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I. IKTRODUCTION

This paper investigates price change, quality change and
defreciation behaviour using data from one of the best developed used
durable markets in the U.S., The approach used was apparently first
suggested by Burstein (| ), actually used with considersble success

by Cagan (2; ) and formelized and further deveioped by Hall (j& ).

Section 11 presents some economic theory on input price indices
which is magé dpgraﬁioﬁal for the date on used capital good prices.,
Section III briefly discusses earlier work, The next three sections
present hypothesés tests, It vas intended to follow a decision tree
appréach ;hinggﬁéd hipofhesis testing i;_a classical spatistiégl framework .
For several reasons this does not emerge quite as elegantly as had been
hoped, Section IV investigates aggregation (to be developed in e
further paper oxn empirigal tests of capital aggregation), Section V
investigates hypotheses on depreciation rates, Section VI investigates
the hypothesis that information on performance characteristics can predict
quality diffefences betweeﬁ capital goods as e&aluated bf the market.
Bection VII offers some tentative conmclusioms. . Appendix A discusses
the methods and calculations with some illustrative prices. Appendix

B discusses data sources and problems.

Grateful acknowledgement is made to Bob Hall for providing the initial
impetus, Part of this research was sponsored by the Federal Reserve

Subcomnittee on Price Measurement,
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IT  Quality Change and the Theory of Input Price Indices

In an earlier paper, I discussed the theory of input price
indices and the treatment therein of quality change ([}] Ye

In brief , the argument ran as follows.

An input price index is a summary measure of the level of
current period input prices, w, relative to base period input
prices Q. For example,the Laspeyres and Paasche concepts measure
the relative cost uader w and & of purchasing two given input
bundles, the base and current bundles respectively. For a pro-
duction theoretic (*true') input price 1ndex, we seek a more
interesting standard of reference than a glven input bundle to
compare price levels. The andlory with the 'true' cost-of-living
index is helpful in this: such an lndex-measures the relative
cost of attaining a given reference level of utility under
current and base period prices ([1] ). By analogy, we seek a
scalar measure of real output and define as the desired index
the relative cost of attaining a given reference level of real

output under current and base period input prices.

The most natural procedure for formally presenting such
an index is by using the Shephard duality theorem to define
a cost function C = C (w; gx; b) which under certain conditions
is duzl to the production structure implicitly defined by
F (gx; v; b) =0 (29 ).
Here w = input price vector:

v

input vector »

b = quality parameter w.r.t. one or more inputs

X = vector of output proportions

g = level at which x is produced
Taking as reference, the vector of output proportions x to
be fixed and a given level q of real output ( L3] ), the pro=-

duction theoretic input price index is

N
Ve ¥y ceee Vo yWm 3 @ X5 b)

; A A A A
C (W, yeouo Wy oW 3 g X3 1)

wvhere b = 1 in the base period.
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It is understood that in the case of durable inPuts, vy
is the service flow from the ith input and wj is the rental

price of services from the ith input.

In the absence of technical and quality change, the
Laspeyres input price index is an upper bound on W ( [W}),
which may be an important reason for being interested in the
Laspeyres index. Under quality change, this relationship breaks
down in general. Suppose a quality change ( (8] ) takes place
in the mth input. A traditional way of dealing with quality
change in price index construction has been to adjust the price W, ,
of the good in which quality change has taken place. ldeally
one would like to be able to adjust the price of the mth input
in a SIMPLE way i.e. independently of market conditions (other
input prices and the amounts of the various inputs). If quality
change were of the type that allowed

A A
C(Wy ore Way 4 W 3 Q%3 b) = C (W, eove W3, W, 55 X5 1) (11.2)

[
bw“i
where ;%;~ 31;“ R is independent of ¥y .es V¥, and w
coe W, , then the above bounding relationship between VW and

the Laspeyres index would persist if the mth price in the latter
were replaced by w,*e« It is shown in (26 ) that this simple ad=-
justment is possible if and only if the production structure can

be. written in the form,
F (gx; Vyeee Vipoas h(b)ev,, ) = 0. [61) (11.3)

This implies that the cost fupctien, 'S

C = Clw, eoe Wepz %?fT 3 9X)e (IT.4)

Since we can rescale the units of the guality parameter (changing

C and F appropriately) we can just as well write b instead of

n(e) ([71]).

This sort of quality parameterization has another function.
Tf we can assume over a group of inputs that this form character-
izes technical differences between them at a point in time, then
we can aggregate consistently ( [8]) and find the efficiency correc-
ted price index for a group of inputs. This can at a later stage

be fed into overall input price indices.
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We need to assume this form of efficiency difference both between
capital services from different ages of the same model, and bet-

ween capital services from different models of a given age.

Although the relevant concept is capital services rather than
the stock concept of caﬁital, rental prices are rarely directly
observable. Thus a link needs to be forged for empirical pur=
poses between the prices of the capital g&ods themselves and
the rental prices. Following Hall ( 18 ), we accept the widely
made assumption that the price of capital good i of ageq: observed
at time ﬁ, eQuals the present v-lue of expected future services:

s=N-T-1 S

_ _ 1 : ' (I1.5.)
w = - Zi,445,7T+ 0
1ityT szo <1+1~) Brrs.Tes

where the rate of time discount r is expected to remain the same,

ZiyttsyTas is the expected value of services of capital good.
i of age T + s at time t + s and N is the total expected lifetime
of the good. We assume that deterioration in the value of capital
services takes place independently of the year in which thé good
was produced and of the year in which services are used. In a
contgxt where each capital good is produced in a physically iden=-
tical model over a run of two or more years (case 1), this allows
each good to have its own deterioration structure., Then zZi,x+s,14s
calt be split into three multiplicative factors: on efficiency
corrected rental price index w:+$ which depends just on the time
at which the service flow takes place, a quality index‘gi speci-
fic to the service flow from capital good i (of a standard age),
and a deterioration index ¢i;wswhich is independent of t and

year of manufacture, t -7, for capital goed i,

i€aZ i trsmas = wejs 4§¢¢;%i (I1.6)
If on the other hand each vintuge t -t is associated with a
different quality of a standard aged good (case 2), we can drop
subscript i (EQJ ) and replace it by t =t . Remembering that we
require the deterioration index to be independent of the year of
manufacture and of the year of observation we dan write ,

—

*
zus)’t«s = wt-lS 145b't-'t' (II'?)
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Ve assume thal the real rental price w is exvected
&

tes
to rewain at its »nresent level w, . Then in case 1 we have

-1

i * 1o ) 11.8
R / "L') ¢iﬂ45 ¢ )

- -3 W
' & b 14°¢
$= 0

[

Wiyt

But a natural way to define an index of depreciation D; . for
capital good i, is as the ratio of the discountcd expected
stream of returns remaining, to the discounted exnected streanm

of returns of a stendard aged model (the one vear old model is

o

taken as stancdard, ie. D:, = 1),

Ll ] 5 '
. AN e o,
¥ DC;t & Z:u bt ] Tawas (E& ]) (11.9)

=3
o (___.l_,,_ )S d,
s;o j i £33«

Thus N B [ “s? ,E.«Qxf,i . b ] (I1.10)
I
Thus Wy g o & ‘“*’ht Piw bi (17.11)
L s .
where b; = EJ Z: Tl_~§'éi1*5
szo \ 2tE :

We have succeeded in exvressing the price of a cipital good i

of arc U at time t (which can be observed from uvced capital good
narkets) as the multiple of an e{ficiency corrected price index
which depcpds jusnt on the time of observation t(aud which applies
to all the models in ihe proup over which asgregation is roscible),
a depreciation index for capital good 1 which depcnds just on its
age, and a quality index wiich applies to the quality of the good
measured at a standard age (age = 1 year), which is independent
of the year of observation. Given data on the jrices of a nuuber
of uscd capital roonds of different ages okbcerved at different
times, the guality index of one of them is normalized to unity

and the prices ave exnlained by model durnies (onc less than the

. N . S i - -
number of models), time durmies (number of years' observations),

and age duumies (for each mo el, one less in number than the

maximum are obscrved). Pormally the ntatistical hyothesis 15
4 Ty ! (7&1»'i ' -
0 T - [0 B Y -~ Vl (]].12)
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A simple illustration of the regrecsion model in matrix form

obtained by taking natural logarithms of (IL12) is given in

appendix (A). To carry out estimation and hypothesis testing

in the framework of the classical linear model, we

need to

assume that €; ¢, is independently, normally distributed with

constant variance ([18]).

In case 2, when a different quality index is associated

" with each vintage, then (II.7) implies

N-T -t

S A I
wve = b WL () ]
_Sro .

using the previous argument,

where ~N-2 S
= ben — svd
berv () ¢

(11.13)

(IT.14)

(I1.15)

As Hall (\%,\%), pointed out, there is an identification

problem here: the trends in the three sets of parameters cannot

be identified. This is easy to see:

e -t K2 Lo
C& Dp beone = | We © ][DTB][bb‘.{ < J

/here B is an arbitrary positive constant. To get identification,

we need to fix somepair of valuesor introduce another consgainton

either the price indices, the depreciation indices
indices. But in case 1 discussed above where the
is: produced in a run of two or more years, this is
happens and this is why there is no identification

there. A technique used by Hall in his work on

or the guality
same model
precisely what
problem

pick-up trucks

(1'%), was to introduce the constraint that by .x 1is determined

by a set of specification variables on the capital

gooda.
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One feature of the theory as presented so far is worth
pointing out: the multiplicative form of the hypothesis is not
something that is added on at the end but is central from the
beginning. From (II.2) and (II.h4), we note that when efficiency |
change is capital service augmenting or diminishing, the efficiency

corrected rental price

where we now interpret b as an efficiency index 1.e. incorporating

the effects both of quality change and deterioration. Thus

m m’

The multiplicative form for the explanation of capital good prices
thus is implied by the assumption of capital service augmenting quality
change and capital service diminishing deterioration (given quality)

and the hypothesized relation between service prices and good prices.

We now summarize the assumptions made and bring out some

of the implications.

A, 1. The assumption of capital service augmenting or diminishing
quality change and deterioration: one type of situation which is

specifically excluded is one in which quality change takes the form of
reducing the labour requirement per unit of output or deterioration
the form of increasing the labour requirement, both of which can resulf
in a scrapping decision for older capital goods which depends on the
wage rate. This would mean that the desired independence of the

efficiency indices from market conditions would not obtain.

A, 2. It is implicitly assumed that there is a 'reasonable'
degree of substitutability between the inputs. In practice, it could
happen say that the amount of maintenance (involving labour) that

has to be done per time period in order to get any output from the
capital good, has a lower limit. Then an increase in the wage rate
may suddenly reduce the relative value of the oldest goods to zero

since the value of output may become less than the labour cost.



-8 -~
A, 3, The absence of corner solutions wae assumed’[ﬂ)Thls
was required in proving the nece531ty for the particular kind of

quallty change and deterloratlon assumed.

A, L, Factor mobllaty and perfect markets are implicitly

assumed in the constructlon of the cost function
C(w; qx)

(B?J) and in aggregating across models (L13] ).

There is probably an advantage in this respect in using prices of
used rather than mew goods:  the reported prices are likely to
reflect actual prices more closely (less discounting). Further,
the non-competitive element, in particular that caused by
advertising pressure for new models, is likely to be less. It
is worth noting that one advantage of considering used capital
goods separately from new ones, is that buyers' liquidity problems
and manufacturers price maintenance in times of recession are
likely to affect the used market relatively homogeneously and
differently probably than the new market.

A, 5, Constant output composition: the production theoretic

input price index W was based on comparlson of current with

base prices with a fixed reference vector X of output proportions.

The fact that x. actually changes between base and current periods
is irrelevant for the construction of W, but is relevant for its

interpretation.

Over the periods in which particular capital goods are
produced in a run of years without specification change, we need
to assume that the output composition (at least of the sector in
which the capital good is mainly used) is fairly constant. Other-
wise changes in relative valuations, i.e.‘quality: may take place
even when the physical specificatioﬁ of the capital good has
remained constant. Since the changes in output composition
take place over time, testing for this kind of influence is
equivalent to testing for time effect/model effect interactions.

This takes us back to the stat ~,‘cu_al specification of the model
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T would like to suggest that time effect/model effect interactions
are the chief way in which the hypothesis of independence

(zero covgriance in the context of the normal distribution)

of the distﬁrbance term@ is likely to be viclated ([!?} 1. A
method for testing for the absence of such interactions is
sketched in appendix A.

A. 6. Consistent aggregation across models is & desirable
property because of the amount of information that can then be
summarized without significant loss by one efficiency corrected
price index. However, this sort of proposition is fairly readily

testable ( DS} Y

A, T. Static expectations on future rental prices and rate

of time discount: without this hypothesis we cannot separate

the observed price into a price index, quality index and depreciation
index in such a neat way. An alternative hypothesis, say that
expected rental price depends on a linear combination .of this

and last period's price, is in principle testable on price data

from used capital good markets but I have not actually carried

out such a test.

A. 8. Deterioration independent of the year of production
(although not necessarily equal across models) is an assumption
that may be violated if manufacturers,to cut material costs,
build in increasingly fine tolerances (with higher consequent
maintenance costs) as time passes in a production run-— even

though the specification when new remains unchanged.

A./Q . We conclude this section by noting that of the parameters
in (I1.6) and (II.7) only w t

can actually be directly estimated from price data on used capital

goods on the above assumtions. The deterioration rates of services
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and the true service qualities for a capital good can be extracted
only with knowledge of the rate of time discount and the
expected life of the capital good. However, it is clear

from (II.9) and(II.15) that if length of lives and
deterioration indices are equal for different capital goods
then the stock quality indices are proportional

to the age corrected service quality indices. This has
interesting implications for production function studies where
the concern is with correct measurement of capital service
inputs ([Ib]’). Equal deterioration structures and length

of lives across models implies equal depreciation structures
across models. Thus a test for the latter (which is carried
out in Section YV) is a test of a necessary condition for the

former which adds some additional interest.
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ITI Previous YWork

In this section we review very briefly the approach of
Capan and Hall and discuss the methods and some associated
rroblems of the ‘hedonic! approach to estimating quality
adjucted price indices for new goods.

Cagan's apnproach was to consider the price of a
durable good of are¥ at time t as comrosed of the three
multinlicative elements as explained above; a time effect
(implying a price index), a model effect (implying a quality
index} and an age effect (implying a depreciation index).

In addition, in order to aid identification, he
assumed Gepreciation to be geometric and equal for models in
a ’line'@iﬁlf a mcdel is produced in the same version for
two years (or more) or if the changes are so small as to
be negligible, the rate of depreciat%on can then le
calculated from taking the ratio for a given year of the
price of a used nodel over the price of the 'same' model
aged one year less and averaping such retios over years
f9r“a iiiﬂe‘: Cagan normalizes the guality of one model in
the base year to one. The next vintage's guality index
can be calculated from an appropriate average of ratios
of prices observed in the same year for the two vintages,
standardizing for depreciation. The price index for
models traded in a particular year is an average of prices
for that year -standardized for quality and detcrioration.

The method is rather seusitive to the estimates of
the rate of detcrioration, given Cagan's automobile data
in which frequent nodel changes give few observations on
the rates of deterioration. In addition, the formal under-
lying theory is not made explicit.

It is worth pointing out that Cagan's results for a
selected sample of U.S. cars, 1954-1960, show more inflation
in bis quality adjusted price index than in the C.P.I.,

Hew Auto component. This surprising result, very different
from that of Griliches (1§ ), has now been partly explained

in an unpublished paper for the B.L.S5. by J.E Triplett.
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Briefly, the decline shown in the C.P.I. New Auto
index for 1954-1956 is mostly spurious - caused by Ehanges
in the way auto prices were measured ([\%{). 1Indeed for
1956-1960, Cagan's results show slightly less inflation
(12.2%) in his quality adjusted price index than in the

C.P.I., New Auto comjonent (}3’§$9;

As Hall (1% ) points out, his own paper can in large
part be regarded as a formalization and rcfinement of
Cagan's work. Tt is also the work on which the second
half of Section II above is based. Hall studied
prices observed in 1961-1967 of Ford and Chevrolet pick-up
trucks manufactured between 1955 and 1966.

Among Hall's conclusions, the following may be mentioned:

Hall's quality adjusted price index increases
subetantially more rapidly than the W.P.I. new motor
truck component for 1961-1967 ([4]). |

The hypothesis of equal depreciation structures b
between manufacturers is accerted.

The hypothesis of exponential depreciation is
rejected.

The ‘'hedonic hypothesis' in which quality is,
for each brand, constrained to te a function of a set
of performance characteristics, is accepted in the
framework of a maintained hypothesis which allows each
model ([20)') own quality index.

The 'hedonic hypothesis' implies slightly but
not significantly higher rates of inilation.

' The shadow prices of the performance character-
istics are completely different between manufacturers.
Since my approach is founded on Hall's work, nore

general discussion of this approach is left to Section VII
where an attempt at some evaluatlion of alternatives is
made.

This seems a guod place to turn briefly to the
literature on the hedonic method applied teo prices of new
goods. fhere is no point is attempting e curvey: tho
has been done by Griliches (1é& ) and, cmrhasizia: toe
empirical aspeccts, by Triplett in an unpublished paper
for the B.L.S.
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One can distinguish between three methods for obtain-
ing quality adjusted price indices. The first is é time
series/cross—section method in which the prices are
regressed on the performance characteristics, whose
parameters are constrained to be constant across time (ELQ),
and on time dummy variables which stand for year of
observation. The parameters of the time dummies measure
price levels in the. different years, other things (i.e.
quality) being egual. One criticism which can be made
of this technigue is that the 'real' shadow prices may
not remain constant over time ([22]).

The second method which has been used, meetg this
possible criticism to some extent. In this method,
adjacent year regressions are performed, the parameter
of the one time dummy measuring tye relative change in
price level. These relative changes are then linked
into an index number series. Griliches has argued that
both these methods suffer from a common defect: . that
they are very sensitive té the vagaries of sample selection.
The reason he gives is quite straightforward: if, for
example, models are present in the sample one year (but
not the previous year), whose prices exceed those predicted
on the basis of their performance characteristics, the
time dummy will pick up a spurious positive effect,
giving an overestimate of the price index for that year.

Both the defects of these approaches, Griliches
argues, can be overcome by a third method in which the
shadow prices of the performance characteristics are
estimated from separate cross-sections for cach year.
These shadow prices are then applied to the performance
characteristics of a given representative model to
calculate a time series. Cowling and Cubbin (AF ), for
British ears, and others, e.g. Féttig(?;%) construet aﬁ
index series in which the reference levels of the
characteristics are chain-linked, i.e. held constant
only over adjacent years. Griliches and others have

suggested that, further, the observations be weighted

g
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using market share information when available. The
intuitive reason given for this is that models with
small sales and unfepresentative relationships between
prices and performance characteristics should not con-

tribute as much to the estimation of the shadow prices

as larger selling models. S

This last suggestion conforms to my own methodo-
logical prejudices only if there are grounds for
believing that the parameters (i.e. shadow prices) are
the same across the whole market and that the variance
for each untransformed eguation is inversely proportional
to the square of sales {(where the observations are to be
weighted by sales). Now it is not altogether unreason-
able to suppose that less popular models may exhibit a
higher unexplained variance. lowever, it seems to me
that even IF the slope paramcters are identical across
models, the above transformation is sub-ontimal. It
is likely that, for less popular models, the price
will exceed the predicted yprice based on the shadow
prices of the characteristics. in other words, the
problem is not just one of heteroscedasticity, but also
one of non-zero covariances: there is likely to be
positive correlation between the disturbance terms for
the less popular models. This suggests that a more
complicated generalized least squares procedure be used:
either one where some a priori assumptions are made about
the relevant correlation coefficients, or an iterative
procedure suggested by Zellner (36 ).

However, it seems preferable to respecify the
equations directly instead of doing it indirectly through
respecifying the structure assumed for the disturbances.
This could be done by introducing dummy variables or
allowing some or all of the shadow prices to be different
for different narts of the market. It is true that

finding a sensible disaggregation involves some work,

:
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especially since too much disaggregation raises serious problems
of inadequate degrees of freedom and multi-collinearity. If these
problems permit none or very little disaggregation, one may be
forced to reconsider the desirability of Griliches' objective of
allowing the shadow prices freedom to vary over time. Imposing
unreasonable aggregation cross—sectionally at each point in time,
may be too high a price to pay for the privilege of disaggregation
over time, Thus if there is an index numher problem (coasistent
aggregation not nolding) it should be faced squarely: sales data
instead of being used to weight the observations from which one
set of shadow prices is estimated, should be used to comnstruct an
index number as a weighted mean of price indices for each of the

different segments of the market.

Dhrymes ( & ) performed some cross—sectional aggregaﬁion tests
on a sample of new car prices, His intent was in part to use this
as a test of the hedonic hypothesis. lie concludes ( 6 ) p.505, that
he cannot accept the hypothesis that the price behaviour for the
three main car manufacturers is the same ([23|). He also investigated
new refrigerator prices using time series/cross-section data (|24 |):
. for only two of six brands, could the hypothesis of the same price

behaviour across brands be accepted,

Apart from Hall's test of the hedonic hypothesis which is based
on a small set of data, the other tests have been only indirect =
byproducts of other pursuits. Of these it is worth mentioning Cowling
and Cubbin ( “ ) and Cowling and Rayner ( 5 ) who used quality adjusted
price indices for cars and U.K. tractors respectively to'help explain
market shares., In the former paper, it is suggested that there is
an adjustment process in the new car market. Buyers learn over time:
thus if the price of a car is higher than 'warranted' by its performance
characteristics, its market share is likely to fall. Indeed, Cowling
and Cubbin find that the difference between the actual and the predicted
price is significantly related to changes in market shares in the

anticipated direction ([151),

e o s ety Con e —— = 12 Ao o st



( £ ) on the U.S. new tractor market 1950-1962 since this will be

To conclude this section, we examine the work of Fectig (7 ),
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relevant for the remainder of this paper.

of 'stripped' tractors:

he reduces the list prices by the prices
o 44*Afgiftherﬂarieuswaetaehmeﬂtsf{6%%&7* lifs indices therefore apply to

tractors as sold, only if the prices of attachments behave similarly

to those of the basic tractors.

Fettig uses each of the three methods

Fettig uses the prices

mentioned above. Some of his results for a semi~logarithuic

specification are summarised below.

Comparison of Price

Indices for New Farm Tractors

102

(1960=100)
? 1 |2 3 3(a) 3(b) WPI f

1954 88 | 90 | 89 86 94 83.1
1955 86 | 87 | 85 82 89 82.6
1956 91 | 91 | 90 87 93 85.8
1957 93 | 93 | 92 90 9% 90.8
1958 102|102 | 102 98 103 94.7
1959 101|100 (100 | 98 101 98 .4
1960 100 1100 {100 ! 100 100 100.0
1961 100 102 {103 | 104 102 102.1
| 1962 | 101 1103 . 106 H 102 104, 1

Columns 3, 3(a), 3(b) come from Fettig (7 ), table 15, p.50,

Columns 1, 2 come from Fettig (7 ), table 20, p.57.

"WPI'

1s the Farm and Garden Tractor component (code 11.11) of the
Wiolesale Price Index from BLS annual bulletins.

regression with time dummies.

adjacent year regression method {method 2).

Column 2 was constructed with the

Column 1 corresponds to method 1 as explained above, pooled

Column 3 corresponds to
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the single year regression method giving a chain linked index

holding adjacent year average specification weights constant.

Columns 3(a) and 3(b) are constructed on the basis of fixed average
specifications, those of 1954 and 1960 respectively. The last column

gives the WPI Farm and Garden Tractor component.,

One interesting feature of Fettig's results is the similarity
in the quality adjusted price indices in columns 1 to 3, If this
is also true of the tractor market for more recent years, it has,
as we shall see, significant repercussions on the validity of the
test of the hedonic hypothesis proposed in section VI below. However,
if method 3 is used with fixed specification weights instead of chained
welghts, the results differ substantially. Using 1954 weights over
1954-~1962 there is 24% inflatibn, the 1960 specification weights
imply only 9% inflation, while the chained weights methods gives 16%
inflation. This sensitivity of the single year regression method to
the weights, suggests that although the specification of twe tractors
may remain unchanged for 2 or 3 years, the measure of relative quality
implied by changing relative shadow prices may change considerably,

We shall be returning to this issue in section VII.

Fettig finds that only PTO horse power and type of fuel contribute
much in explanatory power in his single year regressions. There seems
to be some evidence of a decline in the shadow price of horse
power and in the price differential attributable to having a diesel
engine. However this depends on the wathematical form of the hypothesized
price - characteristics relations ([LYTJ). Fettig does not present any
results for a multiplicative form so that his detailed conclusions on

shadow prices are not comparable to those made in section VI below,
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IV Testing for Aggrepation

To construct our maintained hypothesis, we divide
the observations into six groups: size categories -~
large, medium and small, and fuel categories - diesel
and gasoline powered. 'Larpge! means that the h.pn.
measured at the power take-off is 60 h.p. or over,
'‘medium' means a P.T.C. hep. between 40.00 and 59.99 h.p.,
'small' means a P.T7.0. h.p. under 40.00. We allow each
model (all models in the sample are produced in a run of
twe or more years) its own depreciation structure and
quality index. We hypothesize that each group has its
own efficiency adjusted price index, i.e. that ageregation
is possible across the models in each group. The
calculations are briefly described in Aypendix A.

Within this frameworlk, we test several hypotheses
of aggregation across groups. Table 2 presents
efficiency corrected price indices for 1958-1969, sums
of squared residuals, number of observations and number
‘of parameters estimated, for each group senarately ond
for some of the plausible agpregations across groups.

. See also Charts 1, 2, 3.

Given the model, including statistical assumptions,
of p. 5, 6, then the vector Y of n observations on log Ve,
for particular set of models has tle following properties

under a maintained hypothesis (L :
E(y) = Na can be expressed as a linear com-

bination, with weights ﬁj, of k fixed, linearly
-

’:

independent nx1 vectors %i

r
ice. Mo = Z; (35§5 . Ve say 1o belonge to
=1

the veclor space Vn wvhich is spanned by { gj } 1=

A
The least squares estimate of Na is Na:
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A _ b " R
N ™ . i§i and na €Y, and (y -na) € \/h-k

which is orthogenal to V, ([23}).
(y —qa) is distributed according to N(O, 1)

In this framework, we test the hypothesis H of q

linearly indemendent restrictions. These are typically
equality constraints,when H is imposed on {L , on the
price index parameters across models. We call the

resulting hypothesis, u)([?Q)

. w A ’ A
= Z? bi§ and N € \1-1 and (y - M)
Ta
E is orthogenal to V,_ , which

is a subspace, of course, of V, .

Since ;;,n-h is distributed according to the F-
distribution with ¢ and vw-R degrees of freedom under w ,
a test of NI with probability of wrong rejection of & ,

is given by: reject H

if > E. q,n R where ?; —-(‘f )/3_

q,n-R ) - N

)
\5'../)_/ n-R

A 2 A
and \fw = ”"j" yzh.!“ . and \54 = n‘»j" V]_Q “2

Given plentiful data and a well fitting maintained
hypothesis, this test has'high power, i.e. a small
probability of making type II error - wrongly accepting H.
This causes some difficulty in the choice of the appropriate
o® . Conventional levels such as 5% will not do: they
are likely to involve an undesirable trade-off between
the probabilities of two types oi errors. However, we
do not know precisely what the trade-off is. In this

classical statistical framework, to calculate the power
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of the test, it is necessary to know the true values of
the parameters ([4]). This, given that different tractor
models are allowed different depreciation structures,
could involve several hundred varameters, and is clearly
not feasible ([21]).  For the rest of this paper a-
significance level =-.005 is chosen. Lven at this
level most null hyjotheses we investipate are réjected.

We first consider the hypothesis thdt large diesel
and large gasoline powered tractors apgrepate, i.e. have
the same price hehaviour. Ffom Columns 1, 2y 7 of Table 1,
and Chart 1 we can sce intuitively that the price behaviour
is rather different. This impression is confirmed by

the formal test of the hypothesis
toed, | = logd. ., t = 1958,1969, i.e.

equality of the price indicer for large diesel and large

gasoline tractors, in terms ofi the model(ﬂﬂ”}

Here fk

q =12, n= 864, k= 329

[}

.265% + 4470 = 7123, f, = .8176,

= 5.% which considerably exceeds

¥ 432 = 2.5 at the .005 level.

We note that except for 1955/9, 1963/5 and 1966/7,
large diesel tractors appear to have been appreciating
relative to large gasoline tractors. This is consistent
with the hypothesis of a demand led switch to diesel
power for most of the period ([32]). -

Among medium size tractors, however, the story is
somewhat different. Examination of Table ), Columns 3%,
L, 8, and Chart 2, reveals that except for 1958/9 and
1966/9, gasoline powered tractors appear to have been
appreciating relative to diesel tractors. Again a forunt

test of the aggregation hypothesis results in its rejectio.,



i : ! w i ! H j ,

| m cooe | s T e W €19 | L1¢ W CL L LA L 061 ze1  amAou

m |48 SBTE | 2T6Z | 89BT | 998 . 966 'ouT | 918 ' zyor ' 00§ %9¢ qou

| W G6v8°6 . L0S'6 TS0zt W Namm.m@oham. £219% 170299 | OTST'T vzt oyt esor uSS |
N A (3 m n° 20T m 6°801 | Z°801 | 67901 [9°9TT W 0*TTT ,0°60T W 6°T00 | 0°60T . C*/TT | £°0T1 | momaw
: €121 | 101 | TUsor | veor M 0°€0T [9°0TT m 2*901 "0° 701 w 8°86 | 9°SOT . T°ZTT ! %°g0T ' 2961 |
m $*9TT | Z'€OT | I°H0T 4 $°Z0T | €°T0T :9°£0T . Z°GOT .1°€0T - 1°96  6°%0T  Z°S0T . 0°LOT  LO61

| O'ETT | L7101 | €°Z01 | #7001 | 666 8°€OT § 0°€OT Z°TOT : (€6  €°vOT | 00T | 9°coT © 9961
0%zt | 866 | 666 | 2786 9766 0°€0T. | 0°%0T [2°L6 | S'w6 | z°col | TTWOT | £°TOT ¢ o6

| e90r ' z'zor i o°z01 L7101 ) w001 [R7€OT ! £°L0T [6°00T | 0%96  #'gol WAN.qu | scot | 706

. 9°€0T | ¥'I0L | 6°00T | 0'T0T | €°66 '€°TOT ; 9°90T '2°00T  8'v6 | €°20T { #°Z0T ' 1'00T | €961 .
m 1401 M 9°86 | z°86 | 6°L6 | 196 Wq.ooﬂ 6°10T |%°L6 | 6°c6 | 2°001 | 8°EOT 896 L za6T

. T°zoT | 966 1°66 | 8°66 | 8°/6 8001 | €101 '£°66 | 1°/6 ' 286 | T°%0T | €746 = TaAT
] 0*001 | 0001 0° 001 M 0°00T M 0001 ‘0°001 | o*oot wo.ood | 0001 m 07001 | 0%00T | 0%00T | 0961

_ V%6 i 9°86 9°86 | §°66 | 8°76 !I'65 | 0°66 5766 . °001 TT96 L 6°66 [ GTEOT ¢ 6T

W L've | 6%€6 6°€6 | §766 | 1716 v'16 | 0°cC mm.mm | §°T6 . T°06 | 9768 m 9'€6 | 8661

i ! d i i ; ; : i | i :
m m SBH UNTIDIK i : syang “ syang Mmﬂmsm m w ; w W ; m
. T1°11 @Dpod |  pue syeng | seg | ulog | ulog | yjog :yasorg | ses « yesar@ . sey | 1esarn | sey

W Ias m yzog yremg mmmnwm 11V w 11e1s Wﬁsﬂﬁmz ,081e7 { 1reuws maamam  UNTPSK |, WNTIPBK m 981e7 w s31e7

w A S o ot i 6 | 8 i ! 9 I ¢ v v . € | 7 1

(53IN3oNI38 UOTIBTOSIdAp [wnbeun )

§dnoi13 YsNJ/ezIs 103 S3JIPUT 501ad PajoaIi0d Aouaio1izq

¢ ®149®L



-2] -

Here 3o = 2.2744 4+ 1.1510 = 3.4257, £, = 3.5817
9 =15 ([3), wn =1858, Kk = 628
= 3.7, which considcrably exceeds F\§>\13° = 2.3
at the .005 level. ' :

The results for small tractors suggest that, except
for a few years in the middle of the period, their price

behavidur was fairiy similar. )
Here $n= 6.4204 + .6123 = 7.0%27, S, = 7.2052
q =15 (D), wn =2312, R = 699

T - 2.6, which exceeds, but by not such a

large margin as for the earlier tests,

F\g>,w3 = 2.2 at the .005 level.

However, it must be pointed ocut that these hypothesis '3u
tests are valid if a constant variance can be assumed
over each pair of groups for which the aggregation test ;

is performed. This can be testéd, since

2, . . T . Ty = >
Sy is distributed as ¥ R, . Myl ifr Els))= E G ),
-3 : 17 Ry
Sy .

')

where $5 is the sum of squared residuals for group i

divided by the appropriate degrees of freedom ( ”i"ki)'
While equality of variance is accepted for large tractors
and medium tractors (only just for the latter), it is
easily rejected for small tractors. There is substantially
more unexplained variance in the price behaviour of small
gasoline than of small diesel tractors , If a priori
information on the relative variances were available, say
a ratio of 2 : 1, then the appropriate procedure would
be to divide the prices of gasoline tractors by 2% and

carry out the appropriate hypothesis test of aggregation
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in the trensformed (now homoscedastic) model. However,

it is not, strictly speaking, riporous to use the samnle

2 .
value 2 to do this ([}ﬂ). Seo (2%, 10).
S'I.

b3

Thus, stricily speaking, none of the agrresation
hypotheses can be accepted, though agprepration across
small gasoline and small diesel tractors scems to be more
plausible than the resf, given the maintained hypotheses (&gb.
The index number problem cannot therefore be avoided.

The choice of this six-fold classification as main-
tained hypothesis has the advantage that production data
by size groupings based on horse-nrower measured at the
power take~off is available. There is also data on the
relative numbers produced of diesel and gasoline powered
tractors. Thus there is some information on the weights
that could be used to construct a price index for farm
tractors as a whole. If it can be assumed that the prices

of used tractors reflect closely transaction prices (as

opposed to list prices) for new tractors, current production
weights can be used to construct a price index for new
tractors. For the stock of used tractors (aged up to 10
years) survival data ([3¢) can be combined with historical
production data to calculate the approrriate weights (&ﬂ}).
The ageregation problem is considered in more detail
in a further paper. The starting point there is a frame-
work of maximum generality, which allows model effect/time
effect interactions. Within this framework, a
hypothesis which allows different price behaviour for
each group in a brand/size/fuel classification, is tested.
An alternative hypothesis in which each brand has its
own price behaviour is also tested. Since this is a
not altogether imnlausible (though less convenient) alterna-
tive, brand price indices again allowing different
depreciation structures for different mecdels, are presented
in Table 8 and Charts 4 and 5. The overall fit of this
hypothesis is seen to be rather better, judging by the

) . . N IBaTy
overall estimated variance (or standard error)ﬂgqi
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However, if the poorest fitting group is removed for each classification,
the estimated variance (or standard errors) for the remaining groups for
each classification is very similar ([38}). Informally then, there seems

little to choose between the two alternative 'meintained hypotheses'.
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V. Testing the 'Cagan-lall Lypothesis'

In this section, the hypothesis of identical depreciation
structures between models over given segments of the market is inves-
tigated, Its link with the names Cagan and llall needs some justification.
Cagan (2 ), assumed equal depreciation across models for a given 'line’
(e.g. low priced Chevrolet six cylinder) ([‘10]).‘ In additiod, he
adopted the constraint of constant geometric depreciation [:QI]. We
do not concern ourselves with the latter hypothesis for the moment. Hall
also assumed equal depreciation structures across the models (vintages)
for a given brand (Ford or Chevrolet) of pick-up trucks £%2j.’ The
closest one could come to testing the analogous hypothesis for farm
tractors in the present framework would be to test for equality of depre-
‘ciation structures across models for a given brand. This can be done
in the framework of the size/fuel disaggregation but giving each brand
its own depreciation structure, where the maintained hypothesis allows
each model its own depreciation structure. These results are not complete
and all that can be said at present is that the hypothesis is accepted

for several groups.

A test of a somewhat more stringent hypothesis than the Cagan/Hall
hypothesis as strictly understood, is to test for equal depreciation’
structures across all models for each size/fuel group. Regression results
for price indices and depreciation rates estimated in this framework are
veported in table 4, For ease of comparison, price indices estimated
with equal and with unequal depreciation rates across modéls, are
presented in charts 1-3, As can bc readily observed, the patterns of

price movements under the two methods are gimilar,

Table 5 presents formal tests of the hypothesis in the context of

each of the sizc/fuel groups.

[ —

e



Table 4: Lkfficiency corrected price indices for size/fuel groups:

equal depreciation

structures across models in each group

i large large medium medium small small
gas diesel gas diesel gas diesel
1958 99,3 87.8 91.1 92.9 99.9 94,0
1959 | 107.0 94.3 97.2 100,4 100,1 102.,0
1960 100.0 100.0 '100.0 100.0 100.0 100.0
1961 98.4 105.1 98,2 98.1 98.7 99.8
1962 98.7 107.5 100.1 96.4 96.1 99.3
1963 | 102.2 106.3 101.5 96.4 98.6 103.6
1964 104.7 107.6 102.3 97.2 98.8 105.0
1965 | 103.2 107.1 100,2 95.5 94.7 102.4
1966 | 104.9 105.7 101.3 94.0 97.6 101.0
1967 108.2 110.0 101.4 96.3 98.6 103.7
1968 | 110.1 113.4 101.8 98.8 99.0 105.1
1969 113.1 117.9 i04.8 102.6 105.2 110.6
Depreciation indices
age=1 1,000 1.090 1,000 1.000 1,000 1.000
2 923 921 918 +918 916 U7
3 +855 6852 847 844 .839 .842
4 « 785 . 784 .786 +778 o775 775
"5 +719 .721 «732 .718 «715 .710
6 +659 .663 .683 +666 .660 +645
7 .604 +610 «636 .617 .613 +590
8 556 «569 .588 «5638 «566 «537
9 .509 .528 «543 517 $522 <494
10 $462 483 +499 474 <481 <449
R .997 .995 .976 .987 .977 .992
SSR 4156 1,2272 4,9100 2,3601 13.1282 1.0487
nob 367 500 1045 820 1780 537
novar 39 51 62 57 87 43
confidence
intervals:
for 1960 103.7 to  105.9 to  104.7 to  102.9 to  105.0 to  103.8 to
price index 96.4 94.4 95.5 97.1 95.2 96.4
for a$e=5 e722 to «739 to +748 to «732 to «731 to ;728 to
depr.index . 703 . 704 716 « 704 « 700 «703
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Table 5: Testing the egual depreciation hxpothes;s in the framework
of size/fuel disaggregution

grstatistic. fw 3&1 9 nob-novar
Large.gas 1.k1 L4156 «2653 93 232
Large diesel | 3.66 1.2272 L4L70 145 304
Medimg gas 2.91 4,9100 - 2,274k _ 279 701
Medium diesel .2.1&2 2,3601 | 1.1510 230 529
Small gas L3k 13.128 6.4204 328 1361
Small diesel | -1.78A 1.0487 .6123 k1 - 352

* critical values are.all around 1.55 to 1.6 given these degrees of freedom.

At the .005 level, formal tests reject the hypothesis.for 5 out
of 6 size/fuel groups, slthough one is only marginally rejected. It is
not swrprising perhaps that this group (small diesel) and large ges for
which equal depreciation across models is accepted should both have relatively

few models,

The equal depreciation hypothesis was also investigated in the
brand disaggregation. Price and depreciation indices are presented in

table 6, The formal tests are summarized in table T.




Table 6: Efficiency corrected price indices and depreciation indices

for brands: equal depreciation across models for each brand

A-C Case Deere Ford I-H M-F
1958 | 98.9 98.1 87.4 87.0 88.6 99.8
1959 .| 102.8 100.0 92.4 88.5 96.6 103.7
1960 | 100.0 100.0 100.0 100.0 100.0 100.0
1961 | 98.9 102.1 99,0 100.4 100.7 96.0
1962 | 89.3 103.7 102.2 104,1 101.0 96.4
1963 | 89.8 103.8 108.3 112.1 105.7 96.6
1964 | 89.8 103.8 110.5 113.9 107.9 96,7
1965 | 88.2 100.9 111.4 110.9 102.4 96.0
1966 | 91.6 100.8 111.3 109.7 1047 96.1
1967 | 92.6 105.1 112.9 109.4 107.1 97.8
1968 | 93.5 109.7 114.1 108.2 108.2 99.8
1969 | 97.8 118.2 118.3 111.0 114.5 103.9
age=1 1.000 1.000 1.000 1.000  1.000 1.000
2 .923 914 - .918 917 1,926 919
3 .866 .833 .842 .845 .851 .848
4 .803 .765 174 779 .786 .785
5 .743 709 713 719 727 721
6 .688 .656 .662 .665 .669 .663
7 632 .602 .615 .620 .621 ,605
8 |  .578 .546 .568 .575 .570 .552
9 .530 <491 .526 534 .523 .501
10 .489 443 .483 .504 476 454
R .991 985 .992 .991 .988 989
SSR 4.5972 3.6270 1.4670 .7459 4.4566 3.7809
nob 751 925 722 565 1231 855
novar | 48 58 58 52 77 55
confidence
intervals: ‘
for 1960 105.2 to 103.6 to 105.4 to 104,.6 to 102.5 to 105.6 to .
price index | 95.0 96.5 94.9 95.6 97.5 94,7
for age=5 .765 to «724 to «726 to +732 to + 740 to 739 to
depr.index 722 .695 .699 . 707 714 .703
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Table 7: Testing the equal deprec1at10n ‘hypothesis

in the framework

of brand disaggregation

¥ statistic g, S q nob-novar
AC 2.26 4.5972 | 2.8144 153- 547
Case 2.09 3.6270 | 1.9522 252 615
Deere 3.39 1.4670 «5809 206. 458
Ford 2.19 + 7459 ;3706 162 © 351
Id 2.85 4.4566 | 1.,9360 -| 361 789
MF 9.50 3,7?10 1.3917 167 592

At the .005‘1eve1, the hypothesis is rejected for every brand,

In a sense, this can be regarded as reassuring, Earlier, the brand

. dlsaggregat1on was found not to be noticeably superlor to the fuel/

size dlsaggregat1on.

This latest piece of 1nformatlon Bhows that brand effects
simultaneously dominate Price and depreciation behaV1our.

that features that mlght be associated with market 1mperfect10ns such

as strong brand advertising and brand loyalty more generally LHB]

are probably not very powerful.

do not

~This suggests
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Testing the 'Hedonic Hypothesis'

In terms of the theory set out in Section II, we assume = that

-the production structure can be expressed by

F(g x; Vs Vo, vy Vo4 B (cl, Cp o cr)) = 0

where c¢ «+. €, are the levels of the performance

1% %2
characteristics and v, = services from the mth capital
input.

This replaces the assumption .

F(q X; Vv

1 oan ’Vm..h(b)) =0 e |

If we supposed that the function g(cl, C,. oo cr) fulfilled

2
the condition _3g [_8g = constunt, the implication
| Bci- acj
of cons£ant relative shadow prices of the characteristics
would follow given that technological change did not affect
gl ). The reasons for this are as follows: Using the
arguments in Muellbauer (R2& ), the cost function which, given
the above technology, relates the economy's total production
cost to the fixgd output vector q x and input prices LAERE

has the form

¢ = cClqg x; Wy oeee Vo1 v .
e (cl,c2 ...cr)
= 3C can be interpreted as the shadow price of the

dc.
i

ith characteristic
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But Y /-ac =

ac. ac
i

= constant under the above

assumption.
Whether or not g{ ) is in this simple form, the arguments
of Section II leading up to the empirically testable model (II.12)

log . u

. = A + ' D.
i .t log dt ‘log Dl’

T

“
*ologby * & it

go thréﬂgh as before. Now however, we-hypoxhesize‘ that

B, = g(cil, Cins bee cir).' It is interesting to note that

the semi-logarithmic form of the hedonic hypothesis which has been

used in empirical work with prices of new goods, here is

r
log bi = I o . c1
- j=l d J
T a.c..
ie. b. = 1 (e 9 1)
1 .
J=1

With this form, the relative shadow prices are given by'(ﬁi )

.

for i,5=1 ... r. If this form of

g(cl, Chpoee Cr) is valid and technological change

did not directly affect the form and parameters of gl ), the semi-log
form would imply constancy of the relative prices of the characteristics
even though the relative prevalent levels of the characteristics were

changing.

e
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The results presented below are for a form which says
that b, is a constant elasticity function of maximum 1b. pull,

fuel economy measured in h.p. hours per gallon, PTO h.p., and

the number of gears and a semilog (ie. 1log bi =
“ o :
'Z ot: log Cys “+ I o, C..) form in dummy variables
T N |

measuring whether the fuel is diesel or gasolene, the presence of
a basic hydraulic system, an euxiliary hydraulic system, an independent

power take off, power steering, power adjusted rear tread, and a

three point hitch. In addition brand dummies are included where
applicable. The interpretation of the first four parameters is of
elasticities eg. oq measures the percentage increase in

quality (or price, holding time and age constant) implied by a
1% increase in PTO h.p..(onstancy of the elasticities over time
implies that variations in the relative levels of the characteristics

result in inverse variations in the relative shadow prices i.e.

shadow price. ¢, which has considerable intuitive
- 2 K —al
shadow price. C.

J i

appeal. The exponential of each of tne remaining parameters measures
the proportionate difference in quality attributable to the presence

of the characteristic.

This hedonic hypothesis is a linear constraint on a
maintained hypothesis in which each model is allowed its own quality
index: every vintage in a production run of a given model is
constrained to have the same quality index under both hypotheses.

In addition of course, the hedonic form introduces constraints across

models. Price indices, depreciation indices and other parameter
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estimates are presented in tables 8a), 8v), 9b) under the two
alternative disaggregations. Tests are presented in Tables

10 and 11.

It must be admitted that these tests are prejudiced against
the hedonic technique as presently used in research on prices of
new goods. Firstly, aithough the hypothesis of equal depreciation
across models in a given gfoup was not accepted for the majority of
groups in Section V, it was simply not feasible to use the regression
method necessary to estimate the parameters of the characteristics, to
estimate the large number of parameters implied by unequal depreciation
structures. Secondly the relative values of the parameters (although
as explained, not the shadow prices of the first four characteristics)
in the hedonic constraint are assumed constant over time. This is
equivalent to the pooled regression with time dummies approach
explained in Section III. ° It is argued in the concluding section
that Griliches' strictures on sensitivity to the vagaries =~
of sample selection of the time dummy method, probably do not apply
here. Nevertheless, some attempt must be made to meet his criticism
on non-constancy of the relative shadow prices of the characteristics.

Two points can be made. : .

We have
L % 13 ,
b= esY 1 ™ Sik
j=1 J k=5

The shadow price of horsepower, abstracting from overall price

change, is ,

A 4 ay 13

o I ci. | I e
P \J=1 . =5

Oy C.
* Yik




Hedonic price indices and depreciation indices for

" Table 8(a):

fuel/size groups

large large medium nedium l!;il "
gas diesel gas diesel both fuels
1958 - 98.9 88.1 90.5 93.2 92.9
1959 106.8 9k.5 96.5 100.3 98.8
1960 100.0 100.0 100.0 100.0 100,0
1961 98.6 10k.5 99.3 98.9 101.8
1962 99.0 106.1 102.3 98.0 101.5
1963 102.6 . 103.5 10L.5 Q8.8 108.7
- 1964 105.3 104.5 106.8 100.0 112.4
1965 | 10W.1 04,1 104.6 98,4 110.6
1966 106,k 104,8 106.4 97.8 114.8
1967 109.9 108.7 107,5 100.9 117.7
1968 112,0 112.7  109.0 10k .6 - 118.3
1969 115.5 117.9 112.9 109.2 127.5
Depreciation indices
age=1 1.000  1.000 1.000 1.000 1.000
2 .923 .923 +910 915 .908
3 .85k .853 ©-,.836 .8k0 .826
b .782 782 .769 ST JTh9
5 .T15 .T16 .709 - .708 677
6 652 652 .658 ;65h 611
7 .597 .599 .609 :603 .55k
8 548 56k .558 552 .h98
9 .501 .528 .511 499 b7
10 S5k 188 66 sk L0
RS ,990  .ouk .889 .935 919
SSR .h9s1  3,5889  10.0k22  L.4329 53,356
nob 367 500 " 1045 820 2317
novar 34 3k 38 38 ko
confidence
intervals: _
for 1960 119.6 to 108.2 to 106.6 to 105.9 to 106.1 to
price index 83.6 92.4 93.8 95.0 9k.2
for ege=5 .T29 to JThO to~  .T30 to  .T25 to .698 to
depr, index .T01 .692 .689 .657

.691




Table 8(b): Estimated parameters of characteristics for fuel/size groups

large large medium medium small
gas diesel gas diesel both fuels
pull .10 (.05) .03 (.05) .62 (.05) .35 (.04) .35 (.03)
fuel cons. .43 (.09) .30 (.10) .01 (.07) .30 (.05) .13 (.06)
PTO h.p. 1.02 (.06) .65 (.07) .19 (.07) .67 (.04) .33 (.03)
gears .07 (.04) .237°(.09) - .14 (.02) .02 (.02) .10 (.01)
AC 1.00 1.00 1.00 1.00 1.00
Case .73 . 1.04 .92 1.01* 1.21
Deere 1.28 .91 1.13 1.06 1.40
Ford 72 .67 1.00% .91 1.48
I-H 1.19 1.04% . 1.04% 1.02% 1.33
MF .76 .59 .84 .86 1.17
hydr.1l - - - - .89
Lydr.2 1.06 1.02% .97 ,99% 1.05
PTO L99% 1.27° 1.24 1.03 1.06
| p.steering - - 1,08 «99% .96
p.adj.tread | 1.09 1.40 .98% 1.01 1.16
3pt.hitch 1.04 1.10 11.03 1.04 94
diesel - - - = 1.07

The parameters in the first four rows are elasticities. They are followed

by standard errors in brackets.

The remaining parameters measure the

percentage differential in price if the relevant characteristic is present.

* means not significantly different from 1.

= means that for reasons of collinearity the relevant dummy was not

included in the regression.




Table 9{a):

Hedonic price indices asnd depreciation indices for brands

A-C Case Deere Ford I-H M-F
1958 96.4 98. 4 87.4 87.1 83.7 97.8
1959 | 101.5 100.0 92.2 90.8 9k.8 103.0
1960 | 100.0 100.0 100.0 100.0 100.0 100.0
1961 | 102.6 101.7 99.3 100.2 102.1 97.1
1962 95.1 102.9 102.6 103.9 10k4,6 98.2
1963 95.0 102.8 - 109.1 112,8 105.4 99.0
1964 | 103.7 103.6 111.3 114,9 113.4  100.0
1965 | 102.3 99.8 112.4 112.3 108.0 100.1.
1966 | 109.1 100.7 111.9 111.5 110.8 101.7
1967 | 113.6 105.2 113.3 111.h 113.5 10k, 7
1968 | 11T7.7 110.3 1144 111.1 11k b 108.2
1969 | 126.0 118.4 119.3 117.3 119.1 113.9
age=1 1.000 1.000 1.000 1,000 1.000 1.000
2 .918 912 .919 .912 .92k .913
3 . 8Lk .830 .8hl .83 849 .83k
b . T66 .T58 .T78 .T6h .T78 «T63
5 .693 .T02 .718 .T05 .T16 .692
6 626 .650 .66h .651 654 .631
T4 562 597 .615 .606 .601 570
8 .502 -543 566 .562 .Sk5 .518
9 R .490 .522 522 Jko2 L 466
10 .Lo1 RARA 479 gk Jhbkl 418
R® 98¢ .966 .987 L9769 .951 .979
SSR 10.065 5.180k4 2.56k5 1.9199 18,387 7.0982
nob 75 925 707 565 1231 855
novar 35 33 i 33 35 3k
?onfideuce
intervals:
for 1960 116.2 to 105.5 to  104,3 to  108.2 v 1u, T 107.2 to
price index 86.0 k.7 95.9 G2.h s B3 93.3
for age=5 .722 to 723 to .T33 to 722 wo 739 o +113 to
depr.index L666 682 .T03 688 693 672
;




Table 9(b): Estimated parameters of characteristics for brands

A-C Case Deere Ford I-H M-F
pull 02 (o1) = .07 (.05) .41 (,03) .07 (.02) = .12 (.05) = .01 (.05)
fuel cons. 6 (o1) .38 (.05) .19 (.04) .34 (.06) = .53 (.09) - .63 (.08)
PTO h.p. .87 (.1) .86 (.05) .59 (.03) .59 (.03) .93 (.04) .79 (.05)
gears .23 (,05) .08 (.02) .12 (.02) .06 (.02) J11 (.03) - .11 (.02)
hydr.1 1.42 - - - .86 -
hydr.2 1.17 .93 1.02 1.02 1.08 .93
PTO .99% 1.20 1.04 1.11 1.01% 1.11
p.steering .85 1.19 <99* 1,17 1.09 1.18
p.adj.tread | .92 - 1.02 - 1.08 .96
3pt. hitch .86 1.01% .92 1.04 ,98% 1.24
diesel 1.05 1.03 1.02% 1.26 1.41

1.31

* means not significantly different from 1.
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Given constancy of a3 and o<a3 < 1l, the trend toward
higher horsepower over the period, will, other things being

equal, result in a secular decline in the shadow price of horse-
power. The results presented in tables 8b) and 9b) show that,
irrespective of whether the brand disaggregation or the fuel/size

disaggregation is chosen, the hypothesis that o < og < 1 1is

accepted in every case. Thus implied in the constancy of L

is a-declining (relative) shadow price of hdfsepower. This is
consistent with Fettig's results ( / ), Table 12. The coefficient
of h.p. in his semi-log singie year regressions declines from

.0108 (.0005) in 1954 to .0088 (.0005) in 1958 to .0068 (.0003)

in 1962, where the standafd errors follow in parentheses. Oh

the other hand, the form in which the diesel dummy variable

enters above, does not imply Fettig's result of a secular

decline in the shadow price of diesel. The diesel variable

is excluded of course where diesel and gasoline tractors are

treated separately and this objection is of no account there.

Secondly, as was pointed out in Section III above, Fettig's
results from pooled regression are quite similar to those obtained
by the methods using adjacent year regression or single year
regression with chain linked specifications weights.® This suggests
that the above form of the hedonic constraint, may after all, not

be such an unreasonable restriction.

We turn now to the formal hypothesis tests of the hedonic
constraint. These are summarized in tables 10 and 11 for the two
alternative disaggregations. It is clear that this form of the
hypothesjs is much more strongly rejected than any of the hypotheses

tested in the earlier part of this paper. It also seems to make



Table 10:

size/fuel disaggrepgation

1

Testing the hedonic constraint in the framework of

o ’ )
{ statistic fw fn a nob-novar
Large gas 12,5 J9sy | Luase| 5 328
Large diesel 50.8 3.5889 | 1.2272| 171 Ll
Medium gas 42,8 10,042 L,9100 | 24 983
Medium diesel 35.3 I hh325! | 2,3601 1 19 163
Small A 85.9 53.356 14,375 T0 2217
Table 11 : Testing the hedonic conmstraint in the ffamework of
A ’ brand disaggregation
L A%
f statistic fu f JL 3‘ nob-novar
A-C 6k L 10,059 4,597 13 703
Case 43,5 8,180 3.627 25 867
Deere 20,7 2.5645 | 1,4670 [ 24 664
Ford 42,5 1.9199 .7h59 19 513
IH 85.9 18,387 4,457 ko 1154
MF 33.4 T7.098 3.781 21 800
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little difference in which disaggregation of the sample we test.

It is interesting to examine the differences between the
price and depreciation indices presented in tables 8a) and 9a)
and the earlier results of tables 4 and 6 with equal depreciation
across models, and of tables 2 and 3 with each model allowed its
own depreciation structure. In almost every case, the hedonic
constraint results in higher estimated inflation and faster
depreciation. This seems to be the case particularly for Allis-
Chalmers and Massey-Ferguson among'the brands and small tractors'
in the size groups. The general shape of the graphs is similar:
it is just that the hedonic constraint seems to imply a very different
overall inflation trend for these categories and a somewhat different
trend for medium sized tractors and Ford and International Harvester
among the brand groups. The estimated price and depreciation
indices using the different methods, turn out to be very similsar

for large tractors and Case and Deere in the brand groups.

The discrepancy for Allis-Chalmers seems to be partly
due to large, high priced tractors that enter the sample in 1966 and
1967. If these are inadequately explained by the hedonic constraint
but are free to take their own quality indices under the methods
presented earlier, this could result in a higher implied rate of
inflation for the hedonic method. Something similar appears tdevae
also occurring with Massey Ferguson. One observes, for example,
two large tractors of similar specifications both observed in 1969.
one is 1962 vintage, one is 1968 vintage. Give the depreciation
structures and the parameter estimates for the characteristics, the
latter vintage has & price which is 'too high! i.e. can be explained in the

model only by inflation. On the other hand, this inflation does
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not appear to be occurring among the 1965 or pre-1965 vintages

or indeed for the 'new' models once introduced. Thus, the poor

f£it of the hedonic constraint. .

The behaviour seems to be consistent with two alternative
hypotheses. One is that the characteristics are only partial
measures of quélity - which would partly be a problem of the
adequacy of the specification information. Thus it may be
that the 1968 vintage referred to above has a superior cab -
safer and more comfortable and hydraulic equipment which is more
sophisticated. These are examples of improvements which our
specification information does not pick up. A second explanation
is that even in parts of the used market, buyers are poorly informed and/or
that pricing is semi-administered i.e. that tractor dealers use
rules of thumb which relate used prices to new prices regardless
* of how buyers react. Connected with this one would have to argue that
manufacturers use new models to introduce price increases and keep

prices relatively constant thereafter.

For some manufacturers however, John Deere, for example,
the hedonic hypothesis gives very similar results. Presumably
Deere does not use such pricing tactics (perhaps because its market
power is so strong that price rises can be successfully carried
through at any time without the necessity for disguising them
through the introduction of new models). Alternatively, one -
might argue that the second hand market in Deere tractors is much
closer to Being competitive with better informed buyers. A
conclusive interpretation is hard to coﬁe by . -Nevertheless

some attempt is made at some overall evaluations in Section VII.
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VIiI. Conclusions

We begin with some discussion of the list of assump=~
fions made explicit in section II above. In items A.1 and A.2
we noted that there were circumstances under which either because
of the nature of deterioration and quality change or because of
insufficient substituability, the efficiency of an older good
may suddenly become zero because of say, a wage increase,
This problem, if it exists is evaded to some extent by using
data on tractors aged up to ten years only. The results suggest
that a ten year old tractor is worth much less than 40 % of
a one year old tractor. Factor mobility is clearly adequately
satisfied. We have already discussed aspects of the competitive-
ness of the used tractor market. There are a2 number of reasons
why used market measurements are likely to be superior to measures
from the new market. There will have been somé depreciation of
the impact of the advertising which accompanies the launching
of a new modeY. More information, based on experience, on the
reliability of the model will have beSome available on the farmers'
grapevine, In addition the prices are claimed to be sample means of
prices actually paid. New list prices vary from prices paid to

an unknown degrece.

One ¢f the big problems of constructing price indices
is to link in the model changes: often models are not observed in
.the market at the same point of time, which is the major reason
for the use of the hedonic method. The used market enables one
to observe many more models priced simultaneously (given that

the depreciation structures are well defined.)



- 35 -

A final point which @ould be important is that the
stocks in the used market are, to a close approximation, fixed.
‘Depending on the market structure, the suppliers onAthe new
market may be quantity rather than price adjustors so that
relative pfices may not reflect relative qualities very well.
On the used market, prices are forced to reflect more closely
the valuations of the buyers. This suggests that the problems
which Griliches and others attempt to overcome by weighting
their observations by sales, are considerably less prevalent,

at least for the larger part of the market.

There are good reasons to suppose that except
occasionally with a high degree of disaggregation, variability
in the composition of the sample is not a serious problem
for this tractor data. FEach model, even each vintage, is ob-
served over a number of years: There is a typically, a gradual
~phasing in and out of each model: the first year that the model
enters it is typically represented by 1 price (age = 1), the
next year by two prices (age = 1,2) and so on. At the other end,
vintages aged over ten years disappear, so that the representation
becomes less and less. On the other hand, for a high degree of
disaggrepation, it is possible that sample variability adversely

affects the results.

The price indices presented in tables 2 and 3 were
obtained by linking price chanlsge indices calculated in a simple
but general framework. They are averages of relative prices of
- adjacent years, holding model and age fixed (see aprendix A).
The method assumes that the quality of a‘model is fixed only

in adjzcent year comvnarisons and, of course, allows each model
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its own depreciation structure . As far as the price index is
qoncerned; Griliche; points ébout allowing the relative shadow
prices of the underlying qgality determinants to vary over time
is to a large extent met: in other words, there is a sort of
chain linking built into the method., Once the resulting values
of the price inditces are obtained, than a quality index (fixed
over time) for each modél can be caleulated, However the vali-
dity of this and the technique which imposes equal depteciation
strudtures across models, rest heavily on the competitivéness
‘of the market: Central is the ided that if two tractors (which
may be of different models aﬁdfbr diTfereént ih age) compete on
‘the same market at the same’ point in time, their relative prices
reflect relative éfficiéncieé. If this is not largely correct,
the mgﬁhod does not_give meaningful results. Ope might argue
then,that poor thgugh fﬁe fit of the hédénic constraint may be
relatlvely speaklng, by 1ntroduc1ng a constralnt on ouallty
across mddels,it shows up the hidden 1nf1at10n (if such exlsts)
which lack of competltlvpness allows manufacturers to 1nt*oduce

together with their own models.

'y interpretation of the res&lté presented above is
the following: tables 3 and 6 which show results for brand
disaggregafibn without the hedonic constraint, suggest that
the price behavious of tractors produced by Allis-Chalmers and
Massey=-Ferguson iS‘peculiar. Since these are relatively small
producers, my interpretation is that the market ié too thin for
the réported prices to be very realistic for at least part of
the model range of these brands. This sugpests that for these
brands tliere may bé something in the second of the two alterna-

tive hypotheses suggested at the end of section VI.



Some support for this comes from the fact that table 6 and
even more strongly table 3 show that the standard errors of
the regressions, (i.e. [SSR/(nob - novar{]‘%) are highest for
these two brands. Since the hypothesis of equal depreciation
across models was rejected, I regard the results of table 3
as more reliable than those of table 6. Since over the period *
1958 = 1969, the overall efficiency corrected price change of
the other manufacturers was roughly similar, between 22 % and
28 % inflation (from table 3); this suggests that the downward
bias in inflation for A - C and ¥ - F is probably introducing
a downward bias into the rates implied by the fuel/size dis-
angregation, However, it is not clear whether this affects the

relative price changes between the size/fuel groups.

Some light may be thrown on all this by looking at
the hedonic results of tables 8(a) and 9(a). Now the price
behaviour of A = C and ¥ - F looks much less peculiar, which
makes sense in view of what has been said above., In the frame-
work of the sizé/fﬁel disaggregation, this additional informa-
tion suspests the price indices reported for small tractors in
tables 2 and 4 are probably downward biased. This suggests that
the small models produced by A - C and M - ¥ probably have the
most atypical price behaviour. It is worth pointing out, by
the way, that the parameters of the brand durmies presented in
table 8(b) cannot be taken at face value because some of the
characteristics are almost colinear-with some of the brand
- dummies. In addition it is worth noting’that the conclusions of
Hall and Dihrymes that the parameters of the characteristics are

different for .different seprents of the market, are supported.
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This tlhirows some addifional weight behind the comments made in
section III/&?;aggregating over time when it is at the price

"of misvpecification cross~sectionally. Cver 1953 to 1969; I con-
clude from table 2 in the light of the other information and
reasoning‘that large diesel tractors increased in price more

than large gasoline tractors: about 30 % inflation in large diesel,
»nd about 20 % in large pasoline tractors. Among medium tractors
however, there was about 26 % inflation for gasoline tractors

and a little over 10 % for diesel tractors. The hedonic method
gives a slightly lower rate for large gas tractors : this I
regard as a consequence of the assumption of equal depreciation
across models.introduced for computational reasons, The large
_gas results of table 4 compared to table 2 also show this effect,
Otherwise for large and medium tractors the hedonic method im-
plies slightly more inflation. This I view as a consequence of

it not picking up all the quality improvements that took place.
The results for small tractors are the least reliable and here
the divergence between the hedonic and the more general method

is most dramatic. Table 2 suggests about 15 % and 19 % for gas
and diesel respectively. This is probably too low, but the figure
of about 37 %fbt(the hedonic method for émall tractors as a whole
is almost certainly too high : it seems hardly consist@nt with the

switch to larger tractors over the period.

For the period 1956 to 1962 it is possible to compare
my results with those of Fettig. A1l the alternative methods used
in this paper suggest a figure which while less than the WPI com-
ponent's 10 ¢ inflation is not significantly less than 5 ¢,

Fettig, on the other hand, suggests zero inflation. This is dis-
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turbing. 1t could.mean that the new and used markets move
rather independeatly. However, a more plausible interpretation
is that there was more discounting from list prices at the
beginning of that period. The BLS tries to inccerporate such in-
formation in the fipgures it collects for some, at least, of its
indices. Although Fettig followed a suggestion by Griliches (14)
in examining the relaiive behaviour of new and used prices to
get some idea of whether this sort of thing might be happening,
the data he cites from Griliches (14), applies only to the

period before 1958,

In relation to the Yholesale Price Index, Farm and Gar-
den Tractor Component, if second hand tractors are reasonably
competitive with new tractors, there can be no doubt that the
officiazl index takes insufficient account of quality
improvement. The infletion rate of 38 % reported there is too
large by at least 10 percentage points and probably by.more.
There has been some controversy in the context of hedonic price
measurcment recently about whether there is a conmistent upward
bias in the official price indices because of inadequate allow-
ance for quality change. The results presented here throw inter-
esting light on this. They sug est that there is such an upward
bias in the WPT, Farm and Garden Tractor Component. However, it
may well be that because of superior accuracy of the BLS's price
collection system in regard to discounting and variable trade-ins
(and poscibly because it has access to more accurate'weighting
data) there are particular cases where the iiedonic technique used
on list prices of new roods gives results further from realistic

figures than the official price indices.
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It is clear that a fair amount of work remains to

be done, including:
. a more systematic examination of the differences in

quality indices implied by the hedonic constiraint

and those given by the more general (Capan-Hall)

maintained hynothesis.,

examination of more detailed enginecring information

for selected model comparisons.
This should throw some light on the fundamental issuves raised
at the end of the previous section. Tf for example, on the basis
of more complete engineering information, it became clear that
there is no significant physicel difference between the two
Allis-Chalmers models to which reference has heen made, this
would surport the contention implied above, that the Caren-Hall
method should not be used uncritically for the whole tractor

- market,

Further, an examination of the hedonic bypothesis in a
context which faveurs it would be necessary to meet the objection:
that the tests carried out were prejudicial. This could be done
by single or adjacent year regression given a reasonable set of
eqnuality constraints on depreciation structures across models.

- This, of course, would no longer be in the framework which con-

strains all tractors of a given model to have the same deprecia=-

tion structure over time.

The hypothesis that there is some strular shift in
depreciation structures can be examined in our original frame-
work bY relating @ model's depreciation with the middle year of

the production run for that model, over models.
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Work is also required on the hedonic constraint in
this respect: crude tests for secular changes in the relative

shadow prices can be carried out.

Finally, as already suggested, aggregation needs to be
investipated further. In particular, the fundamental issues of
independence of the depreciation indices of time given model and
agre, and of the independence of quality indices of time given
age can be examined.(although not simultaneously) in a model which
permits such interactions. Formal tests of the hypothesis of
no interactions are certainly feasible, though probably at the
cost of not using some of the data because the relevant parameters

simply cannot be identified.



Footnotes

{1}

{21}

{3}

{4}

{5}

{6}

That paper;(‘lé) waé & natural development from two papers
(2%), ( 25) which recast the two fundemental papers by
Fisher and Shell ( 10), ( {!), into what has been called the

‘duality approach' in consumer and producer theory.

There are two sensible reference levels of utility between
which to choose : that which can be attained with a given
income under base period prices and under current period .

prices respectively, see ( 10), (24),

If x is taken to be the base period vector of output proportions,
there are nevertheless two sensible values of g to teke as
reference levels, ?hey are the maximum respective levels at
vhich x can be produced given input prices ¥ and w respectively

given a fixed money total cost. The former is adopted in (26),
As proved in (26 ), p.5.

More generally, an efficiency change since we will want to

include ageing.

This,Fisher-Shell (/0 )} call the 'simple repackaging case'

in their discussion of qudlity change (for consumers) as

it affects the cost-of-living index., It is worth noting

that what they would cell the 'variable repacking case' i.,e,
Flgx; V) eee Voo 3(b; Vh)) = 0 |

reduces formally to the simple case if there is constant

returns,



{7

{8

{9

{ 10

{11

{12

{ 13

{ 1k

{15

It is assumed that h(b) is & monotonic increasing function

of b,
See F. M, Fisher ( 9 ) for further discussion of this point.

Except where we want to consider several different models
produced in & given year : then we shall want a quality index

for each.

The other assumptioﬁs_are'clearly met, The assumption of
independence is very plausibly the weakest, It denies

the existence of interaction terms. Below, in appendix A,
a model is discussed in which the interactions that appear

most likely to occur, are formalized.

The absence of corner solutions in the problem of maximizing
w.r.t., v the real output level g with a given money cost at

fixed input prices.

So was twice differentiability of the cost function and

the production structure.

Efficient allocation has to be assumed to get even remotely
plausible conditions for aggregation. See F, M. Fisher (9 )

and May ( 23).

Another reason for time/model interactiéng:mgy be that

aggregation is not working.

See previous footnote and section IV below,



{ 16 }

{17}

{18}

{19i

{2}

(a1}

{ 22}

{ 23}

{ 24}

{25}

See Jorgenson and Griliches (2}),  Johansen and S¢rsveen (2.0),

and Tice (32).

See Cagan ( 2. ), p. 226.

Eerlier, no account had been taken of price concessions by
dealers i.e. discounts or large trade-in allowances.

During 1954-1956, this informetion began to be collected and

incorporated.,

It is worth noting that the WPI component has been adjusted

in most of this period by cost data provided by manufacturers.

Identifying restrictions are introduced by constraining some
adjacent years' quality indices to be equal. Specification

information was used to arbitrate these constraints.
Though not necessarily across brands or other groupings.

Some reasons why this might happen were given under A.k,
Section 1T,

Dhrymes interprets this ascasting doubt on the interpretation
of the shadow prices of characteristics as'implicit consumer
valuations., He instead suggests that They suggest 'cost

plus markup relations' for manufacturers,

From cross—sections alone, parameters for separate brands

could not be identified,

Apparently Griliches originally suggested a related idea.

e



{ 26 }

{ o1}

{281}

{29}

{ 30}

{31}

Some of these had to guessed from coﬁp&rable models where

the direct data were not available.
The issue is clarified at the beginning of section VI below.

That is, is spanned by n-k linearly independent.

Vh;k
(n x 1) vectors which are orthogenal to \(K

j=1, k.

‘We can think of 1 end w denoting the parameter-spa&es

of the respective probability distributions under the two

hypotheses, i.e. 2 = {81... Bys O 2}

and @ = { B,.eB, _ , O 2}.
1 k=g

This enables one to calculate the noﬁ-centrality parameter

6 which together with g and n-k, completely determines

the distribution (non-central F) of % under f.

This suggests that a Bayesian appfoach might- have been more
appropriate, This would have enabled one to compare the
'plausibility' of the two hypotheses given the probability
distribution of the observations and a prior diq&ribution

on the parameters. Ideallj, a full decision theoretic
approach would be required. For this we would, in addition,
require a utility function specifying how the costs and
benefits to the decision maker vary with the loss of
information in aggregation and the gains in easier data .

handling., For some principles of such an approach see

W. D, Fisher ( ‘%),



{ 32}

{33}

{34}

{351}

{36}

{371}

{38}

Production figures reported by the Industry Division,
Bureau of the Census show such a trend but do not; of course,

by themselves reveel whether it was demand led.

Although price indices are presented only for 1958-1969,
the date permitted estimation for 1955-1969. However,
the sample coverage is poor for 1955-58, and this shows

itself in poor estimates.
See Scheffe ( 28 ), Stein { 30),

The seme difficulty applies to testing for aggregation across
all gasoline tractors and medium gascline tractors/small
tractors both fuels, For this reason, formal tests of

these hypotheaeé are not presented,
See Parsons ( 27) and Fox (/3 ).

Unfortunately, from Englan& I have been unable to obtain
the relevant data for a large enough period. In addition,
the relative production data on diesel/gasoline farm
tractors does not distinguish between size classes, | The
assumption that the same diesel/gasoline proportion applies

in each size class does not seem very plausible.

Paradoxicelly, the high variance for small gasoline tractors
suggests that further diseggregation might be in order

i.e. starting with a more general maintained hypothesis.



{ 39 } " However, one observes that small gasoline tractors might be
disaggregated by brands, at least into Allis—Chalmers, Case
and the rest. Similarly in the brand classification, Allis-
Chalmers and Case might be disaggregated into small and
medium-large groups. Examination of price change indices
for individual models for Allis-Chalmers' small gasoline
tractors reveals some very untypical behaviour - untypical

both of the brand as a whole and of small tractors as a whole,

{ bo } Defining a ’manufacturer's';line' sometimes involves some
arbitrazy decisions. Cagan admits, (~) p. 226-227, that
in cases of doubt, lines were specified according to list
price. However, deciding the manner of disaggregation on the
basis of the observed dependent variables is not, in genersal,
proper procedure, The random element in the observations
from one population is likely to cause the observations for
which there are larger disturbances to be systematically grouped
with the adjacent population. |
This causes ‘a tendency for the estimated parameters from
adjacent populations to be biased towards each other,

. )
{ b1} Such a constraint was rejected by Hall for pick-up trucks.

{ 42} He also tested and accepted the hypothesis that the two brands
behaved identically in this respect.
v
{ 43 }  Which might be created, say, by one manufacturer systematically
offering higher trade-in allowances for older tractors of

his make,



(44) Since efficiency differenceé between capital services
from the models in a particular group are assumed of the
simple repackaging type, we can aggregate over services
from different pgoods. Hence for a piven aggregate, there

is a common efficiency corrected rental price w;.

This way of presenting the last step is slightly to be
preferred to Hall's, He introduces an efficiency correc-

ted &tock) price of a capital good defined

N-Z 4 s 4) i
5 o = * ) i . © . 5 g .
as 5, = wi g_o (1+r" it in my notation

This price Pt is supposed to be a general price index for
a group of capital goods. Put, strictly speaking, if this
aggregation is to be possible we would need to assume

one identical depreciation structure and one expected

life across models.
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