is a vecter of vehicle use variables, specific to vehicle v
Rv is @ vector of vehicle variables specific to all vehicles
# v

6.B.3. % Y a. ¢ are parameters to be estimated.
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The vehicle utilisation model is defined on all vehicles used by the
household during a specified period, su¢h as the 1Z-month period prior to
the point of holdings. The joint modelling of vehicle choice and vehicle
use has to recognise the role of vehicles held during the period of vehicle
use but which were disposed prior to the point of defining vehicle holdings.
The disposed vehicle(s} are included in the set of vehicles In the use
module so that their use has the necessary influence on the use of vehicles
currentiy held, The period of time during the specified use period
{12 months) that each vehicle is in the household (ranging from 1 to 12
months} s included as an explanatory (shift) variable in the relevant
usage equation.

The vehicle use module has to be estimated separately for each level
of vehicle quantity, The inclusion of disposed vehicles raises the
question of how to view them; should they be considered a separate vehicle
or in the situation of replacement, suitably combined with the acquired
vehicle? The resolution is not unambiguous. We adopt the following
strategy: where a disposed vehicle is replaced by a vehicle (almost
immediately) that is to be used by the same person in the household, we
define the pair of vehicles in the replacement as a single vehicle,
weighting vehicle attributes appropriately. Where a disposed vehicle
was associated with a different decision unit in the household to that
associated with the acquired vehicle, we treat the disposed and acgquired
venticles as separate entities. Unambiguously a disposed vehicle with
no acquisition is counted as one vehicle, Hence our definitien of house-
hold fleet size is non-standard, and arises as a consequence of joint
modelling of a point construct and a period construct. Existing studies
which have modelled this relationship have failed te account for this
impartant issue (i.e. Train 1985, Mannering and Winston 1985). Only in
the special circumstance where all vehicles are held the full 12 months
does the ambiguity not arise.

The vehicle use equations for multi-vehicle households include as
explanatory variables the level of use of other vehicles in the household,
and a dummy variable that identifies the presence of a composite vehicle
(derived from a replacement). The estimated parameters of the former
variable{s) are a measure of the degree of use substitution, the parameter
of the latter variable is a measure of the role of vehicle substitution on
the use rate of the composite vehicle. This is the first study to have
simul taneously considered the influence on use of selectivity, vehicle
uge substitution and vehicle substitution. Empirical results of Wave 1
are given in Hensher et al. (1985},

Three-stage least squares [3SL5] is used to obtain parameter estimates.
35LS combines the instrumentai variables technique of two-stage least
squares [2SLS] {using fitted values of the endogencus right-hand side
variables to get 25LS estimates of all equations), then the residuals of
each equation are used to estimate the cross-equation variances and
covariances to account For the degree of intercorrelation among the
disturbance terms. Generalised least squares parameter estimates are
finally obtained, which are more efficient than those of 25LS
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The Inter-Temporal Vehicle Use Medule

The utilisation level of vehicles will be predicted from the intertemporal
vehicle-level module, linked to (a} vehicle choice by the selectivity variable
and (b} use of other vehicles in the household by the vehicle-use substitution
effect (Figure 1). Each wave is viewed as a structural equation in a simul-
taneous equations system. Cross-equation {linear) restrictions are imposed
and the serial covariance matrix associated with a poaling approach (i.e. a
time-series of cross-sections) is replaced with a variance matrix of errors
on the stryctural equations. A limited information maximum 1likel]hood
(L.IML) method is used to simultaneously estimate the T equations. . We allow
for Initial conditions and heterogeneity, with some exogenous variables able
to be correlated with the individual-specific effects, the latter treated as
random effects. We specify a reduced-form equation fer the initial conditions
as well as the T structural equations, giving T + 1 equations in the system.
The érrors affecting the dependent variable in the initial conditions equation
are assumed non-independent of the errors affecting the vehicle usage vartable
in subsaquent periods.

The general model form for vehicle use in each period is given in equation
(35), with the functional form of the right-hand side variables conforming
with specifications (14} and (19), '

K K T
VKM, = By L B X .+ I B 7 +yvkn +
ve O R R TR e T l_-iﬂat e
U — -~ ~
+ I v
umi Yar KHut * th ch: * evtEEv:m1 * Evt (35)
ukv
val, SV oe=t, T
* 3 +w
e voowe (36)
fewr ™ "kav"'z*kvt (k= 1y i Kers v =, vy V3
t=0 ..., T) (37}

whers Ukﬁvt is the annual (or part thereof) kilometres associated with

househoid vehicle v in wave © (VKM

ee1 being the lagged

specification or an exogengus lagged index as specified in
(16) for discrete chaice).
X is a time varying k:h agbservable exogengus infiuence
associated with vehicle v in wave t (e.g. income Fuel cost)
H is a time invariant kth observable exogencus influence

associated with vehicle v (e.g. household head, vehicie weight)

dt is an cbserveble wave-specific dummy wariabie (1,0}
cht is the selectivity correction (12)
EE is an observable estimated exogendus experience effect

derived from the immediate period's gisereta-choice process.
] is the uncbserved individual-specific effect assumad to

H X 1 Teas
be correlated with a subset of the vt and zkv sz
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p2im 1, Sg, Bm Lo

e F X e 5T hew § Oy
pfim Iy, g . Bbim 1o, .
Breo B Yzer v T e W f2v T

"vt is a wsve specific variate independently distributed over
vehicles in househoids, but with a suitabie variance
matrix.of errers on T + 1 structural equation

* is th r F i
XF e part o kat independent of BV
VKK is the annual kilometres of other vehicles in the household,

with v a predetermined parameter (see Figure 1}

B, ¥. 4. 0, 8 are parameters to be estimated.

The Complete Model System

The important eiements of the model system are (1) the contemporanecus -«
interdependence and intertemporal independence of utilisation levels between
vehicles, {2) lagged endogenous vehicle kilometres or a lagged index for the
same vehicle, (3) the presence of a subset of time variant and time invariant
variables that are correlated with the individual-specific effect (4) con-
temporaneous linkage of the discrete choices and vehicle use, with discrete
choices linked inter-temporally, {5} cross-equation linear restrictions to
account for intertemporal correlation of the errors. It is further assumed
that the exogenous variables are free of measurement error, that non=-
stationarity can be introduced, and by treating the individual effects as
random effects we overcome the limitations associated with treating them as
'fixed' parameters.

The model system for the total study consists of three linked discrete-
choice models, respectively for type choice, body-mix and fleet size choice,
twelve intra-temporal vehicle use models {(three per period for 1, 2, 3 and
more than three vehicles) and one inter-temporal vehicle use model. These
models form the basis of a scenaric model designed te study the impact on
energy comsumption of a wide range of potential influences. These inciude
the structure of the household, the status of vehicle technology, the
financial aspects of vehicle possession and use, and other censiderations
under partial or compiete control of the government and corporate sectors
which can be measured by changes in the levels of variables found to influence
the household sector's choice of vehicle technology and level of vehicle
utilisation. We now turn to the data bases developed for model estimation.

THE EMPIRICAL BASE

The data base fer the study consists of a four-wave panel of households
resident in the Sydney Metropolitan area (SMA) during the period 1981-1985,
a vehicle attribute file of all vehicles applicable to the household sector
{which only excludes vehicles over 3 tonnmes), and the population of SMA
vehicle registrations for the same period. The data is specified in
discrete time periods of 12 menths.

The Household Panrel
During the period September 1981 to April 1982 an initial sample of
households was drawn from the population of the SMA, A 2-stage sampling

strategy was used: the area was stratified by single or contigucus local
government areas, and within each stratification cell the number of households
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was sampied by probkability proporticna

cell, relative to the totsl SMA, to ensure an equal chance of selection.

At the time of sample selection the 1281 census data had not heen released,

SO we used the 1976 census as our population base, Consequently we

obtained some spatial under (in the South~West) and over {in the North-East)

representation, In the second wave we used the 81-census to cerrect for

such spatial discrepancy; we sub-sampled the over-represented group

and introduced some new households in the west to produce spatial represent-

ativeness for both Waves 1 and 2. A compariscn of the weighted and unwe i ghted

fer any attrition bias, The weights

were defined as the ratio of population to sample kousehold numbers for each
local government area. Simple regression models were estimated for annual
household kilometres and number of vehicles, and descriptive statistics
{means, standard deviations) caleulated for each variable for the weighted and
unweighted samples. The rasults on a Z-score of differences, as reported in

. Hensher (1986a) suggest that there is no sample bias attributable to deviations

" from stratified randem sampling on all the major influences on vehicle use and
possession, although there is strong evidence to support increasing the number
of households in the south-west and reducing the number of households in the
north-east. The final sample of 1434 househalds in Wave 1 satisfies the
spatial representativeness eriterion and the statistical representativeness

of the parameters of relevant influences an the topic under study,

I to the number of households in each

3

The remaining three waves of data alsc satisfy these conditions; although
there is attrition there is no attrition bias. Details of procedures used to
Investigate the possibility of attrition bias are given in Hensher (1986a).
The final sample sizes for Waves 2 to 4 are respectively 1291, 1245 and 1197,
The overall continuation rate is B4%, with attrition being random in the sense
that refusals to continue and househoids which moved out of the closed popul-

© statistically significant tnfluence on the estimated
ences on vehicle use and possession, or on the measures

parameters of the infly
of central tendency,

The survey instrument is a
home by a qualified interviewer.
(19862) and Hanzal et a] {1985} .

structured questicnnaire administered in the
Procedural detafls are summarised in Hensher

The survey forms for Waves 2 to & were
essentially identical, with the Wave 1 form including extra detail

establish the household's commencement status in relation to all vehicles in
the household during the 1Z2=month period prior to the interview date. The

main data obtained are sumarised in Table 1, The data can be configured in
many ways to produce a detailed data base for analysis at the household, the
individual or the vehicle level, Examples of use of the data are given in

Hensher (1984, 1985a, 1986a)}, Hensher and Smith {1988), Hensher et al. {1985)
and Smith, Hensher and Wrigley (1985},

in order to

The Vehicle Attribute File

Complementing the household data bases for each wa
files, compiled as independent files,

ve are vehicie attribute
An extensive set of vehicle ¢haracter-
istics (see Table 2) have been obtained for a representative set of vehicles

available to the household sector between 1981 and 1985, including all vehicles
held by the sample of households. An initial data base was established for use
with the 1981 (Wave 1) survey, updated annually to inelude vehicles introduced

in 1982 through to 1985. The 1987 data file contains 3987 vehicles, defined

on the basis of make, model, vintage, body type, transmission and engine capacity,
Cars {fnc]uding sedans, coupes, sports and hatchbacks) and station wagons are
defined as representative vehicles with represented vehicles assigned to them
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TABLE 1 MAIN DATA OBTAINED FROM HOUSEHOLD SURVEY

Vehicle-data (for each vefiicle held in 12-month period}:

make, model, vintage, body type, status (keld fu}l 12 months,
acquired, disposad), years in household, precise dates acqui red/
disposed, replacement status, registration categary {private,
househo |d-business, ather-business}, financial basis of
acquisition, purchase price, trade-in price, current market

B value, transmission, age at sequisition {new, used), time=

kit .
dependent costs {registratien, compulsory insurance, sther-
tnsurance), fuei_cost, other costs (maintenance, body repalss
engine and mechanical repairs, tyres, annual loan repaymants)
no—ciaim bonus, annual or part thereof kilometres, odometer
reading, days off the rpad for repairs or other reasens,
Tnsurance value, tax deductible expenses, age of primary
driver, altocation of kilometres to purposes, distribution
of non-metropolitan usage By Business-non Business with vehicle
distances,occupancy and tawing, overall vehicle oceupancy,
search and deiay costs in acquisition and disposal . reporsed
% alternatives ro selected acguisition.
- S s i r N = = . . IS - - L3 .
Househiold-data {for every member in the household at time of interview):
status of each persoen {male head, female fead, son 1 ete.), age
driver's licence status, no. of vehicies registerad ia person's
nsme, hours warked (full-time, part-time], occupation, period
unemployed, seif-employed. semking work, school status {primary
high, college-university), part=time student. ratired, home
duties, marital stacus, income, stability of income, educational
attainmests ethnic origins, working hours Flexibility, lifastyle.
Qther-data:
e b= e
expectation of petrol price Increases, attitudes on state of
economy , hnqsehuld‘s financial status next year and adjustments
in househoid's stock of vehicies, costs of other major house-
related activities, housing loan or rent, house prices (if moved)
recontact addresses (of & friend and a relative), details of
journey to work for each worker {lacation, times, costs. modes.
alternacives).
o TABLE 2 VEHICLE ATTRIBUTES
N = nominal, 0 = dichotomous, 1 = interval, R = ratio scaled.
Poermrmi ot ioviegirr
Yhwok e { YEHTYDE) {N]' Warmeng 1y ol da
Number ns crimoers CNCYLINDY {7 choier, mm. m‘*’ "mw"'*"-
Tranmrtam type tTRANSMST (D] w0 v merTor, Fsnt we—mng hghen (WNTY,,
Number of gears (INGEARS) [R] WND. WSV, WNC, WNT, WNW, WNP.
Engine tacaenn {ENGLOCH) [B) WHNI (D}
- Drive (DRIVEY [} Wenicle mars 1% 1ASS) [R]
o Carbaranen tepe tCARAURY 1D| Front wanng crpe (STTYPF) (B}
Compresson rane (CMPAESS) (R} Adjustabilicy of heht of drmar's u e (STADIF)
Engina coshng ype (ENGCOO) (0 i}
s Fuock taak capaciry (NFLTANK] {RI Number of doors {NDCORS) {R)
o Resrrve (et 1ank ezpaety (RFLTANK) [R] Frone door sparrure hemhe ( FOODRATY {R]
‘Wheeibese (\WHLAARE! {A] Frane door aperture wxdih (FDOORWD [R)]
Vehacle lenuch {VLENGTHI (R] Back dnov apertuce wdth (RDOGRWEY [1]
Vehacle width (VWDTHH (R} Windserem rype (WNOGTYPE) (D]
Vetucle hnght (VHEIGHTYHR) Numbper of venes {VNTUM) [R]
Gese a4l 1. 5} {GRRAT! Windaw aperztion (WWOPER} {D]
“t:ull.\‘ "5 [R) Electronic ignon (ELECIGN D]
Fireal e carm (EEMEVT) (H] Fronc sspeeeason crpe (SUSPENFY [¥]
From brate repe (BRAKFSFI (DT Number af headlighta (NUMHL) {R]
Rewr ikt (vpe (ORAKESR) [D] Hesutlichi ype (HLTYPE (D]
Prwer braken (£ WBRAKE) [N Redlnancmir (ROELRARY [I
Power seenng (PWSTEERS [N Hardrfr veramon svaslsie (HTOFMIFN (D]
Nuenber of tractometh gegan (NSYNCROT(R]  Sweenng wheel tums lock e lock (SWTURNS) {R]
Anwaswer har ISVWAYBARIH D] Theft deterrenty (seeenng fock, inciany fuel exp,
Tree vepe (TYRTYPE) [N] central lockinm) (THEFPRS. THEFPRF
Tyre dumcer (TYROLAL TR THEFPRCI{O]
Rear suspeassoa rype (SLUSPENR) {N] Dismecer of fren: Brake druraidisc (BADIAR (R]
Bare {BORE) [R] Divmear of rese brake drumrdive (BRDTAR3 [RI

Stroke (STROKE}LR]
o Petimrmance artrmire
: Lisusre czpaciry (with |

Fod consumption m town tFUELCN2! (RY

WLUGGCAP {R] Laxcal vr. foreurn omduccion (LOCFORY [NT

Eront bestroom (HEADRME (R] T'rume country of mamufrcrune SN FORIGY [N}

Rewr besdommns | HEADRMES [R]| Sufcey fratvres (heuted rew wndona, safere -

Fromr muzimm legroom {LEGRMFY [R] sorersng csluma. chudpraod locked SAFFEAW

Resr mimimum knsernom (LEGRMA) (R] SAFFEAS. SAFFEA (D

Toted sevtmne cxpaity (SEATCAP} (R] Bome depth (ROOTDER (R

Front 3euine capaairy (STCAPFY [R] Tusmag creic TTURNCIR} (]

Franr trmslder ronm (SHLEMF) [R] Enmne caocary (ENCAP (A1

Rlrne vhoukder ronen (SHLAMMS (R} Marrmoam nec tarnve (MAXTORG! {RI

Vemulatem rype (VNTYTE) {01 Empac sperd ax maxmrgm et toeque \REVTOR

Fattery nr enmdr = .

Semsend e (SOUNDSY1 [N} E‘nm et premer (MAXTOWESRS (R]

I e at mizumam v v

mmucuum [an' T perd et powst IREVPOWRE

5 : Fuutl ceturpus o b (FUELCND [R] Sesur onn- (SEATCOVY (N]

Qdther attribures

¢ L Reqgistraction cost [R]
- Insurance rafing f17]
: Warranty conditions [N]
£ o Years availsble as a new vehicle I2]
Initial release wear (11
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which are essentially the same on the sbovementianed criteria (e.g. a Mazda
323 DL and SL). Other vehicles (panel vans, utilitles, light commercials,
camper vans, small trucks) are defined dn the same criterla but without
represented vehicles. A separate file Is maintained on the new and used
prices of all vehicles for each of 1981 through to 1985,

This data can De used in a stand-alone context {e.g. as [n Hensher and
smith (1984), for classifying vehicles). When combired with registration
data, it provides valuable data on the profile of the vehicle population.

Its prime role in the current study, however is as the universal (hut finite)

set of vehicles from which a household selects Pts chosen vehicles. The set

of alternatives in the choice set for type-mix choice mocdelling are randomly
generated from this file; furthermore certain attributes of vehicles that

are easier to obtain from sources other than the household survey are mapped

into the set of vehicles chosen by the household to provide a rich base of
vehicle attributes Tn the modelling of vehicle choice and vehicle use.

Further detaiis on the compilation of the attribute files are given in

Hensher and Miller (1983), Hensher and Hanzal (1985a), and Hensher et al.(1985b).

Population Vehicle Registration Data .
Vehicle registration data are obtained from the New South Wales Department
of Moter Transport as a dump of all vehicles on register in NSW as of December
of each year. The data are then prepared for the SMA so that it can be related
te the vehicle attribute file. The absence of model identification makes the
process extremely complex, with heavy reliance placed on the tare weights of
vehicles, which together with make and vintage {for business and private
classification}, provides the basis for mapping. The problems and assumptions
are set out in Hensher et al. (1985) and Hensher (1984). The registration
data are used in the discrete type-cholce models to represent exposure to
vehicle types, a proxy for information on vehicles and the bandwagon effect,
All other things being equal we expect the probability of selecting a
particular vehicle type to be higher where their presence in the market is
greater (Hensher et al. 1985).

POLICY RELEVANCE

The origins of the autemobile study stem from the observation that so
little is known about the influence that retail petrol prices have on the
household's choice of automobile(s} and on the pattern and level of utilis-
ation, The opportunity to study this issue is especially limited by a dearth
of reliable data on vehicle usage, With so many other variables of a 'fluid!
nature existing to influence the household's overall consumption of non-
renewable fuels, available agqregate efforts to predict levels of energy
consumption in the presence of various fue! prices suffer from both the fallacy
of composition and the neutralising of important individual-specific effects,
Only by concentrating a study at the household Tevel (and analysing data
at this level) can we hope to identify the fuller set of influences on vehicle
choice and vehicle use, the two key decisions made by households, which
determine the level of energy consumed. In adopting this strategy, not only
are we identifying the true role of retail petrol prices, for example, we
are also revealing a wider range of policy-tools available as possible
alternative (or complementary} mechanisms for achieving desired goals with a
lesser negative impact on households,
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Petrol prices per se, as a general instrument, can have undesirable
distributional implications; to identify these equity aspects requires a
knowledge of the household's financial base, the fuel efficiency of vehicles
held, the requirements for vehicle use (e.g. the self employad tradesman),
and the financial responsibility for vehicle costs (e.g. the househoid or
a non~household business}. Such information can only be obtained at the
household level and in the current climate of data scarcity by the cellection

of new data.

Furthermore, to unravel the causality associated with policies which can
impact on households in differing ways at different time~distances from the
introduction of a policy requires a longitudinal data perspective., For
exzmple, increasing fuel prices can be associated with an initial response
of reduced usage; subsequently vehicle replacement can be used as the
response with usage levels being re-established - even increased - with a
more fuel efficient vehicle, Failure to distinguish true intertemporal
relationships from persistent inter-household differences (cross=-section
studies being limited to the Iatter) will produce spurious (I.e. unaccounted
heterogeneity) Inferences, even in the presence of a tight a priori theory
of causality.

Pane]l data, as distinct from other more coarse longitudinal designs
which use cohorts, emables us to explicitly include the role of state
dependence and habit persistence in the poliey=-sensitive model system. The
combination of intertemporal influence and a full set of influences on
vehicle choice and utilisation, together with an allowance for the inter-
dependence of these key decisions, must improve our understanding of the
energy consumption process of households, mus¢ provide policy advisers
{and others) with a richer basket of options {suggesting different ways of
achieving the same targets) and must, subject to appropriate forecasts of
the levels of the relevant exogenous variahles (an issue of even more
importance in more realistic models of behaviour), provide improved
predictions of responses to policy.

Preliminary analysis of Wave 1 data has already highlighted a set of
influernces on vehicle use hitherto not considered. The most important
finding is the determination of the extent of influence on vehicle usage
of the presence of a business-registered vehicle in the household fleet.
Previous studies have treated all vehicles as if they were privately
registered with all costs met by the household. With close to 20% of
total household vehicle stock registered in the name of a business and
approximately one half of these vehicles provided to househalds at zero
cost (for both possession and use), the remaining 50% being a tax-deductible
expense, allowance for this financial privilege, added to the knowledge that
one in 3.5 households have access to such vehicles, significantly reduces
the petrol price elasticity of demand (Hensher 1985a}. Since business-
registered (household and other} vehicles display higher annual kilametres
than private vehicles (19455, 17323 and 11900 respectively in 1981},
igmoring this trend in such registrations will result in over-optimistic
predictions of the amount of energy conserved through a pricing policy
which affects the costs of motoring. The potential for vehicle-use
substitution in multiple vehicle households (47.8% of households) and for
vehicle substitution in all households add further mechanisms for responding
to fuel price changes. A more extensive descriptive assessment is given in
Hensher and Smith {(1986).
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v
q = VE] Prob, [VEFFV. Ve d . {40)

The emphasis is on a highly disaggregate household-level perspective
which does not suffer from the spatial specificity of more conventional
'household-based' aggregate approaches, and which Further emphasises inter-
temporal relationships to accommodate the process of change, which by
necessity 1s temporal. Consequently we view the study as being capable of
providing predictions of energy consumption in the household automobile
sector over the long term (up to the year 2000} as well 3s in the short/
medium term. The relative strength of the approach s in the estimates
of the model parameters which are in principle more robust measures of
preference than are parameters obtained with aggregate data. The validity
of any predictions will ultimately be conditioned By the reliability of the
exogenously supplied projections of influencing variables. However, given
the depth of the model system, the ability to distinguish the influence of
particular policy instruments, which is absent in existing studies in
Australia and most studies elsewhere, we are able to provide evidence on the
relative effectiveness of alternative policy instruments in meeting the
defined objectives. The model parameters can be transferred to other urban
contexts in Australia. By suitable adjustments using standard procedures
(see Hensher and Johnson 1981), and given the availability of data on the
exogenous variables, predictions of fuel consumption in urban Australia
can be obtained,

The forecasts of fuel consumption are part of a broader based policy
perspective (Figure 3) which via a scenario hased general equilibrium model
of the automobile market incorporating new vehicle supply, used vehicle
scrappage and household demand, predictions of vehicle stocks and Tevels
of usage c¢an be obtained.
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Fig. 3 A Scenario-Based General Equilibrium Model
of the Automobile Market
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The model can be used, for example, to identify the likely effects of
the introduction of unleaded petrol, LPG, a maximum national speed limit,
and mandated changes to the vehicle emission system. Each of these
supply-side actions can be expressed on the demand side by the unit price
of fuel, changing vehicle efficiency (even purchase price) and other
dimensions of performance (e.g. acceleration, weight). Given external
evidence on the effect of reducing speed Timits on vehicle kilometres
and/or marginal use cost, the change in Fuel consumption can be predicted.
The effect of differential pricing of leaded and unleaded petrol on fuel
consumption can be easily assessed. Further discussion of specific
policies is given in Hensher et al. (1985}, and in other papers in progress.

CONCLUS | ON

The 'dimensions of automobile demand? study is a contribution to three
main areas of research. Firstly it provides an improved modelling capab-
ility in studying the influences on vehicle ownership and utilisation
decisions in the household sector, so that we can obtain improved predictions
of household vehicle hoidings by type, vehicle usage by type and fuel
consumption. Non-energy policy can also be examined such as the revenue -
implications of different tax rates on vehicle registration, purchase,
maintenance elements, etc.: the impiications of changing vehicle technology
on manufacturer market share and hence prospects for the automobile
industry; and the implications of the changing levels of vehicle cwnership
on road investment. The range of outputs are of relevance to automobile
manufacturers, oi! companies, all levels of government, and interest
groups (motorist associations, consumer groups, motor traders association).

Secondly, this study places in an Intertemporal setting econometric
metheds of handiing the relationship between discrete and continuous choices,
In so doing we are able to accommodate the proper relationship between the
{derived} demand for consumer durables and the demand for levels of
consumption of durables, The failure of the grest majority of applied
economic studies to treat the two issues jointly Ts certainly theoretically
invalid, and may in due course explaim a significant measure of prediction
error and erroneous pelicy., It is intuitively appealing, at the household
level,to relate consumer durable choice and the level of consumption
temporally since the opportunity to adjust the 'level' of consumer
durables in the context of the many issues of interest Ts restricted by
the tumpiness of durahles and their cost.

Thirdly, collection of longitudinal data provides a means of identifying
the relative strengths and weaknesses of a single cross-section, as well
as extending the range of issues that can be studied. This study has
generated an extensive and invaluable data base which hopefully can be
used in many research contexts as well as providing an exemplary reference
point, especially in energy and transport economics, to the value of panel
data approaches.
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