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and substitution in the short run

Miguel A. Delgado
Jordi Jaumandreu
Ana Martin Marcos

Abstract

This article studies the behavior of input cost shares, in an environment where labor
is costly to variate, materials can variate at no cost and capital is fixed. A model
relating cost shares with relative prices and adjustment costs is proposed, allowing joint
estimation of the elasticity of substitution and the adjustment cost function, which is an
unknown function of the capacity utilization. Based on a panel of more than 700
manufacturing firms we find evidence of strong input share variations according to the
degree of capacity utilization. The estimated shapes of adjustment costs of labor are in
agreement with our theoretical model, and we obtain sensible elasticities of substitution
estimates. Based on such estimates, we find evidence of a negative (positive) bias in
downturns (recoveries) in conventional productivity growth measures.




1. INTRODUCTION

This article studies the short run behavior of input cost shares. In particular, we
study how the shares of the usually considered variable inputs (materials and labor)
can be affected by the short run decisions of the firms in the presence of exogenous
demand shocks. And we argue that the shares’ behavior will follow a pattern closely
related to the relative adjustment costs and possibility of substitution between the
inputs. The problem is well motivated in practice, since cost shares are widely used
in applied analysis (for example, for estimating elasticities of substitution between
inputs or to measure elasticities of the output with respect to the inputs). However,
such applications can be quite misleading when shares’ short-run behavior is not
taken into account.

This work can be seen as an application in the tradition of temporary equilibrium
models. Following Berndt and Fuss (1986a), temporary equilibrium can be defined
as "ocurring whenever the shadow value of any input and/or output differs from
its market price”. In production applications, authors begin by assuming that in
the short-run some inputs are variable and some others are costly to adjust, and
that firms will minimize short run variable costs, that may include some costs of
adjustment. This is the approach followed, for example, in Berndt and Fuss (1986b),
Morrison (1986), Slade (1986) and Schankerman and Nadiri (1986), to mention only
a few. The marginal products of the not fully adjusted inputs will differ from their
market rental prices. That is, they will have "shadow” prices or costs that will not
be equal to the observed prices. Several procedures have been proposed to test for
these situations, to retrieve or approximate the shadow prices, and to use them to
compute properly the growth of productivity or the patterns of substitution among
inputs.

In this paper, firstly, we build a theoretical framework to explain the relationships
between short-run decisions and the observed cost shares, under a technological en-

vironment where cost shares are independent from output in the long-run. We will




assume that firms minimize short-run costs conditional on the level of available cap-
ital, considering labor a factor costly to adjust and materials freely variable. The
degree of adjustment turns out to be related to the degree of utilization of capacity,
that is, to the ratio of the output to be produced to the potential output given the
installed capital. Labor will be "hoarded” in the downturns, to avoid incurring in
high costs of adjustment, and therefore the marginal cost of labor will be low and all
the available possibilities of substitution exploited.

Secondly, we develop an econometric model to assess at the same time the degree of
substitutability between labor and materials and the impact of capacity utilization,
through its influence on the marginal cost of labor, in the relative shares. The model,
that embodies a highly non linear unknown function of adjustment costs, is estimated
using alternative parametric and semiparametric techniques.

Thirdly, we apply the framework to study the consequeces of the short- run shares
behavior on the nonparametric analysis of productivity. We argue that short-run
behavior can imply mismeasurement of the elasticities when conventional measures
are used. We compare in theory and practice the Solow residuals computed with the
observed shares, corrected shares, and also, to check a common practice, value added
shares.

We use a micropanel of more than 700 Spanish manufacturing firms, observed
during a five years period (1990-1994) that has something of a ”natural experiment”.
The period was characterized by the development of a strong recession, that peaked in
1993, followed by one year of recovery as shown in Figure 1. The firms’ data allow us
to compute rather precisely the materials, labor and capital changes and cost shares
and, unlike other industrial panels, the use of individual price change indexes and

capacity utilization assessments.

FIGURE 1 ABOUT HERE

We find a series of interesting empirical results. On the one hand, we find strong

evidence on short-run adjustments and the estimated adjustment cost funtions show
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plausible values and a nice convex shape. However, the consideration of the ad-
justment costs does not seem to affect seriously to the estimates of the elasticities
of substitution between labor and materials, for which we obtain values that are
comparable to the scarce existing evidence (see Hamermesh 1993). But, when the
estimated marginal costs of labor are used to correct the observed input cost shares,
we find strong evidence of biases in the conventionally computed productivity growth
measures. We conclude that the (observed shares) Solow residual can understate pro-
ductivity growth in the downturns and overstate it in recoveries, and that the true
(production) productivity growth is badly approximated by the value-added mea-
surements. The first conclusion is close to what one would expect from Slade (1986)
Monte Carlo experiments, but both conclusions question the invariance properties of

the Solow residual stressed by Hall (1990).
2. THEORETICAL FRAMEWORK

Assume a firm that minimizes its variable costs conditional on the installed capital,
with materials and labor as inputs. Materials are freely variable but labor is subject

to adjustment costs. That is, the short—run behavior of the firm can be seen as
Min ©Le*°(n2%) 4 M, st. F(L,M,K*) =Q, (1)

where L and M represent respectively the quantities of labor and materials, @ and p
their market prices, and K* stands for the disposable capital. F(.) is the production
function, AC(.) gives the (proportional) adjustment costs of labor when the firm
deviates from L*, the optimal labor demand given capital and market prices. Notice
that, with fixed capital and no constraints on production, the firm would produce the
optimal output level given capital and the market prices of labor and materials, Q* =
Q(w, P, K*). Then, demand for materials and labor would be M* = M (@, p, K*) and
L* = L(w,p, K*). Implicitly, we assume that capital has been set at some optimal
long-run level. |

The adjustment costs function summarizes all the factors that can increase the unit
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cost of labor when the labor input is outside its equilibrium level given capital. In
Appendix A, we justify the form of such a function in different contexts. We assume
that AC (0) = 0, and that dAC(z)/d |z| > 0 and 82AC(z)/d |z|* > 0 for all z # 0.
Suppose that F is homothetic and, at the same time, weakly homothetically sep-
arable in the variable inputs. That is, F' is homothetic and can also be written
as F(f(L,M),K) where f(L,M) is a homothetic subfunction — see, for example,
Chambers (1988) —. These two assumptions together imply that F’ can be written as
F(G(f(L, M), K)) where G is linear homogeneous. The assumption of homotheticity

imply that, in long-run equilibrium, all the input/ouput ratios and the cost shares

would be independent of the output level. Given these assumptions we have
Min{wL+5M |F (G (f(L, M), K") < Q}

= Min {wL+ﬁM|G (JC(LTM—) 1) K* < f‘l(Q)}

= Min{wL+3M|f(L,M) <T(Q,K*) =y},

and the short-run objective of the firm can be written as

Min GLeACW™I®) L M st f(L,M) =y, (2)

where y represents the level of the intermediate aggregated input (a mix of labor
and materials) associated to the production of Q given K*.
Define AC'(z) = 0AC(z) /8z and AC"(z) = 8*AC(z)/0z*. From the first order
conditions in (2) we obtain that
Of (L, M)/oM _ P p

= =7 (3)
f(L,M)JOL ~ w(l+ AC'(nl) — wz’

where | = In &, w; = weA%(") is the cost of an unit of labor and 2z = (1+ AC’(Inl))

represents the ratio of the marginal cost of labor to its unit cost. Interestingly
enough, z § 1if L § L.

Given the homotheticity of f (.), (3) can be rewritten as

;"I_{_ v <i> = v(w), 4)



where w is an abbreviation for the relative marginal cost, that is, the ratio of the
price of materials to the marginal cost of labor, and dv (w) /0w < 0.

Equation (4) expresses the important short-run link between the ratio of the
amounts of the variable inputs held by the firm and their relative marginal cost. This
relative marginal cost depends, in addition to market prices, on the adjustment costs
of labor.

In order to study the effect of exogenously induced variations in output on the ratio
of materials to labor we proceed as follows. By homotheticity, f(L, M) = y can be
written as f(g(L, M )) =y , where g(-) is a linear homogeneous function. Therefore
L= f‘l(y)/g(l,v(w)) = h(y)c(w). , where h(-) and c(-) are functions with positive
first derivatives. Hence, we can write the proportional deviation of equilibrium labor

as

In¢ =1 ) | @) (5)
h(y*) ¢(w*)
where y* represents equilibrium output, u = y/y* stands for the utilization of capacity
implied by the output to be produced in the short run (i.e. the ratio of the produced
output to the optimal output, the standard definition of capacity utilization; see, for
example, Berndt and Morrison (1981)), but in terms of the aggregated intermediate
input y, and w* are the relative prices observed in the market. If F' is homothetic, then
y/y* =T(Q,K*)/T(Q* K*); if F is linearly homogeneous (F = G), this relationship
specializes to y/y* = T(Q/K*)/T(Q*/K*) with T = G7%; and if F is a constant
returns Cobb-Douglas, y/y* = (Q/ Q*)tlrk where gy, is the output elasticity of capital.
In general Inu can be seen as approximately proportional to lan and, in the empirical
exercise, we will use this fact to replace u with the utilization of capacity in terms of
output.
Since w is a function of the labor adjustment costs, (5) defines only implicitly the
employed labor as a function of the capacity utilization given the market prices. But

the impact of the utilization of capacity on the adjustment in labor can be computed



by implicit differentiation as

olne 1
Olnu €+ eyo(f)

>0, (6)

where € is the scale elasticity of f(.), ea the elasticity of output with respect to
materials, o the elasticity of substitution between materials and labor, and A (¢) =
AC'(In¢) + AC" (In£) / (1 + AC’ (In¢)) is a measure of the slope and curvature of
the adjustment costs function. The elasticity of M/L with respect to the utilization
capacity is obtained, using (4) and (6), as

OmM/L_ 0l 1
dlnu dlnu ey + D

> 0. (7)

Expression (7) implies that the ratio of materials to labor will be invariant to the
utilization of capacity if there is no possibility of substitution (¢ — 0) or/and if there
are no adjustment costs (A(¢) — 0, V). Expressions (6) and (7) make clear that if
o > 0 and there are some adjustment costs, we can expect labor in the downturns to
be "hoarded” to save costs, using all the available possibilities to substitute materials
by labor intensive processes. This seems in agreement with common sense and casual

observation.
3. A MODEL FOR COST SHARES

Let s,, be the observed cost share of materials. Also define the relative share of
materials as m = s,/ (1 — s,,) . We can write

m= % = -5;1) (%Ze) = zwv (w). (8)

The last equality provides an expression for the relative share in terms of the ratios

of the marginal cost of labor to its unit cost (2), the relative marginal costs (w) and

the ratio of materials to labor as a function of these costs (v (w)). When 2, =1 (i.e.

when AC' (In¢) = 0), the above expression collapses to the conventional explanation

of costs shares in terms of market prices m = w*v (w*).



Differencing (8) we obtain

d d dw
o ia-0%
m 2e w
which implies that
@=Uﬁ+(1_a)(@_@>_ 9)
m 2y Wy

Expression (9) splits the change in the materials share in two components. One
component, given by the second term of the right hand, is the change related to
the variation in the observable relative unit costs of materials and labor. The other
component is the change associated with the variation in the unobservable ratio of
the marginal cost of labor to its unit cost.

Using the relationship established in Section 2 between the change in the labor
input and the utilization of capacity, we can specify the adjustment costs as a function
of capacity utilization, that is AC(Inl) = AC(Inu)'. This variable has the double
advantage of being more easily observable and to be exogenously determined. Then,

equation (9) can be approximated, in discrete terms, by

Alnm = JAZE'I(lnu) +(1- J)Alng (10)
]

Model (10) forms a basis of an estimable econometric model. We are interested in
estimating the unknown parameter o, representing the elasticity of sustitution, and
the unknown function XC"(), reflecting the labor adjustment costs. Hence, we face a
partially linear semiparametric model, which can provide empirical evidence on the
theoretical framework developed in the previous section.

The model to be estimated can also be written as

Alnmg = Ad(nw) + fAIn 22 46y i=1..N and t=1.T (11

Wit
where B=1—o0, (lnuy) = (1 - B)Xél(ln u;¢) is an unknow function, and €;; is the

disturbance term.

1The ZE’() function can also be seen including the scale effect derived from the replacement of

u by the utilization of capacity in terms of output.
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Estimators of models like (11) have been proposed by Robinson (1988) and Speck-

man (1988) among others. Noticing that u;; and €;; are uncorrelated,

Alnm,-t—E(Alnm,-tluit)=ﬁ{Aln Pat —E(Aln Pu lu,-t)}+eit, (12)

Weat West

the semiparametric estimator of 3 is the ordinary least squares estimator (OLS) after
substituting the conditional expectation functions in (12) by some nonparametric
estimate. Since u;; takes only discrete values (between 1 and 100 in percentual terms),
we can employ any smoothing method for estimating the conditional expectations and
the resulting OLS robust standard errors are valid (see Delgado and Mora 1995). Even
a mere average of the values of the dependent variable with the same u;; value, which
will be called "nonsmoothing” estimator, can be employed as an estimator of the
conditional expectation. For the sake of comparison, we will use 3 estimates based
on kernel estimates and ”nonsmoothing” estimates of the conditional expectations in
(12).

- Since the unknown function 6 (.) depends on only one argument, we can also ap-
proximate it by some polynomial expansion, e.g. a three order Taylor expansion of
the type 0 (z) = ag + o1z + apz? + 323, and 3 can be estimated by OLS in (11),
where 6(.) is replaced by the given parameterization. The goodness of such parame-
terization can be tested by comparing the resulting estimates with those obtained

applying the semiparametric method.

4. ESTIMATING THE ELASTICITY OF SUBSTITUTION AND
ADJUSTMENT COSTS

Our estimations are based on a 5 year balanced panel (1990-1994) of 719 Spanish
manufacturing firms. This sample comes from a broader stratified sample of Spanish
manufacturing, in which firms above a given size (200 workers) are over-represented.
Our subsample consists of the set of firms for which the data required in this exercise
were available.

The data richness is very unusual. On one hand, firms report the accounting overall
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materials and labor costs, an estimate of the average yearly change in the price of the
materials that they buy, and the data needed to compute total effective hours of work
(normal hours+overtime-lost hours). From these data we compute the materials and
labor cost shares and the change in the relative unit costs of materials to labor. Firms
also supply an assessment of their average utilization of the installed capacity during
the year. On the other hand, from the accounting figures on assets we can compute
the firm’s capital (in equipment, excluding building), and from individual information
on the interest rates payed by financing, we are able to estimate individual user’s costs
of capital. In estimations, we split the sample in 10 industry subsamples to take into
account the industries heteroegeneity (see below).

Finally, the period under study is also somewhat exceptional, providing an inter-
esting "natural experiment”. Our sample data range from the end of a boom to the
beginning of a new recovery, including a sharp downturn (see Table 1 and Figure
1). By the years 1990 and 1991 production became stagnant, though investment and
capital were increasing at high rates until the latest year. The utilization of capacity
decreased already this year, and production and used capacity fell sharply during the
following two years, 1992 and 1993. In 1994 it started a strong recovery that affected

production and the used capacity.

TABLE 1 ABOUT HERE

All this shows a strong impact on the cost shares of the inputs (see Table 1 and
Figure 2). The firms’ average materials share decreases sharply during the recession,
while the shares of labor and capital tend to increase. A simple calculation with the
share values reveals that the ratio of materials costs to capital costs fell by about
15-20% in the worst years, while the ratio of labor costs to capital costs fell only by
about 5-8%. Strikingly, both ratios tended to recover their original values at the end
of the period.

FIGURE 2 ABOUT HERE
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The figures clearly suggest a downward short-run adjustment from the part of the
firms to a lower demand. This adjustment is mainly based on the materials and labor
inputs, while the accumulation of capacity is simply lessened. But the adjustment
seems to affect differently, as expected, to materials and labor. As far as the relative
market price of materials to labor is also changing during the period (see Table 1),
the impact of the adjustment on the materials-labor ratio cannot be disentangled and
assessed straightfowardly.

Table 2 reports the results of the estimation of model (11). Firstly, the table reports
the parametric estimates and under the restrictions a; = a3 = a3 =0,y = a3 =0
, a3 = 0, and without restricting the o coefficients. Next, the table reports the

semiparametric estimates.

TABLE 2 ABOUT HERE

For the parametric specification of §(.) we observe that the linear specification
az = a3 = 0) is in general not adequate by looking at the joint significance of the
polynomial terms. It is worth mentioning that as we introduce powers of Inwu, the
OLS estimates of 8 do not vary sensitively, possibly due to the near independence
of u and p/w,. Perhaps, this fact could be attributed to the non-monetary character
of most of the adjustment costs, that mitigates the correlation between the observed
unit costs and the unobserved marginal costs picket up by the capacity utilization.
However, if the parameterization of 0 (.) is incorrect the OLS estimators are inconsis-
tent. In general, the semiparametric and the parametric estimates are quite similar.
The semiparametric estimates based on kernels do not show significant variation for
the different bandwidth choices. Also, the kernel estimates and ”nonsmoothing” es-
timates are fairly similar.

Some comments on the elasticity of substitution estimates for the different sectors
are in order.Only two sectors have extreme values: the Chemical, rubber and plastic
products sector, with an estimated elasticity near unity, and the Paper products

sector with the lowest estimated elasticity (under 0.25). The elasticities of all the
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remaining sectors range in the interval 0.4-0.8. These estimates seem to agree with
most of the sparse evidence available on substitution between materials and labor
(see e.g. Hamermesh (1993), Table 3.6).

The similarity between the different 5 estimates among the different estimation
procedures suggests that the parametric specification of 8(.) is correct. In Figure
3 we report plots of (1-3) Zé’(ln w) and (1 — 8)AC(Inu) based on the polynomial
specification of 8(.). In all sectors 9AC(z)/dz > 0 and 8?AC(z)/0z* > 0, supporting

the conclusions in section 2.
FIGURE 3 ABOUT HERE

The estimated adjustment costs function, and hence the impact of these costs on
the input shares, results to be significant in 7 of the 10 sectors. Two of the three
exceptions coincide with the sectors with the lowest elasticities of substitution (Pa-
per products and Non-metallic minerals), as could be expected given the theoretical
conditions developed in section 2. The third sector (Food, beverages and tobacco)
constitutes a surprise, because it is a sector with a high elasticity of substitution.
Perhaps this can be rationalized by noticing that it has been always considered as a
sector with low adjustment costs. When the function is significant (and also for the
two exceptions with the highest elasticities), the estimated marginal cost always has
the correct sign and the integral of the function has a nice convex shape (see Figure
3). In addition, the non-linearities of the involved relationships are confirmed. The
estimates seem to confirm that the capacity utilization reported by firms is really
a properly scaled measure of the use of their installations, the fact that we do not
observe values above 1 being probably the consequence of the specificity of the period

covered.
5. AN APPLICATION TO PRODUCTIVITY ANALYSIS

Production shares have been used since Solow (1957) in the non parametric analysis

of productivity growth based on the fact that, under perfect competition and constant
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returns to scale, input shares in output and cost coincide and must be equal to the
output production elasticities. Under market power, input shares in output and cost
shares do not coincide anymore, but the cost shares remain equal to the elasticities
and, if the returns to scale are not constant, these cost shares must simply be mul-
tiplied by the elasticity of escale (see e.g. Hall 1990). However, the use of observed
cost shares is based on the assumption that firms are in a long-run equilibrium. If
demand is subject to exogenous shocks, and some of the inputs are costly adjusted
in the short run, the observed input shares are no longer an adequate measure of the
output elasticities of the inputs.

Let us define a firm’s production function similar to the one used in (1), Q =
F(X,K*), where now X = {X;}T" is a set of m variable inputs, and K* represents
an input fixed in the short-run. The Solow residual is defined as S = g — 2:11 EiTi —
exk* ,where ¢ = dQ/Q is the output rate of change, z; = dX;/X; represents the rate of
change of the i-th input and ¢; its corresponding elasticity?. In order to compute .S in
practice, these unobserved elasticities must be replaced by some estimate computed
from observed data.

Under the assumption that firms minimize costs and they are operating in a long-
run equilibrium, )\b‘%% = wW; , where w; is the market rental price of the i-th input
and A is the Lagrange multiplier of the problem or marginal cost. Marginal cost can
be computed, for example, as A = —E?,—xx— = £, where c is the unit variable cost

X T ¢
and € = er — €k, the elasticity of scale of the production function less the elasticity

of the fixed factor. Then, we can write

w; X;
@

That is, the observed variable input cost shares s; corrected by a scale factor are a

E;=E€E =£ 8, (13)

proper measure of the elasticities, which is robust to the type of competition.

In a context where adjustment costs are present, /\5‘2}—;; = w;2; # W;, where w; is

2We include the changes in the fixed factor K to give account of the displacements of the long-run

equilibrium.
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the unit cost of the i-th input and 2; represents the ratio of its marginal cost to the
unit cost. Hence, the observed input cost shares will not be a good measure of the
elasticities.

Let us examine the relevant costs and shares, the bias induced by the observed
shares, and its possible correction, in a framework which generalizes the model in
Section 2. Suppose that the firm minimizes the cost of the set of costly variable

inputs X given the quantity of the fixed input K*. That is

Min ,-z::wiXi exp {AC,- (ln )){{})} st. F(X,K*)=Q (14)
where X} is the optimal level of the i-th input given K* and market prices, and the
adjustment cost AC;(.) are supposed input specific.

From the first order conditions of the above problem we obtain ¢; = €3;, where
Si = 8:2;/ Y ooy iz wWith 2; = 1+ AC!. In a long run equilibrium, z; = 1 Vi and the
elasticities will match the observed shares. However, considering the simplest case
where z; < 1 but z; =1 Vi # j, it can be easily shown that §; < s; and §; > s; Vi.

Let us analyze the bias implied by the conventional calculation of the Solow
residual. Consider, to simplify, k* = 0. The true productivity change becomes
S=g—e) o 8z Theresidual in terms of observed shares is S = g—¢ Yoy Sili,
and therefore it implies a bias given by S — S =&Y 1" (8 — s:) z;. For illustrative

purposes, consider the case of two inputs such that
(S1—s1)=—(52—82)=As>0

that is, the input 2 is being hoarded. Then, S* — S = ¢ As(z; — ). If there is a
downturn in which z; < 0 and z; < 0 but |z5| < |z1|, then As(z; — z3) < 0 and S?
will understate the true productivity change. If a recovery begins and z; > 0 and
z2 > 0 but z; > x5, then As (z; — z3) > 0 and S! will overstate the true productivity
change. Because the described situations are the likely ones, the biases are. also the
most likely to emerge in the conventional computation of the Solow residual.

Sometimes, the Solow residual is computed from value-added data. Assume for
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simplicity that X contains only one (composite) infermediate component X, , mate-
rials say. The Solow value-added residual is defined in this case as S? = g—z:i9é M SiTi,
where g = dG/G |,—p measures the change in real value-added by a Divisia index,
and s; represents the i-th input share in non-intermediate costs. No correction for
scale is tried. This residual will coincide with the productivity increase as measured
by S!, up to a proportionality factor, under constant returns to scale and perfect

competition. If this is not the case,

5'2=%Sl—Ig(l—E)Z§$i+EsM7rZ§,~(LI:M—:I;,~), (15)
i#M i#M
where sy is the share of materials in total costs and 7 represents the ratio of pure
profit to value-added (this is the generalization of a formula in Hall (1990), page 79).
Therefore, the residual computed from value-added data can be a bad approxima-
tion to the true productivity growth, especially in the presence of a varying ratio of
materials to the rest of the inputs.

To assess the practical importance of the biases, we have computed the S* con-
ventional (observed cost shares) Solow residual, the true S (corrected cost shares)
residual, and the S? value-added residual, using the data on materials, labor and
capital, for our whole sample. However, to make the alternatives fully comparable,
we have dropped from the sample 33 firms with negative value-added in some year
(value-added calculations are meaningless in this circunstance).

The underlying production function is always assumed linearly homogeneous and
the elasticity of capital is approximated by its current share in total costs. Therefore,
the estimation of £ = (1 — &) corresponds to the current joint share of labor and
materials in total costs. Several alternatives were tried but, given the low weight of
the capital share, they did not change virtually the results.

In computations we use the usual Torquinst-Divisia approximation for discrete
changes, that averages the.observed shares of the years from which we measure the

change. To ensure the exact accomplishment of formula. (15) in this context, we have
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computed a bit special Divisia value-added index that uses Torquinst-type weights
of the real output and materials changes®. We use the corresponding ratio of value-
added to production, v, to scale the value added residual to make it fully comparable
in dimension with the other residuals.

The correction of the shares to compute S is based on the estimation of z as
z=1+ f_lﬁln u (see equation (11)). More complex estimations, taking into account
the whole polinomials, gave very similar results.

Table 3 reports the simple averages of the computed indeces for every year and
for the total sample, for the quartils according the distribution of capacity utiliza-
tion in 1993, and for two selected sectors (Industrial and agricultural machinery and
Transport equipment).

As can be seen from the table, the conventional Solow residual tends to understate
the true productivity change in the downturn (1993) and overstate it in the upturn
(1994). This is as expected, but the average bias is not too big. However, the
bias in productivity growth measurement is very important for the firms with acute
underutilization of capacity and the selected sectors.

The value-added Solow residual turns out to be more unpredictable, presenting
rather important differences with S in almost every year and subsample. But it
shows a systematic understatement of the productivity increase in the dowhturn,
that is independent of the subsample considered, with an average bias bigger than

the attributable to the conventional production residual.
6. CONCLUSIONS.

The data analyzed, corresponding to firms immerse in a period of acute recession

followed by one year of recovery in Spanish manufacturing, provide strong support

TCi—1 , TCy

3We use the formula g; = Gt_ll —qt ——o GR‘ T+ where G = value-added, R = total rever-
it—l+ﬁ lit—l +-E:.

nue, TC = materials cost and ¢;, Tp: are the real rates of change in production and intermediate

consumption.
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to a model of short run adjustments, with materials taken as a free input and labor
as an input costly to adjust, minimizing short run costs conditional on the installed
capital. Modelling the input cost shares we have found evidence of significant elas-
ticities of substitution between materials and labor and, at the same time, convex
cost of adjusting labor out of its equilibrium level given capital, that can explain the
fluctuations in cost shares related with the capacity utilization.

As a result, we have obtained estimates of the marginal cost or the shadow price of
labor, that is the right price to assess the true elasticities of the output with respect
to the variable inputs in a situation where the observed input shares in cost are
misleading. The use of the shadow price estimates for correcting the input shares
in cost, and the comparison of the alternative productivity measures have provided
relevant empirical insights. Conventional computations of productivity growth turn
out to be prone to understate it in the downturns and overstate it in the upturns.
In addition, value-added based measures have been shown to give seriously biased
results.

On the other hand, while the estimation of the elasticities of substitution has
proved to be relatively robust to the control by the utilization of capacity, it seems
clear that a source of cyclical short-run movements on shares has been detected.
This casts some doubts on the right interpretation of the output effects obtained
in the shares equations often used to estimate the parameters of translog production
functions, when applied to short-run observations without any correction for capacity

utilization. In our view, these are consequences that deserve future research.
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APPENDIX A
LABOR ADJUSTMENT COSTS

The adjustment costs function used in (1) is aimed at describing the short run
costs derived from adjusting the labor input. It can be justified on several grounds.
Firstly, we will suppose that the interval of time for which the labor adjustment is
needed coincides with the time period of the model, i.e. at the end of the period
equilibrium is resumed. In this context, we discuss the likely nature of the labor
adjustment costs. Secondly, we show that the function can be seen approximating the
costs of adjustment that emerge in a fully dynamic model, when firms face transitory
unexpected shocks and the firing and hiring costs are high. For the sake of simplicity,
in what follows we will develop a model with working hours and workers in quadratic
terms. Similar models can be found, for example, in Nickell (1986) or Bils (1987).
See also Hamermesh and Pfann (1996) for a recent survey on adjustment costs.

- Assume that the labor input consists of the total hours of work according to the
relationship L = he®N, where h represents normal hours of work, s the proportional
deviation of effective hours of work from the normal hours and N the number of
workers. We will consider normal hours of work exogenously determined, and devi-
ations are understood as measuring changes in "efficiency” hours. That is, the time
of work may be either actually reduced or simply show a loss of intensity through a
decrease in effort. Given capital and prices, there is an equilibrium number of workers
that we will denote by N*, corresponding to the equilibrium level of the labor input
L* = hN*.

The wage rate for the normal hour of work is @ but the proportional deviation
of effective hours of work will imply a non-proportional deviation of the cost per
worker, wh, according to the relationship wh exp {s + bs?/2} . This can be interpreted
as the result of the eventual application of compulsory part-time work schemes, the
operation of premium schedules for work-intensity and overtime, etc. At the same

time, changes in employment will lead to costs. Assume, for the moment, that the
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change in employment is intraperiod. Thus, we will specify the costs or firing (N*— N)
workers, and then hiring again the same number, as exp {c(In N/N "2/ 2}.

Firms, confronted to adjust labor to a level outside the equilibrium level, given
capital, consider the choice of varying either hours or workers according to the sub-

problem

2
Min W=1I)71Nexp{<s+gsz>+§(h1]]\;i> }, st. L =he’N .

Equating the marginal cost at the optimum of changing the labor input through

changing either hours or workers we have

c. N
S—B]II-N—*,

which shows that the firm will deviate from normal hours of work only if employment
is also adjusted and that, in this case, the deviation will be higher as the greater are
the adjusting costs of employment, represented by parameter c, for a given value of
b.

In order to obtain the same labor input outside of equilibrium without incurring in
hourly overcosts, the firm would desire an employment N° = L/h. Therefore, s can
also be written as s = In NTO Combining the two expressions for s, it is easy to see
that the change in employment will represent only a proportion of the change desired
in labor input (the usual partial adjustment mechanism), i.e.

N b In NO

N* b+c N*

In addition, it follows that

N b L S c L
N+ b+clnF ands_b+c lnE'

Therefore, the change in the requirement of the labor input is accomplished by mod-

In

ifying hours and workers in a given proportion.

Replacing s and In N/N* in the objective function by their optimal values, we can

W= oLexpd & (1n L ’ Ahe‘ _ b
=wLexp g I , W rea—b+c.
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Therefore, the adjustment costs in (1) can be seen as the costs resulting from the
election of the aggregate labor input (total hours of work) with an implicit optimal
assignment of its components (working hours and workers).

Alternatively, the employment adjustment costs can be seen stemming from a loss
in employment efficiency when it is outside of its equilibrium level given capital. That

is, the problem may be set as
. ! — 71 b 2 T C N 2
Min W' = whN exp s+§s , 8t. L=hNexp $—3 lnﬁ ,

providing approximately the same solution as the previous one. By linearizing the
marginal condition of this problem we obtain s ~ lnjvjl’;. On the other hand,
ln# ~ s+ In % From these equalities it follows the same solution that in the
previous problem.

Assume now that firms take their decisions on the employees-hours mix minimizing

the present value of the expected stream of labor input requirements. This problem

= 2
Minn.s. By {Z5T_t'u7¢ENr exp [(sf - gsf) + g (ln NN T ) } }
T—-1

T=t

1s

s.t Et(EeS’NT —L,)=0,forTr=¢tt+1..

where FE; is the expectations operator and é represents the discount factor.

The (dynamic) marginal cost condition is now

Ny 5VVt€&-1 Nte+1
1+cln - cln =14bs
N W N, t

where W; represents the total wage bill at time ¢, and the e superscript indicates
planned values. If we assume that §Wy,;/W; ~ 1, the condition may be well approx-

imated by the considerably simpler formula

Ni Nin
—In
N N )

Cc
8t = E(ln
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Noticing that s; = In %’E, we have the following differential equation

b b
111Nt+1 - (2+ E)lnNt"*'lnNt—l = —ElnN?

from which we can obtain the usual employment path solution

InN; — Aln Ny = (1- 22D N In N, (16)
=0

where InN?, , represents the expected employment requirements at t-+s to provide the
labor input requierements without incurring in hourly overcosts, and A is a function
of the 2 ratio with 2 < 0.

Assume that a ﬁrcm is producing at equilibrium, i.e. the input quantity is L*
and employment N*, and experiences suddenly at time ¢ a fall in the input and
employment requirements to L° and N®. The firm expects this new situation will
last for k periods, and that in period ¢ + k the input and emplyment requirements
will be again L* and N*. Using (16) it is easy to check that employment at ¢ will be
adjusted to the value

InN; = InN* + (1 — 1)%(InN® — InN?*) an

if, for simplicity, we consider ¥ = 1. The deviation at time ¢ from normal hours will

then be

st =InN® —InNV; = [1 — (1 — X)?](InN® — InN*) (18)

The following periods, employment will be given by

InN,ys = INN* + (1 — A)2A°(InN° — InN*) (19)

and the deviation from normal hours, given that the input requirements are already

the equilibrium levels, will simply be

St4s = IDN* — InNyps = —(1 — 1)2X°(InN® — InN*) (20)
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From formulas (17) to (20) it is clear that the adjustment will affect more or less
the employment according to the value of A (employment will be less adjusted the
higher is ), i.e. the higher are the relative firing and hiring costs). But only changes
in employment are going to persist. Therefore, as the formulas and Figure 4 -make
clear, if A is enough high and shocks are transitory, the adjustment costs function
used in (1) can be a good approximation to the adjustment costs derived from a full

dynamic problem.
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Table 1

Qutput, input prices, capacity utilization and input cost shares

Manufacturing:
Value added! (rate of change in real terms)
Investment? (rate of change)

Samplé averages:
Production (rate of change in real terms)
User cost of capital (percentual points)
Relative price of materials to labour (rate of change)
Stock of capital (rate of change in real terms)
Utilization rate (percentual points)
Capital share in total costs (percentual points)
Labour share in total costs (percentual points)

Materials share in total costs (percentual points)

Notes to Table 1:

1. National Accounts (National Institute of Statistics)
2. Industrial Investment Survey (Ministry of Industry)

1990 1991 1992 1993 1994 -
24 0.9 -0.8 4.4 4.5
21 7 -8 -17 11

- 4.1 -0.8 -7.4 8.6
22.2 224 229 21.5 19.9
- -9,5 -7.8 -2.6 5.7
- 18.4 8.1 3.1 3.3

82.4 80.1 71.7 74.8 78.5
5.2 5.6 6.0 6.0 5.3
30.1 30.6 31.5 33.0 30.5

64.7 63.8 62.5 61.0 64.2



Estimations of the model A Inm
(Total number of firms=719; sample period: 1990-1994)

Table 2

AOu)+pAInE +e
W,

Parametric estimates Semiparametric estimates
Sector N° of firms Coefficients
(observations) (W) = q, +a, Inu + a,(nu)? + a,(Inu)? Kernels Non-smoothing
=0 |lo,=0,=0 o, =0 a # 0 c=0.5 c=1 c=2
1. Ferrous and non-ferrous metals 89 B8 0.50 0.49 0.48 0.49 0.52 0.53 0.52 0.50
+ Metal Products (356) (4.25) (4.43) 4.42) (4.53) (4.40) (4.53) (4.50) (3.93)
ABQ) [0.002] [0.005] [0.008]
R? 0.10 0.13 0.13 0.13 0.12 0.12 0.11 0.13
2. Non-metallic minerals 55 B 0.59 0.59 0.59 0.59 0.59 0.62 0.60 0.61
(220) (5.67) (5.71) (5.42) (5.22) 4.57) (5.07) (5.46) 4.11)
AB(u) [0.45] [0.68] [0.83]
R? 0.15 0.16 0.16 0.16 0.14 0.15 0.15 0.14
3. Chemical and pharmaceutical 96 B 0.04 0.04 0.03 0.04 0.03 0.05 0.06 -0.00
products + Rubber and plastic (384) (0.51) (0.49) (0.42) (0.50) (0.57) (0.91) (1.01) (-0.09)
products AB(u) [0.06] [0.07] [0.0001]
R? -0.00 0.03 0.05 0.06 0.00 0.00 0.00 0.00
4. Industrial and agricultural 49 B 0.33 0.37 0.36 0.37 0.57 0.49 0.42 0.45
machinery (196) (1.97) (2.62) (2.60) (2.65) (4.46) (3.68) (3.00) (1.64)
AB) [0.0002] [0.0004] [0.0002]
R? 0.04 0.14 0.14 0.14 0.12 0.10 0.08 0.03
5. Office and data processing 63 B 0.43 0.41 0.37 0.38 0.42 0.41 0.41 0.30
machines + Electrical and (252) (2.36) (2.29) (2.1D (2.15) (5.95) (5.39) (5.25) (5.40)
Electronic goods AB) [0.20] [0.009] [0.02]
R? 0.11 0.12 0.15 0.15 0.12 0.11 0.11 0.08
6. Transport equipment 53 8 0.51 0.30 0.33 0.31 0.51 0.50 0.45 0.49
(212) 3.72) (1.91) 2.07) (2.02) (3.74) (3.45) (2.90) (2.21)
ABW) [0.00005] | [0.00002] | [0.00002]
R? 0.12 0.22 0.22 0.23 0.10 0.09 0.07 0.09
7. Food, beverages and tobacco 100 B 0.20 0.21 0.21 0.21 0.29 0.27 0.27 0.28
(400) (2.10) (2.10) (2.11) (2.13) (3.87) (3.63) (2.33) 3.12)
AB(u) [0.58] [0.83] [0.94]
R? 0.04 0.04 0.04 0.04 0.07 0.07 0.05 0.06
8. Textiles, leather and clothing 111 B 0.42 0.40 0.40 0.40 0.39 0.43 0.41 0.36
444 (3.22) (3.14) @(3.11) (3.10) (3.52) (3.37) 3.52) (3.89)
AB) [0.035]) [0.04] [0.08]
R? 0.08 0.09 0.09 0.09 0.07 0.08 0.07 0.06
9. Timber and furniture 50 8 0.35 0.33 0.33 0.35 0.31 0.31 0.27 0.32
(200) (2.95) (2.67) (2.50) (2.62) (2.78) (3.38) (3.06) (2.41)
AB®) [0.15] [0.32] [0.35]
R? 0.08 0.09 0.10 0.11 0.05 0.06 0.05 0.05
10. Paper and printing products 53 B 0.78 0.79 0.78 0.76 0.82 0.73 0.75 0.97
212) (4.86) 4.79) 4.79) (4.90) (1.27) (7.10) (7.08) (5.33)
AB() [0.60} [0.77] [0.006]
R? 0.27 0.27 0.27 0.28 0.24 0.22 0.24 0.30




Notes to Table 2
The numbers in brackets are t-ratios computed from a robust estimator of the
variance matrix that takes into account the correlation over time of the

individuals’ residuals.

The numbers in braces are the p-values of the joint significance of the
coefficients of the polynomials.

1
The bandwidth chosen for the Kernel estimates are h=cn3 for ¢=0.5, 1 and 2.



Biases in productivity growth measurement

Solow residual (alternative estimates)

i I 2 2_Qt 2_

SamPleS Years (cost shares) (correctedscost shares) (scaled7v§lue added) ¥8-S ¥§-S
1991 2,73 2,66 0,07 2,89 0,16 0,23

Total number 1992 1,87 1,83 0,04 1,99 0,12 0,16
of firms=686 1993 1,96 2,20 -0,24 1,68 -0,28 -0,52
1994 3,11 2,95 0,16 3,03 -0,08 0,08
1991 2,74 2,66 0,08 2,76 0,02 0,10
1* Quartil 1992 0,85 0,78 0,07 1,07 0,22 0,29
U<65 1993 -1,18 -0,30 -0,88 -0,93 0,25 -0,63
1994 4,05 3,70 0,35 3,63 -0,42 -0,07
1991 4,74 4,68 0,06 4,51 -0,23 -0,17
2™ Quartil 1992 0,90 0,87 0,03 1,31 0,41 0,44
65<U<75 1993 1,81 1,86 -0,05 1,31 -0,50 -0,55
1994 4,04 3,91 0,13 3,89 -0,15 -0,02
1991 1,59 1,51 0,08 2,05 0,46 0,54
3™ Quartil 1992 2,83 2,81 0,02 2,84 0,01 0,03
75<U<87 1993 3,27 3,27 0,00 2,79 -0,48 -0,48
1994 3,26 3,15 0,11 3,37 0,11 0,22
1991 1,96 1,90 0,06 2,31 0,35 0,41
4™ Quartil 1992 2,93 2,91 0,02 2,78 -0,15 -0,13
87<U<100 1993 4,11 4,12 -0,01 3,68 -0,43 -0,44
1994 1,07 1,04 0,03 1,25 0,18 0,21
1991 2,18 2,12 0,06 2,31 0,13 0,19
Sector 4 1992 3,20 3,20 0,00 3,48 0,28 0,28
1993 2,01 3,66 -1,64 2,20 0,19 -1,45
1994 1,10 0,09 1,01 0,86 -0,24 0,77
1991 4,48 4,47 0,01 4,71 0,24 0,25
Sector 6 1992 -0,51 -0,61 0,10 -0,57 -0,06 0,04
1993 -3,28 -2,08 -1,20 -2,42 0,86 -0,34
1994 7,49 6,62 0,87 6,24 -1,25 -0,38

Notes to Table 3:

U represents capacity utilization in 1993,
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Figure 1
Manufacturing vs. sample outputs

88 89 90 91 92 93 94 95

Dashed line: Manufacturing value added index (National Accounts)
Solid line: Sample average production index
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Figure 2

Input cost shares evolution
(percentual points)

Capital share in total costs

Labor share in total costs

Materials share in total costs



Figure 3

The AC(.) function

Plot of (1-B)AC’(Inu) Plot of (1 -8)AC(nu)
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Plot of (1-8)AC(Inw)
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Figure 3 (cont.)
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Figure 4

The adjustment of workers and hours to an unexpected transitory shock
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