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ABSTRACT It has been argued in the literature that growth accounting may be undertaken
by directly differentiating the national income and product accounts identity where total
income equals labour’s total compensation and total profits. This paper shows that this is
‘ szmply an exercise in the manipulation of an accounting identity without necessarily having -
any theoretical foundation. Simulations show that the estimates of total factor productivity
growth resulting from growth accounting performed with aggregate monetary data are not
equivalent to the true rate of technological progress implied by the micro-data. This suggests
that results from the orthodox growth accountmg approach may be very mzsleadzng

KEY WORDS: Total factor product1v1ty growth, accounting 1dent1ty.

JEL CLASSIFICATION: O11, 016, 047, 053 ‘

Intro ductlon

Anumber of papers (Barro, 1999; Hsieh, 1999, 2002) haveargued thatthe neoclassmal
growth accounting exercises, specifically the derivation of the dual measure of total
factor productivity growth (TFPG), can be performed by simply differentiating the
National Income and Product Accounts (NIPA) identity. The identity is V,= W+11;
=w,L, + 7K, where V is value added, W is the total wage bill, I'T denotes total profits,
w is the average wage, L is employment, 7 is the rate of profit and J is the value of the
_capital stock. The monetary, or value, variables are all measured in real terms. 1
This approach to growth accounting stands in marked contrast to the argu-
ments of Felipe & McCombie (2003). There it was argued that precisely because
of the existence of the accounting identity, growth accounting exercises amount
to no more than manipulations of the ex-post national income accounting iden-
tity, and, as such, they are tautologies without necessarily any behavioural
content. The reason for the problem that Felipe & McCombie (2003) highlight is
~ that there is an important difference between using physical data, only available
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at a disaggregated level and which should theoretically be used in growth
accounting and productlon function studies, and data expressed in constant-
price monetary terms.> However, the latter is the form of data actually used in
“most, if not all, growth accounting exercises.

This paper has two purposes. The first one is to provide a critical evaluation of
what superficially seems might be a useful methodological procedure; that is, to -
derive the rate of TFPG directly from the NIPA, as suggested by Barro and Hsieh.
The second purpose is to consider, by using a simulation exercise, whether or not
the rate of total factor productivity growth using aggregate data (in constant-price
money terms) is always a reasonable approximation to the true rate of technical
progress calculated using disaggregated data (in physical terms). We find, in fact,
that the two values can differ markedly. We conclude that the growth accounting
“approach as presently carried out in most cases may give very misleading esti-
mates of technical change

The NIPA and Growth Accountlng

- The thesis of Barro—Hsieh is that growth accountmg exercises can be d1rect1y '
performed using data from the NIPA, according to Wthh value added equals the
payments to the factors of productlon, namely ~ '

Vi=w,L, + rt] ¢ ' g (1)

without a.ny other assumptlons For example, Hsieh (2002 p- 505) is of the oplmon
_that ‘with only the condition that output equals factor incomes, we have the result
- that the primal and dual measures of the Solow residual are equal. No other |
assumptions are needed for this result: we do not need any assumption about the
form of the production.function, bias of technological change, or relatlonshlp
between factor prices and their social marginal products.” Barro (1999, p. 123)
concurs: ‘the dual approach can be derived readily from the equality between
output and factor income’. To show this, he writes the income accounting 1dent1ty,
differentiates it, and expresses it in terms of growth rates (Barro, 1999, equations
' (7) and (8), p. 123). Barro and Hsieh agree that, in Barro’s words, ‘it is important to
recognize that the derivation of equation (8) [the growth accounting equation in
Barro’s paper] uses only the condition V, = ,J, + w,L,. No assumptions were made
about the relations of factor prices to soc1a1 margmal products or about the form of
‘the production function’ (Barro, 1999, p. 123).% Barro continues: ‘If the condition V,
= rJ; + w,L; holds, then the prlmal and dual estimates of TFP growth mev1tab1y
- coincide ... . If the condition V, = 7J; + w,L, holds, then the discrepancy between the
primal and dual estimates of TEP has to reflect the use of different data in the two
calculations’ (Barro 1999, pp. 123-124).
Alternatively, from our point of view, it is important to emphasize that the
symbol ‘=" in equation (1), which defines value added, indicates that it is an.
" accounting identity, which has, per se, no.behavioural implications and will hold
_ irrespective of the state of competition and Whether or not an aggregate produc—
tion function actually exists. »
Why do Hsieh and Barro argue that’ growth accounting can be undertaken by
simply manipulating the NIPA identity? The answer is that if equation (1) is differ-'
entiated with respect to time and expressed in growth rates, the following is”
obtained: :



The Tyranny of the Identity 285
V. = ad, +(1-a)f + aLy + (1" a;)]; : o ®@

Where the ‘hat” denotes a proportronal growth rate, a, = (w;L;)/V, is the share of
labour in output; and (1 —a,) = (r,jt)/ Vt is'the share of capital. Equation (2) can be
rearranged to give:

TFPG, =V, ~a, L, ~(1-a)f, R ¢
=ad, +(1-a)f, (3b)

where TFPG denotes the rate of total factor productivity growth.

- Equations (3a) and (3b), under the usual neoclassical assumptions, are formally
equivalent to the growth accounting residual measure of TFPG. These assump- -
~ tions include the existence of a well-behaved aggregate production function,
perfectly competitive markets, Hicks-neutral technical change, and the applicabil-
ity of the marginal productivity theory of factor pricing. Indeed, it may be shown
that the first-order conditions from differentiating the production function will,
through Euler’s theorem, ensure that the accounting identity holds. A result is
that the factor shares will equal the corresponding output elasticities, so we have:

N

V, =TFPG, +o,L, + B, . 4)

Where a, = a, and B, = (1-a,) and TFPG is the Solow residual. :

‘The underlying assumptions, however, are not innocuous. The mterpretatlon of
TFPG, in equations (3a) and (3b) as the rate of technological progress follows
directly from a comparison with equation (4). If this were not the case, there are
no grounds for referring to TFPG; in equations (3a) and (3b) as the rate of techni-
cal progress. In fact, it has been argued that the aggregate production function,
through the usual neoclassical assumptions and Euler’s theorem provides a
theory of the income side of the NIPA . (Hulten, 2000, p. 8; Prescott, 1998, p. 532;
see also Jorgenson & Griliches, 1967, pp. 252-253). The theory implies that given
~an aggregate production V = f(L, ], t) the following equation holds: V = f;L + fif. .
From the first-order conditions f; = (JF / 6L) = w and f; = (6F / &) = v, it follows
that V' = wL + vJ (where v is the rental price of capital) which is taken to be the
accounting identity, analogous to equation (1). The neoclassical framework
considers that the production function, through Euler’s theorem, implies the iden-
tity. The important thing to note is that under this argument, the interpretation of -
TFPG in equations (3a) and 3(b) as a measure of technical progress, or the growth
of output not explained by the growth of factor inputs, holds if, and only if, the
theory from which it was derrved holds.

However, our argument is that the wage bill and total profits can be divided into
the respectlve products (i.e. equation (1)) without recourse to any theory and does
not requlre that wage and profit rates equal their respective marginal products. We
maintain that the identity V= W + Il = wL + r] holds irrespective of whether or not
 any of these conditions are fulfilled (Felipe & McCombie, 2003). Hsieh’s quotation
cited above that ‘we do not need any assumption about the form of the productlon
function, bias of technological change, or relationship between factor prices and
their social marginal products is miisleading to the extent that it could be
interpreted as implying that none of these conditions are required for growth
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accounting. What it simply means is that if we have an identity X =Y + Z, then this
may be expressed asY = (1/0)X - ((1 — 6)/6)Z where 6 = Y/X. If we term the RHS
the ‘primal’, then by definition it must equal the LHS, whether it is called the ‘dual”
or anything else. Therefore, any measurement error on either the RHS or the LHS
of the equation must lead to an equal error on the opposite side. However, this
should not lead us to overlook the necessary assumptions that underlie the growth
accounting approach if either the dual or the primal is to be interpreted as a
measure of technical progress, or of the rate of increase in efficiency.

Consequently, bearing this qualification in mind, from the accountmg identity,
if a consistent data set (i.e. one for which the identity (1) holds) is used for calcu-
lating the dual and the primal measures of TFPG, then, by definition, they must
be equal. The identity consists of five variables, namely, V, w, L, r and J. If values
of each are obtained independently then it is possible that the identity, equation
(1), will not hold because of measurement error. For this reason, to ensure consis-
tency, one of the variables must be obtained residually. Normally, the ex post rate

‘of proflt is the variable that is calculated residually as r, = (V,— w, L,) /],.*

Itis important to mention that, in his calculations, Hsieh did not use the account- .
ing identity exactly as described above. Instead of calculating 7 residually, he
computed the rental price of capltal (v) as vy = q; [p; + 6; — 4;] (Jorgenson, 1963)

“where g is the price of capital, p is a measure of the cost of capital, § is the depreci-
ation rate and g, which equals dg/dt, is the capital gain or loss. If this is used in the
identity with the other variables independently measured, then there. ‘may be a

_sfatiStical or measurement problem along the lines outlined above. Nevertheless,
in Felipe & McCombie (2006 2007), we show that this issue does not pose a concep-
tual problem for our argument. In this case, value added should be adjusted to
ensure that the identity holds. :

A different approach by Hart (1996) would initially seem to agree with our
arguments; but there are significant differences. He starts from the accounting
identity and correctly emphasizes that ‘accounting identities, unlike the usual

. econometric estimates of production functions, hold in equilibrium and in dise-

quilibrium’ (Hart, 1996, p. 226). He views the identity as representing the trading
accounts of the representative firm, but because of data limitations, he uses
 macroeconomic data in his analysis. However, he calculates TFPG, or multifactor
productivity (MFP) growth as he terms it, as the weighted growth of factor prices,
citing in support of this the discussion.of the dual by Jorgenson & Griliches

(1967). Nevertheless, somewhat confusingly, he argues that the accounting iden-
tity (dual) approach makes it easier to explain the effects on MFP growth of ‘dise-
quilibrium, market imperfections, trade-union cost pushes, OPEC oil-price

. squeezes, Government price controls and incomes policies, regulation and dereg-
ulation and of other forces which influence profit margins. It must be remem-
bered that these dual measures of MFP are purely statistical, and, so far no use

‘has been made of production functions, returns to scale, marginal productivity,”
competitive equ111br1um conditions Or any economic theory of production’ (Hart
1996, p. 228). :

What then is the justification for using factor shares as weights for the growth of
the factor inputs, as Hart does? The standard justification rests solely on the argu-
ment that they are a good approxnnatlon to the output elast1c1t1es However, this

‘requires standard neoclassical production theory. Hart (1996, p. 229) gives an

example where an increase in value added V goes entirely to labour owing to trade
unioni bargaining: ‘so the direction of causation is from left to right’, i.e. from the
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increase in V to the increase in w. This means that the share of wages increases, but
we would argue this may have nothing to do with changes in the output elasticity -
of labour or in the technical conditions of production.’ Thus, the shares could
merely reflect the bargaining power of labour and capital and, as we have argued
above, can change without there necessarily being any change in the technical
conditions of production. Hence, in this case, the shares cannot be taken as reﬂect—
ing the aggregate output elasticities, even if these exist.

To discuss the decomposition of output growth in any meaningful way into
TFPG and the contribution of the growth of factor inputs does require aggregate
production theory, pace Hart. This is true whether we measure TFPG in terms of
the weighted growth of factor prices or in terms of the growth of output minus
the weighted growth of factor inputs. Indeed, the two methods will, as we have
seen, give identical results if r (or J) is calculated residually (as Hart does). Any
possible differences, as we have noted, will be purely statistical, owing to differ-
ent data sources, etc., if the five variables are calculated independently. Indeed,
Hart’s empirical analysis comes largely to this conclusion and ironically his
method, if not his interpretation, would be the same procedure as that adopted by
a neoclassical growth accountant working from the dual. ’

Hart (1996) also argues that when one uses gross output and double deflation,
the identity no longer holds. ‘Instead we write Y = L,M,K) and we use production
theory’ (Hart, 1996, p. 229), where.Y is gross output, M is materials and K is the -
capital stock. It is difficult to see any justification for this, as one needs to construct .
an implicit deflator for wages and profits and this should (must) preserve the iden-
tity in real terms. Hart concedes that analysis using the production function also
has to. use deflated monetary values ‘so the problems created by relative changes
in output and input prices are still present’ (Hart, 1996, p. 229). So, according to this
argument, an index number problem necessitates a particular theory, which is
then subject to the same problem. Index number problems do present problems for
quantitative analysis, but they-are only of second-order importance in this context.

Finally, it should be noted that estimates of TFPG have recently been calculated
using physical data for output at the seven-digit SIC product classification (Foster
et al., 2005). An example of this type of homogeneous output is ready-mixed
concrete or boxes. However, this approach does not avoid our strictures, as the
inputs are still measured in monetary terms and the weights are the cost shares.
Thus, total factor productivity growth in value terms is given by: '

TFP'Gz‘t =(Qu + Py)—ay, Ly —ay, ]y —ap, My —ag, Ey (5)
where Q'is the growth of firm i’s physical output, Pj is the rate of change of firm
-i's relative price and. M and E are the growth rates of materials and energy
measured in monetary terms at constant prices. The a’s are the relevant factor
shares. The growth of putative physical total factor productivity is glven by TFPG-
Q;; = TEPG;, — P, While this approach has the advantage of removing from the
estimate of total factor productivity growth fluctuations in a firm’s relative price
as a result of, for example, idiosyncratic demand shocks, it can be seen that the
contribution to output growth of the inputs is still calculated using monetary data.

Before concluding this section, it is worth noting that, as indicated above, a
crucial assumption underlying this whole approach is that a well-behaved aggre-
gate production function exists, which should theoretically be estimated using
- physical quantities. This is taken to be self-evident and is rarely, if ever, explicitly
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discussed.® However, this is not an innocuous assumption and indeed there are
two theoretical reasons for believing that the aggregate production function
cannot exist. The first stems from the results of the Cambridge Capital Theory
Controversies, which seem to have been long forgotten and are rarely now
mentioned in the literature. Nevertheless, however inconvenient for the aggregate
neoclassical approach, these results still stand. See, for example, the recent

retrospective view by Cohen & Harcourt (2003). Second, there are the equally, if .

not more damaging aggregation problems, recently surveyed by Felipe & Fisher
(2003). ’ : ;
~ Suffice to say here that both these critiques addressed, from very different points
of view, the question of whether or not the aggregate production function with the
- usual neoclassical properties is a legitimate concept, even when viewed as an
approximation. Both criticisms come to the same conclusion on this point: the
‘existence, and hence the use, of aggregate production functions is very problem-
atic. This implies that the connection made in neoclassical macroeconomics
between the identity, the aggregate production function and Euler’s theorem is
very tenuous, to say the least. Indeed, this line of reasoning is untenable if the
aggregate production function does not exist;” and as Fisher pointed out, ‘If aggre-
gate capital does not exist, then of course one cannot believe in the marginal
productivity of aggregate capital’ (Fisher 1971a, p. 405; italics in the original).
- Why then is the aggregate production function still so widely used? The answer,
although it is rarely explicitly stated, must be that ever since the early estimations
of Douglas and his colleagues, the statistical estimation of aggregate production
functions gives good fits with the estimates of the output elasticities close to the
observed factor shares, although time-series results are known for their fragility:
(see Sylos-Labini, 1995). This argument relies on Friedman’s (1953) instrumental
methodological justification that what matters are the successful predictions of a
theory, regardless of the unrealism of the underlying assumptions. Not only is this
view no longer widely held by philosophers of science, but also our argument
shows that this justification is flawed, even on its own terms (McCombie, 1998a).
The good statistical fit of a putative aggregate production has no implications for
whether or not the aggregate production function actually exists in the sense of-
reflecting the underlying technology of the economy or industry. -

Some S’imula_tioh Experiments -

To illustrate the above arguments, we undertook some simple simulations with a
view to determining what growth accounting is actually measuring.® The key
question behind the exercise is the following: if an aggregate production function
- does not exist, what is actually being measured as total factor productivity growth
in exercises that use aggregate data? This question has the following implications:
(i) if the answer is that it is some average of individual firms’ productivities, then
does the aggregate method accurately measure such an average? If not, why not?;
and (ii), more generally, how and to what extent may we be misled by the results
of aggregate growth accounting? o o _

It should be emphasized that we are not performing Monte Carlo simulations. -
The purpose of this exercise is merely to generate a data set whose underlying
structure is known, in both physical and monetary terms, in order to highlight the
'different results that the two types of data lead to in growth accounting exercises.
Monte Carlo simulations studying related issues, but answering different
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questlons were performed by Fehpe & Holz (2001). See also Fisher (1971b) and
Shaikh (1980).
Table 1 summarizes the assumptions of the simulations. We assume that there

- are well-defined firm micro-production functions, which are specified in physical

terms, as ideally they should be. The constant price monetary value of output
was calculated through a mark-up on unit labour costs and the value of total .

_profits was generated residually through the NIPA identity, i.e. equation (1). It is

assumed that each firm produces a homogenous output, which may, or may not,

" be the same for all firms. The analysis does not depend on this assumption so

long as, in the former case, it is not possible to recover the physical quantities -
from the monetary value data. In the latter case, i.e. output is not homogeneous
across firms, we cannot, of course, estimate a cross-section production function
using physical data. It is important to emphasize that we generated two types of
data, one in physical terms and the other in monetary terms. The former are
constructed to give a good fit to the firm Cobb-Douglas functions (Cobb &
Douglas 1928). The investigator does not know this form of the production func-
tion. Monetary data, as indicated above, are generated through the accounting
identity. The investigator knows all the monetary data, but cannot recover the
physical data from them.

It should also be noted that in the case where a cross-firm productlon function
is estunated no aggregation problem & la Fisher is involved if we assume all firms

. Table 1. Summary of the‘assumptions of the sirnularions

‘ Cross-Pzrnz Estimation of the Production Function

e There are 10 firms, one period.

e Identical production functions-are of the form Q; = AL*K (1_“), where Q;and K; are generated as

random variables. Ljs calculated through the produc’uon fu_nc’cron These are physical data. Ayis the
same across firms and normalized to 1.

e OQutput elasticities are (i) labour, o = 0. 25 (ii) capltal (1-a) =0.75, Wlth a random error to avoid
multicollinearity.

e Value data: Firms set prlces as a mark-up on unit labour costs, i.e. pl = (L+w)w;L;/ Q; where n= 0. 333

and is the same across firms.

Money wage rate is w; = w and is the same across firms.

Profit rate is 7; = 7 = 0.10 and is the same across firms.

Output in value terms is V; = p,Q;. -

Capital stock in value terms is J; = (V~w;L;)/7; = (V~wL;) /0.1.

Labour share in value terms is a; = (wL;))/V;=1/(1+u) = 0.75.

Capital share in value terms is (1~-a;).= p/(1+u) = 0.25.

Mean of a; is 0.744 (range from 0.698 fo 0.795)

~ Rate of technical progress and TFPG

* Outputs of the 10 firms grow at different rates over the period, but Q; =K. .

* Same rate of technical progress for all firms, ¢; = Ot(Q, =1, ;), assumed to be 0.5% = 0.25 (Q, L.
¢ Growth of employment L; = Q: —(@;./ &).

* Qutput elasticities (physical terms) and average shares (value terms) are, 1abour, a=0.25a=0.75
and capital, (1-a) = 0.75, (1-a) = 0.25.

True rate of technical progress (firm level): ¢; = Q, -0. 25L -0. 75K

Total factor productivity growth: TFPG; = =V, -0.75L; —0.25];.

Increasing Returns to Scale

e (Q,L and K and their O'rowth rates are as above

* OQutput elasticities are labour, o = 0.3, and capital, § = 0. 9. Degree of returns to scale =1.2.

e Value data calculated as before and mark-up pu is again 0.33. ‘
* Factor shares are labour, 2 = 0.75, and capital, (1-a) = 0.25.

C
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have the same technology, produce the same output and the firm is the unit of
observation. This is an important point. If we need to estimate a production func-
tion using outputs and inputs summed over different firms, we encounter all the
well-known aggregation problems. As monetary data have to be used in estimat-
ing this aggregate production function, we can explain why regressions using
these data give a good fit to the aggregate data when theoretically they should not
(Fisher, 1971b; Felipe & McCombie, 2005). However, the problem is even more
fundamental than this. As will be demonstrated, the accounting identity presents
insurmountable problems of interpretation, even when there are no aggregation
- ‘problems of any kind regarding functional forms, or affecting output, labour or
~capital (see Felipe & Fisher, 2003) or problems of the type discussed in the context
of the Cambridge debates regarding the nature and construction of capital stocks .
- (Cohen & Harcourt, 2003). ‘ _

- The important aspect of our simulations is that they show how the use of mone-
tary data can give results at variance with the true magnitudes of the underlying
.production functions and, therefore, misleading numerical estimates of both the
parameters of the production function and of the ‘rate of technical progress’. For
.Clarify, we will confine the term ‘technical progress’ to that calculated using
physical data; and the term ‘total factor productivity growth’ to that calculated -
using monetary data. : , : : \ :

Cross-Firm Estimation of the Production Function

In the first example, data in physiéal units were generated for 10 firms for one
period under the assumption that they all have identical Cobb-Douglas constant-
returns-to-scale production functions given by: ' - '

Qi =ALSKET o (e)

where Q; is the number of units of homogeneous output, generated as a random
variable; K;is the number of identical machines which are specific to the particular
industry, also generated as-a random variable; L; is the level of labour input,
- generated through the production function; 4, takes the same value for all firms
. and was normalized to unity. The parameters o and (1 — &) are the output elastic-
ities of labour and capital, respectively, and are constructed to take values of 0.25
and 0.75.° The output elasticities were thus deliberately chosen to be the converse
of the factor shares found in the NIPA. : e . ‘
In order to generate the monetary values, each firm sets prices as a mark-up on
unit labour costs, i.e. ‘ ' ‘ '

pi =1+ p)w,L; / Q; o ’. . )

The mark-up p is the same for all firms and takes a value of one third, so (1 + u) =
1.333. The wage rate is the same across firms, as is the profit rate r, which takes a
value of 0.10. The monetary value of the capital stock was calculated residually
through the accounting identity, equation (1), as J;= (V;~ wL,) /7, where V,is value
added, constructed as V; = p,Q; for each firm using equation (7). The values of the
factor shares are directly calculated using these monetary data. Labour’s share is
calculated as a; = (wL;)/V; and capital’s share as (1—a;) =(r];)/V;. It should also be
noted thata; = 1/(1 + ), and so it takes a value of 0.75 for each firm, with a small
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variation owing to the error term added. The mean value of labour’s share for the
- 10 firms is 0.744 (with a range of 0.698-0.795).
The mean value of the capital-output ratios in monetary terms (J;/V;) is 2.57
~ with a range of 2.24-3.18. These values are very close to what are observed empir-
ically, and are the result of a roughly constant rate of profit and a constant factor
share of capital. As J/V = (1 — a)/r, where (1 — a) is capital’s share and, as noted
.above, is approximately equal to 0.25 and the profit rate is 0.10, the capital-output
ratio will not differ much: from 2.50. As we are dealing with individual firms and
we design the simulations, we know both the phy51ca1 data and the monetary
values, as we know the prices. However, let us assume that the prices are unknown
to the investigator, as is usually the case, because the output and capital stocks for
different firms are aggregated in the NIPA, etc, using monetary values.
Consequently, V and ] (in constant prices, although because we only have one
period, the distinction between current and constant pr1ces does not arlse) were
taken as proxies for Q and K.

These monetary data were then used to estimate a cross-firm productlon fu_nc—
tion. The results of the estimation are: ~

InV = 2.867 + 0.750In L + 0.250 In 'R?=0.999
(478.77) (136.40) (45.41) s.e.r.=0.0025

This gives a remarkably close fit to the Cobb—Douglas produchon function, which
is to be expected given the method used to construct the data. However, some of -
Douglas and his colleagues’ early studies, which used real, as opposed to simu-
lated, cross—sectlonal (industry or region) data, also found very close statistical
fits.!® The sum of the estimated coefficients is 1.00 and this is not significantly -
“different from unity (the value of the t-ratio testing this hypothesis is 0.02). With
the close correspondence between the supposed ‘output elasticities” and factor.
shares calculated from the data (0.750; 0.744 and 0.250; 0.256), it is little Wonder

that such results could be interpreted as providing evidence in favour of competi-

tive markets and disproving the Marxian argument, as Douglas (1976 p- 914)

) clauned (See McCombie, 1998b and Felipe & Adams, 2005).

' This is not withstanding the fact that factors are not paid their margmal products
in physical terms in.our simulation data. Competition could force firms to be x-effi-
cient so that firms do hire the factors of production up to the point where their
physical returns equal their factor rewards in terms of the commodity produced.
This would determine, inter alia, the optimal L;/Q, which is used in the mark-up
pricing equation. However, using monetary data would still give estimates of the

‘output elasticities” equal to 1/(1 + w) and u/(1 + u), respectively. . ‘ '

It should be empha31zed that the estimated ‘output elasticities” are, of course,
not the same as the ‘true’ output elasticities of the micro-production function. In
other words, the true output elasticity of labour is 0.25, but the estimate using
monetary data is 0.75.

The goodness of fit is dependent upon the degree of variation in the mark—up
With identical mark—ups, the fit is exact (and estimation is not pos51b1e because of -
perfect multicollinearity). Indeed, it is the constant mark-up that is solely respon- -
sible for generating the spurious Cobb—Douglas relationship. To demonstrate this,
the physical values of the three series Q, L, and K were next generated as random
numbers. V and ] were calculated as before. The estimation yielded a very good fit
to the Cobb-Douglas with the values of the ‘output elasticities’ the same as before
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(the result is not reported here). This does not necessarily mean that we are postu-
lating that that output is actually a random function of the inputs. However, when
-one considers the complex production processes of any modern firm, there may be .
some individual parts of the process subject to fixed coefficients, whereas others
are subject to differing elasticities of substitution, to say nothing of differences
between plants in managerial and technical efficiencies. Thus, the randomness
‘may simply be a reflection of the severe misspecification error inherent in specify-
ing the m1cro-product10n function as a Cobb-Douglas. However, the important
point to note is that even in this case, where there is no well defined micro-produc-
‘tion function, the use of value-added data will give the impression that there exists
‘a well-behaved aggregate Cobb—Douglas production function. ‘

Rate of Technological AProgress and Total Factor Productivity Growth -

In order to calculate the growth of total factor product1v1ty, we need the growth -
rates of output, capital and labour. We assumed that outputs of the 10 hypothetical
- firms grow at different rates (we only have one growth period), but, for exposi-
tional purposes only, the series were constructed such that the growth rate of the
physical capital-output ratio is zero (i.e. output and capital grow at the same rate)
for all firms. It was also assumed that each firm experiences the same rate of tech-

nical progress (¢;), namely, 0.5% per annum, which is equal to ¢; = oc(Qz L;). This
~is due to the fact that the underlying production functions are Cobb-Douglas and
. that the growth of output equals the growth rate of capital, where both are -
measured in physical terms. Hence, the growth rate of employment for each firm

is given by as ﬁ Qz (¢; / @), where ¢; = 0.5%, as noted above. The output
elasticities of labour and capital in physical terms are again 0.25 and 0.75. However,
the average factor shares in monetary terms are 0.745 (with a range from 0.698 to
0.795) and 0.255, and the aggregate shares are also 0.745 and 0.255, as each firm has
the same mark-up. This means that the labour share of each firm is the same and
(if we aggregate over firms, the aggregate share comes to about the same value.

Although the investigator cannot use the values of the variables in physical
terms, we are able to do so simply because we have constructed the data set.
Consequently, we can calculate the rate of technical progress for each hypothetical
firm separately using the standard_ growth accounting equahon, that is,

EQi—aL.—a—a)K.'. o (8)

where a and (1-a), the factor shares of labour and capital, are assumed to equal the
output elasticities o and (1-«), 0.25 and 0.75, respectively.

As the rate of technical progress is the same for each firm, we can talk about the
_ rate of technical progress being 0.5% per annum, even in the case where we assume
that the physical outputs of the various firms are not homogeneous.

- However, the individual prices of the various firms are not available to the inves-
- tigator and so it is not possible to extract data on the physical units of output. All
that can be used in empirical work, as is usually true in practice, is the constantprice
- value of output and of the capital stock. The growth of total factor productivity in
these c1rcumstances is given by:

TFPG; =V, —al, ~1-a], . 9
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where now the shares of labour and capital are 0.75 and 0.25, respectively.

The unweighted mean rate of total factor productivity growth of the individual
firms is 1.49% per annum, which, not surprisingly, is almost identical to the rate of
total factor productivity growth (1.48% per annum) obtained by aggregating the
monetary data over all 10 firms and using these in an aggregate version of
equation (9). { :

‘'Thus, the use of physrcal data ylelds technical progress accounting, on average

(the unweighted mean), for @; =0. 25(Q, L, i), that is, 25% of labour productivity
growth, with a very small difference between firms owing to the small random

element introduced for the reasons noted above.'! However, the use of monetary
data for each of the 10 firms gives a mean value of the rate of total factor produc- .

tivity that is TFPG; = 0.75 (‘71 — ﬁi ), or 75% the growth of labour productivity, with
a range from 80% to 70%. The figure using the aggregate data (i.e. using the
aggregate values of output, labour and capital) is 74%. The reason for the marked
difference between these values and the ‘true’ rate of technical progress is that -
labour’s share of output in value terms is 0.75, while the “true’ output elast1c1ty of
labour is 0.25.

It is. worth noting that TFPG in equat10ns (3a) and (3b) can be wr1tten as

TFPG, = Vt atLt (1- at) ] ; which equals a, (V L) +(1—a, _)(V ] ). The last expres-
sion is a weighted average of the growth rates of labour and capital productivity.
Therefore, it could be argued that TFPG is an average measure of productivity
growth. This interpretation faces, however, the problems discussed in this subsec-
tion, namely, that the figure computed is not equivalent to the true rate of technical
progress. The growth of labour and capital productivity -in monetary terms are
unlikely to be the same as those measured in physical terms and the weights are .

* . arbitrary, in that the shares will change because of changes in, for example, the

mark-up.

Consequently, the use of monetary data produces a s1gmf1cant1y different
- estimate of the rate of technical progress, compared with the true value obtained
using physical data. Even with well-defined underlying Cobb-Douglas micro-
production functions expressed in physical terms, the use of monetary data as a
proxy for output can give very misleading estimates of the rate of techmcal
progress’. - -

Increasmg Returns to Scale and Total Factor Productivity Growth

What happens if the individual firms are subject to mcreasmg returns to scale
when physical data are used? To examine this questlon, we first estimated the
cross-firm production functions usmg monetary data when the micro-production
. 'functions exhibit the same degree of increasing returns to scale. The data for the
inputs in physical terms were the same as those used in the previous simulation,
with the exception that now the elasticities were multiplied by 1.20, so &’ = 0.30 and
B = 0.90. This represents a substantial degree of returns to scale and results in a
~ value of output that is significantly larger than when constant returns to scale are
" imposed. The monetary data were calculated the same way as before, with a mark—.
up once again of one-third.

Estimating the unrestricted Cobb-Douglas productlon function gives a result
that is virtually 1dent1ca1 to that for constant returns to scale, and reported above,
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except for a change in the value of the intercept. Consequently, we do not report
the results here. The estimates of the putative output elasticities are once again
very close to the observed monetary values of the factor shares and sum to unity,

- thereby erroneously suggesting that the production process of the various firms
-are subject to constarit returns to scale. The reason for this seemingly paradoxical

result is that the calculation of value added is given by pQ = V = (1 + pw)wL and as
nominal wages and the level of employment are the same as before, so is the
constant price measure of value added, although the price per unit is now lower.
Recall that we showed above that with monetary data estimation of the production
function would automatically y1e1d estimates of the ‘output elasticities” equal to
those of the factor shares:.

Next, we calculated the rate of technical progress and the growth of total factor
productivity. For comparability with the constant returns to scale case, the growth -
rates of physical output, capital and labour were the same as before. The rate of
technical progress was calculated using the physical data as

=0 —a'f, ﬁ'I% o (10)

where o’ =1. 2a and B’ =1.2(1 - a) It can be seen that the rate of technical progress
calculated using equation (10) will differ from the 0.5% in the case of constant
returns to scale. In fact, it will be on average lower, given the larger weights on the
growth of the factor inputs. The rate of technical progress, calculated using

equation (10) for each firm now varies considerably across firms (for reasons of
space we do not report the full results).’? The unweighted mean is (coincidentally)
0.00% per annum, with a range of +0.4 percentage points per annum."?

‘However, the growth rates of total factor productivity of the individual indus-
tries, calculated using equation (9) and monetary data, are again all approximately -
1.5% per annum. This is because the shares of labour and capital in monetary terms
are once again 0.75 and 0.25, and the growth rates of V, L and | are the same as
before.'* Thus, the use of monetary data can give a. very misleading estimate of the
true rate of technical progress. The use of monetary data erroneously ascribes the
effect of increasing returns on increasing the eff1c1ency of the factors of producﬁon

to the rate of technical progress.

Summar Y

The actual figures in the simulations are, of course, arbitrary as they depend on the
assumed rates of growth of physical output, capital and employment. Neverthe—
less, we can draw some conclusions from these snnulatlons - :

e The growth of total factor productivity depends cruc1a11y on the weights
attached to the growth of capital and labour. The growth accounting approach
assumes that factors are paid their marginal products and hence the technelog-
ically determined output elasticities will equal the factor shares. However,
when monetary data are used we have shown that the factor shares will always,
equal the putative output elasticities and both are determined by 1/(1 + u) (for

.labour) and u/(1 + p) (for capital), where 1 + y, it will be recalled, is the mark-
up. The estimates of the output elasticities using monetary data will almost
certainly differ from the true ones (always assummg that there is a Well—deflned'
mlcro—productlon functlon in phy51ca1 terms in the first place).
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* Where 1t is possible to compare the ‘true’ growth rate of technical progress with
the growth of total factor productivity in monetary terms (namely at the firm level
“here), the two values will probably differ markedly. In general, it is not possible
to recover the physical quantities (of both output and capital) from the monetary
data through the use of individual prices and so resortis made to the use of mone-
tary data in real terms with potentially very misleading results. Where the phys-
ical data is available, it can only be at a very low level of aggregation. It requires
- each output and capital good to be measured separately in physical terms. '
e The problems posed by the accounting identity are independent from, and in a -
- sense more fundamental than, either the aggregation problem or the Cambridge
Capital Theory Controversies. This is because the problems arise even when the
last two do not pose any problems

It should be clear by now that from the simulations that all estimations of aggre-
gate production functions do is to approximate the NIPA accounting identity, and
as such they are exercises that, although algebralcally correct, stand W1thout any
theoretical foundation.

What then are we to make of Barro’s (1999 p- 123) argument that an economy
that experiences an increase in both its real wage and profit rates must have
increased its overall level of productivity? It could be ‘argued that
TFPG, = a,W,; + (1—a;)7, measures such a rate of growth of efficiency. Certainly,
under these circumstances one can say that the economy is better off, because obvi-
ously this measure contributes positively to output growth. The point to note is

that, as we mentioned above, it is not possible to ascribe this unambiguously to the -

result of technical change the way it is done in the neoclassical model (i.e. by claim-

- ing that this concept is derived from a testable model). There is no reason to
assume that factor shares, i.e. the appropriate or theoretically justified weights
according to Barro (1999, p. 123), equal the output elasticities of the true aggregate
production function (if it, in fact, exists), or that production is necessarily subject
to constant returns to scale (although this is what the use of monetary data will

“show). The derivation is simply a tautology resulting from an identity with no
behavioural assumptions or implications, except that factor shares in monetary
terms are constant.'”

Suppose, for the sake of the argument, that the factor shares are deterrmned by
the relative barcrammg power of labour vis-i-vis capital. Let us assume further -
that capital’s share increases and labour’s share falls as a result of changes in
legislation relating to trade unions. Even though in physical terms the growth
rates of output and inputs, and hence of technical change, remain the same by_
assumption, the calculation of TFPG will show a decline compared with its prev1—

-ous value. Hence, the concept of total factor product1v1ty growth cannot be given
a technologlcal mterpretatlon

"Conclusions

This paper has shown how the use of monetary data may give very misleading
estimates of the true rate of techmical progress. The simulation exercises have
shown how the use of monetary data will give erroneous estimates of the sources
of growth. For example, even though the micro-production functions each exhib-
ited increasing returns to scale with labour and capital’s output elasticities taking -
a value of 0.3 and 0.9, respectively, empirical estimation with monetary data,
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however, gives the traditional values of 0.75 and 0.25. Moreover, the estimates of
TFPG are very different from the true values at the industry level.

How are then we to interpret the Solow residual, in either its primal or dual
form? For it to be a seen as a uniquely determined measure of technical progress
requires the assumption that the relationship between the inputs and output of the
economy (or individual industries) can be represented by an aggregate production
function. This seems implausible, given the theoretical objections that have been
levelled against it. As Hahn (1972, cited by Blaug, 1974, p. 19) put it:

It has often been the case that a neo-classical theory has been attempted in terms of
aggregate production functions and aggregates like capital. Except under absurdly
unrealistic assumptions such an aggregate theory cannot be shown to follow from the
proper theory and in general is therefore open to severe logical objection. ... It is
extremely unfortunate, and to some extent the fault of its practitioners, that neo-
classical theory has come to be identified with this aggregation theory. On purely.
theoretical grounds there is nothing to be said in its favor. ‘The view that that nonethe-
less it “may ‘work in practice’ sounds a little bogus and i in any case the onus of proof
' is on those Who maintain th_'lS

‘Recourse to empirical estimation does not shed any light on the issue, and, indeed,
itis always possible to get a perfect fit to the data in a form that resembles an aggre-
gate production function.

Barro (1999) has suggested how the growth accounting approach may be adjusted.

' to incorporate the arguments of the endogenous growth models. However, this

approach also requires the existence of a well-behaved aggregate production furic-

tion. The problem is that physical data for industrial processes are not readily avail-
able and where it is, it is at a very low level of aggregation. Moreover, it is very
unlikely that the simple (if not simplistic) Cobb-Douglas, or even the more flexible
functional forms such as the translog, are likely adequately to model the production
processes of a modern manufacturing plant or a firm in the service sector. ‘
Solow once remarked that: ‘I have never thought of the macroeconomic produc-
tion function as a rigorous justifiable concept. In my mind, it is either an illuminat-
ing parable, or else a mere device for handling data, to be used so long as it gives

- good empirical results, and to be abandoned as soon as it does not, or as soon as
something better comes along” (Solow 1966, pp. 1259-1260). Perhaps such a time

'has arrived. Felipe & Fisher (2003, p. 257) concluded their survey on the aggrega-
tion literature as follows: “‘Macroeconomists should pause before continuing to do
applied work with no sound foundation and dedicate some time to studying other
approaches to value, distribution, employment, growth, technical progress, etc., in
order to understand which questions can legltunately be posed to the emp1r1ca1
aggregate data.” The problems associated with the interpretation of neoclassical

- growth accounting exercise merely serves to reinforce these conclusions.
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Notes

1.

The national accounts only give data for total wages (W) and total profits (IT) but employment and
capital stocks (calculated using the perpetual inventory method) are readily available from many
statistical sources such as the OECD and the US Bureau of Labour Statistics.

2. This criticism, in a very sketchy form, can be traced back to the Reder (1943). More recent
expositions incliide Phelps Brown (1957), Shaikh (1980) and Simon (1979).

3. The notation in Barro’s quotations has been changed to make it cons1stent with that in tl'us
paper.

4. Alternatively, the values of one or more of the var1ab1es must be ad]usted to ensure that the identity
holds.

5. Hart suggests that this may possibly be due to a reorganization of labour agreed to by the unions.
To the extent that this leads to increased efficiency and output, then the causation could be said to
run from right to left. ‘

6. Reder (1943, p. 260) is an exception: ‘in economic theory a production function relates physical
quantities of output to quantities of physical input of the factors. But the Cobb—Douglas func-
tion ... relates the value added in manufacturing, defined as product, to the physical input of
labor services (labor) and the value of plant and equipment owned (capital)’ (1ta11cs in the origi-
nal).

7. As a consequence, parameters such as the aggregate elasticity of subsntutlon are meamngless In
the words of Fisher et al. (1977): ‘the elasticity of substitution in these production functions is an

“estimate” of nothing; there is no true aggregate parameter to which it corresponds’ (Fisher et ul
1977, p. 312).

8. These results extend an earlier 51mulat10n based on time-series data (McCombie, 2001).

9. To prevent perfect multicollinearity, a small random variable was added to these and, Where
necessary, other variables used in the simulation.

10. For example, Douglas (1976, p. 906) reports the followmg results for a producuon function based
on-American cross-section studies, 1904, 1909, 1914 .and 1919. : -
Year - ) o ) B o _ a+p
1904 ' 0.65 (32.5) v .0.31 (15.5) ' 0.96
1909 - - 0.63 (31.5) 0.34 (17.0) ‘ 0.97
1914 . ' 0.61 (30.5) e 0.37 (185) 0.98
1919 _ 0.76 (38.0) ' 0.25 (12.5) ‘ 1.01
Average = . R 0.66 (33.0) " 0.32 (16.0) 0.98

Notes: t-values in parentheses Total nu.mber of observations: 1490

11.

12.
13.

14.

15.
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Introduction -

Anumber of papers (Barro, 1999 Hsieh, 1999, 2002) have argued thatthe neoclassmal
growth accounting exercises, specifically the derivation of the dual measure of total
factor productivity growth (TFPG), can be performed by simply differentiating the
National Income and Product Accounts (NIPA) identity. The identity is V= Wy+11,
=w,L, + K, where V is value added, W is the total wage bill, IT denotes total profits,
wis the average wage, L is employment, r is the rate of profit and J is the value of the
capital stock. The monetary, or value, variables are all measured in real terms. b
This approach to growth accounting stands in marked contrast to the argu-
. ments of Felipe & McCombie (2003). There it was argued that precisely because
of the existence of the accounting identity, growth accounting exercises amount -
to no more than manipulations of the ex-post national income accounting iden-
tity, and, as such, they are tautologies without necessarily any behavioural
content. The reason for the problem that Felipe & McCombie (2003) highlight is
that there is an important difference between using physical data, only available .
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at a d1saggregated level and which should theoretically be used in growth
accounting and productlon function studies, and data expressed in constant-
price monetary terms.>? However, the latter is the form of data actually used in
most, if not all, growth accounting exercises.

This paper has two purposes. The first.one is to provide a critical evaluation of
what superficially seems might be a useful methodological procedure; that is, to
derive the rate of TFPG directly from the NIPA, as suggested by Barro and Hsieh.
The second purpose is to consider, by using a simulation exercise, whether or not
the rate of total factor productivity growth using aggregate data (in constant-price
money terms) is always a reasonable approximation to the true rate of technical
progress calculated using disaggregated data (in physical terms). We find, in fact,
that the two values can differ markedly. We conclude that the growth accounting
approach as presently carried out in most cases may glve very misleading esti-
mates of techmcal change.

The NIPA and Growth Accountlng

The thesis of Barro-Hsieh is that growth accounting exercises can be directly
performed using data from the NIPA, according to Wthh value added equals the
payments to the factors of production, namely:

V, = tht_"' 7] : , " @D

without any other assumptions. For example, Hsieh (2002, p. 505) is of the opinion
_that ‘with only the condition that output equals factor incomes, we have the result
that the primal and dual measures of the Solow residual are equal. No other
assumptions are needed for this result: we do not need any assumption about the
form of the production function, bias of technological change, or relationship
between factor prices and their social marginal products.” Barro (1999, p. 123)
concurs: ‘the dual approach can be derived readily from the equallty between -
output and factor income’. To show this, he writes the income accounting identity, '
differentiates it, and expresses it in terms of growth rates (Barro, 1999, equations
(7) and (8), p. 123). Barro and Hsieh agree that, in Barro’s words, ‘it is important to
recognize that the derivation of equation (8) [the growth accounting equation in
Barro’s paper] uses only the condition V; = rJ; + w,L;. No assumptions were made
about the relations of factor prices to soc1a1 marglnal products or about the form of
the production function” (Barro, 1999, p. 123).% Barro continues: ‘If the condition V;
= rJ, + wL; holds, then the primal and dual estimates of TFP growth mev1tably
_coincide ... . If the condition V, = r,J, + w,L, holds, then the discrepancy between the
- primal and dual estimates of TFP has to reflect the use of different data in the two
calculations’ (Barro 1999, pp. 123-124). '

Alternatively, from our point of view, it is important to emphasize that the
symbol ‘=" in equation (1), which defines value added, indicates that it is an
accounting identity, which has, per se, no behavioural implications and will hold
irrespective of the state of competition and whether or not an aggregate produc-
tion function actually exists.

Why do Hsieh and Barro argue that growth accounting can , be undertaken by
simply manipulating the NIPA identity? The answer is that if equation (1) is differ-
entiated with respect to time and expressed in growth rates, the following is
obtained:
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17 = atz?;t-;-(l—at)i’t +'atLA +(1—ﬂt)ft (2)

where the “hat’ denotes a proport1ona1 growth rate, a, = (tht)/ V, is the share of
labour in output and (1 —a,) = (rt]t) /V, is the share of capital. Equation (2) can be
rearranged to give: :

TFPG, =V~ 4 L,-(1-a)], o (3)
-E'atzbﬁ(l—.at)n o (3b)

where TFPG denotes the rate of total factor productivity growth.

Equations (3a) and (3b), under the usual neoclasszcal assumptions, are formally
equlvalent to the growth accounting residual measure of TFPG. These assump-
tions include the existence of a well-behaved aggregate production function,
perfectly competitive markets, Hicks-neutral technical change, and the applicabil-
ity of the marginal productivity theory of factor pricing. Indeed, it may be shown

“that the first-order conditions from differentiating the production function will,
through Euler’s theorem, ensure that the accounting identity holds. A result is
that the factor shares W111 equal the correspondlng output elasticities, so we have:

V, = TFPG; + ol + Bf: - (4)

where o, = a, and ,Bt (1-4,) and TFPG is the Solow residual.

The underlying assumptions, however, are not innocuous. The Jnterpretatlon of
TFPG, in equations (3a) and (3b) as the rate of technological progress follows
directly from a comparison with equation (4). If this were not the case, there are

-no grounds for referring to TFPG, in equations (3a) and’(3b) as the rate of techni-
“cal progress. In fact, it has been argued that the aggregate production function,
through the usual neoclassical assumptions and Euler’s theorem provides a
theory of the income side of the NIPA (Hulten, 2000, p. 8; Prescott, 1998, p. 532;
see also Jorgenson & Griliches, 1967, pp. 252-253). The theory implies that given
an aggregate production V = f(L, ], t) the following equation holds: V' = f;L + fj.
* From the first-order conditions f; = (&F / L) = w and f; = (JF / J]) = v, it follows
that V = wL + vJ (where v is the rental price of capital) which is taken to be the
accounting identity, analogous to equation (1). The neoclassical framework
considers that the production function, through Euler’s theorem, implies the iden-
tity. The important thing to note is that under this argument, the interpretation of
TFPG in equations (3a) and 3(b) as a measure of technical progress, or the growth
of output not explained by the growth of factor inputs, holds if, and only if, the
theory from which it was derived holds. '

However, our argument is that the wage bill and total profits can be divided into
the respectlve products (i.e. equation (1)) without recourse to any theory and does -
not require that wage and profit rates equal their respective marginal products. We
maintain that the identity V= W + Il = wL + 7] holds irrespective of whether or not
any of these conditions are fulfilled (Felipe & McCombie, 2003). Hsieh’s quotation

. cited above that ‘we do not need any assumption about the form of the production
function, bias of technological change, or relationship between factor prices and
their social marginal products’ is misleading to the extent that it could be
interpreted as implying that none of these conditions are required for' growth
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accountlng What it simply means is that if we have an 1dent1ty X=Y+2Z, then this
may be expressed asY = (1/9)X —((1 - 0)/9)2 where =Y /X. If we term the RHS
the ‘primal’, then by definition it must equal the LHS, whether it is called the ‘dual’
or anything else. Therefore, any measurement error on either the RHS or the LHS
of the equation must lead to an equal error on the opposite side. However, this
should not lead us to overlook the necessary assumptions that underlie the growth
accounting approach if either the dual or the primal is to be interpreted as a
measure of technical progress, or of the rate of increase in efficiency.

Consequently, bearing this qualification in mind, from the accounting identity,
if a consistent data set (i.e. one for which the identity (1) holds) is used for calcu-
lating the dual and the primal measures of TFPG, then, by definition, they must
be equal. The identity consists of five variables, namely, V, w, L, r and J. If values
of each are'obtained independently then it is possible that the identity, equation
(1), will not hold because of measturement error. For this reason, to ensure consis-
tency, one of the variables must be obtained residually. Normally, the ex post rate
of profit is the variable that is calculated residually as r, = (V, — w, L,) /],.*

- Itis important to mention that, in his calculations, Hsieh did not use the account-
ing identity exactly as described above. Instead of calculating r residually, he -
computed the rental price of capital (v) as v; = g; [o; + §; — 4;] (Jorgenson, 1963)
where g is the price of capital, p is a measure of the cost of capital, § is the depreci- -
ation rate and g, which equals dq/dt, is the capital gain or loss. If this is used in the
identity with the other variables independently measured, then there may be a
statistical or measurement problem along the lines outlined above. Nevertheless,

- in Felipe & McCombie (2006, 2007), we show that this issue does not pose a concep-

tual problem for our argument. In this case, value added should be adjusted to

ensure that the identity holds. '

A different approach by Hart (1996) would 1mt1a11y seem to agree with our
arguments; but there are significant differences. He starts from the accounting
identity and correctly emphasizes that ‘accounting identities, unlike the usual
econometric estimates of production functions, hold in equ111br1um and in dise-
quilibrium’ (Hart, 1996, p. 226). He views the identity as representing the trading
accounts of the representahve firm, but because. of data limitations, he uses
macroeconomic data in his analysis. However, he calculates TFPG, or multifactor

' productivity (MFP) growth as he terms it, as the weighted growth of factor prices,

citing in support of this the discussion of the dual by Jorgenson & Griliches

(1967). Nevertheless, somewhat confusingly, he argues that the accounting iden-

tity (dual) approach makes it easier to explain the effects on MFP growth of ‘dise-
quilibrium, market nnperfectlons, trade-union cost pushes, OPEC oil-price
squeezes, Government price controls and incomes policies, regulation and dereg-

ulation and of other forces which influence profit margins. It must be remem-
bered that these dual measures of MFP are purely statistical, and, so far no use
has been made of production functions, returns to scale, marginal productivity,

- competitive equilibrium conditions or any economic theory of production” (Hart,

1996, p. 228).

What then is the justification for using factor shares as weights for the growth of

- the factor inputs, as Hart does? The standard justification rests solely on the argu-

ment that they are a good approximation to the output elasticities. However, this

requires standard neoclassical production theory. Hart (1996, p. 229) gives an’
example where an increase in value added V goes entirely to labour owing to trade

- union bargaining: ‘so the direction of causation is from left to right’, i.e. from the
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increase in V to the increase in w. This means that the share of wages increases, but
we would argue this may have nothing to do with changes in the output elasticity
of labour or in the technical conditions of production.’ Thus, the shares could
merely reflect the bargaining power of labour and capital and, as we have argued
above, can change without there necessarily being any change in the technical
conditions of production. Herice, in this case, the shares cannot be taken as reflect-
ing the aggregate output elasticities, even if these exist.

To discuss the decomposition of output growth in any meaningful way into
TFPG and the contribution of the growth of factor inputs does require aggregate
production theory, pace Hart. This is true whether we measure TFPG in terms of
the weighted growth of factor prices or in terms of the growth of output minus.
the weighted growth of factor inputs. Indeed, the two methods will, as we have
seen, give identical results if 7 (or ]) is calculated residually (as Hart does). Any
possible differences, as we have noted, will be purely statistical, owing to differ-
ent data sources, etc., if the five variables are calculated independently. Indeed,"
Hart’s empirical analysis comes largely to this conclusion and ironically his

method, if not his interpretation, would be the same procedure as that adopted by
a neoclassical growth accountant working from the dual.
Hart (1996) also argues that when one uses gross output and double deflation,

- the identity no longer holds. ‘Instead we write Y = AL,M,K) and we use product1on
“theory’ (Hart, 1996, p. 229), where Y is gross output, M is materials and K is the -
capital stock. It is difficult to see any justification for this, as-one needs to construct
an implicit deflator for wages and profits and this should (must)’ preserve the iden-
tity in real terms. Hart concedes that analysis using the production function also
‘has to.use deflated monetary values “so the problems created by relative changés
in output and input prices are still present’ (Hart, 1996, p. 229). So, according to this
argument, an index number problem necessitates a particular theory, which is
then subject to the same problem. Index number problems do present problems for
quantitative analysis, but they are only of second-order importance in this context.

Finally, it should be noted that estimates of TFPG have recently been calculated
using physical data for output at the seven-digit SIC product classification (Foster
et al., 2005). An example of this type .of homogeneous output is ready-mixed:
concrete or boxes. However, this approach does not avoid our strictures, as the
inputs are still measured in monetary terms and the weights are the cost shares.
Thus; total factor productivity growth in value terms is given by:

~

TFPGy; = Qi + By) —-ar, Ly —aj, Ti —ap, M —ag, Ey (5)

where Q is the growth of firm i’s physical output P, is the rate of change of firm
i’s relative prlce and. M and E are the growth rates of materials and energy
measured in monetary terms at constant prices. The a’s are the relevant factor
shares. The growth of putative physical total factor productivity is glven by TFPG-
Q, = TFPG,, — P,. While this approach has the advantage of removing from the
estimate of total factor productivity growth fluctuations in a firm’s relative price
as a result of, for example, idiosyncratic demand shocks, it can be seen that the
contribution to output growth of the inputs is still calculated using monetary data.
‘ Before concluding this section, it is worth noting that, as indicated above, a

crucial assumption underlying this whole approach is that a well-behaved aggre-
gate production function exists, which should theoretically be estimated using
physical quantities. This is taken to be self-evident and is rarely, if ever, explicitly
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discussed.® However, this is not an innocuous assumption and indeed there are
two theoretical reasons for believing that the aggregate production function
cannot exist. The first stems from the results of the Cambridge Capital Theory
Controversies, which seem to have been long forgotten and are rarely now -
mentioned in the literature. Nevertheless, however inconvenient for the aggregate
neoclassical approach, these results still stand. See, for example, the recent
retrospective view by Cohen & Harcourt (2003). Second, there are the equally, if
not more damaging aggregation problems, recently surveyed by Fellpe & Fisher
(2003). ‘
Suffice to say here that both these cr1t1ques addressed, from very dlfferent points
of view, the question of whether or not the aggregate production function with the
usual neoclassical properties is a legitimate concept, even when viewed as an
approximation. Both criticisms come to the same conclusion on this point: the
- existence, and hence the use, of aggregate production functions is very problem-

- atic. This implies that the connection made in neoclassical macroeconomics

between the identity, the aggregate production function and Euler’s theorem is
very tenuous, to say the least. Indeed, this 11_ne of reasoning is untenable if the
aggregate production function does not exist;” and as Fisher pointed out, ‘If aggre-
gate capital does not exist, then of course one cannot believe in the marginal
productivity of aggregate capital” (Fisher 1971a, p. 405; italics in the original).

Why then is the aggregate production function still so W1de1y used? The answer,
although it is rarely explicitly stated, must be that ever since the early estimations
of Douglas and his colleagues, the statistical estimation of aggregate production
functions gives good fits with the estimates of the output elasticities close to the
observed factor shares, although time-series results are known for their fragility
(see Sylos-Labini, 1995). This argument relies on Friedman’s (1953) instrumental
methodological justification that what matters are the successful predictions of a
theory, regardless of the unrealism of the underlying assumptions. Not only is this
view no longer widely held by philosophers of science, but also our argument
shows that this justification is flawed, even on its own terms (McCombie, 1998a).
The good statistical fit of a putative aggregate production has no implications for

‘whether or not the aggregate production function actually exists in the serise of
- reflecting the underlying technology of the economy or industry.

‘Some Simulation Experiments

To illustrate the above arguments, we undertook some simple simulationis with a
view to determining what growth accounting is actually measuring.® The key
question behind the exercise is the following: if an aggregate production function
does not exist, what is actually being measured as total factor productivity growth
in exercises that use aggregate data? This question has the following implications:
(i) if the answer is that it is some average of individual firms’ productivities, then’
does the aggregate method accurately measure such an average? If not, why not?;
and (ii), more generally, how and to what extent may we be misled by the results
of aggregate growth accounting?

It should be emphasized that we are not performing Monte Carlo simulations.
The purpose of this exercise is merely to generate a data set whose underlying
structure is known, in both physical and monetary terms, in order to highlight the
different results that the two types of data lead to in growth accounting exercises. -
Monte Carlo simulations studying related issues, but answering different
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questions, were performed by Fehpe & I—Iolz (2001). See also Fisher (1971b) and
Shaikh (1980).
Table 1 summarizes the assumptions of the simnulations. We assume that there
are well-defined firm micro-production functions, which are specified in physical
terms, as ideally they should be. The constant price monetary value of output
was calculated through a mark-up on unit labour costs and the value of total
profits was generated residually through the NIPA identity, i.e. equation (1). It is
assumed that each firm produces a homogenous output, which may, or may not,
be the same for all firms. The analysis does not depend on this assumption so
long as, in the former case, it is not possible to recover the physical quantities
from the monetary value data. In the latter case, i.e. output is not homogeneous
. across firms, we cannot, of course, estimate a cross-section production function
using physical data. It is important to emphasize that we generated two types of
data, one in physical terms and the other in monetary terms. The former are
constructed to give a good fit to the firm Cobb-Douglas functions .(Cobb &
Douglas 1928). The investigator does not know this form of the production func-
tion. Monetary data, as indicated above, are generated through the accounting
identity. The investigator knows all the monetary data, but cannot recover the
physical data from them. -
It should also be noted that in the case Where a cross-firm production functlon
is estimated, no aggregation problem 4 la Fisher is involved if we assume all firms

Table 1. Summary of the assumptions of the simulations

Cross-Firm Estimation of the:Production Function

e There are 10 firms, one period. : ,

e Identical production functions are of the form Q; = AgL; ZK! (1-@) where Q; and K; are generated as
random variables. Lis calculated through the production functlon These are physical data. Ajis the
_same across firms and normalized to 1.

e Qutput elasticities are (i) labour, a = 0. 25 (i1) cap1tal (l—a) 0.75, with a random error to avoid
multicollinearity.

* Value data: Firms set prices as a mark~up on unit labour costs, ie.pi= (L+)w; L, ;/ Q, where i = 0.333
and is the same across firms. ~ , -

Money wage rate is w; = w and is the same across firms.

Profit rate is 7; = 7 = 0.10 and is the same across firms.

OQutput in value terms is V; = p,Q,

Capital stock in value terms is J; = (V~ ~wL) /1= (V wlL;)/0.1.

Labour share in value terms is o; = (wL;)/V; =1/(1+u) = 0.75.

Capital share in value terms is (l—ai) =u/(1+u) =0.25.

Mean of ¢; is 0.744 (range from 0.698 to 0.795)

Rate of ; technical progress and TFPG
* Outputs of the 10 firms grow at different rates over the period, but Qz = K .
* Same rate of technical progress for all firms, ¢; = Ol(Ql L ), assumed to be 0.5% = 0. 25 (Q, L;).
»  Growth of employment L; = Q; —(¢; / @). ‘
e Output elasticities (physical terms) and average shares (value terms) are, labour, ¢ = 0.25, 2 = 0.75
" and capital, (1-a) = 0.75, (1—-a) = 0.25. '
True rate of technical progress (firm level): @; = Q, -0. 25L -0. 75K
Total factor productivity growth: TFPG; V 0. 75L -0. 25]1

Increasmg Returns to Scale

‘e (@, L and K and their growth rates are as above :

¢ OQutput elasticities are labour, a = 0.3, and capital, § = 0.9. Degree of returns to scale = 1.2.
e Value data calculated as before and mark-up u is again 0.33.

e Factor shares are labour, a = 0.75, and capital, (1-a) = 0.25.
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have the same technology, produce the same output and the firm is the unit of
observation. This is an important point. If we need to estimate a production func-
tion using outputs and inputs summed over different firms, we encounter all the
well-known aggregation problems. As monetary data have to be used in estimat-
ing this aggregate production function, we can explain why regressions using
these data give a good fit to the aggregate data when theoretically they should not
(Fisher, 1971b; Felipe & McCombie, 2005). However, the problem is even more
fundamental than this. As will be demonstrated, the accounting identity presents
insurmountable problems of interpretation, even when there are no aggregation
problems of any kind regarding functional forms, or affecting output, labour or
capital (see Felipe & Fisher, 2003) or problems of the type discussed in the context
of the Cambridge debates regarding the nature and construction of capital stocks
(Cohen & Harcourt, 2003). . a : \ ' ,
~ The important aspect of our simulations is that they show how the use of mone-
tary data can give results at variance with the true magnitudes of the underlying
production functions and, therefore, misleading numerical estimates of both the
parameters of the production function and of the ‘rate of technical progress’. For
clarity, we will confine the term ‘technical progress’ to that calculated using
physical data; and the term ‘total factor productivity growth’ to that calculated .
‘using monetary data. : S S -

Cross-Firm Estimation of the Production Function

In the first example, data in physicai units were generated for 10 firms for one
period under the assumption that they all have identical Cobb—Douglas constant-
returns-to-scale production functions given by: '

Qi.: AOLiaKi(l_a) R ‘ . (6)

where Q; is the number of units of homogeneous output, generated as a random
variable; K;is the number of identical machines which are specific to the particular
industry, also generated as a fandpm variable; L; is the level of labour input,.
generated through the production function; A, takes the same value for all firms
and was normalized to unity. The parameters & and (1 — ) are the output elastic-
ities of labour and capital, respectively, and are constructed to take values of 0.25
and 0.75.° The output elasticities were thus deliberately chosen to be the converse
of the factor shares found in the NIPA. o P

In order to generate the monetary values, each firm sets prices as a mark-up on
unit labour costs, i.e. ' '

pi = (1+ H)w;L; /Qi | | | T (7)

/The mark-up u is the same for all firms and takes a value of one third, so (1 + u) =
1.333. The wage rate is the same across firms, as is the profit rate r, which takes a
value of 0.10. The monetary value of the capital stock was calculated residually
through the accounting identity, equation (1), as J;= (V;— wL,) /7, where V;, is value
~ added, constructed as V; = p;Q; for each firm using equation (7). The values of the
factor shares are directly calculated using these monetary data. Labour’s share is
calculated as a; = (wL;)/V; and capital’s share as (1 — a;) = (+],)/ V.. It should also be
noted that a; = 1/(1 + u), and so it takes a value of 0.75 for each firm, with a small
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~

variation owing to the error term added. The mean value of labour’s share for the
10 firms is 0.744 (with a range of 0.698-0.795).

The mean value of the capital-output ratios in monetary terms (J;/V);) is 2.57
‘with a range of 2.24-3.18. These values are very close to what are observed empir-
ically, and are the result of a roughly constant rate of profit and a constant factor
share of capital. As J/V = (1 — a)/r, where (1 — a) is capital’s share and, as noted
~ above, is approximately equal to 0.25 and the profit rate is 0.10, the capital-output
ratio will not differ much from 2.50. As we are dealing with individual firms and
" we design the simulations, we know both the physical data and the monetary
values, as we know the prices. However, let us assume that the prices are unknown
to the investigator, as‘is usually the case, because the output and capital stocks for
different firms are aggregated in the NIPA, etc, using monetary values.
Consequently, V and ] (in constant prices, although because we only have one
period, the distinction between current and constant prlces does not arise) were
_ taken as proxies for Q and K. /-

These monetary data were then used to estimate a cross—flrm productlon func-
tion. The results of the estimation are: -

InV =2.867 +0.750In L+ 0.250In ] R2 =0.999
| (478.77) (136.40) (45.41) s.e.r.=0.0025

This gives a remarkably close fit to the Cobb—Douglas productlon function, Wh1ch
is to be expected given the method used to construct the data. However, some of
Douglas and his colleagues’ early studies, which used real, as opposed to simu-
lated, .cross-sectional (industry or region) data, also found very close statistical
fits.'? The sum of the estimated coefficients is 1.00 and this is not significantly
different from unity (the value of the t-ratio testing this hypothesis is 0.02). With
the close correspondence between the supposed ‘output elasticities’ and factor -
shares calculated from the data (0.750; 0.744 and 0.250; 0.256), it is little wonder

that such results could be interpreted as providing evidence in favour of competi-
tive markets and disproving the Marxian argument, as Douglas (1976, p. 914)
claimed (See McCombie, 1998b and Felipe & Adams, 2005). 7

This is not withstanding the fact that factors are not paid their marginal products '
in physical terms in.our simulation data. Competition could force firms to be x-effi-
cient so that firths do hire the factors of production up .to the point where their
physical returns equal their factor rewards in terms of the commodity produced.
This would determine, inter alia, the optimal L;/Q, which is used in the mark-up
pricing equation. However, using monetary data would still give estimates of the

‘output elasticities” equal to 1/(1 + u) and p/ (1 + p), respectively. ,
It should be emphasized that the estimated ‘output elasticities” are, of course,
not the same as the “true’ output elasticities of the micro-production function. In
other words, the true output elasticity of labour is 0.25, but the estimate using
monetary data is 0.75. :

The goodness of fit is dependent upon the degree of variation in the mark-up.
With identical mark-ups, the fit is exact (and estimation is not possible because of
perfect multicollinearity). Indeed, it is the constant mark-up that is solely respon-
sible for generating the spurious Cobb—Douglas relationship. To demonstrate this,
the physical values of the three series Q, L, and K were next generated as random
numbers. V and ] were calculated as before. The estimation yielded a very good fit
to the Cobb-Douglas with the values of the ‘output elasticities” the same as before
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(the result is not reported here). This does not necessarily mean that we are postu-
lating that that output is actually a random function of the inputs. However, when
one considers the complex production processes of any modern firm, there may be
some individual parts of the process subject to fixed coefficients, whereas others
are subject to differing elasticities of substitution, to say nothing of differences
between plants in managerial and technical efficiencies. Thus, the randomness
may simply be a reflection of the severe misspecification error inherent in specify-
ing the micro-production function as a Cobb-Douglas. However, the important
point to note is that even in this case, where there is no well defined micro-produc-
tion function, the use of value-added data will give the impression that there exists
. a well-behaved aggregate Cobb-Douglas production function. '

Rate of Technological Progtess and Total Factor Productivity Growth

In order to calculate the growth of total factor product1v1ty, we need the growth -
rates of output, capital and labour. We assumed that outputs of the 10 hypothetical
firms grow at different rates (we only have one growth period), but, for exposi-
tional purposes only, the series were constructed such that the growth rate of the
physical capital-output ratio is zero (i.e. output and capital grow at the same rate)
for all firms. It was also assumed that each firm experiences the same rate of tech-

. nical progress (¢;), namely, 0.5% per annum, which is equal to ¢; = 05(@z L;). This
is due to the fact that the underlying production functions are Cobb—Douglas and
that the growth of output equals the growth rate of capital, where both are
measured in physical terms. Hence, the growth rate of employment for each firm

is given by as f:i = Qi —(¢; / &), where ¢; = 0.5%, as noted above. The output .
elasticities of labour and capital in physical terms are again 0.25 and 0.75. However,
. the average factor shares in monetary terms are 0.745 (with a range from 0.698 to
0.795) and 0.255, and the aggregate shares are also 0.745 and 0.255, as each firm has
the same mark-up. This means that the labour share of each firm is the same and
if we aggregate over firms, the aggregate share comes to about the same value.

Although the investigator cannot use the values of the variables in physical
terms, we are able to do so simply because we have constructed the data set.
Consequently, we can calculate the rate of technical progress for each hypothetical
firm separately using the standard growth accounting equation; that is,

=0, —al, - (1-a)k, | 8

where a and (1-a), the factor shares of labour and. capital, are assumed to equal the"
- output elasticities @ and (1-a), 0.25 and 0.75, respectively. :

As the rate of technical progress is the same for each firm, we can talk about the
rate of technical progress being 0.5% per annum, even in the case where we assume
that the physical outputs of the various firms are not homogeneous.

However, the individual prices of the various firms are not available to the inves-
tigator and so it is not possible to extract data on the physical units of output. All
that can be used in empirical work, as is usually true in practice, is the constantprice "
value of output and of the capital stock. The growth of total factor productivity in
these c1rcumstances is given by: :

TFPG; =V, —aL; —(1—a)J; | , o : ©)
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where now the shares of labour and capital are 0.75 and 0.25, respectively. |
The unweighted mean rate of total factor productivity growth of the individual
firms is 1.49% per annum, which, not surprisingly, is almost identical to the rate of
“total factor productivity growth (1.48% per annum) obtained by aggregating the
monetary data  over all 10 firmms and using these in an aggregate version of
equation (9).
Thus, the use of physical data ylelds techmcal progress accounting, on average

(the unweighted mean), for ¢; =0. 25(Q1 L i), that is, 25% of labour productivity
growth, with a very small difference between firms owing to the small random

element introduced for the reasons noted above.'! However, the use of monetary
data for each of the 10 firms gives a mean value of the rate of total factor produc-

tivity that is TFPG; = 0.75 (V L ), or 75% the growth of labour productivity, with
 a range from 80% to 70%. The figure using the aggregate data (i.e. using the
aggregate values of output, labour and capital) is 74%. The reason for the marked
difference between these values and the ‘true’ rate of technical progress is that .
labour’s share of output in value terms is 0.75, while the ‘true’ output elast1c1ty of
labour is 0.25.

It is Worth noting that TFPG in equations - (3a) and_ (Sb) can be written” as

TFPG, = Vt - atLt 1-a, )]t which equals at(V L) +(1- at)(V ]) The last expres-
sion is a weighted average of the growth rates of labour and capital productivity.
Therefore, it could be argued that TFPG is an average measure of productivity
growth. This interpretation faces, however, the problems discussed in this subsec-
tion, namely, that the figure computed is not equivalent to the true rate of technical

progress. The growth of labour and capital productivity in monetary terms are .

unlikely to be the same as those measured in physical terms and the weights are
arb1trary, in that the. shares will Change because of changes in, for example, the
mark-up. :

Consequently, the use of monetary data produces a 51gn1f1cant1y different
‘estimate of the rate of technical progress, compared with the true value obtained
using physical data Even with well-defined underlying Cobb—Douglas micro-
production functions expressed in physical terms, the use of monetary data as a
proxy for output can give very misleading estlrnates of the rate of ‘technical
progress’.

Increasing Returns to Scale and Total Factor Productivity Growth

" What happens if the individual firms are sub;ect to increasing returns to scale
when physical data are used? To examine this question, we first estimated the
cross-firm production functions usmg monetary data when the micro-production
functions exhibit the same degree of increasing returns to scale. The data for the
inputs in physical terms were the same as those used in the previous simulation,
with the exception that now the elasticities were multiplied by 1.20,s0 & =0.30 and
B = 0.90. This represents a substantial degree of returns to scale and results in a
value of output that is significantly larger than when constant returns to scale are
imposed. The monetary data were calculated the same way as before, with a mark—
' up once again of one-third. :
Estimating the unrestricted Cobb—Douglas production function gives a result
that is virtually identical to that for constant returns to scale, and reported above,
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except for a change in the value of the intercept. Consequently, we do not report
the results here. The estimates of the putative output elasticities are. once again
very close to the observed monetary values of the factor shares and sum to unity,
thereby erroneously suggesting that the production process of the various firms
are subject to constant returns to scale. The reason for this seemingly paradoxical
result is that the calculation of value added is given by pQ = V = (1 + p)wL and as
nominal wages and the level of employment are the same as before, so is the
constant price measure of value added, although the price per unit is now lower.

Recall that we showed above that with monetary data estimation of the production
function would automatically yield estimates of the ‘output elasticities” equal to
those of the factor shares.

Next, we calculated the rate of technical progress and the growth of total factor
productivity. For comparability with the constant returns to scale case, the growth
rates of phys1ca1 output, capital and labour were the same as before. The rate of
technical progress was calculated using the physical data as :

0. =0 —a'l, mz | o © 10

where o =1.2a and ' =1. 2(1 - a) It can be seen that the rate of techn1cal progress
calculated using equation (10) will differ from the 0.5% in the case of constant
returns to scale. In fact, it will be on average lower, given the larger weights on the
growth of the factor inputs. The rate of technical progress, calculated using
equation (10) for each firm now varies considerably across firms (for reasons of
space we do not report the full results).'? The unweighted mean is (comc1denta11y)
0.00% per annum, with a range of 0.4 percentage points per annum.

However, the growth rates of total factor productivity of the individual indus-
tries, calculated using equation (9) and monetary data, are again all approximately
1.5% per annum. This is because the shares of labour and capital in monetary terms

" are once again 0.75 and 0.25, and the growth rates of V, L and ] are the same as

before.* Thus, the use of monetary data can give a very misleading estimate of the
true rate of technical progress. The use of monetary data erroneously ascribes the
effect of increasing returns on increasing the eff1c1ency of the factors of production
to the rate of techlucal progress. ‘

1

Summary

The actual figures in the simulations are, of course, arbitrary as they depend on the
assumed rates of growth of physical output, capital and employment Neverthe-
less, we can draW some conclusmns from these simulations.

e The growth of total factor productivity depends cruc1a11y on the WEIghtS
-attached to the growth of capital and labour. The growth accounting approach
assumes that factors aré paid their marginal products and hence the technolog-
ically determined output elasticities will equal the factor shares. However,
when monetary data are used we have shown that the factor shares will always
equal the putative output elasticities and both are determined by 1/(1 + 1) (for
labour) and u/(1 + u) (for capital), where 1 + u, it will be recalled, is the mark-
- up. The estimates of the output elasticities using monetary data will almost
certainly differ from the true ones (always assuming that there is a well-defined
micro-production function in physical terms in the first place).
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* Where it is possible to compare the ‘true’ growth rate of technical progress with
the growth of total factor productivity inmonetary terms (namely at the firm level -
here), the two values will probably differ markedly. In general, it is not possible
to recover the physical quantities (of both output and capital) from the monetary
data through the use of individual prices and'so resortis made to the use of mone-

‘tary data in real terms with potentially very misleading results. Where the phys-
ical data is available, it can only be at a very low level of aggregation. It requires
each output and capital good to be measured separately in physical terms.

e The problems posed by the accounting identity are independent from, and in a
sense more fundamental than, either the aggregation problem or the Cambridge
Capital Theory Controversies. This is because the problems arise even when the
last two do not pose any problem:s.

It should be clear by now that from the simulations that all estimations of aggre-
gate production functions do is to approximate the NIPA accounting identity, and
as such they are exercises that, although algebralcally correct, stand Wlthout any
theoretical foundation. o
What then are we to make of Barro’s (1999, p. 123) argument that an economy
that experiences an increase in both its real wage and profit rates must have
increased its overall level of productivity? It could be argued that
TFPG, = a,w; +(1—a;)%; measures such a rate of growth of efficiency. Certainly,
under these circumstances one can say that the economy is better off, because obvi-
ously this measure contributes positively to output growth. The point to note is
-that, as we mentioned above, it is not possible to ascribe this unambiguously to the -
result of technical change the way it is done in the neoclassical model (i.e. by claim-
ing that this concept is derived from a testable model). There is no reason to
assume that factor shares; i.e. the appropriate or theoretically justified weights
according to Barro (1999, p. 123), equal the output elasticities of the true aggregate
production function (if it, in fact, exists), or that production is necessarily subject
to constant returns to scale (although this is what the use of monetary data will
show). The derivation is simply a tautology resulting from an identity with no
behavioural assumptions or 1mp11cat10ns, except that factor shares in monetary
terms are constant.™
Suppose, for the sake of the argument that the factor shares are determined by

the relative bargaining power of labour vis-a-vis capital. Let us assume further
that capital’s share increases and labour’s share falls as a result of changes in
legislation relating to trade unions. Even though in physical terms the growth

rates of output and inputs, and hence of technical change, remain the same by
assumption, the calculation of TFPG will show a decline compared with its previ-

ous value. Hence, the concept of total factor productivity growth cannct be given

a technological interpretation.

Conclusions

This paper has shown how the use of monetary data may give very misleading
estimates of the true rate of technical progress. The simulation exercises have
shown how the use of monetary data will give erroneous estimates of the sources
of growth. For example, even though the micro-production functions each exhib-
ited increasing returns to scale with labour and capital’s output elasticities taking
a value of 0.3 and 0.9, respectively, empirical estimation with monetary data,
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however, gives the traditional values of 0.75 and 0.25. Moreover, the estimates of '
TFPG are very different from the true values at the industry level.

How are then we to interpret the Solow residual, in either its primal or dual
form? For it to be a seen as a uniquely determined measure of technical progress
requires the assumption that the relationship between the inputs and output of the -

“economy (or individual industries) can be represented by an aggregate production

function. This seems implausible, given the theoretical objections that have been
levelled against it. As Hahn (1972, cited by Blaug, 1974, p. 19) putit:

It has often been the case that a neo- _classical theory has been atternpted in terms of
aggregate production functions and aggregates like capital. Except under absurdly
unrealistic assumptions such an aggregate theory cannot be shown to follow from the
proper theory and in general is therefore open to severe logical objection. ... It is
extremely unfortunate, and to some extent the fault of its practitioners, that neo-
classical theory has come to be identified with this aggregation theory. On purely
theoretical grounds there is nothing to be said in its favor. The view that that nonethe-
less it “may work in practice’ sounds a little bogus and in any case the onus of proof
is on those who maintain this.

Recourse to empirical estimation does not shed any light on the issue, and, indeed,
itis always possible to get a perfect fit to the data in a form that resembles an aggre-
gate production function.

Barro (1999) has suggested how the growth accountmg approach may be adjusted
to incorporate the arguments of the endogenous growth models. However, this
approach also requires the existence of a well-behaved aggregate production func-
tion. The problem is that physical data for industrial processes are notreadily avail-

 able and where it is, it is at a very low level of aggregation. Moreover, it is very .

unlikely that the simple (if not simplistic) Cobb—Douglas, or even the more flexible -

functional forms such as the translog, are likely adequately to model the production

processes of a modern manufacturing plant or a firm in the service sector.

Solow once remarked that: ‘I have never thought of the macroeconomic produec-
tion function as a rigorous justifiable concept. In my mind, it is either an illuminat-
ing parable, or else a mere device for handling data, to be used so long as it gives
good empirical results, and to be abandoned as soon as it does not, or as soon as
something better comes along’ (Solow 1966, pp. 1259-1260). Perhaps such a time
has arrived. Felipe & Fisher (2003, p. 257) concluded their survey on the aggrega-

‘tion literature as follows: “Macroeconomists should pause before continuing to do

applied work with no sound foundation and dedicate some time to studying other
approaches to value, distribution, employment, growth, technical progress, etc., in
order to understand which questions can legitimately be posed to the empirical
aggregate data.” The, problems associated with the interpretation of neoclassical
growth accounting exercise merely serves to reinforce these conclusions.
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Notes

1.

The national accounts only give data for total wages (W) and total profits (IT) but employment and
capital stocks (calculated using the perpetual inventory method) are readily available from many
statistical sources such as the OECD and the US Bureau of Labour Statistics.

2. This criticism, in a very sketchy form, can be traced back to the Reder (1943). More recent
expositions include Phelps Brown (1957), Shaikh (1980) and Simon (1979).

3. The notation in Barro’s quotations has been changed to make it consistent with that in this
paper.

4. Alternanvely, the values of one or more of the variables must be adjusted to ensure that the identity
holds. :

5. Hart suggests that this may possibly be due to a reorganization of labour agreed to by the unions.
To the extent that this leads to mcreased efficiency and output, then the causation could be said to
run from rrght to left.

6. Reder (1943, p. 260) is an exception: “in economic theory a productlon function relates physical
quantities of output to quantities of physical input of the factors. But the Cobb—Douglas func-
tion ... relates the value added in manufacturing, defined as product, to the physical input of
labor services (labor) and the value of plant and eqmpment owned (capital)’ (italics in the origi-
nal).

- 7. As a consequence, parameters such as the aggregate elasticity of subsh‘mhon are meaningless. In
the words of Fisher et al. (1977): ‘the elasticity of substitution in these producnon functions is an
“estimate” of nothing; there is no true aggregate parameter to wl'uch it corresponds (Fisher et al.,
1977, p: 312). :

8. These results extend an earlier s1mulat10n based on time-series data (McCombie, 2001).

9. .To prevent perfect multicollinearity, a small random variable was added to these and, where
necessary, other variables used in the simulation. '

10. For example, Douglas (1976, p. 906) reports the following results for a produc’non function based
on American cross-section studies, 1904 1909, 1914 and -1919.

. Year . ‘ a , . Y B : . a+p
1904 . ' » 0.65 (32.5) - 0.31(15.5) , 0.96
1909 = - . 0.63 (31.5) o -0.34 (17.0) 0.97
1914 . 0.61(30.5) ; . 0.37 (18.5) 0.98
1919 ' 0.76 (38.0) - - 0.25(12.5) 1.01
Average , . 0.66 (33.0) : 0.32 (16.0) : 0.98

11.

12.

13.

14.

15.

. Notes: t-values in parenrheses. Total number of observations: 1490.

This is because there is no growth in the physical capital-output ratio, @; = Q& (Q; —L;) and ¢, the
physical output elast1c1ty of labour, is equal to 0.25. Hence the rate of technical progress equals one
quarter of the growth of labour productivity.

This is because while the growth rates of Q and K are the same between firms, employment growth
rates differ and so the change in Welghtmg causes the rate of ’cechmcal change now.to differ across
firms.' \

As we cannot sum across the physical quanutles, we cannot calculate a meaningful average rate of
techrucal progress, as the individual rates cannot be unambiguously or u.mquely weighted.

Nevertheless, we did ¢alculate the unweighted mean.

With a constant mark-up of 1.333, the shares will be always 0.75 and 0.25, regardless of the technical
conditions of production (e.g. the degree of returns to scale).

We have adopted a mark-up pricing policy to generate constant shares in value terms. However,
there are any number ways that t}'us could occur (e.g. through a bargalrung model or a Kaldorian
model of dlstrlbutlon) .
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