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Some methodological problems with the
neoclassical analysis of the East Asian
miracle

Jesus Felipe and J. S. L. McCombie*

This paper discusses the recent controversy over the sources of economic growth in
East Asia. This empirical work has either used growth accounting or estimated
econometrically aggregate production functions. It is shown that it is possible to
approximate the value-added accounting identity (i.e., value added equals labour’s
compensation plus total profits) by a mathematical expression that has all the
properties of a well-behaved neoclassical aggregate production function. This implies
that statistical estimations of putative aggregate production functions can provide
no independent evidence as to whether they accurately describe the production
technology of the economy or, indeed, whether the aggregate production function
actually exists. A corollary is that the conventional measures of the growth of total
factor productivity cannot be unambiguously interpreted as an estimate of the rate of
technical progress. The paper reviews the works of Kim and Lau and Young and, in
the light of this, explains why both analyses and interpretations of the notion of total
factor productivity growth as the rate of technical progress are problematical.
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1. Introduction

This paper considers the controversy that has arisen over the contribution of total factor
productivity (TFP) growth to the recent fast output growth of the East Asian economies.
It is argued that the conventional neoclassical methodology is fundamentally flawed and
that this has serious consequences for the orthodox interpretation of TFP growth.
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The conventional wisdom (see, for example, Page, 1994) is that much of the success of
the East Asian economies (Hong Kong, Singapore, South Korea and Taiwan) is largely
due to technological catch-up. However, this has recently been challenged by Young’s
(1992, 1994A, 1994B, 1995) careful and detailed growth accounting studies of these coun-
tries. The relatively high per capita growth rates that these countries experienced become
progressively less remarkable once an allowance is made for the growth of the labour input
adjusted for changes in participation rates, etc., and the fast rate of capital accumulation
(see Krugman, 1994, for a discussion of the implications of these results). In fact, the
growth rates of TFP of the East Asian Tigers turn out to be no higher than those of many
other developing countries; and the calculations suggest, for example, that Singapore has
experienced no growth in TFP from the mid-1960s. This finding has been confirmed by
the explicit estimation of the production function for these countries (Kim and Lau,
1994). Nevertheless, many find that these conclusions are difficult to accept (Felipe,
1999).

The debate about the sources of growth in East Asia has been almost exclusively empir-
ical in nature, in that it has been driven by these surprising findings of Young and Kim and
Lau. Indeed, it is likely that had these authors found significant TFP growth rates for the
East Asian countries, their findings would not have proved to be so controversial. Broadly
speaking, there have been two reactions to their results.

The first was simply to accept the results and policy implications discussed by Young,
Krugman and Kim and Lau as accurate. Few scholars (certainly very few in East Asia)
have embraced this view (see Rodrigo, 2000).

The second reaction was to question the results. There have been two lines of approach.
One is based on the argument that the results of Young and Kim and Lau are empirically
subject to large errors. A number of authors have simply re-done the exercises (in par-
ticular growth accounting) for these countries with different data sets, using different
values for the factor shares and for slightly different time periods (see Felipe, 1999, for a
survey of this literature and the various estimates of TFP growth). This has led to some
modification of the results, but this has not been universally seen as refuting the main
conclusions of Young’s and Kim and Lau’s studies, which is perhaps not surprising given
the careful nature of their work. Consequently, the implausibility of the low TFP growth
rates continues to be the focal point in discussions about the sources of growth in the East
Asian economies.

The alternative approach has been to question the methodology that Young and Kim
and Lau used in obtaining their results, although remaining within the neoclassical frame-
work. In other words, how sound are the particular assumptions underlying the growth
accounting approach and the production function estimation that was used in their
respective studies? This is the approach of Nelson and Pack (1999). They showed that if
technical change is biased, the rate of technical progress that occurs throughout the period
under consideration will affect the values of the output elasticities of labour and capital if
the elasticity of substitution differs from unity (see also Nelson, 1973). Thus, they argue
that the value of the capital share used in the growth accounting studies of these countries

1 Pack and Page (1994A, p. 253), commenting on Young’s work, argue: “Totally autarchic and corrupt
Burma exceeds the TFP growth of South Korea! . . . Bangladesh, the site of the Indo-Pakistani war of the early
seventies, the separation of West from East Bengal, and devastating cyclones, has greater TFP growth than
Japan, as does Uganda, dominated for much of the period by Idi Amin, incessant civil war and the killing of
much of the educated population . . . These results strain credulity and severely undermine the claim, based on
Young’s capital stock, that the HPAE [high performing Asian economies] were simply run-of-the-mill
countries in the period from 1970 to 1985.°
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(taken from the national accounts) is theoretically incorrect and empirically takes too high
a value. The use of a lower capital share generates a higher TFP rate in a growth account-
ing exercise, given that the capital-labour ratio is growing.! Thus, Young’s results will
understate the true contribution of TFP growth to that of output.

While Nelson and Pack have raised some important questions over the results obtained,
their critique of the growth accounting approach has been squarely within the neoclassical
orthodoxy. They accept the standard growth accounting assumptions, i.e., profit maximi-
sation and competitive markets, as well as the existence of a well-behaved aggregate pro-
duction function (Nelson and Pack, 1999, p. 424).2 The last assumption is of crucial
importance, for it is the sine qua non of the growth accounting exercises, and yet it has
never been questioned in the debate, although it is easy to understand why this is the case.
While the hypothesis of competitive markets can be relaxed without too much difficulty (it
leads to a slightly different growth accounting equation), if the aggregate production
function does not exist, the whole exercise, either growth accounting or econometrically
estimating aggregate production functions, becomes a pointless endeavour.

The Cambridge Capital Theory Controversies have raised important theoretical ques-
tions about the aggregate production function (Harcourt, 1972), but these have largely
been dismissed on the grounds that the aggregate production function usually gives plaus-
ible empirical results.? There are also aggregation problems. Does it makes sense in a less
developed country to sum the production technologies of the peasant farmer, the small
over-crowded sweat shop and the modern factory of the multinational corporation into a
single aggregate production relationship? This is, of course, implicit in the construction of
the aggregate production function for the whole economy, the industrial sector or even for
industries at the two-digit SIC or higher level. What is important is that the theoretical
results for the necessary conditions for the successful aggregation of micro-production
functions are so stringent that one cannot expect any actual economy to satisfy them.
Consequently, an aggregate production function cannot be used even as an approxima-
tion to reality (Fisher, 1969, 1993; Felipe and Fisher, 2003). As Fisher put it: “There can
be no presumption that our exact conditions don’t matter simply because one is interested
in reasonable approximations over a limited domain. Indeed, I think the presumption
must be the other way’ (Fisher, 1969, p. 571).%

This problem is also likewise summarily dismissed. Any theory makes unrealistic
assumptions; indeed, that is what makes it a theory. What matters, according to this instru-
mentalist argument, is the predictive value of the model (Friedman, 1953).3

!See Felipe and McCombie (2001) for an evaluation and empirical implementation of Nelson and Pack’s
(1999) arguments.

2However, they also develop an alternative two-sector model where each sector exhibits fixed coefficients
technology. Development occurs through the shifting of resources from the ‘craft’ to the ‘modern’ sector. The
rate at which this occurs is a function of the level of entrepreneurship in the country.

3What is ‘plausible’ to a certain degree begs the question, but it is normally taken to be that the regressions
give a good statistical fit in terms of the usual diagnostics with the estimated output elasticities not greatly
different from the relevant factor shares. As Fisher (1971) has noted, Solow once remarked that if Douglas
had found capital’s output elasticity to be three-quarters rather than one-quarter, we should not now be
talking about production functions. Recent developments in endogenous growth theory, however, could lead
to a modification of this view.

" 4The most general conditions state that the existence of an aggregate capital stock requires that the
production functions of individual firms differ at most by capital-augmenting technical change. It is also
necessary for the existence of a labour aggregate that every firm hires the same proportions of each type of
labour. Finally, the existence of an aggregate of output requires that every firm produce the same market
basket of outputs.

3This is a controversial methodological position that we shall not pursue here.
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However, this paper argues that the good empirical fits that are often found for output-
input data are no guarantee that the aggregate production function actually reflects the
underlying technology of the economy or, indeed, that the aggregate production function
even exists. In these circumstances, the validity of the growth accounting approach, which
relies on the assumption of a well-behaved production function, must be seriously
questioned.

As we shall show, the problem arises from the combination of two related issues. First,
underlying all putative aggregate production functions is an income accounting identity
that relates the value of output to the sum of the wage bill plus total profits. Through an
algebraic transformation, this can be rewritten in a form that looks like a production
function. Second, the measure of output used in these aggregate exercises is not a physical
quantity, but a measure of (constant price) value. The only possible way to express aggre-
gate output (e.g., the sum of corn and iron) is in value terms. Value added, however
deflated or expressed in terms of an index, is a value measure and not a physical quantity,
even though it is often referred to as the ‘volume’ of output. The use of value magnitudes
precludes the possibility of obtaining any indication of the underlying technology of the
‘representative firm’ via the statistical estimation of a production function.

The plan of the paper is as follows. In Section 2, we consider the question of whether
or not, because of an underlying accounting identity, the production function can be con-
sidered to be a behavioural relationship in the sense of being capable of empirical refutation.
In undertaking this, we discuss and extend the analyses of Phelps Brown (1957), Shaikh
(1974, 1980, 1987) and Simon (1979A). It is surprising the extent to which this important
critique of the aggregate production function has been ignored in the literature.! Next, we
provide a generalisation of this result and discuss its important implications. In Section 3,
we further develop the argument in the context of the work of Kim and Lau (1994) on the
Asian Newly Industrialised Economies (NIEs). We argue that the conventional interpreta-
tion of their estimates of the production function is questionable. Section 4 provides an
empirical illustration of the critique. In Section 5, we re-examine the growth accounting
approach of Young (1992, 1995), and his cross-country econometric work (Young,
1994B). Section 6 concludes.

2. The aggregate production function and the accounting identity

The microeconomic production function is a technological relationship between quantities
of output and inputs.? In its general form, it may be expressed as Q = F(L, K, ), where Q
is (physical) output, L is the labour input, K’ is the capital stock expressed in physical
units, such as the number of identical machines, and ¢ is time, which captures exogenous
technical change. Assuming neutral technical progress, the production function may be
“expressed as Q = A@WAL, K'), where the shift parameter A(z) represents the level of
technology. Alternatively, when technical change is factor augmenting, output is given by
Q= F(A4,L, Ax K'), where A; and Ay are the levels of the efficiency of L and K’ and grow
atthe rates N\, and Ay,

! The neglect of these issues in the literature is surprising, since Simon (1979B) thought they were suffi-
ciently important that he raised them in his Nobel Laureate lecture. McCombie (1998) explores why this may
be the case. An important exception is Solow (1974, 1987), but see Shaikh (1980) and McCombie (2001).

2However, May (1947, p. 63) argued that even the firm’s production function is not a purely technical
relationship, as it results from an optimising decision-making process. In other words, it is maximum level of
output that can be obtained from any given level of inputs and technology.
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Taking logarithms and differentiating Q = F(L, K, 7), a general specification of the
production function, with respect to time gives:

g =N+ ol + Bk (1)

where g, [, &' and \ denote the exponential growth rates of output, labour, capital and the
rate of technical progress respectively. The output elasticities of labour and capital, o, and
B, have time subscripts because they may change over time, depending upon the elasticity
of substitution and the relative growth rates of output, labour and capital. If the assump-
tions of profit maximisation and competitive markets are invoked, then the relevant
marginal productivities F; and Fy are equal to the relevant factor prices measured in terms
of output, and the elasticities equal the factor shares.! This forms the basis of the growth
accounting approach, where the values of the output elasticities are taken to be equal to
the observed factor shares. The simplest approach is to calculate the growth of TFP using
equation (1). More sophisticated analyses attempt to whittle down the ‘residual’ (\,) by
including other sources of growth such as increasing returns to scale, the increase in the
skills of the labour force, the intersectoral transfer of labour from low (agriculture) to high
(manufacturing) productivity sectors, the contribution of R&D and the effect of the
diffusion of technology (see, for example, Denison, 1962, 1967, 1985). Referring to
equation (1) again, it can be seen that the basis of the method is that it is considered
meaningful to ascribe a certain proportion of output growth separately to the growth of
the labour and the capital inputs and the remainder to technical change. If, on the other
hand, one opts for econometric estimation, it is necessary to choose a specific functional
form for equation (1), such as the Cobb-Douglas, constant elasticity of substitution
(CES) or translogarithmic (translog) production function. These are often directly
estimated in order to determine the rate of technical progress (neutral or factor augment-
ing), the elasticity of substitution, etc.

The problem with the above framework is that, in most empirical analyses, including
those concerning the East Asian miracle, the series of output and inputs used are not
physical quantities, but deflated monetary values, i.e., constant price value data, or what
are somewhat misleadingly termed ‘quantity’ indices.? The reason is that, even at low
levels of aggregation, such as the four-digit SIC, output and capital cannot be measured as
physical quantities. While this is perhaps self-evident, it nevertheless has important
ramifications.® This is because there is an underlying accounting identity that precludes
any testing of the putative production function with value data, as we shall see below. It is
useful to begin by considering the simplest case, namely the Cobb—Douglas relationship,
and then we shall generalise the argument to any production function.

2.1 The Cobb—Douglas case
Following Shaikh (1974, 1980) and Simon (1979A), let us consider the accounting
identity that relates value added to the total wage bill and total profits:

!When markets are not perfectly competitive, the values of the factor shares and the relevant output
elasticities will diverge.

2There have been very few studies that estimate ‘engineering’ production functions using physical data. See
Wibe (1984) for a survey.

3 Despite this, Ferguson argued: ‘Neoclassical theory deals with macroeconomic aggregates, usually by
constructing the aggregate theory by analogy with the corresponding microeconomic concepts. Whether or
not this is useful is an empirical question to which I believe an empirical answer can be given [ ... ] It would be
better to say that aggregate analogies provide working hypotheses for econometricians’ (Ferguson, 1971, pp.
251-2; emphasis added).
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VA,=wl, + K, @)

where VA, w, L, r and K denote output (real value added), the average real wage rate,
employment, the average rate of return per cent per annum, and the stock of capital in value
terms. A similar argument can be developed using gross output and including intermediate
materials on the right-hand side of equation (2). The data in equation (2) may be derived
from the national accounts, and the same identity holds at any level, including that of the
firm. In practice, the series of output and inputs used to estimate aggregate production
functions are those in equation (2), i.e., output is real value added, and the stock of capital is
measured in constant price monetary values, usually calculated using the perpetual inventory
method. As indicated above, this is because the only way to aggregate heterogeneous physical
quantities is by expressing them in value terms, i.e., by using prices. This is the problem
Robinson (1953-54) brought up concerning the units in which capital should be measured.!
The only possible physical quantity in this framework is labour (either the number of homo-
geneous workers or their total hours worked).? But even here, the existence of an aggregate of
heterogeneous labour in the production function requires certain conditions to be fulfilled
(see Fisher, 1969). This makes the empirics of the production function rather problematic.

It is worth emphasising that, contrary to the arguments in Hulten (2000, pp. 11-12),
there are no behavioural assumptions, such as perfect competition and constant returns,
or indeed even the existence of a well-defined production function, underlying equation
(2). This equation simply states that total income is divided between labour income (the
product of the average wage rate and employment) and capital income (the product of the
average profit rate times the value of the stock of capital). The former consists of wages
and salaries, and the latter includes profits, rental payments and interest payments for all
types of capital goods.? As Samuelson (1979, p. 932) cogently put it: “No one can stop us
from labelling this last vector [residually computed profit returns to “property” or to the
nonlabor factor] as (rK), as J. B. Clark’s model would permit—even though we have no
warrant for believing that noncompetitive industries have a common profit rate r and use
leets capital (K) in proportion to the (p,Q; ~ w,L) elements!’*® It would not matter for
purposes of the argument if the identity were written in terms of the user cost of capital as
in Jorgenson and Griliches (1967) or Jorgenson ez al. (1987) (as is standard in neoclassical
economics). In this case, constant returns to scale and the conditions for producer
equilibrium are assumed to hold. It will become clear below why this is not a problem: the
use of the data will always indicate constant returns and that the conditions for producer
equilibrium hold whatever the true state of affairs.

1n a later paper, Robinson (1971) asked: ‘In what unit is capital to be measured? The figures in the time-
series are collected in the first instance in terms of dollars; however they may be deflated or adjusted, the
amount of capital in the statistics is a sum of value. How can this be made to correspond to a physical factor of
production?’ (Robinson, 1971, p. 598; emphasis added). After the Cambridge Capital Theory debates died
out, the references to these issues in the literature are almost non-existent. Bernanke (1987) is an exception.

2However, as we have noted, labour is sometimes adjusted for quality, using relative wages as weights as a
proxy for different skills.

3 Hulten (2000, pp. 11-12) argues that Jorgenson and Griliches (1967) needed to assume and impose
constant returns to estimate the return to capital residually from the identity (the procedure we adopt as well).
This is not correct. As we have indicated, the value-added identity is independent of the notion of returns to
scale. Hulten, as well as Jorgenson and Griliches, are linking the identity to the production function via
Euler’s Theorem and the neoclassical theory of factor pricing, and the latter does require this assumption.
Nevertheless, the identity, per se, must always hold regardless of the underlying assumptions.

4The notation has been changed to make it consistent with that in this paper. The subscript j denotes the jth
firm. p;is the price of output Q.

5 eets is simply steel spelled backwards. The term is due to Joan Robinson, commenting on Meade’s use of
‘steel’ for capital.
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Totally differentiating (2) with respect to time, and expressing the identity in terms of
exponential growth rates, we obtain:

VA = A, Py + (1 - at)“Pﬂ +al + (1 - az)kz (3)
=@, +al+ (1 —a)k

where va, / and % are the growth rates of real value added, labour and capital. The variables
¢, and ¢, are the growth rates of the wage and profit rates. Labour’s and capital’s shares in
value added are given by a,= w,L/VA, and (1-a) = rK/VA, and ¢, equals a,¢,, + (1 — a)@,..
Without affecting the substance of the argument, we assume initially that factor shares are
constant, i.e., @, = a. Substituting for this in equation (3) and integrating gives:

InVA, = InB, + alnw, + (1 — a)lnr, + alnL, + (1 — a)lnK, %)

where InB, is the constant of integration.

If we further assume that wage and profit rates grow at constant rates, i.e., @,,= ¢, and
¢, = ¢, (we shall relax this assumption below), then substituting into equation (4) and
taking anti-logarithms gives:

VA, = Bpe"LiK 1 =9 (5)

where ¢ is a linear time trend. It should be noted that equation (5) is mathematically
equivalent to the specification of the Cobb-Douglas production function with constant
returns to scale, where the exponents a and (1-a) are the output elasticities, and the rate of
exogenous technical progress is given by ¢ = ag, + (1 — @)¢,. (If we assume the ‘stylized
fact’ that the rate of profit does not vary over time, then ¢ = a@,.)

The important point to note is that equation (5) is not a Cobb-Douglas production
function and, in fact, well-defined micro-production functions may not even exist. It is
simply the identity (2) under some assumptions that do not necessarily have anything to
do with the existence of an aggregate production function.! For example, factor shares
may be constant because firms pursue a constant mark-up pricing policy.

The above implies that if the assumptions made (i.e., factor shares together with the
weighted growth rate of the wages and the rate of profits are constant) were correct, and
we were to estimate the form VA, = A,e¥L2K?, where \ is the putative rate of ‘technical
progress’, as:

InVA, = Ind, + M + alnL, + BInK, +u, (6)

where u, is the error term, we should expect a perfect fit with the estimates of a and 8
equalling the factor shares, and the estimate of \, the rate of TFP growth, equal to ¢, the
weighted average of the growth rates of the wage and profit rates.> Because of these
results, the erroneous conclusion could be drawn that factors are paid their marginal
products and constant returns to scale prevail.

! Notice that the issue being discussed here is very different from the ‘path dependency’ problem discussed
by Hulten (1973). Hulten was addressing the question of whether integration of the Solow residual would
necessarily get back to the shift parameter A(z) in the production function. In our argument, there need be no
production function. Furthermore, while Hulten proved that if there is no production function, the Solow
residual cannot be line-integrated to a unique solution, this is fundamentally different from what is being
discussed here.

2 Qur argument also applies to the estimation of frontier production functions (e.g., Mahadevan and
Kalirajan, 2000). This approach tries to decompose TFP growth into improvements in technical efficiency
(embodied technological change) and technical progress per se (the shift in the production function).
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Any divergence from a perfect statistical fit will be simply due to the fact that either factor
shares are not constant or the variation in alnw,+(1-a)lnr, is not fully explained by a linear
time trend, or both. The failure to explain completely the variation in alnw,+(1-a)lnr, is akin
to misspecification due to omitted-variable bias. If the trend does not proxy correctly the
two variables omitted from the identity, namely, Inw, and Inr, the parameters of InL, and
InK, are likely to be biased, and hence diverge from the factor shares. It is only if Inw, and Inr,
are orthogonal to InL, and InK,, that the parameters of the latter will give estimates equal to
the values of the factor shares.! In practice, it is normally the inappropriateness of using a
Lnear time trend, rather than variation in the factor shares, that gives a poor fit to the
supposed production function.

It is worth emphasising what this argument implies. The income accounting identity is,
of course, compatible with any production technology or, indeed, with the lack of a
production function, but the data given by the identity will always give a perfect fit to a
putative Cobb-Douglas production function so long as factor shares are constant. There
are many reasons why factor shares are constant, such as a constant mark-up on unit
labour or variable costs, as we have already noted, or the Kaldorian theory of distribution
(Kaldor, 1955-6), neither of which depends upon the existence of an underlying Cobb-
Douglas production function. But if this is the case, the data will give a good fit to the
Cobb-Douglas relationship even if the true underlying technology was, for example, fixed
coefficients (see Shaikh, 1987).2

2.2 A generalisation to any production function: the Equifinality Theorem

The argument is more general than that discussed above for the Cobb—Douglas produc-
tion function (as we shall see in Section 3 below, when we consider specifically the trans-
log production function), and applies to any specification of a ‘production function.’
Indeed, we may term this result the Equifinality Theorem. It is useful to consider this in
three parts.

(i) Let us assume that there exist well-defined individual micro-production functions
Q; = F(L,K,t), that are expressed in physical terms. Let us further assume that the aggre-
gate economy cannot be represented as a well-defined technological relationship between
aggregate output and aggregate inputs. This is because the stringent conditions for aggre-
gation are not satisfied (Fisher, 1969, 1993) or there are other problems (Harcourt, 1972)
and so an aggregate production function does not exist. Nevertheless, the individual firms’
accounting identities can be summed arithmetically to give equation (2) for the whole
economy, or for some sub-sector such as manufacturing. This identity can always be
transformed into a mathematical expression of the form VA = F(L, K, 1) that will give a
good statistical fit to the data under appropriate assumptions about the time paths of factor
shares and o, (the weighted growth of the real wage and the rate of profit). The estimated
function F(®) will have all the apparent properties of a well-behaved neoclassical aggregate
production function, such as constant returns to scale, and diminishing returns to each

! For expositional ease, we ignore the econometric problems posed by the possible non-stationarity of the
variables. This issue does not undermine the generality of the argument. Note that, since we are dealing with
an accounting identity, they must be of secondary importance. Felipe and Holz (2001) deal with this issue.

2Hsing (1992) argues that an error by Solow (1957) in the calculation of discrete growth rates means that
his specification of the production function is not consistent with the neutrality and homogeneity postulate.
Hsing argues that when this is corrected, theoretically the best specification is given by a linear accounting
identity with the coefficients of L and K representing the initial period wage and rental rates. However,
McCombie (1996) has shown that Hsing’s argument is not correct and the inferences he draws cannot be
substantiated. Hsing’s analysis, however, does not affect the argument concerning the accounting identity in
this paper.
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factor; and it will also satisfy the marginal productivity conditions for factor pricing as the
estimated output elasticities will equal the observed factor shares. However, this estimation
is not capturing a technological relationship.

The reason for this is that equation (2), by virtue of being an identity, must hold
whatever the underlying technological relationships of the economy.

We may make this argument in a slightly different way. If we erroneously assume that
the economy can be represented by an aggregate production function, then VA = F(L, K,
) may be expressed in growth rate form as:

VA%  (VA, L, ) (é’VAt K, )
el i L V=N, + ol BE
VA, oL, VA" \ak va, " ol Bk,

If it is assumed that there is perfect competition and factors are paid their marginal
products, it follows that o,= @, and B,= (1-a,), and equation (7) may be written as va, = \,
+ al,+ (1 — a)k,. But this is formally equivalent to equation (3), where \, = ¢, Moreover,
as equation (3) must always hold, so conversely it should be possible from this to find a
specific functional form for VA4 = F(L, K, t), even though no aggregate production func-
tion actually exists.

In his oft-cited simulation experiments, Fisher (1971) specified a number of micro
Cobb-Douglas production functions which he aggregated and which explicitly violated
the aggregation conditions. To his surprise, and contrary to his expectations, it gave a
good statistical fit to the data. He concluded: “The point of our results, however, is not
that an aggregate Cobb—Douglas fails to work well when labor’s share ceases to be roughly
constant; it is that an aggregate Cobb-Douglas will continue to work well so long as
labor’s share continues to be roughly constant, even though that rough constancy is not
itself a consequence of the economy having a technology that is truly summarized by an
aggregate Cobb-Douglas’ (Fisher, 1971, p. 307). The reason for this is simply that the
factor shares were approximately constant at the macro level (see Shaikh, 1980).

It should be noted that, even if the aggregation conditions are met, in the sense that an
aggregate production function does exist, the underlying identity will still ensure that the
estimated output elasticities will always equal the factor shares, regardless of the state of
competition. Even in this case, the parameters cannot necessarily be interpreted as reflect-
ing the underlying technology as the values of, and variation in, the factor shares could be
due to, say, socio-economic factors (such as changes in the relative bargaining power of
trade unions and capital).

The problem is that value added is a value measure and not a physical quantity, not-
withstanding the fact that constant-price value added (or gross output) is, as we have
noted above, often referred to as the ‘quantity’ or ‘volume’ of output. Of course, if we
were in a corn, or leets, world there should be no theoretical problem in estimating a
production function. This is also true when we deal with engineering production func-
tions. In these cases, the (micro) production function is Q = F(L, K', £) and the account-
ing identity is pQ = wL + rK’, where Q is a physical quantity, r here is the price of the
capital good, and p is the price (in, say, £s) per unit of Q. Estimation of such production
function would yield the technological parameters, provided that we can accurately proxy
the exact path of technical progress, for the reasons set out above.’

)

va, =

!"This is reminiscent of the problem of how to determine the shape of the production function, and whether
it is possible to separate shifts from movements along it. On this see Diamond et al.’s (1972) Impossibility
Theorem. While it is true that is an issue when using physical quantities, it is not when we deal with values, as
we will always get a good statistical fit to a supposed production function.
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(ii) Let us assume that the production relations at the micro level are noz characterised by
any well-defined micro-production functions (and, by inference, there is no aggregate
production function). The use of value data in the estimation will still enable an ‘aggregate
production function’ to give a good statistical fit. In this case, the accounting identity
ensures that there will be a good statistical fit to the input—output data at the aggregate level.
This, once again, cannot be interpreted as evidence that the aggregate production function
exists, and the estimated coefficients cannot be interpreted as necessarily reflecting techno-
logical parameters.

(iii) From equation (3), we know that ¢, = a,,, + (1-a)¢, and that this equation is, by
definition, equivalent to the Solow residual, A, = va, — a/,— (1-a)k, . As the expression for
@, given by equation (3) can also be obtained from a neoclassical cost function and the use
of the usual neoclassical assumptions, ¢, = a,0,, + (1-a,) ¢, is regarded in the neoclassical
framework as the factor-price measure of technical progress (Young, 1998; Hsieh,
1999).! However, the accounting identity poses the same problem for the dual as it does
for the primal. To demonstrate this, we shall briefly discuss the neoclassical methodology
in deriving the rate of ‘technical change’ from the cost function (an explicit discussion of
which may be found in Whiteman, 1988) and then show how the same results may be
simply obtained from the accounting identity.

Consider first a production function with factor-augmenting technical change, namely
Q = F(A,L, AgK), where A; and Ay are indices of labour and capital efficiency, and the
rates of labour-augmenting and capital-augmenting technical progress are given by A, and
Ak Duality theory shows that the production function has a cost function of the form C* =
f(@*, 7*,Q), where C* is total nominal costs and @* and #* are the efficiency adjusted or
effective nominal wage and profit rates, i.e., w*/4; and r*/A respectively.? (The asterisk
denotes a nominal value.) Assuming constant returns to scale, the cost function can be
expressed as ¢* = g(@*, 7*) = g(w*/A,**/Ay), where ¢* is the unit cost of production. This
may take an explicit functional form such as the Cobb-Douglas or the translog cost
function.? Whiteman (1988) uses the translog unit cost function, and differentiating this
with respect to factor prices and using Sheppard’s lemma gives an equation for each of the
factor shares. Moreover, partially differentiating the unit cost function with respect to
time and substituting in the equations for factor shares gives an expression for the dual
rate of cost diminution as:

é‘lnc*=
ot

=N = e, + (1 —a)hg] (8)

I'Hsieh (1999) uses the dual approach and finds the growth of TFP for East Asia to be much higher than
Young’s original estimates. Young (1998) in a critique of Hsieh’s earlier working papers argues that the
differences are due to computational and methodological errors.

2 Strictly speaking, #* is the nominal user cost of capital. This, however, does not seriously affect the argu-
ment. Value added is calculated summing physical output using market prices. If product markets are not
competitive, the resulting measure of value added will contain an element due to monopoly profits. It could
be argued that a correct measure of constant price output should exclude this component and should be
calculated using marginal costs. In this case the argument concerning the identity follows through exactly as,
assuming labour markets are competitive, Sx;Q;= wL+rK, where x is the marginal cost, and r, is the rental
price or user cost of capital. When conventional value added is used, the rate of return implicit in the identity
is the rate of profit calculated from the national accounts and, indeed, this is how it is derived in many growth
accounting exercises (see, for example, Harberger, 1988, p. 29).

31t should be noted that ‘the translog cost function is not derived from any optimising procedure in the face
of the translog production function. The translog has no self-dual’ (Heathfield and Wibe, 1987). This does
not affect our argument, as the critique applies equally to neoclassical cost functions, per se.
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If we totally differentiate the cost function with respect to time and equate the rate of
change in product prices (§) with the rate of change in unit costs (£*) we obtain an
expression for the rate of technical change as:

N =aent+ (1 —a)oh— ﬁz = apy + (1 —a)o, ®

Thus, the conclusion from this neoclassical analysis is that the rate of technical change is
measured as the difference between the weighted sum of the growth of nominal wages and
the rate of profit and the rate of change in prices. This is the dual approach to deriving
(and estimating) the rate of technical change.

An alternative neoclassical approach is to start initially from the underlying identity.
Harberger (1998) provides an example of this methodology (see also Jorgenson and
Griliches, 1967). The rate of ‘real cost reduction’ is defined by Harberger as R = w,AL +
(po + 8p) AK — PAVA, where the subscript 0 denotes the initial value, p is the rate of return
on capital, 3 is the rate of depreciation, VA4 is GDP, and Pis its price index. Ignoring the
interaction term, it can be seen that this can be expressed in the traditional growth rate
form as ¢,= RIPVA = a AL/L + (1 —a)AK/K — AVA/VA, where a and (1 — a) are the factor
shares. In Harberger’s (1998) analysis, however, he assumes that each factor is rewarded
according to its marginal product. Hence, underlying the identity is a neoclassical pro-
duction function or a cost function and the usual optimising assumptions.! The growth of
the residual may be written as what Harberger terms a ‘dual representation’, and this takes
the form ¢, = a(Aw*/aw*) + (1 — a)(Ar*/r¥*)-AP/P, where r,* denotes the nominal value of
(po + 8o). This, in discrete growth form, is equal to é*. However, the results of both these
approaches (i.e., starting from either the cost function or the ‘neoclassical’ identity a la
Harberger) may be equally derived either from the accounting identity without the need
for any assumptions of an underlying neoclassical cost function or a production function
or both, and without the need to use duality theory.

Let us consider the accounting identity for value added in nominal terms:

VAY* = wXL, + r¥K, (10)
where the asterisk again denotes nominal values. In growth rates:
vaf = aeh + (1 —a)ox+ al,+ (1 — a)k, 11

The identity in constant prices was given by equation (2), and in growth rates by
equation (3). Thus, it follows from the above equations that the growth of the implicit
price deflator (P,) equals:

vaf —va = Ist = a;(‘Pw; - (Pwr) + (1 - at)(‘Prz - (Pn) (12)

and the rate of cost diminution, or the rate of change in unit costs of production, is given
by:

& =B — [aps+ (1 —a)orl = —[a®u + (1 — a)o] = — @, (13)

Given the above, i.e., the fact that we have derived ¢, simply as a transformation of the
income accounting identities for value added in nominal and real terms, the interpretation
of the Solow residual as a measure of technical change does not necessarily follow.

!'There is a contradiction in Harberger’s analysis, since he argues that the residual could be due to changes
in x-efficiency such as when ‘real costs were reduced when a very lax manager was replaced by someone more
strict’ (Harberger, 1998, p. 3). This is inconsistent with the neoclassical optimising assumptions that imply
firms are technically efficient.
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Furthermore, it is misleading to refer to @, = a,¢.. + (1 — a,)¢, = \, as the dual, or price-
based measure of technical progress (the cost reduction interpretation of productivity
growth), of o, = va, — aJ, — (1 — a)k,.

What about the argument that an economy that experiences an increase in both its real
wage and rate of profit must have increased its overall leve] of productivity or efficiency? It
could be argued that ¢, measures such a rate of growth of efficiency. Certainly, under
these circumstances, the economy is in a Pareto preferred situation, but the point to note
is that it is not possible to ascribe this unambiguously to a result of technical change.
There is no reason to assume that the factor shares 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 value data will show).
The point to note is that our derivation of what we have referred to above as rate of ‘cost
diminution’ is simply a tautology derived from an identity with no behavioural assump-
tions.

Wages are likely to be correlated with labour productivity (the latter, unlike the notion
of Solow residual, does not require any underlying theoretical assumptions about the
existence of a production function or the state of competition). Changes in the rate of
profit are also likely to be associated with changes in the capital-output ratio. But the only
possible way to argue that ¢, is a measure of the rate of technical change (or of the negative
of the rate of real cost reduction, in the sense used by Harberger) is to postulate the exist-
ence of an aggregate production function or cost function, together with the conditions
for producer equilibrium. This is required as a justification for using the factor shares to
weight @, and o, to derived a combined index of TFP growth and to justify regarding a/
and (1-a)k as a measure of the contribution, in a causal sense, of the growth of the factor
inputs to output growth.

As the Solow residual may be merely derived from the accounting identity, the growth
of an input multiplied by its factor share does not necessarily measure that input’s con-
tribution to the growth of output in any causal sense. Hence, it is not possible to ascribe ¢,
uniquely to technical change, while the ability to do this, of course, is the whole rationale
for the growth accounting approach.!

The growth accounting approach must, of necessity, assume that there is a well-behaved
underlying production function, and that the usual neoclassical assumptions (including
a competitive equilibrium) are fulfilled. There is a ‘Catch-22’ problem here. One can
assume the existence of an aggregate production function and try to estimate such param-
eters as the elasticity of substitution; but itis not possible to test that this is a technological
parameter (because of the arguments in the Equifinality Theorem). Similarly, one can use
the growth accounting methodology to quantify the ‘residual’, A, = va, — al, — (1 — a)k,,
which will equal ¢, = a,@,, + (1 — a,)¢,, but this will in no way imply that that what has
been calculated is (unambiguously) the rate of technical progress; and neither will it
provide any independent support for the appropriateness of the methodology used. The
equation @, = a,0,, + (1 — a,)¢,, can be interpreted unambiguously only as an arbitrarily
weighted combination of the wage and profit rates and, as such, as a measure of
distributional change, although not in a zero-sum sense.

I The reason that the accounting identity has not been seen to pose any problem in the neoclassical analysis
is possibly that at the aggregate level output is assumed to be analogous to a (physical) quantity index, Q. The
accounting identity is assumed in the theoretical model to be, as we noted above, pQ = wL + rK', from which
it is always possible to derive or recover Q and to specify the production function as Q = F(L, K', t) or the cost
functionas C=f(w, 1, O, ©).
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The implications of the Equifinality Theorem may be summarised as follows.

(a) It is not possible to test statistically, and hence potentially refute, the hypothesis that
the economy is representable by an aggregate production function.

(b) The values of the factor shares determine the values of the output elasticities in a
statistical sense, rather than the other way around, for economic reasons (such as
factors are paid their marginal products under competitive conditions).

(c) The first-order conditions, which may be erroneously interpreted as derived from the
marginal productivity theory of factor pricing, will always be statistically significant,
and will not be rejected by the data. It is consequently not possible to test this theory
statistically (this is elaborated below).

(d) The functional form must always be homogeneous of degree one in L and K, and its
econometric estimation must yield an R? of unity, provided a close approximation to
the linear accounting identity has been found.!

(e) The statistical results of estimating a particular specification of VA4 = F(L, K, ¢) should
only be interpreted as a test for how accurately the paths of the factor shares and ¢, are
being tracked. For example, estimating a Cobb—Douglas with a linear time trend can
only be regarded as a test of the null hypothesis that factor shares, and the weighted
average of the growth rates of the wage rate and the profit rate are constant over time.

(®) Any statistical contradiction of (a) to (e) is merely the result of a poor approximation
to the identity. It will always be possible to find a better approximation for the identity
given by equation (2) where such refutations do not occur.?

3. The study of Kim and Lau (1994)

Kim and Lau (1994) used a more general production function than the Cobb-Douglas,
namely, the translog, to explain the growth of the high-performing economies of East
Asia, and (supposedly) to test the hypothesis of constant returns to scale, and the marginal
productivity theory of factor pricing under competitive conditions (see also Boskin and
Lau, 1990).

Kim and Lau used a meta-production function. This is defined as the common under-
lying production function that can be used to represent the input—output relationship of a
given industry in all countries. Essentially, it amounts to pooling time-series and cross-
section data. This, according to the authors, has the advantage that since inter-country
data normally show greater variability than time-series data for a single country, the
parameters of the production function can be estimated with greater precision. Likewise,
this specification, according to Kim and Lau, does not depend upon the assumptions of
constant returns to scale, neutral technical progress and profit maximisation with compet-
itive output and input markets—assumptions that underlie most growth accounting exer-
cises. These hypotheses, and the postulate that all countries share the same production

1T his follows from the fact that what is being estimated is simply an identity. However, paradoxically, it is
easy to show that if the data followed exactly the theoretical paths (e.g., for the Cobb~Douglas constant factor
shares and constant growth rates of the wage and profit rate), then perfect multicollinearity would prevent the
estimation of the coefficients.

2The fact that, in practice, estimations of ‘production functions’ sometimes provide poor statistical fits
and implausible values for the estimated parameters may be responsible for the mistaken belief that a
behavioural (and hence refutable) relationship is being estimated. For example, suppose that factor shares are
roughly constant and the conventional Cobb-Douglas, with a linear time trend, is estimated. Although
alnw, + (1 — a)lnr, may show a strong secular trend, the presence of cyclical fluctuations in this trend may be
sufficient to render the estimated coefficients seriously biased.
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function, are supposedly capable of direct testing, in marked contrast to the growth
accounting approach. For empirical purposes, they used the translog production function
and allowed for biased technical change. In other words, the contribution of capital- and
labour-augmenting technical change were estimated separately.’

Pooling time series and cross-section data for the G-5 countries and for the four East
Asian NIEs, they found TFP growth was not significantly different from zero in the latter,
and that technical progress was capital augmenting. The explanation for this finding, they
argued, is that, until very recently, the NIEs had not invested in R&D, and that most tech-
nical progress was embodied in the capital goods (therefore, exogenous technical progress
had to be negligible). They also conjectured that the ‘software’ component of invest-
ments, i.e., managerial methods, institutional environment, as well as supporting infra-
structure, lags behind the ‘hardware’ component. Likewise, they rejected statistically the
standard assumptions behind growth accounting, i.e., an aggregate production function
homogeneous of degree one in capital and labour, neutral technical progress, and profit
maximisation. Since we have argued above that, because of the underlying identity, it
should not be possible to reject these putative hypotheses, it is worthwhile considering
their approach in greater detail to see the reasons for this.

The translog production function with the inputs measured in terms of efficiency units
is given by:

InVA, = Ind, + alndpL, + PlndgK, + y(Ind,LIndgK) + 8(nd,L)? + e(IndxK)>?
(14

where A;, and Ay, are the levels of factor-augmenting technology, termed the augmen-
tation level parameters, which are allowed to differ between countries, and where Ay and
\r are the rates of labour and capital-augmenting technical change. Substituting In4;, =
InA;, + Nyzand Indg, = Indg, + Agt, where Ao and Ay are the initial levels, the following
estimating equation is derived:
InVA, = Ind, + 8(nd;,)? + e(Indgy)? + v(nd; o) (Indgg) + alnd;, + Blndg,

+ (o + yInAgp + 28Ind;)InL, + (B + yInd; o + 2elndgy)Ink,

+8(InL,)? + e(InK)? + y(InL) (InK)) (15)

+ (2ehg + YA (EnK) + (20N + YA (1nL,)

+ [(B + yInd,, + 2elnAg)hg + (@ + yIndge + 28Ind; )N ]z

+ [EQ? + 3O\ + YA AL

or, equivalently:
InVA, = c + by InL, + b, InK, + b5(InK)? + by(InL,)? + b5(InLInkK) (16)
+ b6(t1nK,) + b7(t1an) + bst + bth

Equation (16) was estimated by Kim and Lau in first differences together with the
corresponding first-order condition for labour, i.e., a system of two equations reflecting
the technical relations and the economic decisions of the firm. The reason is that it is
inappropriate to estimate the production function as a single regression equation treating
capital and labour as exogenous variables. Consequently, as 4;, and Ay, differ between

1 Kim and Lau (1994) also included a term to capture the exogenous improvement in output efficiency
(quality). This is found to be statistically insignificant and, for expositional ease, we have not included it in
our discussion, and it does not materially affect the argument.
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countries, the coefficients c, by, b, and bg are country-specific constants. Estimates of the
fate of factor augmenting technical change may be obtained using &, 4, 9, and the coeffi-
cients of (zInK) and (zInL) or their first differences if the growth rate specification is used.
The coefficient of #2 is not independent, but is determined by &, 6, A iL and 1 X

Expressions for the output elasticities may be obtained by differentiating InVA, with
respect to InL, and InK; respectively. If profit maximisation and perfect competition hold,
these will equal the relevant factor shares:

a;lnnI;,A = (a + yInAdgy + 28Ind; o) + (28N, + YAt + 28InL, + yInK, = a, an
T
and
olnVA
K = (B + yInAyg + 2elnAdgy) + 2ehg + YA\t + 2elnk, + vyInL, = (1 — a,) (18)
4

Thus, the test of the assumption of a competitive labour market is to determine whether
or not the coefficients in (17) are statistically significantly different from those in equation
(15). If they are, the argument is that this is sufficient to reject the null hypothesis. Altern~
atively, we could test the hypothesis that the output elasticities equal the factor shares.

However, in the light of our earlier comments, it will come as no surprise to learn that
these arguments are invalidated by the underlying identity, as will now be shown. (See also
McCombie and Dixon, 1991.) To commence, let us differentiate equation (16), the
‘production function‘, with respect to time. Denoting growth rates by the lower case, we
obtain:

va, = ah; + BiAx + oL + Bk, (19)
where
ol = (a + yIndg, + 28Ind;,) + (28N + yApr + 28InL, + yInkK, 20)
and
B: = (B + vInd;, + 2elndgy) + (28N + YA )t + 2€lnkK, + yInL, 21

where the variables o, and B are the respective output elasticities. From the marginal
productivity conditions, equations (17) and (18), a; = a, and B;= (1 — a,). Thus, if there
is profit maximisation and perfect competition, then from equations (17)-(21) the
following relationship must hold:

va,=al, + (1 —a) g+ al,+ (1 —a)k,=\+al,+ 1+ a)k 22)

where a,and (1-a,) are labour’s and capital’s factor shares.

But recall that differentiating the identity (2) with respect to time, we obtained equation
(3). Since the latter is obtained from an identity, it must aleways hold for any putative
production function, and does not involve the assumption that factors are paid their mar-
ginal products.

Comparing equations (22) and (3), it can be seen that (22) will always hold by virtue of
the underlying identity. Consequently, labour’s and capital’s output elasticities must equal
their respective factor shares, regardless of whether or not markets are competitive. It is thus not
possible to test this hypothesis by the procedure adopted by Kim and Lau. Moreover,
constant returns to scale must prevail, as from equations (20)—(22), B; = (1 — «;). Thus
doubling the growth rates of labour and capital will double the growth rate of output.
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The translog form can be derived from the identity in a manner analogous to that for the
Cobb-Douglas as follows. Assumie that ¢, follows a linear time trend (as in the case of the
Cobb-Douglas) or some more complex function of time, and that factor shares in this
economy happen to be well tracked empirically by the expressions in equations (20) and
(21). (This is comparable to the assumption of constant factor shares to derive the
Cobb-Douglas.) If these equations are substituted into the identity (3) and the equation
is integrated, the translog is derived.

How then that Kim and Lau claimed to have refuted the relationships derived from the
identity? In answering this question, let us, for expositional ease, consider the Cobb-Douglas
production function and the supposed testing of the marginal productivity conditions.
The Cobb—Douglas production function with a time trend was expressed in logarithmic
form in equation (6). The following relationships may be obtained from the first-order
conditions, also expressed in logarithms:

Inw, = lno. + In(VA/L) (23)
and
Inr, = Inp + In(VA/K) (24)

where a and B are labour’s and capital’s elasticities, respectively. Thus, a putative test of
the marginal productivity conditions would be to estimate the system of equations:

InVA, = by + by + bpglnL, + byslnK, + u, (25)
].nwt = b14 + blsln(VA,/L,) + Uy, (26)
lnrz = blﬁ + bl7ln(VA,/I<t) + U3, (27)

and to determine whether b,, differed from exp(b,,) and 5, ; differed from exp(d;¢). More-
over, 515 and b,, should not be statistically significantly different from unity (an alternative
approach would be to test whether the estimates of b 12 and b 13 differed significantly from
their average factor shares. However, the method we are considering here has certain
expositional advantages).

The problem with these supposed tests of the hypothesis of profit maximisation is that,
if factor shares are constant (for any of the reasons discussed in Section 2), the null
hypothesis cannot be refuted, solely by virtue of the underlying identity. This is because it
follows from the definition of the labour share, w,L/VA, = a (a constant), that Inw, = Ina +
In(VA,/L,), which is formally equivalent to equation (26). The exception, as we have
mentioned above, would be when (alnw, + (1 — a)lnr,) could not be adequately proxied by
a linear time trend, so that equation (25) does not provide a good approximation to the
identity. In this case, b,, # exp(6,,). But this should not be taken as a refutation of the
marginal productivity conditions, which are, it is argued, untestable. We can always find a
better approximation to alnw, + (1 — a@)lnr, so that 512 will converge to exp(b;4). For
example, if it is found that alnw, + (1 — a)lnr, varies procyclically around a trend, the
inclusion of any procyclical variable, such as capacity utilisation, may well improve the
approximation of the identity. It should be noted that the capacity utilisation variable is
merely included because it varies procyclically and not for any economic reason although,
in production function studies, it is argued that this will provide a necessary adjustment to
the flow of services of the factor inputs (see McCombie, 2000-2001).
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The limitation with the Cobb-Douglas is that if shares vary too much over time, we may
not obtain a very good fit. The advantage of the translog is that by making factor shares a
function of [, &, \; and A, it allows for a better approximation (a more flexible functional
form) than the Cobb-Douglas to the accounting identity. However, we should not neces-
sarily expect the parameters &, y and 3 to be very stable over time, since the values they
take are merely coincidental, and do not necessarily reflect any underlying technology.’

Let us return to Kim and Lau’s supposed refutation of the conditions of profit maxi-
misation and constant returns to scale. Their procedure is identical to that outlined above
with respect to the Cobb-Douglas production function, except that they use a translog
production function, and the marginal productivity relationships are expressed in terms of
factor shares. Any failure to confirm the marginal productivity conditions arises simply
because Kim and Lau do not have a sufficiently close approximation to the accounting
identity. In other words, if the specification were to be improved so that the R?, for
example, tends to unity, then we know that these ‘hypotheses’ cannot be rejected. There
are a number of reasons why it is possible in practice for these hypotheses to be rejected,
which were discussed above. If the fit is not perfect, it simply means that the translog is not
the right approximation to the accounting identity.

This may be made clearer as follows. It will be recalled that the identity in growth rate
form, equation (3), is given by va, = a,¢,, + (1 — a)o, + al, + (1 + a)k,. The factor shares
have time subscripts because they vary over time and, if this variation is sufficiently large,
as we have noted, it may be sufficient to give a poor fit to the Cobb-Douglas production
function. Consequently, we need a better approximation that tracks this variation of the
shares. We can see why the translog gives a better fit than the Cobb-Douglas production
function since, from equation (20), labour’s share is given by a, = f(InL,, InK,, £) where
InL, and InK, are also likely to be trended. Thus, even though there may be no
technological relationship between a, and InL, and InK, through the parameters of a
production function, we may get a better fit with the translog compared with the
Cobb-Douglas, because the latter makes some allowance for factor shares varying. Of
course, if the variation in factor shares is random, any improvement in the fit may be
coincidental, and we still may not get a very good fit. It is perhaps worth emphasising
again that given the empirical degree of variation in factor shares, the poor fit is normally
the result of the inappropriate assumption of a smooth rate of technical change—namely,
the weighted average of the growth of the wage rate and the rate of profit—rather than the
failure to track the factor shares accurately. Empirically, estimating the full identity given
by equations (3) or (4) normally produces highly significant estimates of the factor shares.
It is only when alnw, + (1-a)lnr, is replaced by a linear time trend that the other coeffi-
cients become either statistically insignificant or implausible.

Consequently, Kim and Lau’s (1994) claim that their formulation does not depend on
the traditional assumptions of growth accounting is ill founded. The fact that they rejected
constant returns to scale and profit maximisation was due to the fact that they pooled data
for nine countries, and the translog with constant rates of factor augmenting technical
change may not be the correct approximation to the identity, i.e., it is a misspecified
approximation. The conclusion is that Kim and Lau’s two-equation model cannot be
used to test the assumptions underlying the aggregate production function. It is nothing

! The Cobb-Douglas is a special case of the translog (when the restriction y = 8 = ¢ = 0 is imposed). As
factor shares are constant, however, it is not possible to derive separately the estimates of the degree of labour
and capital-augmenting technical change.
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more than an approximation to the identity, and as we improve the goodness of fit (by, for
example, introducing a more complex time trend, including, for example, sines and
cosines) to model a,lnw, + (1 — a,)Inr, more closely, the identity tells that us we shall be
increasingly unable to reject the ‘hypothesis’ of constant returns to scale, and the marginal
productivity theory of factor pricing.

4. Empirical evidence

This section provides empirical evidence in order to illustrate the theoretical arguments in
the previous sections, using data for Singapore for 1970-1990.! To begin with, we
estimated the standard translog and Cobb-Douglas functions, including, in both cases, a
linear time trend (denoted by £), which supposedly captures the rate of technical progress
(as in the orthodox analysis). (The specification of the translog is a more simple function
than that used by Kim and Lau, but this does not affect the substance of our argument.)
The results are shown in Table 1. It is worth mentioning that the Cobb-Douglas restric-
tion of the translog form, as well as the null hypothesis of constant returns to scale, are
rejected. Likewise, in the Cobb—Douglas case, constant returns are rejected (in favour of
decreasing returns), and the labour and capital elasticities are significantly different from
the average factor shares.? The results of these tests would therefore seem to indicate that
the aggregate production function of Singapore shows the properties of varying returns to
scale and factor elasticities.

Table 2 reports the estimates of equation (3). This equation, as discussed above, was
derived as a transformation of the accounting identity by assuming only that factor shares

Table 1. OLS estimates of the translog and the Cobb-Douglas production functions, for Singapore,
1970-90

Translog
Constant ¢ InL, Ink, (InL)? (InK)? InKJInL,

-0-320 (-3-50) 0-024 (3-19) 1-146 (6-44)  0-079 (0-83)  —5-398 (-2-73) -0-697 (-3-65) 4-036 (3-36)

R? = 0-999; DW = 1-47; Cobb-Douglas restrictions: F(3, 14) = 13-29 (p value = 0-:000)

H,: Constant returns to scale, x5 = 35-86 (p value = 0-000)

Cobb-Douglas
Constant t InL, InkK,

-0-500 (-7-86) 0-040 (8:04) 0-607 (5-00)  0-102 (1-80)
R?=0-997; DW= 0-87

H,: Constant returns to scale, x3 = 8:82 (p value = 0-:003)

Note: t statistics in parentheses.

I\We are grateful to Chen Kang for providing us with the complete data set. See Chen (1991).

2 Interestingly, if a quadratic trend is added to the regression, the results indicate significant increasing
returns to scale of 1.29. The two factor elasticities continue being significantly different from the factor
shares.
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Table 2. OLS estimates of the Cobb—Douglas identity for Singapore

Levels
Constant Inw, Inr, InL, InK,
-0-140 (-10-17) 0-387 (45-26) 0-585 (51:60) 0-354 (18:02) 0-613 (68'57)

R?=0-9999; DW= 1-56

Growth rates P @r A k,

0-384 (17-28) 0-584 (20-78) 0-370 (8-18) 0-610 (30-02)
R?=0-985; DW= 2-32

Approximation to the identity
AQ) InL, InK;

0-010 (6-25) 0-389 (3-15) 0-553 (13:50)
R?2=0-9967; DW= 1-25

H,: Elasticity of labour (n,) = 0-39, x3 = 0-0000013 (p value = 1-000)
H,: Elasticity of capital (ng) = 0-61, x} = 1-88 (p value = 0-170)

H,: Constant returns to scale, x; = 0-45 (p value = 0-500)

Notes: ¢ statistics in parentheses.
The average labour share for 1970-90, a, takes a value of 039, with a maximum value of 0-42 and a minimum
value of 0-32- The standard deviation of labour’s share is 0-039.

are constant. The equation is estimated in unrestricted form, and the purpose is to test
empirically whether, for this data set, the assumption of constant factor shares is reason-
able. The results indicate that indeed this is the case. As may be seen from Table 2, the
four estimates of the factor shares are very close to the corresponding values of the actual
average factor shares. When the specification is in terms of levels, the estimates of the
labour share are 0-387 and 0-354, while in terms of growth rates they are 0-384 and 0-370-
This compares with an average value over the period of 0-39. The extremely high z values
and close statistical fit, together with the proximity of the estimates to the factor shares in
both the regressions, demonstrate a very good approximation to the income accounting
identity. All the results of the Equifinality Theorem are confirmed by these regressions.

If these results are compared with those in Table 1, the contrast in the values of the
estimated parameters of labour and capital is particularly evident. The time trend (and the
higher order terms in the translog) in these regressions act as a proxy variable for the
weighted average of the logarithms of the wage and profit rates. The results reported in
Table 1, however, are not optimal. While the statistical fit is very high, the substantial
change in the estimates of parameters in the Cobb-Douglas, compared with the relevant
ones in Table 2, indicates that the approximation is not sufficiently close. We also cal-
culated the factor elasticities implied by the translog. They are given by (dlnVA/dlnL) for
labour, and (dlnVA/0InK) for capital and the results are reported in Table 3 (1, is the
elasticity of labour, 1 is the elasticity of capital, a is labour’s share, and 1 — a is capital’s
share). The negative elasticities obtained in six cases, and the substantially low returns to
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Table 3. Implied output elasticities of the translog production function for Singapore

Elasticity of labour: n; = 1.1462 — 2 X 5.3975In L, + 4.0363In K,
Elasticity of capital: mx = 0.0786 — 2 X 0.6968 In K, + 4.0363In L,

Year L a MK I-a e+ Mk
1970 —0-4955 0-4041 0-5083 0-5958 0-0127
1971 —0-1471 0-3963 0-4067 0-6036 02596
1972 0-2370 0-3605 0-2889 0-6394 0-5260
1973 01524 0-3429 0-3411 0-6571 0-4936
1974 0-5091 0-3201 0-2264 0-6798 0-7355
1975 0-9008 0-3522 0-0950 0-6477 0-9956
1976 0-8967 0-3510 0-1085 0-6489 1-0052
1977 0-6745 0-3545 0-2001 0-6454 0-8746
1978 0-3266 0-3731 0-3415 0-6269 0-6682
1979 —0-1556 04110 0-5330 0-5889 0-3774
1980 —0-1852 0-3816 0-5605 0-6183 0-3753
1981 0-0444 03924 0-4891 0-6075 0-5335
1982 0-4016 0-4256 0-3723 0-5744 0-7738
1983 0-5415 0-4366 0-3326 05634 0-8741
1984 0-8479 0-4475 0-2286 0-5524 1-0766
1985 1-5928 0-4801 —0-0408 05198 1-5520
1986 1-7357 0-4464 -0-0882 0-5536 1-6475
1987 1-4559 0-4109 0-0227 0-5891 1-4786
1988 1-2695 0-3905 0-0993 0-6095 1-3688
1989 1-0109 0-4000 02049 0-6000 1-2158
1990 0-6883 04011 0-3324 0-5989 1-0208

scale found for some years, indicate a serious misspecification if this is interpreted as a
production function.!

An implication of the discussion in the previous sections is that in general the income
accounting identity can be approximated by a suitable function of the form VA = F(L, K,
). The problem is to find the correct approximation to the weighted average of the
logarithm of the wage and profit rate as a function of time. There is no alternative to
finding such an approximation other than by a trial-and-error process. The closer the
specification approaches the identity, the closer the parameters will be to the factor shares.
By this method, we ended up estimating the last equation in Table 2, where A(z) =
(constant + sin(?) + sin(z?) — cos(?) + sin(®) + cos(£))? and where sin denotes the sine
function, cos is the cosine function, and ¢ denotes the time trend. There is no a prior:
reason, and nothing in neoclassical production theory to suggest that the growth rate of
TFDP should follow a linear trend with a random error. From the relative constancy of the
factor shares reported in the upper part of Table 2, we know that the third equation in
Table 2 is virtually the identity. The term A(?) consequently closely approximates the
expression alnw, + (1 — a)lnr,, where a = 039 and (1 — a) = 0-61 are the average factor
shares. The correlation between 0-39Inw, + 0-611nr, and A(7) is 0-814.

The important aspect of the third equation in Table 2 is that it takes us back to the
identity (although the approximation is not quite perfect). This can be seen by the fact
that the estimated coefficients are much closer than before to the factor shares. The null

! This results confirm Hulten’s view: ‘Estimation of the translog (or other flexible) function can lead to
parameter estimates that imply oddly shaped isoquants, causing practitioners to place a priori restrictions on
the values of these parameters’ (Hulten, 2000, pp. 22-3).
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hypotheses that the estimated elasticities 1); and g equal the average factor shares cannot
be rejected, and we obtain ‘constant returns to scale’, which the theoretical derivation
indicates should be the case. This is, of course, precisely what is to be expected, as the
specification of the putative production function is now a close approximation to the
accounting identity.! (See Felipe, 2001.)

Finally, it is also clear that the first-order conditions cannot be statistically rejected.
Under the assumptions of profit maximisation and competitive markets, factor prices are
determined by their marginal products. This analysis, which is strictly speaking applicable
to the microeconomic level, has been extended to the macro level. The first-order con-
dition for labour in this model states that the wage rate equals the marginal product of
labour, i.e., w = p(dQ/dL). However, at the aggregate level the measure of output is value
added, and consequently, from the accounting identity given by equation (2), it also
follows that =w = d VA/OL. The question arises as to how this can be formulated as a testable
proposition.

The arguments in Sections 2 and 3 indicate that if the translog were the best approxi-
mation to the identity, one would not be able to reject statistically the first-order con-
ditions, namely the relations given by equations (20) and (21). However, it has been seen
that, in fact, factor shares were (approximately) constant in Singapore during the period
under consideration.? This implies that the Cobb-Douglas first-order conditions should
not be rejected, as indeed is the case. The marginal productivity conditions in the case of
the Cobb-Douglas production function are & = a(VA/L) and r = B(VA/K), where «, B,
are the output elasticities of labour and capital (which equal factor shares when markets
are perfectly competitive, and this is the null hypothesis to test). The OLS regression of
the wage and profit rate on labour and capital productivity, respectively, gives & = 0.40
(with a £ statistic of 48-65) for the labour first-order condition; and § = 0.61 (77-38) for
capital’s first-order condition. Both elasticities are very close to the their respective
average factor shares.

Hence, these regressions show how it is always possible, with sufficient ingenuity, to
obtain a near perfect statistical fit to the ‘aggregate production function’ with the supposed
output elasticities equalling the factor shares, regardless of the state of competition. This
is because all that it is being estimated is an approximation to an identity and the results
can tell us nothing about the underlying technology of the economy.

5. The studies of Young

Unlike Kim and Lau (1994), Young (1992, 1995) assumed profit maximisation and
perfect competition, and used the Tornqgvist index to estimate the rate of TFP growth in a
series of growth accounting exercises for the East Asian NIEs. The Tornqvist index is used
to take account of the fact that growth rates are calculated over discrete, and not instan-
taneous, time periods. Diewert (1976) proved that this index is an exact measure of tech-
nical change if the underlying production function exhibits constant returns to scale and is

nterestingly, if the coefficient of A(£), 1.0% per annum, were interpreted as the rate of Singapore’s TFP
growth, this estimate would be slightly above the results reported in the literature for the city-state. On the
other hand, the rate of growth of TFP calculated through growth accounting indicates a residual of -0.006%
per annum,

2This indeed proves to be the case. The estimation of equation (17). The result is: a, = 0.33 + 0.005t +
0.031IlnL, — 0.025InK, (with z values of 3.32, 0.69, 0.16 and -0.29, respectively). The null hypothesis that the
time trend and the logs of labour and capital are jointly equal to zero cannot be rejected. This indicates that
the labour share is better approximated by a constant, as in the Cobb-Douglas form.
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a translog. Under these circumstances, one has to use the average factor shares of periods ¢
and (¢ — 1) and calculate the growth rates of output and factor inputs as the difference of
the logarithms in periods ¢ and (¢ — 1). This method, although it involves some rather
restrictive assumptions, avoids the problems derived from the econometric estimation of
production functions such as the possibilities of multicollinearity and spuriousness of the
regressions. Young (1992), in his controversial study for Singapore and Hong Kong, con-
cluded that TFP growth had, on average, been low, if not zero, in Singapore over the last 30
years. In contrast, in the case of Hong Kong, it accounted for up to 30% of overall growth.
Young (1995) extended the exercise to include South Korea and Taiwan. These two also
had positive TFP growth rates, but nothing exceptional compared with other countries.

The work of Young has been criticised, in particular his results for Singapore, on several
grounds. Pack and Page (1994B) and Nelson and Pack (1999) have commented that the
output elasticities of capital used by Young for Singapore, over the various subperiods, are
very high, around 0-5. Krugman (1992) pointed out that, in Singapore, being an open
economy, measures of real output are essentially measures of real value added. However,
these are possibly biased by serious problems of quality adjustment. There is also the
problem that if either the supply of labour and capital are not perfectly elastic at the
aggregate level, or imperfect competition prevails, or both, then even under neoclassical
assumptions, the use of factor shares as weights is not the appropriate procedure
(Dhrymes; 1965; Brown, 1966; Hall, 1988). Stiglitz (1997, p. 16) recently asked: ‘Does
anyone who has studied wage setting in Singapore, for example, really believe that wages
are set in a competitive process, so that the real wage equals the marginal product of labour,
as most of the studies assume?’ Surprisingly, however, Young seems content to accept the
assumption that markets in the developing countries are perfectly competitive.!

These critiques, though they may well be correct, are not so fundamental as the issues
that have been have raised above. Even if Young had estimated a positive and high TFP
growth rate for Singapore, as in the case of Hong Kong, the arguments advanced in this
paper would be unaffected. The issue at hand is the meaning of such an exercise. All Young
did was, in effect, to calculate the weighted average of the growth rates of the wage rate and
of the profit rate, and concluded that it was zero. This, from the Equifinality Theorem,
cannot necessarily be taken to be a measure of technical change. Recall that from equation
(3) that @,= a,@,, + (1 — a)¢,. Therefore, one can argue that if ¢, = 0, then in the case of
Singapore a0, = —(1 — a)¢,. According to Young’s data, a,~ 0.5.This implies ¢, = — @,,.
It indicates that the growth rate of the wage rate was matched by a decline in the growth rate
of the accounting profit rate (from a high initial level). But given that we are dealing with an
accounting identity, this says nothing about TFP growth (as understood in the
neoclassical sense). This result only indicates that Singapore’s profit rate declined during
the period analysed. The neoclassical argument is that this decline is due to diminishing
returns to capital, consequent upon the rapid rate of capital accumulation. However, it
was more likely to be due to the rapid rise in real wages, partly encouraged by Singaporean
government policy post 1979 in an attempt to stimulate productivity growth. (It may be
recalled that from the identity the profit rate is »=I1/K=(VA~w,L)/K, (.e., total profits,
I1, divided by the value of the stock of capital). This has nothing necessarily to do with a

'Young (1995, p. 648) was well aware of this problem, and his paper contains a discussion of the possible
biases introduced by incorrectly assuming constant returns and perfect competition. He dismissed it as
merely a minor problem rather too quickly. For an attempt to construct a measure of TEFP growth that does
not require the assumption of perfect competition, see Wan (1995). However, it can be shown that his
measure may simply be derived from the manipulation of the accounting identity (Felipe and McCombie,
1999).
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production function and with the notion of TFP growth as a measure of technical
progress.! (See Felipe, 2000.)

Young (1994B) extended his approach to use regression analysis. It is sometimes con-
ceded that, because estimations of the production function are often on the basis of single
equation models, there may be identification problems (Griliches and Mairesse, 1998).
However, see Zellner ez al. (1966) for a model that justifies the single equation estimation
of the production function. Nevertheless, we have seen why the single equation model, if
correctly specified, will always give a good statistical fit and elasticities will be equal to the
factor shares. Young’s (1994B) regression analysis was simpler than that of Kim and Lau
(1994). Young used Summers and Heston’s (1991) data set to estimate a cross-country
production function using 118 countries for the period 1970-85. The perpetual inventory
method, with the assumption of a 6% depreciation rate, was used to obtain fairly crude
estimates of the capital stock. Regressing the growth of output per worker on a constant
and the growth of the capital-labour ratio (k~/;) gave the result:

(g—1)=—0-21 + 0:45(k;— I) + n; (28)

The residual w; measures the growth of country s TFP less the world average (no
statistical diagnostics were reported). Young notes that the residuals for the East Asian
countries are very close in value to his much more detailed analysis using the growth
accounting methodology. Singapore, for example, has an annual growth rate of TFP of
—0-4% per annum from the growth accounting exercise, whereas the value obtained from
the regression is 0:1% per annum. But what does the regression tell us? We know that
from the accounting identity

(gi=1) = a@u; + (1 — a)oe;+ (1 —aplk; — 1)
=@+ (1 —apk;— 1) @

where the subscript 7 denotes the ith country.? Consequently, if we estimate (g;—1) = byg +
byo(B;— 1) + ., itis apparent that the estimate of b, will be the average value of the share of
capital, and the sum of the constant (b;5) and p; will, by definition, provide an estimate of
@; [the estimates may be subject to some bias if ¢; is not orthogonal to (&;—7)]. Thus, it is
hardly surprising that the estimates from this ‘back-of-the envelope’ calculation do not
differ from the more detailed studies. The fact that the estimated slope coefficient is
reasonably close to the average factor share has no implications for whether or not perfect
competition is a reasonable first approximation for analysing the growth rates of these
countries.

6. Conclusions

It has been argued in this paper that the recent literature on the sources of growth in East
Asia is problematic. The reason is that, as any empirical analysis using the aggregate

! Hsieh (1999) has estimated the dual or price-based measure of TFP growth using this framework.
Proceeding as we did in Section 3, he derives equation (3) and claims that ¢, provides a measure of TFP
growth. Furthermore, he even stresses the advantage that the derivation needs no assumptions. This argu-
ment is incorrect. Equation (3) is simply an identity and does require the usual neoclassical assumptions for ¢,
to be interpreted as a measure of TFP growth.

2Simon and Levy (1963) showed the relationship between the Cobb—Douglas and the accounting identity
for cross-section data. The derivation, using a Taylor series expansion, assumes that wages and profit rates in
the value-added identity refer to averages for the cross-section. The same result can be derived assuming
constant factor shares across sectors (McCombie, 1987).
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production function must use value data as opposed to physical quantities, the income
identity that relates output (value added) to the sum of the wage bill plus overall profits
can be rewritten as a form that resembles a production function. The implication for
applied work is that if the estimated functional form is the correct one given the data set,
the estimated coefficients must be the factor shares in output. Likewise, the Solow resid-
ual is, by definition, a weighted average of the growth rates of the wage and profit rates, the
latter being calculated from the national accounts. These conclusions are true always by
virtue of the accounting identity, and hold for all economic units, regardless of the state of
competition. These results have been formalised in the Equifinality Theorem. As, in prac-
tice, nearly all empirical work on production functions uses aggregated data (for either
sectors or the whole economy), these must be constant price value data. This, however,
leaves the notion of the aggregate production function in a difficult position for the empir-
ical analyses of growth and technical progress.

The literature on the sources of growth in East Asia provides an excellent example of
the theoretical problems discussed in this paper. We conclude that the methodological
problems underlying the conventional neoclassical approach are serious enough to ques-
tion the relevance of the whole discussion of whether TFP growth in East Asia is zero,
positive or negative. This is irrespective of whether one uses growth accounting or estim-
ates econometrically the ‘aggregate production function’. (See also Kaldor (1957) and
Pasinetti (1959) for alternative critiques of the neoclassical approach.) In a sense, this
paper has been somewhat nihilistic. An implication, though, is that a more fruitful way of
understanding why East Asia grew so rapidly is to be found at the micro level, especially
within a framework where the creation and/or assimilation of technology is explicitly dis-
cussed, and using firm-level data (see, for example, Hobday, 1995). This suggestion was
advanced long ago by Nelson (1973, 1981) but, unfortunately, has been almost totally
ignored. Nevertheless, a pioneering attempt along these lines has been the ‘matched
samples’ study of Mason et al. (1996), who looked at the reasons for the productivity
differences between British, German, French and Dutch firms (directly at the plant level).
This, we suggest, is likely to give more insights into the growth process than further repli-
cations of the growth accounting exercise or the fitting of aggregate production functions.
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