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Technical Progress

Stéphane Ciriani and François Jeanjean*

Competition, Technological Change and 
Productivity Gains: A Sectoral Analysis
The empirical relationship between competition intensity and the rate of productivity growth 
across 30 sectors of the French economy between 1978 and 2015 displays an inverted U-shape. 
This implies that there exists an optimal level of competition for each sector, defi ned by the price 
markup that maximises the growth rate of hourly labour productivity. As there is a signifi cant 
and strong positive correlation between optimal markups and technical progress rates in each 
sector, it follows that sectors with high technical progress require higher markups to maximise 
their labour productivity growth rate. The persistence of non-optimal markups in French sectors 
is associated with a 0.4% loss in aggregate annual labour productivity growth during the period 
(1.86%). French long-term productivity growth could have reached 2.25% had markups been 
at their optimal level. As a result, policies to foster innovation and productivity should aim at 
enabling the optimal level of markup (or market power), particularly in high-innovation sectors.

Stéphane Ciriani, Orange, Paris, France.

François Jeanjean, Orange, Paris, France.

DOI: 10.1007/s10272-020-0899-8

Recent research has produced evidence that the rela-
tionship between competition intensity and innovation is 
nonlinear and depends upon the characteristics of mar-
kets and sectors (Aghion et al., 2013; Schmutzler, 2013). 
An increase in competition intensity (equivalently, a lower 
markup over marginal cost or over the perfect competi-
tion price)1 can lead to diverging effects on innovation. In 
line with the prediction that competition above a certain 
level can discourage innovation (Aghion et al., 2005; Bouis 
and Klein, 2008), we fi rst show that in the French economy 
(30 sectors observed) over the period 1978-2015, markups 
and hourly labour productivity growth exhibit an inverted 
U-shaped relationship. We then estimate the sector-spe-
cifi c markup thresholds beyond which any further increase 

© The Author(s) 2020. Open Access: This article is distributed under the 
terms of the Creative Commons Attribution 4.0 International License 
(https://creativecommons.org/licenses/by/4.0/).

 Open Access funding provided by ZBW – Leibniz Information Centre 
for Economics.

* The views expressed do not necessarily refl ect those of the institu-
tions with which the authors are affi liated.

1 The markup also refl ects market power, as the ability of a fi rm to set 
a price above its marginal cost. It represents the difference between 
prices under imperfect and perfect competition. A higher markup im-
plies lower competition intensity. Conversely, a lower markup implies 
higher competition intensity.

in competition intensity harms labour productivity growth. 
These optimal markups are strongly correlated with the 
sector rate of technical progress and maximise the growth 
rate of labour productivity in each sector. Sectors with 
higher rates of technical progress thus have higher opti-
mal markups. Such sectors necessitate suffi ciently high 
markups to maximise their labour productivity growth. A 
long-term disconnect between actual and optimal sector 
markups would be detrimental to aggregate labour pro-
ductivity growth. Some sectors, such as digital sectors, 
are more conducive to technical progress than others and 
require higher investment and hence a higher markup to 
maximise their labour productivity growth.

Estimation strategy

The estimation strategy to demonstrate that the empiri-
cal relationship between competition (markups) and the 
rate of labour productivity growth is specifi c to each sec-
tor and can be represented by an inverted U-shaped 
curve is as follows: fi rst, actual sector markups are esti-
mated following the methodology of Roeger (1995). Sec-
ond, a nonparametric identifi cation of the relationship 
between markups and labour productivity growth rates 
provides evidence of an inverted U-shape when sectors 
are grouped according to their rate of technical progress. 
Third, we estimate an econometric model showing that 
the inverted U relationship between competition and pro-
ductivity growth is signifi cant.2 This allows the calcula-

2 We use a quadratic specifi cation in which the parameters depend on 
each sector.
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Figure 1
Hourly labour productivity growth and markups by 
sector

Source: Authors’ own elaboration.

tion of the markup that maximises the inverted U curve 
for each sector (the optimal markups). Fourth, a strong 
positive and signifi cant correlation between the optimal 
markups and the technical progress rates in each sector 
is evidenced based on our own computation of the av-
erage level of Hicks-neutral technical progress for each 
sector.3 This result suggests that a sector with a higher 
technical progress rate requires a higher optimal markup 
to maximise its own rate of labour productivity growth. 
Finally, the correlation between technical progress and 
optimal markups is used to estimate the losses in pro-
ductivity growth due to unsuitable markups in each sector 
during the whole period.

Data sample: 30 sectors of the French economy ob-
served during 1978-2015

The OECD database for structural analysis (STAN data-
base) and the French national accounts system (INSEE) 
are used to analyse 30 sectors of the French economy 
(manufacturing, energy, construction, market services 
and public administration) over the period 1978-2015.4 
The markups are estimated for each of the 30 sectors for 
seven periods with an average fi ve-year duration, which 
provides 210 estimated markups. Seven periods are con-
sidered: the 1st period (1978-1984), the 2nd period (1985-
1989), the 3rd period (1990-1994), the 4th period (1995-
1999), the 5th period (2000-2004), the 6th period (2005-
2009) and the 7th period (2010-2015). Each period’s dura-
tion derives from a trade-off between the accuracy of the 
markup estimations and the number of periods that pro-
vides the largest number of observations. Indeed, longer 
periods improve the accuracy of markup estimations but 
reduce the number of periods and thus, the number of 
observations. The compound annual growth rate of hour-
ly labour productivity is computed for each of the seven 
periods.

A nonparametric identifi cation of the markup and 
labour productivity growth rate relationship

As a fi rst approach, the relationship between competition 
and productivity growth can be represented by a scat-
ter plot of the sector markups and the compound annual 
growth rate of hourly labour productivity during the seven 
periods running from 1978 to 2015 (Figure 1). The scat-
ter plot shows 210 points (30 sectors observed during the 

3 The Hicks-neutral technical progress is derived from the markup-
adjusted Solow residual following the methodology applied in Roeger 
(1995). This methodology is also applied in Bouis and Klein (2008).

4 The price defl ator for gross fi xed capital formation for the French 
economy and the real long-term interest rate, which are used to com-
pute the cost of capital, are retrieved from the AMECO database of 
the European Commission.

seven periods), and each point on the fi gure represents 
a sector observed during each of the seven specifi c pe-
riods.

At fi rst glance, the scatter plot does not provide any ob-
vious or robust result regarding the link between com-
petition and productivity growth. However, by grouping 
sectors according to their level of technical progress, it 
appears that an inverted U-shaped relationship actually 
characterises the effect of markups on the rate of hourly 
labour productivity growth (Figure 2). This graph sug-
gests that the relationship between competition intensity 
and labour productivity growth may vary across sectors 
subject to their specifi c rate of technical progress. Hence, 
markups over marginal costs or perfect competition 
prices could be related to sector-specifi c characteristics, 
meaning that higher markups do not necessarily imply the 
existence of static monopoly rents.

Figure 2 provides a scatter plot of four smoothed moving 
averages. Each curve represents a set of sectors grouped 
according to their technical progress rate. The smoothed 
moving average is computed as follows: a point defi ned 
by markup xi and annual productivity growth 

 
yi , denoted 

(xi , yi ), is shifted to point (Xi , Yj ) following:
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with (i, j) {1, ..., n}, where n is the number of observa-
tions of a set of sectors and b is the bandwidth of the 
smoothing. We use n = 42 for the three sets with the 
highest rate of technical progress (‘High technical pro-
gress’, ‘Medium-high technical progress’ and ‘Medium-
low technical progress’) and n = 84 for the ‘Low techni-
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Figure 2
Relationship between hourly labour productivity 
growth and markup according to the level of 
technical progress

Note: ‘High technical progress’ set groups together sectors with a techni-
cal progress rate higher than 2.5%; ‘Medium-high technical progress’ set 
groups sectors with a rate between 2.5% and 1.86%; the ‘Medium-low 
technical progress’ set groups sectors with a rate between 1.86% and 
1.5%; and the ‘Low technical progress’ set groups sectors with a rate 
lower than 1.5%.

Source: Authors’ own elaboration.

cal progress’ set.5 The smoothing of the moving averages 
reduces the volatility of the observations and reveals the 
trends of the effects of markups on productivity growth. 
Each smoothed moving average exhibits an inverted U-
shape with a peak corresponding to a higher markup for 
higher technical progress. Indeed, the peak of the ‘Low 
technical progress’ set is reached for a markup close to 
1.10; the peak of the ‘Medium-low technical progress’ 
set is reached for a markup close to 1.15; the peak of the 
‘Medium-high technical progress’ set is reached for a 
markup close to 1.24; and the peak of the ‘High technical 
progress’ set is reached for a markup close to 1.34. This 
result suggests that an increase in the rate of technical 
progress in turn increases the markup level that maxim-
ises the hourly productivity growth of the sector.

Estimation of optimal sector markups

The optimal levels of markup in each of the 30 sectors 
are obtained by estimating an econometric model based 
on a quadratic function. This specifi cation allows for the 
estimation of the effect of variations in the markups on the 
rate of labour productivity growth for each sector. A dum-

5 Six sectors are represented in the three fi rst sets and 12 sectors in the 
fourth set, as in the fourth set the differences among sectors are not 
suffi cient to distinguish them into two subsets.

my variable is associated with the squared markup term, 
which allows the estimated coeffi cient to vary across sec-
tors. The following Equation (1)

CAGRprodip = c + αi di markup2
ip + β markupip + intbub + λdp + εip (1)

is estimated where i {1, 2, ..., 30} is the index of the sec-
tor, p {1, 2, ..., 7} is the index of the period, CAGRprodip is 
the compound annual growth rate of production at current 
prices of sector i, markupip is the estimated markup for 
sector i and intbub is a dummy variable that captures the 
impact of the Internet bubble, which might have affected 
the information technology sectors during the fi fth period 
(2000-2004). During the fi fth period, intbub = 1 (intbub = 
0 otherwise) for each sector in the information technology 
category, which includes ‘Computer, electronic and opti-
cal products’, ‘Publishing, audio-visual and broadcasting 
activities’, and ‘Telecommunications; IT and other infor-
mation services’. In this equation, the individual (sector) 
fi xed effects have been removed to avoid interactions with 
the dummy indicator. The term di represents the dummy 
indicator of sector i, dp is a period fi xed effect, β is the co-
effi cient of the markup that is common to all sectors, αi is 
the coeffi cient of the squared markup specifi c to sector i, 
c is a constant and εip is the residual. The optimal markup 
for sector i is then determined by the following term:

markup_maxi = - β̂ .
2αl̂

As a result, the corresponding maximum level of hourly 
productivity growth is defi ned by

CAGRprod_maxi = ĉ - β̂
 2

.
4αl̂

The results of the estimation are presented in Table 1. The 
fi rst column provides the explanatory variables; the sec-
ond column provides the estimated coeffi cients of Equa-
tion (1) with detailed sector-specifi c squared markups; 
the third column provides the associated standard error; 
the fourth column provides the optimal markup for each 
sector, calculated on the basis of the estimated markup 
coeffi cients; the fi fth column provides the associated 
standard error; the sixth column provides the annual av-
erage growth rate of maximised labour productivity; and 
the last column provides the associated standard error. 
The values of the fourth and sixth columns are calculated 
with the ‘delta method’. The estimated coeffi cient of the 
markup term is signifi cant. The estimated coeffi cients of 
the squared markup terms are signifi cant for all sectors, 
with the exception of a single sector for which the coeffi -
cient is nevertheless close to the 10% signifi cance thresh-
old. The estimated coeffi cients of the optimal markups are 
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Table 1
Estimations result: Markup and hourly labour productivity growth

Notes: Signifi cant at 1%(***), 5%(**) and 10%(*). Robust standard errors in parentheses.

Source: Authors’ own calculation.

Dependent variable: Hourly productivity growth
Explanatory variables

CAGRprod 
coeff.

Standard 
error markupmax

Standard 
error CAPRprodmax

Standard 
error

markup
markup2

0.2428** (0.0962)

Sector (OECD code)

D05T09 Mining and quarrying -0.1051*** (0.0375) 1.1546*** (0.1308) 0.0003 (0.0095)

D10T12 Food products, beverages and tobacco -0.1020*** (0.0372) 1.1902*** (0.1474) 0.0046 (0.0046)

D13T15 Textiles, wearing apparel, leather and related products -0.0816** (0.0370) 1.4874*** (0.2697) 0.0407** (0.0205)

D16T18 Wood and paper products, and printing -0.0836** (0.0371) 1.4521*** (0.2220) 0.0364*** (0.0132)

D19 Coke and refi ned petroleum products -0.0994** (0.0477) 1.2211*** (0.3729) 0.0083 (0.0411)

D20T21 Chemical and pharmaceutical products -0.0779** (0.0375) 1.5576*** (0.2424) 0.0492*** (0.0143)

D22T23 Rubber and plastics products, and other non-metallic mineral 
products

-0.0840** (0.0371) 1.4457*** (0.2043) 0.0356*** (0.0103)

D24T25 Basic metals and fabricated metal products, except machinery 
and equipment

-0.0910** (0.0370) 1.3336*** (0.1808) 0.0220*** (0.0079)

D26 Computer, electronic and optical products -0.0622 (0.0381) 1.9531*** (0.5329) 0.1032*** (0.0383)

D27 Electrical equipment -0.0853** (0.0384) 1.4234*** (0.2205) 0.0329** (0.0160)

D28 Machinery and equipment -0.0799** (0.0372) 1.5188*** (0.2477) 0.0445*** (0.0159)

D29T30 Transport equipment -0.0807** (0.0376) 1.5048*** (0.2774) 0.0428*** (0.0219)

D31T33 Furniture; other manufacturing; repair and installation of machin-
ery and equipment

-0.0770** (0.0371) 1.5756*** (0.2924) 0.0514** (0.0211)

D35 Electricity, gas, steam and air conditioning supply -0.0833** (0.0354) 1.4578*** (0.1096) 0.0371*** (0.0090)

D36T39 Water supply; sewerage, waste management and remediation 
activities

-0.1011*** (0.0381) 1.2006*** (0.1668) 0.0059 (0.0156)

D41T43 Construction -0.1057*** (0.0371) 1.1487*** (0.1571) -0.0005 (0.0056)

D45T47 Wholesale and retail trade, repair of motor vehicles and motorcy-
cles

-0.0954** (0.0371) 1.2724*** (0.1483) 0.0146*** (0.0046)

D49T53 Transportation and storage -0.0837** (0.0375) 1.4506*** (0.2184) 0.0362** (0.0143)

D55T56 Accommodation and food service activities -0.1120*** (0.0371) 1.0836*** (0.1394) -0.0083* (0.0048)

D58T60 Publishing, audiovisual and broadcasting activities -0.1054*** (0.0377) 1.1515*** (0.1368) 0.0059 (0.0056)

D61 Telecommunications -0.0691** (0.0333) 1.7579*** (0.1948) 0.0795*** (0.0112)

D62T63 IT and other information services -0.1096*** (0.0377) 1.1081*** (0.1344) 0.0006 (0.0084)

D64T66 Financial and insurance activities -0.0929** (0.0373) 1.3061*** (0.1429) 0.0187*** (0.0071)

D69T71 Legal and accounting activities; activities of head offi ces; man-
agement consultancy activities; architecture and engineering activities; 
technical testing and analysis

-0.1071*** (0.0361) 1.1337*** (0.1839) -0.0023 (0.0070)

D72 Scientifi c research and development -0.1018*** (0.0370) 1.1920*** (0.1081) 0.0048 (0.0066)

D73T75 Advertising and market research; other professional, scientifi c 
and technical activities; veterinary activities

-0.1010*** (0.0374) 1.2023*** (0.1637) 0.0061 (0.0088)

D77T82 Administrative and support service activities -0.1129*** (0.0372) 1.0750*** (0.1193) -0.0094 (0.0072)

D84T88 Public administration and defence; compulsory social security; 
education; human health and social work activities

-0.1059*** (0.0374) 1.1460*** (0.1397) -0.0008 (0.0045)

D90T93 Arts, entertainment and recreation -0.1059*** (0.0396) 1.1461*** (0.1541) -0.0008 (0.0043)

D94T96 Other service activities -0.1062*** (0.0389) 1.1427*** (0.1480) -0.0012 (0.0118)

intbub 0.0421* (0.0225)

Period fi xed effects yes

Sector fi xed effects no

Constant -0.1424** (0.0645)

R2 0.487

Observations 210
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all highly signifi cant. As a result, the estimates confi rm a 
nonlinear, inverted U-shaped relationship between com-
petition and labour productivity, which captures the actual 
rate at which technical progress is adopted in the economy.

The optimal markup is strongly correlated with the 
rate of technical progress

Figure 3 represents the correlation between the optimal 
markup and the average rate of technical progress (denot-
ed θg) for each sector.

The line indicates the linear fi t of the scatter plot. The cor-
relation coeffi cient between the sector-specifi c optimal 
markup and the rates of technical progress is 0.67, which 
is above the 1% signifi cance threshold (0.416), for the 30 
observations. The correlation between average markups 
and the technical progress rate is positive but weakly sig-
nifi cant. In other words, average markups are weakly cor-
related with technical progress, while the optimal markups 
that we calculated are strongly correlated with technical 
progress. Such a strong correlation suggests that sectors 
experiencing higher rates of technical progress require 
higher optimal markups to maximise their productivity 
growth rate.

Indeed, labour productivity growth refl ects improvements 
in production techniques, which require investment. 
Markups have two contrary effects on investment. On the 
one hand, they tend to reduce investment, in line with the 
‘escape competition’ effect. On the other hand, they tend 
to increase investment, in line with the Schumpeterian ef-
fect. The markup that maximises investment refl ects an 
underlying trade-off between those two effects in each 
sector. As the productivity impact of technical progress 

occurs through investment, a higher rate of technical pro-
gress strengthens the Schumpeterian effect more than the 
‘escape competition’ effect. As a result, the trade-off in a 
sector with a higher rate of technical progress tends to shift 
towards higher markups (Jeanjean, 2020).

Labour productivity losses due to unsuitable markups

In the previous section, we calculated the optimal markup 
for each sector. This means that when the markup is above 
or below this level, productivity growth is not reaching its 
maximum level. The gap between observed productivity 
growth and maximum productivity growth can be consid-
ered a productivity loss. To estimate the productivity losses 
for each sector in each period, it is necessary to compute, 
on the one hand, the difference in each period and for each 
sector between the actual markup and the optimal markup:

markupip = markupip - markupmaxi .

On the other hand, it is necessary to compute the differ-
ence between the hourly labour productivity growth rate 
and the maximum labour productivity growth rate, which 
is simply the difference between the hourly labour pro-
ductivity growth and the rate of productivity growth that is 
achieved when markups coincide with their optimal levels 
in each sector:

CAGRprodip = CAGRprodip - CAGRprodmaxi .

If markupmaxi is the optimal markup, one can expect that the 
fi rst difference CAGRprodip is increasing when markupip < 0 
and decreasing when markupip > 0. Hence, an increase in 
the variation rate of markups leads to a decrease in the vari-
ation rate of labour productivity. Figure 4 presents the varia-
tions in hourly labour productivity growth as a function of the 
markup over perfectly competitive prices.

The scatter plot points to the impact of the difference be-
tween the actual sector markups and the optimal markups 
on the growth rate of labour productivity. The origin point of 
the graph represents the estimated optimal markup and the 
corresponding hourly productivity growth for each sector. 
An upward or downward deviation from this optimal markup 
results in a decrease in the rate of hourly labour productivity 
growth. Equation (2) allows for an estimation of the losses 
in productivity growth caused by unsuitable markups.

CAGRprodip = c + |markupip | + β intbub + λ dp + εip (2)

The Internet bubble may have increased productiv-
ity growth in the information technology sector during the 
fi fth period (2000-2004) independently of the markup lev-
els. This effect can be corrected with the dummy variable 

Figure 3
Correlation between optimal markups and total 
productivity growth by sector

Source: Authors’ own elaboration.

Optimal markup

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

-4% -2% 0% 2% 4% 6% 8%
Rate of technical progress



ZBW – Leibniz Information Centre for Economics
197

Technical Progress

Dependent variable: 
CAGRprod
Specifi cation (1) (2) (3)

|markup| - 0.0345***
 (0.0108)

- 0.0377***
     (0.0090)

- 0.0373***
    (0.0091)

intbub - 0.0306*   
     (0.0171)

- 0.0297*   
    (0.0177) 

Period fi xed effects No No Yes

Constant 0.0013
 (0.0027)

0.0014
(0.002)

0.0037
(0.003)

R2 0.0555 0.0818 0.1782

Observations 210 210 210

intbub, introduced in Equation (1). The term markupip may 
be either positive or negative depending on the period. The 
absolute value of the difference between the actual and 
the optimal level of markup in each sector allows to anal-
sye the impact of the distance from these sector-specifi c 
optimal markups on the growth rate of labour productiv-
ity, irrespective of the sign of the difference. The equation 
is estimated for fi rst differences of the dependent variable, 
i.e. the hourly labour productivity growth rate.

The results are presented in Table 2, which provides ordi-
nary least squares estimates of Equation (2). Specifi cation 
(1) does not include the dummy variable that captures the 
effect of the Internet bubble, whereas specifi cations (2) and 
(3) include it. The coeffi cient of |markup |, as expected, 
is negative and signifi cant in all specifi cations, which con-
fi rms that hourly labour productivity growth decreases as 
soon as markups deviate from their estimated optimal lev-
els. The loss of productivity growth is estimated on aver-
age at 0.373% for a deviation of 0.1 points from the optimal 
markup. In specifi cations (2) and (3), the Internet bubble 
dummy has a positive and signifi cant coeffi cient. In sum-
mary, there exists a markup that maximises the growth rate 
of hourly labour productivity growth for each sector. Hence, 
a difference between the actual level of markups and the 
optimal markups in a given sector induces a divergence be-
tween the observed productivity growth rate and the maxi-
mum productivity growth rate. Figure 3 suggests that the 
rate of technical progress determines the potential produc-
tivity growth that could be achieved by an optimal markup, 
and Figure 4 shows that a deviation from this optimal 
markup prevents the realisation of full productivity growth.

Average annual productivity losses for each sector

Differences between actual and optimal levels of markups 
entail losses in labour productivity growth. It is possible 
to estimate the average annual labour productivity growth 
that is lost due to unsuitable markup levels in each sector 
between 1978 and 2015. First, it is necessary to compute 
the mean of the differences between observed markups 
and optimal markups. However, as these differences may 
be positive in some periods and negative in others, it is 
necessary to compute the fi rst differences in absolute val-
ues:

meanmarkupi = Σ7
p=1 |markupip | / 7 .

Second, we calculate the mean of the differences be-
tween observed productivity growth and maximum pro-
ductivity growth:

meanCAGRprodi = Σ7
p=1 CAGRprodip / 7 .

Figure 5 presents the productivity losses due to unsuit-
able markups. This graph shows that hourly labour pro-
ductivity growth decreases when the markups deviate 
from their optimal levels. The correlation between the av-
erage distance from the optimal markup and the loss of 
productivity growth is highly signifi cant. The coeffi cient 
of determination is R2 = 0.86. The impact of the produc-
tivity loss on the global economy can be estimated by 
weighting each sector by its share of the global economy.

Figure 4
Optimal markup and maximum hourly labour 
productivity growth

Source: Authors’ own elaboration.

Table 2
Check of optimal markup estimations

Notes: ***Signifi cant at 1%, **5% and *10%. Robust standard errors in 
parentheses.

Source: Authors’ own elaboration.
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Empirical results on productivity losses due to
unsuitable markups

The relationship between markups and the rate of labour 
productivity growth across 30 sectors of the French econ-
omy over the period 1978-2015 has an inverted U-shaped 
form, which implies that there is an optimal markup for each 
sector. These markups depend on the sector-specifi c rate 
of technical progress: sectors with higher rates of technical 
progress require higher markups to maximise their labour 
productivity growth. A markup that differs from its optimal 
level tends to reduce the growth rate of labour productivity.

The average annual loss of productivity growth due to un-
suitable markups in the French economy over the period 
1978-2015 is estimated at 0.4% (with an average differ-
ence of 0.152 from the optimal markup). As the average 
annual growth rate of French labour productivity was 
1.86% over the period, such growth could have reached 
2.25% had markups been at their optimal levels.

A direct policy implication is that sectors with strong tech-
nical progress should be allowed to adjust their competi-
tion intensity to their rate of technical progress. Otherwise, 
they could be prevented from achieving the full productivity 
gains derived from the adoption of technologies. In par-
ticular, digital sectors, which have high productivity growth 
rates (i.e. high technical progress), require suffi ciently high 
markups (market power) to maximise their labour produc-
tivity growth.

Public policy to enhance innovation and productivity

Public debate on competition policy is currently address-
ing concerns about how competition policies should adapt 

to the digital transformation of the economy, driven by the 
development of algorithms and data in all industries. Our 
research advocates that the assessment of competition in-
tensity should take into account the technological progress 
measured in each sector. In digital sectors, specifi cally, 
the rate of innovation is high, and the trend of productivity 
growth is essentially driven by investment in technologies 
(dynamic effi ciency) rather than price competition, which 
hinders markups above perfectly competitive prices (static 
effi ciency; Jeanjean, 2015; Houngbonon and Jeanjean, 
2016). In such sectors, higher prices do not necessarily re-
fl ect higher monopoly rents, and higher markups may re-
fl ect the expected return on risky investment in innovation 
(Ciriani and Lebourges, 2016).

Competition policies that aim at lowering prices to mar-
ginal costs (i.e. eliminating market power) could shift com-
petition intensity beyond its optimal level and thus impede 
the expected profi t margins necessary to sustain current 
and future investments in innovation. In sectors with a 
high innovation rate, investments in technologies may be 
curtailed due to markups below the optimal level. Moreo-
ver, reduced investment in technologies in these sectors 
should also have a negative impact on other sectors.
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Figure 5
Productivity losses due to unsuitable markups

Source: Authors’ own elaboration.
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