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Annals of Economic and Social Measurement. 5/1. 1976

REAL VALUL ADDED AND THE MEASUREMENT
OF INDUSTRIAL. PRODUCTION

BY STEFANO FENOAITEAY

This article considers measures of production that allow direct comparisons across time and industries.
Like value added. it is argne:d. real value added should measure the value of production (activity and
resuilts both. if consistently defined). but by an unchanging standard. It should thus reflect relative prices
as well as quantities; the ideniification of “real* with “thing-like™ stems from semantic confusion.
While the choice of standurd is arbitrary. the value -added deflator should in any case be general. not
industry-specific, wage-deflation in particular is heuristically appealing. By these criteria. both orthodox
“double-deflation” and own-omput-price deflation vield poor measures. which do not in general
outperform a simple sum af output serics with value added weights; the orthedox index of activity is
usually better but relatively expensive. A numerical simulation is incloded )

L. INTRODUCTION

Industry is activity which transforms material inputs into material outputs.'
Physical measures of industrial production (weight, volume, etc.) are for many
purposes perfectly adequate; but since they are intrinsically heterogeneous, they
are ill suited to interindustry comparison and aggregation. This is precisely the
breach measures of real value added are designed to fill: all industry is then
measured in units of worth (*“‘rcal value added”), as prices convert disparate
physical unrits into a more meaningful common unit; that unit is itself kept
constant (“real value added”), so that every unit is in fact equivalent to every
other; and each stage of industrial production—each transformation of inputs into
outputs—is measured separately in net terms (“real value added”), so that the
resulting figure avoids being swollen by the contribution of previous stages of
production. With all fabrication so counted only once, and in homogeneous units,
direct comparison and aggregation are in principle perfectly appropriate.’

For all this initial straightforwardness, however, the definition of industry’s
real value added quickly encounters problems. Value itself is ambiguous: even

* This paper Gwes much to discussions with F. Gerard Adams. John C. Lamibelet. Robert A.
Polizk, and Stephen A. Ross. Errors. of course. are mine.

I am nol here concerned with such further criteria as may define “industry™ to exclude
production of goods incidental to the sale of services or not for market cxchange; these are discussed
¢.g. in United Nations (1950). p. 1011

It may be worth emphasizing that 1 am here concerned with “rcal value added™ solely as a
measure that allows all praduction to be directly and meaningfuily compared or aggregated across
industrial or chronological boundarics. As we shall see. “real value added™ has also been used ta
denote measures devoted to quite different purposes: since difierent desiderate imply different
criteria. the present discussion of “real value added " in the speified sense is obviously notintended to
apply to “*rcal value added ™ in any other sense. On the other hand. this multiplicity of meanings is
clearly unfortunate; and the most fitting meaning of “*rcal value added ” seems to be the one ithas here.
Semanticaily. this usc of the phrase is efficient: as noted in the text, cach word in it defines one of the
critical features of the desired incasure. Historically. this use of the phrase folfows its original meaning
to the extent that it has one: the concept of “value added " was evolved. not without difficulty. precisely
to allow meaningful comparison and aggregation across industries; and it was similarly recogrized that
intertemporal comparisons required deflating current values into what we call “real” ones (see United
States Census Office. 1860; 1870, pp. 377-381; 1880, pp. x, xxiv: 1890. pp. 28-29: 1900, pp.
cxxxviii-cxhi: 1910, pp. 22-26).
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abstracting from intertemporal or international comparisons, it corresponds to

arket prices, as 18 well known, only on a numbe.r .of highly questionable
assumptions. Some of these concern the normative validity of prevailing prefer-
ences (such as may resuit for instance in discrimination by race or sex) or
opportunities (as determined for instance by the (listribl}tit)ll of income and
wealth); and since the relevant cthical judgments are essentially arbitrary market
valuations can clearly be rejected out of hand. Secondly, less fundamentally but
perhaps more interestingly, market valuations arc themselves unequivocal only if
markets are perfect; and the empirical measurcnient of value and value added
must often come to grips with a gap between cost and price.

In such currently orthodox treatients of the problem as United Nations
(1950) or Hill (1971) this ambiguity is resolved by referring value added specific-
ally to “the results of activity” (industrial production, net output), as distinct from
“activity” (industry, input) itself. ¥ will argue, in section 11 below, that in value
terms this distinction is inappropriate, and results from a failure to distinguish
between production stricto senst, exaction (publicor private taxation or subsidiza-
tion), and speculation (decision-making with imperfect knowledge). In aworld of
perfect specialization and exchange, thesc diverse activitics would be peiformed
by separate entitics, and each activity would be delimited by the relevant market
prices; in the real world, however, the typical firm carries on two or more of these
at ence, and the prices that delimit each activity may need to be imputed. Once
these distinctions are recognized and the corresponding imputations carried out.
the formerly troublesome residual is fully allocated. the value of activity coincides
with that of its results, and value added is invariant to irrelevant reallocations of
activities among firms. All that is left is to decide which activities {(and results) are
to be included in one’s definition of industry; if—as it seems natural to do—we
define industry to coincide with production stricto sensu, value added will exclude
not only materials costs but industry-specific taxes and (non-competitive) sur-
plus, and thus correspond to the (imputed) wage and equipment-rental bili.

The measurement of value added in “real” terms will be considered in
Section I11. “Real” can be understood to mean either “thing-like” or “constant-
worth”; while the latter meaning is here the appropriate one, the literature leans
to the former. The literal interpretation of real value added as a thing in its own
right proposed by Sims (1969) and Arrow (1974) is in fact irrelevant to the
industrial measurement contemplated here; but even orthodox opinion takes it to
mean a constant-price aggregate of physical things, so that production is in fact
measured in a variety of disparate units. The first purpose of a real value added
measure, however, is to reduce all production to the same unit, so that itis all
directly comparable; secondarily, that unit should be empirically casy to obtain,
transparent particularly in its arbitrary aspects, and of course intuitively appealing
as a (constant) siandard of value. On all these grounds, it would appear, the best
index of real value added may be a simple defiation of current values added by the
current value of common labor. This selection of human effort as the measure of
all things boasts amp!le precedent both in the profession and beyond it; but one
fnight complain that it fails to allow for the secularly increasing value of labor
itself. This suggests the alternative of deflating current values added by the price of
a fixed basket of goods; but the resulting index is rather more arbitrary than the
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preceding, and no less biased, albeit in the opposite direction. The goods-price-
defiated index is thus not a superior substitute for the wage-defl
it may be a uscful adjunet to it.

Section 1V considers the performance of alternative indices of real value
added in the light of the above standards. The orthodox “double-deflated™
quantity index of the results of activity and the corresponding quantity index of
activity share the insensitivity of quantity indices to real changes in (relative)
values, and the arbitrariness of constructing the component quantity series; their
data costs, moreover, are relatively high. Of the two, however, the “activity”
index is by far less pronc to error: while it is not the best index of real value added.
itis at lcast the quantity index that is ciosest to it. David (1966) instead proposed
to deflate each industry’s current value added by the current price of its own
output: this index appears too sensitive to relative price changes, rather than not
enough; anditis not invariant to subaggregation of industrial categorics. Finally, a
single physical series such as gross output is often used as an index of real value
added: this cheapest of measures in fact often performs better than cither the
“double-deflated”or the David index, and with suitable disaggregation by pro-
duction process will coincide with the quantity index of activity. The relative
performance of these various indices is further explored, in Section V, through a
simple numerical simulation.

atedindex, though

I. VALUE ADDED: PRODUCTION, EXTRACTION, AND SPECULATION

Value added is a net measure: to permit aggregation without double-
counting, as noted, it must exclude what is counted elsewhere.’ The categories
that separate an industry from “elsewhere” make that measure sensitive to some
changes and insensitive to others; in a world in which enterprises are not fully
speciaiized, and market reiations can readily be abandoned for burcaucratic ones,
there is obvious cause to question the established practice of identifying the limits
of an industry with those of particular firms.* If we are concerned with industry as
production rather than as ownership or control, we will hardly want, for example,
to register a decline in the power industry (value added producing power) and an
increase in the iron industry (value added producing iron) just because an
ironmaster decides to suppress the legal personality of his mill’s wholly owned
source of power. Such purely legal changes would be suitably ignored by a
measure which did not deduct the cost of purchased power from value added in
iron at all, with the disadvantage, however, that industrial power production could
no longer be separately counted; and by a measure which instead recognized
in-house power production as a case of vertical integration, and attributed all
power production to the power industry independently of corporate organization.
As with power, 50 too of course with any other intermediate good or service; and
thus the general conclusion that industry is better measured on the basis of
activities than cf enterprises.

*This is clearly so whether the relevant input is “active™ or “passive,” whether the production
function is somehow separable ar not: compare Domar (1961), p. 726n, or Sims (1969), p. 470, and
Arrow (1974), p. 4. )

Sec for instance United Nations (1950), p. 51. To be sure, the data are somewhat easier to collect
if the basic administrative unit is not asked to make distinctions within itsclf.
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Tor this conchision one may object thi “industiial production refers not
to activity as sieh bt o the results ol activity I value tevms, howevey
fecopnizing that activities are vahsed by their resalts snch e distinetion appeirs
suspect, Iy point of fact, it can be arpmed, thi foreinost gap between “the valne of
activity™ and “the value of s results™ - the lirm's sutplis is an illusion that
stems j!rvvisvly from the frihire to recopnize the pervisiveness of miegration and
the nltiplicity of diverse aetivities cattied oat by the typical real world tirm. To
an extent. us we shall see, the analysis cirries over to the common distinetion
between vine added “at Tactor cost™ and “at market prices™ ereated by public
intervention: initially, however, we shall issime such intervention away, the
hetter to foens on the significance of the livm’s sinplus,

Speculasive Surplus

Assume, then, an cconomy without tiaxes or public subsidics. In long 1in
compretitive cquilibrivim, surplus is zero, and vabne added can he indilferently
measnred as the vahie of activity of as the valne of its resulis. by shottom
competitive eqquilibrinem, however, the firm's sipins is not zevo: “rents wesalting
from dynamie disequilibrinn ™ destroy the identity of the vahie of setivity and of
its results.” Such at least is the orthodox view of onr textbooks: butitrelleets the
common assumpstion that the irm owns the capital goods whose services itutilizes.
Clearly. such a ivmis vertically integrated, in that it combines the role ol industrial
procdacer with that of speailator i its capital goods, 1tis the specunlator, and noi
the producer, that carns the short-rim (positive or negative) surplus: the firm
engaged solely in production rents the cguipment it uses on a spot basis, and
wonld not geap such suiplus, the firm that owns the machines (or rents them
long-term) would reap the sirphis even if it chose to (spot) rent them ont rather
than nse them itsell, Onee the serviees of capital goods are valued at their canent
price vather than their historical price Clixed cost™), short-mn prolits and losses
disappear; the value of activity corresponds to the value of its vesults in the short
ran as in the long, Assuming 0 O(KLLLR) wheve Q0 KO ind Rorepresent
outpnt, equipment, labor, and raw materdals, aud letting porowoand & cepresent
their unit values, we note that as an empirical matter vadue added is correetly
measured by the conventional value measure of the results of activity (pOJ - :R),
rather thin the conventional value measure of activity itseli (wl. i1 rR). The
veason is that the ditference in these conventional measures is rooted e the
unproper vishtation of K by “histovical 7 vather tham “enrrent £ whereas pand 2
are stead the correet current valises: if Kis correctly vallued, the two measures
coincide.’

The preceding analysis assimes that the firm knows the demand funetion it
fuces. In foct, of conrse, firms often prodiuece with uneertain knowledge of that

> Ugited Nations (10501, pp $ 6 Tlis distisetion s at the tont of coreent concepts o value added,
pagticalarly in real terms; see for instence United Nations (TOBR), g 082 ot B (7D, p 120 The
point is retnied 9 below.

“Kendrick (193%), p. A0n.

PA ong-term abor centtnet wounld of conrse be speenlation” i lnber, oeating exadly
adogons problems of eplicing the “tixed” wage that is paichoat by the caent vidue of labo (the
wage thist would be pand of Jubor weie purchined on iospot bissis).
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demand; and when the preduct issold the tirm may find it has earned more or less
than a normal return.” Such firms are also speculators, albeit in their outpui rather
than in their input; and once again it is the speculator, aud not the “pure
producer’” (who works only 10 the speculator’s order) who carns that sarplus, If
the speculator and the producer were different (legal) persons. the value of the
producer’s output would be unambiguously given by the speculator’s payment,
whatever the latter’s subsequent receipt; and (assuming current competitive
pricing of both inputs aud output) the value of the results of the producer’s activity
corresponds. once again, to the value of the activity itself. When producer and
speculator arc not different persons, however, the conventional value measures of
activity and of its results again fail to coincide; but it is now the former, (wl. +rK),
which correctly measures value added in production strictly defined (assuming, of
course, that cquipment is rented on a spot basis). The latter, (pQ - zR), includes
the results of speculation, in that the recorded p is the price recetved, rather than
paid, by the speculator; if Q is correctly valued, of course, the (wo measures
coincide.”

It may be pointed out that the value measure of production strictly defined--
(wL +rK) or (pQ -- zR), with the appropriate unit values as understood above—is
necessarily nonnegative. The value added by the speculator’s decision as to what
production will take place, in contrast, is essentially unconstrained; and if the
decision-maker’s guesses arc badly wrong, he may lose more than the valuc added
by the producer who carries out his order. The speculator, for example, may order
a machine that fails totally to performiits intended function, and is suitable ouly for
demolition; it is thus not implausibly worth less than the materials consumed by
the machinc’s producer. In such circumstances, the measurc of the industry
defined to include such speculation as well as production stricte is quite properly
negative; but it bears repeating that such negative value added is the sum of a
positive figure measuring production as such and an absolutely larger negative
figure measuring speculation—and that such speculation may be performed by the
producing firm or by anyene else.'” Supervision costs being what they are, in fact,
workers are not just their employer’s longa manus, but share a measure of
decision-making power. A common enough destroyer of value is thus the worker
himself, who for instance critically damages a part as hic instalis it; but he destroys
value in his (limited) capacity to decide what will be done—as his employer’s
agent, one might say—rather than as strict executor of decisions already taken.
Risky decision-making-—speculation—may thus be suffused throughout the firm,
as well as concentrated at its top or altogether outside it; its value, positive or
negative as it may be, is in any case conceptually distinct from the necessarily
positive value of execution, i.e. of production strictly defined.

*I am here concerncd specifically with production “on spec.”, ic. in the absence of orders.
Uncertainty can also lead the firm to hold inveatorics; but in this case the imputation of a value to the
firm’s entire output (as if additions to inventory were sold from the plant to the warchouse) is aiready
standard praciice. ;

°If existing markets generaic ncither the correct p nor the correct r, these could not be dircctly
calculated. but would have to be estimated. The conventional measure of the value of the results of
activity (pQ - zR) of course coincides with the value of the activity—strictly productive and
speculative—that produces those results.

" Strictty speaking. final value should be measured by what the informed consumer would be
wiliing to pay; the consumer disappointed by his purchase is clearly a speculator.
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Non-competitive Behavior

To be sure. a gap between a goad’s cost (properly calculated at current
values) and the price at which it is sold need not stem from uncertainty and
speculation. Monopoly is an obvious alternative source of surplus; but it may be
enlightening to consider first the firm that knowingly chooses to carn a fess thz.m
normal return. The good’s fow market price measures its value to the buyer; but its
“true” wvalue includes the (external) benefit to the seller which justifies the
decision to produce at a loss in the first place. That bencfit may be purely psychic, a
case¢ of industrial Maccenatism,'" or it may be the prospect of future profits; in any
event, the phenomenen seems best assimilated yet again to the paradigm of
vertical integration. Imagine that actual production is subcontracted (through
competitive bidding) to an ordinary firm: the value of production is clearly given
by the price paid, rather than received, by the firm that lets the contract. Once
again, the value of production strictly defined is measured by the conventional
measure of activity, {wL + rK), assuming a proper 7; the conventional measure of
the results of activity, (pQ — zR), understates the appropriate p by the amount of
the unit subsidy.

In the presenice of such departures from ordinary competitive behavior, the
value of production stricte is properly measured at the market price plus the
private subsidy. Since taxes are negative subsidies, one could argue that in strict
analogy private taxes should be subtracted from the firm’s income; the value of
production would thus remain (wL +rK), corresponding to (pO-zR) atap
exclusive of monopoly profits. The analogy might seem forced, to the extent that
individual decision-makers are not normally free to levy private taxes as they are
to disburse private subsidies; but the argument can be made by another route.

The basic point, once again, is that while the producer and the monopolizer
are often the same legal person. they need not be; and it is of course the
monopolizer who earns the monopoly profits. An industrial firm may thus carn a
monopoly rent because it alone has the right to use a particular technology; it
would retain that rent if it abandoned production and leased its patent rights,
while the firm that paid for those rights would earn only a normal return. In the
absence of artificial restraints on the right to enter into contractual agreements,
indeed, monopoly profits wouid not accrue to producers at all, but to the true
monopolizers: public officials empowered to grant patent rights, concessions, and
the like—or private “‘enforcers” who discourage competition—would be paid the
value of their service; and where public or private coercion cannot be enlisted a
monopoly would be maintained only by paying off potential competitors.'* As in
the case of private subsidics, the value of production stricte is measured by
(wL +rK); the market value of the good, p, and thus (pQ — zR), will reflect the
value of exaction as well.

Within the indlustrial firm, the monopolizer may be not oniy the capitalist but
the labor force, suitably organized. On the logic outlined above, it would then be

"' The Lamborghini automnbile concern was reputedly a case in point. Such psychic income is a
form of consumption, logically value-subtracting as production is value-adding.
Nineteenth-century transport history provides a rich catalog of bribes both to public officials
and to potential competitors (who at fimes actually set up a “nuisance” company to establish their
credibility); private “‘enforcers™ are of course still with us.
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appropriate to distinguish between the workers® “normal” mcome, which they
carn as workers and is thus to be included in the value of production. and their
“excess’” earnings as monopolizers, which are instead to be excluded from that
figure; the distinction would of course be particularly obvious it the monopoly
surplus were captured not by inflating w but as a flat fec for the permission to hire
atail. By the same token, labor that accepts a substandard payment for given skills
and exertion should be attributed its full vatue, and the firm’s product would be
correspondingly inflated by the implicit subsidy."*

Public Taxes and Subsidies

Pubiic taxes and subsidies create measurement problems largely analogous to
those attributable to vertical integration in all its forms: the legal tax base is
“arbitrary,”i.e. determined by administrative convenicnee, and may be ““arbitrar-
ity” altered. A tax on output may for instance be replaced by taxes on the
producer’s purchases of inputs, or even by direct taxes on the inputs’ incomes:'
and such administrative changes may have no impact at all on actual production,
though market prices would vary in response to shifts in the legal tax base. If our
measure of production is to be unaffected by such purely administrative changes,
its inclusion or exclusion of taxes must be determined a priori, independently of
their legal base, exactly the way the production of power is to be handled
independently of the legal identity of the producer. It is tempting, pursuing that
analogy, to conclude that all taxes should be excluded from the measured value of
production: the latter would thus correspond to (wL + rK), with w and r them-
selves net of direct or indirect tax. The arbitrariness of the tax base would then no
longer be a preblem; what remains problematic, however, is the possibly arbitrary
choice between pubiic and private provision of final goods and services. Adminis-
trative convenience, for instance. may induce the members of a town to
municipalize their country club, and replace the fecs by equivalent taxes; and one
would presumably not want to register a decline in industrial production as a result
of a purely legal change of this particular sort.

The proper treatment of taxes thus apparently depends on a prior determina-
tion of their economic rationale; an unwelcome conciusion, surely, whose thrust
may however be limited by two rather more comforting considerations. The first is
that taxes which are uniform with respect to the net compensation of the primary
factors of production (L and K) can of course be treated arbitrarily, since valuc
added relatives—which are after all what we are interested in-—will be the same
whether such taxes are included or not:'® the second is that specific departures

" We mightimagine youths willing to work in a sports arena at a reduced wage for the pleasure of
contact with the teams: their ““psychic income ™" would be part of their wage and of the firm’s product.
The logic of imputing a wage to housewives™ services is of course analogous. )

The various nations of “value added™ currently accepted differ in their treatment of indirect
taxes only; the questions raised by direct taxes are not broached. See for instanice United Nations
(1953), p. 8. United Nations (1968). p. 230f.. and Hill (1971). pp. 12-13.

'* A flat-rate income or value-added tax is a typical example of such a uniform tax: a turnover tax
would be another oniy in long-run institutional equilibrium. with all production vertically integrated to
minimize the tax burden. In the case of a flat-rate sales 1ax, it would be simpler to exclude the tax from
the value added of the final stage of production than to distribute it over all the stages of production.
The argument that uniform taxes can be so treated assumes that public consumers’ goods are
consumed in prapostion to income. sc the mix of tax payments for consumers’ goods and other
payments does not vary across industries.
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from uniform rates (whether differences over time or space, or, most simply,
between industries) will generally be less diflicult to evaluate than the tax bill as a
whole. If there is evidence that an industry-specific tax is in fact returred as
consumption goods specific to that industry’s primary factors, that tax will be
included in the value of that industry’s production (which thus remains unaffected
by changes between private and public financing of that consumption); normally,
however, that will not be the case, and such taxes will be excluded from the value
of production strictly defined on the grounds that the primary factors’ value and
contribution correspond to the price net of tax, the further increase in price being
value added by the government itself.'® An industry-specific subsidy (perhaps in
the guise of a lower-than-general tax) is by the same token normally included,
typically as a correction to p quite analogous to the case of private subsidization
discussed above.

® A proper value measure of industrial production thus measurcs both the
value of activity and the value of its resulis; and it is insensitive to such changes as
the substitution of intrafirm relations for interfirm ones or the substitution of one
tax base for another, though not of course to the possible changes in production
that may result from them. The value measure of industrial production strictly
defined will include competitive profits, since these reflect the current value of the
fixed inputs; but it will exclude the profits and include the losses of risky
production decisions (speculation), as it will exclude the profits of private exaction
(monopoly) and include private subsidies. Differential taxes will normally be
excluded, and subsidies included, whether they are “direct” or “‘indirect™: but
uniform taxes may be inciuded as a practical expedient.

HI. REAL VALUE ADpDED: CRITERIA FOR MEASUREMENT

The direct comparison and aggregation of industrial production will be
meaningful if the latter is uniformly measured, on a net basis, in a common unit of
value. So long as all one’s observations are contemporaneous, monetary mag-
nitudes are homogeneous, and current-price value measures of industrial produc-
tion are perfectly satisfactory for the purposes at hand. From one time period to
another, on the other hand, monetary magnitudes are not meaningfully
homogeneous; intertemporal comparisons or aggregation thus require that the
variable value units of the current-price measures be replaced by their equivalents
. . . 7 . .
in units of constant, unchanging worth.'” In the jargon, we speak of deflating
(current) value added into real value added; and it is clear from the purpose of the
operation that “'real” has here not its literal, everyday meaning of “thing-like” but

" The government may then be acting “in its owa right™” (as in the case of so-called {de)merit
wants), or as agent for some other sector which is suffering external effects; when the tux is not
exclulded, the government is the agent of the industry’s own primary factors.

Measurement problems are created by space as well as by time. hut the two are generally
considered equivalent (Arraw. 1974, p. 3). Intranational space is typically igrored; and if different
nations were effectively grouped in a single market (Benelux, perhaps) there would presumably be no
objection to converting own-currency values at the prevailing exchange rates the way we implicitly
convert New England dollars into California dollars. Can we arguc. by analogy, that if intertemporal
markets were perfect, expectations realized, etc.. we should be willing to make intertemporal
comparisons directly at discounted current values? Should “'real” comparisans aver time discount for

time as well as for inflation? Current practice is against it; but the question deserves more attention
than it has so far received.
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the precise technical meaning of “constant-worth.” To be sure, there is between
the common and the technical meanings of the word a point of contict. which
marks the empirical context within which the relevant technical concept was
elaborated and the common word trimsformed into jargon. Asis well known. the
distinction between (current) values and “‘real” values pained currencey in the
context of inflation: in pure or extreme inflation, changes in relative prices are
negligible next to changes in absolute prices; paper money loses its value. things
keep theirs, and “thing-like™ corresponds to “‘constant-worth.” Out of thLm
context, on the other hand, “thing-like™ need not correspond to “constant-
worth™ at all. Imagine for instance that the absolute price of every good remains
constant, with the exceptien of one which declines to a fraction of what it was: this
one thing is exactly like paper money in the case of inflation. losing value while
everything else (paper money included, in the present case) retains it: it is by
definition “‘real” in the common sense of “‘thing-like.” but it is not “real™ at all in
the technical sense of “constant-worth.” In the case of “‘real” as in the analogous
on¢ of “rent,” the word’s technical sense does not simply coincide with its
common one; but whercas the technical understanding of “rent” is no longer
corrupted by the common meaning of the tern. “real™ has yet to be stripped of
alicn connotations. The res in “real’ casts a long shadow over the interature: the
common approach is to seek not an unchanging unit of value in which to measure
all industry, but the physical counterpart of value added in each industry: and the
prevailing disagreements are only over its appropriate definition.

Physical Value Added

The most rigorously literal intcrpretation of “real” value added is that
espoused by Sims (1969) and Arrow (1974). The notion of real valuc added makes
sense, they assert, only if the production function is scparable in g particular way,
so that Q= Q(K, L, R) can be rewriticn Q = Q(V(K, L), R): only in such a case
can we “imagine capital and labor cooperating to produce an intermediate good,
real value added ( V), which in turn cooperates with materials to produce the final
product[;] in other cases capital and materials may seem to be a more natural
aggregate” than capital and labor.'® From the traditional perspective of industrial
measurement, however, the shape of the production function is irrelevant: “real’™
does not mean literally thing-like; “value added” includes capital and labor but
not materials costs in order to count all production once and only once. and a
different treatment of these inputs would be incongruous. In fact. Sims and Arrow
are not concerned with such industrial mcasurement at all, but with the economet-
rics of production functions. “ Analysis of production relations is simpler tf we can
restrict ourselves to looking at two inputs at a time™:"” but should one estimate a
production function linking real value added to capital and labor, they ask. if such
a function— V(K, L)—need not in fact exist? This guestion, however, corre-
sponds to “Does the notion of real value added make any sense?”*” only on a

™ Arrow (1974). pp- 4-5: see also Sims (1969). p. 470,

% Sims (1969), p. 470. As an cmpirical matter. of course. K or L aced notbe a single legitimatc
“thing” any more than V is; the production function (K. L. R) need not involve noticeably fewer

speci% assumptions than V(K. L) does.
Sims ( ™19). p. 471; similarly Arrow (1974). p. 5.
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literal but unusual definition of **real value added™ as a thing inits own right; and it
has little to do with the meaning of “real value added™ in the context which coined
the phrasc in the first place.™

This tendency ta consider “real”™ as somehow immediately thing-like is,
hawever, shared by the literature concerned dircctly with the measurcment of
industry: “real” valuc added is there generally identified, if not with a thing in
iself, at least with a constant-value aggregate of things. The standard measnre of
reai value added, wholly analogous to “real ™ national income of whichitisinfacta
disaggregation,” is the difference between the quaniity of output and the quantity
of intermediate inputs, each measured at base-year prices: the appropriatencss of
this definition is usually considered sclf-cvident, or nearly s0.7 David (1966)
proposes instead to identify an industry’s real value added with the current-price
cquivalent of value added in its own output, the resulting physical serics being
then weighted by base-year prices. These mceasurcs, which will be considered
more fully below, are ordinary quantity indices, heir to the familiar “index-
number problem’”: interiemporal real value added relatives will not in general be
invariant to the choice of base year, and intratemporal relatives will siot corre-
spond to their current-price cquivalents. This index-number problem is typically
considered a fact of life, unwelcome perhaps but essentially unavoidable: at best,
it is kept within bounds by repeatedly changing the base year and thus recalibrat-
ing the indcx, quite the way one might limit the error of 1 slow timepicce by
repeatedly resctting it.”* In fact, however, the index-number problem appears to
be evidence of the fundamental inappropriateness of the usual constant-price
aggregatcs of things as measures of real value added: and it is symptomatic that
the index-number problem should vanish when relative prices remain constant,
i.c. when ““thing-like™ happens to coincide with “constant-worth.”

Within a time period, it is agreed. industries can be compared dircetly in
current terms: the monctary unit is then a uniform measure of valuc, and (with the
qualifications noted abovej current-price values added are themsclves “real™ in
the relevant sensc. In the common perspective, this fact warrants the identification
of current- and constant-price valuges added in the base year, and the recognition
that any year can be sclected as the base; but this docs not quite do it justice. If
within-period current-price value-added relatives are real, first of ail. then
changes in these relatives arce also real, whether they are duc to differential
changes in physical output flows, in physical primary input flows per unit of
output, or in the relative value of the primary inputs. Quite so: industry-specific
improvements in primary factor productivity or reductions in primary factor
values reduce the industry-—activity and result hoth—just as cfiectively as a
reduction in output does: all these influences, then, are relevant to a proper
mcasure of real value added. If within-period current-price valuc-added relatives

21 Oddly, Arrow begins his discussion of real value added by reviewing the justification of “valuc
added” in corrent terms and the problens of deflating it into an invariable standard of value.” only to
switch to Sims’ problem with the argument 1hat “1he most natural meaning [of real value added].
indeed the only oie Tean think of, arises froim the estimation of production functions™: sce Arrow
(]‘)74?. pp. 3-4.

; See for insmncc Fabricant (1940). p. 26, and United Nations (1968), p. 07fF.

3 Sec for instance Hill (1971). pp. 13- 14 and Arrow (1974), p. 4. This definition of course also
rcﬁcglj the distinction between “activity” and “the resulls of aclivity™ discussed above.

2 §ee for instance Fabricant (19403, pp. 33-34. Sims (1969), n. 2, and Arrow (1974). p. 4.
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are real, seeomdly, we need a further measure of real” valie added only inorder
(o make intertemporal comparisons. Letting A and B represent industries and the
sabscript represent time, we Bave the desied ieal (A 7B and (A /1. by direct
observation of current-price vadues added: what we seek e equally ceal inter
tempoval Fatios such s (A AL Given (A B and (A L7150, ol cowrse, asingle
silch o say (A /A, will Tet us caleulate all other ones: for instanee,
(AJB) (AAD (ABY BB (B /AN (AB I the same way,
given the intratemporal interindustey refatives i the base year™ and the inter.
temporal intrainsustey relatives given by our industry-specitic veal value added
indices, we can cnleulate intrateniperal interindustiy velatives in other years:
obtaiming (A L/ B,). say. from (A /B (A /A and (B /B, Now with the usual
sortof real value added index, such ealewlated eelitives do not in genceral coineide
with directly obsesved ones: butif the obsevved (A /B0 and (A L/ B} are correct
real measures, then this Cindex-mumber problem™ means that the caleulated
{A /1) is weong, and wrong becase (A /A or (B / B2 is wrong, These indices
are wrong, Lo, not fread” i the proper sense of Cconstant-worth,” precisely
because they are ordinary quantity indices: “veal™ magnitudes being, thus iden-
tified with industey-specific physical ones  current values added Being thas
deflated by industry-specitic price indices - pioduction is clearly measaed 1o a
variety of disparate units, and & conmon (Ureal vadlue”) measare is not achievedm
all. OF course. il relative prices remain constant the index-number problem
disappears: all physical units are then equivalent tocachother ntuchanged rates,
and @l industry-specitic price indices are identical, so all indusiy i effectively
measured in the same unit after all, In the contextof pure inflation, “veal™ can be
taken literally: but then, as we have seen, if that were not the case this nusleading
word would not here be used at all,

The Standard of Real Value

‘The essentinl objective of the desired veal value sdded measure is to reader
all industrial production directly comiparable, regardless of differences in time (or
space) or technigue, by expressing it in the same, unchanging nait of value, The
first requisite of such i measure is thus that different industries be measured in the
same wnit: the current-price values added of different industries me secordingly
to be deflated by the same price index. Whatever that price index may be, the
mere fact of using i single, comman deflaior will ensure thut calenlated
intraperiod relatives correspand to their (already “resl™) aurent-prive equiva-
leitts: by the snine token, cach “real” time series will properly refleet all the
relevant influcnces on relative industry size, including differential changes in the
remuneration of primary factors and i their use per unit of output as well as in
output itself,”

On the other hand, no speditic deflator stands out as the thearetically correct
one: there is no al-purpose standurd of value, and no particalar standard is
defined by the desire to construct meaningful mtertemporal comparisons of

* There is mime recagnitivn i the literature thit *real” measures should reflect relative price o
well ax quantity, and thus that own- price deflation i inappropriate’ in diwusaing capital gaina on »

given atock of goods, for instunce. Fabricant noted the triviality of deflaton by the own price of the
go0d, und suggested deflntion by “n general price index” instend sce Fabrivant {1938, p. 4441
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distial prodactios, Inpraciee, then, i atbiteary choice s mevitable; bat ?l
may propetly be paded by the reasomable desire to obtane aomcasmise that s
intuitively appealing, casy (0 prasponid casy fo constiuet. On these proumds the
hest deflator would seen o be the current price of sorie pinticiilae iecopanzable
thing {or apgeepate of thines): all production would then I treasured in thit one
paticnin ting, considered “real™ ans ancliangg standiad ol \‘»illli(‘ by
assunption: uo other thing would be “real™ inand otitsell, since as relative prices
clianged it would be worth s varyiap sunouni of “teal units. The choice of athing
as the reat uit,” o repeat, is nof dictated by the conceptual reqairement that a
“real™ mieasure de somchow @ measuee of or in rex; it s winganted enly as a
pracical expedient and so foag as aviilable altermatives appear to cost e in
terms of cilentation, interpretation, or conmunication than they are worth i
ters of intuitive appeal.™

O all the hings that may thas be taken as the stimdind of value, peshiaps the
hestas fabor, e the specific sense of ardinary physical ellont (whose prive thus
exchides ihe return 1o e capital or compensition for particenlarly painiui
working conditions). 11 such wape delntion ts arhitsay it arbitraniness is wholly
manifest, sinee the index coukd aot be more simply coneeived: and when cmrent-
price vatue adided series are alcady avinlable (ad aceeptabsle as at icast approxi-
ntely correct i terms of the comiderations developed i Seetion 11 sbove), at
least, its construction requires only a single additional price series which is
pencral readily svaituble, Most impottantly, perhaps, the choice of haman eflon
as the measure of all things has demonstrated its wide intuitive appeast over a loag
¢l notalways entirely clen -headed) tradition that vouas from the Wealth of Nations
through the General “Pheory and beyouds and precisely becanse it s both
straightforward mnd appealing it is iheally suited to communication within a broad
intelectuat community, ™

The contemporary teadeney, it least within the profession, is to attribute
coustancy of worth not to hwna inboe bug to goods, From this perspective,
wipe-detlation isderestimates “ieal” growtl because it neglects the growth ol
“reab wages,” and curvent vaiues added shonld be converted into amaterial good
vather than into labor, The difliculty, however, is thint no simgle product s
obviously prelendble to any other: however appropriate deflation by corn prives
nuy liave seemed incenturies past, here and now it would hardly commind
widespread assent. Most wonld prefer to specify an wbitrary composite pood (a
fixed bushet of goods, conceptually equivalent to a single thing), but the cosis of
index constiuction snd commumication we theweby inereased, A composite pood
cinbe priced onty by traemg, the price ol albits components; where price series are
not readily available, there miay be a significant extes cost involved in tracing the
prices of many goods rather than the wage alone. Morcover, one conld havdly
expect scholis working in ditferent arcas o1 time periods to choose the same

i et comple bt thewretwally Coneet cond of living mdex can e comracted on the
sssuniphion st preferenee function me bomothetic; see for mstance Peltak (197 1) and Samuelon
and Swamy (1979 Asan empivical malicy, of coorse, homothe ity is ditisnlt to sceept, sinee Pt
shimes viny significnntly with scome; and this index may be comidered wn evmiple of a coully
\'nmljllm'liun that does not pay for itself in incrcised intaitive sppeat

T HBan C1R60) ppob S, o instaiee, provides his teadersowith thinteenth-centary wage tfes m
the Best basis on which 10 andesstand modens equivalents of medieval values
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standard composite good; and since the implications of altering that standard
would not be immediately apparent, the resulting indices could be shared and
compared only with some difficuity.

In the casc of contemporary economies amply documented by their statistical
bureaus, of course, one might simply deflate current values added by some official
index of prices. Among these, the most attractive would appear to be the GNP
deflator: since industries would then be measured in “real” terms essentially by
distributing “'real GNP”” among industries in proportion to their share of GNP at
current prices, “‘real values added” would happily sum to “real GNP™ 2 If “real
GNP is calculated as a Laspeyres quantity index, however, the GNP deflator isa
Paasche price index; and this creates difficulties of interpretation, since we can no
longer speak of the deflator as the price of a given composite good, Intertemporal
comparisons (other than to the base year) would be among industries reduced to
different physical equivalents; and it is hard to sce on what grounds these
physically different composites could be considered of equal worth.* A Laspeyres
price index is not heir to this difticulty (since it keeps the same quantity weights
year after year, the good assumed to be of constant worth is simply the base-year
mix of final goods and services); in practice, however, GNP deflators are rarcly of
the Laspeyres type.*”

On these grounds, then, deflation by the price of a (single or composite) final
good seems inferior to wage deflation; and its superiority in terms of the principal
criterion of intuitive appeal is certainly moot. Granting that rising living standards
make labor worth more, there is nonetheless every reason to believe that
increasing material abundance makes goods themselves worth less;*" indeed,
those who espouse a strict ““relative-income” conception of human welfare would
deny that generally shared increases in purchasing power yield any benefits at
all.** Most probably, then, a goods-price-deflated index is to be considered biased
upward with respect to the irtuitively ““best”” index, just as a wage-deflated index
is biased downward. While there is thus little reason to pursue the former in place
of the latter (particularly in view of their relative costs), there is the usual excellent
reason to pursue them both.

@ As a measure of production that permits direct intertemporal and interin-
dustrial comparisons, then, real value added is neither a thingin its own rightnor a
constant-price aggregate of things; it is, rather, a measure of all production in
common, unchanging units of value. Such a measure can be obtained only by
deflating all current-price values added by the saime price index; while the choice
among possible defiators is arbitrary, the price of common labor stands out by

?* +Real GNP could of course be mads to coincide with 1he aggregate of “'real values added™ by
deflating current GNP by the chosen deflator of current values added, be that an index of wages, corn
prices, or whatever. On the other hand, the currently orthodox notion of *‘real GNP’ is not heir to the
problems—specific to disaggregated measures—that plague the currently orthodox notions of “real
value added™; and it does seem intellectually and bureaucratically entrenched.

*See for instance Phillips (1961), p. 320. and David (1962}, p. 150n.

**See for instance Hill {1971), p. 16. In the case of iniernational comparisons, furthermore, even
Laspeyres-type GNP deflators would have different quantity weighls. ) B o

The a priori argument is made for instance in Lerner (1944), pp. 26-27; its empirical validity is
confirmed by the widespread desire to smooth consumption even al the cost of postponing and
reducing it (as in the case of saving for one’s retiremnenl despite negative rates of return).

*2 See for instance Easterlin (1974).

123



virtue of its conceptual simplicity, statistical cheapness, and wide intuitive appeal.
To the extent that wage-deflation understates growth by failing to allow for
increases in the “real” wage, one may wish to deflate current vahies added both by
the wage rate and by the price of a representative basket of goods; between them,
these indices straddle the measure most would consider intuitively correct.

1V. EVAILUATION OF ALTERNATIVE INDICES

This proposed index of real value added defines a standard of cost and
performance to which other indices may usefully be compared. From this novel
perspective 1shall here consider, in order, the currently orthodox measure of real
value added (the “double-deflated” index) and the corresponding measure of
activity; the “own-output-price deflated” index proposed by David (1966); and
the simple (base-year valuc added weighted) “output” index that is a common pis
aller when the data are too poor to permit more refined calculations. This general
discussion wil! be followed by a more systematic appraisal of the comparative
performance of alternative indices under particular simplifying assumptions.

Orthodox Measures of Real Value Added and of Activity

The too litcral interpretation of “real” as thing-like has led, as we have seen,
to the identification of “real” indices with ordinary quantity indices. “Real value
added” is noexception, and its currently orthodox measure (in its usual Laspeyres
form) is (¢,Q, — z,R,), where the subscripts o and ¢ refer respectively to base and
current peviods. This index is taken to measure the real recults of activity; real
activity itseif is measured, analogously, by (w,L, +1,K,). As noted in section II,
however, ths current value measures of activity and of its results will coincide if
they are consistently defined; and for the reasons developed in section III the
corresponding, “real” value measures should coincide as well. A priori, then,
industrial production should be indifferently measurable by the real index of
activity or of its results;* the fact that on their usual definitions these theoretically
indifferent measures do not in general coincide is the premier indication that those
definitions are in fact inappropriate.™

Even a conceptually inappropriate measure may of course be warranted by
purely practical considerations; but these also argue against the orthodox quantity
indices. First of all, these quantity indices will tend to cost more, not less, than the
“best”” measures described above. Where acceptable estimates of current values
added are published as such or can be derived directly from the data, deflation by a

W Hill (1971). rp. 1 3-14, argues that real value added cannot be measured as real activity because
value added incli-Zcs the operating surplus for which there is no quantity unit. This argument is to be
rejected on the + aricty of grounds neted above: because the usual competitive surplus is actually part
of the vatue of e activity of capital equipment; because other types of surplus correspond to other
types of (primary factor) activity which are (a) kest excluded from a strict definition of industry and (b}
conceptually no different from many other types of services (what is the quantity unit corresponding to
the activity of the individual paid to be named on a *cats will be towed by x” sign, whose major purpose
is deterrent?); and most of all because “real” does not refer to quantities as such at all.

The diflerence between these measures is ordinarily used to estimate productivity change.
Produetion functions, of course, do deal with things rather than values: and as we have scen they are
best examined with a minimum of such a priori constrai. s as arc implicd by apgregation of any kind.
Sce above, n. 19, and United Nations (1968), p. 66f1. ’
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single wage or price index will be relatively straightforward; data on physical lows
will be much more difficult to obtain. This is particularly true of the “activity”
index, since historical information on physical capital is regularly available onlyin
special cases (transporiation and textiles, in the main); but even the “results”
index faces problems, as materials input dala are aiso rarely recorded. These are
thus typically estimated from current production and net imports; but these
“avaiiabilities” neglect the at times significant changes in inventories. Sccondly,
these quantity indices will tend to be arbitrary: not just in the choice of base year,
which is as overt and relatively harmiess as the arbitrary choice of deflator for the
proposed “best” measure, but in the very component series. Common deflation
by an index of the price of a homogeneous good takes quality distinctions (in all
other goods) in stride, since these are properly handled by relative prices; a
quantity index is instead plagued by the need to reduce the number of measured
goods o a2 manageable figure, and it does so by ignoring quality distinctions
(including quality changes over time). This practically inevitable subaggregation is
guided by no clear criteria; different groupings would give different results, and
much arbitrariness which in theory should be manifest as the problem of weighting
a multiplicity of (homogeneous) time series wili instead be buried in the arbitrari-
ness of the (heterogeneous) series themselves.* Once again, it is the “activity”
measure which is particularly exposed to such difficulties: many industries con-
sume and produce homogeneous goods, though many more do not; but what
industry uses only a single type of skill or (especially) equipment at any point in
time, let alone over years or decades?

‘The orthodox index of real value added is thus in general more costly and
arbitrary than the “best” index proposed above, but less so than the orthodox
index of activity; on the other hand, it traces real value added (properly under-
stood) less well even than the index of activity. While the index of real value added
should not be a quantity index at all, that is to say, among quantity indices real
value added is better represented by the measure of activity than by the measure
of its resuits. The “double-deflated”” index is most often criticized for being able to
produce negative real value added estimates.* in fact, as we have seen, value-
subtracting activity is just as real as value-adding activity, and if our definition of
“industry” is broad encugh to include it, our measure of real value added should
be negative whenever current-price value added is. The only paradox, as
Fabricant correctly pointed ont,”” is the appearance of negative real value added
estimates in the absence of negative current-price values added; and this oddity
the “double-deflated” index is indeed heir to, because it is a quantity index with
negative weights.38 In general, of course, this is just another indication that
quantities are not “‘real’’; in particular, it is a measure of the extreme indirectness
with which the “double-deflated” index traces real value added, and thus of the
likelihood that it will in fact do so very poorly. The quantity index of activity, in

** Such buried arbitrariness is particularly pernicious in view of the widespread tendency to accept
available series at face value, without troubling tc examine the extent to which they really arc what
they gurport to be.

See for instance Fabricant (1940), p. 28; David (1962); and Arrow (1974), p. 4.

Fabricant (1940), loc. cit.

As is well known, (p,Q,—2,R,)<0 may obtain even though (p,Q,-2,R,)>0 and
Q.- 2,R)>0if (2,/p,) > (2,/p,) or (R,/Q,)<(R,/Q,); it is of course most likely to occur if value
added is small in comparison to value. See most recently Hill (1971), pp. 5-19.
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contrast, is altogether less indirectly related to real value added. and thus fikcly to
perform significantly better.

As noted above, dianges in real value added—the real vaiue of activity and of
its results—can uscfully be attributed to changes in output, or in real value added
per unit of output: the latter, tn turn, will reflect changes in technique (i.c. in
primary factor activity per unit of output) and in relative prices (ie. in the real
value of a unit of primary factor activity). The *“*double-deflated™ index (p,Q, -
z,R,) is clcarly sensitive to changes in Q. but measures changes inreal value added
per unit of output only by changes in R/ Q: and these have no neccssary relation to
the relevant variables at all. Assuming for simplicity a constant Q. itis easy to see
that changes in R would havc a generally correct influcnuce on the index if primary
inputs are being substituted for materials, with unchanging technology: orevenin
the prescnce of technical progress. if primary inputs are industry-specific and so
scarce that the reduction in matcrials cost per unit of output simply raises their
relative price. In general. of course, technology changes, and primary factors are
not all (or long) in fixed supply. R. L, and K may thus decline together (given Q).
with littie change in real factor prices (or R and rcal factor prices may decling, with
httle change in L and Kj; in such cascs, the “‘double-dcflated’™ index registers a
wholly spurious rise in real value added per unit. This measure is thus prone to
overwhelming crror: and since techmical progress is industry-specific, that error
will also be industry-specific. with the result that calculated real values will be
totally unsuited to interindustry as well as intertemporal comparison.

The “activity™ index, in contrast. measures physical activity directly, and
cannot be distorted by changes in input-output ratios; it will err only in neglecting
changes in real factor prices. Because it errs, the “activity” index may also rise
when real value added declines: for instance, if demand is very inelastic, the
expansion of capacity may so reduce its real value that on balance tire reat value of
activity is declining even though physical activity is increasing. On balance.
however, the orthodox “activity” index is clearly exposed to far fewer sourcces of
error than the “double-deflated™ index is. In contrast to goods and techniques.
moreover, primary factors are far less industry-specific. particularly since crude
labor costs are the largest single cornpouent of valuc added;* the errors of the
“activity”’ index are thus not only generally smaller than those of the “double-
deflated”™ index but far less severe in their differential impact and thus in the
distortion of interindustry comparisons. At the limit, of course. we can imagine a
world in which only onc factor of production. homogeneous labor, transforms a
variety of inputs into a varicty of outputs. The “activity” index then measures all
industry i1 the same physical unit, and is a perfectly correct index of real value
added (obviously identical to the wage-deflated index proposed above) no matter
how production functions niay be shaped or changing. The “double-deflated”
index would instcad remain unreliable; since it is in essence an improper way of
disaggrcgating a not unrcasonable aggregate,*” it can only be ¢ xpected to behave
correctly if the differences between the aggregate and the components are
essentially eliminated—i.e. if the probiem of industrial measurement it was
designed to solve is effectively trivialized.

» Any tendeiicy to “long-run equilibrium.”” which reduces the cost of specific capital goods to the

cost of capital in gencral. would reinforce this peint.
40
Sec above. 0. 28.
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Own-autpif-price Deflated Index

David (1900) praposes ta measire aead value added Dy dettating each
industry's curreni-price value added by the corrent price af s output,
aggregating the cesltivg physieal sevies at ase year autpat prices. " The resuls
ing index s in e nunher ofiespedisadear maprovement over the orthadas indeees
justdiscussedinothets, itis essentially similars asd in at least ane it seems clem ly
inferior,

{ts principal advantage over the canventionsl indices is appatrent at the fevel
of the single mdustry.”” At that level, the David index avaids the “index-numhes
prablem™ altogether, since carrent vitlue added is eenverted into a single thing,
(the industey's awn autpui),” ' hy this simpe device, David exareises the unfamil -
iar and rather harrawing index nember prahlem | of the ‘dauble-deflated index|
ane which manifests tsell in the appenrance af negative real value added
estimutes™."* More importantly, perhaps, David's steasightforward defiation of
corrent vilues added by o cireent price marks a lang step in the vight direction.
The distinetion between aetivity and its results is abiliterated: at least in compieh
tive eqarilibrinm, ™ itis made elear, weal value added represents both in veal ferms
justus current value added daes savin corrent ones. By the same taken, the David
index s sensitive to all the changes that alect curtent and therefore real) value
added, including changes in the unit values ar praductivity of labar wd cquip-
ment: it is thus capable of mirraring develapiments that the arthodax “real™
measures of activity or af its resuits should but cainnat mivear at ali, Lastly It ),
1o means negligibly, of course, the David index ean in general be obtained as (ar
nearly is) cheaply as the “hest™ indes prapased abave, and thus far mere cheaply
than cither of the orthodox quantity indices.

On the other hand, the David index is not entirely free af the caommon
miscanceptions gbout “real™ measures: and this beeames dear as saom as we
consider not one industry but a variety of them. Precisely hecause “real value
ddded™ is given a dircet physical interpretation, each industry is measured in its
céwn unit—-and the resulting measure is again heir ta the “index-number prodi-
lem.™ I relative gaods” prices are unchanged, of caurse, the industry-specitic price
deflators are all cquivalent, and even the awgregate David index avoids the
“index-numbier prablem™; but then sa waukd the ordinury “donhle-deflated®”
index. and the twa measures will in fact coincide.* II relative prices change,

' Albase yedr prices, real vatues added obviously cornresponid to catrent valtes added.
Lem assoming, as David dues, that the “individual industry™ is unequivocal The issumption is
ctilk'n‘i; e 0, 48,

As waual, there may be some question as 1o whether ditferent things are in fuct physicaily
Idennticat and thus the same thing. The David index thus faves the problen ef chiangesin the Guality of
outpul the way the orthodox indices face the prablem of changes in the quality of outprit ind/ar inputs
(rnd the “best itdex’” the prroblem of changes in the chosen standa ),

v * David { 1960), P MY OF counse, the Dravid indes would also yicid negative real valoe added
H!ln:glca whetiever current values adided were negntive: but us we lave seeir thin is not i problem,
" David (1966), pp. 421, 428,

i oo /) = G p) - o ).
Ff‘f,"',,., ?’.’.R”‘ ? F),.! __(:,/_;},.})R,.V. _ Q,. v (. »/I’.arl}Ru 1A IA(-)HI Se4 IRy_t)/Vu '
Py 1R, 0, A2 /PR, O, (2/p)R, (n0O, 2R p,

I induntty-specitic David und “double defated" indices thus coincite, so nf course do ANy WgRregiles
Of these that are similarly weighted by buse-year values adied.
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however, the David index (like the orthodox indices) will measure industrial
production in units that are inherently different, and of vartable real value: the
index, though properly sensitive to all changes in current values added. is also
improperly sensitive to changes in relative goods’ prices. Like the orthodox
indices, then, the David index is in general distorted, and capable of moving in the
wrong direction altogether. If technical progress saves L and K, for instance, the
Davidindex will register the decline in (real) value added per unit of output; but at
the same time it will tend to understate it, since the (relative) decline in p that
accompanics such technical progress means that that industry’s value added is
now measured in smaller real units. If zR/Q drops faster than (wL +rK)/Q,
indeed, so will p—and (given Q) the David index registers a rise in real valuc
added instead of the decline that is actually taking place.*” If changes in materials
costs instead offset increases in the productivity of the primary factors, and thus
tend to maintain the real value of a unit of output, the Dawvid index will perform
well. The relative performance of the David index and of the orthodox quantity
measures of activity or of its results will thus depend on the particular empirical
consteilation of changes in prices and quantities; since industry-specific prices and
materials costs often move together in response to changes in supply and demand
as well as in materials-saving innovation, however, there is at least a general
presumption that the David index, like the “double-deflated”” index, will on
average perform less well than the orthodox quantity index of activity.

By yet another standard, however, the David index appears quite inferior to
all the alternatives censidered so far. One of the primary purposes of defining
(real) value added as a net measure is te make it insensitive to subaggregation: for
example, we want to obtain the same measure of the steel-from-iron ore industry
whether we obtain it directly or as the sum of the steel-from-pig-iron and pig-iron-
from-iron ore indusiries. Current-price value added, the *‘best”” measure of real
value added proposcd above, and the orthodox quantity indices of activity and of
its results all retain this highly desirable feature; the David index does not. If the
steel-from-iron ore industry is ineasured directly, the current value added of the
aggregate steel-from-ore industry is deflated by the price of steel; if it is measured
as the sum of its two components, part of that total current value added is deflated
by the price of steel, and part by the price of pig—and unless relative (pig/steel)
prices remain constant this partial difference in the deflator will alter the resulting
aggregate estimate.™

Value-added-weighted Quiput Index

A widely used index of an industry’s real value added is simply that industry’s
output.*’ For purposes of interindustry comparison or aggregation, these output

*"lam assuming, for simplicity, that the standard of value is the wage unit—or, equivalently. that
over the cconomy as a whole technical progress is negligible.

**In practice. then, the David index even for a single industry is not the unique. base-invariant
time series it at first appears to be: since any ordinary industry can be vertically disaggregated into
almost as many successive steps as one chooses to contemplate. the David formula leads to a whole
family of indices: one for the industry considered as a unit. and another for cach possible level of
disaggregation and (in consequence) base year as weil.

*? At times, of course, outputis itsclf estimated by dividing an input series (typically the principal
raw material) by a constant input-output ratio; in such cases the index of real value added is obviously
the input. The essential point, for present purposes, is that the industry is represented by a single
physical series. be it Q. K. L. or R; 1 will deal explicitly only with the most common practical case, in
which the index is Q. since the extension to other cases is perfectly straightforward.
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series are weighted by base-year values added per unit of ontpat: the resnlt is thus
a net outputindex, very differentin substance from a gross ontput index obtained
by using gross valie (price) weignts. In fu-rm, however, the result is an orthodox
guantity index, and 1t {Iu!y shzlrgs the “index number problem ’-—which once
again reminds us that this index will properly measure all production in the same
“real” unit only when the implicit assumption that real values added per unit of
output remain constant turns out to be correct. Ont of the trivial context of pure
inflation, of course, the validity of this assumption will be a matter of luck; at best,
one can hope, the sources of distortion will largely cancel each other out (as they
may when capital is substituted for labor, say, or when increased fabrication from
lower-quality materials or for higher-quality output accompanies technical prog-
ress).

In the literature, this “output’™ index has generaily been used to measure real
value added where the absence of series on raw materials precluded the caleula-
tior of the desired “double-deflated™ index.™ While certainly a pis aller justificd
by its minimal data needs, this “ontput’ index should not, however, be considered
aninferior substitute for the “double-deflated™ index—not only because the latter
is not the theoretically correct index of real value added at all, but because in
comparison to a correct index the “double-deflated” index is not likely to
outperform the “‘output™ index at all. If (R/Q) remains constant, for instance,
these two indices obviously coincide;*" and since as we have seen the constancy of
(R/Q) is perfectly compatible with changes in real value added per unit, these
indices can clearly coincide in a wrong measure as in a right one. If (R/Q) varies,
these indices will ditfer, as the “double-deflated’ index alone then registers a
change in real valne added per unit of output; but as we have seen that change
need not even be in the right direction, so there is no general presumption that
the “double-deflated™ index is superior to the simple “‘output” index even where
these measures do in fact differ.

The “output” index may be similarly compared to the David index. These
indices will coincide if the ratio of value added to value remains constant,*? since
in the David formula the change in current-price value added is then exactly
matched by the change in the current price of the (output) unit in which value
added is measured; and as we have seen the resulting measure may well fail to
register an actual change in real value added per unit. If the ratio of value added to
value varies, these indices will not coinicide; but as we have seen the change in real
value added per unit of output registered by the David index need not even be of

**In asimilar vein, Hill (1971) is devoted largely to the question of properly weighting indices of

utput and of input in order to achieve the best estimate of the true “double -deflated” measure when
these component series arc sibjecd to error.

MI(R,,1/Q1 ) = (R/O),
_{’oon 1~ ZoRi 1y - Quiilpo - 2,(R 1/ Q1)) _:_Q_:_d_l

PaQi— 2R, Qup,—2,{R/ QN o,
52y (pnlonl*ZulR.u):!{_l,O,—Z,R,)
P Qi 10 '
(pulonl“zanm)/{’ul:0;;;((!’,”0.,1‘Z,HR,;:)/PmO.u):&;_n.
(PQ,~ 2R} p, Q((pQ,— z.R)/pQ) QO
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the right sign, so the “cutput” index (which assumes no such change) can again be
more accurate than its more claborate counterpart. There is thus no general
reason to replace an “ocutput” index by its David counterpart—or of course vice
versa, since the information which yiclds a David index will as readily yield the
“best” index described above.

Unlike the “‘double-deflated™ index but like the David index, finally, the
“output” index is not inscnsitive to subaggregation: unless the ratio of pig iron
output to stecl output is constant, for instance, the estimated real value added
index for the steel-from-ore industry will not be the same whether it is calculated
directly as a single series (steel output times the value added in producing a unit of
stecl from ore) or indirectly as the sum of two series (steel output times the value
added in producing a unit of steel from pig, plus pig output times the value added
in producing a unit of pig from ore¢). But whereas in the case of the David index the
data base is presumed complete and the choice of vertical disaggregation is
therefore arbitrary, the “output’ index is in essence a way of stretching an
incomplete data base. It is thus in the logic of the “‘ouiput™ index to incorporate
new series as they become available: if the ferrous metals industry is represented
by a single (steel] serics, it is presumably because no distinct pig iron series can be
obtained; if it can, it is natural to introduce it into the index (suitably reducing the
weight of the steel series), since it conveys extra information (on changes in the
ratio of output to input, inventories, or international trade) that will in general
improve the estimate. Unlike the David index, the “output’ index is sensitive
to—i.e. can be improved by—horizental disaggregation by production process. A
single “industry” can be differentiated into a number of more homogeneous
sub-industries on the basis of technical information alone, thus increasing the
likelihood that within each disaggregated component real value added per unit did
indeed remain reasonably constant. At the limit, each “industry™ would be
identified with a single well-defined production process, using given amounts of
(particular) primary input services per unit of output; and upon aggregation at
base year values the resuiting index would obviously coincide with the corre-
sponding orthodox index of activity (w,L, +r,K,)—which as we have seen is
probably the best measure of real value added one can obtain by constant-price
aggregation of physical series, and in the absence of full information on current
vaiues added.

@ Insum, if acceptabie series on current values added are available, one should
simply deflate all of these by the price of a single, intuitively appealing unit of
constant worth. The deflation of each industry's value added by the price of its
own output would give clearly inferior results, since different industries would be
measured by different standards; and the result would hinge on the inevitably
arbitrary degree of (vertical) disaggregation one chooses to impose. In fact,
neither this own-price deflation nor the orthodox “double-deflated™” index of the
results of activity appears superior to the simple addition of gross output series
with value added weights, which requires a good deal less information. Among the
various quantity indices, in fact, the least incorrect index of real value added
appears to be the orthodox index of activity; and one notes that the simple (value-
added-weighted) output index approaches that activity index as (with the addition
of information on techniques) it is suitably disaggregated by production process.
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V. A NUMERICAL SIMULATION

A more systematic appraisal of the comparative performance of these various
indices can be obtained by means of numerical simulation. In order to focus on the
interaction between the impetus to change and the shape of the production
function, I will assume that labor is the only primary factor of production, and that
technical change in the economy at large is negligible. In such circumstances, the
“best” measure of real value added is unequivocal, and the orthodox index of
activity will always give correct results. The comparisons will thus bear on the
relative performance of the orthodox “double-deflated™ index, the David index,
and the simiple “output” index.

I assume iwo industries in competitive equilibrium. In period 1, each
produces 100 units of output from 100 units of labor and 100 units of raw
material; unit monetary values are 2.0 for outpat, 1.0 for labor, and 1.0 for raw
material. In each industry, output is obtained from the inputs by a constant-
elasticity-of-substitution production function™ of the form

Qi =glaL;"+(1-a)R, "
The initial values assume g, = | and a, = (1.5, so that function rcduces to
Q. =[0.5L,"+05R; ") """

The parameter b may vary from —1 (in which case the clasticity of substitution
s=1/(1+b) is infinite and Q,=[0.5L,+0.5R;]) through 0 (in which case the
elasticity of substitution is unity and Q, =[L{*R{"*]) to +o0 (in which case the
elasticity of substitution is zero and Q, =min[L; R;]). Assume, further, that
demand is unit elastic (so that p,Q; is constant, whatever (Q,); that raw materials
are in perfectly inelastic supply to the first industry (R, = 100 whatever z,) and in
perfectly elastic supply to the second industry {z, = 1.0 whatever R,); and that
labor isin perfectly elastic supply to both industries (w, = w, = 1.0, whatever L, or
Lz).

Table 1 records the new competitive-equilibrium input and output values and
quantities in both industries consequent upon a variety of specified changes in the
original conditions (all the others being held constant): these include four cases of
supply increase (through threce varicties of technical progress, respectively
neutral, labor-augmenting, and raw materials-augmenting; and through an
increase in the supply of raw materials) and one case of deinand increase. In cach
case, the elasticity of substitution is allowed to vary over its full range. One may
argue that (at this level of simplification) an elasticity of substitution greater than 1
(~1=b<0j) is not empirically interesting, as it implies that the output can be
produced by raw materials alone, without any expenditure of labor and thus
without any value added, in which case the “output’ is the untransformed input
and the industry, stricfo sensu, does not exist at all. The corresponding magnitudes
are included all the same, for the sake of illustration; it should be noted, however,
that the figures for L, and R, with b = —1 insections {a), (b), and (f) represent only
one of the possible equilibria (as the two factors of production are indistinguish-
able by either productivity or conditions of supply).

**See Arrow, Chenery, Minhas and Solow (1961).
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TABLE 1

Eguirisrium INpUT AND OuTiuT QUANTIFIES AND VALUES FOR Two HYPOTHETICAL

INDUSTRIES

b 5 L, R, O W,y 2, m L R, 0, Wy 2z P
(@) Initial values:
bz-1 520 100 100 100 (0 1.0 20 100 100 100 10 10 20
(b) Terminal values, following technical change doubling the efficiency of L; and R;:
bz--1 520 100 100 200 1.0 1.0 1.0 100 100 200 190 10 10
(c) Terminai values, {oliowing technical change doubling the efliciency of L;:
-1 © 150 100 200 1.0 050 1.00 200 0 200 1O 10 1.00
-1/2 2 122 100 164 1.0 0.78 .22 133 67 150 1.0 10 133
0 1 100 100 141 1.0 1.00 141 100 100 141 1.0 1.0 141
1/2 23 &6 100 129 1O 1.13 155 88 112 139 10 10 1.44
1 1/2 78 100 122 1.0 1.22 1.64 83 117 137 10 1.0 146
2 1/3 69 100 114 1.0 131 175 77 123 136 10 10 1.47
el 0 50100 100 1.0 1.50 2.00 67 133 133 ¢ 10 1.50
{d) Terminal valtues, following technical change doubling the efficiency of R;:
-1 © 0 100 100 1.0 200 2.00 0 200 200 10 1.0 1.00
-1/2 2 76 100 125 1.0 124 1.60 67 133 iSO 1.0 1.0 133
0 1 100 106 i41 10 100 141 100 160 141 10 1.0 141
/2 2/3 114 100 148 1.0 0.86 135 112 88 139 10 10 144
1 1/2 124 100 153 1.0 076 131 i17 83 137 10 10 146
2 1/3 136 100 159 1.0 0564 125 123 77 136 1.0 19 147
0 0 200 100 200 10 000 100 133 67 133 10 1.0 150
(e} Terminal values, following a doubiing in the availability of R;
(to R, =200 for all z;, and 2, =0.5 for all R,):
-1 o 0 200 100 1.0 100 200 0 400 200 1.0 059 1.00
-1/2 2 76 200 125 10 062 1.60 67 267 150 1.0 050 133
0 1 100 200 141 1.0 050 141 100 200 141 1.0 050 1.41
/2 2/3 114 200 148 1.0 043 135 112 177 139 1.6 050 1.44
1 1/2 124 200 153 1.0 038 131 117 166 137 1.0 050 146
2 1/3 136 200 159 1.0 032 1.25 123 155 136 1.0 050 1.47
) 0 200 200 200 1.0 000 100 133 133 133 1.0 0350 1.50
(fy Terminal values, following a quadruplication of sales:
~1 o 760 106 400 1.0 1.00 2060 400 400 400 10 10 20
-1/2 2 563 100 284 1.0 237 281 400 400 400 10 10 20
0 1 400 100 200 1.0 4.00 400 400 400 400 {0 10 20
12 2/3 295 100 160 1.0 5.05 501 400 400 400 10 1.0 240
| 1/2 237 100 141 1.0 563 569 400 400 400 10 10 20
2 1/3 183 100 124 1.0 6.17 644 400 400 400 1.0 10 29
© 0 100 100 100 1.0 7.00 800 400 400 400 10 1.0 20

Table 2 indicates the various indices of real value added for the terminal
situation (initial real value added being set equal to 100) as calculated from the
prices and quantities reported in Table 1.** The most straightforward cemparison
is between the “output” index i* and the David index i*. These coincide whenever
b=0(s =1),as (VA/V)is then constant; and they may coincide for all b, whether

>* While a “raw materials " index (R) analogous to the “output” index {Q) is notincluded in Table

2, its value can be obtained directly from Table 1.
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TABLE 2
InpiceEs OF REAL Varur Appen. wirn Inrtar Rear Vature Apbep = 10, As
CaLcurAtEprErROM TARLE )

oI ITTIL CyTTIoITTr T

- [
2 3 S
. ' , . 1 I! . 1 '4 “.
Weighis: 1) 12 2 1 2 L2 b ux o 2 11 2 1 2 1 >
b s
(a) Initial values:
FERS! s20 100 100 100 100 100 100 100 10 100 100 10 10 o0 100 1 1K 10U
(b) Terminal values. fullowing technical change doubling the efficeny of I and R;
b= -1 520 00 200 200 3 oo 1 200 2H M) x G 2 200 200 200 K a0
(c) Terminal values, lollowing technical changs doubling the efficicneyof £
-1 o 150 200 100 300 00 260 X 00 X 178 2000 200 350 350 350 T
~1/2 2 122 164 200 228 277 133 150 200 233 450 128 187 156 200 200 230 13
0 1 100 141 141 183 241 o0 141 141 183 241 00 141 140 141 B31 I8R5 241
1/2 211 86 129 111 158 208 8139 123 166 199 ST 13 1M 117 117t 202
1 12 78 122 9S 144 [Re K1 138 114 158 182 S 130 108 104 1ST 184
2 1/3 6y 113 79 1 157 77 136 105 139 164 70125 125 92 91 1w 16l
w0 0 S0 100 S} KO 00 67 133 Ky 133 133 I A T A [ LI Y AR R P U )
(d) Terminal values. following technical change dovtling the efficizney of R;:
-1 o 0 10 0 00 ? 0 200 0200 i a 150 " 0 S0 B4
-2 2 76 125 96 150 210 67 150100 167 200 71 3 98 98 1SS 208
0 1 100 141 141 183 241 109 141 141 18} 241 O 141 141 191 141 X3 241
12 2/3 14 148 169 196 213 112 139 155 189 252 P30 143 143 162 161 193 282
1 1/2 124153 182 206 227 117 137 161 192 2SR 120 145 145 175 174 199 241
2 t/3 136 159 21& 21y 22 123 130 167 195 261 136 142 147 192 190 207 238
@® 0 200 200 400 300 200 133 133 178 2000 267 167 167 147 289 267 250 212
(¢) Terminal values. following a doubling in the availabitity of R; (asin Table 1)
-1 o 0 100 0 ] 0 0 200 0 Q 0 0 150 ! Y ? 0 )
-1/2 2 76 125 96 50 W 67 150 100 23 ¥0 72138 #1698 98 42 79
0 I 100 4% 131 8} 110 100 141 141 8y 110 W01 141 141 14 83110
1/2 2/3 114 48 169 96 124 112 130 155 100 18 113 143 143 162 161 98 121
1 1/2 124 153 189 106 113 17 137 160 Wy 122 120 145 145 175 174 107 128
2 1/3 136 159 218 119 146 123 136 167 117 126 110 148 147 192 190 18 136
© 0 200 20 100 2000 200 133 133 178133 1M 167 167 1587 289 267 167 167
{f) Terminal values. following a quadruplication of sales:
-1 © 700 400 700 700 700 00 200 400 400 4K 530 400 400 SShSSOS50 550
~1/2 2 563 284 301 469 1285 $00 400 400 400 400 4N2 M2 323 400 J01 434670
0 1 400 200 200 30 © 00 400 400 400 J00 200 30 67 30 267 150 800
1/2 2/3 205 160 118 219 o S00 400 400 400 00 M7 280 M4 259 198 30 726
1 1/2 237 141 83 181 2069 200 00 400 200 300 MY 2700 233 242 166 291 &2
1/3 183 124 57 148 669 100 4N 400 400 400 92 262 235 22K 274 458

100 250 250

2
© 0 100 160 25 100 100 RILVEILY

2000 4000 300 250 250

Key: i':“true” index of real value added (VA /wy)
i: quantity index of activity {wpl.; t r, Ky}
it “output” index (VA 5/ 0,)0p)
i*: David index (po{ VA/py))
i*: "double-deflated " index (p, O - 7,R;}

inerror (as in the event of neutral technical change, illustrated by case (b)), or not
(as in the case of growth without change in relative quantities or values, illustrated
by the response of industry 2 to the demand shift of case (). If i and i* do not
coincide for all b, then i*> i to one side of their equality, and i* < i to the other
side; and as both indices err in the same direction throughout the range of s, one
index clearly outperforms the other throughout the empirically more interesting
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part of that range (s=1). It is apparer

it, from cases (¢) through (f), that ;*

mcasures the change in real value added betier than i (for s < 1)y only in the case
of labor-augmenting technical progress (case (¢)); with growth induced by demand
shifts, or by shifts in the supply or productivity of raw materials {cases (d) through
(D), the ““‘output™ index crrs less than the David index. More: in all these cases, i

. . . N 2.
actually coincides with =i if labor an

d raw materials are not substitutable

(s =0); and whilc in the case of labor-augmenting technical change i similarly
does best with s =0, it need not even then be free of error (thus industry 2 in

Table 2).
i (c1) i (c2)
250 - 250 =
~ ) ~
. .
R N s
~ ~
200 | ~ 200 |- ~
i ~
. -~ i;] ~. \
-
- N ~ ~
150 150 = _13 ~ ~2>
1C0 100
50 so L
| | | ! I | | i |
1 273112 13 0o 3 1 2/3 112 173 0o %
!
i (d1) ! i (d2)
350 | il 150
4 -
!
/
wo 1 o L
i -
250 250 | -
200 200 L i5 1 -
i —_——
/.’ —
150 156 fm o i
- 3
100 100 L il=i2
i 1 | |
1 U3 i/ 1 o £ 1 23 177 173 n 2
Figure 1

) 33 See also Figure 1. These indices’ relative
interesting parl of the range of 5 (s> 1).

performance is of course reversed in the less
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i (el) i (e2)

i ’ i
w0 L ,’ 350 |
iI
4
100 b / 300 |
/
250 | / 250 |
/
/
200 | s 200 |

150

100

i i 1 1 I 1
1 2/3 /2 173 0 2 1 203 V/2 /3 0 &

Keyv: ({(c1): case {c), industry 1
(c2): case {c), industry 2
(d1): case (d}, industry 1
(d2): case (d), industry 2
{el}: case {e). industry |
(€2): case {e), industry 2
(f1): case (f), industry 1
iy: “true” index of real value added
i quantity index of activity
iy: “output” index
i4: David index
is.: "double-deflated” index (weights 1)
is o “double-deflated™ index (weights 2)

300

250

200

Source: Table 2

150

1n0

50

1 | | 1
0

2 Figure 1 (continued)

The comparative performance of the “-double-deflated” index i° is not so
simply assessed. Only in the case of equiproportionate growth-—when no meas-
urement problems in fact exist—does i> perform as well as any other index (thus
industry 2, case (f)); only in the case of neutral technical change will i’ be ever the
worst of all measures (indeed, as in the present example, case (b), the index baged
on advanced-technology prices need not even be defined). In case (c), with
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. Jabor-augmenting technical change, i’ coincides with i (itself poorer than i) at
the limiting case of zero-substitutability (s = 0), whilc manifesting the largest error
of all over any intermediate value of s: so that i” is here clearly worse than ¢, and
never better than i . If technical change is instcad raw materials-augmenting (case
(d)), the relation of i” to the other indices is rather more complex. Both initial- and
terminal-price-weighted i* indices may be superior to i* (thus in the prescnt
example industry 1 for low values of s), and both may be inferior to it; on the other
hand, both these versions of i* will in general be inferior to i* throughout the
relevant range.’®

In the absence of technical change (cases (¢) and (f)), finally, i* displays to the
full its special strengths and weaknesses. In these cases, as noted, i* is superior to
i*, and coincides with i' = i at the limitof s = 0; i’ is also free of error at that limit.
Short of thatlimiting case, the two versions of i* straddle i ' = i%, and if the change
in(z/p) is small enough, both of these versions (and thus, a fortiori, any average of
the two) approximate i ' = i better than i* (thus case (¢) in Table 2). The i° index
thatis biased in the same direction as i* will remain supcrior to the latter, whatever
the value of 5; but the one with the opposite bias can make no such claim. Thus, if
the increase in raw materials’ supply were larger (say R, increased by a factor of
10 or 20, rather than 2, and the drop in z, were similarly inflated), i* and the two
versions of i* would become cven poorer measures of ;' = iZ (the limiting case of
s = 0 aside); but the fastest deterioration would be displayed by the i* index with
wnitial price weights which alone underestimates i' = i2, and which could readily
register a decline of real value added so overwhelming as to yield a negative
magnitude in the terminal situation. With the figures of Tables 1 and 2, the
analogoussituationisin fact verified for industry 1, case (f): the change in the price
structure induced by the large increase in demand is such that while one version of
i*is ciearly superior to i®, the other is clearly inferior, and indeed not defined at all
for the middle values of s and b. These alarmingly high growth rates are
consecuent tpon low {or negative) initial values of (pQ — zR) at terminal prices;
and the problem largely disappcars on aggregation with better-behaved indus-
tries, as in the present example.

In practice, of course, one will not in general either calculate a variety of
indices or know the specific form of the production function. In such a context, the
complexity of the possible distortions in the “double-deflated” index itself
decreases the measure’s heuristic value in comparison to that of the other
imperfect indices whose misbehavior is altogether more predictable. At the other
extreme, the cheapest “output” index performs relatively well; and when it
doesn’t its biases are perfectly straightforward and thus readily allowed for.

Amberst College

*®In the present example, the i° index with terminal weights for industry 1 coincides with
i' =i®= i for s = 0; but the reason is the anomaly of a terminal z = (), which gives raw materials azero
weight and thus obviously reduces the “double-deflated” index to a simple “‘output” index. If the
augmentation ?f raw materials were limited to 50 percent, for instance, with s = (, it= if = if:= 130,
i3 =2426, and i’ = 290 (iniitial weights) or 181 (terminai weights). Note that with s = 1, i' =% = 10,
i"=i"=122,and i’ = 144 and 159 with initial and terminal weights respectively: in contrast to the
present example (100 percent augmentation), the terminal-price-weighied i° is then monotonically
increasing, rather than decreasing. as s declines from 1 to (),
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