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Abstract

This paper studies the impact of trade policy on industry concentration. Based on the Swiss
Business Census, concentration levels for all four-digit manufacturing industries in
Switzerland are calculated. Then the effect of a bilateral reduction in technical barriers to
trade with the European Union is estimated. Adopting a difference-in-differences approach, it
turns out that concentration in affected industries with low R&D intensity increased
significantly following the policy change. This supports the notion that fewer firms are able to
survive as the toughness of price competition increases. The effect on industries with high

R&D intensity is found to be insignificant.
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1 Introduction

Industry concentration is a key variable to describe the structure of markets. While some
industries consist of many firms with small market shares, others are dominated by a few
large incumbents. What determines industry concentration in Switzerland and in general?
Does an increasing openness to trade and a concurrent increase in the toughness of price
competition affect concentration in Switzerland? This paper makes use of a framework by
Sutton (1991) to provide empirical evidence on these questions.

Modern microeconomic theory with its game-theoretical foundations provides industrial
economists with an invaluable toolbox for analyzing the functioning of markets. An im-
pressive variety of different models allows theorists to take the specificities of industries
into account. Empirical studies combine these models with customized data sets and the
latest econometric techniques. Such often sophisticated studies of individual industries are
also referred to as the New Empirical Industrial Organization. Unfortunately, as Einav and
Levin (2010) put it, “after 20 years of industry studies, we know a lot about how specific
industries work, but this knowledge is extremely disaggregated” (p. 160). Few attempts
have been made to aggregate the available knowledge. A notable exception is the work of
Sutton (1991).! Sutton’s approach is to formulate a number of results which hold across a
broad range of game-theoretically sound models. As general as these results are in theory,
they should also be robust across various industries empirically.? Still, empirical evidence
on Sutton’s framework is very limited so far.

A basic idea of Sutton’s (1991) framework is the distinction between two types of indus-
tries: “exogenous sunk cost industries” and “endogenous sunk cost industries”. In industries
where sunk cost are exogenous, the sunk costs a firm has to incur when entering the market
are independent of market size. This could be a minimum investment in infrastructure and

employees. In industries where sunk costs are endogenous, by contrast, the sunk costs a firm

1See Sutton (1998, 2007) and Shaked and Sutton (1982, 1987) for closely related studies.

2Cross-industry studies also evolved around the Structure-Conduct-Performance paradigm of Bain
(1956). Most of these earlier studies, however, lacked the game-theoretical foundations and in particular
the ability to take endogenous changes in market structure (such as concentration) into account.



has to incur to be able to compete for customers are higher for larger markets. Endogenous
sunk costs are, for example, advertising or R&D expenditures. As market size increases, it
becomes beneficial for firms to increase such expenditures and to serve a larger number of
customers. In other words, endogenous sunk costs escalate in larger markets. The distinction
between exogenous and endogenous sunk cost industries has strong implications for the level
of concentration. In exogenous sunk cost industries, as market size increases, more firms
enter the market and concentration decreases. In very large markets, concentration thus is
expected to converge to zero (Prediction 1). In endogenous sunk cost industries, however,
this is not the case. As market size increases, also the sunk costs needed for entering the
market increase. Thus, the number of firms in the market does not necessarily increase with
market size and concentration does not decrease. Instead, concentration is bounded away
from zero (Prediction 2).

A further prediction of Sutton’s framework relates to the effects of (exogenous) changes in
the toughness of price competition. Such changes may originate from changes in competition
policy or international trade policy, for example. For exogenous sunk cost industries, it is
predicted that an increase in the toughness of price competition moves the lower bound to
industry concentration upwards. For a given market size, fewer firms are able to survive
and exit the market or merge with other firms. As a consequence, industry concentration
increases (Prediction 3).

This paper provides empirical evidence on the robustness of Sutton’s three predictions
by using a unique full-sample of firms in Switzerland. First, concentration levels for 250
manufacturing industries at the four-digit level for the years 1995, 1998, 2001, 2005, and
2008 are calculated. Then, lower bounds to concentration are estimated. For R&D inten-
sive industries it turns out that concentration is bounded away from zero as market size
increases, while it converges to zero in other industries. This supports the notion that R&D
expenditures are endogenous sunk costs which escalate in larger markets.

Subsequently, a “natural experiment” of trade facilitation is studied. Specifically, a Mu-

tual Recognition Agreement (MRA) between Switzerland and the European Union (EU)



is analyzed. Signed in 1999, approved in 2000, and enacted in 2002, the MRA eliminated
important non-tariff barriers to trade between the two regions and justifiably increased price
competition for firms in Switzerland (and, to a lesser extent, in the EU). As only a subgroup
of industries is covered by the agreement, a difference-in-differences approach can be used to
evaluate the impact of this increase in FEuropean competition on industry concentration in
Switzerland. In line with Sutton’s predictions, it turns out that concentration in affected in-
dustries with low R&D expenditures increased following the policy change. This supports the
notion that fewer firms are able to survive and thus exit the market or merge. Remarkably,
and in contrast to findings of previous empirical work (Symeonidis, 2000), concentration in
affected industries with high R&D expenditures does not change significantly.

Previous studies have evaluated the robustness of Sutton’s predictions in a number of
settings. Concerning the first two predictions, Sutton (1991) presents evidence on twenty
food and beverage industries, for which he compares concentration and market size across
major economies. A study by Robinson and Chiang (1996) finds support using data on firms
from a broader set of U.S. manufacturing industries, while Lyons, Matraves, and Moffatt
(2001) analyze manufacturing industries in the European Union. All three studies rely on
differences in advertising or R&D intensity to separate exogenous from endogenous sunk
cost industries. Balasubramanian and Lieberman (2011) find evidence for a tighter lower
bound to concentration for industries in which learning-by-doing is important, suggesting
that learning-by-doing can be seen as an endogenous sunk cost, too. Turning to rather
focussed industry studies, Berry and Waldfogel (2010) analyze concentration among restau-
rants and daily newspapers across U.S. metropolitan areas of varying size. In contrast to
restaurants, for the newspaper industry it turns out that there is a lower bound on concen-
tration as market size becomes large. The authors argue that newspaper quality is mostly
produced with (endogenous) fixed costs such as a high number of good reporters. In a simi-
lar way of comparing geographical sub-markets, Ellickson (2007) and Dick (2007) show that
Sutton applies to supermarkets and retail banking, respectively. Bronnenberg, Dhar, and

Dubé (2009, 2011) study branded fast-moving consumer goods.



Finally, concerning Sutton’s third prediction, Symeonidis (2000) analyzes the impact of
price competition on industry concentration. Using the abolition of cartels in U.K. manu-
facturing industries around 1959 as a natural experiment, he finds that an increase in the
intensity of price competition increases concentration in exogenous as well as endogenous
sunk cost industries. Early evidence on a positive impact of competition on concentration
through European integration is provided by Sleuwaegen and Yamawaki (1988). However,
the study does not distinguish between the two types of industries.

The present paper contributes to the existing literature with some important features.
While most previous work studies Sutton’s first two predictions, this paper builds on an
exogenous change in the toughness price competition to also study the effects of price com-
petition on industry concentration. As in Symeonidis (2000), a rare “natural experiment”
is exploited. Still, this paper is different in two dimensions. While Symeonidis (2000) uses
changes in competition policy as an exogenous shock to price competition, this paper ana-
lyzes changes in international trade policy, where the toughness of price competition increases
through an easier access to local markets for foreign firms. Furthermore, while Symeonidis
(2000) analyzes data on the United Kingdom from 1958 to 1977, this paper analyzes very
recent data on Switzerland from 1995 to 2008. It turns out that some results can be con-
firmed, while others are different to what Symeonidis (2000) finds. In sum, the present study
constitutes a highly complementary piece of evidence.

The remainder of this paper is organized as follows. Section 2 presents the data and
introduces how variables are measured. Section 3 estimates lower bounds to concentration
for different groups of industries in Switzerland. Section 4 evaluates the impact of an increase
in price competition through European firms on industry concentration. Section 5 concludes

and identifies potentially fruitful directions for future research.

2 Data and Measurement

The main data source used in this study is the census of all firm establishments in Switzer-

land, conducted by the Swiss Federal Statistical Office. For each establishment, it includes
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information on the number of employees, its firm affiliation (an anonymous identifier), and
the industry it operates in. Industries are classified according to a five-digit level NOGA
code. NOGA stands for Nomenclature Générale des Activités économiques (or General
Classification of Economic Activities) and is the Swiss counterpart of the SIC and NAICS
classification used in the United States. Up to the four-digit level, which is employed in this
study, it is consistent with the NACE Rev. 1.1 system of the European Community. Years
of observation are 1995, 1998, 2001, 2005, and 2008.

For each industry ¢ and census year t, Market Size;; is measured by the total number
of full-time equivalent employees in that industry and that year. To measure industry con-
centration, a five-firm concentration ratio, CR5;;, defined as the sum of the market shares
of the five largest firms in an industry, is calculated. Market shares are calculated by the
number of full-time equivalent employees a firm has in all her plants taken together in a
certain industry. Finally, for each industry ¢ and census year t, Setup Costs,, for a firm are
measured by the size of the average plant operating in an industry in terms of full-time
equivalent employees. Note that the five-firm concentration ratio is chosen to measure in-
dustry concentration in order to make this study best comparable to previous work. Section
4.3, however, also evaluates alternative measures of concentration.

To get an overview about market structure in Switzerland, Table 1 provides summary
statistics for these variables, split up into manufacturing and services sector. The manufac-
turing sample comprises 242 to 250 four-digit NOGA industries, depending on the year (in
some years, there were just no active firms in a few industries). In the year 2001, for example,
the five-firm concentration ratio among 246 industries ranges from 3 to 100 percent. The
median industry has a five-firm concentration ratio of 68 percent. Market size ranges from
1 to about 33,077 full-time equivalent employees, with a median of 1,160. Setup costs range
from 0.82 to about 225 full-time equivalent employees, with a median of 23. The services
sample comprises 235 four-digit industries. In the year 2001, the five-firm concentration ratio
ranges from 2 to 100 percent, with a median of 30 percent. Market size ranges from 2 to

116,709 full-time equivalent employees, with a median of 3,525. Setup costs range from 1.07



Table 1: Summary statistics for concentration, market size, and setup costs

Manufacturing sample

Variable Year Min. Median Mean Std. Dev. Max. Obs.
CR5 1995 0.04 0.64 0.63 0.28 1.00 250
1998 0.04 0.67 0.65 0.29 1.00 250
2001 0.03 0.68 0.64 0.29 1.00 246
2005 0.04 0.69 0.65 0.29 1.00 242
2008 0.04 0.72 0.66 0.28 1.00 248
Market Size 1995 1.00 1,194.13 2,818.35 4,638.53 34,038.07 250
1998 1.00 1,178.00 2,654.29 4,318.44 29.712.14 250
2001 1.00 1,160.06 2,785.70 4,648.06 33,076.96 246
2005 1.26 1,051.19 2,668.80 4,694.81 34,867.21 242
2008 0.61 1,108.95 2,833.70 5,423.39 47,023.96 248
Setup Costs 1995 1.00 18.62 35.15 60.73 681.14 250
1998 1.00 21.03 34.87 43.26 335.89 250
2001 0.82 22.99 32.29 33.86 225.08 246
2005 1.20 22.25 31.42 33.79 245.31 242
2008 0.61 22.20 32.16 34.30 225.00 248

Services sample

Variable Year Min. Median Mean Std. Dev. Max. Obs.
CR5 1995 0.02 0.27 0.34 0.26 1.00 235
1998 0.02 0.29 0.36 0.26 1.00 235
2001 0.02 0.30 0.36 0.25 1.00 235
2005 0.02 0.30 0.36 0.25 1.00 235
2008 0.02 0.30 0.36 0.25 1.00 235

Market Size 1995 18.47 3,334.31 10,113.02 18,701.72 120,366.00 235
1998 2.00 3,267.68 9,924.94 17,540.36 112,724.30 235
2001 2.00 3,524.89 10,515.50 18,321.76 116,709.20 235
2005 10.29 3,513.88 10,607.92 18,405.95 125,960.10 235
2008 18.00 3,890.74 11,462.62 19,688.94 133,396.30 235

Setup Costs 1995 1.28 5.91 10.25 15.82 199.04 235
1998 1.18 5.95 10.82 16.26 188.50 235
2001 1.07 6.00 12.60 26.37 290.47 235
2005 1.31 6.20 12.80 24.65 248.44 235
2008 1.33 6.66 13.35 25.45 307.36 235

Notes: Table 1 presents basic summary statistics for the five-firm concentration ratio CR5, market size, and
setup costs. The sample is split up into manufacturing and services sector; for each sector, the table presents
an industry minimum, median, mean (with standard deviation), and maximum by year. An observation
corresponds to one four-digit NOGA industry. All measures are calculated based on the number of full-time
equivalent employees in an industry. In some years, there were no active firms in a few manufacturing
industries, leading to a number of observations lower than 250.
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to about 290 full-time equivalent employees, with a median of 6. Overall, the median services
industry has about three times the market size as the median manufacturing industry, while
the median concentration is less than half as high. Median setup costs in the services sample
are only one quarter of those in the manufacturing sample.

In line with previous work, this study refers to In(Market Size/Setup Costs) as an adjusted
measure of market size to make market size comparable across industries. In a similar
manner, it refers to concentration as In (CR5 /(1 — CR5)), a logit transformation of CRJ.
Observations with CR5> 0.99 are dropped from the sample to allow for the transformation.
This reduces the sample by up to 38 industries per Census year, but dropped industries are
typically not decisive for the lower bounds that are estimated.

Some data limitations should be noted. First of all, variables are measured by the number
of full-time equivalent employees due to the fact that sales figures are unavailable. As noted
by Sleuwaegen and Yamawaki (1988), who also rely on employment measures, this might
understate the true level of concentration. Industries with high concentration and large firms
are typically less labor-intensive than industries with low concentration and small firms. As
a second limitation, measuring variables at a country-wide four-digit industry level might not
capture the relevant market exactly in all cases. Having such limitations in mind, however,
the present data set allows a highly comprehensive and “transparent” analysis.

The predictions this paper analyzes depend on the nature of sunk costs in an industry. To
distinguish between exogenous sunk cost industries and endogenous sunk cost industries in
the manufacturing sector, this paper relies on a Eurostat/OECD classification as presented
in Table 6 in the appendix. Manufacturing industries at the three-digit NACE/NOGA
level are classified into four groups of technology intensity: High-technology, Medium-high-
technology, Medium-low-technology, and Low-technology. Technology intensity is calculated
by the ratio of R&D expenditure to value added in each industry. In the following, in-
dustries from the High-technology group are referred as endogenous sunk cost industries.
Alternatively, industries from the Medium-high-technology group are also included in the

group of endogenous sunk cost industries to check the robustness of this classification. In-



dustries without R&D information are dropped from the sample (which are up to 5 further
industries per year). Note that this classification results from European averages of R&D
expenditures and might not exactly match corresponding values in Switzerland. As only an
ordinal ranking of industries is required here, this should be less of an issue, however.

A final data source used in this study is the list of industries which are covered by the
Mutual Recognition Agreement between Switzerland and the European Union. The original
list is provided in the official agreement text, EC (2002). Using further documentations,
this list of industries has been carefully matched to corresponding Swiss NOGA industries
at the four-digit level by Buehler and Burghardt (2013), which is ultimately also used in the
present study to classify industries as either “treated” or “not treated” (see Tables 7 and
8 in the appendix). More on the underlying agreement can be found in Section 4 and in

Buehler and Burghardt (2013).

3 Lower Bounds to Industry Concentration

In this section lower bounds to the level of industry concentration are calculated. These
bounds are intended to provide evidence on the validity of two predictions: First, the lower
bound to observed concentration across a group of exogenous sunk cost industries converges
to zero as market size increases. Second, across endogenous sunk cost industries, this lower
bound is tighter for larger market sizes and does not converge to zero.

To begin with, assume a scatter plot of industries, where the y axis shows a measure
of concentration and the x axis a measure of market size for each industry. This paper
first follows Sutton (1991) and imposes y = a + b/x as the functional form of the lower
bound, where a and b are parameters to be estimated. In particular, the following constraint

optimization problem for a scatter plot of N industries is solved (Giorgetti, 2003):

N
min ;(yi —a—b/x;)
st. yi—a—>b/x; >0,Vi=1.N (1)



where y; = In(CR5;/(1 — CR5;)) and x; = In(Market Size;/Setup Costs;). Technically,
Matlab’s linprog function, using a simplex algorithm, can solve such a problem.

Figure 1 presents a scatter plot of Swiss manufacturing industries, where industries are
split up into two groups.® The first group contains manufacturing industries with typically
high R&D expenditures (or at least medium-high R&D expenditures as in the lower illus-
tration). Industries in that group can be classified as endogenous sunk cost industries. The
second group contains manufacturing industries with typically low or medium-low R&D ex-
penditures. As advertising-intensive industries are not excluded due to data limitations here,
not all industries in that group can be classified as exogenous sunk cost industries. However,
all exogenous sunk cost industries should be in that group. For both groups a lower bound
for the level of concentration is estimated following the preceding method.

For the group of industries with low or medium-low R&D intensity, the estimated lower
bound follows the function y = —4.5138 +12.6016/x. From a visual observation it turns out
that the fit of this function (illustrated as a solid line) is appropriate for the data. According
to the estimated function, the five-firm concentration ratio converges to a value 0.01 as
market size over setup costs approaches infinity.* Note that the smallest observed CR5 value
in the evaluated group is 0.04. Notably, it belongs to the industry with the largest market
size over setup costs ratio.

For the group of industries with high R&D intensity, i.e. the group of endogenous sunk
cost industries, the lower bound estimated by the above method would follow the function
y = —6.3180 + 29.0211/z. If medium-high R&D intensive industries are included in this
group it would follow y = —3.6845 + 10.8844/x. As Figure 2 in the appendix illustrates for
the latter case, taken as is, both functions seem to be an inappropriate fit to the scatter plot in
the light of Sutton’s theory, however. A potential lower bound can hardly be captured by the

imposed functional form. The problem to fit a function of the form y = a+b/x to endogenous

3Figure 1 is based on 1995 data. As Figure 3 in the appendix shows, results are qualitatively the same
for the other available census years, 1998, 2001, 2005, and 2008.

4The function y = In (CR5 /(1 — CR5)) = —4.5138+12.6016 /2 converges to a = —4.5138 as & approaches
infinity. The value to which CR5 converges as market size over setup costs gets large can thus be calculated
by rearranging In (CR5 /(1 — CR5)) = —4.5138 to CR5 = e~ 47138 /(1 4 ¢=45138) ~ (.01.



Figure 1: Lower bounds to industry concentration by R&D expenditures in 1995
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Notes: Figure 1 shows the estimated lower bounds to industry concentration for different groups of Swiss
manufacturing industries in the year 1995. While in the first illustration high and low R&D expenditure
industries are compared, in the second illustration also industries with medium-high and medium-low R&D
expenditures are included. The five-firm concentration ratio for high R&D industries, the group of endoge-
nous sunk cost industries, is clearly bounded away from zero (at CR5 = 17.2 percent) as market size over
setup costs increases. This is not the case for the group of other industries. The two largest industries in
each group are highlighted by their NOGA code (see main text for details).
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sunk cost industries has already been encountered by Robinson and Chiang (1996). In their
paper, the authors suggest to estimate a function of the form y = a+b/x+c/x? instead. This
does not solve the problem in our case, however. Also an attempt to follow Giorgetti’s (2003)
approach and using quantile regression instead of the above method leads to unsatisfactory
results (for both alternatives, again, see Figure 2 in the appendix).

Ultimately, this paper proposes a lower bound function with two domains of definition to
get a more appropriate fit to the present data: The function follows the simplex estimated
function up to the lowest observed concentration level and then takes the form of a straight
line for higher values of market size over setup costs. Although this is not overly elegant in
terms of computation, it is in line with Sutton’s broader idea and convenient for the objective
of this section to provide descriptive evidence. The result is presented in Figure 1. Overall,
the observed lower bound is well in line with Sutton’s prediction: concentration is bounded
away from zero at a five-firm concentration ratio of CR5 = 17.2 percent.

Finally, to make the analysis in this section more transparent, it seems worthwhile to
reveal the identity of some industries which play a decisive role. As highlighted in Figure 1,
for the group of endogenous sunk cost industries with high or medium-high R&D intensity,
the largest industries are “Manufacture of medical and surgical equipment and orthopaedic
appliances” (NOGA industry code 33.10) and “Manufacture of watches and clocks” (33.50).
For other industries, these are “Manufacture of builders’ carpentry and joinery” (20.30) and

“General mechanical engineering” (28.52).

4 The Impact of Trade Policy on Concentration

This section studies the impact of European competition on industry concentration in
Switzerland. A general prediction of Sutton’s (1991) theory is that an (exogenous) increase
in the toughness of price competition shifts the lower bound to industry concentration up-

wards. An increasing openness of the local market to foreign firms is one institutional channel
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through which price competition might increase.® Thus, an increasing European competition
is predicted to increase concentration in Swiss industries which are affected.

Here, a natural experiment is studied where trade barriers for firms operating in certain
industries have been reduced. As indicated in Sections 1 and 2, between Switzerland and
the European Union a Mutual Recognition Agreement (MRA) has been signed in 1999, ap-
proved in 2000, and enacted in 2002. The MRA eliminated important non-tariff barriers to
trade, which are related to the conformity assessment of products. To insure consumer safety
and environmental standards, before the MRA products had to be certified in both regions
individually to be marketed. With the MRA, one assessment became enough, consider-
ably reducing market-entry costs for affected firms. Presumably, price competition increased
for firms operating in Swiss industries which were covered by the agreement. Buehler and
Burghardt (2013), who study vertical integration decisions of firms in the light of the MRA,
provide a more detailed description of the agreement. This also includes a careful classifi-
cation of all Swiss four-digit manufacturing industries into industries which are covered by
the agreement (“treated”), and industries which are not covered by the agreement (“not
treated”). The same classification is used here.

As the previous section confirmed some fundamental differences between industries with
high R&D intensity and low R&D intensity, also this section distinguishes between the two

types. In particular, results are reported separately for the two sub-samples of industries.

4.1 Empirical Methodology

Turning to the econometric approach, the five census year data sets are pooled as independent

cross-sections into a single data set. Then, to identify the effect of interest a difference-in-

5As indicated before, a second channel would be an increase in the toughness of competition policy, as
studied by Symeonidis (2000). In the time period relevant to this study, however, it is reasonable to assume
that competition policy only played a negligible role for the manufacturing sector. A report by Worm et al.
(2009) analyzes the outcomes of the Swiss Cartel Act between 1999 and 2006 and shows that nearly all
investigation openings related to “unlawful agreements affecting competition” (Art.5 CartA) or “unlawful
practices by dominant undertakings” (Art. 7 CartA) took place in the services sector (p. 50). Buehler, Kaiser,
and Jaeger (2005) evaluate the overall impact of changes in Swiss competition law in 1996 on the exit rates
of firms. Significant effects that would persist from 1995 to 1998 or longer do not become apparent.
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differences approach is used. In particular, a linear model of the form

CR5 =« + BiAfter + By Treatment + B3(After x Treatment) +
+ fBaln(Market Size) + 5 In(Setup Costs) +

+ My95 + 1y05 + 3908 + X'5 +u (2)

is estimated, where CR5 denotes the five-firm concentration ratio, Treatment indicates
whether an industry is affected by trade facilitation or not, After denotes a dummy vari-
able that equals 1 for an observation after the treatment (2001 or later), In(Market Size)
measures market size, In(Setup Costs) measures the setup costs in an industry, and X' is a
vector of additional controls. To be precise, X’ includes dummy variables for all four-digit
NOGA industries. The variable of interest is the interaction term After x Treatment whose
coefficient B3 measures the effect of trade facilitation on average industry concentration.
Corresponding to the hypothesis formulated above, it is expected that $3 > 0, that is, trade
facilitation leads to a higher level of industry concentration. u denotes an error term.%
Finally, an important assumption which is made by using the above model should be
noted. While Sutton’s theory refers to lower bounds to industry concentration, here it is

assumed that corresponding effects can also be seen in average industry concentration.”

4.2 Results

Table 2 presents the baseline regression results, whereby the sample has been split up into
industries with low or medium-low R&D intensity and industries with high or medium-high
R&D intensity. For both sub-samples,; it turns out that market size has a negative impact
on concentration, while setup costs have a positive impact on concentration. Thus, the
downward sloping property of the lower bounds that are estimated above is also reflected in

averages. Most notable, the coefficient for After x Treatment is positive and significant for

6Note that a fixed-effects model using panel data leads to very similar results. Furthermore, as revealed
by a Hausman test, a random-effects model is less appropriate for most specifications used below.
"Note that Symeonidis (2000) and Sleuwaegen and Yamawaki (1988) also rely on averages.
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low or medium-low R&D industries, indicating that the trade facilitation under study lead
to an average increase in the five-firm concentration ratio of about 2.41 percentage points.
For industries with high or medium-high R&D intensity, the effect is insignificant. This is in
contrast to the study by Symeonidis (2000), which finds a positive effect on concentration

for exogenous and endogenous sunk cost (high R&D) industries.

Table 2: Effects of European competition on industry concentration (manufacturing)

Dependent variable: CRS
(1) (2)

Independent variable Low or medium-low R&D High or medium-high R&D
After x Treatment 0.0241** 0.0034
(0.011) (0.014)
In(Market Size) -0.1518%#* -0.0751 %+
(0.014) (0.022)
In(Setup Costs) 0.2266%** 0.2021%**
(0.017) (0.027)
Constant, After, Treatment Yes Yes
Year dummies Yes Yes
Industry dummies Yes Yes
Observations 712 326
R-squared 0.968 0.962

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

For the group of industries with low or medium-low R&D intensity, Sutton’s (1991) the-
ory as sketched above provides a convincing explanation of these results. Trade liberalization
increases the toughness of price competition for firms in Switzerland. Thus, fewer firms are
able to compete and exit the market or merge with other firms. As a consequence, indus-
try concentration increases. For the group of industries with high or medium-high R&D
intensity, things are less obvious. As already noted by Symeonidis (2000), previous theory
is inconclusive about the effects of competition on concentration in endogenous sunk cost
industries. Loosely speaking, if R&D expenditures would not change, the same prediction
as for other industries should hold and concentration should increase. However, if the en-
dogenous sunk costs decrease simultaneously with trade barriers, concentration might well

decrease or not change at all, depending on which effect dominates. Given the ordinal and
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time-invariant nature of how R&D intensity is measured here, a more detailed analysis has

to be reserved for future work with very detailed information on R&D expenditures.

4.3 Robustness

In the following three robustness checks are performed. First, it is evaluated whether results
are consistent for alternative split-ups of the sample. Second, evidence on the validity of
the common trend assumption, that underlies the baseline specification, is provided. Third,

alternative measures of concentration are evaluated.

Table 3: Effects on industry concentration by R&D expenditure (detailed)

Dependent variable: CRS
(1) (2) (3) (4)

Independent variable Low R&D  Medium-low R&D  Medium-high R&D  High R&D
After x Treatment 0.0221* 0.0145 0.0106 0.0018
(0.013) (0.023) (0.015) (0.033)
In(Market Size) -0.1783*** -0.1268*** -0.0899*** 0.0004
(0.019) (0.019) (0.022) (0.062)
In(Setup Costs) 0.2710%** 0.1836*** 0.1967+** 0.1979%*
(0.024) (0.022) (0.027) (0.074)
Constant, After, Treatment Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes
Observations 429 283 261 65
R-squared 0.960 0.978 0.966 0.948

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 3 splits up industries into four, more detailed sub-samples: industries with low,
medium-low, medium-high, and high R&D intensity. The coefficient for After x Treatment
is very small and insignificant for the group of industries with high R&D intensity (0.0018).
The magnitude of the coefficient increases when looking at industries with medium-high
(0.0106) and medium-low R&D intensity (0.0145), being the highest for industries with low
R&D intensity (0.0221). In the latter sub-sample, in addition, the effect gets significant

at the ten percent level. These patterns of increasing magnitude are well in line with the
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theory outlined above. Remarkably, for high R&D industries, the negative relationship
between market size and concentration breaks down; the coefficient gets almost zero and

highly insignificant. The latter phenomenon has also been observed by Symeonidis (2000).

Table 4: Effects on industry concentration over time

Dependent variable: CR5
(1) (2)

Independent variable Low or medium-low R&D High or medium-high R&D
y98 x Treatment 0.0092 -0.0041
(0.018) (0.024)
y01 x Treatment 0.0304* -0.0052
(0.017) (0.024)
y05 x Treatment 0.0238 -0.0092
(0.018) (0.025)
y08 x Treatment 0.0318* 0.0187
(0.019) (0.026)
In(Market Size) -0.151 7% -0.0747*+*
(0.014) (0.022)
In(Setup Costs) 0.2265%** 0.2022%**
(0.017) (0.027)
Constant, Treatment Yes Yes
Year dummies Yes Yes
Industry dummies Yes Yes
Observations 712 326
R-squared 0.968 0.963

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 4 shows the results for a modified specification that is more flexible in the time
dimension. In particular, it provides evidence on the validity of the common trend assump-
tion, which underlies the econometric specification employed in the baseline model. It is
assumed, that if there were no treatment, the group of treated and control industries would
have experienced the same common trend in industry concentration. This common trend
assumption is important for having a valid comparison group but, as the policy change actu-
ally took place, can never been proven. Still, by looking at pre-treatment outcomes, at least
some validity check can be provided. With the results shown in Table 4, for the group of low

or medium-low R&D intensive industries, it turns out that before the treatment (from 1995
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to 1998), changes in concentration for treated industries are only very small and insignifi-
cant. After the treatment, by contrast, the largest increase in concentration between census
years takes place between 1998 and 2001. This is very much in line with the notion that
the increase in concentration is indeed caused by the policy change under study and does
not result from general trends in concentration levels. Finally, note that concentration in
treated industries does never become significantly different from 1995 levels, when looking at
high or medium-high R&D intensive industries. It thus seems unlikely, for example, that in

endogenous sunk cost industries, there is just a time lag in the adjustment of concentration.

Table 5: Effects on alternative measures of industry concentration

Independet variable: After x Treatment

1) 2)
Dependent variable Low or medium-low R&D High or medium-high R&D
CR1 0.0209 -0.0035
(0.016) (0.021)
CR2 0.0228* 0.0042
(0.014) (0.020)
CR3 0.0192 0.0075
(0.013) (0.017)
CR4 0.0210* 0.0061
(0.012) (0.015)
CR5 (baseline specification) 0.0241** 0.0034
(0.011) (0.014)
CR6 0.0228** 0.0041
(0.010) (0.014)
CR7 0.0234** -0.0021
(0.010) (0.013)
CRS8 0.0233** -0.0005
(0.009) (0.013)
CR9 0.0227*** -0.0009
(0.008) (0.012)

Notes: Table 5 reports the coefficient for After x Treatment when estimating equation (2) with alternative
dependent variables. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. While
significance levels vary, magnitudes are fairly robust across alternative concentration measures.

Finally, a concern might be that the results of the above baseline specification are only

valid for the specific concentration measure that is employed. Table 5 thus explores different

measures of industry concentration. In addition to the treatment effect on the five-firm
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concentration ratio (0.0241), it also shows the effect on eight alternative concentration ratios.
Overall, while significance levels vary (for one- and three-firm concentration ratios the effect
is insignificant, for the nine-firm concentration ratio it is significant at the one percent level),

magnitudes turn out to be fairly robust across alternative concentration measures.

5 Concluding Remarks

This paper provided empirical evidence on the robustness of Sutton’s (1991) “bounds” pre-
diction, using a unique and recent data set on manufacturing industries in Switzerland. As
predicted, for R&D intensive industries it turns out that concentration is bounded away
from zero as market size increases, while it converges to zero in other industries. With in-
dustries classified at the four-digit NOGA level and concentration measured by a five-firm
concentration ratio, the lower bound for large R&D intensive industries lies between 17.2
and 19.2 percent, depending on the year of observation. This supports the notion that R&D
expenditures are endogenous sunk costs which escalate in larger markets.

This paper also evaluated the impact of an increase in the toughness of European com-
petition on industry concentration in Switzerland. Following a natural experiment of trade
facilitation between Switzerland and the European Union, concentration in affected R&D
intensive industries does not change significantly, while it increases in affected industries with
low R&D intensity. In the policy change under study, the increase in industry concentration
amounts to up to 2.41 percentage points. This result is well in line with the idea that with
an increase in price competition through foreign firms, fewer local firms are able to survive
and thus exit the market or merge with other firms. Results turn out to be robust to an
alternative, more detailed split-up of industries, and also effects over time are in line with
the interpretation. Findings for alternative measures of industry concentration turn out to
be comparable in magnitude and mostly significant.

A question which remains open to future research is why there is no significant change
for endogenous sunk cost industries with high R&D expenditures. While Symeonidis (2000)

finds a positive effect of competition on concentration for both types of industries, this
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study can only confirm such an effect for industries with low R&D intensity. To answer
the question, more detailed data on R&D expenditures, including their changes over time,
would be helpful. Also the consideration of advertising expenditures as an alternative type

of endogenous sunk costs, could provide valuable further insights.
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Appendix

Table 6: R&D intensity classification of manufacturing industries

Technology intensity Industries

High-technology 24.4 Manufacture of pharmaceuticals, medicinal chemicals and
botanical products; 30 Manufacture of office machinery and com-
puters; 32 Manufacture of radio, television and communication
equipment and apparatus; 33 Manufacture of medical, precision
and optical instruments, watches and clocks; 35.3 Manufacture of
aircraft and spacecraft

Medium-high-technology 24 Manufacture of chemicals and chemical product, excluding 24.4
Manufacture of pharmaceuticals, medicinal chemicals and botani-
cal products; 29 Manufacture of machinery and equipment n.e.c.;
31 Manufacture of electrical machinery and apparatus n.e.c.; 34
Manufacture of motor vehicles, trailers and semi-trailers; 35 Man-
ufacture of other transport equipment, excluding 35.1 Building
and repairing of ships and boats and excluding 35.3 Manufacture
of aircraft and spacecraft.

Medium-low-technology 23 Manufacture of coke, refined petroleum products and nuclear
fuel; 25 to 28 Manufacture of rubber and plastic products; basic
metals and fabricated metal products; other non-metallic mineral
products; 35.1 Building and repairing of ships and boats.

Low-technology 15 to 22 Manufacture of food products, beverages and tobacco;
textiles and textile products; leather and leather products; wood
and wood products; pulp, paper and paper products, publishing
and printing; 36 to 37 Manufacturing n.e.c.

Notes: Table 6 shows the OECD /Eurostat classification of manufacturing industries into global levels of
technology intensity, measured by the ratio of R&D expenditure to value added.
Source: Eurostat (2011); also see Hatzichronoglou (1997) for details on the calculation method.
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Table 7: Industries covered by the Mutual Recognition Agreement

Product sector

Corresponding Swiss NOGA 2002 industry codes

1 Machinery

29.12 Manufacture of pumps and compressors, 29.14 Manufacture of
bearings, gears, gearing and driving elements, 29.2 Manufacture of
other general purpose machinery, 29.32 Manufacture of other agri-
cultural and forestry machinery, 29.4 Manufacture of machine-tools,
29.5 Manufacture of other special purpose machinery, 29.72 Manu-
facture of non-electric domestic appliances

2 Personal protective
equipment

18.21 Manufacture of workwear, 18.24 Manufacture of other wearing
apparel and accessories n.e.c, 25.24 Manufacture of other plastic prod-
ucts, 28.75A Manufacture of other fabricated metal products n.e.c.,
33.40A Manufacture of glasses, 36.40 Manufacture of sports goods

3 Toys

36.50 Manufacture of games and toys

4 Medical devices

33.10 Manufacture of medical and surgical equipment and or-
thopaedic appliances

5 Gas appliances and
boilers

28.22 Manufacture of central heating radiators and boilers, 28.30
Manufacture of steam generators, except central heating hot water
boilers

6 Pressure vessels

28.30 Manufacture of steam generators, except central heating hot
water boilers, 28.71 Manufacture of steel drums and similar containers
with a capacity of 300 1 or less

7 Telecommunications
terminal equipment

32.20 Manufacture of telecommunication apparatus

8 Equipment and
protective systems
intended for use in
potentially explosive
atmospheres

28.2 Manufacture of tanks, reservoirs and containers of metal with
a capacity of 300 1, of central heating radiators and boilers, 28.3
Manufacture of steam generators, except central heating hot water
boilers, 29.23 Manufacture of non-domestic cooling and ventilation
equipment, 29.24 Manufacture of other general purpose machinery
n.e.c., 29.4 Manufacture of machine-tools, 31.61 Manufacture of elec-
trical equipment for engines and vehicles n.e.c, 33.2 Manufacture of
instruments and appliances for measuring, checking, testing, navi-
gating and other purposes, 33.3 Manufacture of industrial process
control equipment

Notes: See Table 8.

Source: Buehler and Burghardt (2013).
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Table 8: Industries covered by the Mutual Recognition Agreement (contd.)

Product sector

Corresponding Swiss NOGA 2002 industry codes

9 Electrical equipment
and electromagnetic
compatibility

30 Manufacture of office machinery, data processing devices, 31 Man-
ufacture of electrical machinery and apparatus n.e.c., 32 Manufacture
of radio, television and communication equipment and apparatus

10 Construction plant
and equipment

29.52 Manufacture of machinery for mining, quarrying and construc-
tion

11 Measuring
instruments and
prepackages

33.20 Manufacture of instruments and appliances for measuring,
checking, testing, navigating and other purposes

12 Motor vehicles

31.61 Manufacture of electrical equipment for engines and vehicles
n.e.c., 34 Manufacture of motor vehicles, trailers and semi-trailers

13 Agricultural and
forestry tractors

29.31 Manufacture of agricultural and forestry machinery

14 Good laboratory
practice (GLP)

15 Manufacture of food products and beverages, 24.1 Manufacture
of basic chemicals, 24.20 Manufacture of pesticides and other agro-
chemical products, 24.42 Manufacture of pharmaceutical prepara-
tions, 24.51 Manufacture of soap and detergents, cleaning and pol-
ishing preparations, perfumes and toilet preparations, 24.52 Manu-
facture of perfumes and toilet preparations

15 Medicinal products
GMP Inspection and
Batch Certification

24.42 Manufacture of pharmaceutical preparations

Notes: Tables 7 and 8 provide the list of all “product sectors” covered by the Mutual Recognition Agreement
and then assign the originating NOGA 2002 industries to each of them. Product sector descriptions are taken
from the agreement text, see EC (2002, p. 376); NOGA industry descriptions are taken from the complete
list of NOGA industries, see Swiss Federal Statistical Office (2002). For the matching we made use of the
various Directives of the European Community which are listed in the agreement text, as well as more
detailed descriptions of the NOGA industries as provided by the Swiss Federal Statistical Office. In cases
where industry codes are listed at a general level, all subcategories are meant to be included.
Source: Buehler and Burghardt (2013).
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Figure 2: Lower bounds for R&D intensive industries (alternative estimates)
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Notes: Figure 2 shows alternative lower bound estimates to concentration for the group of endogenous sunk
cost industries (with high or medium-high R&D expenditures) in the year 1995. The estimation methods
applied follow the ideas of Sutton (1991), Robinson and Chiang (1996), and Giorgetti (2003), respectively.
For the present data, it seems that none of the techniques can capture a sharp lower bound appropriately.
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Figure 3: Lower bounds to industry concentration in 1998, 2001, 2005, and 2008

1998

2001

2005

2008

--e-High R&D expenditures --e-High or medium-high R&D
—— Low R&D expenditures —— Low or medium-low R&D

Notes: Figure 3 reports lower bounds to industry concentration for the years 1998, 2001, 2005, and 2008. As
in Figure 1, which shows the corresponding picture for 1995, industries are split up by R&D expenditures.
For each year and industry, the vertical axis shows the concentration measure In (CR5/(1 — CR5)), while
the horizontal axis shows the adjusted market size measure In (Market Size/Setup Costs). It turns out that
the distinctive appearance of low and high R&D industries remains robust over the analyzed period of 13
years: while the lower bound to industry concentration for low R&D industries converges to zero (CR5), for
high R&D industries it is bounded away from zero as market size increases. The minimum CRS5 values for
high R&D industries in 1998, 2001, 2005, and 2008, are 19.2, 18.5, 18.5, and 18.9 percent, respectively.
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