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Annals of Economic and Social Measurement, 6 [2.1977

ON THE THEORY OF INDUSTRIAL PRICE MEASUREMENT:
OUTPUT PRICE INDEXES*

By RoBERT B. ARCHIBALD

Two output price indexes are proposed 1o measure price change. Both include the effects of
substitution caused by price change and exhibit desireable properties. The index mumbers are
developed from the theary of the finn. rather than from the viewpoint of how price changes
affect consumers. The properties of output indexes, such as the WPI. are discussed in detail.

Reeent dramatic increases in the price level have stimulated discussion of
how changes in the price level are measured. One conclusion of such dis-
cussions has been that the Wholesale Price Index (WPI) as currently con-
structed docs not provide the best measure of pricc change.' This paper
outlines a conceptual framework for constructing measurcs of price
change in the universe presently covered by the¢ WPI. This will be an
exercise in the construction of cconomic index numbers. We feel that it is
important to basc index numbers upon well understood economic theory,
and that several problems with the current WP can be traced to the fact
that it has no such basis.

A vast majority of the existing theory concerning price indexes con-
centrates upon measures of price change as they ceffect consumers.? The
indexes introduced here are developed from the viewpoint of the firm. For
a firm, price change comes in two forms, changes in input prices and
changes in output prices. In this paper we focus on output price changes.
Our objective is to find output price indexes which are consistent with the
traditional theory of the firm and which exhibit propertics that can
reasonably be expected of price indexcs.

Itis important to clarify two points concerning our objectives. First.
we concentrate on the construction of price indexes rather than quantity
indexes. It is natural to deflate expenditure indexes by price indexes to ob-
tain quantity indexes, but unfortunately, in most circumstances. a price
index with desirable propertics docs not yicld a well behaved quantity in-

*This paper was writlen while the author was an economist in the Office of Prices and
Living Conditiors of the Burcau of Labor Siatistics. | would like 10 thank Sicven Cabb,
Robert Gillingham. Robert Pollak. William Recee and an anonymeus referce for helpful
commenis on carlicr drafis of this paper. The views expressed are those of the author and
do not reflect the policies of the Burcawt of Labor Statistics or the views of other BLS stafl
members.

"Asan example sce William Nordhaus and John Shoven (1974).

Larly work is surveyed by Ragnar Frisch (1936). For more rezent work see Paul
Samucehon (1947), Robert Pollak (1971). Franklin Fisher and Karl Shelt (kssay 1) (1972)
and Puaul Samuclson and S. Swamy (1974).
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dex. In this paper the propertics of the quantity indexes implicd by our

price indexes will be a scecondary coneeri. Secondly, we are notatiempting
to construct cither a measure of overall price change of S_L)IL'I) a4 measic
of price change for a single firm. With varving degrees of accuracy. price
indexes can be constructed for firms, industr
framewerk. The indexes should be considered independent of the level of
aggregation. .

The paper starts by introducing a modct of tirm behavier bascd upon
competitive assumptions and considers building price in(_icxcs h;\sF(l upon
profits. The sceond scetion focuses wpon subindexes ol_ the pr»ohls price
index by defining three output price indexes. In the remainder of the paper
dexes and find that two of

¢ OF CCONOMICS USIME Our

we consider properties of these output price it
the indexes are acceptable measures of pricc change.

I Tue Basic MobgL

Our price indexes are bascd upon the traditional model of a perfectly
competitive firm. Constructing output price indeses for a single product
firm is trivial, thus we consider the firm (industry. cconomy) to have
scverzl outputs. The technology of the firm is summarized by its produc-
tion fnction,

(‘) F(qlv---vqm"\-l‘---v'\’n) =0

where ¢y, .- .o G TEpTESCIL the firm's m outputs and Xy, ..., Xy represent
the n inputs. We assume that Fis a twice differentiable function with the
following ncoclassical propertics,

. .2‘
94 Oi\l\diif; < 0@ =1V ...mj=1....m

(AW dxj°
The firm maximizes profits facing market determined prices for its mputs
and outputs. Profits arc given by,

m n
) 2 pd— 2w,
i=1 =1
where p; represents the price of the iy ontput and w, the price of the i
input. We assume that all capital is rented by the firm.

Throughout our analysis we assume the existence of a unigue profit
maximizing vector of inputs and cutputs which is non-ncgative and yiclds
a positive profit. Specifically, this climinates production functions which
yicld constant returns to scale, and also thosc which have flat portions on
any production possibility fronticr. Making these simplications greatly
facilitates the analysis.

We now consider formulating price comparisons between two dif-
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ferent firms or for the same firm at two points in time. Before embarking
upon the construction of price indexes we would like to clearly establish
the terminoltogy to be used. Prices will be referred to as cither reference
sitwation or comparison situation prices. The term “basce™ 1s reserved to
refer to vartables refated to the technology of the tirm.

[nitially we formulate price indexes for our firm assuming that we can
obscrve prices. quantitics and technology. The basic technique of price
index construction will be tustrated by the exomple of the price index for
profit. Define the profit function r(p® w®, F<) to equal the maximum
profit given prices p® and w® and technology F<. A price index for prolit
is formed by comparing profits given differing prices. The price index for
profits comparing reference sitwation and comparison situation  prices
using basc situation technology is given by:

o e )
‘ n(p W' I

Commonly the production function of the reference situation or com-
parison siiwation is used as the base technology. This choice 1s essentially
arbitrary.” The propertics of price tidexes are very similar whatever base
technotogy is choscn, and hereafter, unless otherwise noted. we will, tor
convenience sake, only discuss price indexes based upon the reference
situation’s technology.

The price index for profits given by (3) allows variable quantity
weights s the firm substitutes inputs and outputs in response to pricc
chunge. This distinguishes it from indexes such as the the WPH which use
fixed-weight formulations. Commonly. indexes which atlow such substitu-
tions are called “truc™ price indexes. for example the “truc cost of hiving
index.” We wiil avoid this terminotogy for. as the analysis of the next sce-
tion demonstrates. the unmiquencess implicd by true is not present tor
output price indexcs.

Our motivation for constructing scparate output and input price in-
dexes resulbts from the fact that the price index tor profit introduced above
obscures important information about the details of price change. A
change in this index has an ambiguous interpretation. For example. an
increasce in this index might correspond to any onc of three situations- an
increase inoutput prices and a deercase in input prices. a decrease in both
output and input prices or an increiase in both output and input prices.
This type of dificulty can best be remedicd by considering indexes which
are subindexces of this price index for profits.* The remainder of this paper
will focus on onc such subindex. the ouiput price index,

Y rankiin Fisher and Karl Shelt ihssay 1 (1972) would take eaeeption o this state-

ment See pages 36 37,
*For a discussion of subindexes see Rohert Pollak (1973

i
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11. Oureut PRICE INDEXYS DD EFINITIONS

The example of the price index for profit demonstrates the technigues
we use to isolate a4 maisure of price change for output. I'or output price
indexes we deal with revenue, the market valuation of output, rather than
profit, and input prices as well as technology must be held constant. We
present three alternative output price mdexces.

A IF The Fixed Input Price Outpul Price Index (FIP)

The definition of the FIP index is quite straight forward. This index
is formed using a revenue function from the ordinary profit maximizing
model of a firm.

Definition /. The revenue function R*(p®. wh, F<yis detined as:

m

RE(pwh FY = 2, plat

where the ¢* are found by solving:

n

m
Maximize: Z pig - Z whx,

=1 r=1
Subject to: F(g,. x)) = 0
The FIP output price tndex is detined as:
= . : R*(piiw'. F")
L3 r ¢ AN At 4 = b
FPprspten ) R*(p’. w' . F")

This output price index holds both technology and input prices constant
At their reference situstion levels. but does not restrict substitution be-
tween either inputs or outputs. Alternative indexes are detined by restrict-
ing the substitution possibilities of the firm.

B. 1€ The Fixed Cost Qutput Price Index (£C)

This index is based upon a revenue function defined as follows.

Definition 2. The revenue tunction K (p*. wh o, FYYyis detined as:

R(peow?. CUFY = D pig,
(BN

where the §; are found by selving:

m n

Maximize: }_‘ pig, - Z why,

il 1=1
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Subject to: Fig;, x,) = 0
Z wix, = (<.
j=t
This lixed cost revenue funiction is based upon restricting a firm to sub-
stitute inputs in such & way that the total expenditure on inputs is
constant.
Using this revenue function the FC output price index is defined as:

’W(_(pr‘ pc‘ H”, C.r‘ Fr) = _B(Pr» “"' ("' ,'_")

R(p'.w', C" F")
I isolates price change by holding fixed input prices, input costs and
technology. In compuarison with the FIP index, /*, this index adds the re-
striction that input costs are constant. The third output pri-e index we
introduce is based upon a more stringent constraint on input substitution
possibilities.

C. I¥ The Fixed Input Quantity Qutpit Price Index ( FIQ)

This index is based upon a revenue function in which output quan-
tities are the only choice variable. The FIQ index has appeared previously
in the index number literature under the guise of the national output
deflator ® Here we do not wish to restrict ourselves to the output of a na-
tion, and we derive the index as a conditional subindex of a price index for
profits. Consider the following revenue function.

Definition 3. The revenue function Ié(p". x?, Fyis defined as:

R(p*. X" F)y =D poa,
i=1

where the §; are found by solving:

m n
Maximize: Z pig, ~ Z WX,
ial y=1

Subject to: F (g, x;) = 0

The output price index [, is formed as before
Rpox )

[T r‘ c‘ -‘,t‘ ['r) =
(r'sp R(p v F)

3See Paul Samuclson (1930). Richard Moorsteen (1961). Franklin Fisher and Karl
Shell (Essay H) (1972) ard Paul Samucison and S. Swamy (1974),
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1. CuTpuT PRICE INDEXES PROPERTIES

Prior to formally introducing the propertics we deem desirable for
output price indexes. we can gain lp.ﬂlghl into the bchalvmr ()“lhcge
indexes by considering the relationships between the mdcxcs.' It 1s im-
portant to notc that comparisons can be made by onl)i considering the
numerators of the indexes. In all three cases the denominators represent
the revenue observed in the references situation. and with 377, wix/ =
C" the denominators are equal. Two theorems summarize the relation-

ship between the indexes.

Theorem 1. 17€ > IY

Proot:
These two indexes deal with situations in which firms maximize rev-

enue with fixed (identical) costs. The proposition to be proved is
R(p". W CTFYy > R(pS. X" FT)

The revenue R{pc. w'. C*. F7)is defined to be the maximum revenue given
costs €. thus it is greater than or equal to any alternative such as
R(pc. x". FTywith costs, Sroawja) = ¢ QED.

Theorem 2. 1fp > p"then "> <>

Proof:

The second inequality simply repeats Theorem . The first inequality
can be proved by utilizing a prool by contradiction. Consider

Ripe.w . CTF) > R¥p-w', Fy il pr2 plic
Y pid > 2 pigt
i=l i=1

if p¢ > p’ profits are never less for the unconstrained problem. e

R m

n
.
) Do piar - 2 wixk 2 ) plg - €
Y] 1= 1=l
From the first order conditions of the maximization problem which de-
fines the R* revenue function. the value of the marginal product must
equal the input price.

. Cagqt
W= pl—— =1 m.jo=l..... n)
! P (7.\‘,* ’
. . ‘ 9° _ .
and if p§ > pi{i = L..... m).since we assume ~%‘ < 0. the following re-
Jx,
lationship holds.
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n
E wigk > (7
it

Substituting this into (4) viclds.

m m
2 Piat >0 pid, QED.
i<l i=1
Muck of the literature on index numbers concerns listing desirable
properties for index numbers.® We have chosen three properties as desir-
able for our indexes, and later we discuss other possible properties.
Property |---Identity Test.

I(p'.p7y = 1
Property 2-- Proportionality Test

I(p". Ap") = A
Property 3-- Monotonicity Test

”‘prl 2 pc. I([)',Pd) Z 1(,7'-]7()

The Identity Test requires that the index should be unity if reference
and comparison prices are equzl. The Proportionality Test requires, for
example, that if comparison prices are twice reference prices, the index
equals two. Finally, if comparison prices are higher in one situation, by
the Monotonicity Test the index should be higher.

By inspecting the definitions of our three indexes it can be verified
that the Identity Test is satisfied in all cases. The Proportionality Test, on
the other hand, is not satisfied by all three of our output priee indexcs.

Theorem 3. (a) 1™ and ¥ satisfy the Proportionality Test, while (b)
¥ does not.

Proof:

The proof of (a) is omitted. For (b) we must show that the R*(p,w,I)
revenue function is not homogenous of degree one in output prices.

Consider the case with A > 1. If all output prices are multiplied by A,
output proportions will remain unchanged. However, in order to main-
tain the equality of input prices and the value of the marginal product,

dqF

Wi = )\p,’T{; (G=1....mj=1 ... n),
oy

input levels will have to increase. With higher input levels, outputs will
increase, yielding

®3ce Irving Fisher (1922), Ragnar Frisch (1936) and for a more recent discussion Paul
Samuzlson and S. Swamy (1974).
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R(Ap" . w"- F7) > ANR*(p/ow’ )N - 1 QUED.

Given this result we shall drop 1™, the FIP output price index from
further consideration. This index allowed more flexibility in the choice of
inputs than the other two indc,\;cs_. .;md wh_ulc this was :‘!s nu-wt appealing
characteristic. it also led to the faiture of the Proportionality Test. The
other indexes restrict the substitution of inputs and outputs in some way.

Both the 7/ and I" indexes pass the Monotonicity Test. They are
based upon maximizing profits with costs fixed. that is. maximizing rev.
enue. and with perfectly elastic demand curves. higher prices result in
higher total revenue.

Many other tests can and have been concocted for price indexes. We
discuss two such tests commonly utilized. but which are not satistied by
our indexes.

Property 4. Point Reversal Test

Ip - pHIpep =
Property §  Circular Reversal Test
1ps.p ) Hpt.p?y = 1p7.p?)

Any index which satisfies the Identity Test (Property 1) and the
Circular Reversal Test will also satisfy the Point Reversal Test. Thus. for
the indexes discussed above. we can fimit our discussion to the Circular
Reversal Test. Property S In terms of intercountry COmpansons. it says,
for example: A price index comparing Japan’'s prices with prices in the
U.S. given U.S. technology (and inputs or costs) multiplied times an index
comparing the prices in France with those in Japan using Japanese tech-
nology should equal an index comparing French prices to U.S. prices us-
ing U.S. technology. In our ngtation (/* index). this test requires

R(pe.x' F) Rip®xc F) Ry,

R(p'.x"F) R(p.x.F) R(p.x_F)
in both the intercountry example and the above equation. 1t is not clear
that the Circular Reversal Test would or should hold. In terms of the ex-
ample. the only circumstances under which it helds would be if U.S. and
Japanese technologies are similar.

Al of the output price indexes we have defined utihze the reference
situation technology and inputs (or costs and input prices) as the base. As
was mentioned in the discussion of the price index for profit. this choice
is essentially arbitrary. If all indexes are defined with a base technology
other than that of the reference or comparison situation. the index would
pass the Circular Reversal Test. For example.

IT(P’-PC- _‘_b- [;b) IT( I"V- Pd‘ .l'h_ lh) — IT([)'. /’d- -‘.ﬁ- I_-h ).
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The discussion of the properties of our two output price indexes con-
tinues in three subsections. First. we consider the relationship between
our indexes and fixed-weight indexes. Secondly. we consider the implica-
tions of basing our indexes o1 homothetic production functions. Finally. a
third subscction discusses the properties of our two indexes when used as
defiators.

A. Fixed-Weight Price Indexes

Imtially we assumed that we could observe prices. quantitics and
technology. Gtven that techniques of estimating production relationships
are imperfect, it is prudent to consider appreximations to our index which
do not rely on being able to observe technology. One such approximation
is given by a Laspeyres fixed-weight price index. This index formulation is
used by the Burcau of Labor Statistics for both the Consumer and Whole-
sale Price Indexes. A Laspeyres price index is defined as

Z pq;

R*([),_ “_r- };r) =

™M

pigl
I

]

[_('n'.pr_q') =

[P 4

P4

M

{=

The revenue in the numerator used reference situations quantities and
comparison sitnation’s prices. The Laspeyres index has the advantage that
it requires only prices to be gathered for various comparison situations.
Operationally this is an important point. For major aggregate indexes
such as the CPI or the WPI the gathering of quantity weights is a time
consuming and expensive process. The fact that this can be done infre-
quently using a Laspeyres fixed weight formula makes this type of index
very attractive for many applications.

We can gain insight into the relationship between the Laspeyres in-
dex and our output price indexes by introducing a graphical framework.
We consider the /% index. the output price index formed assuming input
quantities arc fixed. and a Laspeyres index.

Consider the comparison between the prices which generated points
R and C in Figure 1. The R(p? x* F*) revenue function gives the
revenue where a price line with slope determined by prices p® is tangent
to the production possibility curve determined by the pair (x?. F*). The
I" index is formed by dividing R(p<.x'. F’). the revenue generated at
point A, by R{p’. x". F"), the revenue represented by the solid line
through R. The Laspeyres index has the same denominator but replaces
the numerator with Y/, p‘¢.. the revenue represented bv the dotted line
through peint R.
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q1

q2

Figure |

In the example in Figure 1, /¥ is greater than the Laspeyres index.
This result holds in general.

Theorem 4.
1;'?([)’,]7(: w’, C’, 1;'!) > IY(pr‘pc‘ X’ F!) > L(.P,' P(' qr)

Proof:
The first inequality repeats Theorem 1. The second is proved by con-
tradiction. Consider

Zn piq. > R(p-, x" F') = z. pea,

g’ is a feasible choice for §; but g;are chosen because they obtain maxi-
mum revenue, hence the above statement cannot hold. Q.E.D.

It is interesting to note that the /¢ index cannot be represented in
this same graphical example. The production possibilities frontiers for
ii(p’, w', C', F") and fl(p‘, w', C’, F') are not necessarily identical. be-
cause substitution of inputs is possible, and different production possibility
frontiers are assoctated with different inputs.
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The result from Theorem 4 that a Laspeyres index is a lower bound
for our two output price indexes is different than the results for some
other indexes. For both a cest of living index and an input price index a
Laspeyres index is an upper bound. This difference results from the fact
that sellers substitute into higher priced outputs and buyers substitute
away from higher priced inputs.

The other commonly used fixed-weight index is the Paasche index,
which is used, for example, to compute the deflators from the national
income accounts. A Paasche index uses comparison situation weights and
is defined as foilows:

R*(pc, we, F)
Zp.’qf
f=1

In general there is no relationship between this index and the [*€
(p, pS, w, C', F*) and F*(p', pS, X', F7) indexes. However, the Paasche
index bounds indexes which use comparison situation technology (and
costs or inputs) as a base.

Theorem 5.

P(p', p5.q°) =

P(p’, pc‘ qc) > I;(p’, p:‘ ‘\.c‘ Fc) > I;'E(p’, pc‘ H.'t, Cc. Fc)

We omit a formal proof. These indexes have identical numerators. The
proof follows the proofs of Theorems | and 4. except it involves a com-
parison of denominators rather than numeraiors, and this reverses the in-
equalities.

With our results to this point we can only bound our economic in-
dexes on one side with a fixed-weight index. A Laspeyres price index is a
lower bound for output price indexes using reference situation technology,
while a Paasche index is an upper bound for output price indexes using
comparison situation technology. In the next section we discuss a special
case in which Paasche and Laspeyres fixed-weight indexes form both
upper and lower bounds for the /* output price index.

B. Homothetic Production Functions

The assumption of homotheticity plays a leading role in much of the
analysis of both true cost of living indexes and national output deflators.
The advantage of the assumption of homotheticity is that a homothetic
production function yields a production possibility map in which all pro-
duction possibility curves have identical shape. In such a case the choice
of a particular production possibility curve as the base is not important.
Thus the distinction between I*(p, p¢, x, F') and I*(p’, p¢, x°, F°) dis-
appears, and these FIQ output price indexes are bounded both above and
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below by a lixed-weight index. The remainder of this section formalizes
these results.

Definition4. A production function F(g. x) is homotheuc it it can be
rcprcschicd by Fly. 1) - GiH(g. X)) where Hig, x) is a4 homogencous ,
function and G represents any monotonically increasing transformation,

Thus any homogencous function is homothetic, but homothetic fitne-
tions arc not neeessarily homogenous. In particular we shouid mention
that Tunctions which are homogeneous of degree zero, 1.e. ones which
exhibit constant returns to scalc, while homothctic were previously
eliminated from consideration becanse of the requirement of a unigque
profit maximizing point.

For a fixed vector of inputs, AV, the production possibility frentier

is given by
Flg,.. ... G X)) = 0,

and a production possibility map is derived by considering
F(qi..-.. G X)) = 0

where p is a scalar varying from zcro to infinity. Given a homothetic
production function the production possibility fronticrs will have constant
slopes along any ray from the origin. This fact allows Fixed Input Quantity
output price indexes o be formed independently of the base production

possibility fronticr.
Consider FIQ output price indexes based upon a homothetic pro-
duction function, F".

Theorem 6. 1f F" is homothetic
F(p.p X Ky = F(plopsox F)
Prool:
The proposition to be proved is that
R(p‘.x". F') R(p‘. x<. F'™)
R(p' X' F") B R(p. x<. F")

”l

The proof follows immediately from the fact that it Z pig.is R(p’. x". ),

R(p'. x F"y will be D pIAg, for some A = 0. Similarly. il )_ pg, is
i=1 i=1

R(p<, x', Fythen R(pS, x*. F*ywill be D piNG..
7+l

This yields
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”n

Dopid A2 P
L = —=L_— QED.

Z Pige A Z pid.

Corollary 1.

L(p'.pq’y < IF(p" ps. xb Fy < P(p'p, q°) forany b.

For the Fixed Cost output price index the assumption of homotheticity
does not yield such convenient results. As mentioned above these price
indexes do not compare revenue along a fixed production possibility fron-
ticr. since inputs respond to output price change. This mcans that even
given homotheticity. the outputs of R(pc.x’. ", F"yand R(pe, we, C<. F')
do not lic on the same ray from the origin. The only gain from assuming
homotheticity is that the FIC output price indexes can also be chosen as
bounds for the unique /¥ index.

Corollary 2.

/;‘('(p'. Paw ¢, I-'”) < IT(p", P, g F”) < i;'F(p'. peowe, ¢, F”) for
any b.

Another implication of homotheticity is that the FIQ output price
index satisfies both the Point Reversal Test and the Circular Reversal
Test, because it is independent of the base production possibility curve.

We will again discuss homotheticity us it effects the properties of the
quantity indexes implied by our output price indexes, but in closing this
section ii is important to note that homotheticity only represents a special
case’ In general the choice of the base input level will affect the price
indexes, and they are only bounded on one side by Paasche or Laspeyres
index.

C. Quiput Price Indexes as Deflators

One important use of price indexes has always been to deflate series
of total revenue to get “real output™ or “output in constant dollars.”” This
subsection explores the appropriateness of using the price indexes dis-
cussed above for this purpose.

Consider the deflation of the comparison situation revenue (R(p.
X, F©)) by the Fixed Input Quantity output price index.

R(p.x" F9)  R(p'. X F)R(p x. F)
¥(p'.p- x" F') R(p‘.x", F)
R(p".x", F")- QNq 4. p°)

"This same point is made very forcefully by Paui Samuelson und S. Swamy {1974)
in their Concluding Warning (Page $92).

%)

1

69

MMM TS T o R



/

where 0%(¢’, ¢°, p°) represents a quantity index. The quantity index comes
from a decomposition of a revenue comparison which also yields the price
index, 1.c.

R(p\, x F) _ R(p\ X\ F) R(p\x,F7)

R(pl‘ 'rl‘ F!) R(pc‘ xl‘ f:l) R(p,, -\.l" ,J)
where the first term on the right-hand-side is the quantity index and the
second term is /¥(p’, p, X", F'). A similar quantity index can be defined
corresponding to the /%€ price index, i.e.
RO ', €4 F)
R(p:‘ “"» (". F’)

0%C(q" g, p) =

These quantity indexes compare quantities of output of the two situations
using comparison situation prices as weights.

In order to give a reasonable interpretation to the deflation from
equation (5} a quantity index should pass the same tests as a price index.
If quantities do not change from one situation to another, the index
should be unity (Identity Test); if quantities double, for example, the in-
dex should be two (Proportionality Test), and if quantities in one com-
parison situation are higher than in a second, the index should be higher
for the first situation. (Monotonicity Test). Unfortunately, the quantity
indexes defined above do not satisfy the requirements of all of these tests.

The difticulty can be illustrated by considering the Q%(¢", ¢, p)
quantity index and tte Proportionality Test in the following graphical
framework. The comparison between point R and C is divided between a
price index given by he revenue at 4 (point C’s prices) divided by the
revenue at R and a quantity index given by the revenue at C divided by the
revenue at point A. [he example in Figure 2 is constructed such that the
comparison situat’on’s quantities (point C') are a multiple, say A, of the
reference situat‘on’s quantities (point R). If the quantity index is to pass
the proportionality test it must equal A, but this is clearly not the case in
this example.

PRI & 3 C
® 0" g p) = S0 L ZPA
Zpqt  Zpq"

It is interesting to note that the third quantity in equation {6) is the
quantity index implied by a Laspeyres index and that it passes the Pro-
portionality Test. Another instance in which a weil behaved quantity in-
dex 1s implied by our price index is the case of a homothetic production
function. In this case, the quantity index Q¥(q’, ¢°, p°) always compares
quantities along a ray from the origin, and hence such a quantity index
would pass the Proportionality Test.

The above discussion is intended primarily to illustrate the difticulties
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a1

q2

Figure 2

involved in using our measures of price change as deflators. In general, in
a world in which input and output levels are altered by price change, a
satisfactory price index does not impiy a satisfactory quantity index. It is
also true that a satisfactory quantity index does not imply a satisfactory
price index. At the outset we took the position that we were constructing a
measure of price change and not a deflator. If a quantity index is of pri-
mary importance for some purpose, it should, in fact, be constructed di-
rectly and any shortcomings of the implied price index should be noted.

IV. CONCLUSIONS

This paper has proposed two output price indexes to measure price
change. Both meet the stated criteria of including the effects of substitu-
tion caused by price change and including characteristics which are tra-
ditionally attributed to price indexes. Either of these indexes could
provide the conceptual foundation for a program of industrial price
measurement. It is important to realize that it is necessary to adopt such a
conceptual foundation based upon clearly understood economic theory. If
indexes are measuring identifiable economic constructs they can be com-
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bincd into meaningtul aggregates. Also, problems such as quality change
which coniinuc to perplex index construction can be analyzed with the
measurement objectives of the index clearly in mind. Iimally. any biases
inherent in the index constructed should be clear from the underlying
theory.

[t might be unsettling to end with two diflerent proposed output price
indexes, and, in fact, it could be argued that the Fixed Cost output price
index (/%C) should be preferred since it allows greater substitution possi-
bilities. We hesitate to make such a recommendation before further re-
search has beea conducted; specifically before attempts have been made to
construct both indexces.

This paper only discusses one half of the problems involved in the
measurement of price cffects for a tirm. Behavior is also significantly
altered by changes in input prices. and by using the same type of analysis
used above, input price indexes can also be formulated. Full description
of the microeconomic impact of price change can be seen i a system of
mput as well as output price indexes. The subject of input price indexes
and their properties is left to another paper.®
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