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This paper investigates competition in the Dutch manufacturing sector. We look at various indicators
that have been used throughout the literature and relate these to productivity growth. Moreover, where
possible, the indicators and productivity growth are calculated at both the firm and industry level. This
enables us to investigate differences in competition and in its relation with productivity for both
aggregation levels. Our results indicate that contemporaneous competition is associated with lower
productivity, while lagged competition is positively associated with productivity. This finding is
consistent between micro and macro, and robust over the various indicators and industries. The
results are consistent with the idea that firms first experience negative effects of changes in
competition and need time to adjust, while in the period after adjustment productivity rises again.

1. Introduction

It is a common belief that competition is good for the performance of firms. This is illustrated for
example by various recent policy measures by the Dutch government, concerning among other things
the liberalization of markets and the abolishment of barriers to trade (Creusen et al. 2006a). Although
there are many arguments to support the hypothesis that competition stimulates productivity, there are
also arguments against it. Moreover, empirical evidence on the effect of competition on pro-ductivity is
limited and ambiguous (OECD, 2008). This study aims to shed new light on this issue by investigating
the relation between firm performance and competition using firm and industry level data, and by
looking at a broad range of indicators.

1.1 What is competition?

To study the relationship between competition and productivity, it is natural to start with defining what
we mean by competition. Unfortunately, a clear-cut definition of competition is not available from the
literature. A possible reason for this is the many forms that competition may take. Instead of trying to
give a definition, we therefore shortly describe a few manifestations of competition, mainly to create
some intuition of the concept and without the illusion of being exhaustive. This paper focuses on
competition in the product market. Thus, when speaking of competition, we think of firms competing
against each other for the demand for their products. This fight can take place in many ways, but the
common denominator is that firms will try to distinguish themselves from their competitors. Perhaps
the most obvious example is that firms can compete for demand by lowering their prices. They can
achieve this by cutting margins, or decreasing production costs. In addition, it is likely that there is
strong competition when the product market is homogeneous. That is, if products are very similar,
competition is high. Thus, besides lowering prices, a firm may attract demand by means of product
differentiation or, for instance, by offering complementary services. Another way is to improve on sales
methods or marketing, for example by offering the possibility to order via internet or through increased
advertising. In order to increase its competitiveness, a firm may also look at possibilities to merge with
or acquire competing firms.

With these examples of competitive behaviour in mind, we think of the degree of competition in a
particular market as the extent to which firms engage in actions to attract demand. The degree of
competition may change due to a change in the number of competitors and/or a change of behaviour
of incumbent firms. At the micro-level, a firm experiences a change in competition when new rivals
enter its market or when existing rivals exit or adjust their efforts to compete.



1.2 Competition: good or bad for performance?

In what way can competition affect firm performance? To start with the arguments in favour of a
positive effect of competition on performance, the underlying idea is roughly that in a competitive
market firms are forced to work more efficiently in order to make profits and survive. Competition leads
to price pressure since it is more difficult to pass on costs to consumers. It therefore exerts a
downward pressure on profits, which in turn stimulates firms to produce more efficiently through the
reduction of wastages, slack in input utilization or wage cost (Banker et al. 1996). In other words, firms
allocate resources in a more efficient way: structural excess ca-pacity will be reduced and resources
will be put to their most productive use (Creusen et al. 2006b)1. On the other hand, Nickell (1996) calls
this line of reasoning ‘simplistic’, arguing that under monopolistic competition managers are just as
eager to raise performance as under other types of competition. Rather, under stronger competition,
profits are more sensitive to managerial efforts, and managerial efforts can be better monitored. In this
way competition is good for performance.

In addition, competition can be an incentive to be innovative: the development of new goods and
services and/or improvements in the production process are ways for firms to get an edge over their
competitors. Related to this is the point that in a competitive environment the diffusion of new
knowledge is stimulated. By adaption and imitation, firms are able to learn from their most successful
competitors and therefore become more productive.” In Van der Wiel et al. (2008) it is found that this
learning process is speeded up when the degree of competition is higher. Similarly, international
competition (i.e. international trade) may affect productivity in a similar way, through the diffusion of
knowledge (e.g. foreign R&D).

At the industry level, competitive pressure may also result in better performance due to a selection
effect: due to competition the least efficient firms are forced out of the market. Entry and exit of firms
therefore play an important role in increasing industry productivity. Entry of new firms entails higher
competition, and also brings new technology and knowledge to the market. The less productive,
inefficient firms will be forced out of the market and the most productive, efficient firms will survive.
Due to the selection mechanism inherent to these industrial dynamics, the average productivity of the
market increases.

Thus, many arguments support the hypothesis that competition is good for both pro-ductivity and
productivity growth. However, there are also reasons why competition may not be good. Firstly, due to
competition it may be that there is not enough cash flow to finance R&D, which in turn deters a firm to
be innovative and improve performance in the long run. This line of reasoning goes back to
Schumpeter (1942), who suggested that competition is detrimental to innovation. Investment in R&D is
only possible with sufficient financial resources. With respect to internal financing, Schumpeter
claimed that monopoly is the optimal market form for innovation. Moreover, external finance may not
always be an option (Mohnen et al. 2008). Aghion et al. (2005) suggest that the truth about the relation
between competition and productivity may be somewhere in the middle: they find that moderate
competition stimulates innovation, but if competition is too fierce firms have no scope to be innovative.

Secondly, if potential sales of new products are uncertain due to competition, firms may also be
hesitant to invest in the development of new products. Under uncertain conditions, firms are known to
postpone investments (e.g. Dixit and Pindyck, 1994), which is also likely to hamper productivity
growth. Moreover, firms may enjoy less competitive advantage from their innovations due to imitation
behavior of their competitors. This provides less incentive to be innovative. Finally, competition may
also involve a battle of incumbent firms to keep entrants out of the market. This involves strategic
decisions, which are not necessarily optimal in terms of performance for the incumbent firms. Power
(1998) finds no effect of investment on productivity and argues that this could be due to the fact that

! An interesting example is that competition may influence productivity through its effect on the
characteristics of organizational design. Guadalupe and Wulf (2008) found that competi-tion leads
firms to become flatter. This reduces the number of positions between the CEO and division
managers, and increases the number of positions reporting directly to the CEO, indicating that
communication becomes more efficient.

% On the other hand, if due to competition firms have less opportunity to enjoy competitive advantages
from their innovation, this may actually deter innovation, which in turn leads to lower productivity. See
also below.



the investment decision may involve strategic considerations.® In addition, young and dynamic firms
are found to be a major source of productivity growth at the aggregate level (e.g. Foster et al. 2000),
which suggests that entry deterrence due to competition is bad in this respect.

1.3 Relation to the literature and aim of the paper

All'in all, the direction of the effect of competition on productivity is not clear a priori. One of the main
complications in testing the relation between competition and performance, is the definition and
measurement of competition. This is a difficult and largely unresolved issue. For example, the intensity
of competition is sometimes measured by the number of firms in a market or firms’ market shares.
These measures can be ambiguous, however, as a market with two or three large firms can be as
competitive as a market consisting of several hundreds of small firms depending on how aggressive
the behaviour of the firms is. In addition, it is usually not clear how the firm’s market is defined.

In the available literature, competition has been measured with several different indicators, each
measuring a single aspect of competition. The Herfindahl index, for example, measures the
concentration of firms within a market, whereas the price cost margin (PCM) measures the profitability
of firms. Despite its multidimensional character, only few studies used multiple indicators of
competition. In this paper, we use a selection of competition indicators, and discuss their advantages
and drawbacks. To our knowledge, no study has investigated a set of indicators as extended as we
use in this paper.

As mentioned above, there is only some empirical evidence on the competition-productivity link, which
is limited to a few countries (mainly US or UK firms), a few industries, or specific periods of time
(OECD 2008). Despite its relevance for policy, the development of competition in the Netherlands
since the early 1990s has hardly been investigated at an economy-wide scale (Creusen et al. 2006a).
Several studies have empirically investigated the relationship between different indicators of
competition, labour productivity and/or multi-factor productivity (e.g. Nickell, 1996). Although each of
these studies made a valuable contribution, they have some limitations with respect to the number of
industries studied, the number of indicators studied, and the number of observations used to specify
the relationships empirically. In particular, none of the studies that we found investigated the
relationship between competition and productivity by combining firm-level data and macro-economic
data from the National Accounts. Previous research did however find differences between similar
indicators that were both measured at the macro level and the micro level (Creusen et al. 2006a).

The aim of this paper is to make a contribution to the empirical literature on the measurement of
competition and its relation to firm performance. Our analysis has an explorative nature. We consider
various existing measures of competition and their relation with productivity at different levels of
aggregation. Both productivity and competition indicators are calculated on the basis of firm- and
industry-level data from respectively the Production Statistics (PS) and the National Accounts (NA)
covering the period 1995-2005. It is interesting to look at whether the various indicators point into the
same direction, and whether they suggest the same relation of competition to productivity. In
particular, for the indicators that can be calculated on both micro and macro data, it is interesting to
see whether the results are consistent. Finally, the use of micro as well as macro data, offers the
possibility to use the official multi-factor productivity statistics in the growth accounts of Statistics Neth-
erlands (CBS, 2008), while also exploiting the richness of the available micro data. It may be that due
to aggregation, some indicators do not correlate with productivity at the industry level, while the micro
data do allow to identify such a correlation.

Our study contributes to the existing literature in the following ways. Firstly, as mentioned, we use a
combination of micro and macro level indicators of competition and productivity. This allows us to
compare the relationship at two different aggregation levels. Secondly, we use a broad set of
competition indicators. This allows us to analyse the multiple aspects of competition and their
relationships with productivity. Thirdly, we use KLEMS multi-factor productivity as a dependent
variable instead of the more commonly used labour productivity. This allows us to account for changes
in capital and/or intermediate use, to disentangle a ‘true’ efficiency effect. Finally, we analyse the
effect of time lags between the competition measures and productivity.

® Thus, relating this to the previous point about firm investment, competition may lead to the delay of
investment, but also to investment that is not (directly) aimed at fostering the performance of the firm.
In both cases, productivity is negatively affected.



The following research questions will guide the remainder of this study:
- Which indicators can be used to measure competition at the macro and micro level?

- To what extent do similar indicators of competition at the macro and micro level lead to similar results
and how can differences be explained?

- What is the relation between competition and productivity?

- How does the relationship between competition and productivity vary over different measures of
competition?

The outline of the paper is as follows. Section 2 introduces the competition measures, and gives a
brief overview of the calculation of multi-factor productivity change at both the micro and macro level.
It also describes the data sources and discusses particular choices that were made with respect to the
calculation of the various variables. Section 3 discusses the results for the various competition
measures, and the results for various regressions of productivity change on the levels and changes in
the competition measures, employing different timing assumptions. Section 4 concludes, summarizes,
and gives suggestions for further research.

2. Measuring competition and productivity

There are a number of competition indicators that are suggested throughout the literature. In section
2.1, we review some indicators that are frequently used and that will also be used in this paper. In
addition, we describe how productivity growth is measured in section 2.2. The data are briefly
described in section 2.3. Section 2.4 discusses a couple of problems that arise when using the
competition indicators. Finally, section 2.5 reviews some empirical research in which these indicators
have been used.

2.1 Measures of competition

2.1.1  Price cost margin

The price cost margin (PCM, sometimes referred to as the Lerner index) is an indicator for profitability.
It reflects a firm’s ability to set its prices above marginal cost. As competition increases, firms are
forced to reduce their markup, the limit being perfect competition where prices equal marginal costs.
Strictly speaking, the indicator is defined as the difference between price and marginal costs, but
because the latter are not observed, it is often operationalised as the difference between production-
based output and average variable costs (labour input, L and intermediate use, which is the sum of
energy, material and service costs, E + M + S). A higher PCM is indicative of a less competitive
market.* It is calculated as:
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where i and t indicate the firm and year

PCM price cost margin

Y production value (total revenue)
L;; labour costs

E; energy costs

M materials costs

* A problem with the PCM that often goes unnoticed is that a shift to a more capital intensive
production method (‘capital deepening’) leads to a higher PCM. In this case, it suggests a lower level
of competition while there has only been a shift in the mix of production factors. This can be accounted
for by adjusting the profit measure for (exogenous) capital cost (i.e. ‘clear’ profits). In this paper,
however, we use the PCM as it is applied in the literature. Calculations on the macro data show that
the PCM based on clear profits is highly correlated with the original PCM, and that the regression
results are similar when using either definition.



S costs of services

The PCM for an industry j can be calculated in two ways. Firstly, we can use the National Accounts
variables for industry j to calculate:
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Secondly, using the firm-level PCM, we can do a weighted summation to get:
PS) _
PCM ;™ =" a;,msh, PCM
i0j
where
Qi sampling weight of firm i
msh; the share of firm i in the total value of (unconsolidated) production® of industry j (i.e.
market share)

Except for the sampling weight, this last measure is also used in Creusen et al. (2006a).°
Observations in the micro data where the PCM is larger than one are considered outliers and are
therefore not taken into account.”

2.1.2 Labour income ratio

The labour income ratio (LINC) indicates the share of labour income in net value added. The idea is
that a higher labour-income ratio points to more competition, as value added consists to a larger
extent of labour costs and profits are lower. This is an admittedly rough measure of competition, and is
included here mainly as it is a frequently used economic yardstick in policy (see Creusen et al.
2006&1).8 The labour income ratio for firm i is calculated as:

L.
LINC, = it
t
where
LINC, labour income ratio
NVA, net value added (i.e. NVA; = VA — Dy = Y — (Eiy + My + S) — Dy, where VA; is

value added and Dy is depreciation)

Similarly, for industry j, LINC;; is calculated as
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From the micro data we can also calculate

® Consolidation refers to the netting-out of supply and use streams in order to aggregate smaller units
to a larger single unit.

® Small firms are included in the PS according to a stratified sampling. Each firm receives a weight that
reflects how many firms it represents in the total population. Thus, strictly speaking, these firms should
be weighted when aggregating.

’ Note that if total variable costs (L + E + M + S) and production value (Yj) are non-negative the PCM
cannot exceed one by definition.

® One drawback of the LINC is that a high value may also reflect the bargaining power of employees in
a certain industry. In addition, the inverse of the LINC is related to (the inverse of) labour productivity.
If an increase in competition forces firms to work more efficiently, labour productivity is expected to
rise. Since the LINC is inversely related to labour productivity it will fall, which — following the line of
argument above — wrongly suggests a fall in competition.
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Again this last measure is similar to that used in Creusen et al. (2006a). Observations where the
labour costs exceed the production value are not taken into account.

LINC,, ™ =

2.1.3 Import quote

The import quote indicates the contribution of foreign firms to competition in a domestic market. Due to
strong foreign competition on their output market, companies are forced to work more efficiently. This
results in a higher productivity. The import quote is measured at the commodity level. It reflects the
share of imports of a certain product in the total (domestic) use of that commodity.9 A higher import
quote means that there is more competition from foreign firms on the domestic market. To calculate
the import quote per industry, we assign total imports and total domestic use of a product to the main
producing industry. Furthermore, adjustments for imported goods that are directly re-exported are
made. The import quote is calculated as:

IMPQ,, = m
" Y w.DU,
where,
IMP, imports net of transit for commodity ¢
Wic 1 if j is main producing industry of commaodity ¢
0 otherwise
DU 4 domestic use of commodity c in year t

This indicator has been used before in CBS (2008). There is no similar indicator available at the firm-
level from the PS, since the import quote is by definition a macro indicator.

2.1.4 Export quote

The export quote measures for what part of sales companies rely on foreign markets, and is therefore
an indicator for the exposure to competition on foreign markets. It is calculated as the share of total
domestic production that is produced for foreign markets. A higher export quote means that firms are
for a larger part of their sales exposed to competition on foreign markets. This competition indicator is
different from all other indicators, since all other indicators measure competition on domestic markets.
Similar to the import quote, the macro export quote is measured at the commodity level. In this case,
the total exports and production of a commodity are assigned to the main producing industry. Again
exports are net of transit goods. The export quote is then calculated as:

chjc EXP,

EXPQ it Zc chth
where
w;, =1 if j is the main producing industry of commaodity ¢
= 0 otherwise
EXP, export value of commodity ¢
Yt total domestic production value of commodity ¢

At the micro level, we observe how much a firm exports. It is not possible to follow exactly the
definition of the macro-indicator, however, since we do not have a breakdown by commodity type. As

° Commodities are measured at the lowest available aggregation level of the Supply and Use tables
(104 commodity groups of which the main producing industry is part of the manufacturing industry).



a firm-level indicator of exposure to competition on foreign markets, we use the share of exports in
total sales by a firm:*

EXP,
Si

where EXP; total value of exports

EXPQ; =

Sit total sales value

An industry indicator for EXPQ from the micro data follows from a weighted summation of the
numerator and denominator

ziDj ait EXRt
Zil]j aitSt

Note that the weighted micro data indicator is in this case conceptually different from the indicator
based on macro data, since the latter is based on export data per commodity group and assigns a
main producing industry to each commodity. In practice, however, the macro export quote hardly
changes when it is calculated according to the “micro definition”.

EXPQ;® =

2.1.5 Profit elasticity

The profit elasticity (PE), or relative profits measure, introduced by Boone (2000), describes the
relation between a firm’s profit and its marginal costs. It is calculated as the percentage change in
profits due to a 1 percent change in marginal costs (i.e. the elasticity of profit with respect to marginal
costs). The main idea of the indicator is that fiercer competition enables efficient firms to earn
relatively higher profits than less efficient competitors. Thus, in a highly competitive market the
elasticity of profit with respect to costs will be higher. Boone (2000) emphasizes that comparison of the
indicator over industries is hampered due to the fact that marginal costs are unobserved and that it is
difficult to define the relevant market.™"** However, it can be argued that the bias in the indicator does
not change too much over time within an industry, so that comparing the elasticities over time provides
an indication of the development of competition.

The PE can only be calculated on micro data. It can be calculated for different industries and years
separately. Following Boone et al. (2007), the profit elasticity is calculated as the 4 in the regression

In(Yi = VCip) = BIN(MCy) + ai + A + Uy forilJ]
where

VCi =Ly + Ey + My + Si variable costs

MC; marginal costs

a firm fixed effect

A year dummy

Uyt (idiosyncratic) disturbance

This regression is carried out for each industry j and year t separately. Thus, the PE is industry and
year specific. Because marginal costs are unobserved, average costs are used as a proxy, following

% We normalize on total sales instead of total production value as exports refer explicitly to sales
abroad. Among other things, sales do not include changes in the stock of commaodities. This ensures
that the export quote is smaller than 1. Note that this is a difference with the macro-definition. At the
industry-level, however, changes in inventories are usually small relative to production since positive
and negative changes at the micro-level cancel out.

' In addition, Boone mentions the problem of an ‘unlevel playing field’ within a market. That is, market
conditions may not be equal for different firms, for example due to tax exemptions. Failing to account
for this, distorts the interpretation of the profit elasticity as a competition measure.

'2 Since the estimation of the profit elasticity in principle does not require observations on all firms in
the market, the problem of the definition of a market can be mitigated if there is a sample of firms
available for which it is clear that they belong to the same market.



e.g. Boone et al. (2007). Thus, MC;; = (VCi/Yy). To control for firm-specific effects, the equation is
estimated by Fixed Effects (FE).13

2.1.6 Herfindahl concentration index

The Herfindahl concentration index, or Herfindahl index for short, indicates the number and size of
firms in a sector. It is defined as the sum of squared market shares. A market with one single firm has
a Herfindahl index of 1, while a Herfindahl index close to 0 means that there is a large number of firms
with a low market share. A decreasing Herfindahl index means that the concentration in a market is
reduced and, since it is inversely related to competition, this is interpreted as a rise in competition. The
Herfindahl can only be calculated on the basis of micro data and is given by:

HERF, =Y a,msh? .
i0j
217 C4

The C4 indicator is a measure similar to the Herfindahl index, and reflects the aggregate market share
of the four firms with the largest market shares. Similar measures, such as C5 and C10, are also
commonly used. It is given by

C4, = ZmShit

i0c,

where C; is the group of four firms with the largest market share in industry j. If the market shares of
the largest firms increase, this is evidence for further concentration of the market, and hence a fall in
the level of competition.

2.2 Productivity measurement

For productivity measurement, the KLEMS-Y model is used. For any entity i (either a firm or an
industry) this can be written as

KoK vl 4 vEvE oMM 4 1Sy S _
Wi X Wi X+ W X W X + WG + T = By Ve

where
W,‘f the unit cost of input k, k O {K, L, E, M, S}
xi'§ the quantity of input k
W =K, the user cost of capital

Lol _ EE _ MM _ SyS —
Wi =L WG B WG =M, Wi =S,

total costs of factor k

Pit the output price

Vit the output quantity

Pie Yie = Yie value of total output

M, clear profits (i.e. profits net of user cost of capital)

In the calculations of the user cost of capital at the macro level, an exogenous interest rate is used.
Therefore total costs do not equal total revenue. This gives rise to clear profits on all aggregation

'3 Basic outlier detection is followed in this estimation: we only use records based on actual response
to the PS survey (i.e. imputations are excluded), and drop the lowest and highest percentile in a Cobb-
Douglas production function estimation as well as those records for which this estimation cannot be
done due to missing values or non-positive in- or output. Time-effects are controlled for by year
dummies.



levels. An exogenous interest rate is chosen so that we do not have to use neoclassical assumptions
in our productivity measurements. More detailed information on measuring productivity without
neoclassical assumptions is given by Balk (2008). At the micro level there is no information available
on the costs of capital, which are therefore proxied by the sum of depreciation and rental payments.
Dropping the subscript i for notational convenience, productivity change is calculated as (unless stated
otherwise, changes always refer to from year t-1 on year t)

Y
IMFR,, = 7Qt;‘1
tt-1
where
IMFR, the index of multi-factor productivity (mfp)
Qgt_l the volume index of the output
Qt)’i_l the volume index of the inputs

Volume changes are calculated with a Laspeyres index, that is both the quantities in year t and t-1 are
weighted by prices of t—1. The volume index of the inputs is therefore calculated as

K Uk
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and similarly for output Y.

2.2.1  Productivity measurement at the macro level

At the macro level, productivity measurement is based completely on the Dutch national accounts. For
this purpose, the manufacturing industry is divided into 13 separate industries. A thorough overview of
the methods used to calculate productivity change at the macro level is given by Van den Bergen et al.
(2007). A few characteristics are:

— Sectoral output is used for the calculations. Consolidation is based on square industry by
industry input-output tables constructed for each commodity distinguished in the Dutch supply-
use system.

- Itis assumed that self-employed have the same yearly labour income as employees.

— The nominal interest rate used in the calculation of the user cost of capital is based on the
average interest rate that companies must pay on outstanding bonds. It is estimated as the
internal reference rate (IRR) between Dutch banks plus a surcharge of 1.5 percent.

2.2.2  Productivity measurement at the micro level

The calculation at the micro level follows that at the macro level as closely as possible. Due to the lack
of data, however, we use depreciation and rental payments data to proxy for the user cost of capital.
Price indices are drawn from the supply and use tables.

2.3 Data

Data at the macro level were obtained from the National Accounts (NA). The availability of time-series
on productivity statistics and the restriction to use only final year data limits our dataset to the years
1995 to 2005. Micro data come from the Production Statistics (PS). Data for the industry ‘manufacture
of petroleum products’ were not considered, since there are very few firms in this industry (less than
30) and the micro data proved to be too volatile with respect to the macro data in this industry. This
means that we distinguish in total 12 industries, in accordance to the publication level of the Dutch
growth accounts.

The analysis was limited to manufacturing industries for several reasons. Firstly, it is not possible to
calculate the competitition indicators and/or mfp growth for various industries in the service sector, due
to the lack of micro data. In addition, despite promising developments at the macro-level for a



selection of industries, price and volume measures are in general not as well established in the
service sector as in manufacturing. Finally, and only with respect to the degree of international
competition, it can be expected that the impact of exports and imports is far less an issue in services
than in manufacturing.

2.4 Issues with measuring competition

The existing literature suggests some problems with conventional measures of competition. We review
some of them in this paragraph and add some reservations of our own.

2.4.1 What is the firm’'s market?

Competition is usually regarded as a market phenomenon, and therefore competition measures often
refer to a ‘market’, which is usually equated to an industry. However, it is generally hard to say what
exactly the firm’s market is. An industry can be quite heterogeneous with respect to its products, even
at low levels of aggregation. Also, when firms are very diversified they may be active in various
markets and experience different degrees of competition in different markets, while they are classified
in a single industry. In addition, there is usually no information on the spatial dimension of competition.
For example, retailers may be classified in the same industry but can be monopolists on their local
markets, while similar firms need to deal with a competitor across the street. In addition, because of
globalisation, firms are more and more internationally active. This means that firms experience
competition from foreign firms, in the domestic as well as foreign markets. Due to the rise of internet
sales, it is not even necessary for a firm to be physically present abroad to be internationally active (or,
vice versa, a competitor does not need to be physically present in a firm’s country). The international
dimension of competition is typically hard to measure, however, because survey based data is usually
confined to the national activities of domestic firms.

The upshot of the preceding is that there can be a difference between the degree of competition in a
market or industry with the degree of competition experienced by the firm. In this paper, we will use
industry-level as well as firm-level indicators, the latter (based for example on a firm’'s profit) being
independent from the definition of a firm’s market.

2.4.2 Selection, reallocation, mergers and acquisit  ions

Most indicators focus on a particular aspect of competition. For example, the Herfindahl index and
other measures are based on market shares. These measures pick up the change of entry barriers
over time relatively well, but if competition intensifies due to more aggressive conduct of firms, they
point into the wrong direction. To see this, note that the increase in competition forces the least
efficient firms out of the market. This increases market shares, so that concentration indices actually
point to less competition. Thus, they fail to pick up a selection effect.

Related to this point, an increase in competition can lead to a reallocation effect, in the sense that
market shares of efficient firms (in terms of marginal costs of production) are raised relative to those of
inefficient firms. Concentration increases in this case, so that concentration indices point to less
competition in these instances. Boone et al. (2007) argue that such reallocation effects also distort the
(industry level) PCM indicator. That is, an increase in competition raises the market share of efficient
firms with a high PCM. If the more efficient firms are also more profitable, this means that the industry
PCM may in fact increase, suggesting a fall in competition. Boone et al. identify the reallocation effect
in the PS data for 1993 to 2002. They find that the PCM tends to misrepresent the development of
competition over time in markets with few firms and high concentration. Note that the reallocation
effect does not play a role for the firm level definition of the PCM, since it does not depend on the
firm’s market. The PE is also claimed not to have these disadvantages, as increasing competition
always leads to increased profits of efficient firms to the adverse of less efficient firms (Boone, 2000).

Finally, competition may manifest itself in the threat of being taken over or the need to merge with
other companies to become a more competitive market player. Industries that are characterized by
this type of competition include for example the airline industry and financial industries, as well as the
energy sector. Clearly, concentration indices are less suitable to describe competition in a market that
is characterized by mergers and acquisitions.

2.4.3 Endogeneity

The indicators discussed above are all based on variables which are thought to be (inversely) related
to competition: profitability, market share, export and import. The problem that arises when relating
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these indicators to firm performance, is that the underlying variables are not determined completely
independently from the performance measure. Firms may be more profitable if they are more
productive, higher productivity may lead to a higher market share, better performing firms may have a
higher chance to be active on the international market. In addition, both the PCM and LINC implicitly
refer to the value component of profitability, whereas productivity is the volume component of
profitability. The fact that the underlying variables are not independent from (changes in) productivity,
makes the competition indicators endogenous to productivity. In fact, the examples suggest that in this
case there is a negative relationship between productivity and competition.

To account for this, we also use lagged values next to contemporaneous values for the competition
indicators (cf. Van der Wiel et al. 2008). Because the level of competition in year t-1 is not jointly
determined with productivity in year t, and productivity changes in year t do not cause changes in
competition in year t-1, it can be argued that the lagged values are exogenous. Besides accounting
for endogeneity, this specification reflects that there may be a lagged effect of competition on
productivity. As companies become less profitable due to competition in one year, they will change
business processes and become more productive. It may take time, however, for firms to adjust to
changes in competition, especially if production structures are inflexible. Therefore, changes in
competition need time to effectuate and increase productivity.14

2.4.4 Micro-macro inconsistencies

Another problem is that data sources on which competition measures can be calculated may lead to
differing results. In their study on measuring competion in the Netherlands, Creusen et al. (2006a)
compared the PE, PCM, LINC, and the Herfindahl, using data from the PS (PE, PCM, Herfindahl) and
NA (LINC, PCM). Most indicators point to a decline of competition in the Netherlands in the period
1993-2001. In particular, all indicators derived from firm-level data and the LINC indicate such a
decline. The NA version of the PCM, however, points to a rise in competition and therefore disagrees
with the firm-level PCM. According to the authors, this finding could reflect that NA data come from
various aggregated micro sources which are integrated to get a consistent picture of the Dutch
economy. Our results in table 1 show, however, that the PCM based on the NA data is highly
correlated with the PCM based on the PS. The reason for the differing results with Creusen et al.
could lie in the fact that a slightly different time frame is used here. Indeed, the similarity seems to
have improved after 2001, which is the last year of the CPB study. In addition, the correspondence
between micro and macro results may also benefit from the use of sampling weights and exclusion of
outliers as we have done here.

2.4.5 Some caveats to the profit elasticity

The PE is a relatively new measure of competition and has not been used frequently in empirical
research. Although the indicator has a sound theoretical founding, a few question marks are in place
regarding its empirical application. We mention two potential problems below.

Firstly, the PE is defined as the sensitivity of profits to marginal costs. Because marginal costs are not
observed, these are replaced by average costs. Thus, the estimating equation is

In(Yi = VCi) = BIN(VCi/Yir) + i + At + Uy forilJ]

In fact, this estimation relates profits to (the inverse of) profitability. But if profitability goes up, profits
go up by definition. It is therefore doubtful whether this approach is suitable to estimate the sensitivity
of profits to efficiency.

In addition, the theoretical framework for the PE shows that the profits of efficient firms increase
relative to less efficient firms. It follows from the theory, therefore, that profits and marginal costs
should be scaled by those of the least efficient firm. Boone et al. (2007) rewrite this relationship to the
unscaled version as given above, claiming that the profits and marginal costs of the scaling firm end
up in the year effect A, i.e. A, = In(77) + BIn(MC,) — where the <" denotes the scaling firm (op. cit. p.

4 Alternatively, if productivity in year t is believed to be affected by competition in year t, a possibility
to account for the endogeneity issue is to use the lagged competition variables as instruments for the
current values (for example by using an Instrument Variables estimation method like Two Stage Least
Squares (2SLS) or the Generalized Method of Moments (GMM)). We will not pursue this in this report;
unreported results for 2SLS, however, show that the results do not differ much from those with the
lagged variables. This is not surprising, because in that case the competition indicator is replaced by a
prediction based on its lag.
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27). While it is true that if the scaling is the same for all firms, it varies only by year and not by firm, it
can also be seen that modelling it in this way makes the year effect dependent on the parameter of
interest ,&.15 This makes the unscaled estimating equation into a reduced form. Estimating the
equation unrestrictedly, and interpreting the estimated coefficient on the variable costs as an estimate
of B, fails to account for the fact that the year effect also depends on £. This probably leads to biased
estimates of ,3.16 Alternatively, the scaled estimating equation could be used, where the least efficient
firm is the firm with the highest average costs.

These points are left for further investigation. Despite these two caveats, we shall apply the profit
elasticity as it is used in the current literature.

2.5 Some results of previous research

Several studies have investigated the relationships between different indicators of competition and
productivity. Most of them pointed to a positive effect of product market competition on productivity
growth. In this section we discuss the results of a few studies in this area to be able to relate our own
results to those in the literature.

Nickell (1996) investigated the relation between productivity and competition, using the following
competition measures: market share, the Herfindahl index, import penetration, average rents, and a
survey based measure on the number of competitors (“Have you more than five competitors in the
market for your products?”). The average rents measure was calculated as an average over the
sample period of profits less capital costs (i.e. ‘clear’ profits), as a percentage of value added.
Endogeneity was controlled for by using Generalized Method of Moments (GMM) estimation. Data
from a panel of UK firms over the period 1972-1986 showed a weak effect of competition on multi-
factor productivity levels, but a stronger effect on productivity growth. The strongest effect was
observed for the rents indicator.

Two studies performed an analysis in the spirit of Nickell (1996) for the Netherlands. Felso et al.
(2001) used data for the manufacturing, construction, and trade sectors for the period 1985-1996.
Productivity growth showed a significant correlation with the competition measures used: the profit
elasticity, the Herfindahl index, market share, and average firm size. Lever and Nieuwenhuijsen (1998)
focussed on the Dutch manufacturing sector. They found that the increase of concentration in markets
(in terms of higher market shares) leads to lower levels of productivity. Industries with relatively lower
levels of market concentration, higher export shares and higher import shares show more than
average growth of productivity. The authors further conclude that profitability has a positive and
significant effect on productivity. According to the authors, this finding supports the so-called
Schumpeter’s Mark Il hypothesis that monopoly profits are necessary for investments in research and
development and innovation."’

With respect to the development of competition, Lever and Nieuwenhuijsen found that competition in
Dutch manufacturing increased in the period 1978-1993. For the retail sector, Creusen et al. (2006b)
used the PE to evaluate changes in competition. It was shown that on average, the competition in this
sector decreased in the time period 1993-2002. However, for some parts of this sector, an increase in
competition was observed. Linking the data with the innovation surveys, it was shown that there was a
positive and linear relationship between innovation and competition. The report concluded that
stimulating competition is conducive for innovation. Both competition and innovation were shown to
have a positive correlation with multi-factor productivity. Creusen et al. (2006a) found that competition
at the level of the market sector in the Netherlands declined in the period 1993-2001. Competition was
measured with the PCM and PE. It was found that competition did not increase for most industries. In
fact, a considerable number of industries experienced a sharp rise or strong fall in competition. As

™ In fact, since the least efficient firm is determined for each market, and markets are equated to
industries, 4 ends up in the industry dummy.

® To see this, notice that OLS minimizes the sum of squared of errors with respect to A3, the
coefficient on the time dummies A, and other parameters in the regression. In the corresponding
derivative, the terms involving the time dummies that are differentiated with respect to 3 drop out
when its dependence on S, is not considered. If this dependence is taken into account, however, these
terms do not drop out, so that the estimates will likely be different. This point is left further
investigation.

' However, this finding may also be caused by reversed causality. Profitability may itself be influenced
by productivity, see also section 2.4.3.
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discussed in Boone et al. (2007), Creusen et al. (2006a) found that the PCM and PE can lead to
contradicting results if reallocation effects within an industry are substantial. After estimating a model
relating competition to a number of explanatory variables at the industry level the authors found that
regulatory reforms have probably intensified competition, but also that considerable growth of demand
has weakened competition in the period 1993-2001.

3. Results

3.1 Summary statistics

Table 1 shows the correlations between macro mfp change and different indicators of competition
based on industry data in Dutch manufacturing. The first six indicators are based on micro data and
the last four indicators are based on macro data. The significance of correlations between indicators of
competition may be inflated as all individual years are used in the analysis and the levels of
competition indicators within industries do not vary much between years.

Table 1 Correlation matrix macro and aggregated mic  ro competition measures.

based on microdata (aggregated) based on macrodata
= =
o o
> (O] —_ (O] —_
£ @ @
S _ g € g § £ g g
8 E £ % 3 £ & 3 3
(M) © = o — = o +— —
c > = > - .
£ tE 8 & g £ & g 8
9 <t B = =
a o T 3 a ) 3 a i E
Profit 1
C4 -.08 1
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Price cost -14 -22 =19 —.60 1

Export -.04 .64 b59  -01 -32 1

Labour -.01 22 .39 73  -38 .09 1
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Import -.04 .57 .52 26 .44 7€ 27 =49 86 1

Correlations that are significant at the 5% levelfaold faced.

The correlation coefficients (r) between similar indicators based on micro data and macro data (LINC,
PCM and export quote) are relatively high (r = .73, r = .64, and r = .91, respectively). This
demonstrates that the correspondence between variables that have been aggregated from the micro
data and variables that have been calculated based on macro data is reasonably good. The
correlation between the LINC and PCM is negative in all cases. This makes sense since the LINC is
inversely related to the PCM. Naturally, since both indicators are based on market shares, the
Herfindahl and C4 indices are highly correlated. It is striking that the import and export quotes show
high correlations with most of the other indicators. They are for example positively associated with
more concentrated markets (positive correlation with Herfindahl and C4) and negatively associated
with less profitable markets (negative correlation with PCM). Finally, it should be noted that the PE
only has a moderate (but significant) positive correlation with the LINC, but not with the other
indicators.
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The upper panel of table 2 shows the correlations among the firm-level indicators. Only the Herfindahl
and C4 show a very strong correlation again. The PCM and LINC show a significant and negative
correlation again, but it is more moderate than in the macro case. The low correlations are an
indication that the indicators measure different dimensions of competition. Alternatively, there are
situations where some indicators may point into the wrong direction (Boone et al. 2007)."® It is
somewhat striking that the correlations of the PE with the micro-level indicators are significant,
whereas there is no correlation with the macro counterparts in table 1. These correlations are very
moderate however.

The bottom panel of the table gives the correlations for the micro indicators with their National
Accounts counterparts. In this case, only the export based indicators show a substantial correlation.
This is an indication that there is great heterogeneity at the micro level for the PCM and LINC, so that
the value for the industry is not representative for the individual firms. For example, the competition
indicators are likely to be determined by the larger firms, which may not be representative for the
degree of competition experienced by a smaller firm.

Table 2 Correlation matrix micro and macro competit ion measures.
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Correlations that are significant at the 5% leved &old faced. Potential outliers were
excluded from the micro data; see also sectior23\h. table 2 differs from table 1 in that
competition measures based on microdata are not@aggd (i.e. correlations are at the firm-
level).

3.2 Relation between productivity and competition i ndicators

Since we use both micro and macro data, we can relate productivity growth and competition indicators
at different levels of aggregation. In section 3.2.1, industry-level productivity growth is related to
industry-level competition indicators calculated from the macro as well as from the micro data. In
section 3.2.2, firm level productivity growth is related to firm-level competition indicators, as well as to
industry-level competition indicators calculated from the macro data.

'8 Differences between table 1 and table 2 for the micro indicators that only vary by industry (PE, C4
and Herfindahl) arise for two reasons. Firstly, table 2 calculates the correlations at the firm level
without industry weights. Thus, industries with more firms get more weight in table 2. Secondly, as
mentioned in the table note, outliers and imputations are excluded from the micro data while we did
use these to calculate the aggregates from the micro data.
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3.2.1 Macro productivity

Table 3 shows the results of our regression analyses of mfp change at the macro level on indicators of
competition at the macro level, the latter calculated from macro as well as from micro data. A simple
linear regression model is estimated for each relationship. We use industry and year dummy variables
to control for industry- and year specific effects. The analyses are conducted for both the levels and
the changes of the competition indicators, employing different timing assumptions. The contem-
poraneous models refer to the relationships between mfp change in year t and competition indicators
in year t. In the 1-year lagged models we analyze the relationships between mfp change in year t and
indicators of competition in year t-1. Table 3 shows the expected signs of the relationships, the
estimated regression coefficients, and standard errors.

Table 3 Relationships between macro mfp change and indicators of competition.
contemporaneous 1-year lagged
Indicator exsp;ger?ed coeff. s.e. coeff. s.e.
Based on micro data
Profit elasticity + -0.22 0.26 0.06 0.32
Profit elasticity (change) + -0.17 0.19 0.20 0.21
Cc4 - 16.45 7.25 11.36 8.68
C4 (change) - 0.10 0.08 0.02 0.09
Herfindahl - 23.63 9.66 15.05 11.86
Herfindahl (change) - 21.98 13.09 46.52°  13.22
Labour income + -8.22 352 1041 4.48
Labour income (change) + -0i2  0.03 -0.02 0.03
Price cost margin - 2482 1167 -35.70 13.86
Price cost margin (change) - 0242 0.10 0.05 0.12
Export quote + 3.33 3.72 2.87 4.24
Export quote (change) + 0.00 0.03 0.02 0.03

Based on macro data

Labour income + -4.90 1.83 6.71 1.99
Labour income (change) + -0.14  0.02 0.02 0.02
Price cost margin - 19.85 9.17 -41.71 9.59
Price cost margin (change) - 046 0.07 -0.14 0.09
Export quote + -3.69 5.84 0.92 6.62
Export quote (change) + -0.09 0.07 -0.03 0.08
Import quote + -3.59 7.08 8.58 7.92
Import quote (change) + -017 0.09 0.03 0.10

% This is the expected sign according to the hymshéhat more competition leads to a
higher productivity. Thus, if a higher value of amlicator indicates stronger competition
(e.g. in case of the PCM), the expected sign istiges Likewise, if a lower value of an
indicator indicates stronger competition (e.g. e tcase of the Herfindahl index) the
expected sign is negative.

Significance levels: = .10,” =.05,”" = .01.

Several interesting results of the macro level mfp analyses are described below. Firstly, we find that
the regression analyses for similar micro and macro indicators of competition (i.e., LINC, PCM and
export quote) lead to similar results. For example, in the contemporaneous model the LINC is
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negatively and significantly related to mfp change, both when the LINC is calculated on macro data
and when it is calculated on micro data. This finding shows that despite some moderate differences
between similar indicators based on both data sources, the overall relationship between these micro
and macro level indicators and productivity change is the same.

Secondly, all signs of the significant results in the contemporaneous models are opposite to the
expected sign when one assumes that competition fosters productivity growth. Both the level and the
changes of several aspects of competition in year t are negatively related to mfp change in yeart. A
possible conclusion could be that competition is in fact bad for productivity growth. However, as
discussed in section 2.4.3, a possible problem with the contemporaneous indicators is that they are
endogenous. We therefore also relate productivity to the lagged competition indicators. Modelling a
time-lag between the indicators of competition and mfp change acknowledges that it takes time before
the effects of competition are realized and reduces the problem of endogeneity. The results of the
lagged models in table 3 show that the signs of the relationships between mfp change, the LINC and
the PCM have the expected directions both at the micro and the macro level. Compared to the
contemporaneous models the signs of these relationships are reversed. In a similar way, the signs of
the relationships in the lagged models for the profit elasticity, macro export and macro import quote
have switched into the hypothesized directions, but they remain insignificant. These results are
consistent with the idea that firms need time to adjust to changes in competition. First they need time
to make adjustments in the production process which initially has a disruptive effect. In later periods,
this results into productivity gains.

Finally, and contrary to prior expectations, the C4 and Herfindahl index are positively related to mfp
change in both the contemporaneous and lagged models. A potential explanation for this result is that
the C4 and Herfindahl index can, as discussed in section 2.4.2, easily be influenced by selection and
reallocation effects. This means that if competition changes due to the aggressive conduct of firms,
concentration indicators such as C4 and the Herfindahl index may point into the wrong direction.
Consequently, the signs of the relationship between these indicators and mfp change will then be in
the wrong direction too.

3.2.2  Micro productivity

To avoid a distortion of the regression results due to influential data points, we exclude some potential
outliers in advance. First of all, we exclude firms with mfp levels smaller or equal to zero, and those
with an absolute mfp growth of more than 400%. In addition, we estimate a simple loglinear version of
the Cobb-Douglas function of gross output on the KLEMS production factors and exclude the
observations associated with the lowest and highest percentile of the residuals of this regression. This
procedure for the exclusion of outliers avoids the inclusion of firms with an atypical production
structure. Also, the observations for which the production function could not be estimated are ruled
out. The latter selection drops records with either missing observations for input or output variables or
(because of the log transformation) for which they are non-positive. Finally, we only use observations
that are based on actual response by firms (i.e. quality flag ‘A’, thus excluding imputations and
corrections made for statistical purposes).19

Table 4 gives the results for the OLS regression of firm-level productivity on the various competition
measures. The results are again reported separately for the indicators based on firm-data and those
that are calculated on the macro data. In addition, regressions by industry have been conducted
(naturally only for those indicators that vary by firm). The main conclusion from the regressions by
industry is that, although there is some variation in the magnitudes of the coefficients, there is not
much heterogeneity among industries. Signs and significance are almost always the same.

' Some additional restrictions are made for the regressions with respect the PCM and the LINC. For
the PCM, we also exclude observations where the PCM is larger than 1. For the LINC we exclude
observations with labour costs higher than the production value, or when the LINC is larger than 4 in
absolute value. (These observations are also excluded from the aggregated competition indicators
based on micro data.)
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Table 4 Relationships between micro mfp-change and indicators of competition.

contemporaneous 1-year lagged

Indicator eiri)ge?ed coeff. s.e.  coeff. s.e.
Based on microdata

Profit elasticity + -0.37 (0.11 0.54" (0.11)
Profit elasticity (change) + -0.46  (0.08 0.25" (0.09)
c4 - 0.34 (2.44) -2.85 (2.47)
C4 (change) - 409 (2.66) -2.21 (2.83)
Herfindahl - -11.15  (3.75) -8.57 (4.37)
Herfindahl (change) - -8.28 (5.10) -16.57" (5.36)
Labour income + -6.60 (0.14 0.09" (0.01)
Labour income (change) + -0.14"  (0.01 0.01 (0.01)
Price cost margin - 30.02 (0.52) -24.57" (0.48)
Price cost margin (change) - 11561 (0.35) -31.27" (0.82)
Export quote + -0.23 (0.18 0.03 (0.18)
Export quote (change) + -0.47 (0.35 1.23"7 (0.38)
Based on macrodata

Labour income + 337 (0.76 0.86 (0.73)
Labour income (change) + 165 (0.64) -0.82 (0.67)
Price cost margin - -2141 (38.777 -0.75 (3.70)
Price cost margin (change) - -27°00 (3.89 8.97 (4.09)
Export quote + 1.32  (2.28 4.74" (2.00)
Export quote (change) + -6.45 (2.58) -0.43 (2.67)
Import quote + 1.20  (2.52 4.90 (2.24)
Import quote (change) + -604 (2.73) -1.51 (2.88)

® This is the expected sign according to the hymshéhat more competition leads to a
higher productivity. Thus, if a higher value of amlicator indicates stronger competition
(e.g. in case of the PCM), the expected sign istipes Likewise, if a lower value of an
indicator indicates stronger competition (e.g.hie tase of the Herfindahl) the expected sign
is negative.

Significance levels: = .10,” =.05,”" = .01.

3.2.2.1 Results for micro data indicators

In line with the macro results, what is striking about the contemporaneous effects of the indicators
calculated on micro data is that most signs are opposite to what is expected, the only exception being
the Herfindahl index. Looking at the results for the lagged variables in the right panel of table 4, we
see that — again in accordance to the macro-regressions — almost all signs of the competition
indicators are reversed with respect to the contemporaneous effects. Thus, all signs are in line with
the expected sign according to the hypothesis that competition improves productivity (the exception
being the C4 indicator, which is the only one for which the level as well as the difference has an
insignificant effect). The Herfindahl index remains to have the correct sign. This is somewhat
surprising since the Herfindahl index had an unexpected positive contemporaneous effect in the
macro regressions, and was the only indicator not to change sign when using the lags. Thus, this
result is one of the few instances where we find contradicting micro and macro results.
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The fact that we find a positive effect of lagged competition on productivity, as well as a reversal of
signs when using lags, for such various indicators, shows that the effect is quite robust. In addition,
most findings are consistent between both the micro and macro regressions. In some cases, like for
the PE, we find significant effects in the micro regressions but not for macro. This may be due to the
fact that industry data hides a lot of heterogeneity at the firm level, which possibly deters the
identification of an effect at the macro level. This shows the value of using micro data to explain macro
phenomena.

3.2.2.2 Results for the macro data indicators

The results for the regression of micro mfp-growth on the macro-indicators of competition are reported
in the bottom panel of table 4. The most remarkable result from these regressions is that, contrary to
the macro-macro and micro-micro results, the contemporaneous effects for the LINC as well as the
PCM have the expected sign. This finding holds also true when the aggregated micro data indicators
are used. The fact that these results are different from those from the regressions on the micro-
counterparts of these indicators, is in line with the low correlation between the indicators at both
aggregation levels given in table 2. This is an indication that due to heterogeneity at the firm-level, the
industry-level indicators are not representative for the degree of competition a firm experiences.
Indeed, the export quotes based on both the micro and macro data have a stronger correlation, and
we see that this indicator does have the same sign as in the micro-micro regression. But why do we
find these low correlations between the micro and macro LINC and PCM? And why are the signs of
the relation with productivity reversed?

We suspect that the explanation of this result lies in the role of small versus large firms. On the left-
hand side of the equation, we have firm-level mfp-growth. Each firm has equal weight in the
regressions. On the right-hand side, however, firm-level values are aggregated for the macro-
indicator, so that large firms play a bigger role than small firms. It can be hypothesized that the degree
of competition a small firm experiences is not the same as that experienced by larger firms. For
example, larger firms may be primarily competing against each other, while smaller firms operate
locally or in market niches that are less affected by competition. When linking micro to macro in this
case there is thus the risk that the productivity growth of small firms is being related to a competition
indicator that is largely determined by large firms. In addition, since we are looking at mfp-growth, we
only have continuing firms at the left-hand side. On the right-hand side, however, all firms are included
in the indicator. This may also lead to a distortion, since the productivity growth of continuing firms is
related to the competition as experienced by both continuing firms as well as those who have entered
or exited. The productivity of continuing firm is likely to be higher, while competition is likely to be felt
more intensely by exiters. So the positive effect of competition may be inflated due to this issue. All in
all, our results indicate that one should be cautious with interpreting correlations between micro-level
productivity and aggregate measures of competition.

4. Conclusions and future research
4.1 Summary of conclusions

In this paper we have looked at various indicators for competition, and related these to multi-factor
productivity change. This was done both at the industry- and firm-level. The analysis was restricted to
the manufacturing industry and the period 1995-2005. The most important conclusions are:

— Regressions of productivity growth on contemporaneous values for the competition indicators
reveal a negative effect of competition on productivity growth. This effect is reversed when a time-
lag in the relation between competition and productivity is introduced. We find this for both the
micro and macro regressions, and this result is robust across most of the indicators. This finding
indicates that firms first experience a negative effect of competition, while in subsequent periods
productivity is increased. A possible explanation is that firms need time to adjust, e.g. through
investment in R&D or by making necessary adjustments in the production process, which may first
have a disruptive effect but lead to productivity gains in later periods;

— High correlations between similar aggregated micro (based on PS data) and macro indicators
(based on the NA) point at consistency of micro and macro data. In general, micro indicators
follow the pattern of the equivalent macro indicator quite closely. Moreover, as mentioned above,
the regression results relating productivity growth at both aggregation levels to similar competition
indicators calculated from micro and macro data are largely consistent;
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— Firm-level regressions by industry do not show many differences in the outcomes per industry.
There is some heterogeneity in the magnitude of the effect of competition on productivity growth,
but there is almost no heterogeneity in the direction or significance of the relationships;

- Low correlations between micro-level indicators and similar macro indicators point at
heterogeneity at the firm level, possibly due to differences in small and large firms;

- Relating firm-level productivity growth to industry-level competition indicators gives a distorted
picture, possibly due to the effect of large firms on the aggregated indicators;

We find only weak effects for the effect of international competition on productivity growth.

4.2 Limitations and future research

This study has an explorative nature. We have looked at simple correlations and linear regressions.
The relation between firm performance and competition is likely to be far more complicated than what
has been investigated here. In particular, various other variables have an impact on productivity
growth, thus it would be an interesting exercise to investigate the impact of competition when also
controlling for these other factors. In addition, other variables may interact with competition, and the
impact of competition on productivity growth may also run via these interactions For instance, Van der
Wiel et al. 2008 show that there is a larger catch-up effect of firms that are not on the technological
frontier when competition is stronger. Moreover, an important part of the effect of competition may run
via its effect on R&D.

The analysis was limited to manufacturing industries to facilitate the comparison of micro and macro
data and because in general the level of international competition is higher for the manufacturing
industry than for services. Since the share of the services industry in gross domestic product is much
larger than the share of the manufacturing industry it would also be interesting to investigate the
effects of competition on productivity for services. As services industries are more domestically
oriented than manufacturing industries, the set of competition indicators should then be limited to a
smaller set of indicators excluding export and import measures of competition. Analysing the effects of
different indicators of competition on productivity for manufacturing and services industries would give
a more complete view on these relationships for the total economy. However, measures for the
volume change of production in the services sector tend to be less well established than for
manufacturing.

In terms of econometrics, we controlled for the endogeneity of competition by replacing
contemporaneous values with lags. Estimation methods like Instrumental Variables and the
Generalized Method of Moments are alternatives to take account of this. The use of these methods
could shed light on the issue whether there is truly a timing effect or whether the results are driven by
an endogeneity problem.

Although we analyzed a substantial set of indicators related to (relative) profitability, market
concentration and international competition, we did not include institutional measures of competition.
Future research may include institutional measures such as (changes in) the liberalization of markets,
international trade quota, employment protection or merger restrictions and patent protection
mechanisms. Including these measures may show to what extent government policies have affected
market structures and firm performance. An advantage of this type of measures is that, since they are
imposed from outside the market, they can be treated as exogenous.

Finally, this study was limited to the use of a single dependent variable, productivity change, which is
the volume component of the change in profitability. It would also be interesting to investigate the
effects of competition on the price component of profitability, as it is more difficult for companies to
raise prices and margins in the face of strong competition. Despite the positive effects of competition
on productivity, firms’ profitability may therefore decrease due to lower margins. This would also
provide evidence for the appropriateness of profit based competition indicators. Moreover, the effect of
competition on other performance variables as firm size and employment are worth investigating.
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