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Amnals of Economic and Social Measuremeny, 6/1, 1977

REMARKS ON REAL VALUE ADDED

By CurisTOPHER A Sims

In a recent article in this journal, Stefano Fenoaltea [1976] discussed mea-
surement of real value added. The article concludes that 4 certain clags ;)'"
measures is superior to all others: “The current-price values added ofliifi
ferent industrics are. . .to be deflated by the same price index."!' Ag part of
an extensive discussion of the criteria for a good measure of rey| value
added, on which the article bases its choice of » class of indices, the article
asserts that the assumption of separability of the production function, on
which earlier discussions by Arrow [1974] and myseif [1969] has been
based, is reasonable only “‘on u literal but unusyal definition of ‘real value
added’ as a thing in its own right; and it has litte to do with the meaning
of ‘real value added’ in the context which coined the phrase in the first
place.'?

Though 1 did once write {1969] that separability s required in order
for “‘the notion of real value added” to “make any sense”, | agree with
Fenoaltea that it may sometimes be useful to compute *‘real value added™
for industries with non-separable production fenctions, just as it may
sometimes be useful to compute “real income” for groups of consumers
with different utility functions. Nonetheless, it must be expected that any
good measure of real value added will sometimes misbehave, according 16
some intuitively natural criteria, when industry production functions are
non-separable.

Likewise I agree with Fenoaltea that his type of index is a reasonable
one in some applications—1I have used an index of this type in some em-
pirical work of my own [1968]. Nonetheless he is wrong to claim that his
class of indexes is better than the other types of index to which he com-
pares his own. In any situation where there is more than one primary in-
put, Fenoaltea’s index is capable of preducing anomalous results, even in
some situations where the alternatives to which he compares his index
behave reasonably. The simulations reported in Fenoaltea's article never
make his index misbehave, because they all deal only with the case of a
single primary input.

Section | below presents examples of undesirable behavior by
Fenoaltea’s type of index. Section 2 argues that Fenoaltea's own criteria
fora good real value added measure point to the central importance of a
separability assumption. Section 3 summarizes conclusions.

'Fenoaltea [1976], p. 121, emphasis in original.
Fenoaltea [1976], pp. 119 120,
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ADDED HaAs OnLy ONE PRricr

/ . ANOMALIES ARISING I'ROM ASSUMING Vap

For an industry which produces its output directly from Priman,
factors, without any purchases of intermediate inputs. mogy CConOnjsy,
would agree that measurement of real value added presents no difliculjes:
real value added should in this case be identicad with reyl output. In fyy
all of the indexes Fenoaltea considers, except his own, agree in thiy Cing;
in measuring real value added as real oniput. The indexes Fenoaltey con.
siders are: gross output: David's index; the standard index of activity; yng
the doubie-deflated index. FFor the case of one output, two primary inputs
(K and L) and one intermediate input (A7), these measure the pereentagy
change in real value added as, respectively,
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where Q is output, K capital, L labor. A materials, ¥ value added. P the
price of output, 7 the price of materiais, and subscripted s are shares of
output. Fenoaltea’s own indexes measure the percentage change in real
value added as

Fenoaltea indexes:
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3rpie
B Thls Lomphu_ncd f_ormulu may 6ot make apparcnt the vompuiational appeat ot
avid's index: The ndex is current value added deflated by the price of output.
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where Py is a price index for value added. Clearly if there are no LeFic
inputs, $O that s = 0.8 = 1. indexes (1), (2). and @) all re ii L.f“-“&
dQ/ Q. as does (3) under competitive assumptions with 0 ‘= 1:(1((“? lo.
homogencous of degree one. (5) s dQ /Q in this case only if gp ' [',). I3
dP/P. thus for two tndustries in which relitive price has ch.‘-.mgcd ("/ oes
not give the natural answer. regardless of how Py is measured.

For example. if demand for the output of cach of two industries s
pnit-elastic and neither vses intermediate inputs. Fenoaltea's indc.xc::,v";;
never show change in the industries’ relative real value ;xddc.d .cvt
though (1)-(4) vould all agree on large changes in relative rcnl. v-‘ut.g
added.

Another class of examples. in which intermediate inputs are allowed
qrises when we consider two industries with fixed-coeflicients lcchnologics‘-
and inelastic demands. All inputs and outputs in these industries rcnnil.l
fixed while relative prices change. Most economists would agree that a ru
sonable definition of real value added would not vary as prices change in
this situation. Qbviously indexes (1). (3). and (4) behave reasonably here
while (2) and (5) do not. .

5) does

2. 18 SEPARABHATY IRRULEVANT?

Fenoaltea claums. A proper value measure of industrial production
.measures both the value of activity and the value of its results.”?
Thongh he does not give a precise explanation of what he means by “'re-
sults” and “activity”, he does give synonyms for activity (industr’)-_ in-
puts) and for results (industrial production. net output).® I agree that it is
essential 1o most interpretations ol real vatue added statistics that they
measure both “real primary inputs’ and *‘reai net output”™. It seems to me
reasonable to require that when a given industry uses exactly the same
vector of primary inputs at twe different times or in two different places.
then any measure of *real primary inputs™ should be the same in those
two times or two places. This implies that “real primary inputs™ is some
function a of the vector of primary inputs L. Correspondingly. “real net
output”’ ought to be a function r of the vector y of industry outputs and
intermediate goods inputs. If there is to be any single number which al-
ways measures both “real primary iuput’ and “real net output™. then we
must always have r(y) = a(L). for any y and L consistent with the in-
dustry’s technology.

Now we have that if a point ( y, L) is technologically efficient it must
satisfy r(y) = a(L). If conversely any point (3. L) such that r(y) =

11976, p. 113,
11976}, p. 112.




a(l) is cliicient, then r{( ) = a(l) defines the technology, and the tech.
nology is separable in yand /.8

When the technology is smoothly differentiable snd Lonvex, one ¢up
expect that the set of eflicient points will be an & -~ | dimensional sutlage,
where N is the total number of inpuis and outputs, and the set of points
r(3) = a(L) wilkalso be such a surface. Since the latter surface contaipg
the fermer, and both have the same diniension, they will be at least locally
identical. This completes a rongh sketeh ol a proot that a smooth teeh.
nology which admits an unambiguons measure of real value added mugg
be separable.’

3. CONCLUSIONS

Ifone admits that the real value added makes most sense when “ney
cutput™is some function of primary npults, then separability of the tech.
nolegy is important to the notion of real value added. Under perfeet
competition, the technology is linear homogencous and separable, in-
dexes (3) and (4)  the Divisia index of primary mputs and the “double-
deflated™ index of net ontput are both locally exact, The gross output
index (1) is locally exact only when intermediate inputs are absent or more
in proportion to total eutput. The David index is locally exact only if in-
termediate inputs are absent or the price of intermediate input moves in
propottion to the output price. The Fenoaltea index s exact only if
P[P — sydT/T) /sy is the same in all industries and dPy[ Py is chosen
cqual to this quantity.

Now it may sometimes happen that even though the separable-tech-
nology assumption is reasonable, the data necessary o compute (3) or (4)
are unavailable, the technology is not homogencous, or competitive as-
sumptions are not satisfied. Then one of the other indexes may be pref-
crable, and it would therefore be worthwhile to explore in more detail
exactly what assumptions beyond separability are required to justify cach
of the other indexes

A technology is separable in v and 7. if It can b expressed as et Ay =0
where Ay and Ay are cich one-dimensional. .

I readdly admit that this eometnie argument iy se sketehy as 10 be irritating 1 the

Keptic. A more complete argument might develop micresting msight into speetal cases
where real value added exists in not-separable technologics. Clearly fixed coeflicient tech.
nologies i which the chlivient set is the mtersection of V)= atdy with some addr
tianal restrictions provide one class of such special cases. Note that when there s only
one primary input. as g ull Fenoaltea’s examples, (he technology 15 automatically
sepitrable.
4 “I.-i.('r.. the David index works when Hl prices move in proportion, while the Fenodiliea
mdex in principle works under stightly tess restrictive asumptions, But it imay be that in a
closed ceconomy with separable technology i cach mdustry a tined price of value added
across industries imphics fixed relative prices.
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Also, it is not too hard to imagine situations where “net output” or
“total input’” is in some sense meaningful, even though the two notions
cannot be treated as identical. For example. it may be reasonable to com-
pute a net oulput measere as “value added at international prices” in an
cconoiy with taritf barniers. The fact that there is not in gencryl any way
to identify this “net output’™ with any one-dimensional measure of “total
input’” need not. in some applications. affect the uscfulness of the net out-
put measure. However, in such applications. where separability is not
claimed. a distinction between net output and total input is unavoidable
one cannot pretend that “‘real value added™ is both things at once.®

University of Minnesota
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9 1 . . R
Animportant new paper on this topic which sppearcd after this note was in proofs
is Sato [1976].
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