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Abstract
The European Union (EU) faces challenges such as an ageing population, migratory
pressures, geopolitical vulnerabilities, and climate change, highlighting the need to
enhance its ability to do more with less. This paper examines the drivers of EU labour
productivity before and after the 2007 financial crisis, across goods and services sectors,
tangible and intangible assets, and Information and Communication Technologies (ICT)
and non-ICT tangibles. Using the EUKLEMS 2022 dataset for 14 EU countries and the
UK from 1995-2019 and growth regression analysis, we find that Research & Innovation
(R&I) is crucial for productivity growth. Labour productivity in the goods sector benefits
most from non-ICT tangible assets, while in the service sector, it benefits more from the
non-R&D intangibles software, training, and organisational capital. On the other hand,
training and ICT tangibles became more important drivers of labor productivity growth
after the economic crisis. We argue that the productivity gap between the EU and the
United States is largely due to insufficient investment in non-R&D intangibles like
software, training, and organizational capital.
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Introduction

• The EU faces challenges for its competitiveness: an ageing population which puts pressure on
the European social model, and migratory pressures, fueled by geopolitical unrest and climate-
change induced natural disaster.

• Productivity growth becomes increasingly relevant to address these challenges, particularly in
the service sector, where there exists a significant untapped potential compared to its
transatlantic counterpart, the United States.

• This paper seeks to dissect and understand the multifaceted drivers behind EU labour
productivity, offering insights into the pathways through which the EU can bolster its labour
productivity growth.

• The paper explores the evolution over time of the contribution of different intangible assets
(software, R&D, training, organisational capital), and tangible (ICT tangible and non-ICT
tangible) towards labour productivity growth across the EU.
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Literature Review

• There has been a slowdown in LPG in both the EA and the US from 1950 to 2022 (EC 2024).

• Potential reasons for this include low rates of technological adoption, with a few leading firms

advancing the technological frontier, due to superiority in firm-specific human and organisational

capital (Pilat 2005; Arvanitis 2004; Maliranta and Rouvinen 2004, EC 2022).

• EU faces a growing productivity gap with the US, due to i) a middle-technology trap (Fuest, C, et al.

2024), ii) a structural and intrinsic difference in R&D investment (Draghi 2024), iii) and differences

in how the EU and the US manage their intangible assets (Van Ark et al. 2008).

• Many cross-country sectoral econometric analyses on intangible capital and LPG present mixed

results (Roth and Thum 2013, Roth 2020, 2024, Corrado et al. 2016, Adarov and Stehrer 2019) due

to differences in research design, methodology and datasets (see here Roth 2024, 2025).

• We contribute to the above mentioned literature, by i) introducing a novel model specification and

targeting four distinct intangibles, ii) expanding our sample to include the EU14+UK from 1995 to

2019, and iii) distinguishing between a before and after the 2008 economic crisis sample.
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Model Specification

We use the following Model specification:

where (ln 𝑞𝑐,𝑗,𝑡 − ln 𝑞𝑐,𝑗,𝑡−1) is labour productivity growth, (ln𝑘𝑖𝑐𝑡𝑐,𝑗,𝑡−ln𝑘𝑖𝑐𝑡𝑐,𝑗,𝑡−1) is tangible ICT capital,

(ln𝑘𝑛𝑖𝑐𝑡𝑐,𝑗,𝑡−ln𝑘𝑛𝑖𝑐𝑡𝑐,𝑗,𝑡−1) is tangible non-ICT capital, (𝑙𝑛𝑟𝑑𝑐,𝑗,𝑡−𝑙𝑛𝑟𝑑𝑐,𝑗,𝑡−1) is research and development, (𝑙𝑛𝑠𝑜𝑐,𝑗,𝑡−𝑙𝑛𝑠𝑜𝑐,𝑗,𝑡−1) is

software and databases (𝑙𝑛𝑜𝑐𝑐,𝑗,𝑡−𝑙𝑛𝑜𝑐𝑐,𝑗,𝑡−1) is organizational capital and (𝑙𝑛𝑡𝑟𝑐,𝑗,𝑡−𝑙𝑛𝑡𝑟𝑐,𝑗,𝑡−1) vocational training services growth, c

captures a constant, 𝐻𝑐,𝑡resembles Human Capital and captures the innovation capacity, 𝐻𝑐,𝑡
(𝑞𝑚𝑎𝑥.𝑡 − 𝑞𝑐,𝑡)

𝑞𝑐,𝑡
represents a catch-up term, the

term (1 − 𝑢𝑟𝑐,𝑡) resembles 1-unemployment rate and accounts for business cycles and 𝑋𝑖,𝑐,𝑡 refers to control variables i that might affect

TFP growth in a country at time t. µ𝑡 are time-fixed effects. 𝑢𝑐,𝑗,𝑡 is the error term.
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Data

This paper uses the most recent harmonized EUKLEMS/INTANProd 2022 data (Bontadini et al. 2023):

• Labour productivity growth is measured as real value added at con. 2015 prices divided by labour,

which is measured as total hours worked by the number of people employed.

• Tangible ICT capital includes computing equipment (IT) and communications equipment (CT).

• Tangible Non-ICT capital includes transport equipment (TraEq), other machinery and equipment

(OMach), and total non-residential investment (OCon).

• Intangible capital includes NA-intangibles: Computer Software and Research and Development and

non-NA intangibles, but important complementary investment: Organizational Capital and Training.

• Analysis approximates human capital as educational attainment at the upper-secondary level and

business cycles as the unemployment rate subtracted from one. The data are obtained from Eurostat.
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Research Design

• 14 EU-27 countries (Austria, Czech Rep., Denmark, Finland, France, Germany, Italy, Latvia, Lithuania,

Netherlands, Slovakia, Slovenia, Spain, Sweden) and the UK over 1995-2019.

• Market economy sectors: Agriculture, forestry, and fishing (A); Mining and quarrying (B); Total

manufacturing (C); Electricity, gas, steam and air conditioning supply (D); Water supply; sewerage;

waste management and remediation activities (E); Construction (F); Wholesale and retail trade (G);

Transportation and storage (H); Accommodation and food service activities (I); Information and

communication (J); Financial and insurance activities (K); Professional, scientific and technical

activities (M), Administrative and support service activities (N); Arts, entertainment, and recreation

(R); and Other service activities (S).

• Paper differentiates between the goods-producing (A-F) and market service sectors (G-K, M-N, R-S).
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Descriptive Results
Figure 1. Business Capital Investment Rates, EU14 + UK, 1995-2019
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Sources: Author’s own estimation based on the EU KLEMS 202 dataset (Bontadini et al. 2023). Notes: Investment rates are in percentage of VA and are obtained by

dividing tangible and intangible investments by total value added in the business sector, excluding real estate. Investment rates represent time averages for each country.

ICT= Information and Communication Technologies. R&D = Research and Development. OrgCap = Organisational Capital.

Reference: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in 

International Economics No. 19, University of Hamburg.



Descriptive Results
Figure 2. Business Capital Investment Rates across broad sectors, EU14 + UK, 1995-2019
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Sources: Author’s own estimation based on the EU KLEMS 2022 dataset (Bontadini et al. 2023). Notes: Investment rates are in percentage of VA and are obtained by

dividing capital investments by the total value added of sectors. Investment rates represent average values across countries and years from 1995-2019. ICT= Information

and Communication Technologies. R&D = Research and Development. OrgCap = Organisational Capital.

Reference: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in 

International Economics No. 19, University of Hamburg.



Figure A1. Business Capital Investment Rates across sub-sectors, EU14 + UK, 1995-2019
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Sources: Author’s own estimation based on the EU KLEMS 2022 dataset (Bontadini et al. 2023). Notes: Investment rates are in percentage of VA and are obtained by

dividing capital investments by the total value added of sectors. Investment rates represent average values across countries and years from 1995-2019. ICT= Information

and Communication Technologies. R&D = Research and Development. OrgCap = Organisational Capital.

Source: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in

International Economics No. 19, University of Hamburg.

Descriptive Results



Descriptive Results
Figure 3. Cross-country sectoral growth accounting results across broad sectors, EU14 + UK, 1995-2019
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Sources: Author’s own estimation based on the EU KLEMS 2022 dataset (Bontadini et al. 2023) and Eurostat. Notes: The figure is based upon the econometric results of

regressions 1-3 in Table 1. ICT=Information and Communication technology. R&D=Research and Development. OrgCap=Organisational Capital. TFP= Total Factor

Productivity.

Reference: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in 

International Economics No. 19, University of Hamburg.



Descriptive Results
Figure 4. Cross-country sectoral growth accounting results across individual countries, Market Economy, 

EU-14 + UK, 1995-2019.
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Sources: Author’s own estimation based on the EU KLEMS 2022 dataset (Bontadini et al. 2023) and Eurostat. Notes: The figure is based upon the econometric results of

regressions 1 in Table 1. ICT=Information and Communication Technology. R&D=Research and Development. OrgCap=Organisational Capital. TFP= Total Factor

Productivity.

Reference: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in

International Economics No. 19, University of Hamburg.



Econometric Results
Table 1. Tangibles, Intangibles and Labor Productivity Growth, System GMM Estimation at the Sectoral Level, EU 

14 + UK, 1995-2019
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Sources: Authors' own estimations based on the EU KLEMS 2022 dataset (Bontadini et al.

2023) and Eurostat. Notes: ***p < 0.01, **p < 0.05, *p < 0.1. Numbers in parentheses are t-

ratios. Time dummies are included in every specification. Specification choices include the

usage of a collapsed instrument set, orthogonal deviations, small-sample corrections, two-

step estimation, and Windmeijr-corrected cluster-robust errors.

Reference: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of

Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in

International Economics No. 19, University of Hamburg.



Econometric Results
Table B1. Tangibles, Intangibles and Labor Productivity Growth, Fixed-Effects Estimation at the Sectoral 

Level, EU 14 + UK, 1995-2019
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Sources: Authors' own estimations based on the EU KLEMS 2022 dataset

(Bontadini et al. 2023) and Eurostat. Notes: ***p < 0.01, **p < 0.05, *p <

0.1. Numbers in parentheses are t-ratios. Time dummies are included in

every specification.

Source: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical

Role of Intangible Assets in EU Labour Productivity Growth. Hamburg

Discussion Paper in International Economics No. 19, University of

Hamburg.



Econometric Results
Table B2. Tangibles, Intangibles and Labor Productivity Growth, Fixed-Effects Estimation, Manufacturing Sector, 

EU 14 + UK and EU9 + UK, 1995-2019
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Sources: Authors' own estimations based on the EU KLEMS 2022

dataset (Bontadini et al. 2023) and Eurostat. Notes: ***p < 0.01,

**p < 0.05, *p < 0.1. Numbers in parentheses are t-ratios. Time

dummies are included in every specification.

Manuf.=Manufacturing. D.=Digits. Tech.=Technology.

Med.=Medium.

Source: Roth, F. and Mitra, A. (2024). EU Competitiveness: The

Critical Role of Intangible Assets in EU Labour Productivity

Growth. Hamburg Discussion Paper in International Economics

No. 19, University of Hamburg.



Discussion
• First, we find that non-ICT investments of tangible capital (transport equipment, other machinery,

and non-residential assets) are crucial determinants for productivity in the goods-producing sector. In

line with Roth (2024) this suggests that tangible investments plays a primary role in the goods-prod.

sector.

• Second, we find that LPG in the service sector benefits most from the non-R&D intangibles software,

training, and organisational capital. In the case of training and ICT capital, such findings are driven

by the period after the economic crisis. Organizational capital impacted LPG throughout the 25 years

of analysis. Such results align with Brynjolfsson et al.'s (2019, 2021) findings.

• Third, once we combine the results from Van Ark et al (2008) with our above econometric results, we

conclude that the LPG gap between the EU and the United States is strongly due to insufficient

investment in non-R&D intangibles like software, training, and organisational capital.

• Fourth, we find that in line with the arguments provided by Draghi (2024) R&D investments in AI are

important to close the LP gap between EU and the US, in particular in the European high-tech sector.
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Conclusion
• We find an instrumental role of Research & Innovation (R&I) in enhancing EU’s LPG. In the goods

sector, productivity growth is driven by non-ICT tangible assets. In the service sector, the non-R&D

intangibles, software, training, and organisational capital are the contributors to LPG. Notably, the

importance of training and ICT tangibles as drivers of productivity growth increases following the

economic crisis, indicating a shift in the factors influencing productivity in the post-crisis period.

• We argue that the productivity gap between the EU and the United States can be largely attributable

to the EU's insufficient investment in non-R&D intangibles such as software, training, and

organisational capital. Addressing this gap is crucial for the EU to enhance its economic

competitiveness and sustain its socio-economic model.

• To close this productivity gap the EU should prioritise investments that offer the highest added

value per euro spent. The analysis suggests that investments in R&I, including organisational

capital, training, software and ICT tangibles will be most effective. This approach is crucial for the

EU to achieve its economic goals, maintain fiscal sustainability, and implement the Green Deal.
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Thank you for your attention

Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of 

Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper 

in International Economics No. 19, University of Hamburg.

is available at:

https://www.econstor.eu/handle/10419/306282
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Appendix A
Table A1. Summary Statistics
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Sources: Author’s own estimation based on the EU KLEMS 2022 dataset (Bontadini et al. 2023) and Eurostat.

Source: Roth, F. and Mitra, A. (2024). EU Competitiveness: The Critical Role of Intangible Assets in EU Labour Productivity Growth. Hamburg Discussion Paper in

International Economics No. 19, University of Hamburg.


