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Abstract. We estimate the pro-competitive effects of Austria’s participation in the Single
Market after its European Union (EU) accession in 1995 in terms of firms’ market power as
measured by the Lerner index, using a sample of 46 industries and 7 industry groups, covering
the period 1978–2001. In the framework of the markup estimation method suggested by

Roeger (1995), we test for both an instantaneous structural break between 1993 and 1998 and
also estimate logistic smooth transition models to take up the proposition that the regime shift
is likely to have occurred gradually rather than as a big bang. In sum, the results provide no

reason for being euphoric: Pronounced markup reductions were only found in three industry
groups (mining and quarrying, wholesale and retail trade; financial services and real estate). At
the more disaggregate level, the picture is mixed: Both increases and reductions in market

power have been found.
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I. Introduction

With its accession to the European Union (EU) on 1 January 1995 Austria
also entered the EU’s Single Market, which had come into force already on 1
January 1993. Significant micro- and macroeconomic effects were expected
from the removal of all remaining barriers to trade and factor flows within
the EU and the introduction of a common competition policy. In their well-
known ex-ante study, Smith and Venables (1988) found the pro-competitive
effect (‘‘full market integration’’) to be the Single Market’s most important
consequence in generating positive welfare effects.
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Up to now, there is no study testing for pro-competitive effects of Aus-
tria’s EU accession.1 Also for other EU Member states, ex-post evidence on
the Single Market effects is still very limited. The Commission’s review of the
Single Market of 1996 (European Commission, 1996) provides an analysis up
to 1992; this was clearly too early to give a conclusive ex-post assessment.
Only a few further studies were carried out since then. Allen et al. (1998),
building on their work in the Commission’s review, use data up to 1994; they
derive the Single Market’s effect on price cost margins from the estimation of
price and demand functions for 15 ‘selected’ industries (assumed to be par-
ticularly sensitive to the Single Market according to Buiges et al. (1990)) of
the four largest EU countries (Germany, France, Italy, and the United
Kingdom). Their analysis provides valuable insights by combining these
estimates with a welfare analysis in a computable general equilibrium (CGE)
framework. Nevertheless, in light of the fact that their sectors make up only
one third of total manufacturing output, and the time period considered,
their conclusion that the Single Market ‘‘has indeed had a substantial pro-
competitive effect in European markets, and has led to significant reductions
in price-cost margins’’ (p. 467) has to be interpreted with caution (see, e.g.,
the comment by Flam (1998) for a criticism). At the country level Bottasso
and Sembenelli (2001) use a similar industry classification and a large sample
of Italian firms to test for a structural break due to the Single Market, using
the markup-estimation method suggested by Hall (1988). Again, significant
reductions in markups (and increases in productivity) are only found for the
group of ‘‘most sensitive firms’’. A recent study by Sauner-Leroy (2003)
covers nine European countries (excluding Austria) and the period from 1987
to 2000. It uses data from firms’ financial statements of the Commission’s
BACH database, aggregated at the manufacturing level. These data enable
him to directly calculate price-cost margins and to test for the impact of the
Single Market in a simple regression framework with further control vari-
ables. Although country-specific results differ somewhat, the analysis sug-
gests that markups decreased in the period from 1987 to 1992, along with a
decrease in prices; in the post completion period from 1993 to 2000, however,
markups recovered in line with the realization of efficiency gains.2 This is in
contrast with the results by Badinger (2004, unpublished manuscript), who
uses a panel approach for 10 EU countries and 17 industry groups to test for
structural breaks due to the Single market; his results suggest that markups
have substantially decreased since 1993 in aggregate manufacturing and
slightly in construction; at the same time increases in markups are found in
several manufacturing industries between 1987 and 1990 – probably due to
the increase in concentration at the EU level. Summing up, the overall evi-
dence on the Single Market’s achievements is mixed at best and far from
comprehensive.
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In this paper we investigate the Single Market’s pro-competitive effects
for the case of Austria, which none of the aforementioned studies has
investigated at the level of aggregation considered in this study. Using data
on 46 Austrian industries (and seven industry groups), covering the period
from 1976 to 2001 we employ the Roeger (1995) approach for markup
estimation. Moreover, we do not only test for a discrete, instantaneous
change but allow for a more general alternative hypothesis concerning the
changeover using smooth transition analysis (see Granger and Teräsvirta,
1997): Thereby both the velocity and the timing of the changeover to the
new regime are endogenously determined. This has considerable appeal for
our question of interest, since it is plausible to assume that some of the
effects of the Single Market already set in before 1995, and that the tran-
sition has occurred gradually rather than being characterized by a discrete
structural break.

Finally, we also check the sensitivity of the results in a panel framework
which allows us to include time specific effects: This might be particularly
important in the present context, given the ambiguity in the literature con-
cerning the relationship between business cycles and markup ratios (see, e.g.,
Rotemberg and Woodford, 1991).

In sum there is no reason to be enthusiastic about the achievements of the
Single Market so far. Only few sectors show a pronounced reduction in
markups; in some sectors markups have even increased in spite of the par-
ticipation in the Single Market. A substantial restructuring does not appear
to have taken place so far in Austrian industries.

The remainder of the paper is organized as follows. Section II briefly
discusses the theoretical background of the method used for the estimation of
markups. Section III sets up the empirical model and describes the data used.
Section IV presents the results of the estimations. Section V summarizes the
main conclusions.

II. Markup Estimation – Methodological Background

Our approach to estimating the markups factors relies on the paper by
Roeger (1995), which is in turn an extension and variant of the seminal paper
by Hall (1988) providing a method for the estimation of price cost margins of
industries. Point of departure is a linear homogenous production function
Q ¼ EF(K,N,M), where Q is the output, E is level of Hicks-neutral technical
progress relating output to all inputs, K is capital, N is labour, and M is the
quantity of materials employed. Hall shows that the Solow residual under
market power is given by3

Dln qt�atDln nt� ctDlnmt¼ðlt�1Þ½atDln ntþctDlnmt�þDlnEt, ð1Þ
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where qt is the output/capital ratio (Qt/Kt), nt is labour/capital ratio (Nt/Kt),
and mt is the materials/capital ratio (Mt/Kt); at is the factor share of labour
(i.e. the ratio of labour compensation NtWt to total revenue Yt ¼ PtQt), ct
that of materials (MtPM,t/Yt). Finally, lt is the markup ratio Pt/MCt (MC
denoting marginal costs). Assuming a constant markup ratio, l can be
estimated from (1). The problem, however, is the endogeneity of the right-
hand side variable; thus instruments, i.e. variables correlated with output
which are neither the cause nor the consequence of technological change, are
required for a consistent estimation and valid inference. Hall, in his empirical
analysis of US industries, uses military expenditures, the political party of the
president and the oil price; obviously, it is hard if not impossible to find good
instruments that are exogenous under all views of macroeconomic fluctua-
tions.

Roeger (1995) develops an approach that avoids some of these problems.
First, note that the primal technology residual given by (1) (which is calcu-
lated from the production function), can also be written in extensive form as:

ðDln Qt � Dln KtÞ � atðDln Nt � Dln KtÞ � ctðDln Mt � Dln KtÞ
¼ BðDln Qt � Dln KtÞ þ ð1� BÞDln Et, ð2Þ

where the parameter B corresponds to the Lerner index which is directly
related to the markup ratio via l = 1/(1)B). He then derives the price based
Solow residual (calculated from the dual cost function), which is given by4

atDlnWt þ ð1� at � ctÞDlnRt þ ctDlnPM;t � DlnPt

¼ �BðDlnPt � DlnRtÞ þ ð1� BÞDlnEt, ð3Þ
where Wt and Rt denote the wage rate and the user costs of capital,
respectively, and Pt is the output price. Under perfect competition (l ¼ 1 or
B ¼ 0), both the primal and the dual Solow residual are an exact measure of
technological progress (leaving measurement problems aside). Under
imperfect competition, prices depart from marginal costs and the technology
residual can be decomposed into a technical innovation term and (i) the rate
of change in the capital productivity, multiplied by B (primal residual, see
(2)), or (ii) the rate of change in output prices minus the rate of change in
capital costs, also multiplied by B (dual residual, see (3)).

Substituting the expression for Dln Et implied by (3) into (2), Roeger
derives the following expression suitable for the estimation of B:

ðDlnQt þ DlnPtÞ � atðDlnNt þ DlnWtÞ � ctðDlnMt þ DlnPM;tÞ
� ð1� at � ctÞðDlnKt þ DlnRtÞ
¼ B½ðDlnQt þ DlnPtÞ � ðDlnKt þ DlnRtÞ� þ ut; ð4Þ

HARALD BADINGER AND FRITZ BREUSS148



where ut is a standard error term. The left-hand side is the difference between
the primal and the dual residual; under perfect competition it should equal
zero. To simplify notation, we rewrite (4) as

zt ¼ Bxt þ ut; ð5Þ
where z may be interpreted as the nominal Solow residual, and x is the
growth rate of the nominal output/capital ratio; ut is an error term
reflecting the difference of the measurement errors from the two produc-
tivity terms. The attractive feature, at least at a first glance, is that the
productivity term vanishes and that no instruments are needed for the
estimation of B.

It should be noted that both (1) and (5) are derived under the assumption
of constant returns to scale; there is, however, good reason to believe that in
many cases, market power exists as a results of economies of scale. Martins
et al. (1996) and Hylleberg and Jorgensen (1998), show that under increasing
returns, (5) becomes5

zt ¼ ½kðB� 1Þ þ 1�xt þ ut, ð6Þ
where k is an index of returns to scale, defined as ratio of average to marginal
costs. It follows that the estimates of B and l are downward biased in the
presence of increasing returns.6 Similarly, the markup over marginal costs is
underestimated in the presence of sunk costs,7 downward rigidities of the
capital stock or labour hoarding; thus it has been suggested to interpret the
markup implied by the estimate of B from (5) as lower bound (Martins et al.,
1996).

III. Empirical Model

The empirical model corresponding to (5) is given by

zi;t ¼ ai þ Bixi;t þ ui;t, ð7Þ
where i denotes the respective industry, t denotes time (here: t=1, . . . , 23),
and ui,t is a standard error term. As a point of departure, we run separate
time series regressions for each industry. We use a sample of 46 two digit
NACE Rev. 1.1 industries, which is taken from Statistics Austria. Nine
industries (mainly service industries) had to be excluded because of missing
data or because the goods they produce are not traded on (more or less)
competitive markets (e.g., public defense). Additionally, as previous studies
we also provide results for seven larger industry groups to give a broader
picture. Our sample is described in Appendix B, which shows the industries
and industry groups as well as the definition and sources of the variables used
in the estimation.
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As mentioned above, the Roeger approach was meant to overcome the
(almost unsolvable) problems of finding good instruments in the Hall
approach. Hylleberg and Jorgensen (1998), however, show that slightly
relaxing the assumption of a constant markup (and scale factor) makes the
Roeger approach vulnerable for similar lines of criticism, i.e. the endogeneity
of x. However, as Hylleberg and Jorgensen (1998) we also step back from
using an instrumental variable approach, given the absence of good instru-
ments.8 The results by Hylleberg and Jorgensen (1998) suggest that the
problems induced by simultaneity and potentially non-spherical error terms,
are fairly moderate. Given the absence of good instruments (and the likely
presence of heteroscedasticity and serial correlation), they suggest using least
squares with Newey–West standard errors. This is also the approach we will
follow here. Nevertheless, these problems have to be borne in mind and our
point estimates should not be overstressed; there is, however, no reason to
believe that theses estimation problems systematically infer with our main
goal to detect a structural break (if any), since they are likely to be the same
under both regimes.

In the framework of the empirical model (7), the tests for an instantaneous
structural break corresponds to testing the significance of an interaction term
between xi,t and a level dummy DT; thus we have

zi;t ¼ ai þ B1;ixi;t þ B2;iD
Txi;t þ ui;t; ð8Þ

where DT is zero for t < T, and 1 otherwise. The problem of choosing a
proper DT is twofold:

(i) First there is considerable uncertainty, when the structural break (if any)
shall be assumed to have occurred. In the EU, the Single Market came
into force on 1 January 1993; although Austria joined the EU on 1
January 1995, the accession is likely to have been anticipated by forward
looking agents. Thus, it is not implausible to assume that some of the
effects set in before Austria joined the EU. On the other hand, there are
still problems with the implementation of the Single Market, suggesting
that part of the effects set in after the accession. To account for this
uncertainty we will allow the break to occur between 1993 and 1998, i.e.
we run regressions for each of the sectors, using T ¼ 1993, 1994, . . . , and
1998.

(ii) Irrespective of the choice of T, (8) assumes that the structural break has
occurred instantaneously. A gradual changeover, however, is a more
likely scenario. This point can be addressed by the specification of a
smooth transition model (Granger and Teräsvirta, 1997). In this frame-
work, the aforementioned issue can also be taken up, allowing the mid-
point of the regime shift to be determined endogenously. The empirical
model then takes the form:
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zi;t ¼ ai þ B1;ixi;t þ B2FðtÞxi;t þ ui;t, ð9Þ

where F(t) is a transition function, describing the transition process as a
function of time and two parameters c and s. In particular, we opt for a
simple form and use a symmetric logistic function, given by

FðtÞ ¼ 1

1þ e½�cð1�sÞ� , ð10Þ

which maps t onto the interval (0,1) and allows for a smooth transition
between the initial state (t fi )¥ )

zi;t ¼ ai þ B1;ixi;t þ ui;t ð11Þ
and the final state (t fi +¥ )

zi;t ¼ ai þ ðB1;i þ B2;iÞxi;t þ ui;t: ð12Þ
The parameter c determines the speed of transition, while s is associated with
the transition mid-point, i.e. F(t) ¼ 0.5 for t ¼ s. For c fi ¥, (9) collapses
into (8) with a discrete, instantaneous structural break at t ¼ s. Hence (9) is
the more general model nesting (8) as a special case. Of course, more general
forms of the transition function F(t) are conceivable, using higher order
polynomials in t and including the dependent and/or the exogenous variables.
However, for our purposes, a transition process described by such a logistic
smooth transition model (LST, see Granger and Teräsvirta 1997, chap. 4)
appears to be a reasonable choice and allows us to address our two main
concerns: To allow for a gradual change and to endogenize the timing.

The problem of testing the hypothesis of the constancy of the regression
parameter B (i.e. H0: c ¼ 0)9 against the alternative of a continuous struc-
tural change is that s remains unidentified under the null. Lin and Teräsvirta
(1994) suggest to approximate F(t) using a Taylor series around c ¼ 0, which
allows the reparameterization of (9) in terms of identified parameters. The
null hypothesis c ¼ 0 can then be tested using a Lagrange multiplier (LM)
test of excluding restrictions applied to this reparameterized model. For those
sectors, where the null of constant parameters is rejected, we will also esti-
mate the smooth transition model given by (9).

IV. Estimation Results

We start with presenting the smooth transition analysis (Equation (9)), since
it represents the most general approach to our question of interest in allowing
an arbitrary time and velocity of the transitition. Table I gives the results for
each of the 46 industries and the 7 industry groups considered. Column (1)
shows the results of the v2-tests of the null of constant parameters against a
continuous parameter change. We use a third order Taylor series approxi-
mation of F(t) as given by (10), which implies the use of interaction terms
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between x and t up to the third order.10 The null of no regime shift is rejected
for 19 of the 46 industries and for 6 of the 7 larger industry groups (at least at
the 10 per cent level).11

For the industries, where the null of constant parameters has been re-
jected, Table I also reports the estimation results for the smooth transition
models. In principle, (9) can be estimated using non-linear least squares.
However, for most industries we ran into convergence problems or ob-
tained implausible results when all parameters (ai, B1, B2, c, s) were esti-
mated at the same time. We thus pursue a grid search strategy, imposing
the velocity of transition (c) and estimating the other coefficients using
non-linear least squares; c was varied from 0.2 to 5 with a step size of 0.01
so that the sum of squares is minimized. As can be seen from Figure 1,
which shows the corresponding transition functions for s ¼ 18 (i.e. the
transition mid-point in 1995), these values cover a broad spectrum, ranging
from a very slow transition process (c ¼ 0.2) to the case of an almost
instantaneous change (c ¼ 5).12 Using this approach, quick convergence
was achieved for all industries.

Of the 19 industries (6 industry groups) where a structural break is indi-
cated by the v2-statistic we find a decrease in 5 (3) cases; in 9 industries
(3 industry groups) an increase in the markup is found. In the remaining
cases the coefficient is insignificant. A remarkable result is that the velocity of
the changeover implied by the estimates of c is very fast in de facto all

0

0.25

0.5

0.75

1

1980

τ = 0.2 

τ = 5 

1985 1990 1995 2000

Figure 1. Transition function F(t) as given by Equation (10) for alternative values of c
and transition midpoint in 1995 (i.e. s¼18).
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models. Thus it may be argued that non-linearities are very weak and that the
hypothesis of an instantaneous regime shift is a reasonable approximation.
This has the advantage of allowing us to sharpen our alternative hypothesis
for testing for a structural break, and hence to improve the power of the test:
If the assumption of an instantaneous change is approximately correct, using
model (8) is more likely to detect a structural break. Hence, we do not go into
the details of the results obtained so far but proceed with the estimation of
model (8), which corresponds to the assumption of an instantaneous change.

While a fast changeover appears to be a justifiable assumption there is still
a problem in choosing the exact date of the structural break, i.e. choosing the
proper T in (8). The implementation of the Single Market was announced in
the mid-1980s by the Commission’s White paper (European Commission,
1985); it came into force on 1 January 1993. Austria joined the EU in 1995; in
1994 it entered the European Economic Area (EEA). On the one hand,
rational agents are likely to have reckoned with Austria’s EU accession, so
that some of the effects may have set in before 1995. On the other hand, there
are still problems in the coverage and implementation of the Single Market in
several areas (European Commission, 2002). Thus we decided to use a time
window of 6 years, from T ¼ 1993 to 1998; this period should be sufficient to
capture changes that are likely to be related to Austria’s accession to the EU
and the Single Market.

Table II shows the estimation results for model (8). Industries, where the
coefficient B2 turned out insignificant (for all values of T ) were re-estimated
using model (7). Where a structural break was found, we chose the value for
T that yielded the smallest p-value. First, note that perfect competition is
rejected for all industries,13 with markup ratios from de facto one up to 4.483.
These values are broadly consistent with a study by the OECD (2003), which
also uses the Roeger approach to estimate average markup ratios in Austrian
industries since 1981 (without considering effects of the Single Market,
however).14

A structural break is detected now in 26 of the 46 industries (Figure 2
provides an overview) and 5 of the 7 industry groups. Again, the direction of
the regime shifts is ambiguous: In roughly two third (16) of the industries
where a break was found, the coefficient B2 is positive, indicating an increase
in markups. At the more aggregate level, a decrease in markups is suggested
for 3 of the 5 industries where a break was identified. As expected due to the
high values for c obtained in the smooth transition models, the results are
consistent with that of Table I.15

One further concern deserves attention: Our results may be distorted by
business cycle effects, since it is argued that markups are related to the cycle
(see Rotemberg and Woodford, 1991). We therefore specify a panel (with
heterogeneous parameters) including time specific effects; this mitigates this
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problem at least for that part of the business cycle that is common to all
industries.16 Thus, model (8) becomes

zi;t ¼ ai þ B1;ixi;t þ B2;iD
Tixi;t þ gt þ ui;t; ð13Þ

where gt denotes the time-specific effects. We maintain the assumption that
an instantaneous structural break provides a reasonable approximation; thus
the dummy DTi is now constructed corresponding to the breakpoints ob-
tained from the time series regressions (see column (4) in Table II). The
estimation results for model (13) are given in Table III.

Table IV shows the markup ratios implied by the panel estimates (see the
last two columns of Table IV), along with a summary of the results obtained
so far. Columns two and three show the results for the smooth transition
analysis (compare Table I), columns six and seven the results from the time
series analysis (compare Table II).
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Figure 2. Overview of significant changes in markups in Austria between 1993 and 1998
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Comparing the results using the different methods it becomes apparent
from Table IV that, for the sectors where a break was found with each
approach, the markup ratios implied by the smooth transition models and
the discrete change models are consistent (except the results for industry
17). This is plausible in the light of the high values obtained for the
velocity of transition, which makes the transition function F(t) in (9) very
much look like the level dummies used in (8).17 Nevertheless, against the
background of the ambiguity concerning the timing of the Single Market
effects, this was an important issue to be clarified to rule out that the
result are severely distorted by imposing strikingly wrong restrictions on
the transition process. Controlling for time specific effects, in total eight
structural breaks turn out to be fragile against this robustness check; on
the other hand, three more breaks are detected using the panel approach.
For the remaining industries (industry groups) the inclusion of time-spe-
cific effects alters some of the magnitudes of the coefficients, but does not
change the qualitative conclusions of our analysis. These can be summa-
rized as follows (focussing on the panel results): First, the hypothesis of a
zero markup is rejected for all industries. This is strong evidence against
the existence of perfect competition in Austrian markets and suggests that
monopolistic and oligopolistic competition prevail. Second, while many
regime shifts appear to have taken place in the last 15 years, we could not
identify a pervasive pro-competitive effect resulting from the Austria’s EU
accession. Of the 46 industries and 7 industry groups a structural break
was found in half of the industries (3 industry groups). Of these, in turn,
we find a reduction in markups in only 8 industries, an increase in 15
industries. At the more aggregate level, evidence is a little more favour-
able: The net effect at the aggregate manufacturing level is insignificant; in
three industry groups pronounced markup reductions are found. The
markup reduction in mining and quarrying, accounting for only 0.6 per
cent of total output, is of less importance. The changes in the two other
industry groups (wholesale and retail trade; financial services and real
estate), however, are economically significant. The pro-competitive effect is
also confirmed by the results for the industries that constitute these more
aggregate groups (industries 50–52 and 65–67).

The absence of a pervasive effect, particularly in manufacturing and
construction, is disappointing against the background of the Single
Market’s goal to trigger a substantial restructuring of European industries.
A plausible explanation is that many Austrian industries had already been
highly integrated at the time of its EU accession and that the adoption of
the Single Market led to no change in the exposure of Austrian firms to
EU competition; Austria’s trade relations with the EC for manufacturing
goods, for example, had already been liberalized in the 1970s. On the
other hand, it could be the case that the Single Market has also triggered
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offsetting effects such as in increase in concentration. Thus, a comparison
with traditionally proxies of competition such as concentration or foreign
entry could provide more perspective of the changes in market structure
and conduct and help to explain and interpret the results and the industry
specific pattern of changes in markups. Unfortunately, there are no time
series on concentration (in terms of measures the Herfindahl index or C4)
or on foreign entry (in terms of foreign direct investment or statistics
about mergers and acquisitions) at the industry breakdown used in this
study, which extend beyond 1995.

Although our results are difficult to compare with previous studies due to
the different samples and level of aggregation, the failure to identify a
pervasive effect of the Single Market shows up in several studies that take a
broader perspective than the consideration of a few selected sectors. This
appears to be a common result, not only for Austria but also the EU in
general; it warns us of being too euphoric about the positive effects of the
Single Market achieved so far and of generalizing the findings for a few
selected sectors for the European economies.

V. Summary and Conclusions

This paper investigates the pro-competitive effects of Austria’s participation
in the Single Market since its EU accession in 1995 in terms of firms’ market
power as measured by the Lerner index. Using a sample of 46 Austrian
industries and 7 industry groups, covering the period 1978–2001, we test for
structural breaks in the framework of the markup estimation method sug-
gested by Roeger (1995). In order to address the uncertainty with respect to
the timing and velocity of the regime shift induced by the Single Market we
use different alternative hypotheses to test for a structural break: We test for
both an instantaneous structural break between 1993 and 1998 and also
estimate several (restricted) logistic smooth transition models to take up the
proposition that the regime shift is likely to have occurred (to be occurring)
gradually rather than as big bang. Results of the different approaches turn
out to be very similar, since in industries where a regime shift was found, the
transition process has taken place fairly quickly.

In sum, the results provide no reason for being euphoric: Pronounced
markup reductions were only found in three industry groups (mining and
quarrying, wholesale and retail trade; financial services and real estate). At
the more disaggregate level, the picture is mixed: both increases and de-
creases in market power were found. Overall, a substantial restructuring
does not appear to have taken place over the last 10 years, neither in
Austria as this paper has shown, nor in the EU as a whole as suggested
by other studies.
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Two interpretations of our findings are possible: On the one hand it
may be argued that the expectations concerning the Single Market effects
were unrealistic and exaggerated anyway, so that these results were only to
be excepted. One the other hand, a more optimistic view might hold that
the Single Markets is not working yet and an improvement in its func-
tioning will deliver the positive effects expected. Industry-specific case
studies might be a fruitful avenue for further research to help designing
measures to improve the functioning of the Single Market, which is ar-
gued to be one of the chief requirements to improve the EU’s growth
performance (Sapir et al., 2003).

Appendix A1: Derivation of the Primal Technology Residual (‘‘Solow

Residual’’) Under Market Power
18

Solow (1957) showed that under the assumptions of constant returns to scale
and perfect competition, the following relation between growth of output,
factor inputs, factor prices and the product price can be derived

D ln qt � atD ln nt ¼ D lnEt, ðA1:1Þ
where qt is the output/capital ratio (Qt/Kt), nt is labour/capital ratio (Nt/Kt),
and at is the (revenue based) factor share of labour (i.e. the ratio of labour
compensation NtWt to total revenue Yt ¼ PtQt).

Hall (1988, 1989) derives an expression for the Solow residual allowing for
imperfect competition. Logarithmic differentiation of the production func-
tion Q ¼ EF(K,N) yields19

D lnQ ¼ N

FðK;NÞFND lnNþ K

FðK;NÞFKD lnKþ D lnE, ðA1:2Þ

where FK and FN denote the marginal products of capital and labour,
respectively.

Now consider the cost minimization of a firm that is a price taker in the
labour and capital services market. The Langrangian is

LðK;N; kÞ ¼ KRþNWþ k½Q� EFðK;NÞ�
and the first order conditions are

FN ¼
W

kE
and FK ¼

R

kE
ðA1:3Þ

with the Langrange multiplier k to be interpreted as marginal cost. Under
constant returns, we have Q = E(KFK + NFN), which – together with (A1.3)
– implies that

KRþNW ¼ Qk or k ¼ ðKRþNWÞ=Q: ðA1:4Þ
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Substituting this expression for k into the first order conditions, we obtain to
following solutions for the marginal products:

FN ¼
WFðK;NÞ
KRþNW

and FK ¼
RFðK;NÞ
KRþNW

; ðA1:5Þ

which can also be written as

FN ¼ a0
FðK;NÞ

K
and FK ¼ ð1� a0ÞFðK;NÞ

N
: ðA1:6Þ

Here a ¢ denotes the cost-based factor share of labour, that is NW/(KR +
NW), and (1 ) a ¢) is the cost-based factor share of capital, that is KR/(KR+
NW). Substituting (A1.6) into (A1.2) yields

D lnQ ¼ a0D lnNþ ð1� a0ÞD lnKþ D lnE: ðA1:7Þ
Note that no assumption of competition has been made so far. In the

special case of perfect competition (k ¼ P ¼ MC), where prices are equal to
marginal cost, the cost-based factor shares are equal to the revenue-based
factor shares a ¼ NW/YP and (1 ) a) ¼ (YP ) NW)/YP. Defining the
markup ratio as l ¼ P/MC, the (observed) revenue based factor shares can
be related to the cost based factor shares by a ¢ ¼ la.

Thus, under market power (A1.7) can be expressed in terms of revenue
shares as

D lnQ ¼ laD lnNþ ð1� laÞD lnKþ D lnE, ðA1:8Þ
which can be rewritten in intensive form as

D ln q ¼ laD ln nþ D lnE: ðA1:9Þ:
This shows that (A1.1) is merely a special case of (A1.9), assuming perfect
competition (l = 1). Now consider the case when intermediate inputs are
used. The production function can be rewritten as Q ¼ EF(K,N,M), whereM
denotes intermediate inputs and E now denotes the Hicks neutral techno-
logical progress, relating output to all inputs. A straightforward extension of
the derivation provided above for the case including intermediate inputs
yields

D lnQ ¼ laD lnNþ lcD lnMþ ð1� la� lcÞD lnKþ D lnE; ðA1:80Þ
where c is the revenue based share of materials MPM/QP.

In intensive form we have:

D ln q ¼ lðaD ln nþ cD lnmÞ þ D lnE; ðA1:90Þ
which leads to Equation (1) in the main text.
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Appendix A2: Derivation of the Dual Technology Residual Under Market

Power
20

To derive the dual technology residual, Roeger (1995) postulates the
following cost function for a representative firm operation under constant
returns to scale:21

CðW;R;Y;EÞ ¼ GðW;RÞY
E

: ðA2:1Þ

Corresponding to the linear homogenous production function Q ¼ EF(K,N),
the function G is also homogenous of the first degree. Marginal costs are
given by

MC ¼ CY ¼
GðW;RÞ

E
; ðA2:2Þ

which can be totally log-differentiated to yield

D lnMC ¼ GWW

GðW;RÞD lnWþ GRR

GðW;RÞD lnR� D lnE: ðA2:3Þ

Using Shephard’s lemma22 this can be rewritten as

D lnMC ¼ ENW

YGðW;RÞD lnWþ EKR

YGðW;RÞD lnR� D lnE: ðA2:4Þ

Since C ¼ G(W,R)Y/E, it follows that:

D lnMC ¼WN

C
D lnWþ RK

C
D lnR� D lnE

or

D lnMC ¼ a0D lnWþ ð1� a0ÞD lnR� D lnE; ðA2:5Þ
where a ¢ and (1 ) a ¢) denote the cost-based factor shares of labour and
capital, respectively.

Instead of the markup-ratio l, Roeger uses the Lerner index B ¼ (P )
MC)/P = (l ) 1)/l to relate the cost- and revenue-based factor shares. Since
l ¼ 1/(1 ) B), Equation (A2.5) can be written as

D lnMC ¼ a
1� B

D lnWþ ð1� a
1� B

ÞD lnR� D lnE: ðA2:6Þ

Multiplying by (1 ) B), rearranging, and recognizing that Dln MC ¼ Dln P
for a constant l, the price-based technology residual can be derived

aD lnWþ ð1� aÞD lnR� D lnP ¼ �BðD lnP� D lnRÞ þ ð1� BÞD lnE:

ðA2:7Þ
Again the extension for the case of intermediate inputs is straightforward,
yielding
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aD lnWþ ð1� a� cÞD lnRþ cD lnPM � D lnP

¼ �BðD lnP� D lnRÞ þ ð1� BÞD lnE: ðA2:8Þ
which is equivalent to Equation (3) in the main text.

Appendix A3: Alternative Derivation of Roeger Equation Under Increasing

Returns
23

The insight provided by the derivation of Roeger is that market power may
serve as an explanation of the difference between the primal and dual tech-
nology residual as given by (4). In the subsequent generalization of the
Roeger equation for the case of increasing returns to scale, we show an
alternative derivation of the Roeger equation as provided by Martins et al.
(1996) and Hylleberg and Jorgensen (1998).
Let increasing returns be measured by the ratio of average to marginal costs
kt (= ACt/MCt), where average costs are defined as ACt ¼ (WtNt + RtKt)/
Qt. Using the definition of the markup-ratio l, we can write

lt

kt
¼ PtQt

WtNt þ RtKt
or ltðWtNt þ RtKtÞ ¼ ktPtQt: ðA3:1Þ

Taking the log-differential of (A3.1) yields

WtNt½D lnNt þ D lnWt þ D ln lt� þ RtKt½D lnKt þ D lnRt þ D ln lt�

¼ PtQt
kt
lt

D lnQt þ
kt
lt

D lnPt þ
kt
lt

D ln kt

� �
:

ðA3:2Þ
Dividing through by PtQt, (A3.2) can be expressed in terms of revenue-based
factor shares as

at½D lnNt þ D lnWt� þ bt½D lnKt þ D lnRt�

¼ kt
lt

½D lnQt þ D lnPt� þ
kt
lt

½D ln kt � D ln lt� ðA3:3Þ

since at + bt ¼ kt/lt. Rewriting bt as bt ¼ kt/lt ) at ¼ (kt/lt ) 1) + (1 ) at),
substituting this expression into (A3.3), and rearranging we obtain

z�t ¼ 1� kt
lt

� �
xt þ

kt
lt

½D ln kt � D ln lt�; ðA3:4Þ

where

z�t ¼ ðD lnQt þ D lnPtÞ � atðD lnNt þ D lnWtÞ þ ð1� atÞðD lnKt þ D lnRtÞ,

xt ¼ ðD lnQt þ D lnPtÞ � ðD lnKt þ D lnRtÞ:
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Assuming a constant markup ratio (lt ¼ l) and a constant ratio of average
to marginal costs (kt ¼ k), the second term in (A3.4) vanishes; moreover,
recognizing that B ¼ 1/(1)l), equation (A3.4) becomes

z�t ¼ ½kðB� 1Þ þ 1�xt: ðA3:5Þ
Adding an error term and adjusting the definition of z to account for
intermediate inputs yields Equation (6) in the main text.

Appendix B: Industry Classification, Data Sources and Definition of Variables

Qi;t ¼ real gross output in millions of Euros at 1995 prices.
Pi;t ¼ deflator of gross output, calculated as ratio of nominal to real gross

output.
Ki,t¼ real capital stock in millions of Euros, calculated using as Kt ¼

Kt)1(1)d) + It)1. The depreciation rate (di) was calculated from data
on average service life in the respective sector from the International
Sectoral Database (ISDB) of the OECD (average value of subsample of
OECD countries). Initial value of capital stock was calculated
according to K1977 ¼ I1977/(gI,77)02 + d), where I is investment in 1977
(real gross fixed capital formation), gI,77-02 is growth of investment over
the period 1977–2002 (see Grilliches, 1980; Coe and Helpman, 1995).
Ii,t is real gross fixed capital formation in millions of Euros at 1995
prices.

Ri,t ¼ user costs of capital, approximated by Ri,t = (r+d)P*
i,t as in Martins et

al. (1996); r is the real interest rate (taken form the EU Commission’s
AMECO database), di is the depreciation rate and P�i;t is the deflator for
gross fixed capital formation, calculated as ratio of nominal to real gross
fixed capital formation.

Ni,t ¼ total employment in million persons (full-time equivalents).
Wi,t ¼ average nominal wage rate in sector i, given by LCi,t/Ni,t, where LC is

labour compensation in millions of Euros.
Mi,t ¼ quantitiy of materials employed, calculated as difference between real

gross output and real value added in millions of Euros at 1995 prices.
PM
i;t ¼ average price of material inputs, given by Ai,t/Mi,t, where A is the

difference between nominal gross output and nominal value added in
millions of Euros.

ai,t ¼ revenue-based factor share of labour (LCi,t/Qi,tPi,t).
ci,t ¼ revenue based share of materials (Mi;tP

M
i;t /Qi,tPi,t).

Notes: i ¼ industry index, t ¼ time index. All data (except interest rates)
were taken from Statistics Austria via the WIFO Database (Austrian Insti-
tute of Economic Research, WIFO). We wish to thank Christine Kaufmann
for providing us with the sectoral data.
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Notes

1. An analysis of the macroeconomic effects of Austria’s EU accession (along with that of
Finland and Sweden) is provided by Breuss (2003).

2. Notaro (2002) attempts to estimate these productive gains from a production function, using
a panel of 10 EU countries and 40 ‘sensitive’ industries (according to Buiges et al., 1990) over
the period 1973–1993. His results suggest a positive short-run productivity shock of some 2

per cent.

3. See Appendix A1 for the derivation.

4. See Appendix A2 for the derivation.

5. See Appendix A3 for the derivation.

6. This is easily seen from a comparison of B and the composite parameter B* = k(B ) 1)+1;
under increasing returns (k > 1), B* is smaller than B.

7. A recent extension of the approaches describes above is Roeger and Warzynski (2003), who
suggest a method to jointly estimate price-cost margins and the importance of sunk costs.

8. As Hylleberg and Jorgensen point out, in this situation the application of IV estimators
may yield inferior estimates compared to least squares (see also Nelson and Startz, 1998).

9. As Lin and Teräsvirta (1994) show, F(t) can be transformed to F*(t) ¼ F(t) ) 0.5 without
any loss of generality; in this case F*(t,0) ¼ 0 for c ¼ 0, making c ¼ 0 the natural

hypothesis for parameter constancy in (9).

10. To be more specific: Column (3) of Table III reports, for each sector, the results of the
LM-test of the joint hypothesis that d1 ¼ d2 ¼ d3 ¼ 0 in the test regression zi,t ¼
ai + B1,ixi,t + d1txi,t + d2t

2xi,t + d3t
3xi,t + ui,t.

11. Results are basically the same when the F-test variant (recommended by Lin and Ter-
äsvirta, 1994, for small samples) is used.

12. As obvious starting values the estimates of the discrete change model (4) were used; the
starting value for s was set to 18, which implies the transition mid-point to coincide with

the year 1995.

13. Only for industry 23 (manufacture of coke, refined petroleum products and nuclear fuel)

the coefficient for B1 is insignificant, suggesting perfect competition; however, a significant
increase in the markup is found for that industry as of 1995; there is no convincing
explanation for this results, which should thus be treated with caution.

14. Aiginger et al. (1995) use a different approach based on Applebaum (1982) to estimate the
degree of market power in two Austrian industries (glass and non-electrical machinery )

over the period 1963–1990; the implied markups amount to some 41 per cent (glass) and 23
per cent (non-electrical machinery) on average; while these values are of a comparable
dimension with our results for manufacturing (d) and its subsectors, a comparison is

difficult, since the level of aggregation and the time periods do not match (glass is a
subsection of industry 26, non-electrical machinery is a subsection of industry 29).

15. A conflicting results is found for industry 17 (manufacture of textiles); the smooth tran-
sition model suggests an increase as if 1985, while the discrete change model suggests a
reduction as of 1998. The results will turn out fragile against inclusion of time specific

effects and should not be overstressed.

16. As alternative approach, the economy-wide output gap could be included; leaving problems
of measuring potential output aside, the underlying assumption of a synchronized cycle
across industries is questionable. Anyway, the results are hardly affected if this approach is
used.
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17. Also note that, for the industries where no break was found using a discrete change
hypothesis, but a structural break was indicated by the v2-tests, the estimates of B2 turned

out insignificant (industries 16, 40, 41, 61, 70).

18. This follows Hall (1988, 1989).

19. For the sake of simplicity, the time subscripts are dropped in the following.

20. This follows Roeger (1995).

21. Again, time indices are dropped to simplify the exposition.

22. Shephard’s lemma states that the conditional factor demand can be obtained from the
derivative of the cost function with respect to the factor price (see, e.g., Jehle and Reney,
2001, p. 129). Here we have CW ¼ N(W,R,Q) and CR ¼ K(W,R,Q), which implies GW ¼
EN/Y and GR ¼ EK/Y.

23. This follows Hylleberg and Jorgensen (1998).
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Lin, C.-F. and Teräsvirta, T. (1994) ‘Testing the Constancy of Regression Parameters Against
Continuous Structural Change’, Journal of Econometrics 62, 211–228.

Martins, J.O., Scarpetta, S., and Platt, D. (1996) ‘Mark-up Ratios in Manufacturing
Industries. Estimates for OECD Countries’, OECD Economics Department Working

Paper, No. 162.
Nelson, C.R. and Startz, C. (1998) ‘The Distribution of the Instrumental Variables Estimator

and its t-ratio when the Instrument is a Poor One’, NBERTechnical Working Paper No. 69.

Notaro, G. (2002) ‘European Integration and Productivity: Exploring the Gains of the Single
Market’, London Economics, Working Paper.

OECD (2003). OECD Economic Surveys Austria: Product Market Competition and Macro-

economic Performance. Vol. 2003, No. 16, pp. 163–218.
Roeger, W. (1995) ‘Can Imperfect Competition Explain the Difference Between Primal and

Dual Productivity Measures? Estimates for US Manufacturing?’, Journal of Political
Economy 103(2), 316–330.

Roeger, W. and Warzynski, F. (2003) ‘A Joint Estimation of Price Cost Margins and Sunk
Capital: Theory and Evidence from the European Electricity Industry’, Mimeo.

Rotemberg, J.J. and Woodford, M. (1991) ‘Markups and the Business Cycle, iIn O. Blanchard

and S. Fischer, eds., NBER Macroeconomics Annual, Vol. 6. Cambridge, MA: MIT Press.
Sapir et al. (2003) An Agenda for a Growing Europe Report of Study Group established on the

initiative of the President of the European Commission.

Sauner-Leroy, J.-B. (2003) ‘The Impact of the Implementation of the Single Market
Programme on Productive Efficiency and on Mark-ups in the European Union
Manufacturing Industry’, European Economy, European Commission Directorate-General

for Economic and Financial Affairs, Economic Papers, No 192.
Solow, R.M. (1957) ‘Technical Change and the Aggregate Production Function’, Review of

Economics and Statistics 39, 312–320.

HARALD BADINGER AND FRITZ BREUSS180


