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EXECUTIVE SUMMARY 

After the failed merger of Alstom and Siemens – the two giants of Europe´s railway manufactur-
ing sector – the French and the German governments presented a manifesto with a set of radical 
proposals designed to reshape EU industrial and competition policy. In an article addressed to all 
European citizens, the President of France, Emmanuel Macron, urged for reform of EU competi-
tion policy, to protect Europe from foreign competition1. MEP Guy Verhofstadt, the leader of the 
European liberals, supports similar claims that Europeans cannot compete with Chinese or Ameri-
can firms2. One of the Franco-German suggestions would empower the European Council to veto 
European Commission decisions on competition policy. French and German Ministers argue that 
Europe´s competitiveness in manufacturing is in decline. Somehow weakening EU competition 
policy, the manifesto claims, will strengthen Europe´s competitiveness. This argument is wrong. 
To be competitive, European firms need more not less competition. Measures to promote market 
competition in Europe should be at the front and centre of any future industrial policy. Unfortu-
nately, the evidence shows that market competition in Europe is not rising but declining. 

Since the beginning of the financial crisis, market concentration has been growing in most EU 
member states. Many service and manufacturing industries are supplied by a handful of firms and 
market concentration is getting worse year on year. But rising market concentration is just one of 
the symptoms of a less competitive Europe. Markets show signs of a decline in business churn and 
a high and persistent level of market power. Tourism, legal and accounting, and advertising show 
some of the highest margins across countries. Over time, the auto, chemicals, and construction 
industries have experienced the fastest growth in markups. 

So, what is it stopping new companies from entering these markets? One reason is that markups 
are not necessarily equal to profits. While markups might be increasing, fixed costs could be eat-
ing away at any potential profit. These fixed costs could be in traditional capital investment or 
in intangible capital such as investing in advertising, adopting the latest technology or acquiring 
the skills to comply with the latest regulation. Our econometric analysis suggests, however, that 
higher markups are associated with higher profits which in turn shows that fixed costs alone cannot 
explain the rise in margins. 

Digitalisation and technology are the usual suspects behind this rise in market concentration. They 
have allowed companies to expand and capture new markets rapidly. But if technology is the pri-
mary cause behind market concentration, then productivity would be soaring, and this is not the 
case. In some industries, Europe´s labour productivity has not increased since 2001. 

A crucial factor sheltering incumbents from competition is the restrictiveness of regulation. By 
imposing compliance costs, regulation can be used as a tool to protect incumbents from competi-
tion. This has profound implications. If political rent-seeking like lobbying for a change of regula-
tion which has the effect of protecting firms from competition is more profitable than competing 
in innovation, the culture of a company will shift away from innovation and towards politics. 

Regulatory barriers have a direct impact on competition. And therefore, any change in competition 
policy should take account of the level of regulatory restrictiveness in each sector. Our econometric 
analysis suggests that higher levels of regulation are associated with higher levels of market concen-
tration and market power. 

1  Macron, E. (2019, March 4). Dear Europe, Brexit is a lesson for all of us: it’s time for renewal. The Guardian.
2  Verhofstadt, G. (2019, 1 March). Europe’s Missing Champions. Project Syndicate. 
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European markets are not as open to competition as it is sometimes claimed. The need for Euro-
pean champions is dubious when markets like railway are so regulated that getting in is nearly 
impossible. The economic analysis also highlights that market concentration, market power and 
the profitability of the incumbent dangerously reinforce each other. Protected by barriers to entry, 
firms can merge and use any market power to raise markups and enjoy larger profits. Promoting 
European champions, without any regard to the regulatory context and the contestability of the 
markets in which firms operate, bears the risk of solidifying businesses structures, dismantling the 
competitive pressure that is still left in Europe´s economy. 

Competition is not the curse but the cure to Europe’s competitiveness. Any industrial policy that 
is really fit for the 21st century should have the promotion of competition at its core. Market 
competition provides the most efficient firms with the resources needed to grow, and it encourages 
companies to use the latest technology to maintain their competitiveness. This process results in 
a more productive and innovative Europe. More competition, rather than less, will incentivise 
European firms to continue striving for innovation, produce new goods and services at better 
quality and lower prices, to the benefit of consumers and firms. Ultimately, this is the true source 
of European competitiveness. 
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1. INTRODUCTION

Europe, it is often said, needs European Champions – companies that can compete on global 
markets at a time when Big is Beautiful and the big industrial brands are growing into behemoths. 
The French and German governments have launched a joint manifesto for a new industrial policy 
in Europe, and they call for a series of new policies, chiefly among them a revamp of competition 
policy which includes the possibility of the European Council to override the European Com-
mission in merger-review cases3. The idea that EU competition policy needs to be reformed has 
started to get traction with even liberal politicians supporting such a change4 with competition 
policy featuring in President Macron´s call to European citizens5. Obviously, their case for changes 
to competition policy comes hard on the heels of the European Commission’s rejection of the rail 
merger between Alstom and Siemens. Even if the manifesto includes some ideas which may be 
worth exploring, it is worrying that the two most powerful governments in the EU are rushing to 
reinvent industrial policies that verifiably failed in the past. It is equally troubling that they take 
their cue from a view of current markets, concentration and firm power that is profoundly wrong. 
Market competition in Europe is on the decline and has been for decades. Just like in the United 
States, the power of individual or small groups of firms to dominate certain markets has grown 
remarkably over the past decades, not least because of scores of new regulations that have raised the 
barriers to entry.

Take the railway sector as an example. Following the debate after the rail-merger failure, the impres-
sion of some seems to be that the railway sector (like many other European industries) operates 
under conditions of cut-throat competition. Moreover, there seems to be growing support for 
the notion that we are all (producers and consumers alike) at risk of being bulldozed by Chinese 
firms – propped up by Beijing – stealing market shares from Europeans in Europe. However, this 
is a misleading view. In the first place, market barriers have been pretty good at preventing Chinese 
firms from entering the European railway market. And, second, the reality is that Alstom and Sie-
mens are by far the main rail players in Europe. 

If the Franco-German manifesto was inspired by the failed rail merger, then it is really time to 
start worrying. Revealingly, both companies have argued that they already control their entire 
national markets and, therefore, that competition after the merger will not worsen6. Quite so. This 
Freudian slip describes the sector pretty accurately: the main international markets in the railway 
sector have significant barriers to competition. Import penetration in the railway supply industry is 
unreasonably low across Europe, Japan, Korea, China, and the US (ECORYS, 2013). If anything, 
there should be measures taken to improve the degree of competition and reduce the power of 
incumbents. 

Railway is not the only sector where a few companies supply most of the market. In Europe7, the 
ten largest companies control, on average, more than 80% of the market in postal, air transport, 
broadcasting, telecommunication, and water transport of each national market. And, as this paper 
will show, the degree of market concentration has increased over the years. While this was expected 
due to market consolidation during the recession, the number of firms exiting the market has not 

3  A Franco-German Manifesto for a European industrial policy fit for the 21st Century. This document can be accessed at: 
https://www.gouvernement.fr/en/a-franco-german-manifesto-for-a-european-industrial-policy-fit-for-the-21st-century

4  Verhofstadt, G. (2019, 1 March). Europe’s Missing Champions. Project Syndicate.
5  Macron, E. (2019, March 4). Dear Europe, Brexit is a lesson for all of us: it’s time for renewal. The Guardian.
6  Financial Times (2019, February 6). The blunders that derailed European train merger. This article can be accessed at: https://

www.ft.com/content/c8a0e064-2a23-11e9-a5ab-ff8ef2b976c7

7  EU countries included are Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Italy, Latvia, Poland, Portugal, 
Romania, Slovenia, and Spain representing 69% of EU GDP.

https://www.gouvernement.fr/en/a-franco-german-manifesto-for-a-european-industrial-policy-fit-for-the-21st-century
https://www.ft.com/content/c8a0e064-2a23-11e9-a5ab-ff8ef2b976c7
https://www.ft.com/content/c8a0e064-2a23-11e9-a5ab-ff8ef2b976c7
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been matched by new companies coming in. The decline in business churn is yet another symptom 
of the fall in economic and business dynamism in Europe. And the weakening in competition has 
not been unnoticed. Businesses, in manufacturing and in services, have been able to harness market 
power and raise their markups – at the expense of consumers. The answer to this problem is clear: 
Europe’s market needs more competition, not less. 

Cutting regulation is critical to improving competition. This paper will demonstrate that regu-
latory barriers to entry can be so formidable that they suppress any competitive pressure from 
markets. Incumbents are willing to put up and even favour mounting regulation if that prevents 
competition. Our analysis suggests that the restrictiveness of regulation and the decline of market 
competition are clearly linked. Besides, growing market concentration unleashes greater incum-
bent´s markups and profits that reinforces the trend of higher market concentration. 

As markets are becoming more regulated, policy-makers in Europe cannot ignore the impact of 
regulation on competition policy. If they take account of it, they may arrive at strikingly different 
conclusions to those of their French and German counterparts. Market competition in Europe is 
in decline, and regulatory barriers contribute to growing levels of market concentration and mar-
ket power by sheltering incumbents from competition. In this context, any proposal designed to 
weaken competition policy in Europe is destined to solidify business structures at the detriment of 
economic growth, innovation, and prosperity. 

Section two provides a picture of the state of market competition in Europe at member state and 
industry level. The analysis shows that market competition in Europe is declining. Section three 
explores the role of regulation explaining this decline in market competition. It presents the lack of 
progress in the liberalisation of the economy in Europe and it estimates econometrically the impact 
of regulation on market concentration and market power. 

2. A BIGGER SHARE OF THE PIE: 
EVIDENCE OF RISING MARKET CONCENTRATION IN THE EU

Every course on Economics 101 starts with a presentation of the economy which resembles the 
way a first-year medical student studies the human body. As doctors first learn how the human 
body works without illnesses, economists study the economy with no unemployment, no market 
failures, and perfect competition. In reality, however, economies do suffer from long-term unem-
ployment, experience positive and negative externalities, and markets range from being perfectly 
competitive to completely monopolistic. 

Competition, like regular exercise, is good for the health of the market economy. The healing 
properties of competition work in two ways: first, competition leads to the exit of inefficient firms 
as companies strive to offer products of better quality and lower prices. This process supports the 
allocation of labour and capital to the companies which are successful, which in turn has positive 
effects on the overall productivity. Secondly, competition encourages innovation as firms look for 
ways to offer new and better products at lower costs. 

Market concentration is not necessarily a problem in itself. Competition could be fearsome even 
with a few players. If consumers are willing to shop around and barriers to entry are low, compe-
tition will thrive. However, in addition to growing market concentration, markups, which are the 
difference between the cost of the product and the price paid by consumers, have also been rising. 
Still, it is not the level of markups which is concerning, as firms could charge higher prices because 
they produce better products; it is the persistence of these markups that is worrying. 

The evidence that market power is on the rise and markets have become more concentrated is 
broad and compelling. De Loecker and Eeckhout (2018) show that the average global markup has 
gone up from 1.1. in 1980 to around 1.6 in 2016. Similarly, the IMF (2018) found evidence of 
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increasing market power across a broad base of industries and countries with markups in Europe 
rising since 2000. The OECD (2018) has also noticed the growth in markups over the period 
driven by firms at the top of the markup distribution. In the US, the Economist magazine reported 
that two-thirds of the 900-odd sectors covered by America’s five-yearly economic census became 
more concentrated between 1997 and 2012. In addition, some studies have presented evidence of 
market concentration in individual industries such as agriculture, hospitals, wireless and the loan 
and deposit markets8. 

The lack of competition can be seen by the declining speed at which new firms enter markets, 
and old companies fade away. Take for instance the difference between new businesses and those 
closing, referred to as business churn and shown in Figure 2.1. The trend is clear. Business churn in 
Europe is in decline. Even though market consolidation after the economic crisis can explain some 
of this decline, the current rate at which new businesses have been created and old ones foreclose 
is far from the levels before 2008. If the economic crisis was the reason behind the fall in business 
churn, economic dynamism should have recovered following the improvement in the economy. 
The fall in economic dynamism is a phenomenon that spans beyond Europe. In the US, there has 
also been a long-term decline in business churn9. Business churn impacts market concentration 
and economic growth in two ways. First, new companies tend to offer goods and services at a price 
closer to the marginal cost, reducing the average markup in the economy. Secondly, new entrants 
that manage to stay in the market tend to have higher productivity than the old companies which 
exist the industry. 

FIGURE 2.1: BUSINESS CHURN IN EUROPE
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Source: Eurostat, authors’ calculations. 
Note: EU comprises Austria, Belgium, Bulgaria, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hun-
gary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands, Portugal, Romania, Slovakia, Slovenia, Spain, Swe-
den, and the United Kingdom,

8  Congressional Research Service (2010) shows that market concentration increased in eight of the nine agricultural industries 
it tracks. Fuglie et al. (2012) finds an increase in market concentration among agricultural supply industries. Vogt and Town 
(2006) find that hospital HHI increased by 47% between 1990 and 2003. A study by the FCC (2014) finds wireless HHIs 
increasing from under 2,700 in 2008 to over 3,000 in 2013. Corbae and D’Erasmo (2013) document an increase in concen-
tration of the loan market share and deposit market share of U.S. banks between 1976 and 2010.

9  Draghi, M. (2017, March 13). Moving to the Frontier: Promoting the Diffusion of Innovation. The European Central Bank. This 
document can be accessed at: https://www.ecb.europa.eu/press/key/date/2017/html/sp170313_1.en.html

https://www.ecb.europa.eu/press/key/date/2017/html/sp170313_1.en.html
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If markups are increasing, companies will normally try to enter markets where incumbents are 
enjoying higher margins. However, the opposite is occurring. Europe is experiencing more market 
consolidation and lower rates of business churn. 

One possible reason for why businesses are not entering these markets could be because markups 
are not necessarily equal to profits. While markups might be increasing, fixed costs could be eating 
away at any potential profit. These fixed costs, however, do not necessarily have to be in tradi-
tional capital investments, such as machinery, but could be in intangible capital. Brand loyalty, 
advertising, or the ability to comply with the latest regulation requires long-term investments. 
For instance, as a share of the variable cost, US firm’s spending on marketing and management 
has increased from 12% in 1950 to 22% in 2016 (Traina, 2018). These investments in intangible 
capital improve efficiency and facilitate economies of scale, but some of them - such as the ability 
of firms to manage red tape - are often barriers to entry for new firms.

Barriers to entry and market concentration reinforce each other. A fall in firm entry rates leads to 
higher concentration and incumbent’s profits. This windfall provides an advantage to incumbents 
who can use these profits to raise entry barriers, leading to even lower rates of new firms entering 
the market10. These barriers can take multiple forms. They may come as a result of developments 
within markets or be imposed by regulation which raises the cost of market entry. 

One usual suspect behind the increase in market concentration is technology. Digitalisation has 
allowed companies to expand and capture new markets rapidly, in a way that has not been possible 
before. This is particularly true in digital services where marginal costs are close to zero. Without a 
trade-off between cost and quality, any digital product which is marginally better than its compet-
itor will gain most of the market share. Network effects, which are also a fundamental feature of 
the digital economy, are another force behind market concentration. When services benefit from 
network externalities more customers use these services, so the more valuable they become. Strong 
network effects make a product less substitutable and increase the opportunity cost of switching 
to a competitor. 

Technology and networks effects are positive developments for consumers. We enjoy products at 
lower costs and benefit from the interactions and inputs from the people in our networks. Better 
technology and more innovation push up productivity growth which makes us all better off. How-
ever, if innovation were the driving force behind market concentration, labour productivity would 
grow considerably, as incumbents, using new technologies to their advantage would become more 
efficient. And even if firms at the technology frontier are enjoying this productivity boost as a result 
of more substantial investments in technology, there are no productivity gains across the economy. 
As it is shown in the supplementary Annex accompanying this paper, in some European sectors 
labour productivity has not increased since 200111. 

But it is regulatory barriers that are the focus of this study. These barriers represent a fixed cost 
which deters new entrants. Even though every company in the market bears the cost of higher 
regulation, incumbents are better suited to adapt and influence current and future regulatory costs. 
Technology and regulation can also be seen as complementary factors behind the rise in market 
concentration. Even if firms get a step ahead because of innovation or better management practices, 
they can use these rents to lobby regulators and raise regulatory barriers. 

Most of the debate on market concentration and market power has been focussed on the US 
economy. There, researchers have unveiled growing evidence of higher market concentration which 

10  In the extreme case of monopoly, only one company will supply the entire market, producing less output at a higher price. 
Moreover, since monopolists know that higher levels of production would reduce their profits, investment will also fall.

11  National consolidation to build the capacity required to compete internationally and the increases in merger and acquisitions, 
particularly in the US, have also been pointed out as other possible explanations behind the rise in market concentration. 
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impacts economic growth, investment, and inequality. (Grullon et al., 2017 and 2018; Furman 
and Orszag, 2015 and 2018; Bessen, 2016; Gutierrez and Philippon, 2017). This paper aims to 
begin this conversation in Europe, by presenting new evidence of growing market concentration 
and market power in EU countries at a time where the rules underpinning competition policy are 
being put into question. 

The next section looks first at the EU countries with the highest levels of market power and those 
that have experienced the most significant changes in market concentration over time. Secondly, 
market concentration and market power are assessed at the industry level. 

Market concentration is measured using the Herfindahl-Hirschman Index (HHI) and the mar-
ket share of the ten largest firms by turnover (C10). Market power is measured using the level of 
markup. If a firm can set prices significantly above costs, it means that it has the confidence that 
such higher prices will not harm its profits, which indicates market power12. Markups are proxied 
by the price-cost margin, which is defined as turnover minus cost over turnover. 

The data on market concentration and market power used in this paper has been gathered by 
the Competitiveness Network (CompNet). CompNet was set up by the EU system of Central 
Banks and collects firm-level data from member states on competition, productivity, labour, trade, 
and finance13. This section presents data for Austria, Belgium, Czech Republic, Estonia, Finland, 
France, Germany, Italy, Latvia, Lithuania, Poland, Portugal, Romania, Slovakia, Slovenia, and 
Spain14. These 16 countries represent 70% of EU GDP. 

2.1. Market Concentration and Market Power in Europe: A Country Level Analysis 

Market concentration has been increasing in most of the EU member states for which data is 
available. Since the beginning of the financial crisis of 2008, all countries but Poland show a rise in 
market concentration (HHI), with the greatest increases in percentage terms registered in Estonia, 
Czech Republic, Austria, Finland, and Spain. Between 2008 and 2012, the ten largest companies 
by turnover have captured an increasing share of the market in 1215 out of the 16 member states 
included in the analysis. 

In relation to market power, the countries where firms are charging the highest markups were the 
Czech Republic, Austria and Germany. These countries show the most substantial markups in 
2012 and throughout the period (2001-2012). Nonetheless, between 2008 and 2012, the average 
level of markup in the economy fell by 8%. In nine member states (Belgium, Finland, France, Italy, 
Latvia, Poland, Portugal, Romania, and Spain) there was a fall in markups while in five (Austria, 
Czech Republic, Estonia, Germany, and Slovenia) member states have seen firms increasing their 
margins. 

The fall in markups and the increase in market concentration in many European countries can be 
explained as a result of the market consolidation that many markets underwent after the financial 
crisis. Pressured by a fall in demand, many firms have had to reduce their commercial margins or 
merge with their competitors in order to survive. 

12  Price cost margins may also reflect product quality and efficiency in addition to or rather than pure market power
13  Additional information on the CompNet dataset can be accessed at: https://www.comp-net.org/data/. For a summary of the methodology 

and variables included in the dataset see CompNet (2016). CompNet firm-level based dataset: User guide for researchers. This document 
can be accessed at: https://www.ecb.europa.eu/home/pdf/research/CompNet/CompNet-database-user_guide-round4.pdf 

14  Country coverage varies depending on the level of aggregation and the type of indicators.
15  These countries are Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Latvia, Portugal, Romania, Slovenia, 

and Spain

https://www.comp-net.org/data/
https://www.ecb.europa.eu/home/pdf/research/CompNet/CompNet-database-user_guide-round4.pdf 
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Even though average markups have fallen since 2008, the distribution of these markups has followed 
a different trend. Since the beginning of the 2000s, firms at the top of the markup distribution 
have seen their margins growing faster than firms at the bottom. Figure 2.2 below shows the rising 
level of the inter-quartile price-cost margin, which registers the difference between the markups 
charged by firms at the top third and the bottom first quartile16. The growth in the inter-quartile 
price margin indicates the growing inequality among firms with firms at the top charging growing 
margins as compared to those at the bottom of the markup distribution. 

FIGURE 2.2: INTER-QUARTILE PRICE-COST MARGIN 
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Source: CompNet, authors’ calculations.
Note: Weighted average by total turnover in Austria, Belgium, Estonia, Finland, France, Germany and Spain. 

2.2. Market Concentration and Market Power in Europe: An Industry Level Analysis 

Postal, air transport, telecommunications, broadcasting, and water transport are among the most 
concentrated markets in many EU countries17. These are sectors where the incumbents hold the 
majority of the market share. For example, in Germany, the ten largest companies capture more 
than 90% of the market in air transport, postal, water transport, and broadcasting. Market struc-
ture can partially explain these levels of market concentration. Industries such as postal, telecom-
munication, water and air transport are also network industries with significant sunk costs and 
prone to have few players. Yet, within the same sectors, market concentration varies widely across 
countries which implies that making these industries more competitive is possible. For example, 
market concentration (HHI) in the postal sector in France is three times higher than in Romania. 

Market concentration is substantial in many service and manufacturing industries where a healthy 
dose of competition would be expected. For example, in Germany, the ten largest companies con-
trol 75% of the information and service activities which include tasks such as data processing and 
data hosting. In Italy and Spain, the ten largest temporary employment agencies control 70% and 

16  Similar findings have been presented by Furman and Orszag (2015) for the US economy. 
17  Annex 1 presents the top-five sectors by market concentration (HHI, C10), and market power (price cost margin) in 2012 

across Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Italy, Latvia, Poland, Portugal, Romania, Slovenia, 
and Spain representing 69% of EU GDP. Individual sectors have been aggregated per country using total turnover as a weight 
to calculate the top-five sectors with the highest levels of market concentration and market power across the EU14.
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63% of the market. In Poland, tourism is the eight most concentrated sector in the economy. Sim-
ilarly, the manufacturing of beverage lays within the five most concentrated sectors (C10 & HHI) 
in Austria, Estonia, Slovenia, Finland and Romania. 

In relation to market power, the service sector contains most of the industries with the high-
est markups: tourism, legal and accounting, advertising, management consultancy, information 
activities, broadcasting, real state, and rental and leasing show some of the highest margins across 
several countries. For example, management consultancies charge the fifth highest markups in the 
Austrian economy. In Belgium, four of the five sectors with the highest markups are sectors within 
services. Legal and accounting is one of the top-five sectors with the highest markups in Finland, 
Belgium, Estonia, Portugal, and Slovenia. 

To understand the changes in market concentration and market power, it is essential to identify the 
sectors which have experienced the largest variations in market concentration and market power 
since the financial crisis (2008) to the latest year in which data is available for all the countries 
(2012). Figures 2.3, 2.4, and 2.5 below show the changes in market concentration (HHI/C10) 
and market power (pcm) for the EU14 in 2008 (x-axis) and 2012 (y-axis). The value of each sec-
tor is weighted by its total turnover which is indicated by the size of the circle. The colour of the 
circle indicates whether the level of market concentration and market power has increased (red), 
decreased (blue) or stayed relatively the same (grey). The industries with the highest levels of market 
concentration and market power are those at the top right corner18, while the red dots show the 
industries where market competition has declined over time. The supplementary Annex, which can 
be accessed as a separated document, includes the same charts for each of the analysed countries. 

In the EU14, the ten largest companies have acquired a larger market share in 66% of the sectors, 
with the most significant increases seen in land transport, video and TV production, manufactur-
ing of furniture and manufacturing of transport equipment (Figure 2.3). In relation to the HHI, 
postal, air and water transport, and the manufacturing of tobacco are outliers with very high levels 
of market concentration. In industries for which HHI is lower than 0.2, land transport, manu-
facture of computer, electronics and optical products, manufacture of vehicles, and video and TV 
production show the largest increases in market concentration (Figure 2.4). 

Regarding market power, proxied through the price-cost margin, Figure 2.5 shows that in most 
sectors margins have fallen, a result expected during a period of economic stagnation or recession. 
However, there are still a significant number of sectors (13 sectors out of 46) for which markups in 
2012 were higher than in 2008. Looking at the industries with the most significant turnover, the 
auto industry, chemicals, and construction show the highest rise in market power. 

18  These industries are also reported in Annex 1. 
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FIGURE 2.3: EU14 MARKET CONCENTRATION (MARKET SHARE OF THE TEN LARGEST FIRMS BY 

TURNOVER (C10))

Source: CompNet, authors’ calculations.
Note: EU14 comprises Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Italy, Latvia, Poland, 
Portugal, Romania, Slovenia, and Spain. The value of each sector is weighted by its total turnover which is indicated 
by the size of the circle. The colour of the circle indicates whether the level of market concentration and market 
power has increased (red), decreased (blue) or stay relatively the same (grey).

FIGURE 2.4: EU14 MARKET CONCENTRATION (HERFINDAHL-HIRSCHMAN INDEX (HHI))

Source: CompNet, authors’ calculations.
Note: EU14 comprises Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Italy, Latvia, Poland, 
Portugal, Romania, Slovenia, and Spain. The value of each sector is weighted by its total turnover which is indicated 
by the size of the circle. The colour of the circle indicates whether the level of market concentration and market 
power has increased (red), decreased (blue) or stay relatively the same (grey).
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FIGURE 2.5: EU14 MARKET POWER (PRICE COST MARGIN)

Source: CompNet, authors’ calculations.
Note: EU14 comprises Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Italy, Latvia, Poland, 
Portugal, Romania, Slovenia, and Spain. The value of each sector is weighted by its total turnover which is indicated 
by the size of the circle. The colour of the circle indicates whether the level of market concentration and market 
power has increased (red), decreased (blue) or stay relatively the same (grey).

3. REGULATION, BARRIERS TO ENTRY AND MARKET CONCENTRATION

The economic literature has put forward three broad conceptions of the role of regulation. In the 
first and more benign one, regulation is developed to fix market failures (Pigou 1920). In less 
benevolent concepts, regulators impose costs on industries for their benefit and the benefit of pol-
iticians (McChesney 1987; Djankov et al. 2002) or, as presented by Stigler19 in 1971, regulation is 
developed by the industry and is designed and operated primarily for its benefit. 

In practices, these three ways of describing how regulation works may happen simultaneously. For 
example, an environmental regulation that limits the amount of pollution emitted by a particular 
industry, reducing the negative externality resulting from the pollution, can have political objec-
tives in addition to fixing a market failure. Depending on the design of the regulation, it could also 
increase not just production costs but the cost of entry into that industry. 

Stigler´s view represents a useful starting point to understand the current rise in market concen-
tration. While regulators have to satisfy the interest of producers and consumers, producers are 
likely to win as they are better organised and possess specialised knowledge of the industry. As a 
result, incumbents can influence the political process and shape regulation in their favour (Healy 
et al., 2015). As a policy measure, regulation has a clear advantage over other forms of industrial 
support like subsidies. While subsidies encourage new entrants, regulatory barriers directly limit 
competition. 

This is important to acknowledge: regulatory barriers have a direct impact on competition. A more 
permissive competition policy in Europe will lead to a degree of market consolidation that, because 
of the regulatory barriers protecting incumbents, will be very difficult to reverse. If markets are con-
testable, i.e. with few barriers to entry, then even highly concentrated industries should behave as if 
they have many competitors (Baumol, 1982). If entry costs are high, as a result of regulatory fixed 

19  George Stigler (1971). The Theory of Economic Regulation. 
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costs or licensing requirements, firms will escape the competitive pressure of the market economy20. 
The idea that regulation can be used as a successful tool to protect incumbents from competition 
has profound implications. Not just because of the likely decrease in the quality and increase in the 
prices of the goods and services consumed but because of what it signals to businesses. If political 
rent-seeking like lobbying for a change of regulation which has the effect of protecting firms from 
competition is more profitable than competing in innovation, the culture of a company will shift 
away from innovation towards politics, at the detriment of economic growth and overall prosper-
ity. Analysis of the Italian economy demonstrates that politically connected firms are more likely 
to survive and to grow in terms of revenues and employment, although this growth in size is not 
coupled with productivity growth.21 (Akcigit, Baslandze, and Lotti, 2018). In Spain, research has 
shown that capital and labour were inefficiently allocated in the period prior to the economic crisis 
and this misallocation was particularly acute in the sectors where regulation was most prevalent 
(Garcia-Santana, et al., 2016).

3.1. Measuring Regulatory Barriers

The OECD measures a country’s regulatory stance over time using its economy-wide indicator of 
product market regulation (PMR)22. The economy-wide PMR is made of a number of sub-indica-
tors measuring state control, barriers to firms, and barriers to trade and investment. The qualitative 
information gathered by the OECD is transformed into quantitative information by assigning a 
numerical value which ranges between zero and six, where a lower value reflects a more competi-
tion-friendly regulatory stance23. 

The PMR index shows that for the EU24, more than half of all the product market liberalisation 
undertaken from 1998 to 2013 was made during the first five years. The overall PMR score fell by 
0.13 between 2008 and 2013, which is markedly less than the declines observed during earlier peri-
ods (-0.44 between 1998 and 2003 and -0.22 between 2003 and 2008). The deceleration in the 
pace of reforms might reflect that liberalisation has become harder or that countries have moved 
away from market-friendly legislation. This lack of progress is evident in some of the components 
of the overall PMR indicator, in particular, those that cover barriers to entry and exit. 

Figure 3.1 below demonstrates this clearly. It shows barriers in services, a subcomponent of admin-
istrative burdens on start-ups, and the economy-wide PMR for the EU member states in 2008 
and 2013. As can be seen, the level of barriers in services is significantly higher than for the econ-
omy-wide PMR. Besides, the progress made by member states during this period was much more 
restricted in barriers to services than for the overall index. The slope of the line joining the dots 
indicates the degree of liberalisation between periods. A 45-degree line represents no changes in the 
indexes over time. Figure 3.1 shows that the slope of the line for barriers to services is steeper and 
closer to a 45-degree line than for the overall economy-wide PMR. 

20  Another worrying feature of regulation is its growing complexity (Olson, 1982). Bessen (2016) shows that a large share 
of the rise in valuation and profits in the US can be accounted by factors associated with growing complexity of regulation.

21  This is not an isolated case. Other studies have found that corporate political activity is associated with favourable tax treat-
ment (Richter, Samphantharak, and Timmons 2009; Alexander, Mazza, and Scholz 2009), regulatory rate setting (Bonardi et 
al., 2006), tariffs (Mayda et al., 2010), government contracts (Goldman et al., 2013), and bailouts (Duchin and Sosyura 2012).

22  Additional information on the OECD PMR and the underlying data can be accessed at: http://www.oecd.org/eco/growth/
indicatorsofproductmarketregulationhomepage.htm

23  A separated Annex includes a tree-structure of the integrated product market regulation indicator.
24  EU countries included in the analysis: Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hun-

gary, Ireland, Italy, Netherlands, Poland, Portugal, Spain, Sweden, United Kingdom. The calculation of the EU PMR is a GPD 
weighted average of the member states PMRs. 

http://www.oecd.org/eco/growth/indicatorsofproductmarketregulationhomepage.htm
http://www.oecd.org/eco/growth/indicatorsofproductmarketregulationhomepage.htm
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This lack of progress in reducing barriers to entry in services has real implications. The previous sec-
tion showed a considerable level of market concentration and markups in some service industries 
across many EU member states. The high level of regulatory protection has a bearing in the decline 
in market competition and must be taken into account in any future discussion of EU industrial 
and competition policy. 

FIGURE 3.1: ECONOMY-WIDE PMR AND BARRIERS IN THE SERVICES SECTOR 
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Source: OECD. 
Note: Data available for Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 
Ireland, Italy, Netherlands, Poland, Portugal, Spain, Sweden, and the United Kingdom.

3.2. Market Concentration, Market Power, Profitability and Regulation: An Econometric 
Analysis

While regulation impacts market competition in theory, this section tests this hypothesis empiri-
cally. Our assumption is that the degree of competition in an economy is closely connected with 
regulatory barriers, particularly barriers to entry. New firms tend to draw prices closer to marginal 
costs, while the exit of less efficient firms tends to free up resources to be used by more efficient 
ones. First, by stopping this process, barriers to entry distort the reallocation of labour and capital 
from the less to the more efficient firms, which ultimately damages the overall productivity of the 
economy. Secondly, by adopting pricing strategies that hamper competition, firms are no longer 
incentivised to improve their efficiency. Even more, a lack of competitive pressure reduces the 
incentives for firms to innovate and slows down the rate at which old technologies and products 
are replaced by new ones. 

An econometric model using panel data is set up to investigate the impact of regulation on market 
competition. The objective of this analysis is not to prove a particular channel of causality but to 
highlight the significance of the relationship between regulation, market concentration, market 
power and the profitability of the incumbent. 

There is an extensive literature which associates regulatory restrictiveness with diminished dyna-
misms because of wasteful rent-seeking (Tullock 1967, Posner 1975) that creates barriers to entry 
(Olson, 1982) or diverts talents from productivity endeavours (Murphy, Shleifer, and Vishny 
1991). More recently, Gutierrez and Philippon (2017) also investigate the role of regulation in the 
growing levels of market concentration in the US economy. The authors show that US industries 
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with growing regulation experience substantial increases in concentration. De Loecker and Eeck-
hout (2018) find evidence of a strong relationship between market valuation relative to sales, which 
they use as a measure of the stock of profits, and markups. Finally, the IMF (2018) finds that profits 
and market concentration measures are positively related. 

To perform this analysis, we merge data from OECD Product Market Regulation (PMR)25 and the 
Competitiveness Research Network (CompNet) to build an unbalanced panel dataset with indi-
cators on product market regulation, market power, market concentration and profitability for 18 
EU countries which make up 72% of EU GDP. Table A4.1. in the supplementary Annex presents 
the countries and periods included in our dataset. 

3.2.1. Empirical Results

The first set of regressions explore the effect of regulation on market power, market concentration 
and profitability using fixed effects regression analysis. The regressions were run using cluster-ro-
bust standard errors at the country level. 

We estimated the following three regressions: 

The results of our fixed effect panel regression are presented in the table below: 

TABLE 3.1: REGRESSION RESULTS

 
 

(1)
Market Power  

(pcm)

(2)
Market  

Concentration (C10)

(3)
Profitability  

(Profit margin) 

Regulatory barriers  
(Economy-wide PMR) 

0.021*** 0.046** 0.031

Robust Standard error (0.006) (0.017) (0.018)

P>|t| 0.002 0.018 0.102

R2 overall 0.004 0.008 0.069

Obs 149 149 123

Note: * p<0.10; ** p<0.05; *** p<0.01.

This analysis shows that regulatory barriers are positively related to market power, market concen-
tration and profitability of the incumbent. For market power and market concentration, this asso-
ciation was found to be statistically significant. In other words, the higher the level of regulation the 
higher the markups and market concentration. A change in market regulation, however, may take 

25  The OECD PMR is published at five years intervals for the years of 1998, 2003, 2008 and 2013. The data for in-between 
years is retrieved from linear interpolation between the published values. Other studies have followed the same methodology 
to calculate the gap years. See for example Thum-Thysen and Canton (2017).
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some time to impact the economy. The same regressions were run with a one-year lag in the PMR 
index, obtaining significance results for market power and market concentration. 

It is also possible that firms, having gained market power, use the additional profits from setting 
prices above the marginal costs to persuade governments to raise regulatory barriers. A similar 
regression analysis was run but reversing the variables in the equation. The results show that higher 
levels of market power, market concentration and profits are associated with higher regulatory 
barriers in the economy. 

This empirical analysis demonstrates that market competition and regulation are intimately related. 
This is important for three reasons: first, to illustrate that the lack of progress in introducing pro-
maker reforms has had real consequences and contributed to higher levels of market concentration 
in Europe; second, to shows that if policy-makers want to make Europe more competitive, they 
need to tackle barriers to entry to make markets more contestable; and thirdly, given the power 
of regulatory barriers on competition, to illustrate that a relaxation of competition policy without 
tackling these barriers, will lead to further market concentration which is unlikely to be reversed. 
The second set of regressions explore the relationship between market power, market concentration 
and profitability. A reduction in the level of competition enables businesses to charge prices above 
marginal costs. The additional profits coming from these higher prices can be used to lobby for 
protection and further reduce competition, leading to more market concentration and enabling 
firms to subsequently increase markups and profits. 

To test this hypothesis, we estimated the following three regressions: 

Our analysis suggests that market concentration, market power and profitability are positively 
related to each other. There is evidence that market concentration and profits lead to higher 
markups and, at the same time, that markups have a positive effect on the incumbent´s profits. 
In other words, an increase in market concentration that leads to higher markups, allows firms 
to charge higher prices and gain increasing profits. And these additional profits also help firms to 
acquire additional market power26. Moreover, the significant positive relationship between markups 
and profit is in line with the findings of the IMF (2018) and suggests that fixed costs alone cannot 
explain the growth in markups. If that were the case, the coefficient between markups and profits 
would be insignificant, which it is not.

26  In the US economy Grullon et at (2018) found that even if mergers of firms in the same industry have become more profitable 
in general, the profitability is even greater in industries with higher concentration levels.
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TABLE 3.3: REGRESSION RESULTS

 
 

(4)
Market power  

(pcm)

(5)
Market power  

(pcm)

(6)
Profitability  

(profit margin)

Market concentration (HHI) 0.117***

Robust Standard error (0.021)

P>|t| 0.000

Profitability (profit margin) 0.228*

Robust Standard error (0.073)

P>|t| 0.010

Market power (pcm) 1.283***

Robust Standard error (0.263)

P>|t| 0.000

R2 overall 0.022 0.011 0.011

Obs 205 159 159

Note: * p<0.10; ** p<0.05; *** p<0.01.



18

ecipe occasional paper — no. 01/2019

4. CONCLUSION

Few EU policies have been so successful as competition. However, what was once an unshakable 
truth of the EU acqui communautaire is beginning to tremble. The Franco-German manifesto on 
the EU future industrial policy offers a window into this new thinking. The manifesto calls for a 
new division of power between the European Council and the European Commission on com-
petition policy, and a more interventionist and active role from member states on their industrial 
policies. This paper has shown that the economic diagnosis of the Franco-German manifesto is 
wrong and as a consequence its policy proposals are misguided. 

Any future industrial and competition policy reform should take account of the following findings: 

1.	� Market competition in most European countries has not increased but declined. 
Fewer firms control a higher share of the market in each industry. This process, 
which can be partly explained by the restructuring of the market following the 
2008 crisis, has been accompanied, in some sectors, by growing levels of market 
power. The decline in market competition in Europe is bad news for Euro-
pean policy-makers and for European citizens. Competition is connected with 
competitiveness: higher levels of competition have positive effects on produc-
tivity, allow for a better allocation of capital and labour and encourage firms to 
embrace new technologies. Any new industrial policy in Europe should aim at 
reversing the trend of declining market competition. 

2.	� Regulation does play a crucial role in explaining the decline in market competi-
tion in Europe. Policy efforts to make markets more contestable have flattened 
out, with virtually no progress made during recent years. This protection has 
allowed markets to become more concentrated and sustain considerable mar-
gins. The econometric analysis suggests that more stringent regulation leads to 
higher market concentration and market power.

3.	� Any change in competition policy should account for the regulatory context in 
which each firm operates. The degree of competition in a market is determined 
not just by the number of players and their market share but also by the con-
testability of the market. Without further regulatory reforms, to make markets 
more contestable, weakening competition policy will lead to further market 
concentration, squeezing consumers and firms, and crippling the economy. 
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ANNEX 1: MARKET CONCENTRATION AND MARKET POWER IN EU MEMBER STATES BY 
SECTOR

TABLE A1.1: TOP-FIVE SECTORS BY MARKET CONCENTRATION (HHI) - 2012

Austria Belgium Czech Republic Estonia Finland

Sector HHI Sector HHI Sector HHI Sector HHI Sector HHI

1 Postal 0.76 M. of leather 0.61
Water  
transport

0.59
M. of  
computer

0.69 Postal 0.60

2
Manufacture 
of beverages

0.49
Water 
transport

0.58 Postal 0.50 Postal 0.54 Air transport 0.55

3
Publishing 
activities

0.48 M. of tobacco 0.46 Air transport 0.45
M. of phar-
maceutical 
products

0.52
M. of  
computer

0.40

4
M. of phar-
maceutical 
products

0.46 Postal 0.44
Telecommu-
nications

0.36
Manufacture 
of basic 
metals

0.52
M. of phar-
maceutical 
products

0.35

5
Telecommu-
nications

0.45
Information 
service 
activities

0.25
Warehousing 
(transporta-
tion)

0.35
Manufacture 
of beverages

0.45 Broadcasting 0.31

Germany Italy Latvia Poland Portugal

Sector HHI Sector HHI Sector HHI Sector HHI Sector HHI

1 Postal 0.71 Postal 0.68
Other 
transport 
equipment

0.73 Postal 0.58 Postal 0.49

2
Air 
transport

0.69 Broadcasting 0.50
Air 
transport

0.67
Air 
transport

0.37
Air 
transport

0.43

3
Water trans-
port

0.38 M. of tobacco 0.47
M. of phar-
maceutical 
products

0.44
Motion 
picture, video 
and TV

0.14 Broadcasting 0.26

4
Telecommu-
nications

0.19
Air 
transport

0.38
Manufacture 
of basic 
metals

0.43
Telecommu-
nications

0.13
M. of  
computer

0.21

5
Legal and 
accounting

0.16
Telecommu-
nications

0.16 Postal 0.40
Manufacture 
of basic 
metals

0.11
Telecommu-
nications

0.19

 
 

Romania Slovenia Spain France EU14

Sector HHI Sector HHI Sector HHI Sector HHI Sector HHI

1
Air 
transport

0.49 Postal 0.63 M. of tobacco 0.51 Postal 0.88 Postal 0.70

2 Postal 0.26
Air 
transport

0.53 Postal 0.49
Water 
transport

0.66
Air 
transport

0.52

3 Broadcasting 0.21
M. of phar-
maceutical 
products

0.51 Broadcasting 0.44 Air transport 0.53
Water 
transport

0.38

4
Telecommu-
nications

0.17
Telecommu-
nications

0.30 Air transport 0.36
M. of motor 
vehicles

0.28 Broadcasting 0.21

5
Water 
transport

0.13
Manufacture 
of beverages

0.26
Motion 
picture, video 
and TV

0.23
Telecommu-
nications

0.19
Telecommu-
nications

0.20

Source: CompNet, authors’ calculations.
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TABLE A1.2: TOP-FIVE SECTORS BY MARKET CONCENTRATION (MARKET SHARE OF THE TEN LARG-

EST COMPANIES, C10) - 2012

Austria Belgium Czech Republic Estonia Finland

Sector C10 Sector C10 Sector C10 Sector C10 Sector C10

1
Advertising 
and market 
research

1.00 M. of tobacco 0.99
Water 
transport

1.00
Air 
transport

1.00 Air 
transport

1.00

2
Information 
service 
activities

1.00
Air 
transport

0.98 Postal 1.00
M. of phar-
maceutical 
products

1

M. of phar-
maceutical 
products

0.98

3
M. of phar-
maceutical 
products

1.00 M. of leather 0.96 Broadcasting 0.99
Water trans-
port 1.00 Broadcasting 0.96

4
Manufacture 
of wearing 
apparel

1.00
Water 
transport

0.95
Air 
transport

0.99
Manufacture 
of basic 
metals

0.99
Manufacture 
of beverages

0.96

5
Office 
administrative 
activities

1.00 Broadcasting 0.95
Telecommu-
nications

0.97
Manufacture 
of beverages

0.99 Postal 0.95

Germany Italy Latvia Poland Portugal

Sector C10 Sector C10 Sector C10 Sector C10 Sector C10

1
Air 
transport

1.00 M. of tobacco 1.00
Air 
transport

1.00 Postal 1.00
Telecommu-
nications

0.97

2 Postal 0.98 Postal 0.97
M. of phar-
maceutical 
products

1.00
Air 
transport

0.99 Postal 0.96

3
Water 
transport

0.95
Air 
transport

0.92
Other 
transport 
equipment

1.00 Broadcasting 0.90 Broadcasting 0.95

4 Broadcasting 0.94 Broadcasting 0.87
Manufacture 
of basic 
metals

0.98
Water 
transport

0.90
Air 
transport

0.92

5
M. of motor 
vehicles

0.85
Telecommu-
nications

0.87
Water 
transport

0.97
Telecommu-
nications

0.88
M. of 
computer

0.85

 
 

Romania Slovenia Spain France EU14

Sector C10 Sector C10 Sector C10 Sector C10 Sector C10

1
Air 
transport

0.96
M. of phar-
maceutical 
products

1.00 M. of tobacco 1.00 Postal 0.99 Postal 0.97

2 Broadcasting 0.93 Air transport 1.00
Air 
transport

0.97
Water
transport

0.95
Air 
transport

0.97

3 Postal 0.90
Water 
transport

0.99
Telecommu-
nications

0.94
Air 
transport

0.95 Broadcasting 0.91

4
Telecommu-
nications

0.87 Postal 0.98 Postal 0.90 Broadcasting 0.89
Telecommu-
nications

0.88

5
Manufacture 
of beverages

0.80

Manufacture 
of leather 
and related 
products

0.97 Broadcasting 0.87
M. of motor 
vehicles

0.83
Water
 transport

0.87

Source: CompNet, authors’ calculations.
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TABLE A1.3: TOP-FIVE SECTORS BY MARKET POWER (PRICE COST MARGIN) – 2012

Austria Belgium Czech Republic Estonia Finland

Sector pcm Sector pcm Sector pcm Sector pcm Sector pcm

1
Manufacture 
of beverages

0.57
Rental and 
leasing

0.34
Travel
agency

0.89
Rental and 
leasing

0.31
M. of phar-
maceutical 
products

0.39

2
Telecommu-
nications

0.53
Telecommu-
nications

0.28 Broadcasting 0.86 Real estate 0.28
Rental and 
leasing

0.27

3
Accommo-
dation

0.45 Real estate 0.26
Telecommu-
nications

0.80
Telecommu-
nications

0.22
Telecommu-
nications

0.26

4
Rental and 
leasing

0.41 Veterinary 0.24
Advertising 
and market 
research

0.78
Management 
consultancy

0.19
Legal and 
accounting

0.16

5
Management 
consultancy

0.39
Legal and 
accounting

0.23
Motion 
picture, video 
and TV

0.76
Legal and 
accounting

0.19
Office 
administrative 
activities

0.15

Germany Italy Latvia Poland Portugal

Sector pcm Sector pcm Sector pcm Sector pcm Sector pcm

1
M. of phar-
maceutical 
products

0.46
Rental and 
leasing

0.37
Employment 
activities

0.33
Rental and 
leasing

0.36
Telecommu-
nications

0.32

2
Telecommu-
nications

0.43 Real estate 0.36
Rental and 
leasing

0.31 Broadcasting 0.31
Rental and 
leasing

0.27

3
Publishing 
activities

0.36
Telecommu-
nications

0.35
M. of phar-
maceutical 
products

0.31
Telecommu-
nications

0.30
Legal and 
accounting

0.17

4
Motion 
picture, video 
and TV

0.35 M. of tobacco 0.26
Telecommu-
nications

0.31
Accommo-
dation

0.18

Manufacture 
of rubber 
and plastic 
products

0.14

5
Manufacture 
of beverages

0.35 Broadcasting 0.25 Real estate 0.31
Information 
service 
activities

0.17
Warehousing 
(transporta-
tion)

0.14

 
 

Romania Slovenia Spain France EU14

Sector pcm Sector pcm Sector pcm Sector pcm Sector pcm

1
Rental and 
leasing

0.37
Telecommu-
nications

0.28
Telecommu-
nications

0.32
M. of phar-
maceutical 
products

0.39
Rental and 
leasing

0.35

2
Telecommu-
nications

0.26
Employment 
activities

0.23 M. of tobacco 0.26
Rental and 
leasing

0.37
Telecommu-
nications

0.35

3
M. of phar-
maceutical 
products

0.21
M. of phar-
maceutical 
products

0.22 Real estate 0.25

Manufacture 
of leather 
and related 
products

0.34
M. phar-
maceutical 
products

0.30

4
Accommo-
dation

0.21
Rental and 
leasing

0.20
Rental and 
leasing

0.23
Telecommu-
nications

0.33
Motion 
picture, video 
and TV

0.22

5 Broadcasting 0.18
Legal and 
accounting

0.19
Warehousing 
(transporta-
tion)

0.23
Motion 
picture, video 
and TV

0.25
M. of 
beverages

0.21

Source: CompNet, authors’ calculation


