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In an article in the 2006 volume of this journal, Jonathan Temple presented a
defence of the use of the aggregate production function in growth theory in the
light of various criticisms that have been levelled at it. These criticisms include
the Cambridge Capital Theory Controversies, various aggregation problems, and
‘the problems posed by the use of value data and the underlying accounting
identity. We show that Temple has underestimated the seriousness of these
criticisms, especially the last one, which vitiates the concept of the aggregate
production function. Because of the identity, estimates of putative aggregate
production functions, such as the aggregate elasticity of substitution, cannot be
interpreted as reﬂectmg the underlying technology, and hence the use of the
T aggregate product1on function is extremely problematical.
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. Introduction

Temple (2006) presented in this Review an assessment of what has been termed the
accounting identity critique of aggregate production functions. This criticism shows
that the estimation of production functions using constant-price monetary data (at any
level of aggregation) can shed no light on the underlying technological parameters
~ (e.g., the elasticity of substitution), or indeed whether or not the production function
actually exists. The estimation of aggregate production functions, using country or
sectgr-level statistics, must necessarily use value data, as opposed to true physical
.. ~~-quantities. Disaggregation does not solve the problem if value data, as,opposed:to phys-
ical quantities, still have to be used. This 1s an almost universal requirement considering

the wide variety of capital goods and structures used in the production process.1
Temple’s contribution is important on two counts. First, he is one of the few econ-
omists working in growth theory and with production functions who seems to be
aware of the critique. Indeed, he has some sympathy for the implications of the argu-
ment. ‘Overall the critique has some force. It deserves to be more widely known
among researchers estimating production relationships using time series or panel data,
including researchers who never doubted the existence of a we Il—behaved underlying

_ .relatlonshlp (Temple 2006, 307).
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Nevertheless, secondly, he seems to misunderstand certain aspects of the critique,
as he believes that it relies on ‘restrictive assumptions’, especially that it requires
constant factor shares. He consequently underestimates the full extent of the damaging
implications for the aggregate production function. There seems to be agreement
between us that the heart of the critique is whether a researcher using value data can
ever establish whether the estimated relationship has any behavioural implications or
is merely spurious. The latter would be the case if the estimates were merely driven
by the underlying accounting identity and, in our view, this is the correct position. The
accounting identity critique is one of logic and has nothing to do with whether or not
one is willing to work with parables or approximations. It shows unambiguously that
any estimates will indeed be spurious in the sense mentioned above. But Temple is
more equivocal. He comments that:

The most common motivation for estimating these [production function] relationships is
to obtain information about technology or TFP [total factor productivity]; but without
that information to start with, and hence without the possibility of controlling for TFP.
any effort at estimation is on dangerous ground. There is a sense in which the estimation
of production technologies is required on precisely the occasions when it is guaranteed
not to work. That is perhaps a little too strong and some estimation methods that can
accommodate unobserved differences in technology will be discussed later. (Temple
2006, 307, emphasis added)

This is where we part company with Temple. The inference from the above quotation
is that he believes that there are certain circumstances where, in principle, one can
estimate an aggregate production function albeit with problems of omitted variable
bias, especially from the omission of TFP.

We contend that Temple’s arguments fall far short of providing a compelling justi-
fication and defence of the concept of the aggregate production function. Our conclu-
sion is that neoclassical growth theory is reminiscent of the Ptolemaic geocentric theory
of the explanation of the motions of the planets, the predictive accuracy of which
allowed a completely erroneous theory to persist for 2000 years. This was despite that
the correct geocentric theory had been articulated convincingly by Aristarchus, circa
250 BC. The major difference, though, is that while the Ptolemaic theory could be (and
was eventually) empirically refuted, the aggregate production function cannot be.

The rest of the paper elaborates briefly on the key issues upon which Temple
(2006) bases his case for the (partial) defence of thewaggregate production function.
Some of our work on these issues, where the arguménts are discussed more fully, is
listed in the references. First, Temple argues. that-grt ‘awth models are ‘parables’ that
can be useful even when their assumptions are unrealistic and cannot be formally
justified. We disagree with this methodological position for it negates the ramifica-
tions of the Cambridge Capital Theory Controversies and the aggregation problem.
Second, we explain briefly the accounting identity critique and clarify what we see as
Temple’s misunderstandings. Third, we consider explicitly the growth accounting
approach and show how disaggregation does not rescue the aggregate production
function. Fourth, we show that Temple’s claim that the argument does not apply to
cross-sectional work cannot be substantiated. In fact, ironically, this is how the
critique was originally presented by Phelps Brown (1957) and Simon and Levy
(1963). Fifth, we discuss the usefulness of growth econometrics without production
functions. We close the paper with a discussion of Liicas (1990), which Temple cites
as an example of a valuable use of the aggregate production function.
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Problems with aggregate production functions

The- aggregate production function is undoubtedly one of the most controversial
concepts in economics. The literature on aggregation and the Cambridge Capital
Theory Controversies showed formally that aggregate production functions do not
exist, in the sense that their theoretical derivation requires assumptions that are very
difficult to justify. The conditions for successful aggregation are so stringent that it is
very unlikely that aggregate production functions exist, even as approximations
(Fisher 1969, 571). Consequently, confidence in the aggregate production function
even as a ‘parable’ (Samuelson, 1961-1962; Solow, 1966) is misplaced (Garegnani,
1966; Samuelson, 1966). See also Felipe and Fisher (2003) and Fisher (1992, 2005)
on the aggregation problem. This makes theoretical and applied work that requires an

- "aggregate production function guestionable endeavours, no matter how entrenched

this concept is within the economics profession.

In this context, Temple (2006, 301) asks the extremely pertinent question ‘Is there
anything more to be said?” While in the 1970s the reservations about the existence of
the aggregate production function were widely discussed, even at the textbook level
(see, for example, Wan 1971; Jones 1975; and Hacche 1979), the debates have subse-
quently been either ignored or forgotten (e.g. Jones, 1998; Barro and Sala-i-Martin,
1998; Weil, 2005).2 This is despite the fact that no convincing counter-argument or
rebuttal of the UK side of the Cambridge Capital Theory Controversies, much less of
the damaging implications of the aggregation literature, has ever been advanced.

Nevertheless, Temple (2006, 303) argues that models using aggregate production
functions do tell us something: ‘the very real possibility of error is not enough to make

~“silence the best research strategy’. Notwithstanding our comments above, according

to Temple, any model is an abstraction from reality and the aggregate production func-
tion is best regarded as a Samuelson/Solow parable. So long as the researcher knows
what the key assumptions are and how sensitive they are to modifications, the simple,

*at least conceptually if not mathematically, neoclassical growth models do tell us

something important that we did not know before. Temple’s defence of the use of theo-
retical models relies implicitly on Friedman’s (1953) instrumentalist methodology. By
definition, all models must have simplifying assumptions, but, according to Friedman,
the realism of these assumptions is irrelevant — what matters is the predictive ability

2 -of the model. By the symmetry thesis, prediction is taken to be €quivalent to explana-
- -tion. While Temple does not explicitly invoke the necessity of a model to stand up to
o R Frempirical scrutiny, this must be an important element of hisrdefence; otherwise how

“I§'one to judge the degree to which the model is capturing any aspect ofireality?

This position is reminiscent of the Quine-Duhem thesis, which suggests that
empirical refutation may not be sufficient to reject a theory. This is because we can
never be certain whether we are refuting the hypotheses or the auxiliary statements.
The Quine-Duhem thesis is also central to therole of anomalies in both Kuthn’s (1962)
notion of the paradigm and Lakatos’s (1970) Methodology of the Scientific Research
Programme. However, Temple does not explicitly draw. on any methodological liter-
ature and thus his argument is best considered as the<viewpoint of a practitioner.

However, as we shall show, the problem is that this defence is not open to propo-
nents of the use of the aggregate production function. Because of the underlying
‘accounting identity, we can always find a functional form where the data will give a
perfect fit to a production function, even though it does not exist. Thus, the problem
is not one of erroneously refuting the model, but the complete opposite — it is one of
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always being able to specify a particular ‘production function’ that will give a statis-
tically significant (indeed perfect) fit to the data. McCombie (1998a) provides a
methodological discussion of why the aggregate production function is still so widely
used today, notwithstanding the various criticisms that have been levelled at it.

Temple considers both the aggregation and a separate problem, which we have
termed the ‘accounting identity’ (and Temple calls the ‘economic’) critique. See
Simon and Levy (1963); Simon (1979a,b); Shaikh (1974, 1980); McCombie (1987);
Felipe and McCombie (2001, 2003, 2005a,b, 2006) for discussions of the problems
raised by the accounting identity. The critique may be traced back in rudimentary
form to Reder (1943), Marshak and Andrews (1944), and Phelps Brown (1957).
Temple terms the standard econometric problems, including specification issues, as
the ‘statistical’ critique, which if our arguments are accepted becomes largely
irrelevant.

- Ideally, a production function should be estimated using physical data. It is a tech-
nological relationship and its parameters, such as the elasticity of substitution, are
derived from the form of the physical production process. Nobody would deny that a
‘production function’ in this sense exists. After all, engineers designing, say, an oil
refinery need to know, and do have a good idea of, the relationship between volume
of crude oil used as an input and the volume of output of refined oil. They will also
have to determine the likely labour requirements, both skilled and unskilled, for the
operation of the plant. Needless to say, the design plans of an oil refinery and the
relationships between the various types of capital equipment in the draughtsman’s
plans are far more complex than the relatively simple relationship given by, say, the
translog function. There have been a few studies that estimate production functions
using physical data, but such ‘engineering production function’ studies are few and far
between. Even with the use of physical data, it may be difficult to get robust estimates
of the various parameters of engmeermg production functions. There may be substan-
tial differences between firms in managerial efnclency, the commitment of workers
and flows of effective labour time and capital services, etc. See Wibe (1984) for a
survey.

However, when aggregate production functions are estimated, constant price value
(monetary) data have to be used because prices are needed to aggregate the individual.
. (heterogenegus) outputs and capital goods. This is the core of the problem. This has -

nothing to de with the aggregauon problem’ as commonly understood, except in the -
vemhm}h@d senge that prices have to be used to sum different physical commodities -...
and machinety-and structures. It is important to note that the deflation of monetary ot «.
value data in nominal terms to give constant-price series does not lead to data in
physical terms, even though they are commonly referred to as ‘quantities.’

The use of value data implies that output (gross output or value added) is related
to the inputs through an underlying accounting identity. This precludes the possibility
of statistically refuting the basic assumptions underlying a neoclassical aggregate

. . production function or of interpreting any of its estimated coefficients as technological

- parameters. Temple, as noted above, not only considers that there are some circum-

stances where production functions can be estimated, but also that growth economet-

rics, at least as usually carried out, does not necessarily rely on aggregate production

- functions. Consequently, for him, the ‘economic’ critique does not necessarily pose a
serious impediment to macroeconomic growth analysis.

We take a more nihilistic or, in Temple’s words, ‘extreme’ view. While we
know that the aggregate production function is a concept that lacks sound theoretical
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foundations, the accounting identity critique rules out ab initio the possibility of
refuting the hypothesis, using the standard econometric methods, that a functional
form identical to & neoclassical production function (derived as an algebraic trans-
formation of the accounting identity) represents the underlying technological
relationships. Thus, the interpretation of the estimates of all putative aggregate
production functions as if they were those of a technologlcal relationship can lead to
very misleading conclusions. The implication is that it is not possible to estimate
such technological parameters as the aggregate elasticity of substitution, which does
not exist. We shall also show that the fact that it is possible, supposedly, to test the
neoclassical growth models without estimating the production function directly does
not mean that the critique has no bearing. We next outline the problem that the
accounting identity poses for the aggregate production function.

.On accounting identities and production functions

The answer as to why remarkably good fits are obtained by the estimation of the
Cobb-Douglas production function and other more flexible functional forms such as
the CES and the translog, is ultimately due to the fact that because of the heterogeneity
of output and capital, these variables have to be expressed in terms of constant price |
values in applied work when they are aggregated. The existence of an underlying
“accounting identity, where value added is simply the sum of the total wage bill and the
gross operating surplus (total profits), means that it is always possible to get, with a
little ingenuity, a good statistical fit to a form that resembles an aggregate production
function.
For any firm, industry, or economy, value added is defined by the 1dent1ty:‘

Y,=W,+1L, i W

where Y is value added W 1s the labour’s total compensatlon and IT is the gross oper-
ating surplus or total profits. The identity may be equivalently written as

Y, =w, L, + K, . 2)

where w is the average wage rate, L is the labour 1nput 1S the average ex post rate of
profit and K is the constant price value of the uoaprcal SLOGk Equation (2) holds for

whether or not a well-defined productlon function actually ex1sts
Equation (2) may be expressed in growth rates as:

Yi =aW, +(1-a)i+ atf*t +(1 "’ar)Kt (3) .

where the symbol A denotes the growth rate of the corresponding variable and a, and
(1—a,) are the shares of labour and capital in total output, respectively. The shares have
¢ subscripts as they can change over time. ’ '

If we express the general form of'a supposed production function ¥; = F (At, L, K)
where 4 is the level of technology, in-growth rates, we obtain:

YA; = A?t"'arf*z +Btkt (4)
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where o and 3 are the respective output elasticities. If the usual neoclassical assump-
tions are made (perfect competition and constant returns to scale) and factors are paid
their marginal products, then equation (4) can be expressed as:

}}t =2t+a,f:,+(1—a,)1€, (5)

This is formally equivalent to equation (3) in the sense that estimation of a functional
form underlying equation (5) faces the problem that the data used must also satisfy the
identity (3). This further implies that Y— a,L, (l—at)K, A= aWw, + (1-a,)F,. Esti-
mations of production functions specify some specific functional form such as the
Cobb-Douglas, CES or translog that will give a good fit to the data given by equation
(5). The fact that the estimated output elasticities are often close to the relevant factor
shares has been interpreted as confirming, or — strictly speaking — not refuting, the
underlying neoclassical assumptions (Douglas 1976). But all that such estimations are,
in fact, accomplishing is to estimate a mathematical transformation, with no economic
content, of the identity given by equations (2) and (3). It should be noted that almost
invariably 4, is assumed to be a constant, say, A. In other words, ‘“technical change’ is
assumed to occur at a constant rate (this is discussed further below).

Analysing the economic implications of the critique, Temple (2006, 306) asks: ‘if
we assume there is no production function, or perhaps a relationship of complex and
unknown form, what happens when we estimate a production function from time
series data?’ In other words, suppose there is no aggregate production function and the
researcher gathers aggregate data on output, employment and ca Eltal stock and esti-
mates a form such as the Cobb-Douglas relationship, ¥, = 44e tLto‘KIp Or a more
general specification of ¥; = F(L,, K}, 7). Is there any alternative interpretation of the
estimates, no matter how well determined, that does not rely on the existence of the
aggregate production function? The question can be posed in a different way: can a
researcher using value data ever establish whether or not the estimated coefficients
reflect a production function, or are they simply predetermined by the value added
accounting identity? Our answer is that unequivocally the results are always deter-
mined by the identity.

To see this, if we integrate equation (3) with respect to time, assuming the stylised
facts that both 4;= apd, + (1-a,)7, and factor shares are constant, assumptions that do
not depend upon the existence of an aggregate production function yield:’

- Y, = By MK ()

Equation (6) is indistinguishable from the Cobb-Douglas production function with a
linear time trend when all the neoclassical conditions necessary for the output elastic-
ities to equal the factor shares hold. Equation (6) is, however, merely the accounting
identity, equations (1) or (2) rewritten solely under the assumption that factor shares
and A are constant. This is in spite of the fact that no assumptions have been made

- +about d1m1msh1ng returns to each factor, the state of competition or:the degree of

e

-returns to scale.’

McCombie (1998b) showed using simulated data, that estimating a Cobb-Douglas

+ ‘production function’ where labour’s shares for each year were a random draw from

a normal distribution with mean 0.75 and a standard error of 0.02 (labour’s share
varied between 0.80 and 0.72) gave what would generally be accepted as a very good
statistical fit. Using Monte Carlo simulations, Felipe and Holz (2001) also showed that
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significant variations in factor shares still lead to results that most resegrchers would
accept as good. What this simply means is that, empirically and for the data sets that
most researchers use, the variation in factors shares is not large enough to make the
Cobb-Douglas form yield poor results.” When a poor statistical result is obtained it is
almost invariably because a linear time trend does not adequately proxy In 4 (the
weighted average of the logarithms of the wage and profit rates), which empirically

~ has a strong cyclical component.

_. For the identity to give a good fit to the Cobb-Douglas form, all that is required is
that factor shares are reasonably constant compared with the variation of the other
data. One reason for this relative stability, although there may be others, is that, gener-
ally, firms pursue a constant mark-up pricing policy on unit total costs, for which there
is a great deal of empirical evidence (Lee 1998). As Solow (1958) first remarked, the
degree of stability of factor shares is likely to increase as shares are summed over
industries. Thus, ironically, as we do this, the goodness of fit of the Cobb-Douglas
‘production function’ is likely to increase, contrary to what aggregation theory would
suggest if we were aggregating micro-production functions.

Temple (2006, 306—7, omitting footnotes) goes on to argue as follows:.

Some interpretations of this result become overenthusiastic and suggest that a Cobb-
Douglas technology will always fit the data well, simply because of an identity. This
should make us pause: for example, if the underlying technology were translog, could
we really expect a Cobb-Douglas to fit the data well? Given sufficient variation in the
input ratios, movements in factor shares would immediately reveal that Cobb-Douglas is
not the right specification. The argument that Cobb-Douglas results are spurious.uses not
only the value added identity, but also some additional structure: namely constant factor
. shares and the constancy of the weighted average of the wage and profit rate growth
- rates. '

The need for this extra structure points to the heart of the problem in estimating produc-

tion relationships. Estimation must usually treat the level or growth rate of technology

(TFP) as unobservable and it is this omitted variable that poses the fundamental diffi-

culty. If the data were generated by a translog, and the researcher had identified a good

proxy for TFP,[8] a suitably specified regression would accurately recover the parameters

- of that translog production function, and reject the Cobb-Douglas specification given

sufficient variation in the data. It is the inability to control for the TFP term that causes

~ problems and this means that the “statistical” and ‘economic’ critiques are closer together
than is usually acknowledged. e

Temple is arguing here that the problem of the accounting-identity.only occurs if the
two stylised facts (i.e. constant factor shares and constancy over time of the weighted
average of the growth rates of the wage and profit rates) hold. If there is sufficient
variation in the shares and in the inputs, then Temple claims that in principle the
underlying aggregate production function can be identified, which must exist for his
argument to hold. This is erroneous and misunderstands the problem and two
comments are in order here. :
The first is that if, in principle, the data-could identify an aggregate production
function when the shares vary, then they must similarly identify it when they are
constant. It is not clear why the accounting: identity precludes estimating the true
production function when shares are constant, but not when they vary. In practice, we
need some variation in the factor shares (or rather the supposed output elasticities) to
estimate the aggregate Cobb-Douglas production function, otherwise there will be
perfect multicollinearity (Felipe and Holz 2001). Consequently, how great must the
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variation in the shares be before we can be confident that we are estimating the true
aggregate production function that he mentions? Of course, more fundamentally, the
answer is that this is not a sensible question. The argument concerning the accounting
identity holds whether factor shares vary or not. The argument applies to any specifi-
cation of the production function. See, for example, Felipe and McCombie (2001) for
the case of the CES, and Felipe and McCombie (2003) for that of the translog. All
these more flexible functional forms do is to provide better approximations to the
underlying identity given by equation (1) (see McCombie 2000). More generally,
compare equations (3) and (5). This shows the equivalence between the accounting
identity and the general form of the production function.

The second point is that it is notable that, in especially the second paragraph of the
passage from Temple cited above, the existence of the aggregate production function
is taken for granted (the aggregation problems are simply assumed away) and is a
maintained hypothesis. We argue that the failure to see the importance of the critique
rests on the failure to appreciate that it is not possible to statistically refute any
supposed aggregate production function.

Temple argues that the most common motivation for estimating a production func-
tion is to obtain information about the technology or TFP. This misses one of the
points of the accounting identity critique. As the identity shows, what neoclassical
economics refers to as the rate of TFP in growth accounting studies is always just a
weighted average of the growth rates of the wage and profit rates. There are three
important things to note.

First, this cannot necessarily be interpreted as the rate of technical progress

-because it is derived solely from an accounting identity. In our contribution (Felipe
and McCombie 2006) to the conference volume where Temple’s paper was published,
we undertook a series of simple simulation experiments that illustrated the problems
posed by the accounting identity. In particular, we showed that the rate of TFP growth

- calculated using value data was very different from the ‘true’ rate (i.e. using physical

quantities). The hypothetical output elasticities for labour and capital in the underlying
physical micro-production functions were assumed to be 0.25 and 0.75; i.e., they were

deliberately chosen to be different from the values of the factor shares, 0.75 and 0.25,

respectively. If the data are aggregated where the price is determined by a mark-up of

..1.333 on unit labour costs, and an aggregate Cobb-Douglas production function is
estimated, the estimates of the output elasticities turn out to be equal to the factor

.- shares, different from the true values. Therefore, if factor shares.are used.in a growth

- "aeceounting exercise, they give a very misleading picture of the rate of TFP.growth.

Secondly, estimates of TFP growth derived from estimating putative aggregate
production functions are simply capturing the weighted growth of the wage and profit
rates. Using a linear time trend gives an approximation to this weighted average.
However, in most cases this is a misspecification as the weighted growth of the real
wage rate and the rate of profit are not exactly constant over time, but show some
cyclical variation.

Thirdly, Temple concludes that what he terms the ‘statistical’ critique and the
‘economic’ or accounting identity critique (the identity) are close. While these two
critiques share some elements, they are not, however, the same thing. One implication
“"of the ‘economic’ argument is that this is not an econometric problem, i.e. it is not
about how to identify a good proxy for TFP (given the difficulty to control for it). The
problem is neither one of finding appropriate econometric instruments to estimate the
production function. The basis of the ‘statistical’ critique is that this is an econometric
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problem that has a solution. The ‘economic’ critique, however, says that this is not an
econometric problem and that it does not have any solution. It is not an identification
problem between two separate equations, .one the identity (and, thus, not a behavioural
relationship) and the other the production function, as Bronfenbrenner (1971), for
example, seemed to think. There is no way that the supposed aggregate production
function can be 1dent1ﬁed as distinct from the identity. Temple refers to work by Olley
and Pakes (1996) and Levinsohn and Petrin (2003). These papers claim to offer solu-
tions to the problem of estimating production functions when technical efficiency is
unobserved. He also cites Griliches and Mairesse (1998) who provide an accessible
summary of the problems inherent in estimating aggregate production functions.
However, these first two studies are irrelevant as they are based upon the assumption
'~ that the aggregate production exists and all that is needed is to estimate it correctly by
the appropriate estimating technique. We have discussed this in Felipe, McCombie,
and Hasan (2008). Likewise, the issues raised by Griliches and Mairesse (1998) have
no bearing upon the problem. ‘ )

On growth accounting and disaggregation

Temple (2006, 306) notes that equation (3) is simply an illustration of the ‘dual’
growth accounting results, namely that TFP growth can be calculated either from
quantities (the primal) or from factor prices (the dual) The rationale for the dual
interpretation is established from the cost function.” This is correct, but the explana-
tion is incomplete. While neoclassical economists are aware of the accounting iden-
tity (3), the interpretation of primal and dual estimates of TFP growth takes place in
~ the context of neoclassical production function theory and the usual neoclassical
assumptions (see, for example, Jorgenson and Griliches 1967). This means that the
neoclassical interpretation of apb, + (1-a,)#; as measuring technical change (or, more
generally, the growth of TFP) does require the assumptions of comstant returns,
perfect competition and that factors are paid their marginal products. Temple does
. not emphasise perhaps the most important assumption of the growth accounting
approach, namely, that an aggregate production function must also exist. In the
discussion of the relationship between the aggregate production function and the
dual, Temple 1mp1101t1y makes use of Euler’s theorem and the usual neoclassmal
assumptions.

The problem is that if the aggregate. preduction function does not ex1st then the
only pos51ble interpretation of the accounting 1&ent¢y 1s that it is just an 1dent1ty, and
thus there is no way that any element of it can be necessarily interpreted in terms of
technical progress. The expressions a,L, and (1-a,)K, do not measure the contribution
of the growth of labour and capital to the growth of output in any causal sense. The
neoclassical argument about duality in Jorgenson and Griliches (1967), and cited by
Temple, does start by explicitly considering the accounting identity (Jorgenson and
Griliches 1967, 251). But the argument depends on the assumption that an aggregate

‘production function exists, there is perfect competition and factors are paid their
marginal products (Jorgenson and Griliches 1967, 253). None of these is required to
derive equation (3).

Related to this is Temple’s (2006, 308) comment that ‘if aggregation is not
possible, the obvious solution must be to disaggregate’. He continues: ‘In the case
of growth accounting, there is mothing to stop the researcher writing down Y =
FK;, Ky, ... Ky Ly, Ly ... , L) where there are M different types of capital
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input and N different types of labour input.” He points out that production functions
and growth theory do not, in principle, need aggregation. ‘Instead, it is lack of data
that will typically restrict the applied researcher to simpler methods’. Unfortunately,
this confuses the aggregation and the accounting identity problem. First, if the
researcher has physical data for output and all the different types of inputs, individ-
ual capital goods and structures, then it might be possible to estimate a production
function. But as soon as it is necessary to use different types of output and cap1tal
measured using constant price data because of heterogeneity, then the identity is
simply written as

YEWIL’l +W2LZ +"'WNLN +71K1+7"2[<2 +77\4KM (7)

where Y and K’s are constant-price value data. The accounting identity argument
follows through, even though there are several categories of labour and capital. The
use of two-sector production functions models to disaggregate the economy into
agricultural and non-agricultural sectors (see Temple 2006, 309) does not escape the
critique.

Aggregation poses a problem, not for the reasons that Fisher (1992) set out (impor-
tant though these are), but because suitable physical data are not normally available to
the researcher, who then has to resort to value data. It should be noted that this is true
even for industries at the level of the three and four-digit SIC. Disaggregating by
industry rather than by input does not prevent the problem.

Cross-section production functions

Ironically, Temple claims that it is much harder to apply the ‘humbug’ argument in
the context of cross-sections’ (Temple 2006, 307). It is ironic because the whole
argument can be traced back to Phelps-Brown’s (1957) criticism of the myriad- of
cross-section regressions by Douglas and his associates in the 1930s.10 His argument
was a little obscure but was subsequently formalised by Simon and Levy (1963) and
Simon (1979a) (who also showed that the criticism applied to the CES function).
The identity is given using cross-section data as ¥; = w;L; + r;K;. Labour’s share is

defined.as a; = (w;Ly/Y;); and similarly capital’s share as (1~a;) = (r,K;/Y;) (where i

- denotes the umts of the cross section). Moreover, we define the basehne shares as

.

'"d =(WHYY )and(1-a) = (rK/ 7) > where a bar over w, L, ¥, r and K~ denotés- the
average value of the variable. lhen the following also holds:

(w, /W)L, 1 T)

_l = 8
a Y, Y ®)
and a similar expression follows for the capital share:
0, _ (/YK K) o)
l1-a Y1y :

For small deviations of a variable X; from the reference point or baseline, , the approx-
imation In(X; / X) = X/ X)-1 holds Thus, taking logs of equation (8) and using
this approximation, we can write:



R
ATy

International Review of Applied Economics 675

L Y. g . ‘
I Yoo pds b 10
nw nL Y a (10)
and
W; L Y
=glhnh—t+aln=Z-agln=+a 11
GEARGTART TNy - ()
Similarly, equation (9) can be written as
K. Y _l-g '
i+l -ni=i—%_ 12
nr "EOY 1-a | (12)
and
(-a)=(1-Dhi+l-ahi _q-ani+a-a) (13)
7 K Y

We know from the accounting identity that a; + (1 — ;) = 1. Substituting equations
(11) and (13) into this equation gives: '

InY, ElnB+c71nwi+(1¥E)ln1fi +ElnLi+(1—c_z)1nKz- (14)

Where InB=In? —aglnw—-(1-2)InF- alnL (1-z2)nK=-aglna—(1- a)ln(l a)

and
InY,zln4,+aln+(1-a)nKk; o (15)

where n 4, =z=InB+alnw;+(1- a)lnr

Equatlon (15) resembles a Cobb-Douglas production function in logarithms, but
has been derived from the accounting identity and the definition of factor shares.!!
This derivation indicates that for a cross-section. that: dlsplays small variation in the
factor shares and in In w and In 7, estimation of tHe Cobb-Douglas form will yield very
good results (In 4; becomes a constant). But, as in the case of time-series data

- discussed earlier, the cnthue does not rest on this assumption and so nothing depends

on whether or not it is correct. If the actual data do not have this property, then
researchers who estimate the Cobb-Douglas form under the impression that they are
estimating a production function will not obtain a very good statistical fit.

In Felipe and McCombie (2005b), we applied this critique to the well-known
cross-sectional study of the augmented-Solow growth model of Mankiw, Romer, and
Weil (MRW) (1992). There are substantial differences in the wage rate between the
developed and less developed countries that comprise the full sample. Consequently,
the statistical fit should not be perfect, as indeed proves to be the case. It is difficult
to understand Temple’s rationale when he argues that in this case ‘the Felipe and
McCombie argument has to proceed under restrictive assumptions’ (Temple 2006,
307). It is, therefore, useful to sketch our criticism of MRW.
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Solely from the accounting identity, the definition of the growth of the capital
AK, I;

stockas —— =K, =1 -§, =
K;

i i

—&;, and the two ‘stylised facts® that factor shares

i
are constant and there is no growth in the capital-output ratio, i.e. f’ = K; (in Temple’s
view, our ‘restrictive assumptions’), it is possible to derive an equatlon for labour
productivity (see Felipe and McCombie 2005b) as:

ln[—}z—jz l111./90 +1.0 Inw, + l=a Inn + l-a Ins;
L) a a a

“aln(ni+5i+aw"+(lﬂa)r"] (16)

a a

where s is the share of investment in output, # is the growth of population (strictly

speaking employment) and & 1s the rate of depreciation. It is assumed that equation

(16) refers to cross-section data where the growth rates are calculated over a single

period. It is straightforward to generalise it to more than one period (Islam 1995).
Equation (16) may be expressed as:

ln(ﬁjsllnA@- +(VT)[ +1—_EZ— ”.jt+l;—lns
L) a a a

_l:“a‘ln(”z"f‘éi"*“wj (17)

a a

As the cross-country growth rates are calculated over one period, time ¢ is set equal to

unity. In equation (17), 4, = Bow(‘)‘iro(il"‘) and therefore varies across countries. The
goodness of fit of equations (16) and (17) depends only on the degree of constancy of
the factor shares. ~

Using a Cobb-Douglas aggregate production function with labour-augmenting

technical change, Y; = (4(¢)L;)* K; (l_a) MRW showed that the logarithm of the level
of product1v1ty can be expressed as:

B T R SE N SR

—tndy+ g+ L% _ao‘) Ins; ~3=%) ;O‘) In(n+8+8) (18)

A tilde over a variable serves to emphasise that MRW assume it is identical for all
countries. It is immediately apparent that equation (18) resembles the identity given
by equations (16) and, especially, (17). However, In 4 and g are interpreted by MRW
as the level of technology and the rate of technical progress, respectively. (In equation
(18) t again equals unity.) The exception is that Both the level and the growth rates of
the factor prices (i.e. In 4y and g) are implicitly assumed by MRW to be constant

across countries in equation (18). Note that, under neoclassical assumptions and using
the aggregate marginal productivity theory of factor pricing, the following two equa-

. ) 1
tions hold: o — -i—(aw,. +(1-a)?) andIn 4,(¢) = é—lnBO +=(alnw+(1-a)nr), s°
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even within the neoclassical framework, the assumption' that the level and the growth
rates of the factor prices is constant is implausible. o

Notwithstanding this, MRW found a reasonably good fit with an R? of 599
(except for the data using just the OECD countries), but the implied share of capital
in their version of the model exceeded its factor share, being about 0.6, Including
human capital in the model improved the parameter estimates and the R? increased
to 79%. ‘Put simply, most international differences in living standards can be
explained by differences in accumulation of both human and physical capital’
(Mankiw 1995, 295). It is easy to see why this will be the case. The proxy for
human capltal is the percentage of the working age population that is in secondary
school. This is likely to be higher the more advanced the country is and, without
entering into a discussion of the direction of causality, the log of this variable is
~ likely to be collinear with In wy;, which is part of the expression In 4, in equation
~ (17). Consequently, the inclusion of the proxy for human capital will 1mprove the
goodness of fit of equation (18).

We, however, interpret these results merely as being due to the estimation of an
identity with ‘omitted variable bias’, resulting from imposing the constraint that
certain variables are constants (i.e. g, 6 and Ag;). If this constraint is relaxed, then
equation (17) should give an excellent fit, with the output elasticities equal to the -
factor shares, provided that the two stylised facts are reasonably good approximations.
In fact, from a neoclassical viewpoint, the most unrealistic assumption that MRW
impose is that 4, is constant across countries. Easterly and Levine (2001) used
dummies for the major regions of the world to allow it to vary. From equation (18) we
can see that this would improve the goodness of fit and bring the estimated coeffi-
cients closer to the relevant factor shares, which indeed was the result. Islam (1995)
also allowed In 4 to vary in panel-data estimation and found, not surprisingly, that the
estimated elasticities were closer to the factor shares than those obtained by MRW
(see Islam 1995, 1147). (He also included the logarithm of productivity lagged to esti-
mate the speed of catch-up.) Indeed, we can correctly predict these changes in the

~ regression results before a single regression has been run. Consequently, it is doubtful
" whether this ‘model’ actually tells us anything useful about why some countries are
_rich and others poor (Felipe and McComble 2005b).

The. important point to note, however, pace Temple, is that the assumptions of
. constant. factor shares and a constant capital-output ratio are not necessary for, the
Tdcnmty ~0 pose problems for the interpretation of MRW’s results. The peintisst ElPlY
" that, Siven the identity, we know immediately that if MRW get reasonablé results:(or
not) when estimating equation (17), it is simply because these ‘stylised facts’ hold (or
do not), together with the assumption of the (rough) constancy of In Ay; g and 6.
These ‘stylised facts’ can hold irrespective of whether or not there exists an aggregate
production function. They are not ‘restrictive assumptions’ in the sense that the whole
critique depends on them. If they do not hold, then we need a more flexible functional
form (such as a translog) that gives a better approximation to the accounting identity,
and hence a better statistical fit. We also know that, because of this, MRW are bound
to get a poor fit to their estimating equation which is based on the assumptjon that the
‘production function’ is a Cobb-Douglas function.
" Finally, we also showed in Felipe and McCombie (2005b) that the much-discussed
convergence regression is also affected by the accounting ideritity problem. By simply

‘subtracting the logarithm of the initial level of productivity from both sides of equa-
~ tion (17), it can be seen that, as the specification of this regression.improves and
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approaches the identity, the coefficient of initial income tends to minus unity and,
therefore, the speed of convergence tends to infinity.

Growth econometrics without production functions

Temple notes that while the inclusion of the initial level of productivity in a regression
with productivity growth as the regressand can be given an interpretation based on the
aggregate production function (i.e. the absolute convergence regression), this need not
be the case. Regressions explaining disparities can include variables that are not
related to the aggregate production function and it is not necessary to rely on this as a
justification for the regression. A large number of such variables can, and are,
included in such Barro-type regressions. These ‘everything but the kitchen sink’
regressions have become popular in some quarters. But as such models, according to
Temple, have nothing to do with the aggregate production function, it is clear that they
cannot represent a test of the neoclassical growth model, which is the rationale for
MRW’s exercise (e.g. the interpretation of the coefficients in terms of output elastic-
ities) and the debate that we raise.

In our view, such regressions represent little more than ‘measurement without
theory’. Whether they really tell us anything about the causes of growth and why some
countries have never developed is debatable (see Rodrik 2005). The regressions
assume ergodicity and thereby exclude any form of path dependence; they assume
homogeneity of parameters; the data are often suspect; they over-simplify complex
relationships; and most of the regressors are fragile, etc (Kenny and Williams 2001;
Levine and Renelt 1992).

It is of course possible to run regressions that attempt to explain differences of
growth rates in terms of variables that are not part of the definition of value added.
This is the case of, for example, growth regressions whose objective is to test the
statistical significance and sign of variables such as the abundance in natural
resources, the effect of being coastal versus landlocked, or neighbourhood effects
(e.g., Collier and O’Comnell 2007). Clearly, these regressions are not derived from a
production function and they are not the subject of this debate.

Our argument is that when capital is included in the regression as a value measure,
together with employment, the problem of the accounting identity arises. Moreover, if
Temple’s broad mterpretatlon of growth regressions were the standard one, we
wonder why neoclassical résearc s’Wafste time with pages of theoretical work
involving aggregate production functions, ‘Therefore, it is difficult within the neoclas-
sical paradigm to defend growth econometrics without production functions.

And so to Lucas on development

Temple (2006, 304) cites, as an example of the usefulness of the aggregate production
function Lucas (1990)

t .
In a classic paper, Lucas (1 990) showed that, under conventional assumptions about the
extent of diminishing returns, the vast differences we observe in labour productivity
across countries cannot be explamed by differences in capital intensity, without a coun-
terfactual implication. If differences in capital intensity account for underdevelopment,
the returns to investment in poor countries would have to be many times the returns in
rich countries — to a far greater extent than is usually thought plausible.



International Review of Applied Economics ~ 679

One response to the Lucas paper is to say that, because his conclusions are derived from
an aggregate production function, it is of no value. I think that is clearly wrong: Lucas
has shifted the burden of proof away from one side of the debate and towards another.

This quotation raises a number of interesting points, not least because it shows that the
neoclassical paradigm, with an aggregate production function with diminishing
returns, generates puzzles that have to be answered within that paradigm, while in fact
the paradigm may be irrelevant.

Lucas’s observation, which is hardly novel comes from postulatmg a neoclass1ca1
productlon function. With the supposed output elasticities of labour and capital equal-
ling 0.75 and 0.25, it is not surprising that the data will show that capital-intensity can
explain little in the way of differences in labour productivity, as a simple back-of—the
envelope calculation will demonstrate.

For any year, the ratio of the accounting identities of the most advanced country,
the US, and a less developed country, 7, can be written exactly as:

(Yys / Lys) _Yus + rys(Kys / Lys)
Y;/ L;) w;+1(K; /L)

19)

or equivalently as (assuming that factor shares are constant, and the same in the US
and country 7): ‘

(Yus / Lys) _ g™ (1—a)" " wiris ® (Kys / LUS )
(T L) a*(1-a)y COwirt (K, 1 1)

(20)

Using the stylized fact that the capital-output ratio is constant (or, what comes to the
same thing, that the rate of profit does not differ between countries) and the definition
w = a(Y/L) the ratio may be written as

(us / Ls) _us, (Kus/ *‘T-'Us)(l—a) _ (us / Lys)® (Kys/ Lys)™
(Yz / Ll) Wa (K /L )(l—a) (Yl/Ll)a (KZ /LZ)(l_a)

1

(21)

The relative contributions, in a purely mathematlcal and not economic sense, of the
two expressions on the right-hand-side of equation (21) are reported in Table 1.

Of course, if labour’s share a differs from 0.75, or if there are disparities in this
value between countries, this will affect the contribution of columns (ii) and (iii). This
is also true if we allow the rate of profit to vary. Nevertheless, the picture is clear.
From the accounting identity, the increasing difference in the ratio of productivity
levels is largely explained by the increasing value of the ratio of the wage rates. For
example, when the productivity of the US 1s 50 times greater than that of the less
developed country, the ‘explanation’ of the differéntial in productivity provided by the
ratio of the wage rates is seven times larger than that provided by the value of the capi-

“tal-labour ratio. These results do not require the assumption of a production function
with diminishing returns to capital or that all factors are used efficiently and they are
paid their marginal products. All these are highly dubious assumptions, especially for
the less developed countries. The production function approach assumes that column
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Table 1. Contributions of the ratio of the real wage rate and of the capital-labour ratio to the
ratio of productivity levels.

@ {MJ (i) [ Wys ] (i) ( Kys ! Lys j”“") Ratio of (ii)/(iii)
Y, /L ” XL
1 1.00 1.00 1.00
10 5.62 1.78 316
20 9.46 2.11 4.47
30 12.82 2.34 548
40 15.91 2.51 632
50 18.80 2.66 707

Notes: The figures are calculated using equation (21).

a
The value of @ is 0.75 and column (ii) is equal to ( Yus / Lys ]

Y,/ 1,

(i1) is the measure of relative level of technology or TFP. However, through the
accounting identity it becomes obvious that it is not necessary to assume diminishing
returns to show the relative unimportance of the relative capital-labour ratio.

Conclusions

We have clarified a number of misunderstandings that seem to be prevalent in the
literature about the theoretical foundations of the corcept of the aggregate produc-
tion function and its use for theoretical and applied analyses. We have also clarified
what we consider to be Temple’s misinterpretation .of the accounting identity
critique of aggregate production functions. We may summarise the position as
follows.

The aggregation literature and the Cambridge Capital Theory Controversies
have shown that, for all practical purposés, aggregate production functions do
not exist, even as approximations.

The use of value data means that, becatise ofi fthe underlying accounting identity,
it is always possible to obtain a close statistital“fit ¢o. the Cobb-Douglas, CES
and other more flexible functions, such as the translog, with the output elastici-

-ties equal to the factor shares.

These results cannot be interpreted as a test of the existence of the aggregate
production function. And the estimates obtained are not the underlying techno-
logical parameters of the economy.

Therefore, theoretical models that use the aggregate production function are
untestable in the sense that they cannot be statistically refuted (at least using
conventional methods) and therefore the results tell us nothing relevant.

The accounting identity critique does not depend upon the assumption that
factor shares are constant, or that the weighted growth of the wage rate and the
rate of profit is also constant.

Disaggregation, per se, does not invalidate the critique unless physical units are
used in measuring output and the various items of machinery and structures.
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_Notes

1. We somewhat unconventionally define an aggregate production function as one that uses
value data. Consequently, estimating production functions using value data at, for example,
the four-digit SIC level is equally subject to the problems posed by the identity as estimat-
ing an aggregate production function for the whole economy or for manufacturing. =

2. A notable exception is Temple (1999, 150) who states that ‘arguably the aggregate produc-
tion function is the least satisfactory element of macroeconomics, yet many economists
seem to regard this clumsy device as essential to an understanding of national income
levels and Urowth rates’. However, apart from noting the problems that structural change
poses for the concept, he does not elaborate further.

3. Forexpositional ease, we shall confine our discussion to value added, although the same argu-
ments hold when gross output is used and the inputs include intermediate goods and materials.

4. Land may be included as another factor of production without affecting the conclusions of
the argument. Land is not included in any estimations of production functions for industry
or the whole economy (as opposed to the agricultural sector) due to the unavailability of
separate data in the national accounts. _

5. Indeed, Kaldor (1961) who first put forward the ‘stylised facts’ of economic growth was
dismissive of the neoclassical aggregate production function.

6. Felipe and McCombie (2009) demonstrate that neoclassmal labour demand functlons are

- also merely capturing the identity.
7. See also Shaikh (1974, 1980) for the case of the Humbug production function, and Fehpe
© and Adams (2005), who subjected the original data of Cobb and Douglas (1928) to the
accounting identity critique. McCombie (2000-2001) showed that Solow’s (1957) original
data gave a statistically insignificant fit when estimated as a Cobb-Douglas relationship
with a linear time-trend.

8. This problem is more serious than may be gathered from Temple. The Diamond-McFadden
impossibility theorem has shown that with labour- and capital-augmenting technical
change growing at different rates over time, it is not possible to identify the technological

- parameters of the aggregate production function, even when the latter exists (Diamond,
McFadden, and Rodriguez 1978).
9. It is also straightforward to show that the interpretation of the dual denved from the cost
function suffers from the same problem, namely, that it is determined solely by that the
¢ -7 accounting identity. The proof is available on request from théauthors: '+

~10. In fact, the criticism can be traced back to the 1940s (see McCombie 1 9980‘ for a discus-

sion of the history of the aggregate production function).

11. Alternatively, we can assume a continuum of firms, totally differentiate the accounting
identity and then integrate the result. If factor shares are constant we will obtain a Cobb-
Douglas relationship.
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