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Zusammenfassung

Ein &ékonometrisches Modell zur Erklarung des Preis-Grenzko-
sten-Verhidltnisses wird fur die Branchen des Verarbeitenden
Gewerbes auf Basis einer flexiblen nicht-homothetischen Ko-
stenfunktion mit Kapital als quasi-fixem Faktor geschatzt.
Die Produktionsstruktur wird durch Kostenflexibilitdten und
ein ©6koncmisch fundiertes MaB der Kapazitatsauslastung be-
schrieben. Die Ergebnisse fir die einzelnen Branchen zeigen,
daB der Preis deutlich uUber den Grenzkosten liegt, und dieses
Verhdltnis fir den GroBteil der Branchen im Beobachtungszeit-
raum stabil ist. Kurzfristig ist ein GroBteil der Branchen
hinsichtlich des Kapitalstocks nicht optimal angepaBt, lang-
fristig bestehen in den meisten Branchen steigende Skalener-
trdge. Die inter-industriellen Unterschiede im Preis-Grenzko-
sten-Verhdltnis koénnen auf unterschiedliche Skalenertrage zu-
rickgefiihrt werden, die ublichen Indikatoren fur Marktkonzen-
tration Uben keinen zusdatzlichen Effekt aus.

Abstract

An econometric model based on a flexible non-homothetic cost
function with capital as quasi-fixed factor is estimated to
explain the ratio of price to marginal costs in West-German
manufacturing industries. The production structure is descri-
bed by measures of cost flexibility and an economically mea-
ningful capacity utilization concept. The results show sub-
stantial markups in virtually all industries which in most
cases remain rather stable over time. In a majority of indu-
stries the capital stock is not optimally adjusted within a
year. Most industries exhibit long-run increasing returns.
Inter-industry differences in markups are mainly explained by
differences in economies of scale, the usual indicators of
market concentration showing no extra effect.
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Markup Differentials, Coét'?lexibility, and Capacity Utilization

in Jasi-ierman Manufacturing

by

Gebhard Flaig and Viktor Steiner™)

I. Introduction

The empirical analysis of the relationship between pricing beha-
viour and market structure has a distinguished tradition in indu-
strial economics. The size of markups of price over marginal or
average costs has been the traditional indicator for market power
in most empirical studies usually based on a cross-section of in-
dustries (for a survey see Schmalensee 1989). The standard expla-
nation given for inter-industry differences in markups has
usually been the existence of entry barriers arising from scale
economies (see Scherer 1980 for a survey). Although no concurring
opinion on the proper interpretation or even the existence of a
positive relationship between industry markups and market concen-
tration seems to have emerged so far, it remains the basis for
the predominance of the structure-conduct-performance paradigm in
empirical industrial economics (see Schmalensee 1989 for a com-
pPrehensive survey). A related issue that has been extensively in-
vestigated within this approach is the cyclical variation in
markups and prices and its dependence on market structure (see
Scherer 1980, Ch. 13, Carlton 1989) although here too, judging
from the literature, no unambiguous results seem to be available.

More recently, the relationship between imperfect competi-
tion and macroeconomic fluctuations in prices and output has been
the topic of much empirical research (see e.g. Gahlen, Buck and
Arz 1985, Hall 1986, Nickell 1988, Carlton 1989). Several authors

*) We thank Georg Licht for numerous useful discussions and for
providing essential data. Helpful suggestions were also received
from seminar participants at Augsburg, the University of Munich
and the Austrian Institute of Economic Research (WIFO), Vienna.



(Hall 1986, 1988; Domowitz et al. 1987, 1988) using a Solow pro-
ductivity equation approach have investigated the relationship
between industry markups and concentration in US manufacturing
and found substantial market power in virtually all industries.
Hall (1986) concluded that high markups over marginal costs can
to a large degree be explained by chronic excess capacity, while
Domowitz et al. (1988) attributed high markups over marginal
costs to high overhead costs. The latter authors have also inve-
stigated the cyclical behaviour of markups in U.S. manufacturing
and found strong evidence that markups behave procyclically, and
the more so the higher market concentration is. Bils (1987) on
the other hand found some evidence for procyclical marginal costs
and countercyclical markups for U.S. manufacturing, without any
effect from concentration.

The main problem with all of the studies cited is that they
are only rudimentarily based on the modern theory of production
and costs. They usually assume rather restrictive specifications
for the production technology including constant returns to
scale, Hicks-neutral technical progress and full flexibility of
all factors of production. In particular, the assumption of con-
stant returns to scale does not seem a terribly useful one consi-
dering the importance that increasing returns to scale occupy in
much of recent research on productivity growth (see e.g. Romer
1986) and international trade (for surveys see Caves 1985 and
Krugman 1989).

Our approach differs from previous studies primarily in
that we allow for a considerably more general production struc-
ture. In particular, we account for both a non-homothetic produc-
tion function incorporating non-constant returns to scale and the
quasi~fixity of factors of production. Furthermore, in explaining
industry markups we make extensive use of some modern concepts in
applied production analysis such as short-run and long-run cost
flexibility as well as an economically meaningful measure of ca-
pacity utilization. Compared to previous related studies,
especially by Appelbaum (1982) for U.S. manufacturing and Borooah
and van der Ploeg (1986) for the U.K., our empirical work is ba-
sed on a much larger sample of manufacturing industries.

The first step in our modelling strategy is to estimate for
each industry a three equation system consisting of a pricing
equation and two demand equations for variable factors of produc-




tion on industry time-series data. These - uations are derived
under the assumptions of short-run prefii: maximization with
respect to the pricing decision and cost winimizing with respect
to the input demands, respectively. In a second step, we follow
the traditional structure-conduct~-performanc:: approach and corre-
late estimated price-cost margins with both the usual proxy va-
riables for market structure and our derived measures for inter-
industry differences in technology and capacity utilization.

The paper is structured as follows. In the next section the
theoretical framework used to model pricing behaviour with spe-
cial reference to the cost flexibility and capacity utilization
measures used in the empirical model is explained in some detail.
The subsequent section sets out the econometric specification of
the restricted cost function and derives the estimating equations
of our empirical model. The main results of the present study are
sunmarized and discussed in section IV. In the concluding section
the main conclusions of the paper are summarized. The appendix
contains a short data description and some additional estimation
results.

II. Theoretical Framework

Our empirical model is based on the proposition that pricing de-
cisions in an industry can be described as the outcome of profit
maximizing behaviour. We do not develop a fully formulated model
of pricing behaviour of imperfectly competitive firms depending
on market structure, but rather refer to the general proposition
that profit maximizing firms equate short-run marginal costs to
marginal revenue. In the recent literature there exist different
approaches to identify and estimate the structural parameters of
the cost and revenue functions as well as the conduct parameters
determining pricing behaviour in‘oligopolistic markets (for re-
cent surveys see Geroski 1988 and Bresnahan 1989). The traditio-
nal structure-conduct-performance approach has been partly repla-
ced by the so-called "new empirical industrial organization" ap-
proach (Bresnahan 1989) which differs from the former in that,
instead of correlating the traditional accounting profitabilty
measures with concentration measures across industries, price-
cost margins and their determinants are estimated econometrically



using time series data for a single industry. In the present
study, we follow this general approach. In particular, we try to
estimate marginal costs and industry markups econometrically.
This is achieved by specifying a rather general cost function
which is capable of describing the technology for each industry
in our sample as follows.

Iet Y = ¥(X, Z, t) denote the industry production function
characterizing how output Y depends on a vector of variable in-
puts X, a vector of quasi-fixed inputs 2, and a time index t re-
presenting the state of technology. It will be assumed that va-
riable inputs can be fully adjusted within a year whereas, due to
costs of adjustment, quasi-fixed inputs are not always at their
long-run optimal level. If the production function satisfies cer-
tain regularity conditions, and if firms minimize variable costs
q'X, where q' denotes a vector of exogeneously given prices of
variable inputs, there exists a restricted cost function (Lau
1976) given by

(1) 6 = G(qa, ¥, Z, t).

which is dual to the production function and contains all econo-
mically relevant information on the underlying technology. To
qualify as a proper variable cost function G must be homogeneous
of degree one and non-decreasing as well as concave in g, non-de-
creasing in Y, and non-increasing and convex in Z. The specifica-
tion of variable costs as given by (1) assumes that adjustment
costs with respect to quasi-fixed factors are external to the in-
dustry, which will be the maintained hypothesis of the present
study (for the distinction of external and internal adjustment
costs see Berndt, Morrison and Watkins 1981, and Morrison 1988a).

One of the main advantages of the dual approach to model-
ling the technology in an industry is that it allows for an
straightforward derivation of input demand functions. For a given
level of output and exogeneously given input prices the cost-
minimizing demands for variable factors of production can be de-
rived from the restricted cost function by applying Shephard's
Lemma:




The derived demand equations for variable factors are homogeneous
of degree zero in all input prices and non-increasing in own in-
put prices.

In the present study derived factor demand equations prima-
rily serve as an important tool to identify and estimate the pa-
rameters of the cost function. As the properties of the demand
functions in eq. (2) place quite a few restrictions on the para-
meters of the estimating equations, they can be used to check
whether estimated marginal costs are economically meaningful. For
example, a positive own-price elasticity of a variable factor
would indicate nonsensical estimates for marginal costs.

Formulatihg the determination of pricing decisions within
the restricted cost function approach offers two additional ad-
vantages over the more traditional approach. First, the effect of
a change in output demand on marginal costs can properly estima-
ted. Secondly, the effect that a disequilibrium in the level of
quasi-fixed inputs has on costs and prices can be modelled within
a coherent framework. The first of these effects can be described
by the concept of cost flexibility, the latter by an adequately
defined measure of capacity utilization.

Cost flexibility measures the proportionate change in costs
attributable to a proportionate change in output and is therefore
given by the ratio of marginal costs to average costs. Its re-
ciprocal is termed economies of size in the literature and serves
in the dual cost function approach an analogous purpose as the
concept of scale economies in the primal production function ap-
proach (for a more complete discussion of the relationship bet-
ween these concepts see Chambers 1988, Chapter 2).

In case of quasi-fixed inputs this concept has to be exten-
ded to distinguish between different cost flexibility measures.
The short-run elasticity of variable costs with respect to out-
put, €5y, is defined by

= §
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4[]
Mg



The short-run elasticity of total costs, C, with respect to out-
put, €ey, is given by

= ¢
(3b) ECY = 3
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with total costs

(4) C = G(gq, ¥, Z, t) + r'Z,

where the vector r denotes the one-period market prices (user
costs) of the quasi-fixed factors. As we have only one quasi-fi-
xed input in our empirical model, for notational convenience, we
restrict the following analysis to this case, the generalization
to more than one quasi-fixed inputs being straightforward.

The two short-run cost flexibility measures defined above
are calculated for a given level of the quasi-fixed factor. The
full (long-run) change in costs due to a change in output is gi-
ven by the total differential of the cost function in eq. (4), i.
e.:

dc _ 4G $G d2 .4z
(5)  §¢ = s *szar t Tray -

Some ocbvious manipulations yield the following expression for the
long-run cost flexibility measure:

dc Y G zZ.G
(6) Jy o =1 = ¢€gy'c * Nglegy + TE)5 »

where €gy and €5, denote the partial elasticity of variable cost
with respect to output and the quasi-fixed input, respectively,
and n, is the total (long-run) elasticity of the quasi-fixed in-
put with respect to output.

The long-run optimal value of the quasi-fixed input is de-
rived by minimizing the total cost function (4) with respect to
this variable, which yields
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where S; = -6G/6Z is the shadow-value of the quasi-fixed factor.
Eg. (7) therefcre affords an economically intuitive interpreta-
tion: At the optimum the effect of an additional unit of the
quasi-fixed input in reducing variable costs must be equal to its
one-period rental price. Solving this optimality condition for 2z
in terms of Y, g and r, we can derive the optimal value of the
quasi-fixed factor and hence calculate Ng.

From eqg. (6) it is obvious that, at this optimal value 2%,
the long-run cost flexibility n is given by eGY-G/C*, where c* is
total costs at the optimum, i.e. c* = 6 + r-z*. The difference
between the short- and long-run cost flexibility measure is given
by

= - Z _ ..
(8) GGY - N - (7? nz)rG nz GGZ

which collapses to n-r-Z*/G at the long-run optimum.

As suggested by Berndt and Fuss (1986) and Morrison (1985,
1988b), an economically meaningful measure of capacity utiliza-
tion (I') is given by the ratio of the short-run total cost flexi-
bility to the long-run cost flexibility measures, i.e.:

(9) I = €cy / N

This capacity utilization measure indicates the cost consequences
of not having adjusted the capital stock optimally in the short-
run. Since (8C/6Y)-+(Y/C) = €qy*G/C, we get from eqg. (9) and eq.
(6)

(') T = (n - nylezy + r-é)-g ) / n

=1 - (ﬂz/n)'ecz

where
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Tanotes the elasticity of total costs with respect to 2. (Note
that for a homothetic cost function this measure collapses to T =
1= €cz)- |

Therefore, at the output level where the shadow-value of
the quasi-fixed factor is equal to its one-period rental price
our capacity utilization measure equals one. It is above unity
for all output levels where the shadow value of the quasi-fixed
factor exceeds its user costs, and is below unity where the for-
mer falls short of the latter. Following sugéestions by Morrison
(1985, 1988b), our capacity utilization measure has been adjusted
for scale effects, i. e. it depicts only the cost impact of a
suboptimal level of existing fixea capacity, not the cost conse-
quences of output variations resulting from economies of size.

Having outlined the cost side of the model, we now turn to
the formulation of the marginal revenue function. As this part of
the model is rather standard, we may be brief here. Static profit
maximization implies the following optimality condition

(100 $§ = pa1+ d
or

= $G,
(01) P = £S.,

1/(1 + &/¢€¢) is
the markup on marginal costs composed cf the price elasticity of

where P is the price of industry output and &

demand for industry output, €, and a conduct parameter, &, cha-
racterizing competition in the industry. Under perfect competi-
tion & = 0, implying @ = 1, whereas under pure monopoly & = 1.
For the probably more relevant case of oligopolistic behaviour ¢
lies between these two extremes (0 < & < 1) implying a markup
that is larger than one.

Identification of € and ¢ could be obtained by appending an
inverse demand function for industry output to the system of
estimating equations (see Appelbaum 1982, Roberts 1984, Borooah
and van der Ploeg 1986, Conrad 1989). However, for the following
reasons wWe have not attempted to identify these parameters.
First, a priori reasoning and some empirical experimentation sug-
gest that, at least for our rather diverse sample of industries,
an output demand equation cannot satisfactorily be modelled as
simply as it is done in the papers cited. To specify a general




output demand equation that is appropriate for our relatively
large sample of industries would call for a rather elaborate mo-
delling of the demand equations based on a flexible functional
form which is beyond the scope of the present study. Secondly,
even if a demand function fits the data well it may nevertheless
provide poor estimates of marginal revenue. Finally, in the pre-
sent study we are primarily concerned with the assessment of mar-
ket power in a basically descriptive sense which does not neces-
sitate the identification of the price elasticity and conduct pa-
rameters, the interpretation of the latter, at least at this le-
vel of aggregation, being a rather adventurous task anyway
(Geroski 1988, Bresnahan 1989).

In our empirical model we simply make industry markups de-
pendent on time trends and the growth rate of industry output to
capture possible cyclical effects in markups. Although estimating
the pricing equation (10') does not allow us to identify the pa-
rameters € and &, we can test against perfect competition in an
industry which would imply 6 = 1.

III. Econometric Bpecification

We try to estimate the model outlined in the previous section for
the majority of West-German manufacturing industries (for a brief
data description see the next section) based on a given specifi-
cation of the restricted cost function which has therefore to be
formulated in a rather flexible way. We have chosen a variant of
the Generalized Leontief functional form proposed by Diewert
(1971) and extended by Morrison (1988a), the latter allowing for
the incorporation of quasi-fixed factors of production. In our
model variable inputs are labour L and materials M with prices w
and v. For the labour input variable we use total yearly hours
actually worked in an industry. Although a somewhat restrictive
assumption as this implies equal elasticities of workers and
hours with respect to output, it allows us to treat labour as a
variable input within the period under consideration. The only
quasi~fixed input in the model is the stock of capital K. We as-
sume that immediate adjustment of the capital stock to its opti-
mal level is not economically feasible due to increasing costs of
adjustment which we treat external to the industry (for alterna-
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tive formal test:: of this assumption see Kulatilaka 1985,
Schankerman and Naiiri 1986, Conrad and Unger 1987). Hence, the
variable or restricied cost function is specified as

(11) G = Y[a,.v + 2alé(v-w)1/2 + a,.w

23 22

1/2 1/2
+ v(b,,Y + by,/Y + byt + b, ,/t)

1/2 1/2
+ w(b,,Y + b, /Y + b,,t + b,,/t)]

+ (Y-K)l/z-(clv + czw)

The restricted cost function (11) is homogenous of degree one and
concave in factor prices if a;» > 0, and is non-increasing and
convex in K if (c;v + c,w) < 0. This specification is a second-
order approximization to an arbitrary cost function and allows
for fairly complex‘interactions between output, factor prices and
the trend terms which represent the state of technology. In
contrast, the term involving the capital stock is held somewhat
simple as preliminary explorations have shown that our sample
size does not allow more terms to be included in the cost func-
tion (for a more general formulation of the Generalized Leontief
cost function see Morrison 1988, and for the underlying theory of
flexible functicnal forms Diewert and Wales 1987).

Applying Shephard's Lemma to eq. (11), we get the following
equations for the labour-output and materials-output ratios

(12)

M _ w,1/2 1/2 1/2 Ky1/2
7 = 25,% a5, (%) + by, ¥ + b,,/Y + byt /2 4 b/t + ¢ ()
(13)

L _ Vi1/2 1/2 1/2 K,1/2
¥ a22+ alz(w) + b21Y + b22/Y + b23t + b24/t + cz(y)

The long-run optimal value for K is calculated using the optima-
lity condition r = -§G/6K and is given by

(14) K" = ¥Y(c,v + czw)2/4r2

-
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The short-run variable cost flexibility, €gyr and the elasticity
of variable cost with respect to K, €gkr Can easily be derived
from the restricted cost function as given by eqg. (11). As it is
obvious from eq. (14), the long-run elasticity of capital with
respect to output is 1. Given values for egy and ¢€gp, it is
straightforward to calculate the long-run cost elasticity from
edg. (6) and the capacity utilization measure from eq. (9').
Finally, the pricing equation is given by

= 1/2 1/2
(15) P [v(a11 + b13t + b14/t) + w(a22 + b23t + b24/t)
wwyl/2 4 3,1/2
+ 2a12(v w) + 2Y (bllv + b21w)
1 K172
+ 2(clv + czw) (Y) ]

. 1/2 -
[Bg + Byt + B,t1/2 + g (1ny - 1nv_))],

where the first factor in square brackets denotes marginal costs
as derived from eq. (11) and the second expression is the markup
factor which includes two trend terms and the growth rate of in-
dustry output. Whereas the time trends should pick up long-term
trends in factors affecting pricing behaviour, the 1latter va-
riable is assumed to capture cyclical effects on pricing.

The system of estimating equations comprises the input de-
mand equations given by (12) and (13) and the price equation
(15) . The model is estimated by nonlinear three stage least squa-
res. All symmetry conditions and cross equation restrictions have
been imposed on the estimating equations. To econometrically ac-
count for the potential endogeneity of the output variable, we
instrument it by using the factor prices, the trend terms and
lagged values of both the endogeneous variables and output as in-
struments.

Iv. Results

Given the available data (see the appendix), the model was esti-
mated for 25 out of 31 industries conmprising the manufacturing
sector of the West-German economy. (TSP 4.1. was used for estima-
tion.) As the growth rate of industry output enters the pricing
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equation as an explanatory variabla; we lose one observation. The
estimation period is therefore frou .761 to 1985. As the main fo-
cus of the present study is on th: pricing equation, the input
demand equations being used to obtain reliable estimates for mar-
ginal costs only, discussion of estimation results from the input
equations may be brief here. To save space we do not report para-
meter estimates for the input equations, but summarize output,
own price and cross price elasticities in Table Al in the
appendix. |

IV.1 Estimated Input Demand Equations and Marginal Costs

Before we briefly discuss the results with respect to the input
demand equations, we note that for two industries (road vehicles
and wood working) the convexity condition of the variable cost
function with respect to the capital stock is not fulfilled. Our
maintained model specification seems not an adequate description
of technology in these industries which were therefore excluded
from the subsequent analysis.

The elasticities in Table Al in the appendix show the
short-run response of input demand with respect to a change in
factor prices and an exogeneous shift in output for a given capi-
tal stock, respectively. Thus, they do not account for possible
second-round effects arising from adjustment of the capital stock
to its long-run optimal level (see Morrison 1988a). Furthermore,
we do not allow for the indirect effect a change in factor prices
may have on the level of output. This would imply to model the
output demand function for each industry explicitely, which is -
as already explained - beyond the scope of the present study.

The time variation of the elasticities in Table Al can be
gleaned from their reported mean values and standard deviations
over the estimation period. Furthermore, to give some information
on the significance of the estimated elasticities, we report
their absolute t-values for the year 1980, i.e. the year where
prices in the model have been normalized.

With the exception of two industries (iron and steel, and
wood working) the estimated elasticities of 1labour input with
respect to output are within reasonable magnitudes. In most cases
their time variation, as given by the reported standard devia-
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tions, is quite modest. Alﬁhough these elasticities vary substan-
tially between industries, as a rule they are rather smaller than
one. In case of the two industries mentioned the estimated ela-
sticities of labour input with respect to output are negative,
although not significantly different from zero, at least for some
years, which does not seem very plausible on a priori grounds.
They are therefore excluded from the samplé in the subsequent
analysis.

The estimated own price elasticities are non-positive in
all cases as it is required from the definition of a proper cost
function. Although statistically different from zero in most
cases, they tend to be rather small. These estimates do however
confirm reasonably well with the few disaggregated results for
West-German manufacturing (Hansen 1983, Nakamura 1984, Rutner
1984, Stark 1988).

The elasticity of intermediate inputs with respect to out-
put is estimated at or above one in most cases. This result seenms
quite reasonable as it indicates that, with a given capital stock
and with rather low employment elasticities, short-run adjust-
ments to varying output‘levels are mainly brought about by varia-
tions in the level of intermediate inputs. This is also consi-
stent with the fact that in our model labour and raw materials
are substitues in the production process. Empirically, in the ma-
jority of industies, the cross price elasticity is significantly
different from zero. These results indicate that studies that as-
sume strict proprotionality between the demand for intermediate
inputs and output and/or neglect substitution possibilities, as
e.g. in the studies by Hall (1988) and Domowitz et al. (1988),
cannot be relied upon to give sensible estimates of marginal
costs.

For each industry the usual summary statistics, e.g. the
Durbin-Watson statistics and the adjusted coefficients of deter-
mination, for the input equations and the price equation are sum-
marized in Table A2 in the appendix. Although in a number of
cases the DW statistic seems rather low and falls into the in-
conclusive region in some cases, only for two industries (iron
and steel, wood wbrking) our model was definitely rejected by the
data. For further reference note that for the pricing equation
the DW test statistics do not indicate that dynamic misspecifica-
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tion may be a serious problem for the industries :iot excluded
from the sample.

To sum up the results with respect to the factor demand
equations, it may be concluded that, with the exception of four
industries (iron and steel, road vehicles, wood working and wood
products) which are excluded from the subsequent analysis, margi-
nal costs in individual industries seem to be quite adequately
estimated by our specification.

IV.2 Time Profiles of Markups, Cost-Flexibility and
Capacity Utilization

We may therefore turn to the main results of the present study
which are summarized in the following Table 1. The table shows
for each of the industries remaining in the sample estimates of
means and standard deviations of the markup (), the wvariable
short-run (€gy) and long-run cost flexibility (n) and the capa-
city utilization measure (I') over the estimation period. In addi-
tion, the respective values of these variables and their test
statistics for the year 1980 are given. The reported t-statistics
test against the natural null hypothesis that each of these
measures is equal to one. Before we comment on the variation of
these measures over the estimation period, the results are asses-
sed with respect to this year.

For the year 1980, the estimated markups are significantly
larger than one in virtually every industry and within a
reasonable range. Our estimates suggest that most industries in
West-German manufacturing are characterized by a considerable
extent of market power. Our estimated markups are between those
reported for selected industries in the related studies by
Appelbaum (1982) for the U.S. and Borooah and van der Ploeg
(1986) for the U.K.. Furthermore, it may be interesting to note
that these estimates are comparable to those obtained, though by
a rather different method, by Domowitz et al. (1988) for two-
digit U.S. manufacturing industries.
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The short-run cost elasticity is only significantly smaller
than one for half of all industries under consideration. 1In
contrast, the long-run cost elasticity is estimated significantly
below one in the great majority of industries. The latter result
indicates that overall West-German manufacturing industries exhi-
bit economies of size to a considerable extent. Imposing the ho-
mogeneity or homothecity assumption on industry cost functions as
e.g. in the studies of Boorocah and van der Ploeg (1986), Morrison
(1988) and Conrad (1988) therefore seems (at least for West-Ger-
man manufacturing) too restrictive an assumption. This, by the
way, is also one of the results of various stastistical tests by
Conrad and Unger (1987) based on a translog variable cost func-
tion for a somewhat different sample of West-German industries.

Except for one industry, the estimates for our measure of
capacity utililzation seem within a reasonable range. For the
year 1980 capacity utilization is not significantly different
from one for the majority of industries which were therefore in
equilibrium in the sense defined in the theoretical section. This
conforms reasonably well with the result of the mentioned study
by Conrad and Unger (1987) who, however, base their formal test
on the whole observation period. For the structural metal pro-
ducts industry the estimated value for the capacity utilization
measure seems absurdely high numerically, although it is insigni-
ficantly different from one. As the precision of this estimate is
rather poor, this industry will be excluded from the subsequent
analysis. From those seven industries (rubber products, stones
and clay, glass, foundries, musical instruments and toys, proces-
sing of paper) which were not in long-run equilibrium in this
year six industries were operating at excess capacity.

The behaviour of markups, costs and capacity utilization in
West-German manufacturing over the estimation period can be as-
sessed by looking at the estimated standard deviations of these
variables reported in Table 1. However, a more impressive picture
of the long-term development of these measures is given in the
following Figure 1 where, for each industry remaining in our sam-
ple, the markup, the long-run cost flexibility and the capacity
utilization measure are plotted over the estimation period.
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The general picture emerging from Fig. 1 can be summarized as
follows. Except for those ind3ustries with very high markups at
the beginning of the observation period (chemical products, pla-
stic products, ceramic goods, stones and clay, musical instru-
ments) which show a rather pronounced decline in markups, there
seems to be no clear time trend in the levels of estimated indu-
stry markups. If anything, markups seem to be increasing on ave-
rage. Prices well above marginal costs persist virtually in all
industries for a relativély long period of time. This result in-
dicates that high positive price-cost margins are not just a di-
sequilibrium phenomena but rather a structural feature of the
economy which can be attributed to the fact that for virtually
all industries in our sample the elasticity of long-run cost with
respect to output is considerably smaller than one. As this im-
plies that marginal costs are lower than average costs, a posi-
tive markup is necessary to sustain an industry equilibrium.

With respect to the capacity utilization measure which cap-
tures short-run disequilibrium phenomena within our model speci-
fication, the conclusion from Fig. 1 would be that capacity uti-
lization shows no or at most a modest positive trend in the great
majority of industries. Although not particularly strong, our ca-
pacitiy utilization measure does show some cyclical variation in
the recession years 1967 and 1973. In quite a few of the indu-
stries studied, there has been excess capacity over remarkable
prolonged periods of time or even over the whole observation pe-
riod. In stark contrast, over-utilization of capacity over longer
time periods is only observed for a few dynamic industries such
as electrical engineering, precision and optical instruments, and
finished metal goods. The major exeption that does not fit into
the picture foundries industry which shows a very sharp rise ca-
pacity utilization measure.

IV.3 Flexibility of Prices, Marginal Costs and Markups

The analysis so far has been mainly restricted to the levels of
markups and costs. A recurrent theme in the literature on indu-
strial pricing has been how prices and/or markups respond to
changes in the level of demand, and how these fluctuations are
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influenced by market concentration (see e.g. Scherer 1980, Carl-
ton 1989). Most studies in this area are, however, blurred by
their neglect to distinguish between changes in (marginal) costs
and in markups leading to fluctuations in prices by implicitly
assuming that (marginal) costs are constant (see e.g. Hall 1986,
Domowitz et al. 1988). In contrast, the specification adopted in
the present study enables us not only to directly estimate the
elasticity of price with respect to output, but also allows for a
proper identification of its components, i.e. the elasticity of
marginal costs and the elasticity of the markup with respect to
the level of output. The results of these calculations are summa-
rized in Table 2.

Looking at the estimated price elasticities in Table 2 for
the year 1980, the general conclusion that may be drawn from our
results is that prices tend to be procyclical on average. This in
itsself is probably not a very controversial result as a lot of a
priori reasoning may derive an upward sloping industry supply
curve, the usual reason given for it being rising marginal costs.
There is also some other supportive evidence for procyclical pri-
cing behaviour in West-German manufacturing industries (see Arz
1989). However, as shown by the estimates for the elasticity of
marginal costs for our reference year in Table 2, this seems not
to be the case for the majority of industries under study. In
fact, with the exception of two industries (glass and drawing
plants), estimated elasticities at least for the reference year
1980 are either negative or not significantly different from
zero. '

This leaves the explanation for observed procyclical price
fluctuations with procyclical markups. There is in fact strong
evidence for quite a number of industries in our sample that mar-
kups are raised with increasing demand. This is also the result
of a recent study by Domowitz et al. (1987, 1988) who have found,
by extending the method developed by Hall (1988), evidence for
procylical price-cost margins in U.S. manufacturing industries.
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IV.4 In-ar-industry Differences in Markups

The results presenved so far naturally evoke a host of gquestions
on pausible explanations for the observed facts. Our main inter-
est in this section is in possible explanations of inter-industry
differences in markups and its relationship to market structure.
Following established tradition in the industrial economics lite-
rature, we use both the Herfindahl-index of concentration (HERF)
and the ten-firms concentration ratio (CR10) as indicators of
market power. The Herfindahl-index is only available for the
years 1977 to 1985. The particular CR measure was chosen because,
compared to alternative CR measures, it is the most completely
available measure for the observation period. In view of the very
high correlation between the various concentration ratios, the
choice of a particular measure does not seem very important
anyway. Given the availability of these two measures and the fact
that they change rather slowly over time, the years 1960, 1970,
1977, 1980 and 1985 were selected for the regressions in the fol-

lowing table.

TABLE 3. Determinants of inter-industry differences in markups
Simple Pooling Fixed Effects
1 1 1 1
Constant 2.840 (19.19)  2.600 (23.11) - -
CR10 -0.035 ¢ 1.06) - -0.013 ¢ 0.10) -
HERF - -0.023 ( 0.86) - 0.019 ¢ 0.10)
M -0.084 ( 2.44)  0.016 ¢ 0.58) -0.218 ( 2.87) -0.230 ( 2.66)
n -1.687 (15.86) -1.514 (17.76) -1.535 ¢ 9.87)  -1.505 ( 9.70)
Cegy~m 2,043 (12.85) -1.759 (13.87) 2,466 ( 7.79) -2.410 ( 6.82)
r 0.052 ¢ 0.57)  0.067 ( 0.88) 0.496  2.67)  0.478 ( 2.74)
R 0.83 0.87 0.77 0.69
N 95 60 95 60

Heteroscedasticity-consistent standard errors are in parentheses.
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In Table:.3 we report the results of some simple pooled cross-sec-
tion time series regressions for the twenty remaining industries
in our s«~uple for these selected years. Each regression was run
with the estimated markups from the previous section as the de-
pendent wvariable and, alternatively, the CR10 measure (Model I)
and the Herfindahl index (Model II) as an explanatory variable by
pooling the years available for the respective alternative. Fol-
lowing a priori reasoning and usual tradition in the industrial
economics literature (Schmalensee 1989), we included the share of
imports in an industry as a proxy variable for the competitive
threat arising from international trade (see also Neumann et al.
1985) and three cost-based measures from our preceding analysis
as explanatory variables in all regressions. To control for con-
stant unobserved industry differences we have also estimated the
various models by the standard fixed-effects within-group estima-
tor. As heteroscedasticity seems a potential problem in cross
section work of this kind, we have in each case calculated hete-
roscedasticty-consistent standard errors.

The rationale for the latter three variables is as follows.
As explained above, long-term cost flexibility should be a very
important predictor for differences in inter-industry markups. A
significant negative correlation between these two variables can
be considered a plausibility test of the estimated model. An al-
ternative explantion for a negé%ive correlation of the elasticity
of (long-run) costs and markups with somewhat more intuitive ap-
peal which is popular in the industrial economics literature is
in terms of scale economies as barriers to entry. In our model
the reciprocal of long-run cost elasticity defines the economies
of size in an industry which, although not exactly equal to the
elasticity of scale, may be seen as a proxy for barriers to
entry. Our second cost-based variable is the difference between
the short-run and long-run cost flexibility which, ceteris pari-
bus, is the larger the more responsive variable costs are to an
increase in the quasi-fixed factor (see eq. (8)). Finally, we
have our capacity utilization measure which should account for
disequilibrium effects on pricing behaviour.

Both the long-run cost flexibility and its difference to
the short-run cost flexibility turned out highly significant in
the regressions explaining the level of markups irrespective of
the concentration measure and the estimation method used. It may
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be noted that the rather high explanatory power of these regres-
sions, as measured by the coefficient of determination (corrected
for degrees of freedom), is entirely due to these two variables.
Although the capacity utilization measure shows a signifcant po-
sitive effect on the level of markups after unobserved industry
effects have been controlled for, it is quantitatively less im-
portant. The traditional concentration measures have no signifi-
cant effect on the level of markups irrespective of the particu-
lar model specification. This seems hardly surprising as the
structure of production costs can be shown to play a key role in
determining concentration in a number of theoretical models (see
Davis 1988 for a survey, and Aiginger 1990 for a similiar argu-
ment in a related context). In contrast, the import share in an
industry shows the expected negative coefficient after unobserved
industry effects have been controlled for.

v. Conclusions

our specification of the restricted cost function with capital as
quasi-fixed factor of production allowed a satisfactory descrip-
tion of facteor demand and pricing behaviour for the great majo-
rity of industries studied in this paper. For West-German ma-
nufacturing the following results have been established:

The hypothesis of perfect competition can be firmly rejec-
ted for all industries in our sample. In virtually all industries
prices are considerably higher than marginal costs over the whole
estimation period. Although the levels of markups differ quite
substantially between industries, with the exception of a few in-
dustries which had exceptionally high margins at the beginning of
the observation period markups have remained fairly stable over
time.

The estimated long=-run cost flexibilities are considerably
smaller than one in virtually every industry indicating the im-
portance of economies of size in West-German manufacturing. This
structural feature of the West-German economy is the single most
important explanation for the previous result of high industry
markups.

In contrast to the former result, the short-run cost flexi-
blity is significantly smaller than one only for about half of
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the industries studied. 'ts's quite clearly underpins the crucial
role that accrues to ti=z .-.pital stock as a quasi-fixed factor of
production. This correspceads reasonably well with our results
with respect to the capacity utilization measure which reveals
that a number of industiies have been in disequilibrium with
respect to the capital stock for substantial periods of time.

In the majority of industries under study prices behave
procyclically, which is compatible with a priori reasoning and
some of the available evidence. The reason for procyclical prices
is, however, not to be found in increasing marginal costs which
tend to be countercyclical on average, but in procyclical mark-
ups. The latter result is compatible with both some theoretical
models of pricing behaviour and the recent empirical results for
U.S. manufacturing.

Our pooled cross-section time series regressions suggest
that traditional measures of market concentration such as the
Herfindahl-index and the ten-firms concentration ratio cannot ex-
plain inter-industy differences in the level of markups after
differences in economies of size have been statistically control-
led for. Although differences in import competition seem modestly
important to keep markups down, the inter-industry markups are
predominantly determined by our derived «cost flexibility
measures.
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Appendix

Data

The data refer to the manufacturing sector of the West-German
economy over the period 1960 to 1985. Data for nominal gross out-
put, nominal intermediate inputs and real value added have been
taken from the yearly disaggregated national income accounts
(Source: Statistisches Bundesamt (StaBu), Fachserie 18). Real
gross output series have been obtained as follows: After correc-
ting the producer price index for domestic and foreign sales at
the industry level (Source: StaBu, Fachserie 17 and Fachserie M)
for the change in the tax system in 1968 (when the sales tax was
replaced by the value added tax), we obtained weights for the
respective bundle of goods in each of our industries from the
disaggregated input-output table for 1982 (StaBu, Fachserie 18,
Reihe 2, Table 4.2). Then, price indices for industry gross out-
put were calculated as a weighted sum of the domestic producer
price index. An implicit price index for intermediate inputs for
each industry was derived by dividing nominal intermediate inputs
by the difference between real gross output and real value added.
Yearly total hours at the industry level are average yearly hours
actually worked per employee (Source: Institut fir Arbeitsmarkt-
und Berufsforschung Nurenberg, Kohler and Reyher 1988) multiplied
by the number of employees in the respective industry. The capi-
tal stock and the user costs of capital which are fully compa-
tible with the disaggregated national income accounts have kindly
been made available by the IFO Institute Munich (see
Gerstenberger et al. 1989). All variables have been normalized at
the year 1980. Values for the Herfindahl-index and the CR10 for
the years 1960, 1970, 1977, 1980 and 1985 have been obtained from
Statistisches Bundesamt (1985) and Statistisches Jahrbuch (va-
rious issues), respectively.

Because of data problems six industries had to be excluded
from the sample. For these industries there are either no consis-
tent price indices (mineral oil refining, shipbuilding, aircraft
and spacecraft, tobacceo) or data is not available over the whole
estimation period (office machinery and data processing equip-
ment, leather and leather goods).
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TABLE A2. Summary statistics for the input equations and the price equation.

INDUSTRY Ly MY
oW R ow R oW I

14 Chemical products 1.9 0.75% 1.68  0.99% 1.91 0.992
16 Plastic products 1.33 0.881 1.47 . 0.997 1.14  0.998
17 Rubber products 1.73 0.931 1.5  0.994 0.94 0.997
18 Stones snd clay 1.16  0.635 1.82  0.994 1.5 0.999
19 Ceramic goods 1.39  0.942 1.9 0.997 2.12 0.999
20 Glass 1.46  0.956 1.50 0.999 0.94 0.998
21 Iron and steel 1.05 0.620 0.75 0.987 1.48 0.993
22 Non-ferrous metals 1.09 0.405 1.16 0.999 1.93 0.994
23 Foundries 1.03 0.878 1.06  0.993 1.47  0.998
24 Drawing plants etc, 1.86 0.983 1.62 0.994 1.13 0.997
25 Structural metal products 1.80 0.934 1.01 0.992 1.13 0.998
26 Mechanical engineering 1.57 0.975 1.83 0.998 1.40 0.999
28 Road vehicles'’ 0.78  0.861 1.07 0.9 0.7 0.997
31 Electrical engineering 1.34 0.885 2.16 0.997 1.50 0.993
32 Precision and optical instruments 0.97 0.914 1.41 0.999 1.07 0.994
33 Finished metal goods 1.58 0.925 1.06 0.997 1.42 0.999
34 Musicsl instruments, toys etc. 1.50 0.822 1.70 0.995 1.67 0.999
35 Wood uorking” 0.98 0.498 1.39 0.997 1.4 0.993
36 Wood products 1.17  0.967 0.58 0.998 1.7 0.998
37 Paper marufacturing 1.79 0.874 1.44 0.9%6 1.64 0.996
38 Paper processing 1.52 0.970 1.55 0.995 1.7 0.997
39 Printing and duplicating 1.72 0.953 1.35 0.996 1.54% 0.997
41 Textiles 1.61 0.941 1.62 0.998 1.40 0.995
42 Clething 1.49 0.982 1.62 0.999 1.81 0.999
43 Food and beverages 0.91 0.948 1.90 0.999 1.3 0.997

1})

The convexity condition of the variable cost function with respect to the capital stock is

not fulfilled.
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