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EXECUTIVE SUMMARY

I. Introduction

The primary goal of this study is to identify the characteristics
that inf]uenbe the energy efficiency of automobi]es-ahd determine how the

value of these characteristics to consumers has changed in response to

- changing gasoline prices} To achieve this objective, a general relation-

ship‘between the price of an automobile and the amount of the character-
istics that effect energy consumptioh within an automobile is developed.
This relationship is'known as an hedonic pricing model and the coefficients
of the characteristics are referred to as hedonic, or implicit, prices.
That is, the hedonic price of a characteristic is the implicit price
paid‘for that characteristic when the good is purchased. "Insofar as

prices paid by consumers generally reflect the value of the good purchased,
the hedonic prices of the characteristics similarly reflect their value to

consumers.
The particu]arvobjectives of the study are to:

(a) Review and analyze the relevant Titerature;

(b) Formally develop the theoretical conétruct that relates
product attributes to consumers' utility in order to
determine amounts consumers are willing to pay for various
.product characteristics which in turn will indicate how much

'energy prices must rise in order to ;ffect a change in
consumption; -

(c) Examine product‘characteristics that reduce energy use and

relate these to the framework of the economic pricing model;
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(d) Test results of the hedonic pricing modé] developed -
applying the model to automobile purchases and potential

energy savings;

(e) Discuss the impact of uncertain technological develop-
ment on short-run energy savings; and
(f) Examine and indicate the applicability of the model to

furnace purchases.

II. Review of the New Consumer Theory and Its Relationship to Hedonic Pricing

. Closely related to the theory of household production is the
Lancastrian (1966, 1971) view that a good is a bundle of characteristics
and consumers purchase goods not for their own right, but for the under-

lying characteristics provided by the good. Whereas the problem addressed

by Lancaster is for consumers to choose the goods which embody the par-

ticular set of characteristics that maximizes his utility for given productl
prices, fhe hedonic pricing model is concerned with measuring the prices

of the individual characteristics implied by the price paid by consumers

for the good. It is shown that the hedonic pricing model is merely an
éstimatibn Qf the Lancastef efficient frontier. The potential non-linearity
of the‘efficient‘frontfer, moreover, provides justification for estimating

the hedonic pricing model using a semi-logarithmic form of the model.

III. ‘Automdbi1e Characteristics That Reduce Energy Use

~Having developed the relationship between Lancaster's new consumer

\theory and hedonic pricing, an examination was undertaken to identify the

- relevant characteristics that effect the energy efficiency of automobiles.

It was determined that for each of the years 1977 fhrough'1980, in which




Canadién éutomobi]e effitfenéy,data were available, vehicle weight and
cubic inch displacement consisteﬁt]y explained over‘80 percent‘of the
variation in energy efficiencies across automobiles. Over the years
examined, however, there appears to be a dec]inerin»the effect of weight
on energy efficiency, 1ikely due to the impact of technological improve-

ments in producing lighter vehicles.

I1V. Estimation of the Hedonic Pricing Model

- Next, the hedonic‘pricing model was estimated using the character-
istics that reduce energy consumption as well as other characteristics

that were expected to exp1ain the variation’in automobi]e'prices across

‘models. Among the more interesting results, it was observed that the

interior volume of vehicles was only considered important (i.e., had a
statistically significant hedonic price) by consumers in 1980, following

major downsizings by the industry. Furthermore, when sales were weighted

by market share and the model was estimated on standard North American

vehicles alone, weight and.number of cylinders explained about 90 percent

of the variation in automobile prices across models in each test year.

The relationship appears linear rather than non-linear, as well. Moreover,
irrespective of the particuiar explanatory variables included, the weighted
model always performed better than fhe unweighted model with the same |

independent variables.

When the original sample was supplemented by non-standard vehicles,
the bias introduced by our assumption that used car sales reflect original
sales of the new models was more serious due to the variation in durability

across vehicles in the appended sample. Even though the results indicated

a significant positive amount that consumers are willing to pay for purchas-
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“ing a non-standard car, perhaps due to a difference in quality, the bias

2

introduced with this sample resulted in consistently lower R“'s.

: When the hedonic prices of weight and-number.of cylinders, for
one-year old vehicles, were compared to real domestic gasoline and oil
prices, the re]atiohship was as -expected. An increaSe in energy prices
decreased both the VaTue attached to weight and additional cylinders by
consumers . Tb confirm the relationship between energy prices and energy
consuming automobile characteristics, we also examined the Black Book
values forair‘conditioning;‘autdmatic‘transmission, and additional

cylindérs for two periods - December 1978-79 and December 1979-80.

- During the first period, there was a decrease in real gasoline prices while

the second period was one in which real gasoline prices showed a dramatic
increase. Generally, the change in va1ues'suggested by the Black Book
for these three characteristics were consistent with the change in

energy prices.

V. The Supply and Demand of Durability in an Uncertain Technological

Environment
Next, we examiﬁed bbth.the demand and supply of durability 1n an
uncertain technological environment. The motivation for this discussion
is that for many energy intensive capital goods, 1like adtomobi]es,
furnaces, etc., the potential for future iechno]ogica] change may imply
ihat such goods. be produced at a lower durability so that consumers have
the flexibility to purchase the more energy efficient technology as it comes

on stream. The results of the analysis suggest that the greater is the

market power of firms in the industry, the Tower is the level of durability

supplied which may be in the consumers' interests. At the same time, how-
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| ever, product durabi]ity is a potential barrier to entry so that firms may

have an incentive to produce goods of a longer Tife in order to discourage
entry iﬁto the industry. In the automobile industry, othef barriers aside
from product durability are 1ikely responsible for the existing structure
of the industry so that the offered durability of automobiles is most
influenced by the monopoly power of the industry and is, therefofe, less

than would be offered by firms in a competitive industry.

VI. Implications and Other Applications

IA number of policy implications afise.from this study. First, the
claim has often been voiced that North American autemebile manufacturers
build a product of too Tow a durébiiity,.or they build obsolescence into
their products. The analysis conducted in this study suggests that these
firms do have an incentive to produce automobiles of a Tower level of
durabi]ity‘than'woqu firms in a competitive industry. At the same time.
however, offering products df Tow durability may be in the interests of
consumers if industry members are seriously endaded in research and
development directed toward improved vehicle energy efficiency. The
ability of -firms in fhis industry to withhold adoption and utilization of
such an invention for reasons relating to self-profitability undermine the
positive effects associated with thé Tower durability product offered
by 1ndu§tryrmembers.> To encourage the future technological advances
requifea fér any benefit to be realized from consumers purchasing auto-
mobiles today of lower dukability, it is important to have research and
development conducted indépendent1y<of the industry - perhaps even supported

or directly undertakén by government.
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Another -implication of this study relates to the tradeoff observed -
between vehicle weight and energy efficiency. AutomoBi]es have become
lTighter since 1977 as witnessed by the average curb_weiéht adjusted for
market share of the sample used in this study - 3292 pounds. On the other
hand,\in_1980, the adjusted average weight of the sampTe was 2920 pounds,

a decrease of 11 percent. Associated with this reduction in Weight has
been an increase in energy efficiency along-with a concomitant dollar
saVings.’ However, also éssociated with the heaviervehicles are additibna]
costs. That is, Ifghter weight’automobi]es incur greater damages, personal
and property, which may increase insurance rates disproportionately for
these'carél This extra cost burden, when diucted from the value of'the

energy savings, may significantly effect the demand for these vehicles.

While estimation of the energy savings gséociated with the change in
automobile chargcterfstics induced by higher gasoline prices was not possible
due to the lack of sufficient time-series data, the required data appears
to be available for home furnaces. Hence, the estimation procedure can
1ikely be carried to its finéi step for furnaces and the aggregate energy

reduction attributed to -higher energy prices estimated.
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CHAPTER ONE: INTRODUCTION

The theory of production within a firm postulates that the firm
reacts fo changes in factor prices, in the short run, by substituting
the reTative]y abundant inpdt with the Tower price for the relatively
more scarce and more expensive input. The ability of the firm to make
these short run adjustments in response to-changes in factor prices is
reTaﬁéd'to the particu]ér production technology ehp]oyed by the firm.
Only in the long run, as capital is replaced, can a new technology in-
corporating a more efficient (not necessarily the most efficient due to

the dynamic nature of the prqb]em) utilization of factor inputs be adopted.

-

Analogous to the firm's production process is the theory of house--
hold production in which Muth (1966) stated the central hypothésis that
commodities purchaéed in the market are inputs into the production of
goods within.fhe household. The goods produced, in turn, are arguments
of a conventional utility function of the household. For a given pro-

duction techno1ogy, the household's ability to substitute between market

~commodities in response to changes in prices is Timited, In the Tong

run, however, the technology can change as a result of changes in tastes

~and the ability to substitute between commodities is enhanced.

Closely related to tHe theory of household production is the
Lancastrian (1966, 197]) view that a good ié a bundle of characteristics
and consumeré purchase goods’not for their own right, but for the undeyr-
lying characteristics provided by the good, . The relationship befweeh

product characteristics and consumer attitudes and behaviour has received
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considerable attention in the literature. See, for example, Berkowitz
and Haines (1981, 1982), Ladd and Zober (1977), and Bass and Talarzyk
(1973) among others. | '

The problem addressed by Lancaster is for the consumer to choose
the goods which embody the particular set of characteristics that maxi-
mizes the cdnsﬁhers' utility for given product prices. As particular
characteristics become more or less desired by consumers, this is
reflected by é change in the value of these characteristics or simp]y,
as a change in the price the cdnsumef is willing to pay for the.

characteristics.

-

This study adopts the Lancaster View of Qoods and concentrates on
a particu]ar good group - automobiles. The primary purpose of the in-
vestigation is to identify the characteristics thgt influence the
energy efficiency of automobiles and determine how the value of the

characteristics to consumers has changed in response to changing gasoline

“prices over time. The results derived in this study indicate a strong

impact of energy prices on consumers' decisions to purchase more (or

less) energy efficient automobiles and, hence, gasoline through the

composition of characteristics embodied in the automobiles purchased.

The particular objectives of the study are to:

(a) Review and analyze the relevant literature:

(b)» Formally develop tﬁe theoretical construct that relates
product attributes to consumers' utility in order to
determine amoﬁnts consumers are willing to pay for various

| product characteristics which in turn will indicate how

\




much energy prices must rise in order to effect a

change in consumption;

(c) Examine product characteristics that reduce energy use
and relate these to the framework of the economic pricing

model;

(d) Test results of the hedonic pricing model developed -
applying the model to automobile purchases and potential

energy savings;

. (e) Discuss the‘impact of uncertain technological déve]opment

on short-run energy savings;

(f) Examine and-indicate the applicability of the mode] to

‘furnace purchases.

The study is organized as follows. Chapter 2 reviews Lancaster's

new consumer theory and its relationship to hedonic pricing. Chapter 3

presents the development of the hedonic pricing model. Chapter 4
examines the automob11eVcharécteristics that reduce energy use.

Chaptef 5 presents the results of alternative éstimations of the hedonic
pricing model and the relationship betweenthe hedonic prices of energy

related automobile characteristics and energy prices.

‘Chapter 6 examines the related problem of consumer and producer
choices with respect to the durability bf an energy intensive capital.
good when future technological change is unknown. In particular,

because the development of new technologies is uncertain, yet promise

_ Qreater energy savings than can be achieved with redesigning the
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characteristics embodied in existing technologies, any incentive which
encourages adoption of durable goods of the latter variety may postpone
the development of new technologies by firms. Moreover, due to the
durable ﬁature of these goods, consumers who purchase products which
incorporate the present technology will only purchase a newly developed;
more- energy efficient product, when theproduct currently being used

depreciates.

Chapter 7 serves to summarize the preceding results, to discuss
policy implications of the study, and to evaluate the applicability of
the methodology used in this study for a similar examination of resi-

dential furnaces.
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CHAPTER TWO:

‘A REVIEW OF THE NEW CONSUMER THEORY AND ITS
RELATIONSHIP TO HEDONIC PRICING

I. Introduction

Traditional theory‘of cOnéumer demand is based upon the assumption
that_consumérs derive uti]ity.from the consumption of goods per sev(i.e.
apples, automobiles, radios, etc.). As with most thebrie;, the passage
of time has made appafent several weaknésses with this traditional approach.
to consumer behavior; for example, its indbility to adequately predict
the consequences of the arrival of a new good, or a change in qua]ity
of an existihg_good, or to explain why some goods are substitutes and

others complements.

In spite of these weaknesses the traditional.theory continued to
be the one thawaés most wide1y accepted. At dffferent times, however,
a competing concept of goods has appeared in the literature, one in
which objects are not simb]y considered.goods; but instéad as bundies
of characteristics.] It was nOt until Lancaster (1966), however, that
an attempt was made to integrate this concept of goods into the core of
consumer theor_y.»2 Lancaster's theory is based upon the postulate that
‘consumers derive utility from the intrinsic physical characteristics
of goods;'3 This theory has come to be known as the "néw theory" of
consumer-behaQior and has served to sohewhat bridge the gap between aca-
" demic economic theory and practical application in the areas of multi-

attribute attitude scaling in marketing and hedonic pricing in econometrics.

- 11 -
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. 11. Lancaster Mbde]

Lancaster's (1966, 1971) basic departure from the traditional
theory of consumér behavior 1ies in the fact that goods themselves are
not the direct objects of utility. Instead, it is the properties, or
characteristicé, of the goods from which utility is derived (i.e. goods
are viewed as means rather than intrinsic ends). Therefore, the con-
sumer's utility function is an ordinal preference function of charac-

teristics rather than goods. Moreover, it is assumed that all charac-

teristics have non-negative marginal utilities, i.e. more of a charac-

teristic will always increase the individual's level of satisfaction or

at the least, leave it unchanged.

-

Lancaster writes the individual's utility function as-

(2-1) U= U(Zgs Zps eees Z)

where Zj is the amount of characteristic J obtained by the consumer.

A Tinear consumption technology (B) is assumed to relate the

vector of characteristic totals to the quantities of commodities con-

“sumed " (q's). That is,

(2-2) | Zj = ? Bjsqi for é]] j=1,J characteristics

Lancaster assumes that the consumer chooses quantities of the
continuously variable commodities so as to maximize utility subject
to the consumption technology and the budget constraint. This is

written:
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(2-3) Max U = U(Zys Zys «ovs Zy)

ZJ = BJ]q1 + deqz + .00t BJNqN

*Pyg, + o+ Pyay <Y

where Pn is the price per unit of the n-th good-and Y ds the con-

sumer's income.

-

This non-]fnear‘program has a solution for the optimal bundle
of characteristics (éiVen that the number of goods is greater than or
equal to the number of characteristics), which can be denoted by
Z*(E"Z?, Zg, vens 23) . Graphically, the problem can be illustrated
by mappingvthe budget constraint upon the characteristfcs Space in
order to determine the feasible set. For simplicity, let us assume
that there are two relevant objéctive1y measurable characteristics,

4 2
characteristics in different proportions and that the representative

and Z, .and three goods, G15 Gps and dg » which possess the two
consumer has some given level of income Y . The feasible set of char-

acteristics can be graphically repreéented as shown in Figure'2-1.

The rays OA, OB and OC represent the amounts of each charac-
teristic associated with the purchase of 4y 9 and d3 respectively,
with the slopes of the rays indicating the ratio of characteristic

Z, to Z

1

0 found in each good. The points A, B, and C indicate the
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Figure 2-1

~VY

maximum amount of characteristics that can be obtained by spending all
the income on the thrée goods, 4y 9 and d3 individually. Therefore,
the feasible set is given by fhe.convéx region OABC . "If we superimpose
the -indifference curves on the graph, the optimal point is found where
the highest indifference curve is just tangent to the convex set. At
this point, the consumer's marginal rate of substitution is equal to

the relative prices of the two character{sticé, which is the value of

the implicit price df Z] to the implicit price of Z2 .

It should be noted'that if the indifference curves are of the
traditional kind (i.e. smooth, continuous and convex to the origin),

the only possible area of tangency is the cthex section ABC which




- 15 -

55 known as the efficiency frontier. The shape of the frbntier is,

" moreover, the same for all consumers although its position relative to

the origin may shift in a parallel fashion depending on the individual's

level of income.

In general, ohce the optimal characteristics vector Z* 1is deter-
mined, the optima1 goods vector can be found by solving the following

Tinear program written for notational convenience in matrix form:

(2-4) ~ ~ Min PQ

subject to BQ > Z*
Q>0 -

In summary, the Lancastrian theory formu]ates consumer choice
as consisting of two parts: a) an effiéienéy éhdice, i.e. defermining
the‘efficiency frontier and the associated efficient goods collections,
and b) a private choice, i.e., déterminihg which point on thé charac-
teristics frontier is preferred. Once the optimum point in the char-
acteristics space is found, this characferistics vector w%]] correspond
to a sihgie goods vector only in situations where fhe number of goods
is greater than or equal to the number of relevant charaéteristics.
This is, however, likely to be the case in a complex economy where
there are a 1ar§e number of different varieties to chooseAfrqm in any

particular group of goodé.

I11I. The Lancaster Theory and Hedonic Pricing

. .

-Suppose now that we examine the relationship between the'Lancastrian

view of consumer choice and hedonic pricing. First, however, Tet us define
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exactly what we mean by the latter term. Hedonic pricing is a tech-
nique in which the per unit price of a good is assumed to be a function
of the absolute amounts of the relevant characteristics embodied in it

(i.e., P = f(Z Z

N cees ZJn) where ZjN is the absolute amount

In®> “2n°

. of characteristic J per unit of good n). The empirica1 application of

this concept basically involves regressing the price of the good on the
amounts of the relevant characteristics contained in it. The charac-
teristics, in theory, must be'cardina11y measurable and completely
divisible, but often in»practice, discrete éharacteristics are included.
Depending on the form of the hedonic function, the coefficients of the
characteristics are either the implicit prices of the éharacteristics

themselves, or can be used to determine the implicit prices.

To undérstand_the relationship between the hedonic price func-
tion and the Lancaster theory, let us rewrite the linear programming

problem outlined in (2-4) in terms of.the dual problem, i.e.

(2-5) o - Max pZ*

subject to pB < P |

where p are the shadow (or hedonic) prices of the characteristics;
Thaugh written in matrix form, the above problem has N constraints,
one for eaéh gdod within the consumer's choice set. For those con-
straints that are bindihg, j.e. satisfied as an equality in the

optimal solution,

(2-6) B> = P°
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where Ps. is the solution sub-vector of P and B° 14s the solution
sub-matrix-of B . This result is a linear éﬁecification of the hedonic
price function. Unfortunately, however, estimation of the hedonic price
function has'often been accomplished using a non-linear specification,
i.e. double Togarithmic or semi-logarithmic. How can we rationalize

the non-linear specification for estimation purposes with the linear

~relationship suggested by the theory in (2-6)? Fortunately, this problem

has been addressed by Lucas (1975).

The‘argument made by Lucas runs as follows. Suppose we examine
the case of a single, represéntative consumer as assumed by Lancaster.
Estimates of hedonic price functions:are.txpica11y obtained by treating
each commodity (brand or model) as an observation. Thus, if one is
to estimate the hedonic function by muﬂtip]e regressioh analysis, fo
have a positive number of degrees.of freedom in order to give confi-
dence to the estimates, it is necessary that.fhe true relation should -

hold for a greater number of commodities than characteristics.

In the nqn-degenerate program (i.e. where positive levels of at
least some goods are chosen in the optima].so]dtion) it is well known that

the consumer will choose to consume no more commodities than there are

_ characteristics. That is, if there are three relevant characteristics,

no more than three commodities from the:choice set will be consumed.

It follows that (2-6) holds for at most J commodities and cannot, there-

fore, be the hedonic priée’function estimated by multiple regression.

This, according to Lucas, is not ‘the end of the story, however,

-for the representative consumer. Suppose we examine in Figure 2-2

the case of two characteristics (Z1 ahd Zz) and four goods (q],...,q4)
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within the Lancastrian characteristics space.

Figure 2-2

.

The Tocus ABCD 1s the efficient frontier. As drawn, the repre-
sentative consumer will chopée that combination of goods 2 and 3 which
provides the characteristics package represented by point X . ‘The equa-
lities in (2-6) then hold for commodities 2 and 3, which raises the inter-

estfng’issué of what happens to the other goods, i.e. 1 and 4.

Since there is zero demand. for commodities 1 and 4 at the going
prices of these goods, they are clearly in excess supply if they appear
at all. If markets are stable, the prices of these goods fall. Unless
the supply of these goods falls to zero before they enter the solution

set, priceé will continue to adjust until pointé A through D Tie on the
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same plane. While the number of commodities W1th-positive consumption
levels is indeterminate (dependent Upon the adjustment of prices), the

consumer may in this case choose to consume more than J commodities.

Thus, in the situation described by the repfesentative consumer,

~when prices have adjusted, the number of binding constraints in (2-6) may

be greater than the‘numBer of charécteristics. In general, then, it is
true that (2-6) can be estimaﬁed by mu1tﬁp1e regression analysis, but is
it the equation actually estimated by most researchers? The situation
described by (2-6) implies a strictly linear specification of the hedonic
price function, yet, as Gri]jches (1971) notes, "Most investigators
settle after some experimentation for a semi-logarithmic relationship
between prices and characteristics..." Can we reconcile empirical

applications with the theory?

Consider again the consumption pdssibi]ity frontier in Figure 2
represented by . ABCD . A linear hedonic price function holds for the
same number of goods as characteristics. Such equations hold, however,
with a different -p vector for each facet, i.e. AB, BC, or CD .
Therefore, a piecewise linear function_re]ates commodi ty priCes'to
characteristics for all commodities on the frontier. Moreover, Lucas

argues that this function cannot be estimated by taking break-points

" in the characteristic variables at values corresponding to the vertices

in the true equation and applying a piecewise linear estimator, since
each segment of the piecewise linear equétion would only involve the
same number of commodities as there are characféristics. ‘Hence, we are
left with zero degrees of freedom. However, a non-linear function can,

in general, be estimated to approximate the piecewise linear equation,
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and this is a plausible interpretation of the estimated non-linear

hedonic price functions.

- A non-linear hedonicAprice function capable of estimation by
multiple regression analysis, and interpreted as representing varia-
tions in comﬁodity prices and characteristics around the efficient
frontier, requires that the Lancastrian consumer problem be non-
degenerate. If some quantity of every good used to estimate the he-
donic price function is obsérved to be consumed, then we know that
the single representative consumer cannot be on the efficient frontier.

Hence, the.concept of the representative consumer must be abandoned.

| Any.number of consumers facing the same choice sef of commodi-
ties with a common price vector, and constrained by the same .consump-
tion techno]ogy, has, as pointed out earlier, the same shaped con-
sumption possibilities frontier in characteristics space. Consumers
having different preférences, or different incomes and non-homothetic
indifference curves, will, in general, be at edui]ibrium at different
~ points on-the same frontier. For example, in Figure 2-2, one consumer
may be in equi]ibfium at a-point on the AB facet, another on thé BC
facet, and yet another on the CD facet. In the absence of the repre-
sentétivé consumer myth, observed positive amounts of every good used
to estimate the hedonic price funétion éorrespond to these different
equilibrium points and.the estimated hedonic brice function is no more
than an estimation of the efficient frontier, which may very well be

non-linear.

A closeTy re]atéd‘argument'for the hedonic pricing function being

an estimate of the efficient frontier was made by Rosen (1974). Rosen
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begihs, unlike Lancaster and Lucas, with the assumption that the various
goods sold in a market are indivisible and a consumer buys only one model
or brand per period, say a year. Assumiﬁg further that brands are avail-
abeT for a continuous range of characteristics, Rosen is able to eliminate
the problem of transformation of the desired characteristics into the
optimal consumption of goods, i.e. the second stage of the Lancastrian
optimization procedure. The optimization proceeds instead direct]j in

terms of prices and quantities of characteristics.

Assuming one good group (e.g. automobiles) yielding characteristics
21,122,...,2J and letting Y represent all other goods consumed,

Rosen's model is simply:

-

(2"'7) . MaX U(Z-], ZZ’...,ZJ)

subject to P(Zqs ZoseeesZq) + Y =K
1 2 :

J

where the price of the composite good Y s normalized to one dollar,

-K is income, and P(Z1, 2,...,ZJ) represents the price of the one

good yielding characteristics 21’229""ZJ which is actually purchased.
Unlike the traditional model where marginal utilities are proportional
to prices, the prob1em outlined in (2-7) has as its solution that the

marginal utilities of characteristics are proportibna] to their marginal

3P

As in the Lancaster model, the Rosen model implies an efficiency

frontier defining the combinations of character%stics available at any

“given expenditure, and that the consumer will choose the combination so

as to maximize his utility. In addition, the Rosen model emphasizes the
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tradeoff between total consUmptfon of characteristics and their cost,
which represents the value of other goods which must be foregone so the

individual may purchase characteristics.

To illustrate the Rosen model, let us look to Figure 2-3 where we
assume two chatacterfstics, Z] and Zé » and an indifference surface,
I] > which’showﬁ the amount a consumer is willing to pay for a given set
of characteristics at a given uti]jty index. That fis, I] defines the
amounts the consumer is willing to pay for alternative amounts of Z]
at a constant utility level U* and given the value of .22 = 7* . More-
over, the function P(Z],Zg) defines the brands which are available at
the various combinations of price and ‘Z] given 7, =75 . Given that
Z§ is simultaneously the optimal level of 22_, utility is maximized
when tangency is obtained between the consumer's indifference curves for

price versus 'Z] and the function P(Z],ZE) . fn Figure 2-3, the con-

sumer will choose the combination P*, Z?, Z§ .

Fﬁgure 2-3

*
P(Z],Zz)
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In thé_Lancastér's model, owing to the divisibility assumption,
the function P is linear, or pfecewise linear, and the efficient fron-
tier can be represented in terms of characteristics per dollar. In the
Rosen mpde], however, . P heed not be linear because units of goods are
not divfsib]e. »The empirica] imp]ication‘is that price must be repre-
sented as a Separate dimension;'and that characteristics‘of goods should
be defihed in terms of their abSo]ute levels rather than characteristics
per dollar. G1ven two character1st1cs, for example, the eff1c1ency fron-
tier would be three dimensional in price, Z] s and Z2 .

It fo]]ows directly that the P(Z1,22, Wz ) function in Rosen's
mode1~1s simply an hedon1cvpr1ce function wp1ch estimates the efficient
frontier defjning the Various combinations of price and characteristics

available to consumers. Moreover, to emphasize the point just made, P

Finally, it should be noted that careful 1nt¢rpretation must be
given to the coefficientsvdf the estimated hedonic price function when
cross-éectiona] data is usedvfor_estimation purposes. While individuals
may assign different va1ues (i.e. prices) to the characteristics and
therefofe lie at different points on the consumption possib11ity fron-

tier, the éétimated coefficients using multiple regression ana1ysis

" represent the average values (or prices) of each characteristic over

all consumers and goods within the sample.

IV. Applications of the Hedonic Pricing Model

.Severa1 different types of empirical studies have been done using
hedonic price functions. The most common application is the determina-

tion of hedonic pricé‘ indices for a particular group of goods. Briefly,
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the purpose of these studies is to correct consumer price indices for
changes in the quality of the "constant” basket of commodities. The

corrected price index is known as a quality adjusted price index and

it, in theory, represents the pure price effect.

Without describing the exhaustive list of research, perhaps the most
widely praCticed.use of hedonic price functions has been to investigate
the determinants of house prices. In some cases, the regression mode 1
used has contained a mixed bag of explanatory variables; some physical

characteristics, disposabie income, neighbourhood factors and even a

trend variable. Most of these regressions overlook the theoretical

precepts and problems discussed earlier and therefore lack any theore-

-

tical foundation.

Other studies have closely followed the Lanéastrian'mode], with
only physical charaétéristics employed as explanatory variables. In two
such studies, by Ball and Kirwan (1977) and Carvallio et. al. (1976),
the resu]ts of their.regressions were used‘to determine whether housing‘
sub-markets exist.within a larger urban area. To_accomp]ishithis,.they
tested the stabi11ty of the coefficients across the urban area. If the
coefficients were found to be stable, they concluded that there would

be only one urban housing market.

A study by King (1976) employed a two-stage Lancaster model.
King grouped the physical characteristics together into housing services.

The house prices were then regressed on.the value of these housing ser-

vices. Four services were used as explanatory variables and each proved

to be statistically significant. King.concluded that housing can be

viewed as a bundle of relevant. characteristics.
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Murray (1978) supported King's findings that hedonic price func-
tions using characteristics as explanatory variables were not as signi-
ficant as those using housing services, because housing services were

jointly produced by several characteristics.

Perhaps the second most popular use of hedonic price functiohs
is their application in adjusting the price of automobiles for quality
changes over time. Without exception, the particular form of the he-
donic price funétion estimated in this‘liferating is rather ad hoc,
and chosen because it "fits" the data best. No theoretical foundation
or explanation of what is being estimated, a la Lucas (1975) or Rosen

(1974) can be found in any of these empirical exercises.

-

One of the earliest stﬁdiés, by Griliches (1961), investigated
the relationship between the Tist prices of U.S. automobiles to their
various characteristics in 1937, 1950, and 1954-1960. The basic ap-
proach taken was to derive quality adjustment factors from cross-sec-
tional data and use these factors to adjust a time series of automobile
prices. Using a semi-logarithmic specification of the hedoni ¢ price
function to determine the qua1ity adjustment factors, Griliches con-
cluded that a limited number of characteristics explain a very large
fraction of the variance of car ﬁrices in any one of the years examined.
Due, however, to the highAco]11near1ty between some of the characteris-

tics, there appears to be instability in the estimated hedonic prices.

In a related study, Fisher, Griliches, and Kaysen (1962) used
a model similar to Griliches'earlier one to estimate the costs to the
consumer of changes in the specificationsAof private automobiles during
the 19505.‘ In each year between 1950 and 1961, the R2 (per cent of

the price variation explained by the utilized characteristics) ranged
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from .857 to .951 using only fouf variables - horsepower, shipping
weight, length, and a dummy for engine size. Becausé 1ist prices of
automobiles are_dsed,'the implicit Eharacteristic prices estimated by
the authors reflect a bias in terms of thé.costs to the consumer of

changes -in automobile specifications. As list prices diverge from

- transactionS'prices between years and between models, the results of

this study must be interpreted with extreme care.

Triplett (1969) tried to duplicate the approach used by Griliches
for the 1960-65 period. Unlike Griliches, he found that the hedonic
measures indicated negligible quality improvement in automobiles and
provide no substantiation for the belief in an upward quality bias in
the CPI. Triplett pointed out that certaiﬁ’biases, however, in the
hedonic indices themse]ves_]imit théir vaTidity'asneasures of quality
change. To overcome the bias problem using regression analysis to
estimate quality change, Triplett developed a quality index. Finally,
he emp1oyed-step—wis¢ regression and found\that only three variables
(weight, a dummy for power steéring, and a dummy for compact) could
explain 90 per cent of the variance in list prices. It appears, how-
ever, that weiéht is a complex variable encompassing many aépects of
quality. Moreover, the relationships between quality and weight was
not stable over the estimation period (e.g. cars of equivalent qua]ity
have been made lighter with the use of aluminum and other 1ight alloys),

and this biases the results. -

In a later study, Dhrymes (1971)-éstimated the hedonic price

function for each of three U.S. automobile manufacturers. Because of

the extreme collinearity in the explanatory variables, he employed

principal component transformations to reduce the dimensionality of
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‘the data and to reduce the incidence of collinearity among the vari-

ables. Dhrymes found considerable 1nstab111ty'in the. coefficients
of the characteristic variables and attributed this to the monopoly

power of automobile manufacturers.

A related use of the hedonic price function appears in the work
by Cowling and Cubbin_(1971). In this study, the authors tried to
explain the behavior of the oligopolistic U.K. car market over the
late 1950s and through the 1960s. The assumption was that sales of
an automobile are related to the‘qua1ity adjusted price of the vehicle.
Forhal]y, ’

U,., = P

it v

it = elogy *oqgVygy *ogpVory * oot oVl

| ) it
is the 1ist price of model i 1in year t ; and Vjitis the amount of
the j-th characteristic in model 1 in year t . For 1958, the esti-
nated regression had an R® of .940,while for 1962, R® was .876.

A signfficant improvement err previous studies was that wa]ing and
Cubbin weighted each observation by the mérket share captured by that

mode].

In-order to determine the demand for automobile characteristics,
Dewees (1974) tested both a linear and semi-logarthmic specification
of the hedonic pricing model. .For each year examined the R2 was
around .90. Moreover, in each equation, weight-had the greatest degree
of significance. Dewees found the implicit price of weight in 1968 was

$.509 per pound which is quite similar to the value obtained by Griliches

(1961), assuming an automobile .cost $3,000 in the latter case. The.
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weight coefficient derived by both Dewees and Griliches, however, were

" significantly below the values obtained by Triplett.

More recently, Toder (1978) deve]pped an hedonic market share
model for automobiles. The technique used selects the statistics des-
cribing a distribution of coﬁsumers‘ utility functions that reproduce
the market shares of individual models actually observed. In doing so,
an hedonic pricing model is estimated where instead of 1ist prices,'used
one year old transactions prices'aré employed. The use of transactions
prices represents an improvement over previous studies, yet the estima-
tion procedﬂre,suffers sfnce the charactéristics'are not weighted by

-

sa]es'of each model.

‘In summary, the estimated hedonic price functions adopted in
these s;udies generally lack any theoretical fpundation. For the most
part, list prices have been Qsed instead of transactions prices which
contribute to a bias in the results. MoreoVer, the characteristics
are usually unweighted by SQ]és, éuggesting that each mode] in the sam-
ple has an equal market share which is not the case. From an econo-
metric standpoint, the expianatory variables are~typica11y highly col-
Tinear so that the achieved high R2's must be interpreted with extreme
caution. Finally, in our review of thé relevant literature, we have
been:able to identify 22 separate characferistics used in the hedonic
studies of aﬁtomobi]e prices. With the exception of weight, length,
and horsepower, little concensus has beeh reached throughout the years.

A summary of the characteristics employed by the various authors is

presented in Table 2-1.
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Table 2-1

SUMMARY OF CHARACTERISTICS USED IN PREVIOUS STUDIES
OF AUTOMOBILE PRICES

Author(s'- Characteristics

Gr.i'].lches (']96']) 1, 2, 3, ]2, ]4, ]5, ]6, ]7, ]8

Fisher, Griliches, and Kaysen (1962) 1, 2, 3, 12, 14, 15, 16, 17, 18
Triplett (1969) 1, 2, 3, 12, 13(17)*, 14(15)*, 16, 18
Dhrymes (1971) 1, 2, 3, 4, 10, 13, 14, 18
Cowling and Cubbin (19771) 2, 3,9, 11, 15, 19, 20
Dewees (1974) 1, 2,3, 4, 5, 13, 21
Toder (1978) | 1,2, 3,6, 7,8, 14, 15, 17, 18, 22
where: 1: weight 12: dummy for engine éize
2: length 13: dummy for number of doors
3: horsepower 14: dummy for power steering
4: no. of cylcinders 15:  dummy for power brakes
5: engine displacement 16: dummy for compact
6: brake area 17: dummy for hardtop
7: turning circle 18: dummy for automatic transmission
8: headroom 19: dummy for number of forward gears
9: fuel consumption ‘ 20: dummy for luxury
10: production of relevant model . 21: dummy for standard accessories
11: passenger area . 22: dummy for station wagon

*Triplett 1nc1uded as single variables, dummies for 4- door hardtops, and
power steering and power brakes
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CHATPER THREE: MODEL DEVELOPMENT

In order to develop the theoretical foundation for the model fo

- be estimated in this study, we assume that consumer's utility is strongly

séparab]e in terms of good groups. Strong, or additive separabi]ity, is .
defined as the situation when the marginal rate of substitution between
any two distinct groups is independent of the quantity of any'commodity

in any third group. We are thus able to concentrate on the consumer's

~ choice problem between different models of automobiles given his avail-

able income for an ependiture on this good.

Suppose, initially, that we adhere to the concept of a represen-

tative consumer. Furthermore, suppose the utility he derives from pur-

-

chasing and using an automobile is a function of the particular charac-

 teristics of the model chosen. Moreover, we can represent the vector

of.characteristics describfng any model as Z .so that utility, U, is

a function of Z .]

The consumer tries to choose the model of automobile with the
characteristics that maximize his utility. For automobiles, this appears

at first glance to be a problem since the optimal characteristics might

be achieved by purchasing one-third of a Cadillac and two-thirds of a

Volkswagon. Recall from the discussion in the previous chapter that the
problem of indivisibility bf durable goods was addressed by Rosen (1974);
Rosen recognized that it is both the supply and demand of these charac-
teristics that determfne the equilibrium prices observed. In effect,

if consumers desire a package of characteristics that is a combination

of a Cadillac and a Volkswagon, that product, with the desired charac-

- teristics, is produced and available in the market.
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Thus, the problem facing consumers is the following:

(3-1) Max U(Z)

subject to Z = Bq

where B 1is a matrix transforming goods into characteristics; q is
a vector of available models; P is a vector of automobile prices; and

Y s the income available for an expenditure on automobiles.

Suppose the solution to the above problem for the representative

consumer is the package of characteristics .denoted by Z* .
According to Lancaster (1971), the most efficient way of obtaining

Z* s to solve the following program:

(3-2) ‘ Min Pq
‘ subject to: Bq > Z*%

q>0

Alternatively, the dual bf‘this probiem can be written,

(3-3) Max pZ*

subject to: pB < P

Finally, for the model chosen, the constraint is binding and satisfied

as an equality.

Because more than one model is observed to'be purchased, the

concept of the representative consumer must be discarded. Instead,
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suppose.that individuals have different incomes and different prefer-
ence functions for chérécteristics. Each of the M consumers will then
choose the model that maxfmizes the value Qf his individual optimal
characteristics package, Z? . Hence, in aggregate there will be M

binding constraints of the form:

(3-4) B = P

Pii®j ]

where a one-to-one correspondence between consumers and automobiles is
assumed to exist. Because of differences in incomes and preferences,
it is neither necessary nor likely that the values ascribed to charac-
teristics by individual consumers (p's) pp the same. Furthermore,
this set of M equations represents the locus of points on the effi-

ciency frontier that are_téngent to the individual preference functions.

An average value of the j-th characteristic can thus be obtained
by determining the average values of the pijls over a]]- N models and
M consumers. To achieve this, let the number of consumers purchasing
the i-th model be represented by n; . gAggregating by model, the con-
strafnt set has the following form:

(3-5)  mleqqByy *oppByp +een HogByyl = Py
Nolog1Bay + PpoBop * +or ¥ epgBagl = MoPp.
ConiBur * enaBe * o * engBugd T P

The average value of the Jj-th characteristic, p., ., is then the weighted

J




- (3-6)

- 33 -

average value, overall models, of that characteristic, i.e.

_1'1—1
M Pij

-

1

©
1}
n~M=zin ™M=
I
no~™=

-l
—
)

The use of cross-sectional regression analysis to estimate the

| hedonic prices of characteristics provides estimates of the pj's .

Aside from proViding a theoretical construct for the empirical model
to be estimated in this study, the foregoing analysis clearly demon-
strates the need for weighting the characteristics by the sales volume

of each model. _ _

Hence, the model to be estimated can be expressed in linear

form as:

(3-7) Pi = pg T Pplyy teplyp t e tpglig Yy s

or in semi-logarithmic form as:

(3-8) ~In P'i = DO.+ p]zﬂ + 9221'2 el PKZTJ + ns

The problem now is to determine the set of characteristics that effect
the energy efficiency of automobiles so that we can examine the changes
in the hedonic prices of these particular characteristics with respect

to changes in gasoline prices over time.
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CHAPTER FOUR:

EXAMINATION OF THE AUTOMOBILE CHARACTERISTICS
THAT REDUCE: ENERGY USE

In this chapter we shall examine the‘characteristics of auto-
mobiles that explain the variation in energy efficiencies across mbde]s
for the years 1977-1980. Once the relevant characteristics are deter-
mined, they are input into the hedonic pricing mode1 which w111 be esti-

mated in the fo]]owing}chapter.

According to Dewees (1974), two vehicle parameters are important
deterﬁinants of gas mileage - engine size and vehicle weight. In addi-
tion to their direct relevance, they ére highly correlated with other
variables. For example, at high speeds,‘gas mileage is affected by wind
resistance which is a-functiqn of the frontal area of the éutomobi]e;
This area is highly corre}éted with weight., Moreover, the rear axle
ratio is an important fuel economy factor since it determines how fast
the engine must turn over at a given vehicle speed. The axle ratio, how-
ever, is designed as akfunction of power and weight and thus in most
U.S. manufactured automobiles, this factor has relatively little inde-

pendent variation.

‘Dewees points out that the compression ratio is another variable
related to fuel economy. As the compression ratio is raised in an
engine with fixed displacement, the power obtained per gallon of fuel
increases, afong with maximum engine power. For the range of compres-
sion rqtios currently in use, Kavanaugh et.al. (1958) approximated the

relationship between gas mileage and the compression ratio as:

]
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(4-1) MPG =  MPG*(1 + .0625CR)

where MPG 1is the miieage per gallon adjusted for the compression ratio;

“MPG* s the mileage per gallon unadjustedffor the compreésion ratio;

and CR 1is the compression ratio.

Following Dewees, the re]ationship between the mileage variable
unadjusted for the compression ratio and both the weight and cubic inch
displacement.(or horsepower due to high correlation between these vari-

ables) is multiplicative. Hence, the functional form can be represented by:

R
(4-2) MPG* = yra.crpP

-

where C 1is a constant; WT represents vehicle weight; CID represents

cubic inch displacement; and a and b are positive parameters.

Substituting the value of MPG* from (4-1) into (4-2), we have

_.__M&__. = __Q...__ or
(4-3) 1 + .0625CR wrd.c1pP

in logarithmic terms,
(4-4) In MPG = 1InC + In(1 + .0625CR) - alnWT - bInCID
The equation to be estimated then has the following form:

+ a,InCR + a

(4-5) In PG = a, 1 21nWT + a51nCID

'wheré the expectation from (4-4) is that the coefficient a, is positive while

a, and a; are negative.
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I. The Data .

‘Data on the fuel economy of automobiles has been gathered by

Transport. Canada only since 1977. While such data has been co]]ecfed

for a longer period in the U.S., differences in automobile emission

standards between the U.S. and Canada, which significantly influence

. fuel economy, preclude fhe use of thé U.S. figures. Hence, we are res-

tricted by the availability of data to consider only years 1977‘through
1980 in this study. |

‘A sample of standard North American built aQtomobi]es was selected
in each year. Because market share data was only available by model of
automobile sold in Canada for each year, the sample was Timited to one
vehicle per model even though mode]s'may vary by engine size, fype of
transmission, as well as other available options. To choose the mbst
popular specification for each model we used the standard vehic]e‘type

listed in the Canadian Black Book for used car prices. If, for example,

$200 was to be added to the given mode] prices if the model had auto-
matic transmission, it was assumed that the most popular version'of that
model included standard transmission. On the other hand, if $200 was

fo be deducted from the given prices if the model had standard trans-
mission, it was theh assumed that the most popular specification was
with automatic transmission. Appendix A to this chapter provides the
specific models comprising the standérd vehicles used in each year. Also
included in the Appendix, for each year, are samples of non-standard

(Tuxury, sport, etc.) models which are utilized in the study.

For each vehicle, data was collected on 16 characteristics,
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namely: (1) cubic inch displacement,. (2) compression ratio, (3)'horse-
power, (4) type of transmission, (5) number of cylinders, (6) ehergy—
efficiency in miles per gallon, (7) curb weight, (8) sales share,

(9) width, (10) height, (11) Tength, (12) front head room, (13) front
leg room, (14) front shoulder room, (15) rear seat room, and (16) rear
shoulder room. As welT, the uéed car price of each specific model was
collected for the last week in December following each model year

through 1980. That is, fdr 1977 model cars, used prices were collected
as of the last week. in December 1977-1980 whi1e for 1980 models, data

was gathered for the last week of December 1980 and included in the file.

Since the Canadian Black Book T1ists four prices dependent upon the condition

of the automobile (i.e. extra clean, clean, average, and rough), we used the
average price as being representative of the particular make and model in

any year.

The data was derived from six basic sources: (1) Transport Canada

Fuel Economy Guide published by Transport Canada, (2) Automotive Service

Data Book 1981 published by Maclean-Hunter Ltd., (3) Motor Vehicle Data

Book published by Sanford Evans Services Ltd., (4) Automotive News,

(5) Consumer Reports, and (6) Canadian Black Book published by William

Ward publishing Ltd. Characteristics 1, 4, 5 and 6 were obtained from

- source 1, while characteristics 2, 3, 9, 10, and 11 were derived from

source 2. Characteristh~7 was- obtained from source 3. Characteristic
8 comes from source 4 and characteristics 12 through 16 were derived

from source 5. Finally, used car prices were gathered from source‘6~.1
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II. Regression Results -

In order to estimate the model in (4—5); the compression ratio,
weight, and‘dispiacement variables are utilized. Table 4-1 presents the
estimated regression for each year. The coefficients are all of the
expected sién though the compression ratio coefficient is not éignificant
at the 95 per cent confidence level. Morebvef, whilé not shown for years

1977 through 1979, approximately 90 per cent of the variation in energy

efficiency across models ié explained by the included variables, primarily »

weight.
In contrast, by 1980, less variation in energy efficiency can be

explained by the included variables. Table 4-2 shows that mean energy

. efficiency increased during the four-year period with a éignificant

reduction in the standard deviation. Also, the trend was toward a
reduction in weight over the pefiod, accompanied as well by a Tower
standard deviation. The explanation for these occurrences. are twofold.
First, during the period being considered, automobile manufacturers
drdpped their "guzzlers" which in turn reduced the variance in energy
efficiency across models and improved the mean fuel economy. At the
same time, this action 1ikely reduced the mean weight and weight
variation across models. Second, new energy conserving technologies
were added over the beriod, which.are not included as explanatory

variables in the model. Hence, the R? is reduced though the mean

_energy efficiency is increased.

For completeness, the Tinear form of the model was also esti-
mated and the results are presented in Table 4-3. As expected, the

Tinear model does not perform as well as its non-linear counterpart.
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Table 4-1

Relationship Between Energy Efficiency and

Charaéferistics of Automobiles

(t-statistics in parentheses)

Dependent Variable Intercept Tn WT In cID®  in CR. BE
Tn MPG (77) 10.636 =922 . -.048 .139 887
_ : (17.041) . (-8.742) (-.847) (1.920) ° -
n MPG (78) 7.586 -.531 =192 452 oo
~ (7.810) (-4.069) (-2.736) (1.397) )
In MPG (79) 8.216 -.564 -.144 .163 857
R (14,075) (-5.260) (-2.516) (1.825)
“In ﬁPG (80) - ‘ 6.387 -.310 -.192 - .198 824

(9.851) (-2.544)  (-2.709) (1.955)

a. Note that cubic inch displacement and horsepower are highly
correlated. Either one could have been used as an explanatory variable.

Dewees {1974), for example, reports his log-linear results using horse-

power as an independent variable while the results of his linear model
use cubic inch displacement.as an explanator.
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‘Table 4-2

Energy Efficiency and Curbweight

Energy Efficiency (MPG)

Mean Std. Deviation
27.57 6.65
27.95 6.42
28.37 6.09
29.00 4,24

Curbweight (LBS)

Mean Std. Deviation
3101.43 577 .41
3046.13 635.26

2879.32 528.46
2937.18 510.90
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Table 4-3

Relationship Between Energy Efficiency and

Characteristics of Automobiles

(t-statistics in parentheses)

Dependent Variable Intercept  WT CIiD CR _BE
MPG (77) 55.37 -.0103 .0001  .516 840
- ' (18.476)  (-7.952) (.006) " (2.725) -
MPG (78) 32.297 ~ -.006 -.017 2.225 817
: ‘ | (2.908)  (-4.764)  (-1.548)  (1.698) °
MPG - (79) 47.70 -.0070 -.0125 4707 oo
- (19.467)  (-6.209)  (-1.385)  (2.175)
MPG (80) _ 41.46 -.0030 -.0346 .3420 117

(16.096) (-2.620) (-3.220) (1ﬂ520)
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For ;omparison, the results obtained by Dewees, based ubbn a

sample of 106 vehicles, all of which satisfied U.S. emission standards

‘and were tested for fuel economy in 1966 and 1967 are>presented below:

(4-6) ' Tn MPG = 9.49 - .5321 In WT - .2991 1In HP
' (-5.045) (-6.644) :
with RZ = .89 , and
(4-7)  MPG = 24.3 -  .0026 WT -  .0237 CID + 1.136 CR
(-6.047) (-7.645) (4.336)
with RZ = .87.

A direct compar{son between the equations in Table (4-1) with
(4-6) is not possibie due to the variation in samples. However,'it is
reasonable to conclude that the results we.obtained are consistent with

the earlier results of Dewees.

Looking closer at the results in Table 4-1, as we would expect,

there appears to have been a fairly steady decline in the effeét of

weight on energy efficiency over the four'yearAperiod due to the impact
of technological improvements in producing lighter cars. For 1977
models, a one‘per cent 1ncreése:1n weight would reduce energy effi-
ciency by about .90 per éént.' For 1977 and 1978, a similar one per
cent 1ncréase in we{ght wdu]d reduce energy efficiency by about .50
per cent. Finally, for 1980 models, a one per cent increase in weight

would reduce energy efficiency by about .30 per cent.

The foregoihg analysis argues strongly .for the inclusion of
weight in the hedonig pricing model. Moreover, the coefficient of the
cubic inch displacement Variab]e'is significant and of the correct sign
in each df the years 1978-80 for the logarithmic model and; hence, should

also be examined within the hedonic framework. On the other hand, the
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compression ratio variable which was not significant at the 95 per cent

level also proVed insignificant during preliminary tests of the hedonic

pricing model and was, therefore deleted from future analysis. ‘Interestingly,

Dewees (1974), Griliches (1967), and Triplett (1969) also excluded this

variable, presumably for similar reasons.
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Appendix

Standard Models Built in 1977

00 ~N O O B ow N
a e e e « e e

_Manufacturer

American Motors

Chrystler
Dodge -

Model

Gremlin
Hornet
Matador-
Pacer
Century

Le Sabre
Regal V
Skyhawk
Sky]ark'
Chevette
Chevrolet
Malibu
Monte Carlo
Nova
Vega
Cordoba
Aspen

" Charger

Monaco

20,

21,

22,
23.
24,
25.

. 26.
) 27.

28.
29.
30.
31.

- 32.

33.

34. .

35.
36.

Manufacturer

Ford

Lincoln-Mercury

Oldsmobile

]
Plymouth

f

f
Pontiac

n

]

Model

Granada
Maverick
Pinto
Bobcat
Comet
Monarch
Cutlass
Omega
Arrow
Fury
Volare
Acadian
Astre
LeMans
Pontiac
Sunbird
Ventura
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15,
16.
17.
18.
19.
20.

Manufacturer

American Motors

Buick

Chevrolet

Chrysler

Dodge

- 45

Mode1

Matador
Pacer _
Le Sabre-
Regal
Skyhawk
Chevette
Chevrolet
Malibu
Monte Carlo
Monza

Nova
Cordoba

Le Baron
Aspen
Challenger
Diplomat
Magnum
Monaco
Omni
Fairmont

21,

22.
23.
24.
25.
26.
27.
.28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.

Standard Models Built in 1978

Manufacturer

Ford

Lincoln-Mercury

* 0ldsmobile

PTymouth

Model

Fiesta
Ford
Granada
LTD
Pinto
Bobcat
Monarch
Zephyr
Cutlass
Omega
Arrow

Fury
Horizon
Sapparo
Volare
Acadian
LeMans
Phoenix
Sunbird
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Standard Models Built in 1979

Manufacturer Model ’ Manufdcturer Model
1.  American Motors Pacer = 20. - Ford Granada
2. " . Spirit 21, " : Pinto
3. Buick - Century 22. ‘Lincoln-Mercury Bobcat
4. " Le Sabre ‘ 23. " " Capri
5. " Regal o 24, " L Monarch
6. "  Skyhawk 25, v . v Zephyr
7. Chevrolet Chevette 26. 0ldsmobile - Cutlass
8. n ' Malibu - 27. " | Omega
9. " Monte Carlo 28. Plymouth - Arrow
10. " ' Monza - 29. . Horizon
11. Chrysler ~ Cordoba | 30. " ‘ Sappahd
12. " Le Baron K 31. v Volare
13. Dodge : Aspen - 32. Pontiac Acadian
14, " | Challenger - 33. " LeMans
15. " Di p]Qmét 34, " Phoeni x
16. " | Omnii ’ 35. " Pontiac
17. Ford Fairmont - 36. " .Sunbird
18.. " Fiesta | |
19, v Ford



HE N - I I B B D B BN B A Bm BE BN B EBE B e

0 ~N O G B W N
« & & s L]

N =
. .

—_—
O W0
. .

—_ ot e
G 01 P W
] . L]

17.
18.
19,

Manufacturer

American Motors

Buick

. Chrysler

Dodge
1]
"

o= 47 -

‘»Standard Models Built in 1980

Model

Pacer

~Spirit
Century
Le Sabre
Regal
SkyhaWk
Chevette
Chevrolet

" Citation
Malibu
Monte Carlo
Monza
Cordoba
Le Baron
Aspen
Diplomat
Mirada
Omni

'St. Regis

20.

21.

22.
23.
24,
25,
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.

Manufacturer

Ford

0ldsmobile

(1]
P1ymouth
u
Pontiac
i H
n

Model

Fairmont
Fiesta
Ford
Granada
Pinto
Bobcat
Capri
Monarch
Zephyr
Cutlass
Omega
Grand Fury
Horizon
Volare

»Acadian

LeMans

Phoenix

Pontiac
.Sunbird
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Non-Standard Models Built in 1977

Manufacturer

0 ~N O Ol W D~
« & ®» e e

.. Audi

BMW -
Buick
Cadillac
Chevrolet
Datsuniﬂ
Ford
Honda
Lincoln-Mercury
Mercedes
O0ldsmobile
"
Pontiac
Renault
Toyota
Volkswagon

Volvo

Model

Fox

3201
Riviera
Seville
Camaro
B210
Mustang
cvce
Lincoln-Continental
2400
Toronado
Delta 88
Grand Prix
5L

Corolla
Rabbit

242 DL
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Non-Standard Models Built in 1978

Manufacturer

American Motors
Audi
BMW
Buick

"
Cadillac
Chevrolet
Chrysler
Datsun
Ford

"
Honda
LincoIln-Mercury
Mercedes
0ldsmobile

0
Pontiac
Toyota
Volkswagon
Volvo

Model

Concord
Forx
3201
Electra
Riviera
Cadillac
Camaro
Newport
B210
Mustang

" Thunderbird

Civic \
Cougar
230.

Delta 88
Delta 98
Toronado
Grand Prix
Corolla
Rabbit

242 A
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17.

18,

19.
20.
21.
22,
23,

24.

25,
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Non-Standard Models Built in 1979

Manufacturer

American Motors
Audi

BMW

Buick
Cadillac
Chevrolet
Chrysler
Datsun
Fiat

. Ford

Honda

Lincoln-Mercury -

Mazda
Mercedes
Oldsmobile

n
:l |
Pontiac
Renault
Toyota
Volkswagon
VoTvo‘

Mode1

Concord
Fox
320i
Electra
Cadillac

Camaro
Newport

B210

Brava
Mustang
Thunhderbird
Civic
Cougar
Marquis
Versailles’
GLC

240D

. Delta 88

Delta 98
Toronado
Firebird
12TL
Corolla
Rabbit
242 DL
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16.

17.
18.

19.
ZQ' X

21.
22.
23.
24,
25,

- s'i_

Manufacturer

American Motors
Audi

BMW

Buick.
Cadillac
Chevrolet
Chrysler
Datsun

_Fiat

Ford

]
Honda
Lincoln-Mercury

Mazda
Mercedes
0ldsmobile

]

1

Pontiac
Renault
Toyota
Volkswagon

Volvo

Non-Standard Mode]s Built in 1980

Model

lConcord

5000

3201
Electra
Cadillac
Camaro
Newport

"B210

Brava
Mustang
Thunderbird
Civic
Continental
Cougar
Marquis
GLC -

240D

Delta 88 .
Delta 98
Tornado
Grand Prix
12 TL
Corolla
Rabbit
242DL
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Chapter Five:

THE HEDONIC PRICING MODEL

I. Introduction

While most estimated hedonic price functions adopted in previous

studies suffer from a lack of any supporting theoretical construct, the

model to be estimated in this study has a theoretical basis which was

developed in Chapter 3. For the most part, as well, automobile Tist
prices have been used instead .of transactions prices in estimating
previous models. This contributes to a bias in the results, While new
or transactions prices are not possible to obtain, used car transactions
prices are available and have been used in this study to reduce the |
estimation bias. VYet another problem with many earlier studies is that
the automobile pricés and characteristics are typica]]y'unweighted,
suggesting that each model in the sample has an equal market share
which we know is not the case in the "real" world, In tﬁe following
analysis we explicitly weight each model by the sales of the model 1in
the particular year, It is expected that the inclusion of these con-
siderations which have been generally omitted in previous studies will
result in mbre reliable estimated jmplicit (or hedonic) prices of the

characteristics associated with automobiles.

The results presented here suggest that when the hedonic prices
of the weight and cy]fnder charaéteristics are compared to the historical
trend in domestic gasoline prices, it appears that consumers are re-

acting correctly -to the signa1sgiven‘n1the marketplace.
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II. The Model

Two variations of the hedonic pricing model are estimated:_ the

1inear form andthe semi-log form. More specifically,

| P, =
(5-1) | jtv 3, + 2y ZjTy + a, Zj2v + ..t a, Zjnv and
5-2) 1n-P,, . = ~ '"
(5-2)  AnPypy = by by Zyyy + by Zypy * wen 4 by Ty
where Pjtv is the price in period t of a model j automobile of

‘vintage v and Zjiv refers to the amount of characteristic i in-
cluded in a model j  automobile of vihtage v‘. As an example,
P3,1978,1977 refers to the price in 1978 of a model 3 (e.g. Chevrolet

Nova) car manufactured (sold) in 1977. . Furthermore, Z3 2.1977 refers

to the amount of characteristic 2 (e.g. weight) in a model 3 car manu-

factured in 1977.

III. Data

‘The automobile price and characteristics data have been described

in Chapter 4, Section I, and are not reproduced here.

IV. Estimates of the Models

“Recall that in Chapter 4, an examination was undertaken of the
automobile characteristics that reduce energy use. The results showed
that ovef'80_percent of the variation in miles per gallon can be

explained by the automobile's compression ratio, weight, and engine



disp]acemeﬁt. Because only the weight coefficient was consistently
significant ovér the‘four year period, the starting point(for:estima-
tion of the hedonic pricing.mode1 was to use the weight variable in
combination with variables representing the number of cylinders, com-
pression ratio,.disp1acement, and jnterior volume so as to explain the

variation in automobile prices across standard models in any year,

The reasons for including dummy variables for the number of -

cylinders is that this characteristic has been a common explanator

! Moreover, it is expected ex ante that

within many previous studies.
the hedonic price associated with the number of cylinders is quite

sensitive to gasoline prices.

The volume variable was examined as an explanator because it was

‘believed that the value of this characteristic has changed over time with

gasoline prices and the substantial downsizing of automobiles in recent
years.A'That is, it was expected that interior volume was of little
releyvance to consumers when édtomobi]es were large and a high correla-
tion existed between size as measured by weight and interior vehicle
volume. Once gasoline priceé rose and were éxpected to rise further,
howeVer,AWeight'was reduced by.automobiie manufacturers, but interior
volume did not necessarily decrease proportionately, reflecting
consumers' preferences for this characteristfc. To estimate interior
volume, the pfoduct of the width, length and height of the interjor
cab was used.2 It should be recognized that this estimate is somewhat
biased since the cab is measured as a box so that the more aerodynamic-

ally built is fhe car, the greater is the bias.




_in mind that D1 = 1 if a vehicle has 4 cylinders and zero otherwise

unweighted by sales share.

‘is yalued at approximately $.603 per pound, The value of weight, moreover,

Though the coefficients associated with the models which included
compression ratio and engine displacement variables were eétimated, these
variables were consistently non-significant and so are not presented here.
Looking first to the samples of standard automobiles described in the Appendix
to Chapter 4, Table 5-1 presents estimates of the linear model co-
efficients of vehicle curb-weigﬁt (CURBWT) and the two dummy cylinder

variables, D1 and D2. For purposes of interpretation, it should be kept

D2 = 1 if vehicle has 6 cylinders and zero otherwise. These results are
based upon the imp1icit assumption that each mode1 had an equal share of

total automobile sales in the particular year, i.e.; the variables are

Looking at the equétion in which the prices of one~year old 1977

models serve as the dependent Variab]e, the results show that extra weight

decreases to approximately $.481 per bound for one-year old 1978 models

and stays about at that Tevel for one year old 1979 and 1980 models.

The cylinder dummy variables also have an interesting interpreta-
tion. For one-year old 1977 models, a 4-cylinder car sold at a discount
of $860.28 relative to an 8-cylinder model while a 6-cylinder model sold
at a $670.49 discount relative to an 8-cylinder model, Generally, these
discounts decreased over time for ohe~year old cars though most of the

coefficients are not significant and must be considered in that light,

One can conclude from these results that the older the car, the

less of the price variation that can be explained by weight and cylinders
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Tab]e 5-1

Unweighted Linear Regression Estimates Based Upon
Sample(s) of Standard Models

(t-ratios in parentheses)

Dependent Variab]ea Intercept CURBWTb QlF QgF B?
‘PR(77,78) 1667.54 603.22  -860.28  -670.49 .653
- - (1.900) (2.768)  (-2.023)  (-2.464)
PR(77,79) 750. 85 '658.57  -704.51  -612.64 .559

: ~ (.720) (2.544) (~1.395)  (-1.895)
© PR(77,80) . 2056.61 105.51 -747.25  -503.05 .246
| ~ (2.094) (.433)  (-1.570)  (-1.652)
PR(77,81) 1207.43 123.10 -234.36  -244.00 122
(1.707) (.701)  (-.684) (-1.113)
PR(78,79) 1572.17 480. 91 -147.95 205.15 .453
(1.691) (2.034)  (-.347) (.773)
PR(78,80) 2013.44 90.69 151. 29 302.48 .106
(2.840) (.503)  (.465) - (1.495)
PR(78,81) 1623. 31 27.46 196.44 331.55 115
| (2.616) (.178)  (.691)  (1.875)
PR(79,80) 2257.38  417.56 -385.47  -379,92 .30
(1.990) (1.429)  (-.751)  (-1.078)
PR(79,81) 1535. 60 375.08  -63.60 -94,33 .293
‘ - (1.824) (1.729)  (-.167)  (-.361)
PR(80,81) : 2139.50 447,48 -288.22.  -173.98 .470
- » (2.470) (2.039)  (-.673)  (=.517)

a. The dependent variable PR(v,t) is the price of the particular year v mode]l
automobile 1in year t. These prices are beginning of the year prices,
though actual data was ?btainﬁd on the last wiek of eagh of the preélggs

ears. For example, PR(77,78) is the price of a car of_average condition
%s'published in Ward's Canadian Black Book on Dec. 26, 1977 for a 1977 model
car.

b, The variable CURBWT denotes curb weight, measured in 000's of pounds.

c. D1 and D2 are dummy variables for the number of ¢ylinders. If number of
cylinders = 4, then D1 = 1, otherwise D1 = 0. Ifnumber of cylinders = 6,
then D2 = 1, otherwise D2 = 0.
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alone. Moreover, all the coefficients for the three and four-year old
1977 bui]t automobiles are insignificént affirming again the lack of

explanatory power of the model for older cars.

Table 5-2 presents estimates of the Tinear mode unweightéd by
market.share again,but including as an explanator the interior volume of
the automobile. This variable is highly correlated with curb weight in

each year and it is this coT]inearity alone which produces the higher Rz's.

In Tables 5-3 and 5-4, estimates of the unweighted Togarithmic
models are presented. Comparisdn between each of these tables with its
Tinear counterbart‘doés not suggest ahy evidence of a non-linear relation-
sﬁip between automobile prices and characteristics. To' the contrary,
the Tinear and logarithmic models performed equally we11,:or\poor1y,

and appear non-differentiable.

The results presented in Tables 5-5 fhroUgh 5-8 expTicit]y take
account of the sa]es share of each model in the market. Unfortunately,
market share data is not avajlable for used cars and wé were forced to
use new car sales as a proxy. For standard type models, this is not
too bad an approximation since none of these cars haye significantly
1onger 1ives (durability) thén the others. However, aé the age of the
sém§1e increases, this éssumption becomes more tenuous. In other words,
if three percent of the new cars sold in Cénada during 1977 were Chevrolet
Novas,-Novas Tikely still compriéed close to three percent of the stock of
1977 automobiles outstanding'in 1978, 1In 1981, however, it is more likely
that Novas no longer COmprised three percent of the existing stock of

1977 cars due to specific.changes that occurred in this model over time .
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Table 5-2

Unweighted Linear Regression Estimates Based Upon
Sample(s) of Standard Models

(t-ratios in parentheses)

Dependent Variab1e Intercept CURBNT
 PR(77,78) 1035.19 1.84
| (1.210) ~ (.006)
~ PR(77,79) 51.08 -104.08

(.050) (-.281)

PR(77,80) 1750. 32 -185.78

- (1.700) (-.488)

PR(77,81) 664.26  -393.46

(.976) (-1.562)

PR(78,79) 754.58 414.07

(.547) (1.646)

PR(78,80) 1919.00 82.97

| (1.809) (.429)

PR(78,81) 1543. 82 20,96
(1.665) (.124)

PR(79,80) 1687.86 316.01
(1.305) (1.010) -

PR(79,81) 1057.30 289. 80

(1.106) (1.253)

PR(80,81) 1171.39 190.94

(1.386) (.885)

vo.®
171.81
(2.474)

217.88
(2.677)

83.22
(.996)

147.58
(2.671)

60.59

- (.806)

7.00
121

5.89
(.117)

50.62
(.924)

42.51
(1.049)

97.58
(2,979)

DI D2

-1171.28 -993.29
(-2.821) (-3.487)

-1098.91 -1022.01
(-2.259) (3.062)

-897.89 -659.41
(-1.797) (-1.924)

-501.50 -521.28
(-1.519) (-2.301)

~7,88 213.83
(~.017) (.802)

167.47 303.48
(.471) (1.480)

210.06  332.40
(,676) (1.854)

~295.44  -358.84
(~.564) (1.014)

12.01 -76.63
(,031) (-.293)

-183.,25 -93.82
(-.473) (-.308)

.709
.639
.263
.282
. 462
.107
L1176
.318
.315

.582

a. VOL refers to interior volume of automobite.
definitions of other variables.

Refer to Table 1 for




Table 5-3..

'Unweighted Logarithmic Regression:Estimates Based
Upon Sample(s) of Standard Models

~(t-ratios in parentheses)

Dependent Variable Intercept . CUBRWT D1 D2 BE
LPR(77,78) 7.452 217 -.273 -.175 .648
(23.424) (2.745) (-1.771) (-1.776)
LPR(77,79) . 6.960 ' .294 -.324 -.210 .537
: (13.424) - (2.284) (-1.289) (1.304)
LPR(77,80) 7.493 .081 -.374 -.236 .256
4 (13.736) (.601) (-1.416) (-1.396)
LPR(77,81) 7.155 .070 -.202 -.194 .108
(13.175) (.519) (-.769) (-1.153)

PR( 7.509 .160 -.062 .074 -~ .490
LPR178,79) (24.767) (2.081) (-.447) (.856)
LPR(78,80) 7.616 .034 067 132 .116

‘ (26.739) (.474) (,511) - (1.625)
LPR(78,81) 7.390 - .010 117 189 - .129
- (22.565) (.120) (.780) (2.024)
LPR(79,80) 7.782 140 -.109 -.103 .306
: (20.964) (1.471) (~.655) (-.900)
LPR(79,81) 7.410 .154 ~.018 -.029 .309
(22.373) (1.803) (-.122) (-.286)
LPR(80,81) 7.726 .139 -.085 -.047 .466
- (28.127) - (2.004) - (~.629) (-.441)

\

- Refer to previous tables for definition of yariables,
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Unweighted Logarithmic Regression Estimates Based

" €0~

Table 5-4

Upon Sample(s) of Standard Models
(t-ratios in parentheses)

Dependent Variab]e | Interceggi CURBWT VOL
LPR(77,78) 7.245 .020 .056
: _ (22.949) (.175) (2.189)
LPR(77,79) 6.603 -.046 .07
' (12.955) (-.242) (2.345)
LPR(77,80) 7.255 -.144 .064
| : (12.882) (-.692)  (1.410)
LPR(77,81) 6.749 -.316 .110
o , (12.841) (=1.626) (2.586)
LPR(78,79) 7.250 139 .019
(16.111) (1.697) (.783)
LPR(78,80) 7.581 " .031 .003
(17.789) (.404)  (.112)
LPR(78,81) 7.360 008 .~ .002
(15.020) (.085) (.081)
LPR(79,80) 7.525 .104 .108
: (17.984) (1.026) (.998)
LPR(79,81) 7.206 117 .018
(19.205)  (7.294) (1.140)
LPR(80,81) 7.406 .055 032
‘ (27.947) (.808)  (3.141)

.375
.445)

.499
.020)

.491
.796)

-.402

.576)

.018
.118)

.073
.509)

‘122
.744)

.078

.458)

.014

.092)

.051

.418)

-.281
(-2.670)

-3.92
(-2.310)

-.357

(-1.905)

-.401
(-2.294)

.077
(.882)

.132
(1.607)

- .189
(1.999)

-.096
(-.833)

-.022
(~.213)

-.021
(-.216)

el

.694
.605
.300
.262
.498
116
.T29?
. 326
.334

.589

 Refer to previous tables for definition of variables.




relative to other 1977 models. Hence, the estimates for one-yeér old
automobiles are 1ikely the most reliable estimates of the weighted

regression models,

Table 5-5 presents the estimates of the weighted linear regressions
for tﬁe sample of standard model automobiles. The weighted coefficients
are generally much larger than the unweighted resu1ts in Table 5-1 reflect-
ing the greater market shaké comprised by the heavier cars such as
Chevrolet's Chevrolet mode]1, Plymouth's Fury model, and Ford's Ford

mode1, among others.

. It is interesting to note that of the four one-year old vehicles
examinéd; D1 is only significant for 1979 and 1980 cars. Moreover, a
4-cylinder car in each of theée situations is valued higher with respect

to number of cylinders é]one, than is an 8-cylinder car. ‘In contrast, for
the same ohe year old mode]é, D2 is significant only for 1977 and 1978 -

models. For 1977 models, a 6-cylinder car was discounted relative to an

'8-cylinder vegucke while foh»1978, the 6-cylinder car sold for a premium

relative to its 8-Cy11ndér.compétitor.

While collinearity between the explanatory variables may appear to
be pﬁob]ematiCjinthehnesu1ts~presentedinTab]e 5-5.due to weight being
corre]atéd, to one degree or another with most other automobile charac-
teristics, this does not seem to be a serious issue here., One sign, for .
example, of a high degrée of mu]tico]]ihéarity'js if at, say, the 5 per
cent Tevel of sighificénce, the value of the F statistic is significantly -
different from . zero but none of the t statistics for the regression

coefficients (other than the constant) is. This would indicate that the




'

separate influence of each of the explanatory variables is weak relative to
their joint‘inf]uence on the dependent variable. This situation is sympto-
matic of a high degree of multicollinearity, which would prevent us from
disentangling the separafe_inf]ﬁences of the explanatory variab]es.l Each
of the regression equatioﬁs presented in Table 5-5, on the other hand, have
F statistics which are significant at the 5 per cent 1eve1.- Moreover, only.
one estimatéd equatioh, where the dependent variable is PR(77,80), has two

coefficienté that are not significant at the 5 per cent level. The remaining

- nine equations have at most one coefficient which is not significant.

Though some collinearity does exist, it does not appear to belharmfu1.

This is further confirmed by examining the R2's when only CURBWT 1is used as

an explanator. The range of values for..R2 is between .777 and .942,.

suggesting that weight a]bne explains most of the variation in prices across
automobi]e'mode1s in any yéar and, thus, minimizing the effects of collinearity

when the cylinder dummy variables are included.
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Table 5-5

Weighted Linear Regression Estimates Based Upon
Sample(s) of Standard Models '

(t-ratios in parentheses)

Dependent Variable®

Intercept CURBWT Dl D2

PR(77,78) -7269;70 1054.40 15.01 -468.40
(-.425) (17.748) (.067)  (-2.589)

PR(77,79) 3130600 939.98  -61,44  -525.28
(-1.584) (13.677) (-.237)  (-2.509)

PR(77,80) -4610.42 651.11  209.07  -256.51

(-.275) (11.186) (.951)  (1.447)

PR(77,81) -20834.90 485.58 462.80 -48.65

(-1.483) (9.942)  (2.508)  (-.327)

PR(78,79) ' 15834.15 - 877.01 259.42 349.63

- (.682) (13.657)  (1.089)  (2.031)

PR(78,80) 18190.57 580. 30 833.16 1529.61

(.886) (10.217)  (3.954)  (3.478)

PR(78,81) 3016.53 466.89 746.46 484.08

(.173) (9.702)  (4.181)  (3.752)

PR(79,80) 7668.79 986. 47 454.45 -72.59

(.432) (13.775)  (2.204)  (-.323)

PR(79,81) 3067.02 767.67 505. 88 129.26
(.255) (15.853) (3.627) (.850)

PR(80,81) -4072.26 1987.86 613.41 241.83

(13.043)  (3.243)  (1.034)

(-.247)

o

. 955
.922
7892
.878
916
.867
.860
.920
.945

.946

~-a. Variables for each model are weighted by their‘respeCtive share of total

sales in 1977. Sales share data were obtained from The Auto Dealer.
Refer to previous tables for definition of other variabTes.
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-~ Table 5-6
Weighted Linear Regression Estimates Based Upon

Sample(s) of Standard Models
(t-ratios in parentheses)

Dependent Variable Intercept CUBRWT

PR(77,78)
PR(77,79)
PR(77,80)
PR(77,81)
PR(7é,79)

PR(78,80)

PR(78,81)

PR(79,80)

PR(79,81)

PR(80,81)

7170.77  -351.2]

(.488)

~-15688.40
(-.897)

7270.35
(.473)

-6320.10
(-.601)

33582.17
(1.564)

37125.15
(2.095)

20089.43
(1.382)

- 27214.56

(1.580)

16149.87
(1.383)

13551.81
(.847)

(-.126)

-238.55
(-.715)

-245.43
(-.837)

-609.72
(-3.045)

190.81
(.870)

-151.75
(-.839)

-193.19
(-1.302)

177.13
(.647)

1 225.95
(1.218)

420.80
(2.082)

yoL
240.79
(3.957)

260.42
(3.590)

198.11
(3.106)

242.03
(5.557)

.140.08

(3.243)

149.44
(4.192)
134.75
(4.608)

-155.13

(3.044)

103.83
(3.005)

105.03
(2.980)

-958.92
(-3.103)

-1114.78
(3.027)

-592.23
(1.829)

-516.15

(-2.334)
-348.58

(-1.228)

184.53
(.788)

161.61
(.841)

-129.97
(-.487)

114.70
(.634)

203.12
(.927)

D2
~-1142.41
(-5.025)

-1254.24
(-4.628)

-811.05
(-3.404)

-726.12
(-4.462)

45.67-

(.253)

205.34
(1.380)

191.69
(1.571)

-364.87
(1.629)

-66.38
(-.437)
43.58
(.197)

=

;970 '
.944
917
.938
.935
‘.910
911
.937
.956

.957

~ Refer to previous tables for definition of variables.
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Tables 5-7 and 5-8 present the estimates for the weighted logarithmic
regreésiohs. It appears that the non-linear models do not perform as well
as the Tinear mode]s in Tables 5-5 and 5-6 as is suggested by the consistent-

ly lower R2's in the semi-logarithmic regression models,

The preceding models were also estimated for the samples consist-
ing of standard North American vehicles supplemented by a set of non-
standard automobiles. The samples used in each year are presented in the

Appendix to Chapter 4.

Table 5-9 presents the results when the 1ndependeﬁt variab]es
include weight, dummies for number of cyTﬁnders and a dummy differentiating
standard and non-standard vehicles. Table 5-10 contains the results when
volume is added as an independent variable. Comparing both Tables 5-9
and 5-10 with Tables 5-1 andv5-2, there appeérs to be no appreciable

differences in the R2's though the weighted coefficients do increase sig-

'nificahtly,in those equations presented in Tables 5-9 and 5-10 as a
result of an increase in the average weight of automobile in that sample

-relative to the sample of standard vehicles.

Table 5-11 shows the unweighted logarithmic estimates for the
supplemented samples and as before,the non-standard dummy variable (D3),

is consistently significant and of the expected sign - positive,

-demonstrating that consumers value thisvcharacteristic, perhaps greater

quality, embodjed in the non-standard vehicles, Table 5-12 presents the

- estimates of the coefficients when interior volume is included as an

explanator, "This variable, however, is not significant.
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Table 5-7

Weighted Logarithmic Regression Estimates Based
‘Upon Sample(s) of Standard Models

(t-ratios in parentheses)

~ Dependent Variable Intercept CURBWT
LPR(77,78) 11.487 .0033

. (124.088) (10.240)
LPR(77,79) 11.090 .0038
(92.273) (8.990)
LPR(77,80) 11.059 0032

| (94.192) (7.725)

LPR(77,81) 10.629 .0032
(93.727) (8.216)

LPR(78,79) 11.529 .0028
(119.656) (10.638)

LPR(78,80) 11,313 .0025
T (110.440) (8.729)
LPR(78,81) 11.019 .0025

| (102.059) (8.295)
LPR(79,80) 11.262 .0037
(130.247) (10.534)

LPR(79,81) 11.062 .0036
(137.085) (10.952)

LPR(80,81) 11.425 .0034
(120.482) (7.726)

D1

- =.0002

(-.133)

-.0006
(-.390)

.0007
(.451)

..0033
(2.202)

.0015

(1.504)

.0043
(4.075)

.0049
(4.406)

- .0032

(3.207)

.0036

(3.786)

.0027
(2.511)

D2

-.0014
(-1.379)

-.0019
(-1.488)

~.0012
(-.952)

-.0006
(-.512)

.0012
(1.632)

.0021
(2.713)

.0024
(3.018)

~.0006
(.569)

.0011
(1.024)

.0007
(.491)

.879

.843

.801 .

.822

.863

.813

.805

.883

.896

.859

Refer to previous tables

for definition of»variab1es.
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Table 5-8

(t-ratios in parentheses)

B NI N N =N N = . Il!-l Il I N BE BN B . ffllll L

Dependent Variable Intercept CURBWT VOL

LPR(77,78) 11.522 .0007 .0006
(122.647) (.395)  (1.469)

LPR(77,79) 11.139  .0001 .0008
, (91.949) (.033)  (1.619)
LPR(77,80) 11.115  -.0010 - .0009
(95.278) (-.451) (1.906)

LPR(77,81) 10.702 -.0022 .0012
(99.817) (-1.084) (2.712)

LPR(78,79)  11.572  .0012 .0003
(119.258) (1.170) (1.752)

LPR(78,80) 11.369  .0003 .0004
: - (112.422) (.303) (2.168)"
LPR(78,81) - ©11.082  .0000 .0005
(104.913) (.041) (2.337)

LPR(79,80) 11.274  .0032 .0001
(119.447) (2.119) (.339)

LPR(79,81) 11.067  .0034  .0000
(125.469) (2.397) (.150)

LPR(80,81) 11.438  .0029  .0001
(2.245)  (.350)

(110.618)

D1 D2
-.0025  -.0030
(-1.252) (-2.024)
-.0039  -.0042
(-1.531) (-2.223)
-.0030  -.0038
(-1.235) (- 2.083)
-.0016  -.0040
(-.707) (-2.402).
.0000  -.0004
(.002) (1.521)
.0024 .001]
(1.773)  (1.300) -
.0027 .0013
(1.953) -(1.510)
.0029 .0004
(1.956)  (.362)
.0034 .0010
(2.486)  (.848)
.0024 .0005
(1.708)  (.357)

.886
.855
.821
.855
.874
.834
.830
.883
.836

.859

N

Refer to previous tables for definition

of variables.
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Table 5-9

Unweighted Linear Regression Estimates Based
Upon Sample(s) of A1l Models '

(t-ratios in parentheses)

for non-standard cars and 0 for standard cars.
are as defined previously.

A11 other variables

Dependent Variable Intercept CURBWT D1 D2 ggf BE_

PR(77,78) -3405.40 1893.57 1072.29 -102.72 1194.19 .686
' (-2.508) (5.972)  (1.639) (-.225) (4.195)

- PR(77,79) -4462.51 1941.18 1402.74 107.97 1335.64 .650
(-3.045) (5.671) (1.986) (.219) (4.350)

PR(77,80) -2963.91 1281.27 1377.40 396.02 1249.73 .491
(-2.107) (3.900) (2.031) (.837) (4.240)

PR(77,81) -3034.46 1129.93 1605Q96 ~ 500.99 937.09 .456
s (2.583) (4.118)  (2.836) (1.267) (3.807)

PR(78,79) -4742.54 2018.01 1810.04 176.00 1589.41 .486
(-2.938) (5.349) (2.519) (.398) (3.975)

PR(78,80) . -2842.51 1287.60 1573.21 237.16 1219.19 .365
(-2.240) (4.340) (2.784) (.682) (3.877)

PR(78,81) -2449 .57 1013.30 1506.83 339.86 1021.08 .303
- (-2.159) (3.821) (2.983) (1.093) (3.633)

PR(79,80) -4976.91 1914.56 984.87 -579.85 2662.52 .405

_ (-2.225) (4.151) . (1.182) (-1.084) (2.171)

PR(79,81) -5755.60 1909.06 1606.39 -160.91 2405.69 .35]
~ (-2.702) (4.347) (2.025) (-.316) (2.061)

PR(80,81) -4243.44 2026.11 805.16 -745.18 2009.92 .323
(.000) (3.926)  (.862) (-1.168)  (.000)

D3 is a dummy variable denoting non-standard and takes on the value 1
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Table 5-10

(t-ratios in parentheses)

Intercept CURBWT  VOL

PR(77,78)
PR(77,79)
“PR(77,80)

PR(77;81)
PR(78,79)
éR(78,8o)
PR(78,81)
PR(79,80)

PR(79,81)

PR(80,81)

-4056.49
(-2.453)

-5447.96
(-3.062)

-3235.79

(-1.880)

-3518.97)
(~2.456)

-6582.86
(-3.429)

=3711.76)

(-2.419)

-3160.65
(-2.301)

-6497.97

(-2.561)

-7269.88

(-3.013)

-3811.42

000)

1758.98 66.72
(4.720) (.697)

©1738.72 100.37
(4.343) (.976)

1225.07 27.86
(3.159) (.280)

1029.77 49.65
(3.189) (.599)
1662.04 189.00
(3.903) (1.706)
1119.46 89.27
(3.290) (1.008)

875.76 73.03
(2.875) (.921)
1722.63 133.66
(3.559) (1.250)

1717.98 133.07
(3.732) (1.308)

- 1791.33 137.22
(3.142) (.971)

1089.85

(1.656)

1429.16
(2.021)

1384.73
(2.021)

1619.04
(2.839)

1916.90
(2.700)

1623.68
(2.862)

1548.12

(3.049)

1186.33
(1.404)

180696
(2.249)

929.70
(.986)

-143.55
(-.310)

46.55
(.094)

379.57
(.788)

470.61
(1.173)

94.98
(.217)

198.89
(.568)

308.55
(.985)

-557.78
¢1.047)

-138.94
(-.274)

-749.04
(-1.172)

1202.96
(4.203)

1348.83

(4.386)

1253.39
(4.208)

943.62
(3.805)

1479.27
(3.710)

1167.17
(3.663)

978.52
(3.431)

2 472.90
(2.011)

2216.01
(1.895)

-72.58
(.000)

690
.657
.492
.461
511
.376
.313
420
.369

.334

Refer to previous tables for definition of_variab1est
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Table 5-11

Unweighted Logarithmic Regresstion Estimates Based
Upon Sampel(s) of A1l Models

(t-ratios in parentheses)

‘Dependent Variable Intercept = CURBWT D1 D2 D3 BE

LPR(77,78) 6.283  .476 .237 .065 .363 .758
(21.094) (6.846) (1.652)  (.651) (5.818)

LPR(77,79) 5.560 .578 .335 150 .537 .732
(13.693) (6.104) (1.719) (1.113) (6.385)

LPR(77,80) 5.866 419 .350 175 554 .615
(13.771) (4.212)  (1.705)  (1.217) (6.203)

LPR(77,81) 5.455 .440 .546 .195 .519 572
(12.267) (4.236) (2.549) (1.303) (5.569)

LPR(78,79) 6.187 468 .326 .052 411 .593
(18.575) (6.009) (2.202)  (.574) (4.976)

'LPR(78,80) 6,291 .355 .392 .070  .411 453
: (19.593)  (4.731) (2.739)  (.794) (5.162)

LPR(78,81) 6.014 .339 .463 .118 .453 .390
' (16.654) (4.016) (2.880) (1.189) (5.062)

LPR(79,80) 6.216 .428 .166 -.118 .615 .487
(13.918) (4.654)  (.997) (-1.107) (2.573)

LPR(79,81) 5.721 471 310 -.059 .705 .438
(11.997) (4.793)  (1.745) (-.517) (2.698)

LPR (80,81) -8.630 .385 .058 -.151 15.708 .410
(.000) (4.258)  (.355) (-1.350) (.000)

‘Refef to previous tables for definition of variables.
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Table 5-12

Unweighted Logarithmic Regression Estimates
Upon Semple(s) of A1l Models

(t-ratios in parentheses)

‘Dependent Variables Intercept CURBWT VoL

" LPR(77,78) 6.014 -~ - .417. .029

- (16.556)  (4.651)(1.287)

~ LPR(77,79) 5,105 472,050

(10.483)  (3.919)(1.683)

LPR(77,80) 5.337 415 .013

(10.755)° (3.214) (.395)

LPR(77,81) 5.075 - .403 .029

(9.352)  (3.016) (.860)

LPR(78,79) 5.082 .393  .039

(14.654)  (4.480)(1.729)

LPR(78,80) 6.138 .325  .016

- (15.742)  (3.762) (.707)

LPR(78,81) 5,784 .312  .014

(13.376)  (3.202) (.568)

LPR(79,80) 5.805 .388  .028

(11.654) (4.021)(1.321)

LPR(79,81) 5.336 .423 . .034

(9.917)  (4.117)(1.495)

LPR(80,81) -8.535 .334  .030
(.000) (3

.354)(1,

224)

D1

(1

.242
.646)

.339
.720)

.384
.812)

~.583

(2.

.349
(2.

(

660)

383)

.401
(2.

471
.902)

778)

.208
.236)

.361
.016)

.086
'520)

Based
045 365
(.423) (5.616)
12 .539
(.790) (6.214)
.195 574
(1.269) (6.114)
.205  .540
(1.288) (5.563)
.035 .388
(.393) (4.714)
.063 .401
(.710) (4.958)
112 .445
(1.114) (4.874)
- 114 575
(-1.069)(2.346)
-.053 .657

(-.473) (2.521)

-.152 152249
(-1.362) (.000)

.750
.730
.611
.579
.613
458
.393
.504
.458

.425

Refer to previous tables for the definition of variables.
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- 72 -

The weighted regressions in Tables 5-13 through 5-16 are provided
for compléteness only since it is expected that with npn-sténdard vehicles
included, there are substantially different durability levels within the
samp1e. Hence, the assumption that the stock of used cars is a reflection
of previous new ‘car sales is more tenuous than in the previous estimations
using a more homogeneous sample of cars in each year. Ref1ecting.this
greater heterogeheity is consistent]y Tower R2's in all the models
presented in Table 5-13 through 5-16 relative to the R%'s obtained with

the samples of standard vehicles. "

V. Relationship Between Regression Coefficients and Gasoline/0il Prices

It is now possible to examine the relationship between the hedonic
prices of fhe automobile charaéteristics relative to the price of gaso-
line/oil over the time period December 1977 through December 1981. The
purpose of this exercise is-to see if the prices of these characteristics
have been sensitive to changes in the prices of gasoline and 0il. Of
particular importance is the hedonic price of weight since we know that

this variable explains about 80 percent of the variation in miles per

affect the hedonic price of weight, the implication is that the Canadian
consumers' purchasing behaviour with respect to automobiles has been
influenced by energy prices. Hence, gasoline and domestic 0il prices
are, as we expect, an important tool of government in trying to encourage

energy conservation.

In order to account for the fact that the price of each automobile

in the sample has decreased over time due to age, the respective hedonic
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Table 5-13

Weighted Linear‘Redression Estimates Based
Upon -Sample(s) of A1l.Models
(t-ratios in parentheses)

PR(77,78)
PR(77,79)
PR(77,éd)
PR(77,81)
PR(78,79)
PR(78,80)
PR(78,81)
PR(}9,80)
PR(79,81)

PR(80,81)

19004 .56
(.753)

1691.21
(.064)

10943.95
-~ (.390)

9227.94

(.457)

71631.02
(2.529)

68900. 91
(3.119)

51266.33
(2.862)

138573.65

(1.450)

38517.94
(1.671)

67773.98
(1.701)

Intercept

CURBWT ‘D1 D2 D3

1031.81 -425.26 =-634.41 760.41
(10.081) (-1.768) (-2.214) (2.885)

886.63 =522.46 -628.92  839.46
(8.188) (-2.066) (-2.088) (3.028)
550.80 . 75.07  -83.72  900.59
(4.808)  (.281) (-.263) (3.071)

414.31 122.97 -43.25 570.63
(5.036) (.640) (-.189) (2.709)
711.37 -570.91 -460.65 1125.87
(7.228) (-2.101) (-2.197) (4.081)

413.61 -28.78 -174.71 1035.50
(5.386) (-.136) (-1.068) (4.812)

292.84 68.10 -40.84 870.11
(4.703) (.396) (-.308) (4.987)

637.90 -743.54 -871.35 1858.01
(2.204) (-1.322) (-2.604) (1.663)

| 540.21 -346.62 -526.46 1218.67
(2.154) (-.711) (-1.816) (1.259)

1109.13 -125.37 -570.46  74.18
(2.869) (-.183) (-1.384) (.052)

-~

.851

.800

.662

.667

.807

.768

.760

773

.732

.632

Refer to previous tables for definition of variables.
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e 5-14

Upon Sample(s) of A1l Models
(t-ratios in parentheses)

(2.334)

D1

--418.84

 Weighted Linear Regression Estimates Based

-630.76

760.89

(-1.096) (-1.885) (2.855)

-490.50

-610.74

(-1.221)(-1.736)

-43.63

-151.23

(-.103) (-.407)

121.25

-44.23

(.397) (-.166)

-562.92

-456.42

(-.031) (-1.503)(-1.819)

16.32

-150.86

(.056) (-.771)

51.27

-49.74

(.217) (-.313)

47.12 -752. 30 -896.32
(.625) (-1.330)(~2.647)

55.37 -356.92 -555.80

840.23
(2.999)

897.74
(3.033)

570.59
(2.680)

1129.56
(3.738)

1056.28
(4.484)

862.35
(4.513)

1391.78
(1.032)

670.77

(.849) (-.730)(-1.899) (.576)

48.42 -107.02 -584.38 ~489.42
(=.155)(-1.406) (-.272)

-Dependent Variable Intefcept CURBWT VOL
PR(77,78) 18894.76 1038.35 -1.43
(.727) (3.265) (-.022)
PR(77,79) 1144.33  919.19 -7.10
(.042) (2.749) (-.103)
PR(77,80) 12974.75 429.88 26.38
: (.449) (1.217) (.362)
PR(77,81) 9257.29 412.57 .38
(.446) (1.624) (.007)
PR(78,79) 71458.58  719.62 -1.96
(2.456) (2.556)
PR(78,80) 67928.02 = 460.17 -11.03
(2.995) (2.096) (-.227)
PR(78,81) 51629.34  275.47  4.12
(2.806) (1.547) (.104)
PR(79,80) 41323.18  526.67
: (1.525) (1.544)
PR(79,81) 41749.10  409.50
(1.783) (1.390)
PR(80,81) 72131.24 1009.72
(1.761) (.525)

.851
.800
.663
667
.807
768
.760

774
735

.634

Refer to previous tables for

definition of variables.
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Dependent Variable

LPR(77,78)
LPR(77,79)
LPR(7?,80)
LPR(77,81)
LPR(78,79)
Lpé(78,80)
LPR(78,81)
LPR(79,80)
LPR(79,81)

LPR(80,81) -

=75 -

Table 5-15

(t-ratios in parentheses)

Intercept CURBWT D1
11.564 .00289  -.00142
(140.298) (8.595) (-1.814)
11.213 .00304 -.00213
(104.865) (6.980) (-2.095)
11.141 .00237  -.00054
(104.139) (5.433) (-.530)
10.860 ~ .00244  ~-.00057
(96.904)  (5.344) (.531)
11.756 .00221 -.00102
(125.331) (6.776) (-1.139)
11.583 .00175  .00045
(127.380) (5.524) - (.517)
11.346 .00155  .00071
(117.759) (4.630) (.770)
11.464  .00245 -.00058
(124.962) (2.455) (-.301)
. 11.286 .00230  -~.00014
(117.378) (2.202)  (-.068)
11.746 .00345  .00113
(103.603) (3.133)  (.579)

Weighted Log Regression Estimates Based
Upon Sample(s) of A1l Models

D2
~-.00080

D3

.00365

(-.860) (4.244)

-.00073

.00506

(-.598) (4.531)

~.00050

.00533

(.412) (4.772)

-.00021

.00441

(.163) (3.771)

-.00114

.00321

(-1.647) (3.515)

-.00060

(-.894)

-.00032

.00361
(4.079)

.00398

(-.446) (4.236)

-.00192

.00549

(~1.666) (1.429)

-.00157

.00526

(-1.296) (1.304)

-.00083

(-.704) (-.177).

-.00072

RZ

.845

.805
.765
.730
.775
.745
.720
.785
.753

.653

Refer to preyious tables for definition of variables.




Weighted Logarithmic Regression Estimates

= -

Table 5-16

Upon Sample(s) of A1l Models
(t-ratios in parentheses)

Daépendent Variable

LPR(77,78) 11.
(136.

LPR(77,79) 11.
(102

LPR(77,80) 11.
| (101
LPR(77,81) 10,
(94.

LPR(78,79) 11.
(121

LPR(78,80) 11.
(124,

LPR(78,81) 11
(114.

LPR(79,80) 11
. (122.
LPR(79,81) 11
- (115.
LPR(80,81) 11
(100.

Intercept CURBWT oL D1

553
694)

201

.069)

136

131)

853
123)
755

.988)

576
095)

.340

664)

.448

388)

.291

004)

.760

976)

. .00182
(1.902) (-.301)

.00353 -.00014 -.00080
(3.412) (-.652) (-.643)

.00379 -.00016 -.00140.
(2.825) (-.589) (-.868)
.00270° -.00007 -.00022
(2.002) (-.256) (-.136)
.00286 -.00009 .00098
(2.029) (-.314) (.577)

.00222 -.0000036 - 00101
(2.386) (-.018) (-.814)
.00078
(.649)

.00209 -.00008
(2.310) (-.401)

~-.00006
(.764)

00228 00007 -.00060
(1.938) (.266) (.305)
.00209  .00009 -.00015
(1.695) (.323) (-.075)
00314 .00015 .00119
(2.551) (.570) (.605)

.00097

Based

D2 B3
-.00045 00367
(<.413) (4.235)

-.00031 .00508
(-.218) (4.515)

.00068 .00534
(0.481) (4.731)

.00044 .00442
(0.297) (3.743)

-.00114
(~1.367)(3.217)

-.00043 .00377

(~.533) (3f887)

-.00018 .00410
(-.212) (3.988)
-.007195 .00480

(-1.673)(1.033)

-.00161 .00439
(~1.315)(0.899)

-.00087 -.00247
(-.735) (-.481)

.00322 ..

R

———

.847
.806
.765
.731
775
.745
.721
.785
.753

.655

* ‘Refer to previous tables for definition of variables.
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prices are divided by the average car price in year t. ﬁoreOVer, the
price of gasoline is measuréd by the Gasoline for Autos and Trucks Index
published by Statistics Canada (62-010). Hereafter,vthis index is re-
ferred to as the GPI,_'To express gasoline price changes in real terms,
GPI was deflated by the Consumer Price Index (CPI), also found in

Statistics Canada 62-010. Moreover, domestic oi1~pr1ces, defined &8s the

" refiners acquisition price of light crude 011 at Edmonton, were obtained

from Data Resources Inc. World oil prices afe for Saudi Arabian light

crude 011 and were obtained from Esso Facts and Figures. Both o0i1 prices

were deflated by the CPI with 1977 as the base year.

The relationship between the adjusted hedonic price of weight and
the real prices of gaso]ihe, domestic oil, and world oil are presented in
Table 5-17. In this analysis we have used the weighted linear hedonic
prices of the weight variable shown in Table 5-5. These estimates are
selected since market share information should be incorporated in the
coefficient estimates and the model explains more variation in prices

across vehicles than does the logarithmic model. Furthermore, the results

: pfesented in Table 5-5 do not suffer the same high degree of collinearity

observed in the equations in Table 5-6.

For the one-year old models presented in the first part of Table
5-17, there is a strong relationship Between the hedonic price of weight
and both real gasoline and domestic oil prices. An increase in
gasoline prices, fbr example, consistently resulted in a decrease in the
value attached to weight and vice versa. For two-year old cars, as
represented by the middle group, there appears to be no meaningful rela-

tionship between energy prices and the value attached to vehicle weight.
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Table 5-17 - -
Relationship Between Gasoline/0i1

Prices and the Hedonic Price of Weight

‘Hedonic Price

of CURBWT/Ave- - . . GPI./ " DOP,/ WOP/

Date - Vintage Aniggogg}géigfta epr CPI, ($)° cPI,(5) ¢
Dec. 1977 1977 3.233) 1?5§§j'+ | 10.7§J | 19.007
Dec. 1978 1978 ?.662] ) 1.35?1 oo 7 BRI
Dec. 1979 1979 3.243" 1.300¢ 1. 55 25.467
Dec. 1980 1980 2.7501 ) 1.460] Y 37] 28.70]
Dec. 1978 1977 3.676 1.354+ 11.76 14.67
Dec. 1979 1978 2.202J ) 1.300J IERTY ssj 25.46‘J )
Dec. 1980 1979 3.079J ! 1.46QJ IR 37J 28.70J ’
Dec. 1979 1977 3.129- 1.300 11.55 25.46
Dec. 1980 1978 2.264J ) 1.450J T 14.31J " 28.70J ’

a. Since the weights are absolute numbers of cars sold of.each model,
the weighted average prices are in the magnitude of 10° power. 3
The figures in this column are, therefore, measured in powers of 107
b. Gasoline Price Index in .t divided by the Consumer Prize Index in t.
c. Domestic 0i1 Price in t divided by the Consumer Prize Index in t.

d. World 0i1 Price in t divided by the Consumer Prize Index in t.

N N I I I B Bm B BN Em e mE N EE IS B EE B
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Moreover, fhe apparently correct relationship for three-year old cars is
1ikely only spurious. The lack of rélationship for cars two years or

older is probably due to the assumption of market share in any year for

‘used cars being a reflection of earlier Sa1es>of those cars when they

were new. For one-year old vehicles, however, this assumption is less
critical. It is noteworthy, moreover, that the results for one-year

old vehicles are consistent as well as intuitively appealing.

When the relationship between gasoline prices .and the hedbnic
prices associated with the number of cylinders is examined, the results
are again encouraging as can be seen in Table 5-18. Because many of the
hedonic prices are non—significant, one must interpret these results
with care. Looking to the DI Variab]e for one-year old cars, in both .,
December 1977 and December 1978, a 4-cylinder car neither sold at a
discount nor premium over an 8-cylinder car since the coefficients in
these years are not significant} However, in both December 1979 and
December 1980, a 4-cylinder car actually sold at a premﬁum relative to
an 8-cylinder car based upon this particular characteristics alone.
This is consistent with the upward trend in gasoline and domestic o1l
prices over this period. One can go further and try to explore the
specific inconsistency between December 1978 and December 1979 when
tﬁe hedonic prfce associated with D1 increased even though domestic
energy prices decreased. This enigma might simply be resolved by the
'sharp increase in real world oil prices at the time and Canadian con-
sumers believing that domestic prices would have to rise in the future
as é result of the~dramatic increase in world oil prices. Their res-

ponse when pdrchasing automobiles during that period may simply have




Table ’5-18

Relationship Between Gasoline/0il
Prices and the Hedonic Prices of D1 and D2

Hedonic Price Hedonic Price o,
of D1/Average - of D2/Average GPIt/ DOPt/ _ WOPt/
| Price of _ Price of CPL, CPI.(3) cP1{$)
Date _ Vintage Auto in t~ Auto in t . '
Dec. 1977 1977 .046% -1.436 _ . 1.285 1075 14.00
, R + + + +
Dec. 1978 1978 .187°¢€ N 1.061<€ 1.354< 11.76 14.67f N
Dec. 1979 1979 1.494< - .239% '1.300J : 11.55J 25.46
‘ ‘ + 1+ J + | ] + J
Dec. 1980 1980 1.708 . - .673% 1.460 14.37 28.70
Dec. 1978 1977 -.240% -2.054 1.354 11.76 14.67
, ' ' J + ‘ + J - J - + '
Dec. 1979 1978 3.161 2.009 1.300< . 11.55 ‘ 25.464
_ - - + ] + J +
Dec. 1980 ' 1979 2.029 .518*% “1.460< - 114,374 28.70
Dec. 1979 1977 1.005* ~-1.233* 1.300 ~11.55 © 25.46
+ + + 1 + +
Dec. 1980 1978 3.620 2.348< 1.460 14.37 28.70

* Not significant.

a. Values are measured in power- 10'3
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been a reaction to the wide discrepancy between domestic and world prices
and their expectations that domestic prices would increase as a result of

this growing price disparity.

Examination of the variable D2 shows .that in December 1977, a 6-
cylinder vehicle sold at a discount relative to an 8-cylinder car. At
December 1978, the discountvfor a 6-cylinder engine(becamé a premium.
During the same period, energy prices increased. As of December 1979,
there was virtually no significant differehce.fn the value attached to
a 6 versus 8-cylinder car and again this change (décrease in hedonic
price) was consistent with the decrease in reél domestic energy prices
during that period. In December 1980, the hedonic price associated with
a 6-cylinder vehicle was again positive, though insignificant, whi]e‘

real energy prices also increased.

It is reasonable to conclude that consumers have generally reacted

to real domestic energy prices in a rational manner in deciding the value

‘they attached to engine size when purchasing an automobile.

While confirmationof the results outlined in Tables 5-17 and 5-18
must await additional data and analysis, one can gain some further insight
presently, however, by 1opking to dealers in the second-hand market and
determining the value they attach to particular automobile characteristics
that effect energy efficiency; e.g., air conditioning, automatic trans-
mission, and number of cy1inders. Presumab1y: the values assigned to
these characteristics in the used car market are reflecting a knowledgeable

group's assessment of consumers' preferences.
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The data appearihg’in Tables 5—19 through 5-24 were collected from

Ward's Canadian Black Book and represent values suggested to dealers for

the respective characteristics. We concentrated on two periods, December
1978-79 and December 1979-80. The first per1od was the only one in

which the rea] price of gaso11ne decreased while the second period showed
the most dramatic increase in the real price of gasoline for the availabie
data. For each of thesekperiods we examined the assigned value of the

particular characteristic for’both one-year old and two-year old vehicles.

Tables 5-19 through 5-21 refer to fhe pefiod December 1978-79 when
the real price of gasoline debreased. Notice that throughoUt the analysis,
two-year old cars ét December 1978 are compared to two-year old cars as of
December 1979. Moreover, one-year old cars at December 1978 are compared
to one-year old cars at December 1979. This was done to minimize the
effect of a change in the value of a characteristic principally due to

the car being a year older.

One would expect that during the period 1nWhjchthe real price of

gasoline fell (December 1978-79), the premium paid for'air-condftioning3

‘ would rise. Table 5-19 generally concurs with this expectétion.

It should also be the case that the pfemium paid for automatic
transm1ss10n should rise with a decrease inreal gasoline prices. Table
5-20, however, is qu1te amb1va]ent as to both the direction and magnitude
of the change. While it appears that the genera] trend for two-year
old cars is for the premium to decrease, the trehd for one-year old cars
is for the premium to increase. In both cases, the changes are, however,

quite small.
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Model
Pacer

Skyhawk

Skylark
Century
Chevette
Monza

Nova

Camaro

“‘Malibu

Monte Cario
Chevrolet
‘Cordoba
Chrysler
Aspen

Pinto

Granada

Thunderbird

Bobcat

Monaréh

Cougar

Omega
Delta 88
Volare

Sunbird

~ Le Mans

- 83 -

Table 5-19

Value of Air-Conditioning

(Prices 1979=100)

Two-Year 01d Vehicles

T977 Vintage

T978 Vintage

One-Year 01d Vehicles

1978 Vintage

1979 Vintage

450

Dec.1978 Dec. 1979 Dec. 1978 Dec. 1979
Char. Values _ Char. Values Char. Values Char. Values
338 200 - 366 750
- 338 400 366 450
1338 400 366 450
338 450 394 500
- 366 350 338 400
338 400 366 450
338 400 366 450
366 450 394 500
366 450 394 500
366 450 394 500
366 450 394 500
366 450 394 500
366 450 304 500
- 338 400 366 450
309 350 338 400
338 400 366 450
366 450 394 500
309 350 338 400
338 400 366 450
366 450 . 394 500
338 400 - 366 - 450
366 450 . 394 500
338 400 366 450
338 400 366 450
366 394 500
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Model
Pacer

Skyhawk
Skylark

Century

~ Chevette

Monza
Nova
Camaro
Malibu
Monte Carlo
Aspen |
Granada
Monarch
Omega |
Volare
Sunbird

Le Mans .

Table 5-20.

Value of Automatic Transmission

(Prices 1979=100)

Two-Year 01d Vehicles

1977 Vintage 1978 Vintage

Dec.1978
Char. Values

Dec. 1979
Char. Values

One-Year 01d Vehicles

1978 Vintage
- Dec. 1978

Char. Values

1979 Vintage
Dec. 1979
Char. Values

422
422
122
450
422
422
422

450
450
N/A
422
422
422
422
422
422
450

400
400
400
450
. 350
400
400
450
450
450
400
400
400
400
400
.400
450

450
450
450
478

450
450
450

478

478
478
450
450
450
450
450
450

478

450
450
450
500
400
450
450
500
500
500
450
450
450
450
450
450
500
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Table 5-21 presents the data on the premium paid for two addi-
tiona] cylinders. As rgéi gasoline prices decrease, it is expected that
the value of additional cylinders would increase. The evidence, however,

clearly contradicts our intuition.

Aside from air-conditioning, the value suggested to used car
dealers for automatic transmission and the number of cylinders in a
vehicle do not correspond to the expectations one would derive from the

decrease in gasoline prices.

When real gasoline prices increased during the December 7979-80
period, Table 5-22 shows that the premium for air-conditioning decreased
in both two-year old and one-year old vehic]és, Moreover, Table 5-23

il1lustrates that the premium suggested for automatic transmission decreased,

as we would expect to be the case. Finally, Table 5-24 shows that the

premium for additional cylinders also reacted to the increase in real

gasoline prices in the expected direction.

Generally, the suggested vé]ue of the characteristics seem to have
followed the changes in real ene;gy prices except for the cylinder premium
during the 1978-79 period of declining gasoline prices which acted contrary
to whaf mighf have been expected. This counterintuitive result may be
attributed to dealers' expectations that the fall in gasoline prices was
only temporary in which case they were‘reacting.fo expected future higher
prices when valuing the premium for engine size. Simi}ar logic, however,
does not explain the intuitively appealing results for air-conditioning |
over the same period uniess there is a weaker.perceived relationship between

energy efficiency and engine size than there is between energy efficiency
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Model

Skylark

A Century

Monza
Nova
Camaro
Malibu
Monte.Car1p
Chevrolet
Aspen
Pinto
Granada
Bobcat
Monarch |

Omega

- Delta 88

Volare

‘Sunbird

Le Mans

Std. No.

of Cyl.

(o¢] (=)} (o0] o0} e} e} =3 o] = o T (o] o (oe] oo (=)) «C
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‘ Table 5=21 _
Value of Two Additional Cylinders
(Prices 1979=100)

Two-Year 01d Vehicle

1977 Vintage 1978 Vintage

Dec.1978

Dec. 1979
Char. Values

Char. Values

0
169
309
0
281
169
N/A
225

253

253

| N/A

309

169

\ One-Year 01d VéhicTes

1978 Vintage
Dec. 1978
Char. Values

1979 Vintage
Dec. 1979 .
Char. Values

0
225 -
338

309
225
225
225

281

281

- N/A

338
225

100

100

100

100

100
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‘ModeT
Pacer

Skyhawk
Sky1ark

Century

‘Chevette

.-Monza

Camaro

Malibu

~Monte Carlo

Chevrolet

Cordoba
Chrys1er
Aspen

Pinto.

.Granada

Thunderbird
Bobcat
Monarch
Cougar
Omega

Delta 88

" Volare

Sunbird

Le Mans

- 87_

Table 5-22

Value of Air-Conditioning

(Prices 1979=100)

Two-Year 01d Vehicle

1978 Vintage 1979 Vintage

One-Year’OTd Vehicles

1979 Vintage

1980 Vintage

Dec.1979 - Dec. 1980 Dec. 1979 Dec. 1980
Char. Values  Char. Values ° Char. Values Char. Values
400 349 450 392
400 349 450 392
400 349 450 392
450 302 450 436
350 349 500 392
400 349 400 392
450 392 500 436
450 392 500 436
450 392 500 436
450 392 500 436
450 392 500 436
450 392 500 436
‘ 400 349 450 392
350 349 400 392
400 349 450 392
450 302 500 436
350 349 400 392
400 349 450 392
450 392 500 436
400 349 450 392
450 392 500 436
400 349 450 392
400 349 450 392
450 392 500 436

e ————— e
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Model

Pacer

Skyhawk
Skylark
Century

Chevette'

Monza
Camaro

Malibu

~ Aspen

Granada
Monarch

Omega

>V01are

Sunbird.

Le Mans

-88 -

Iab]e 5-.23

Value of Automatic Transmission

(Prices 1979=100)

Two-Year 01d Vehicle

1978Vintage 1979 Vintage

Dec.1979 Dec. 1980
Char. Values Char. Values.
400 349
400 305
400 349
450 392
350 262
400 305
450 349
450 392
400 349
400 349
400 349
400 349
400 349
400 305
450 392

One-Year 01d Vehicles

1979 Vintage

1980 Vintage

Dec. 1979 Dec. 1980

_Char. Values __Char, Values
450 392
450 349
450 392
500 436
400 305
450 349
500 392
1500 436
450 392
450 392
450 392
450 392
450 392
450 349
500 436




Model

Skylark

- Century

Monza

Camaro

-Malibu

Monte Carlo
Chevrolet
Aspén

Pinto

Granada

Bobcat

Monarch

. Omega

Delta 88
Volare
Sunbird

Le Mans

Yalue of an Addditional Two Cylinders

Std. No.

-89 -
Table 5-24

(Prices 1979=100)

Two-Year 01d Vehicle

1978 Vintage -

Dec.1979

1979 Vintage
Dec. 1980

One-Year 01d Vehicles

1979 Vintage
Dec. 1979
Char. Values

1980 Vintage
Dec. 1980
Char. Values

of Cyl. Char. Values

8
8
6
8
8
8
8
8
4
8
4
8
8
8
8
6 -
8

100
100

100

100

100

Char. Values

0

0
87

87
87

87

87

87

87

o O O o O o

87

87
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and air conditioning.

It is reasonable to conclude that the suggested premiums for these
characteristics are generally consistent with our expectations given the
changes in energy prices and, furthermore, consistent with the results
obtained using an hedonic pricing approach. Consumers have been strongly
influenced in the type.of automobi]e purchased by changes in gasoline
prices. 'Higher energy prices have induced consumers to purchase lighter,
more energy efficient'aufohpbi]es. An important question, however, remains

unanswered. As automobiles become increasingly lighter, they become

. increasingly unlikely to withstand greater impact in the event of an

accident. Hence, there is a tradeoff between the savings associated with
more energy efficient vehicles énd safety 1os£ witﬁ such vehicles. At
some point, given the preséht techno1ong safety will become dominant and
the Tower bound of energy sévings will be close to realization unless

a new aﬁtomobile technology is born,
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Chapter Six:
THE SUPPLY AND DEMAND FOR DURABLE GOODS IN AN

UNCERTAIN TECHNOLOGICAL ENVIRONMENT

I. Introduction

Most textbooks concerned with the theory of the firm neglect an
important variable under the firms' control, namely the type of product
to be produced. Just as the presence or absence of compefition affects
the price/output decisions, so one might'expect industrial structure to
affect the.product choice. Until quiteirecent]y, however, 1ittle formal

analysis of the firms' product quality - (durability) determination was

‘to be found in the Titerature. The exception to this early oversight

was a study by Wicksell (1934). The recent Titerature, on the other hand,

began in the 1960's with the work of Martin (1962), Kleiman and Ophir
(1960), Levhari and Srinivasan (1969), and Schmalensee (1970). These
authors generally concluded that a monopoly would produce goods of less
durability than a competitive industry with eéuiva1ent cost conditions.
Then, in a pair of studies, Swan (1970, .1971) showed that this conclu-
sion did not follow and that.durabi1fty choice was independent of market

structure given the assumptions made in these studies.

SWan's independence results suprised economists due to its counter-
intuitive nature. Moreover, Swan's work has provided the point of de-
parture for most of the subsequent studies which are reviewed in

Schmalensee's (1979) survey paper. In writing this paper, Schmalensee

~ categorizes the post-Swan Titerature in thearea according to which of the

Swan assumptions are being relaxed. Spécifica11y, the model developed

" by Swan assumed:

i}
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(i) constant returns to scaley |

(i1) exogenous depreciation- of the capital stock;
(i) flow of services generated from the capital stock proportional
to the stock on hand;
) perféct knowledge and perfect foresight;
) perfect capital markets; a
(vi) no taxes or transactions costs; and

)

no demand for durability per se.

We shall not attempt here to reproduce the fine job done by
Schmalensee in bringing this diverse Titerature together, but will, in-
stead, -concentrate on those papers.whiéh have particular relevance to
this study. Our concern in this section of the project is with the

generalizations inferredwithin these prior studies on product durability.

‘First, it is generally implied that a more durable good is always pre-

ferred by consumers to a less durable good and a firm that restricts

this attribute in building its product imputes some cost upon society.

Secondly, the question of whether or not industry structure affects the
durabi]ity of the good produced neglects the fundamental issue of how the

industry arrived at the barticu]ar market structure in the first place.

If there were no, or negligible, entry barriers and significant rents

~ to be achieved, a competitive industry would have evolved. On the other

hand, significant rents and barriers to prevent competitors from enter-
ing the.industry would have resultedina more monopolistic industry.

The relevance of this industfy evolution is that the type of product
offered in the market (i.e. product durabi]ify) ﬁay very well be a bar- -

rier that discourages other firms from entering the market. As such,




-

- 93-

durability of the product produced may be a primary cause of this ob--
served sffucture of the industry and not the result of asshming one
particular structure or another as has been the practice in previous

studies of this problem.

Our specific concern is the durability of a consumer good that
requires bothian initial outlay as well as cbﬁtinuing outlays for a vari-.
able input which is required to prdduce the services of the durable good
throughout its 1ife. Exampies of such goods are automobiles, residential
heating modes, and refrigerators, among others. The analysis examines
both the demand for durability andlthe supply of durability by producing

firm(é).

II. Demand for Consumer Durables and Durability

A. Assumptions

Four basic assumptions are utilized throughout the analysis. First,

the durable good exhibits a one-hoss shay pattern of depreciation. That

is, it provides a constant flow of services for its known 1ifetime and
then becomes useless. While this assumption greatly simplifies the ex-
position, it does not appear that the qualitative results are sensitive

1 Second, we assume that the flow of ser-

to the depreciatiqn pattern chosen.
vices from the durable good is proportional to the stock of the durable good.
While this has been the assumption made in most previous studies, there

have been notable exceptions. The first attempt to relax this assump-

tion waé made by Parks (1974). In thét paper, Parks assumed that owning

a good with a specified Tifetime involves an operating cost outlay in

order to maintain the service flow at‘sdme constant level. Under
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constant returns, however, the hodé] yields the Swan result that dura-
bility is independent of markét structufe. A formally more complicated
mode1 was considered by Epp]é and Zelenitz (1975). In the genera]icase,
a new unit of the good is assumed to be endowed with two characteristics:

built-in durability and operating efficiency. The owner of the good can

.choose the intensity of use,-i.e. the ratio of service flow to stock.

This decision, in turn, affects both the actual depreciatioh and operat-
ing cost. The basic conc]usioh derived is that if the producing firm is
a monopolist, the consumer's control of one input imposes a constraint
that generally distorts his durability choice from that which would be

chosen under competitive conditions.

The third assumption made is that once the durable good is pur-
chased, the resulting flow of sérvices is always rep]aced at the end
of the asset's 11fe by the purchase of another unit of the durable pro-
viding the same service each period over its 1ifetime. This is both an
assumption méde for expositibna1 convéniencé and ease of comparability
with prior studies. While jt may appear that this assumption is highly
restrictive, for the type of goods being exémined; it is probably qhite
reflective of their particular nature. That is, refrigeration is a re-.
quired service that is met by the-coqtinual replacement of one's
refrigerator.. Similarly, heating is a service that is required on a
continuing basis and achieved thfough~rep1acement of the durable good.
For automobiles, the service most consistent with this assumption is

non-discretionary driving miles.

The final assumption is that of a representative consumer. The

model concentrates on a single durable good so we need not be too concerned
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by the argument that the representative consumer concept is not capable

of explaining the existence of different types (e.g. models) of a good.

B. Notafion

The following notation is utilized throughout the ana]ysié:

Consumer's income in period t ;
Consumption of the perishable good in t ;

F1ow'of services from the stock- of consumer durables. Since

the flow is assumed pfoportiona] to the'stock, both can be

represented by Q(t) ;
Price of perishable good in t ;
Price of durable gbod in t

Price of variable input in t which»is used to derive the

services generated from the durable good;
Grbss purchases of the durable good;

Operating efficiehcy of the_durab]e good;

G[pv(t)/E(t)]: Opekating cost per unit of service consumed from the

3G oG )
durable good, where 3 < 0 and 3, >0

Durability (1ifetime) of the durable good;

Consumer's rate of time preference; and
p

Opportunity cost of funds.
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C. Model

Consider a consumer at a.point in time t=0 who must.choose an

optimal consumption and investment path for his indefinite future. The

' consumer's. decisions are made with the goal of maximizing an intertemporal

utility function where
(6-1) U = U[C(t), Q(t), T]

That is, the consumer derives utility from the consumption of the services
generated from both the perishable and durable goods as well as the dura-

bjlity (quality) of the durable good purchased.

The consumer's 1ifetime wealth constraint can be written as:

(6-2) W= J Y(t)e "tdt
0

since wealth is simply the sum of the discounted 1nComevfloWS'to.thé con-
sumer over his 1ifet1me.2 Assuming capital mafkets are organized so as
to provide both borrowing and lending over the consumer's 1ifetime, his
present wealth can be equated to the present value of his 1ifetime expen-

ditures, i.e.

(6:3) W= [ TEp(t) + T()Ipy(t) + 6(1)1Ie et
) e |

where G(t) is equivalent to G[pv(t)/E(t)] .

The first term on the R.H.S. of equation (6-3) represents the con-
sumer's expenditures on the perishable good while the second term is
his expenditures on the durable good. While it may be argued, and cor-

rectly so, that the price of a durab]e.good incorporates all product
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characteristics and their associated implicit priées, tﬁe distinction
is madé here between the operating and non-operating characteristics.
in order to recognize the consumer's choice prob}em. Essentially, we
are assuming that Py is the part of the;price paid for the durable

good which encompasses all the characteristies of the good aside from
the operating characteristics which. are incfuded within G . The sum
of pd and G ‘yie1d the actual price paid for each unit of the dur-

able good purchased in very much the same manner of hedonic pricing.

The stock of the durable asset (or flow of services at any point
in time) is simply the sum of the amounts put into place during the

prior interval of length T., or
(6-4) Q) = I(t)dt

Moreover, because of the assumed replacement policy, the gross
investment (i.e. net additions to ‘the stock plus replacement investment)

can be expressed as:

Q(t) + I(t-T) , or

—t
—
ct+
g
4

(6-5) I(t) é(t) + é(t-T) + é(t—zT) + ...

where dots represent time derivaties, e.g. é(t) = Qé%l.’ and have the

interpretation of net additions to the stock of durables.

After substituting equation (6-5) into the wealth constraint in

(6-3) , the problem can now be formally expressed:
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C(6-7) Max J (ULC(£),Q(t),TIe 8t + A(t)[H-C(t)p
0 :

st W= [ [C(E)p () + TA(E1A(e-The. . Tpy(t)46() 1T et
0

The solution to this problem is a straightfofward application of calculus

of variation techniques. To do so, however, requires slight modifica-

tion of the above problem so that it is in suitable form for applying

the Euler-Lagrange equation.3

First, we take the derivative of the wealth constraint with res-
pect to t , where ﬂ is the change in wealth over time. The problem

can then be expressed in Lagrangian form as:

(t) -

c

[Q(E)4Q(¢-T)+. .. Tl 4(£)+6(£) Tle " Prat

where A(t) represents: the Lagrangian multiplier in t and can be
interpreted as the marginal uti]ity of an additional dollar of income
in t . | ‘

Consider now the general term in (6-7),

(6-8) S, = | MBNp(t)ea(t)I0(-nT)e  Hat
0 .

for any value of n . Let s = t-nT , so that t = s+nT and ds = dt .

Substituting into Sn , we have
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(6-9) s = g I A(s+nT)[pd(s+nT) + G(s+nT)]Q(s)e'rs

-0

Thus, after redefining s to equal t , the problem outlined in (6-7) can

be written as:

M C.T.0,0,Q)dt
(6-10) €(£),0(8).T> i HET 0

. where

o = UC(8),0(8),TIe 5+ MTU-C()p (£)]

t

{
IIMS

e "M [py(t+nT) + G(t+T)1Q(t))e™"

n 0

Notice thaf in this problem the Lagrange multiplier is constant in each
period since A =0 as implied by %%-= 0 , one of the necessary Euler

conditions for an optima] solution.

we are now in a position to simply app]y Euler's equation to the

~rev1sed prob]em in (6-10).

i}

Ue)®

(6-11b) E?"

30 d( 982
(6-112) 523y - & aé(t>]
0
_——_T

90 -Et S er(tenT)
: ] UQ(t)e' -A nEO g ritTn [r[pd(t+nT)

+ G(t+nT)] - éd(t+nT) - é(t+hf)]v =0
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| . © op ,(t+nT)
] = etz e r(tenT) Zd 7
20 3T

(6-11c) 22 _ d |20
3T ~ dt| .

oT

- rnpd(t+nT) - rnG(t+nT)]é(t) = 0
where the subscripts attached to the U's denote partial derivatives,
e.g. UC(t) is the marginal utility to the consumer from additional

consumption of the perishable good.

Equation (6-11a) states that the perishable good should be con-.

sumed in any period in an amount such that the discqunted marginal uti-
Tity of the last unit of the good consumed is propbrtiona] to its dis-

counted price, where'the.factor'of proportionality is the consumer's

'margina1 utility of income. Equation (6~11b) pfovides a similar decision

“rule for consumption of the durable good. Optimal consumption in any

period occurs at the point where the discounted marginal utility of the
last unit consumed of the durable good with a lifetime of T peridds

is proportional to the discounted forward price of that unit. The for-
ward price, moreover, incorporafes both futuré replacement cost of the
durable good and future operating costs associated with consumption of

the services of the good.

- Finally, equation (6-11c) represents the consumer's durabi]ify
choiée. 'Optfma] durability of the non-perishable good is where the
discounted marginal utility from the Tast unit of durability is propor-
tional to its discounted cost. The EE%;EE- term requires some explan-
ation, particularly when the industry is assumed competitive. This

term is the increase in price of the durable good to the consumer caused
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by an increase in the demand for durabj]ity of the product. While firms
in a competitive industry are unable, by definition, to differentiate
their product and price accordingly, it is assumed hére that the in-
crease in required durability is concomitantly reflected in the production
of the good by all firms in the industry. This is consistent, as well,
with the concept of a representati?e consumer desir%ng a particular

level of durability so that product differentiation based upon this

‘attribute would never be practiced. As required durability increases,

the price of the~gdod increases to reflect the increased cost to the
firm and perhaps even some economic rent depending upon the particular

industry structure.

Moreover, it can also be seen in‘equation_(6—11c) that as the dur-
ability increases, replacement is postponed which, in turn, reduces the
discounted marginaT cost of durability. Furthermore, if the price of
the durable good is expected to increase over time, this savings (i.e.
reduction in discounted marginal cost) is even greater from purchasing

a good today with a longer 1ife.

On the other side, however, is the expected future change in

operating costs of the durable good in equation (6-11c). Recall that

(6-12) G(t+nT) = Glp (t+nT)/E(t+nT)]

If the efficiency embodied in new goods in the future is expected to
increase faster than the price of the variable -input (e.gi gasoline,
electricity, natural gas, etc.), the expected operating cost associ-
ated with new units of the durable is falling over time. A consumer

would prefer, ceteris paribus, not to hold a good with a long life,
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but instead would prefer a good of Tower durability so as to be in a

position to purchase the more efficient good as it comes on stream.4

“The conclusion that consumers may prefer a good of lower dura-
bility, given their expettatiOnsAof future variable input costé and
technological change, is contréfy to the gengra]]y accepted viéw that
a more durable product is é1ways preferred to a less durable one,

ceteris paribus. This belief has been implicit in previous studies5

which have compared the levels of durability pfovided by monopo]istfc
and competitive producers. The-particu]éf relevance of this result to
this study which addresses the energy efficiency characteristics of
automobiles is that given potential (or expected) technp]ogica1 advances
that might~1n§fease automobile efficiency, it is not necessarily in the

consumer's interest for producers to build cars that last too long a

~ time. Hence, the charge that automobile producers build obsolescence

into their products, which may or may not be true, may be in the con-

sumer's interest if it is true!

D. Some Special Cases

Before moving to the producer's prob]ém, 1et_us examine some
special caseé in order to clarify and expand the-fdregoing analysis and
implications thereof. Suppose, in the first §1tuation, that consumers
expect the priée of new durables to be unchanged from t onward at a
level of pd(t) and also expect‘the operatiné cost to remain constant

at a level of G(t), - From (6-11b), the price of a unit of service®

“derived from the durable good then reduces - to:
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rlpg(t) + 6(t)]

(6-13) m(t) = =7

1-e”

~In this 51mp11f1ed form, the implicit rental price is equal to the inter-

est rate multiplied by the present value of the cost of maintaining and

using a unit of the durable good in perpetuity.

Furthermore, from (6-11c), the implicit price of a unit of durabi-

Tity per unit of net investﬁent is:

- t) (p,(t) + G(t))
(6-14) ) - [pd( - pd();r ()]

1-e”

ap,(t) |
where gT is expressed for notational convenience by pd(t)' .

Substituting (6-13) into (6-14), we have:

. ’ ~(tr (t) 1- —PT-.
(6-15) | v(t) = [pd o - ; Z )1

1-e” e T

Equation (6-15) states that tﬁe implicit price of a unit of durability is
equal to the discounted Va]ué of the cost of an additional unit of dura-
bility less the discounted value of the postponed savings from purchasing a
more dufab]e good today. Clearly, as the cost of additional durability
(pd(t)') increases, y(t) dincreases and the demand for durability de-
creases. On the other hand,jén.increase in the implicit rental price

of the service, caused for.éxamp1e by anincrease in the price of the
durable good, results 1ﬁ a future savings from purchasing a good of
greater durability today. Thus, as m(t) increases, vy(t) is reduced
and the demand for durability increases. Alternatively, an increase in

efficiency reduces G(t) and implies a greater value for vy(t) and,
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hence, a reduction in the demand for durability.

Suppose, on the other hand, we assume the consumer. expects all prices
as well as the operating efficiency of the good to rise exponentially. For
simplicity the operating cost function can be represented by:

_py(t)

(6']6) G('t) = '-‘E—(—_t—y

That is, the operating cost per mile driven in an automobile is the price

per gallon of gasoline divided by the miles per gallon.

Let the price of the durable good rise exponentially at a rate
of @d per period, the price of the variable input rise at @V , and
the efficiency rise at a rate of ee per period. It follows that the

implicit price of a unit of service is then:
p (t) [r+e, -0, ]
E(t) ]_e—(r+Oe~ev)

pg(t)(r-6y)
(6-17) S e =

It is éasi]y seeﬁ,froh(6?17) that an increase in thé rate of interest,
r , increases the service price, as does an increase in the rate of
change in efficﬁency; @e . Likewise, an increase in the rate of

- change in the price of thé durable good and/or the price of the vari-

able input reduces the service price in pekiod t.

The price of durability per unit of net investment can, further-

more, be expressed as:

pylt) Pty e [
T L N R G [

(6-18) Coy(t)
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the efficiency chosen by the prpducer. Moreover, we assume a large number
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Equation (6-18) states that the effective price of durability is the dis-
counted value of the increase in price of the good due to its added durability
less the present values of the postponed savings in purchasing the durable

good in the future and the associated future operating costs.

As was suggested earlier, an increase in the expected rate at

which operating efficiency is increasing over time relative to the in-

creasé in the expected rate.of the variable. input price will clearly
increase the effective price of durability to coﬁsumers and result in

a reduction in demand for durability. Moreover, an increase in the rate
at which the price of the durab]e good is expected to rise reduces the

price of durability and, hence, increases the demand for this attribute.

III. The Producers' Problem of Supplying Durability

The consumer's demand~fbr_durab111ty is'but\bne side of the pro-
blem. In order for this demand to be satisfied, producers must bui]d
the product with thé required level of the characteristic. That is, the
consumer's optimality conditions become constraints on the firm optimiza--
tion procedure so that the markets,for'fhe goods ultimately clear, i.e.

supply equals demand.

A. Assumptions

Throughout the analysis of the producer's problem we maintain the
cost assumptions of Swan (1970), Levhari.and Srinivésan (1969) and Parks
(1974). Specifically, we assume the Tong-run é&erage (= marginal) cost

of phbducing a unit of the asset depends on its built-in durability and
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of potential producing units each with identical costs, either operating

as independent competitors or operated by a monopolist -with no effect on

-costs. Finally, we assume that producers have no existihg stock of goods

and they plan to sell the goods produced at the same price over time.

B. Model

Let the per unit cost of producing'the asset be represented by

C ; where
(6-19) o C = C(E,T)~

That is, cost is a function of built-in efficiency and durability alone.

Assuming this cost function is separable.
(6-20) C = H(E)D(T) »

where H(E) 1is the cost of producing one unit of the asset with an

' Operating efficiency of E and D(T) 1is the cost associated with a

durability of T periods.
The present value of the net receipts to the firm canAﬁhen be

given by -

[Qpy - QH(E)D(T)] = ™™
n=0

(6-21)

<l
1

Qlp, - H(E)D(T)]
rT

1 -e

where Q represents the level of sales of the asset needed to maintain

"the service flow at level. Q .
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Because we are assuming a constant price for the durabie
asset of Py » We can-solve for Py in the expression for the service

price in equation (6-12), i.e.
(6-22) by = — -G
Substituting (6-22) into the expression for the present value of the net

receipts in (6-21), we have

Q(G + HD)

(6-23) v o= &
r 1 _»e—rT

Finally, let = = g(Q,T) represent the inverse of the demand relation

for services of the durable good. Substituting into (6-23).

(6-24) v = Q9(Q.T) _ Q(G + HD)
r .

1 - e—rT

The monopolist will chosse the combination of Q and T that

maximizes V . The conditions fora maximum are:

(6-25a) 3V QQQ(Q,T) + g(Q,T) (G + HD)
S El) v

it

{

{1
o

o Q@) THO'(T)(1-e™"T)-(GHD)re ™

aT r (] B eYT)Z

rEquation (6-25a) is the familiar discounted marginal revenue equals
discounted marginal cost result. Resubstituting the expression g(Q,T)

into (6-12), equation (6-25a) takes on the more intuitively appealing form:

- = 0
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(Q 0 +.Pd) HD
: - e'rT = 0 s or
(6-26) Py i
i Q“‘é‘g +pd = HD

Equation (6-26) states that in each period, the firm equates the marginal

revenue to the marginal cost.

Equation (6-25b) is the condition -for determining fhe firm's optimal
Tevel of durability to build into its product. Again, substituting the

expression for g(Q,T) into (6-25b), we have

(6-27)

The first term on the L.H.S. of (6-27) is the increase in the orice of the

durable gobd causedvby an increase in durability. The second term is

-the present value of the lost future revenues'due to postponed purchases

of the good. The first term on the R.H.S. is the marginal cost of pro-

ducing a more durable good while the second term is the discounted cost

~savings from postponed production of the durable good in the future.

Rearranging terms, (6;27) can be expressed more simply as:

(6-28) py' - HD' - (py - HD)

UL

Clearly, the durability supp]iéd by the monopolist will differ from that

supplied by the competitive firm since pd' (which is a function of Q)
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1s incorporated within the monopolist's optimal choice of durabitity. In
particular, it can be easily shown that the monopolist will supply less
durability than its- competitive counterpart. -To see this, substitute

the competitive pricing solution into (6-28), yielding:

 (6-29) | pg' = HD'

- That is, the competitive firm will choose a level of durability such

that the incremental benefit (pd') is exactly equal to its incremental
cost (HD'). Let the optimal level of durability for the competitive

firm be fc.

The monopolist, on the other hand, will choose the durability of

its product by substituting (6-26) into (6-28), or

(6-30) | t = HD! - Q EEQ. S
Pd 3Q | T,

Equation (6-30) says that the monopolist will incorporate a level of
durability (Tm), into its product so as to equate the incrementé] benefit
from an additional unit of durability to something greater. than the
incremental cost of the increased durability. As long as the incremental

benefit decreases with added durability as one would reasonably expect

to be the case, equation (6-30) is satisfied at a lower level of durability

than is equation (6-29). Alternatively, if equation (6-30) is evaluated
at Tc, the L,H.S. is less than the R.H.S. Hence, it is clear that

Tm < Te.

IV. Product Durability as an Entry Barrier

Throughout the preceding analysis, we have assumed, Tike our
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prédecessors, that the monopoly situation exists due to some entry

, prbhibitingvphenbmenon, either innocently or strategically applied by -

the firm, but in either case, independent of the firm's choice of product

durability. . Intefesting1y, however, is that the firm's choice of product

~ durability can be the barrier that prec]udés entry into the industry and

thus allows the firm to operate as a monopolist. Before discussing the
particular features of the product durability decision in discouraging
entry, we shall first discuss the problem of entry barriers in more

general terms.

Ste?en Salop (1979) has presented an excellent overview of the
entry barrier 11terature which is worthwhile to summarize here. Salop
notes that there are two classes of entry barriers that may be distinguished.
An innocent entry barrier isvunihtentionally erected as a side effect of
innocent profit maximization. In contrast, a strategic entry barrier is

purposely erected to reduce the possibility of entry.

Moréover, two types of innocent barriers may .be differentiated.
A post-entry absolute advantage has the property that, if entry did occur,
the established firm would be at a profit advantage over the entrant.
Examples of a post-entry absolute advantage include superior technology,
patents, and Tower input pricés. On the other hand, a pre-entry asymmetry
advantage arises from ihe fundgmenta] pre-entry asymmetry befween the
established firm.and the potential entrant. Before the entrant makes his
entry decision, the estab]ishedvfirm Has already committed'resources.

This prior existence gives first move advantages,
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~ Consider, for example, the innocent barrier due to scale economies,
The potential entrant should ignore the pre-entry price and profit levels
of the established firm and should attempt, instead; to infer the post-
entry equilibrium price and profit Tevels. If the entrant's expected

profits are negative, he is deterred. Even a more efficient entrant

may be deterred by an established firm that has sunk sufficient costs to

make his own exit uneconomica1, and hence, entry is mutually harmful.

The fundamental asymmetry in the post-entry game providés the
foundation for the theory of strategic barriers against equally efficient
potential entrants, By making binding commitments and communicating them
during the pre-entry period, a strategically minded éstab]ished firm is able
to exploit its leadership role, 1f the commitments imply negative profits
to the entrant in the post-entry game, then entry will be successfully

deterred.

Let us now Teave the general entry deterrence problem and focus on
the specific deterrence instrUment - product durability. In the absence

of entry, suppose an'estabTished firm (monopolist) can earn positive present

discounted value of profits Vb' Given some assured and agreed upon rule

gOVekning post-entry interaction between the established firm(s) and
entrants, the estab1ished firm and equally efficient large scale entrant

would each earn V, < Vo‘ If V1 > 0, entry will occur.

1

Alternatively, suppose there is a minimum level of durability
associated with the particular good produced by firms in this industry.

Levels of durability in excess of this minimum are possible to achieve by

‘the manufacturer and are generally regarded positively by consumers,

>céteris paribus. Durability levels below the minimum are assumed
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unobtainable for institutional reasons, e.g., government quality standards,
threat of legal action-by.consqmers;:etc. For simplicity, we assume.the
minimum Tevel of durability has zaro cost. Suppose further that the
established firm has the opportunity to select a pre-entry expendfture
Tevel D(T), for any T above the minimum, that;the entrant must exactly

match in order to survive, where D(T) is the cost of producing a good

with a durability of T périods. The greater is the -level of durability
. (T) chosen by the establiished firm, the greater is the cost, D(T), faced

by the entrant, The outcomes can be summarized as follows:

ESTABLISHED FIRM

ENTRANT Minimum Product Durability Spends D(T) on Durability
Enters and. Vys V, | V,-D(T), V4-D(T)
matches 4
established
firm
No entry 0,v, 0,v,-D(T)

where the entrant's outcome is given first in each case.

If the established firm employs the minimum level of product dur-

abi]ity,vfor examp]eATm as determined in the previous section, and the

potential entrant entérs and also emp1oys'nn in his product, both firms

will earn V1 which is 1ess than the V0 that could be earned by the

unobstructed monopolist. If, on the other hand, the established firm

~only emp]oysva durabi]ity Tevel of T and the potential entrant did not

enter, the established firm would earn VO.
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Suppose now thaf the established firm employs a level of durability
Te'> Tm and the potential entrant competes with a product also of dur-
abi]itlee. Profits to both firms will then be V]-b(Te). If, however,
the potential entrant is deterred by the established firm's durability

choice of Te’ at a cost of D(Te), the established firm will earn VO-D(Te).

‘ It is clear then that by producing a good with a level of durability,
Te’ such that D(Te) > V], the entrant is deterred by the prospect of non-:
positive profits and the established firm éarnS-Vo-D(Te){.Thus, at the

minimum deterrence Tevel, D(Te) = V], deterrence is profitable as long as

vofD(Te) > V], or alternatively VQ > 2V1.

- The established firm, facing the threat of entry, has an incentive
to produce a more durable product than would the same firm enjoying a
non-threatened monopo1y.position due to some other entry barrier, innocent
or strategic. Thus, two opposiﬁg forces determine the optimal level of
product durability. On the one hand, the monopo]ist would choose to
produce a good of relatively Tow durabf]ity and in doing so would enable
consumers to readiiy adapt to more energy efficient technologies as they
become available. On the other hand, it appears -that increasedAproduct
durability can be an effective entry deterrent in allowing the established
firm to maintain_its monopoly position. It would appear that the existence
or absence of alternative entry barriers will determine the need for the
firm‘fo exercise 1ts‘abi1ity to limit'entry thrgugh its choice of extended
produét durability. In the automobile industry, for example, entry
barriérs may take the form of scale economies, economies of scope, and
advertising, It is 1§ke1y that these instruments are sufficient tb deter

entry and that extended durability would only have a negligible impact in
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this particu]ér 1ndﬁstry. Hence, one mighﬁ reasonably accept the

aﬁtomobi]e industry as exhibiting significant market'power'due to any
number of deterrence instruments available to established firms other
than the choice of produét durability. As such, it is also reasonable
to conclude that industry members produée products of a durability in-
versely related to the degree.of‘market power_enjoyed by industry

members. In so much as this Tow level of durability provides greater

flexibility for consumers to readily adopt a more energy efficient tech-

Vno1ogy‘as it becomes available, fhe welfare costs attributable to the

monopolist are at least partially offset by the ability of consumers of
the monopolist to utilize less energy than purchasers of the competitively

supplied more durable good.




- 115 -

» CHAPTER SEVEN:
- SUMMARY, IMPLICATIONS AND OTHER APPLICATIONS

I. Summary

The primary objective of this study has been to identify the

" characteristics that influence the energy efficiency of automobiles and

determine how the value of these characteristics to consumers has changed
in résponse fo changing gasoline pricesf The results der%ved in this
study indicate a Strdng impact of energy-prices on consumers' decisions
to purchase more (or less) energy efficient automobiles and, hence,
gasoline thrdugh the composition of characteristics embodied in the

automobiles purchased.

To satisfy the objectives of the study, Chapter 2 presented the
éoncept of a good utilized throughout the project. That js, a good was
defined as a bundle of characteristics and consumers purchase goods for

the particular characteristics embodied within the goods. A general

‘relationship between the price of a good and the amount of each character-

istic within the good was then deVe10ped‘jn;Chapter 3. This relationship
is known as an hedonﬁc pricing model and the coefficients of the
charécteristics are referred to as hedonic, or implicit, prices of the
characteristics. That is, the hedonic price of a characteristic is the

imp1icit price pajd for that characteristic when the good s purchased,

In so far as prices paid by consumers generally reflect the value of the

good purchased, the hedonic prices of the characteristics similarly

reflect their value to consumers,




by the industry. Furthermore, when sales were weighted by market share and

| automobile prices across models in each test yeér. The relationship appears
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Chapter 4 concentrated on the specific good that was to be analyzed
in this study - automobiles. In particular, an examination was made of the
re1evanf characteristics that éffect the energy efficiency of automobiles.
It was determined that for eéch of fhe years 1977 through 1980, %n which

Canadian automobile efficiency datawere available, vehicle weight and

‘cubic inch displacement consistently explained over 80 percent of the

variation in energy efficiencies across automobiles. Qver the years

- examined, however, there appears to be a decline in the effect of weight on

energy efficiency likely due to the impact of technology improvements in

producing lighter vehicles.

Chapter 5 was concerned with estimation of the hedonic pricing model.
Among the more interesting results, it was observed that the interior
volume of vehicles was only cohsidered fmbortant (i.e., had a statistically

significant hedonic price) by consumers in 1980, following major downsizings

the model was estimated on standard North American vehicles alone, weight

and number of cylinders explained about 90 percent of the variatioh in

linear rather. than non-linear as well. Moreover, irrespective of the par-
ticular explanatory variabies included, the weighted model always performed

better than the unweighted model with the same independent varijables,

When the original sample was supplemented by non-standard vehicles,
the bias introduced by our assumption that used gar sales reflect original
sales of new models was more serious due to the variation in durability
across vehic]eé in the appended sample, Even though the results indicated

a significant positive amount that consumers are willing to pay for pur-
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chasing a non-standard car, perhaps due to a difference in quality, the

bias introduced with this sample resulted in consistently lower Rz's.

When the hedonic prices of weight and number of cylinders, for
one-yeayr old vehié1es, were compared to real domestic gasq1ine and oil
pfices, the re]ationship was as expected. An increase in energy prices
decreased both the value attached to weight and additional cylinders by
consumers. To confirm the relationship between energy prices and energy
éonsuming automobile characteristics, we also examined_the Black Book
values for éir—cbnditioning, automatic transmiséﬁon, and additional
cylinders for two periods - December 1978-79 and December 1979-80. During
the first period, there was a decrease in real gasoline prices while the
second perijod was one.in which real gasoline prices showed a dramatic
increase. Generally, the change in values suggested by the glggg_gggg

for these three characteristics were consistent with the change in energy .

prices.

The purpose of Chapter 6 was to develop a model which could be used
to examine both the demand and supply of durability in an uncertain tech-
nological environment. The motivation for this discussion is that for

many energy intensive capital goods, Tike automobiles, furnaces, etc.,

 the potential for future technological change may imply that such goods

be produced at a lower durability so that consumers have the flexibility

to purchase the more energy efficient technology-as it comes on stream.

. The results of the analysis suggest that the greatér is the market power

of firms in the-industry,Athesiower is the Tevel of durability supplied

which may be in the consumers' interests. At the same time, however,
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“product durabi11ty is a potential barrier to entry sothat firms may have

an incentive to produce goods of a longer life in order to discourage entry

~into the industry. In the automobile industry, other barriers aside from
| product durability are 1ike1y:responsib1e for the exjsting structure of the

industry so that the offered durability of automobiles is most -influenced

by'thelnonopd1y power of the 1ndustry'and fs, therefone, Tess than would be

~ offered by firms in a competitive industry.

IT. Implications for Policy

| A numben of policy implications arise from this study, First, the
c1a1m has often been yoiced that North American autqmobile manufactnrers
build a product of_tw0‘ Tow a durabi1ity,’or they build obsolescence into
their producta.‘ The analysis conducted in this Study>suggests that these
firms do have an incentave to produce automobiles of a 1owen 1éve1 of
durab111ty than wou1d firms in a competitive 1ndustry At the same time,
however, offer1ng products of lower durability may be in the interests of
consumers if industry members are ser1ous1y engaged in research and deve-
1opment d1rected toward 1mproved veh1c1e energy eff1c1ency The ability
of Firms inthis industry to w1thh01d adopt1on and ut111zat1on of such an
invention for reasons relating ta se1f5profitab111ty.undermine the positive

effects associated with the lower durability product offered by.industry

" members. To encourage the future technological advances required for any

benefit to be rea]iied from. consumers purchasing. automobiles today of lower
durability, it is 1mportant to have research and deve]opment conducted
independently of the 1ndustry - perhaps even supponted or d1rect1y

undertaken by government
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Anothef 1mp11catidn of the.foregoing analysis related to.the tradeoff
observed between yehicle weight and energy efficiency, Automobiles have
becomeiljghter since 1977 as witnessed by the average curb weight adjusted
for market share of thevsamp1e used in thfs study of 3292 pounds. On the
6ther hand, in 1980, the adjusted average Wéigﬁt of the sample was 2920
pbunas, a decréase‘of 1i percent. Aséociated with this reductidn in

weight has been an increase in-energy efficiency, or savings. However,

: a]so'assoﬁiatéd-with the heaviervehicles are two additional costs. First,

the Tighter weight automobiles have incurred greater damages in even minor

“accidents than have the heavier vehicles which has lead to the possibility

that insurance companies may increase disproportionately collision rates

- for lighter, smaller cars.. This extra cost burden when deducted from

the value of the energy savings may significantly reduce the benefits of
purchasing Tighter cars and, hence, will effect the demand for these
thic]es. A second cost of owning a light, energy efficient car is the
increase in likelihood of pérsqna]_damage which méy again be reflected

in higher insurance rates, or an 1ndividﬁa1's own risk aVersion; In
either case, this cost must also be netted against the energy savings

and wi]l to some eXtént.iﬁf1uence the demand for lighter cars., Of course,
higher energy prices act to somewhat offsef'the safety factor so that this

potentially harmful effect of higher energy prices must be "weighed"

“against the more publicized energy savihgs benefits.

‘Throughout this study we have referred to the energy savings asso-
ciated with higher energyjpriceé over the period 1977-80. Actual

determination of the savings, however, is a multiple-step procedure




- 120 -

requiring more years of data than’the four years available in this

study. For each'ygar, the fﬁrst step requires estimation of the hedonic
price associated with_vehic1e weight as we' have done for the years 1977-80.
The nekt step is to regress fea] gasoline prices against the yeér]y |
hedonic price of weight. Then, the demand_forHVehic1e weight is‘éstimated
using the time series of average vehicle weights, hédonic pricés, and
income. One problem that arises here is errors in vafiables since fhe price
obServations are stochastic, haviﬁg been gstimated by ofdinary least
squares. Conséquent1y, the estimated coefficients are biased and incon-

sistent. This problem is overcome through the use of an instrumental

variables approach.

The fourth step is to estimate, as we did in Chapter 4, the relation-
ship between energy efficiéncy and vehicle weight. . Finally, since gasoline
consumption is a function of both energy. efficiency and miles driven,
for an average number of miles, éay 12000 miles per year, the effect of
an 1ncfease in gasoline prices cah be traced through to the effect upon
gasoline consumpéion. MoreOVer; since we know the cars included in the
yearly samples éompriée about'60.pércehf of all automobile sales in Canada,
the aggregate effect of an increase in gasoline prices on gaso11ne consump=

tion can be estimated,

| The advantage of estimatiné gasoline consumption in this manner is
that it is possible to isolate the particular characteristics that have the
greatest impact for reducing energy consumption within the context of the
present techno]ogy, Moreover, this.procedure identifies the necessity to
consider the tradeoff beiween certain characteristics that are most effective

in reducing energy consumption and other characteristics desired by consumers.




d BN

Il IE--E N N R BN BN B BN B BN B B
7 : I e

=121 -

: III. Application to Residential Furnaces

The analysis applied to autohobi]es in ‘this study has direct applica-
tion to residential furnace;. Furnace characteristic data are, however,
not available in centra11y’16cated form so that manufacturers would have
to be individually contacted for the 1nf0rmat%on relating to their specific

products.

As a starting point in understanding the problems with relating
furnace efficiency to the physical characteristics of the furnace and then
estimating the hedonic prices of the relevant characteristics, a partial

bibliography of related work is presented in the Appendix to this chapter,

While the required data for automobiles appears easier to collect
than that for furnaces, a greater number of years of data is available for
the 1atter; Therefore, the estimation procedure can Tikely be carried
to its final step for furnaces and the aggrégate energy reduction

attributed to higher energy prices estimated.
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Appendix

Partial Bibliography for Determining the
Hedonic Prices of Furnace Characteristics

~ Berlad, A.L. and ‘others. “Seasona1 performance and cost of oil or gas

fired boilersand furnaces." Upton, N.Y. Brookhaven National Labo-
ratory, August 1976 (Report No. BNL-21722, NTIS).

Borne, Ulrich and others. "Survey of gas and oil fired residential heating
systems in Minneapolis} Bloomington, Tenn.' Honeywell Corporate
Research Center, December 10, 1975. :

Bonne, Ulrich and others. "Efficiency and. relative operating costs of
central combustion heating systems. IV: oil-fired residential
systems"in ASHRAE. Proceedings of symposium on Seasonal operating
performance of central forced air heating and cooling systems,
February, 1977.

Dewees,.Dona1d N. "The economics of home furnace efficiency" Toronto:
University of Toronto, Institute of Policy Analysis, 1977,

Dunning, R, L, "Furnace efficiency variations explained", Electrical
World, February 1, 1974,

Gabb, Gerald K. and Kenneth Koenig, "Seasonal operat1ng performance of
gas heating systems with certain energy saving, features", ASHRAE
Trans,V 83 pt 1, 1977,

Hise, E.C, and Holman, A.S. "Heat balance and efficiency measurements of
central, forced air residental gas furnaces", Tenn,: Oak Ridge
~ National Laboratory,v1976, (Ref, No. Conf-770203~1, NTIS),

Hise, E.C. and Holman, A.S., "Heat Balance aid efficiency measure-
ments of central, forced air residential gas furnaces," ASHRAE Trans,

V, 83 pt 1, 1977.

Janssen, J. E. and V. Bonne, "Improvement of seasona1 efficiency of resi-
dential heating systems", New York American Society of Mechanical
Engineers, 1976 (ASME Paper 76-WA/FU-7),

Manian, V. S. and A. Juchymenko, "Energy usage and relative ut111zat1on

efficiencies of oil-gas and electric- heated sing]e family homes"
ASHRAE Trans. V, 85 pt.1, 1975. No. -2365.

Stricker, S. “measurement of heat output of residential furnaces." ASHRAE
Trans, V. 76 Pt. » 1970 Paper No. 2161.
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FOOTNOTES

Chapter 2

1. See, for exampie, Johnson'(1958) among others.

2. Ironmohger (1972) developed a fhebry quite similar to Lancaster's.
In his theory, Ironmonger vieWs characteristics as want satisfiers
and consumers'are'be]ievéd”u)possess a priority ranking of wants,

. trying to satisfy wants in order of prﬁorit&.
3. Lancaster's definition of goods is such that different brands

classify as different goods.

Chagter'B

1. Each characteristic, in turn, is.assumed.to exhibit positive marginal

utility.

Chapter 4

1. Initially we followed previous studies and used the Canadian Red

Book (published by Maclean-Hunter Ltd.) for car prices. Conver-
- sations with used car dealers, however, suggested strongly that
the Red Book prices were not representative of actual transactions

prices, but instead, most dealers used the Black Book.

2. Evidence of downsizing can beseen in the mean and standard .

deviation of the curbweights jin each sample year, For 1977, the
averaQé weight was 3101 pounds with a standard deviation of 577.4 pounds.
In 1978, the mean weight was 3046 pounds witﬁ a standard deviation of
635.3 pounds. By 1979, thé mean weight dropped to 2879 pounds and the
standard weight deviatibn was 528.5 pounds. Finally, in 1980, the
average weight was 2937 pounds, but the deviétion was only 510.9

pounds.
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Chapter 5

See, for example, Dewees (1974) and Griliches (1961), among others.

.. Width was measured as the average of the front shoulder room and

rear shoulder room{whi]e the_1ength,was measured as the sum of the
front leg room and the rear seat room. Height was calculated as the
average of the front head.room and the reér head TomﬁpTus 41 inches so
as to account for the average 5 foot.9 inch individual weighing

150 -pounds sitting in the seat.

3. The Federal Air Conditioning Excise Tax ($100 per automobile air condi-
tion) wasin force as of May 26,1976 so it does not effect the results.
Chapter 6

Authors have in fact experimented with depreciétfon patterns. See,

for example, Parks (1966) who uses a constant evaporation depreciation
assumption and Sieper and Swan (1973) who use a general monotonic
depreciation pattern. | ‘

While it is recognized that the consumer does not actually have an
infinite 1ife; this approximation for computational ease results in
only minor distortions. .To sée this, it need only be realized that the
present worth of $50,000‘to be received 50 years from now has a value

of only $425 today assuming a discount rate of 10 per cent.

.- Refer to Dixit (1976) for a description of calculus of variations

optimization procedure.

Reca]l'that if the full prices of durables reflect efficiency and prices
of ihe respective variab]e inputs, sale of the good in an efficiently
operating Second-hand market will sufficiently discount the value of
of the good so as to pena1i2e~thé consumer for making an incorrect

decision with respect to his durability choice.
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Refer to Schalensee (1979) for a Feview.
The service price is defined as the imp1icit rental price of the

service, i.e. the price one would pay if they rented the good.
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