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Motivation
A number of well-documented macro-trends: 

• Increase in mark-ups (De Loecker and Eeckhout, 2017and 2018; De Loecker et al., 2019; Hall, 2018)

• Increase in concentration (Autor et al., 2019; Bessen, 2017; Gutiérrez and Philippon 2017, 2018; Bajgar et al., 
2019; Bauer and Boussard, 2019)

• Declining business dynamism (Akcigit and Ates, 2019; Decker et al., 2017)

• Decline in labour shares (Autor et al., 2017 and 2019; Barkai, 2019; Cette et al., 2019; Panon, 2019)

• Increase in profit dispersion (Barkai, 2019; Bessen, 2017)

• Productivity slowdown and divergence (Andrews et al., 2016; Berlingieri et al., 2017)

All of them point to a polarisation of the business environment over time.

However:

• The evidence is mostly on the U.S., and on listed firms. 

• Very little is known about the underlying causes.



Contribution
1. Identify trends in firm-level mark-ups for private firms over a large set of 

countries since the 2000s.

2. Link these trends to: 

• Digital intensity

• The importance of intangible assets

and investigate the importance of fixed costs in explaining these links.

3. Explore two competing explanations:

• Openness to trade

• Exposure to product market regulation

4. Look at the correlation between mark-ups and a different measure of 
market power, concentration.



Preview of the main results

• Increase in mark-ups over time, mainly driven by firms in the top half of the 
mark-up distribution.

• Mark-ups are higher in digital-intensive industries, and more so now than at the 
beginning of the 2000s.

• The intangible components of the digital transformation, and specifically software 
investment intensity and patent stock intensity, matter above all others for mark-
up dynamics.

• The contribution of intangible assets to mark-up growth is not entirely explained 
by the industry’s fixed-cost structure, openness to trade or exposure to product 
market regulation.

• Results are robust when accounting for the positive correlation between mark-
ups and concentration. 



Related literature
On mark-ups: 

Hall (2018), De Loecker and Eeckhout (2017, 2018), De Loecker et al. (2019), De 
Loecker and Warzynski (2012), Diez et al. (2018).

On different measures of market power: 

Autor et al. (2017, 2019), Bessen (2017), Gutierrez and Philippon (2017, 2018), 
Bajgar et al. (2019), Grullon et al. (2019), Bauer and Boussard (2019).

On the link between changes in business dynamics and investment in 
intangible assets: 

Crouzet and Eberly (2019), Bessen (2017), Aghion et al. (2019), Brynjolfsson et 
al. (2008), Lashkari et al. (2019), De Ridder (2019).



Data

 Mean Median SD N. of obs. 

Real Gross Output (‘000) 51,100 11,800 401,000 2,285,584 

Real Value Added (‘000) 13,300 2,994 136,000 2,285,584 

Real Intermediates (‘000)  27,200 5,548 187,000 2,285,584 

Number of employees 177 50 1,295 2,285,584 

Real Capital Stock (‘000) 21,500 1,937 374,000 2,285,584 

 

Novel dataset, combining:

• Orbis firm-level data:

• 25 countries (AUS, AUT, BEL, BGR, DEU, DNK, ESP, EST, FIN, FRA, GBR, HUN, IDN, IND, IRL, ITA, JPN, KOR, 
LUX, NLD, PRT, ROU, SVN, SWE, USA)

• Period 2001-2014

• Manufacturing and non-financial market service sectors

• Only firms with more than 20 employees

• Consolidated accounts

• Firm-level patent applications belonging to IP5 patent families, since 1985 from PatStat

Indicators of interest: i) Stock of granted patents; ii) Citation-weighted stock of granted patents.



Data
• OECD synthetic indicator of the digital intensity of industries (Calvino et al., 2018)

Indicators of interest: i) “digital intensive” industries;  ii) “top-digital intensive” industries

+ its multiple dimensions:

• Investment in tangibles: ICT investment intensity + Intermediates ICT goods

• Investment in intangibles: Software investment intensity + ICT human capital intensity

• Market access: E-sales intensity + Presence in the online market

• Purchase of ICT services input: Intermediates ICT services

• Other sources:

• Trade openness indicators (from the OECD Inter-Country Input-Output matrix)

• Product Market Regulation (PMR) in electricity, gas, telecom, post and air, rail and road 

transports, retail and professional services (Gal and Hijzen, 2016)

• Concentration: C4 and C8 (Bajgar et al. 2019)



Mark-up estimation 
De Loecker & Warzynski (2012) methodology: 

Ƹ𝜇𝑖𝑡 =
𝑂𝐸𝑖𝑡
෩𝐼𝑆𝑖𝑡

Intuition: in perfect competition input shares = output elasticities,  Solow (1957)

We need to assume:

• Each firm is cost-minimising

• One fully flexible input  we use intermediates

• Specification of the production function  we use: 

• industry-specific Cobb Douglas with 3 inputs (K, L, M)

• industry-specific Translog with 3 inputs (K, L, M)

estimated elasticity of output 
with respect to intermediates

cost of intermediates as a 
share of the firms revenue



Rising mark-ups
Average of firm log mark-up: growth 2001-2014

Note: Unconditional averages of firm-level log mark-ups, for all firms in the manufacturing and non-financial market service sectors included in the sample. The figure plots log
mark-ups and indexes the 2001 level to 0, hence the vertical axes represent log-differences from the starting year which, given the magnitudes, approximates well for growth
rates.



Dynamics pushed by the top

Cobb-Douglas

Note: Unconditional averages of firm-level log mark-ups in the chosen part of the distribution of mark-ups. Deciles of the distribution are defined relative to the rest of the firms in
each 2-digit industry-year. All firms in the manufacturing and non-financial market service sectors included in the sample. The figures plots log mark-ups and indexes the 2001
level to 0, hence the vertical axes represent log-differences from the starting year.

Translog

• Deciles of the mark-up distribution in each 2-digit industry-year
• Dynamics not due to a particular country 

Log Mark-up growth over time (2001-2014) in different parts of the distribution



Empirical framework (I): mark-ups and digital intensity 

Our estimating regression :

where:
• ln(𝜇)𝑖,𝑗,𝑡 is the log mark-up of firm i, in industry j, at time t, where t is one

of the years in T= {(2001-2003); (2013-15)}

• 𝐷𝑖𝑔𝐼𝑛𝑑𝑗,𝑇 is the Digital Intensity dummy (=1 if the industry is above 
median, or in top quartile of the ranking)

• 𝑿′
𝒊,𝒋,𝒕−𝟏 = {K intensity; Age}

• 𝜌𝑐,𝑡 are country-year FE

, , 0 1 , , ,ln( )i j t j T c,t i j tDigInd u       i,j,t-1X' β



Mark-ups are higher in digital intensive industries

Average percentage differences in mark-ups, digital vs less digital sectors (Cobb-Douglas)

Note: The graphs report the estimates of a pooled OLS regression explaining firm log mark-ups in the period, keeping into account firm’s capital intensity, age, and country-year of
operation, as well as a dummy variable with value 1 if the industry of operation is digital intensive vs less intensive (specifications on the left in the graph), or if the industry of
operation is among the top 25% of digital intensive industries vs. not (specifications on the right in the graph). Estimates of mark-ups assuming a Cobb Douglas production
function. Standard errors are clustered at the firm level. All coefficients are significant at the 1% confidence level. The graph reports exp(ෞ𝛼1)-1.

Robustness checks:

• Using Translog-mark-up

• Using MFP as control

• Fixing digital at initial period

• Clustering errors at industry-country

• Services vs. manufacturing

• Only surviving firms

• Excluding particular countries  (e.g. US)

• G20 vs. non-G20 countries



Empirical framework (II): the role of digital tech and 
intangibles
To investigate which features of technology are driving the positive  correlation between mark-ups and 
digitalisation:

ln(𝜇)𝑖,𝑗,𝑡 = 𝛼0 + 𝑿′𝒊,𝒋,𝒕−𝟏𝜷 + 𝒁′𝒋,𝒕−𝟏𝜹 + 𝜌𝑐,𝑡 + 𝛾𝑖 + 𝑢𝑖,𝑗,𝑡 ,

where:

• 𝛾𝑖is firm fixed effect

• 𝒁′𝒋,𝒕−𝟏 stands for different correlates of mark-ups at the industry-country level (dimensions of 
digitalisation, trade openness, PMR, etc.).

Moreover, we compute fixed costs as in De Ridder (2019), and then aggregate them at the country-
industry level in 3 ways:

• the average of estimated fixed costs in the top quartile of the distribution in each country-industry

• the average of estimated fixed costs in each country-industry

• the average of estimated fixed costs within each country-industry excluding the one to which the 
firm belongs



The intangible components of digital matter above 
all others

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

ICT human K intensity (t-1) 0.020 
     

0.022* 
  

0.021 0.021 

 (0.012) 
     

(0.013) 
  

(0.014) (0.014) 

Software investment intensity (t-1) 
 

0.012*** 
    

0.012*** 
  

0.012*** 0.012*** 

 
 

(0.004) 
    

(0.003) 
  

(0.003) (0.003) 

Interm. ICT services intensity (t-1) 
  

0.001 
   

0.000 
  

0.001 0.001 

 
  

(0.002) 
   

(0.002) 
  

(0.002) (0.002) 

E-sales intensity (t-1) 
   

0.003*** 
  

-0.001 
  

-0.001 -0.001 

 
   

(0.001) 
  

(0.001) 
  

(0.001) (0.001) 

Intermediate ICT goods intensity (t-1) 
    

0.003 
 

0.001 
  

0.001 0.001 

 
    

(0.002) 
 

(0.002) 
  

(0.001) (0.001) 

ICT tangible invest. intensity (t-1) 
     

0.001 0.002 
  

0.002 0.002 

 
     

(0.002) (0.001) 
  

(0.002) (0.002) 

Patent stock intensity (granted) (t-1) 
       

0.001** 
 

0.001** 
 

 
       

(0.000) 
 

(0.000) 
 

Patent stock intensity (cit) (t-1) 
        

0.001** 
 

0.001** 

 
        

(0.000) 
 

(0.000) 

 
           

Observations 1,223,383 1,223,383 1,223,383 1,145,523 1,096,231 1,223,383 1,028,771 910,852 910,852 766,346 766,346 

R-squared 0.949 0.949 0.949 0.951 0.948 0.949 0.950 0.955 0.955 0.957 0.957 

Controls age, K 

intensity 
age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity 

Fixed effects firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

firm,  

cou-year 

Cluster  ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou ind-cou 

 

Different components of the digital intensity



The positive correlation between mark-ups and intangibles 
is not explained by fixed costs

 (1) (2) (3) (4) (5) (6) 

       

ICT human K intensity (t-1)  0.012  0.015  0.016 

  (0.012)  (0.012)  (0.012) 

Software investment intensity (t-1)  0.014***  0.012***  0.014*** 

  (0.003)  (0.003)  (0.003) 

Patent stock intensity (cit) (t-1)  0.001**  0.001**  0.001** 

  (0.000)  (0.000)  (0.000) 

Fixed cost, mean of top quartile (t-1) 0.040*** 0.040***     

 (0.006) (0.006)     

Fixed cost, industry mean (t-1)   0.058*** 0.056***   

   (0.008) (0.008)   

Fixed cost, other countries industry mean (t-1)     0.020** 0.018** 

     (0.008) (0.008) 

       

Observations 744,104 744,104 744,089 744,089 744,104 744,104 

R-squared 0.959 0.959 0.959 0.959 0.959 0.959 

Controls age, K 

intensity 

age, K 

intensity 

age, K 

intensity 

age, K 

intensity 

age, K 

intensity 

age, K 

intensity 

Fixed effects firm, country-

year 

firm, country-

year 

firm, country-

year 

firm, country-

year 

firm, country-

year 

firm, country-

year 

Cluster industry-

country 

industry-

country 

industry-

country 

industry-

country 

industry-

country 

industry-

country 

 

The importance of fixed costs



The positive correlation between mark-ups and 
intangibles is not explained by openness to trade

 (1) (2) (3) (4) 

ICT human K intensity (t-1) 
 

0.017 0.014 0.016 

  
(0.012) (0.012) (0.012) 

Software invest. intensity (t-1) 
 

0.014*** 0.014*** 0.012*** 

  
(0.003) (0.003) (0.003) 

Patent stock intensity (cit) (t-1) 
 

0.001** 0.001** 0.001** 

  
(0.000) (0.000) (0.000) 

Fixed cost, mean of top quartile (t-1) 
  

0.039*** 
 

   
(0.006) 

 
Fixed cost, industry mean (t-1) 

   
0.056*** 

    
(0.008) 

Openness intensity (t-1) -0.005*** -0.006*** -0.005*** -0.005*** 

 
(0.002) (0.002) (0.002) (0.002) 

     
Observations 744,104 744,104 744,104 744,089 

R-squared 0.959 0.959 0.959 0.959 

Controls age, K intensity age, K intensity age, K intensity age, K intensity 

Fixed effects firm, cou-year firm, cou-year firm,  cou-year firm, cou-year 

Cluster  ind-cou ind-cou ind-cou ind-cou 

 

Mark-ups and international competition



The positive correlation between mark-ups and intangibles 
is not explained by exposure to PMR

 (1) (2) (3) (4) 

ICT human K intensity (t-1) 
 

0.019 0.015 0.015 

 
 

(0.013) (0.013) (0.013) 

Software investment intensity (t-1) 
 

0.015*** 0.014*** 0.014*** 

 
 

(0.003) (0.003) (0.003) 

Patent stock intensity (cit) (t-1) 
 

0.001** 0.001** 0.001** 

 
 

(0.000) (0.000) (0.000) 

Fixed cost, mean of top quartile (t-1) 
  

0.039*** 0.037*** 

 
  

(0.005) (0.006) 

Upstream PMR (t-1) -0.023*** -0.024*** -0.023*** -0.062*** 

 (0.008) (0.008) (0.007) (0.022) 

PMR dummy#ICT human K intensity (t-1) 
   

0.037 

 
   

(0.043) 

PMR dummy#Software investment intensity (t-1) 
   

-0.008 

 
   

(0.005) 

PMR dummy#Patent stock intensity (cit) (t-1) 
   

-0.001 

 
   

(0.002) 

PMR dummy#Fixed cost, mean of top quartile (t-1) 
   

0.003 

 
   

(0.008) 

PMR dummy#Upstream PMR (t-1) 
   

0.040** 

 
   

(0.019) 

 
    

Observations 744,104 744,104 744,104 744,104 

R-squared 0.959 0.959 0.959 0.959 

Controls age, K intensity age, K intensity age, K intensity age, K intensity 

Fixed effects firm, cou-year firm, cou-year firm, cou-year firm, cou-year 

Cluster industry-country industry-country industry-country industry-country 

 

Mark-ups and product market regulation



The positive correlation between mark-ups and intangibles 
is not explained by concentration

 (1) (2) (3) (4) (5) 

 
     

ICT human K intensity (t-1) 0.020 
 

0.020 0.017 0.021 

 
(0.016) 

 
(0.016) (0.016) (0.015) 

Software investment intensity (t-1) 0.014*** 
 

0.014*** 0.012*** 0.012*** 

 
(0.004) 

 
(0.004) (0.004) (0.004) 

Patent stock intensity (cit) (t-1) 0.001** 
 

0.001** 0.001** 0.001** 

 
(0.001) 

 
(0.001) (0.001) (0.001) 

Fixed cost, mean of top quartile (t-1) 
   

0.031*** 
 

    
(0.004) 

 
Fixed cost, industry mean (t-1) 

    
0.039*** 

     
(0.004) 

C8 (country-industry) 
 

0.015** 0.015** 0.013** 0.013** 

  
(0.007) (0.006) (0.006) (0.006) 

Squared C8 (country-industry) 
 

-0.013*** -0.013** -0.012*** -0.012*** 

  
(0.005) (0.005) (0.004) (0.004) 

 
     

Observations 505,851 505,851 505,851 505,851 505,848 

R-squared 0.951 0.951 0.951 0.951 0.951 

Controls age, K intensity age, K intensity age, K intensity age, K intensity age, K intensity 

Fixed effects firm, country-year firm, country-year firm, country-year firm, country-year firm, country-year 

Cluster industry-country industry-country industry-country industry-country industry-country 

 

Mark-ups and concentration



Robustness checks

The correlation of mark-ups with software investment intensity and 
patents is robust to the inclusion of:

• MFP

• Size

• R&D intensity

• All tech variables 

• Definition of trade in final-goods only



Conclusions

• Average mark-ups are increasing over time, and driven by firms at the top 

of the mark-up distribution.

• Mark-ups are higher in digital intensive industries than in less digitally 

intensive ones, and that the gap has increased over time.

• The positive correlation between mark-ups and digital intensity is mainly 

driven by the intangible component of the digital transformation, e.g., 

software investment intensity and patent stock intensity.

• Although there is a positive correlation between fixed costs and mark-ups, 

the contribution of intangible assets to firms’ mark-up growth does not 

only stem from these firms’ cost structure.



Conclusions

• Concentration, as well as the degree of openness to trade and the 
exposure to product market regulation are all significantly correlated 
to mark-ups, suggesting that they all play a role in explaining 
variations in mark-ups.

• However, the positive correlations of mark-ups with software 
investment intensity and patent stock intensity is not entirely 
explained by any of them.

• Overall, all our results confirm the existence of a mark-up premium 
for firms operating in industries characterised by high digital and 
intangible intensity.



THANK YOU!

sara.calligaris@oecd.org
chiara.criscuolo@oecd.org
luca.marcolin@oecd.org

mailto:sara.calligaris@oecd.org
mailto:chiara.criscuolo@oecd.org
mailto:luca.marcolin@oecd.org

