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The organisation of global value chains via supplier links and within business groups shapes
global trade and forms a major channel through which knowledge is disseminated between
countries. Global value chains are also an important channel through which economic shocks
propagate.
At the same time, knowledge seeking and knowledge protection are important determinants for
multinational companies when structuring their production processes. Contract enforcement in
general, and intellectual property rights protection in particular, are key institutions in this
regard.
Hierarchical ownership structures within business groups tend to be organised in the shape of
an inverted pyramid, with more complex tasks located closer to the headquarters in ownership
terms, facilitating stronger control. Recently, ownership structures have become ‘flatter’,
meaning business groups have pulled key operations closer to their headquarters.
New supply-chain relationships with key business partners are often accompanied by process
and product innovation, making long-term business relationships an important driver of
productivity growth. Knowledge transmission through such links not only benefits participating
companies, but also leads to spillover effects.
Import competition from high-income countries leads to investment in R&D and productivity
growth in countries that have comparative advantage in capital-intensive goods. This is not the
case for import competition from low-income countries, which instead makes companies
downsize. Import competition also makes firms focus on their core product.
To improve our understanding of this key aspect of globalisation, comparable micro-level data is
needed on firms and firm connections across multiple countries.
Trade and industrial policy can support productivity growth through global value chains by
providing the right legal environment that supports the formation of long-term business
relationships.

* The authors acknowledge funding from the European Union Horizon 2020 research and innovation programme under grant
agreement no. 822390 (MICROPROD). This work reflects only the authors' view and the European Commission’s Research
Executive Agency is not responsible for any use that may be made of the information it contains.

Introduction
Global value chains (GVCs) form the backbone of the modern global economy. Lund et al (2019)
estimated that 23 GVCs account for 69 percent of global output and 96 percent of global trade.
Consequently, these networks shape the way in which economic production is organised and
intermediate goods are traded, and also constitute one of the key channels through which knowledge
and innovation is disseminated between countries. To understand the structure of trade flows and
their contribution to productivity growth one needs to understand how businesses decide to structure
their global production networks.
GVCs distribute production across countries either through firms connected by hierarchical control
(foreign affiliates of multinational enterprises, MNEs) or through independent suppliers via contractual
relationships. As Cadestin et al (2018) argued, the global fragmentation of production is mainly driven
by MNEs.
Knowledge plays an increasingly important role in production processes, and knowledge-based
investment is crucial for productivity growth (OECD, 2013). GVCs are important in facilitating crosscountry knowledge flows, and thus ultimately contributing to productivity growth. At the same time,
the knowledge-seeking motive influences the organisation of GVCs, which in turn has an effect on who
can benefit from the knowledge flows facilitated by GVCs. Institutions that protect such knowledge
from competitors, or facilitate the outsourcing of production tasks, thus have a significant impact on
firms’ decisions about how they structure their business networks, and ultimately also on productivity.
Both through their role facilitating and shaping global trade and their function in creating and
disseminating knowledge, GVCs have for a major influence on productivity. Yet despite their
importance, our understanding is still lacking on how GVCs operate and how multinational business
groups decide to structure their production. In this paper, we explore the implications of a range of
novel approaches to GVCs for our understanding of how they affect knowledge flow and innovation,
contributing to productivity growth.
Knowledge forming the organisational structure of activities in the global economy
The organisation of economic activities through connections between firms and within firms, shapes
the flow of knowledge in the economy. Knowledge-seeking and knowledge-protecting motives play a
key role in decisions about integration or outsourcing. Supplier links serve as a major channel through
which firms can learn from each other, so it is important to study the factors that play a role in
outsourcing decisions.
As transactions involve incomplete contracts, relationship-specific investments lead to a hold-up
problem, decreasing the bargaining power of the investor and leading to underinvestment. The
transaction cost theory (Williamson, 1971) suggests that this problem is less severe if transactions
occur within the organisation. At the same time, integration induces a trade-off between increasing
coordination costs and lost gains of specialisation. The property rights theory (Hart, 1990) provides an
alternative explanation for the formation of organisational structures. It emphasises the role of asset
ownership as the power of residual decision-making in matters that are not regulated by the contract.

The hold-up problem is minimised if residual control and residual returns are connected. In both cases,
institutional quality affecting contract enforceability has an impact on outsourcing decisions.
The fragmented nature of the production process in GVCs makes these considerations especially
important. Since the efficient use and protection of knowledge requires long-term relationships, many
of these business connections can be described as relational contracts. As intangibles and knowledge
play increasingly important roles in economic activities, the non-appropriable nature of knowledge
makes the protection of intellectual property rights (IPR) a crucial factor in organisational decisions.
Bolatto et al (2019) investigated the impact on outsourcing decisions in supply chains of the quality of
institutions that protect intellectual property rights. Knowledge transmission is necessary to receive
customised inputs, but knowledge dissipation to competitors is disadvantageous to the firm. If the
knowledge intensity of inputs is high, or intellectual property rights protection is weak, the threat of
knowledge dissipation increases. Building on Antràs and Chor (2013) and Alfaro et al (2019), the theory
suggests that with complementary investments, integrating the production of an input is more likely if
intellectual property rights protection is weaker, or the relative knowledge intensity of downstream
inputs is higher. Empirical evidence using firm-level data on imported inputs and foreign affiliates of
Slovenian firms is in line with the predictions of the model. As Figure 1 shows, results also suggest that
there are different consequences for organisational decisions in value chains depending on whether
tangible (rule of law in general) or intangible (IPR protection) assets are protected.
Figure 1: (Average) Marginal effects of the quality of institutions for complements with relatively more knowledge
transmission upstream: IPRs (left) versus rule of law (right)

Note: From Bolatto et al (2019), p.56.

To understand GVCs, it is important to address business groups. These are legally independent firms
connected by hierarchical control through ownership links (Figure 2), and which function as single
economic entities. As Altomonte et al (2020) showed, many of business groups have complex
structures with numerous subsidiaries organised in multiple hierarchical layers, including multiple
cross-border connections (multinational enterprises).

Figure 2: A business group as a hierarchy of firms

Note: From Altomonte et al (2020), p. 32.

Business groups with cross-border connections play a crucial role in the global fragmentation of
production (Cadestin et al, 2018). Based on the Central European Supplier Survey, Békés et al (2019)
showed that for firms in Hungary, Romania and Slovakia, members of the same business group
accounted for a large share of foreign buyers (Figure 3).
Figure 3: How do firms find customers?

Source: Békés et al (2019), p.26. Note: The figure shows the distribution of the answers in the Central European Supplier
Survey to the question “How did the relationship start?” for key relationships (each such relationship in which the
respondent is a supplier is one observation).

Instead of looking at individual decisions about integration or outsourcing along the supply chain,
Altomonte et al (2020) considered the entire complexity of control relationships between firms.
Business groups identified from ORBIS, the global ownership database of Bureau van Dyck, generally
have the shape of an inverted pyramid, in which hierarchical levels closer to the headquarters consist
of more subsidiaries than levels further away. Tasks carried out by subsidiaries that are closer in the
hierarchy to the headquarters are also more complex than those done by remote subsidiaries, which
tend to perform more routine and less knowledge-intensive tasks (Figure 4). Similarly, hierarchically
more complex business groups tend to be more concentrated in terms of industry coverage. Both
patterns are in line with a knowledge-based theory proposed by Altomonte et al (2020), which provides

an explanation for the observed organisational structure of business groups. The trade-off Altomonte
et al’s (2020) model comes from the limited ability of the headquarters to supervise the affiliates. This
constraint makes headquarters choose between having many affiliates carrying out less complex tasks,
which are less rewarding but which also require less supervision, or fewer affiliates doing highly
complex tasks. The first corresponds to complex hierarchical structures with concentrated activities,
and the second results in flat structures with a wide range of activities. The model predicts that
business groups have a more complex hierarchy if the headquarters has higher-quality intangible
assets, is more able to transfer knowledge (lower communication costs), and if it is easier to delegate
knowledge.
Figure 4: The share of repetitive routine tasks over hierachies

Source: Altamonte et al (2020), p. 34. Note: The graph refers to 2015 data. It shows the coefficients and 95% confidence
intervals obtained from a regression of the hierarchical level on the routinizability index (measuring the share of repetitive
routine tasks), controlling for parent fixed effects and subsidiary country fixed effects, plus robust standard errors. Note
also that level = 8 represents business groups with at least 8 hierarchical levels.

There is some evidence that knowledge also plays a role in current business group restructuring trends.
Altomonte et al (2022) looked at the evolution of business groups’ hierarchical structures over time.
They found that there is a tendency for incumbent business groups to become more skewed (less
pyramidal) over time, and to get closer to the headquarters’ core knowledge, while among new
entrants, many are smaller and less skewed. Additionally, the relationship between skewedness and
productivity shows an inverted U-shape (Figure 5): productivity in very extended or too-skewed
business groups tends to be lower than in the middle. This pattern is in line with the hypothesis that
intellectual property rights are important drivers of the restructuring of global value chains, and
keeping knowledge close to the parent company is becoming increasingly important. As risks have
become more prevalent because of the COVID-19 pandemic, these tendencies are also seen in current
reshoring trends.

Figure 5: Productivity and skewedness

Source: Altomonte et al (2022). Note: The graph shows a scatter plot of the residuals of the partition regression of skewness
and a proxy of productivity (ie log(1+turnover per employee) on some controls of interest: ln(tax rate), ln(current GDP p.c.,
ln(population), ln(rule of law), GUO fixed effects. The data consists of all the groups for which it is available the consolidated
turnover per employee and it is grouped in 20 equally sized bins.

Combining the previous two approaches, we can contrast global ownership and trade networks. Both
can be important not only in the transmission of knowledge but also for the transmission of shocks. As
Fontagné and Santoni (2021) showed, global demand shocks are indeed transmitted through trade
networks, and ownership-networks are the main mediators of this transmission. Firms in industries
and regions that are connected through overlapping networks experience an effect that is twice as
great as those that are not. The effect experienced by firms that operate in industries and regions
directly connected through FDI networks is three times larger. However, firms that are not directly
affected also experience an indirect effect: one third of the impact of a demand shock is indirect
through regions and networks.
Knowledge flows in GVCs
While knowledge plays an important role in the organisation of global value chains, GVCs also serve as
an important source of knowledge for connected firms, facilitating productivity growth. This
productivity growth can be the result of newly introduced technology, adopted new production
processes and efficient business practices, or other innovations which – as Békés et al (2019) showed
– are a key part of the most important supplier-buyer relationships. Importantly, GVCs not only help
to promote the adoption of efficient business practices and new technologies by firms supplying them,
but these also lead to spillovers outside the network (Taglioni and Winkler, 2016), as suppliers can use
the obtained knowledge as a base for further innovations and in their other business relationships.
In line with these patterns, using a multi-country survey covering central-eastern Europe on supplier
connections between firms, Békés et al (2019) showed that members of business groups that sell to
companies in the same business group are more productive. For Hungary’s automotive industry, the
findings of Bisztray (2021) suggest that firms supplying automotive MNEs are more productive and
have higher levels of intangible capital than other firms in the same industry. At the same time, a
positive correlation between firm productivity and GVC connections can either be the result of a

productivity increase due to GVC connections, or the selection of more productive firms into GVCs.
Bisztray et al (2021) addressed this question by looking at a specific technology which enables
automated information flows between buyers and suppliers. Automated information sharing is
important, as it decreases communication costs and helps information processing, which can
contribute to more efficient operations. Yet, as Figure 6 suggests, it is still not widely used by firms
because introduction is costly. There is significant variation between and within countries as well.
Using data on transactions between firms located in Hungary, Bisztray et al (2021) showed that the
adoption of this technology is more likely if firms have MNE buyers, which serves as suggestive
evidence of the role of MNEs in technology propagation.
Figure 6: Share of firms with automated information sharing in the supply chain (%)

Source: Bisztray et al (2021), p. 25. Note: This figure shows the share of firms reporting information and communication
technologies (ICT) allowing automated information sharing with buyers or suppliers by country and firm size group, based
on Eurostat’s Enterprise ICT survey in 2015. NM refers to North Macedonia.

Knowledge also plays a role in the ability of firms to integrate into GVCs. A higher level of knowledge
in general and having a particular technology can help firms enter a GVC. As suggested by Bisztray et
al (2021), firms using automated information-sharing technologies are more likely to supply MNEs or
firms that already have the same technology. These patterns are in line with the complementarity
between the supplier’s and buyer’s technology: each firm’s automated information-sharing technology
is more productive if the firm works with a partner that is an MNE or that has a similar technology.
An additional crucial factor to consider is the ability to innovate. Based on the Central European
Supplier Survey conducted in Hungary, Slovakia and Romania, Békés et al (2019) showed that many of
the key supplier-buyer relationships start with both product and process innovation. This pattern
emphasises the importance of long-term and relational links between buyers and suppliers, and
suggests that the ability to innovate is a key prerequisite in the formation of such links.
Import competition and specialisation

Beyond the direct effect of disseminating knowledge through firm connections, GVC-facilitated trade
also has indirect effects on productivity through import competition and the resulting specialisation.
In the political discourse, import competition has often been associated with the negative aspects of
structural change, especially since the accession of China to the World Trade Organisation, also
referred to as the ‘China shock’. However, imports can also serve as a mean of knowledge transfer,
and increased import competition itself can have positive effects on productivity.
Braeuer et al (2020) studied the effect import competition had on German manufacturing firms. They
used panel data on German manufacturing firms between 2000 and 2014, including information about
the products produced (the AFiD dataset) and combined this data with measures of import
competition. This allowed them to derive the effect on the firms of increased competition from imports
coming from countries with different levels of development.
They found that increased import competition from high-income countries leads to an increase in
productivity, whereas import competition from middle- and low-income countries causes no such
effect. They also found that import competition only increases productivity if it challenges the core
product of a company. Figure 7 shows the revenue share by product of German manufacturing firms
and illustrates that most companies generate most of their revenue from just one product. The
incentives to defend this product if competition increases are much greater than for non-core
products, on which companies can retreat from the market.
Figure 7: Revenue share by product

Source: Braeuer et al (2020) p. 37. Note: Revenue share by product; averages over firms. Figures do not need to add up to
100 percent, since firms have different number of products. Cut off at 20 products for convenience.

Looking at output, employment and R&D expenditures, Braeuer et al (2020) found a negative
association with import competition from low-income countries, but no significant effect from highincome competition. Similarly, Dhyne et al (2021) found that firms facing international competition
are focusing more on their core products. They tend to have higher technical efficiencies in these core
products, meaning that the increase in import competition leads to an increase in the technical
efficiency of production.
The importance of micro-level data

A common feature of the research results we have presented is the rich micro-level data they are based
on. The availability of detailed data on firms and firm-to-firm connections through supplier links and
ownership is crucial in investigating the links between knowledge flows and GVCs.
Data from value-added taxes is helpful to learn about firm-to-firm transactions within the country (as
used by Bisztray et al, 2021, and Bisztray, 2021), but this data is still not available for research purposes
in many countries. Firm-pair-level information on cross-border transactions is even less accessible, as
standard trade data contains information only about the country and the type of the exported or
imported product, though firm-to-firm links would be crucial for capturing GVC connections of
individual firms. One way of addressing this issue is to make an indirect inference of GVC links based
on the exported product mix (as in Bisztray, 2021), which gives an imperfect measure. An alternative
approach is using cross-country survey data on supplier-buyer links, such as the Central European
Survey used in Békés et al (2019). However, such surveys are rare, with limited geographical coverage
and time span, which makes it difficult to use them to investigate changes in patterns over time.
Understanding the organisation of business groups and their roles in transmitting knowledge or shocks
requires cross-country data on ownership links between firms. So far, only commercial datasets such
as ORBIS by Bureau van Dijk can be used for that purpose (as in Altomonte et al, 2020; Altomonte et
al, 2022; and Fontagné and Santoni, 2021). Another way of addressing questions about the structure
of GVCs is to look at integration and outsourcing decisions by combining information on imported
products and on the activity of foreign affiliates of firms (as in Bolatto et al, 2019). While this data is
available in many countries, it is difficult to make a comparable analysis using similar data from
multiple countries at the same time.
To further deepen our understanding about the links between knowledge and GVCs, it is crucial to
access comparable micro-level data in multiple countries, not only at the firm-level, but also on firmto-firm connections, including cross-country ownership and supplier-buyer links.
Policy implications
The new approaches and datasets we have described all emphasise the importance of GVCs for trade
and productivity. The institutional arrangements that facilitate – or impede – such value chain
formation thus have direct consequences for productivity growth. The organisation of business
groups is not only affected by the availability of skilled labour and capital, but also by the quality of
property rights and contract enforcement.
Trade policy can play an important role in shaping such organisation. By opening new markets and
creating certain legal environments, it can help MNEs expand into new markets and form new
business relationships. This can then lead to knowledge spillovers, or even direct innovation when
the new relationships are formed (as described by Békés et al, 2019). Long-run relationships are
especially productive in this regard. Many of the most productive relationships are formed within
business groups. To establish such productive relationships, stable business environments that allow
relationships to form and thrive are crucial. Trade policy can contribute to building such stable
environments by providing a framework that ensures both smooth and cost-effective cross-border
trade between entities in different countries, and by providing legal certainty for investors and
managers.

Furthermore, common standards can facilitate expansion and deepening into new markets. Bisztray
et al (2021) provided evidence about how use of the same technologies can drive decisions on the
formation of supply-chain relationships. This means that engagement in international standardsetting bodies, as well as the strategic use of the ‘Brussels effect’ (ie the external application of EU
regulation due to the European market size) can lead to economic benefits in terms of deeper
economic integration with other markets. Cross-country links established through GVCs also mean
that policy measures implemented in one jurisdiction can have cross-border effects, as they affect
the way in which business groups structure their operations.
Property rights and contract enforcement play crucial roles in the decisions of MNEs about how to
structure their GVC networks. As Bolatto et al (2019) discussed, knowledge transfers through
outsourcing are more costly if intellectual property might leak to competitors. In such cases, MNEs
might prefer to integrate the production of an intermediate good rather than outsource it. As
Altamonte et al (2022) showed, such a dynamic has led to MNEs pulling their core competencies
closer to the headquarters. This has major implications in the debate over forced technology
transfers in China. It suggests that, in the absence of an effective policy response, companies
themselves will react by readjusting their value chains. Furthermore, policies that shape the way in
which business groups are structured also affect the propagation of knowledge and technologies
through GVCs.
Conclusion
GVCs are the current drivers of global trade. The connections formed through GVCs lead to the flow
of knowledge and create innovation and can be drivers for productivity and ultimately economic
growth. Import competition can also contribute to productivity, by forcing companies to invest in
R&D and focus on their core products where they are most productive.
The way in which GVCs are structured is shaped by the institutional environment. Contract
enforcement and protection of intellectual property rights are the main drivers of firms’ decisions
about where to outsource and how to structure their business groups. Long-term relationships are
crucial to realise these benefits of GVCS. Trade policy can facilitate such productive connections by
providing a stable environment and by opening new markets for GVC operations. On the flip-side, in
light of the current uncertainty regarding the business environment, MNEs are already adjusting by
pulling their core competencies closer to their headquarters.
Given their centrality in the global economy and in facilitating knowledge growth and innovation, a
better understanding of the way GVCs function is crucial to solving the productivity puzzle. Better
microdata is fundamental to building this knowledge.
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Raising EU productivity through innovation:
lessons from improved micro data*
Reinhilde Veugelers And Frederic Warzynski

1. Introduction
Economists have devoted significant attention to research and development (R&D) as drivers
of economic growth, particularly since the development of endogenous growth theory, which
takes into account not only that R&D generates growth but that growth provides an incentive
to invest in R&D, thus establishing a virtuous cycle (see eg Romer, 1990; Grossman and
Helpman, 1991; Aghion and Howitt, 1998). R&D is seen as a key contributor to growth
because it generates knowledge, leading to new or improved products through product
innovation, and makes firms more efficient at producing goods through process innovation.
Firm-level studies generally find evidence of strong positive productivity effects for firms that
invest in R&D.
Digital technologies have proliferated in the business sector, from the provision of digital
products and services online to robotised production processes, the internet of things, big
data and artificial intelligence, and applications, including digital systems to manage back
office tasks. Digital systems lead to improvements in accessing and using (big) data and
promoting smoother connectivity and communication. Digital systems facilitate coordination
of activities within firms and with suppliers and customers. Digital systems thus can be an
important driver of productivity growth, particularly in combination with investments in R&D.
Because of its transformative impact on the economy and the labour market, from both a
creative and a destructive angle, economists and policymakers discuss digitalisation
vigorously. There have been numerous optimistic statements that digitalisation will boost
growth and productivity. Yet, while digital technologies are expected to be the drivers of
economic growth and the Fourth Industrial Revolution, so far there has been little hard
evidence of a significant productivity boost. More than 30 years after Robert Solow’s (1987)
statement “you can see the computer age everywhere but in productivity statistics”,
productivity growth in advanced economies remains subdued. At the same time, many people
* The authors acknowledge funding from the European Union Horizon 2020 research and innovation programme under grant
agreement no. 822390 (MICROPROD). This work reflects only the authors' view and the European Commission’s Research
Executive Agency is not responsible for any use that may be made of the information it contains.

fear that digital technologies can be a source of disruption, leading to a more polarised
economic structure, with the benefits concentrated in a few winners, while many economies,
firms and workers will be on the losing side and will drop out.
How the relationship between productivity growth, innovation and digital technology
adoption plays out is particularly important for the EU. EU productivity growth has long been
weak. Recent productivity growth in the EU has been lacklustre in aggregate, while
convergence between EU countries has also stalled. This lacklustre productivity growth
contrasts with the potential of new technologies, and particularly digital technologies, to lift
productivity growth. In fact, the EU’s lacklustre productivity growth is often related to its
weaker innovation performance (see eg Veugelers, 2017) and particularly its performance in
digital-producing and digital-using sectors (eg Van Ark, 2015). There is growing concern that
EU firms in non-digital sectors lag behind in the adoption of digital technologies, especially in
the services sector, especially in digital services (EIB, 2018). In digital services, the leading ‘big
tech’ firms are typically from the USA or China. European firms are not present among either
the big tech or the leading digital R&D investors that push the frontier of digital technology
(EIB, 2018; Veugelers, 2018). This raises concerns in policy debates that the EU may be falling
behind in the digital technology race, being trapped on the wrong side of the innovation and
digital technology divide (Veugelers et al, 2019).
MICROPROD contributes in several ways to the discussion on EU productivity growth,
innovation and digitalisation policy. MICROPROD researchers have collaborated closely with
statistical institutes to obtain the most up-to-date and precise measurements of R&D efforts
and the adoption of digital technologies. Having access to high-quality firm-level data,
MICROPROD researchers have been able to apply state-of-the-art techniques in the
production-function literature to assess the effect of technology investments on productivity
and performance. Being able to combine recent unique firm-level data and state-of-the-art
research methodologies, MICROPROD research provides a better overview of which firms are
most likely to adopt digital technologies, and to innovate and turn these investments into
productivity growth, thus delivering high quality evidence for the policy discussion.
We first give a brief overview of the findings of these MICROPROD studies, before concluding
with some policy implications and areas for further research.
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2. MICROPROD research on R&D, digital technologies and
productivity growth
The MICROPROD project planned initially to carry out three studies, on the relationship
between productivity, R&D and ICT (see sections 2.1 to 2.3). However, collaboration with
statistical offices and access to high-quality survey data enabled studies to be completed on
two additional topics at the frontier of this line of research (see sections 2.4 and 2.5).
2.1

The effect of R&D on quality, productivity and welfare

Chan et al (2021) investigated the effect of product and process R&D on efficiency, quality
and markups. The study provided a methodology that jointly studies demand, production and
costs for multi-product firms using detailed firm-product level data from Denmark. They first
estimated a demand function to obtain a measure of the demand shock. They then estimated
a production function and a cost function, controlling for demand shocks, to generate implied
markups. The novelty of this approach was to look at different channels for welfare
improvement through demand. This joint approach is important as it allows assessment not
only of efficiency as a welfare gain from R&D, but also of the quality of new products and
services delivered. Assessing simultaneously the impact on mark-ups is also important, not
only to understand better the incentives and internal financing constraints for innovative
investments, but also to assess better the distribution of value from innovation between
producers and consumers. Doing this at the firm level also allows identification of any
potential sources of divergence between firms.
Chan et al’s (2021) results provide evidence that process R&D is strongly correlated with
improved efficiency, as shown by lower marginal costs and higher measured productivity,
while product R&D is strongly associated with higher ‘quality’ (product appeal) and new
product introduction. The results thus provide strong evidence that welfare – both consumer
surplus and producer surplus – can be enhanced through efficiency gains, and also through
increases in product quality. A proper policy evaluation should take both aspects into
consideration, not only efficiency gains.
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2.2

ICT, firm growth and productivity

Smeets and Warzynski (2020) analysed the consequences of ICT investment for firm growth
and productivity. They used a rich firm-level dataset providing detailed information about
spending in various components of ICT (hardware, communication equipment and software)
over more than a decade (2004-2015; the survey was unfortunately discontinued afterwards).
They found strong evidence that all three components of ICT spending at the firm level
correlate strongly with firm growth and productivity, although the effects of each spending
component differ in subtle ways. Regarding firm employment growth, software and hardware
spending are the most important factors at play, with communication playing a negligible role.
Looking at a simple correlation with firm productivity, hardware has the greatest impact
(though not claiming any causality at this stage), followed by communication equipment and
software.
Smeets and Warzynski (2020) also tried to understand better the selection process of which
firms will be most likely to engage in ICT spending to reap the growth and productivity
benefits. Understanding this selection process better is important for understanding better
the growing polarisation in productivity and digital technology adoption between have and
have-nots. The study addressed selection through a fixed-effect estimation. It found that only
hardware remains strongly positively related to efficiency in the analysis. The authors also
tested alternative more structural specifications that have been used in the literature. They
found a similar hierarchy: hardware being a stronger contributor to production, followed by
communication and software. They also built a measure of stock of ICT capital and found ICT
capital to be a strong contributor to generating sales. A similar analysis was also applied using
the ICT use survey that covers a longer period (1999-2021), as discussed below.
Overall, the most plausible explanation of their findings is that firm selection is important to
explain the relationship between ICT and firm performance, ie the best firms invest more in
ICT. They thus provide strong support for the trend towards polarisation in digital
technology adoption and growth performance.
2.3

Import competition and firm innovation: evidence from German manufacturing

Slavtchev (2020) looked at which factors could trigger innovation investments, using German
data, with a special focus on import competition, FDI and offshoring as drivers for firm
4

innovation decisions. An interesting dimension introduced in the analysis was to distinguish
between import competition from high-income countries and from middle- and low-income
countries. This distinction helps account for differences in (i) the R&D intensity and the
innovation potential of the threatened products, and (ii) the type of competition faced in the
markets where the innovations are introduced. The study found that import competition from
high-income countries is positively associated with an increase in the number of products
offered by the firms, while import competition from middle- and low-income countries only
marginally does so. This result is consistent with products produced in Germany being of
relatively higher quality then products made in middle- and low-income countries, with the
competition from these countries consequently being less of an incentive to invest in
innovation. German firms mainly compete with products made in other advanced economies,
which are also more likely to be of high quality. Import competition from these countries is
therefore more likely to be an incentive for investing in innovation.
2.4

AI adoption and productivity

A recent literature has discussed what is referred to as a “new productivity paradox”: that
while artificial intelligence (AI) or machine learning has the potential to generate substantial
productivity gains in the near future, as it can be seen as a general purpose technology, the
data so far fails to show this potential. AI could become pervasive, can be improved over time,
and can generate (‘spawn’) waves of complementary innovations. But despite this, data
shows a productivity slowdown. A major reason might be the nurturing of false hopes. Maybe
AI is not really a general purpose technology. A second more plausible explanation is that
implementation of that technology is too early to be assessed because of implementation
lags: firms need time to learn about how to best use AI and combine it with other assets.
Another reason is mismeasurement of AI adoption, which raises the question of how to
properly measure AI over time.
To help address the measurement of AI, Warzynski (2022) used several waves of recently
released surveys on digital technology adoption to identify firms adopting AI in Denmark.
Questions about AI adoption were only introduced in 2017. The paper documented an
extremely rapid diffusion of AI among the sample firms in four years: from 6.62 percent of
firms in 2017 to 23.89 percent in 2021. Going further, the paper found preliminary evidence
of a large performance premium for those firms introducing AI. This positive premium is
5

mostly explained by selection, but also by improvement in productivity in the short run.
Finally, the paper showed preliminary evidence of complementarity between AI and skilled
(tech) workers in AI-intensive industries, suggesting that the combination of human skills and
new AI technologies might be key in driving productivity growth. Altogether, these findings
suggest that measurement issues, together with informational and implementation lags,
could play a major role in solving the new productivity paradox for AI, although these are still
preliminary findings. It also suggests again the importance of selection, with the best firms to
implement AI effectively being those with strong human (tech) skills.
2.5

High-skill immigration, offshore R&D and firm dynamics

Firms can choose different ways in which to organise their R&D activities, especially in a small
open economy where talent is scarce. Fan et al (2022) studied firms' decision to use foreign
R&D inputs – immigrant researchers and imported R&D services – in addition to doing
domestic R&D with local workers. They looked at the implications of the combination of these
different channels for firm performance and aggregate productivity using Danish data. They
showed that firms with immigrant researchers are more likely to source foreign R&D services,
and using foreign R&D inputs increases R&D efficiency and firm performance. They then
developed and estimated a model of firm dynamics that rationalises these patterns.
Counterfactual experiments show that the two foreign inputs, immigrant researchers and
foreign R&D services, play crucial yet complementary roles in R&D. They show that the benefit
from foreign R&D inputs is an important motive for firms to carry out R&D. Without access to
these inputs, the R&D participation rate would decrease by 60 percent and the effect of R&D
on aggregate productivity would shrink by 80 percent. Hence, omitting foreign inputs would
lead researchers to substantially underestimate the effect of an R&D subsidy on aggregate
productivity. Moreover, as they estimate important complementarity between the two
foreign inputs, policies that change the cost of hiring immigrants have a significant impact on
firms’ offshore R&D decisions, and vice versa. Not accounting for such interconnection
underestimates the impacts of these policies on aggregate productivity by 30 percent to 50
percent. Fan et al’s (2022) analysis suggests that shutting down access to skilled immigrant
labour or creating barriers to offshoring R&D would create impediments to growth.
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3. Summary of main findings, concluding policy implication remarks
and avenues for further research
Investments in R&D and the adoption of digital technologies in the business sector are
important drivers of productivity and growth. Yet productivity and growth remain below
expectations and uneven.
Because of their transformative impact on the economy and the labour market, from both a
creative and a destructive angle, innovation and digitalisation are vigorously discussed by
economists and policymakers, especially in the EU, where there is a fear that the EU may be
falling behind in the innovation and digital technology race, and may not be able to take up
leading positions in new races. If European firms are unable to integrate new digital
technologies into their innovations, they will lose out, even in those sectors where they are
currently still leading.
MICROPROD research has contributed to this important policy debate for the EU first by
reducing the mismeasurement issue. It has done so by working closely with statistical offices
to improve access to high-quality firm-level survey data for analysis. Second, being able to use
high-quality recent firm-level survey data in combination with state-of-the-art methodologies
has allowed MICROPROD research to bring new findings to the debate, helping to explain the
paradox, by finding clear evidence that R&D and adoption of digital technologies, when
properly and recently measured at firm level, do provide positive performance benefits.
These positive performance benefits should be looked at not only in terms of efficiency
advantages but also in terms of higher quality new products and services being offered. This
positive association is however most likely due to selection, ie the best firms are innovating
and investing more in digital technologies. MICROPROD research thus provide strong support
for a trend towards polarisation in digital technology adoption and growth performance,
driving a gap between the have and have-nots. Further MICROPROD analysis on firm selection
identified the importance of complementary high-quality labour skills and openness to
international R&D skills and services, in explaining which firms are most likely to be on the
right side of the digital innovation divide.
Clearly more work is needed to identify the characteristics most likely to explain which firms
select into innovation and digital technology investment, and which firms can create and
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capture value from these investments. These include further exploring firm characteristics in
terms of firm size, firm age, firm management and governance, but also technology, market,
regional and country characteristics driving the R&D, digital technology and performance
relationships. Finally, further research should also look at which policy levers are most
effective in improving the incentives for firms to invest in innovation and digital technology
adoption, particularly for those firms at risk of falling behind.
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Low productivity of European firms: how can policies enhance the
allocation of resources?*
Grégory Claeys, Marie Le Mouel and Giovanni Sgaravatti

Executive summary
•

•

•

This paper summarises the most important policy lessons from the research
undertaken in the MICROPROD project, work package 4, related to the allocation of
the factors of production, with a special focus on the weak dynamism of European
small and medium-sized enterprises (SMEs).
In particular, MICROPROD work package 4 investigated the impact of labour market
institutions and skill shortages on firm dynamism, and which types of (foreign)
competition are conducive for total factor productivity (TFP) maximizing factor
allocation.
The papers of this work package also explored the side effects of unconventional
monetary policy and of forbearance in bank restructuring for the survival of ‘zombie’
firms, and for employment growth and the TFP of new SMEs.

1 Introduction
Economists take total factor productivity (TFP) as one of the most informative indicators of
the state of a country's economy, and as a predictor of its future performance. TFP is an
indicator of technological development and on everything going into the production process
that is not strictly labour or capital. TFP growth is important for increasing living standards1
and is a key indicator for European economies, which have little scope for growth from

* The authors acknowledge funding from the European Union Horizon 2020 research and innovation
programme under grant agreement no. 822390 (MICROPROD). This work reflects only the authors' view and
the European Commission’s Research Executive Agency is not responsible for any use that may be made of the
information it contains.
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The introduction of cell phones in the fishing industry in Kerala state in India is a striking example of the
power of adoption of new technologies and improvements to the allocation of resources. After returning with
their morning catch, fishermen used to go to the closest beach to sell what they could. Given that the catch
varied significantly from day to day, this resulted in either waste, when the supply of fish exceeded localmarket demand, or in empty-handed customers when the catch was too small. When phone connectivity
became available, fishermen started to call before coming ashore, to understand where there were more
customers waiting and where boats were scarce. This acted as a price stabiliser and made both fishermen and
customers better off, while reducing waste to virtually zero (Jensen, 2007). In addition, when travelling to
multiple villages, fishermen discovered new boat-builders who in some instances could make much better
boats than the local boat-builders they had always relied on. This resulted in more work for the best
craftsmen, who could then expand their businesses and use their boat-building infrastructure more efficiently,
while the worst boat-builders went out of business. The end result was lower prices and more durable boats
for fishermen, and more stable fish supply and prices for customers (Jensen and Miller, 2018).
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factor accumulation: labour growth is more constrained than in developing countries for
demographic and labour-market reasons, and capital accumulation is generally set on a
steady-state trend. It is therefore crucial for European economies to allocate these two
scarce input factors in the most efficient way possible (the extent to which this works well is
called allocative efficiency and is one of the drivers of TFP), while improving everything from
management practices to energy efficiency.
However, in the past 20 years GDP growth in Europe has slowed significantly. The decline in
TFP growth is the main reason for that. Unsurprisingly, sluggish TFP growth, dubbed the
‘productivity puzzle’ became the topic of intense research. In 2001, coinciding with the
bursting of the dot-com bubble and the admission of China to the World Trade
Organisation, European TFP almost stopped growing and never returned to its previous
trend. The productivity gap – the difference between the current level of TFP and the level it
would be at had it kept growing at the same rate as the previous half-century – is now
around 20 percent (Figure 1)2.
Figure 1: Euro-area total factor productivity (TFP) and 1950-2001 trend line, 2001=100

Source: Bruegel based on Bergeaud et al (2016), database updated in 2019 available at
http://www.longtermproductivity.com/

One reason for this slowdown might be linked to the advent of the digital age and the
difficulties encountered by statisticians and economists in measuring the value of such new

2

TFP growth was particularly buoyant in the 30 years from 1950 to 1980, averaging 3.6 percent per year. It
then slowed between 1981 and 2000, averaging 1.4 percent per year, before stagnating from 2001 to 2019,
averaging only 0.3 percent per year.
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technologies in official statistics3. But measurement only explains part of the sluggish TFP
growth in Europe (Syverson, 2017). Another theory seeking to explain sluggish productivity
growth is ‘secular stagnation’, which sees the TFP slowdown as a savings-investment
imbalance caused by various factors (including demographics and the rise in inequality),
which have led to a global savings glut and underinvestment (Summers, 2013). However,
the active macroeconomic management of the past decade does not appear to have
reversed the secular productivity trend. This means that it is also crucial to explore potential
underlying structural issues at the micro-level.
In terms of the production processes of firms, the allocation of inputs happens at three
distinct levels: within firms, among firms in a specific sector, and across sectors4. According
to classic economic theory, a resource is allocated optimally within a firm when its marginal
cost equates to its marginal return (Petrin and Sivadasan, 2013). A deviation from such
equivalence implies a wedge between marginal cost and marginal return, meaning that the
input is either used too much or too little.
Within a sector, allocative efficiency is achieved when this equivalence holds for all firms in
the sector. Resources are free to move between firms and are employed by the most
productive firms. This implies that unproductive firms will gradually loose inputs and exit the
market, while freeing-up resources for new or more productive firms.
Similarly, at the cross-sectoral level, allocative efficiency is obtained when input factors are
allocated well between the most and least-productive sectors of a country’s economy. All
these dimensions are interlinked: a firm that employs too much of a production factor and
hence faces a marginal cost greater than the marginal return, could make more profit by
reducing its use of that factor. The resources set free can then be employed by other moreefficient firms, where the marginal return of that resource is greater than its marginal cost.
This will increase the efficiency of using resources and aggregate welfare gains for the
industry and, in turn, the whole economy. Bartelsman et al (2013) estimated that
misallocation was responsible for a sizeable GDP gap between transition economies (during
European Union enlargement) and the EU average.
This working paper summarises the most important policy implications from recent
academic research (undertaken in the MICROPROD project work package 4) exploring these
various aspects of factor allocation, and seeks to explain the main reasons for the weak
dynamism of European SMEs (see Table 1 for short summaries of the MICROPROD papers).
3

Underestimating value-added, the numerator in any productivity computation, mechanically leads to
underestimating TFP.
4
Considering the aggregate EU TFP then there is a further level of allocative efficiency at the EU inter-country
level.
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Table 1: Summary of MICROPROD papers work package 4
Paper
Results
Allocative efficiency of labour
D4.5 Vacant positions and Job vacancies have a negative effect
firm performance
on firms’ sales and investment.
Vacancies tend to be persistent
through time.
D4.7 Decentralisation of
Multi-level contractual bargaining had
collective bargaining:
a more positive effect on productivity
A path to productivity?
growth after the financial crisis than
centralised or individual bargaining.
D4.6 Does offshoring
shape employers’ labourmarket power?
A comparative analysis of
Belgian and Dutch firms

D4.1 Import competition
and allocative efficiency

In both Belgium and the Netherlands,
offshoring activities act as a
disciplining factor for labour market
imperfections. Two types of
imperfection prevail at the firm level,
favouring either workers or
employers.
Import competition has a disciplining
effect on manufacturing firms to
improve their allocation of labour.

Allocative efficiency of capital
D4.2 Financial markets
Incomplete financial markets have a
and the allocation of
negative effect on capital allocation
capital: the role of
and productivity. Capital markets
productivity
seem to work better in France than in
Germany, while allocative efficiency is
particularly poor in Italy.
D4.3 The cleansing effect Lower regulatory forbearance during
of banking crises
a crisis increases job creation,
innovation and firm entry after the
crisis.

D4.4 Tracking the real
effects of monetary
policy: evidence from
European Central Bank’s
SMP purchases

Expansionary monetary policy can
induce banks to conduct their
monitoring function more stringently,
ultimately leading to investment and
productivity advancements among
their corporate credit customers;
however it can also negatively impact
employment and sales.

Policy recommendations
Improve the matching of
labour supply with labour
demand.
Encourage intermediate forms
of labour decentralisation, with
sectoral negotiations followed
by firm-level collective
contracts.
Labour-market power
dynamics need to be
monitored and their aggregate
impact on the labour market
should be evaluated to
optimally design policies.
If efforts to shorten supply
chains lead to a reduction in
import competition, this might
have negative repercussions
for productivity in the
manufacturing sector.
It is crucial to bring about the
EU’s capital markets union to
alleviate the financial
constraints preventing the
efficient allocation of resources
in Europe.
Regulators should take
productivity and employment
growth into account when
carrying out cost-benefit
analyses of being more or less
lenient towards banks.
Given the extent of monetary
intervention in the economy in
the last decade, more study
should be devoted to its effect
on productivity and on capital
allocation.

Source: Bruegel based on MICROPROD work package 4 papers. Note: For a more comprehensive account of policy
recommendations from the multiple MICROPROD working packages see Claeys and Demertzis (2021).
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2 Enhancing productivity through labour market design
As pandemic-related restrictions are eased across the globe, a new and possibly different
labour market is emerging. Widespread social distancing to counter COVID-19 has
accelerated digitalisation, which in turn has entrenched remote working and led to faster
adoption of artificial intelligence in the job market (Malluk Batley, 2021). Moreover, young
people and women have been more exposed than men to the negative effects of COVID-19
on the job market, while some sectors were more impacted than others by lockdowns and
restrictions (Grzegorczyk and Wolff, 2020; Demertzis and Hoffmann, 2021). In such a
complex situation, the results from four MICROPROD papers from package 4 can help
policymakers design policies to improve allocative efficiency. In D4.5 Gyöngyösi et al (2020)
warned about the negative impacts on labour allocation of skill shortages. Their warning is
particularly timely in the context of what has been labelled The Great Resignation, a
phenomenon in which 4.2 million workers in the US decided during the pandemic to resign
from their jobs, creating shortages of workers for specific occupations (The Economist,
2021). Although the phenomenon is particularly evident in the US and the UK, there are
reasons to believe that skill shortages might also appear in European countries with tight
labour markets. In January 2022, Germany’s vice-Chancellor said the country would soon
have one million vacancies to fill as a result of the energy transition and an aging population
(Escritt and Nienaber, 2022). Both these long-term trends will be combined with the
tensions in the labour market triggered by the reopening of the economy. Smart migration
policies, ad-hoc training programmes and systems to facilitate good matching of labour
market supply and demand should be rolled out. Shortages in the labour market could also
contribute to rising inflation by augmenting employee bargaining power and ultimately
leading to a wage-price spiral.
This is why investigating the power dynamics between employers and employees is crucial.
In D4.6, Dobbelaere et al (2020a) found that in both Belgium and the Netherlands, different
types of labour-market imperfections coexist. Similarly, in D4.1, Slavtchev (2020) extended
analogous research to 13 European countries while focussing on the manufacturing sector.
These papers suggest in particular that trade openness and import competition have a
positive effect on labour allocation. Such productivity considerations should be taken into
account when discussing the option of shortening value chains to increase the strategic
autonomy of the European Union (European Commission, 2021).
Finally, digitalisation and remote working might also increase the diffusion of freelancing
and the adoption of contracts agreed on an individual basis between the employee and the
employer (Ioannou, 2021). Such developments might be negative from the perspective of
labour allocation, as found in D4.7 by Aglio and di Mauro (2020), whose results indicate that
the type of contract to be preferred from a productivity perspective is that agreed at the
multi-level basis (ie sectoral negotiations followed by firm-level collective contracts).
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An imperfect allocation of labour could come from job-search frictions as well as from a
mismatch between skills demanded by employers and supplied by workers. Such frictions
and mismatches could in turn restrain employment and profits (Kaas and Kircher, 2015). On
that topic, Gyöngyösi et al (2020, MICROPROD paper D4.5) estimated that Hungarian firms
reporting vacant positions (as a consequence of employees poached by other firms) display
lower employment growth and lower sales and investment levels in the subsequent quarter,
than firms with no vacancies. However, the negative effect of vacant positions is greatest in
the year following the reported vacancy, and does not fade out even after two years. At the
same time, firms reporting vacancies tend to increase the wages of their remaining workers
belonging to the same skill set as the vacant job, and the productivity of remaining
employees is not negatively affected. The authors estimated that one vacant position
decreases firms’ sales by 1 percent and investment by 2 percent, while negatively impacting
cumulative growth by 0.88 percent over the two years following the vacancy for a skilled
worker.
Another important finding of this MICROPROD paper is that vacancies seem to be
particularly persistent through time, with firms displaying a 40 percent probability of
reporting a vacancy ten quarters after the first job post was reported. These numbers,
together with the fact that in 2016 every fourth firm missed blue-collar workers, and one in
ten reported vacant positions of managers or professionals, warn of the possible negative
effect of poor allocation of labour. As indicated above, the current economic recovery poses
risks of skill shortages and should prompt policymakers to improve the matching of labour
demand with labour supply through training schemes and migration policies.
A skill-shortage of employees might also result in a shift in the bargaining power between
employers and workers, favouring the latter. It is in this context that research such as that
by Dobbelaere et al (2020a, MICROPROD paper D4.6) becomes crucial in understanding the
bargaining dynamics in the labour market, and helping policymakers to design informed
policies. Dobbelaere et al (2020a) found that in 50 percent of Belgian and 40 percent of
Dutch firms, employees have excessive market power, which is reflected in wages above the
marginal product of labour. In both countries, 30 percent of firms have the upper hand and
exercise their power to pay wages below workers’ productivity. This leaves only 20 percent
of firms in Belgium and 30 percent in the Netherlands setting wages at the optimal level5.
The authors also found that offshoring improves employers’ bargaining positions. Firms with
offshoring activities, for either finished or intermediate goods, are more likely to impose
wages lower than the productivity of their employees. The authors also found that in both
5

In a study on Germany, Dobbelaere et al (2020b) confirmed that imperfect labour markets are the norm
rather than the exception. Unlike Belgium and the Netherlands, however, in Germany the market power of
employers dominates that of workers on the labour market, even if union wage setting and works councils put
limits on employer labour market power.
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countries, the absence of labour market power (that is, wages equating to workers’
productivity levels) is greater among firms engaged in offshoring. Therefore, offshoring
seems to have a positive effect on labour allocation in both countries. However, this is not
necessarily the case everywhere – Belgium and the Netherlands both have very welldeveloped wage-bargaining regulations – and it needs further investigation.
Using a similar definition of allocative efficiency as above and extending the research into
the disciplining effects of openness to trade across 13 European countries, Slavtchev (2020,
MICROPROD paper D4.1) found that between 2003 and 2016, import competition forced
manufacturing firms to improve their allocation of labour and led to the exit of those firms
that remained unproductive, freeing resources for other more productive firms. Such results
are aligned with classic economic theory and indicate how free trade can have a
productivity-enhancing effect on a country’s economy. This is something that should not be
neglected when discussing the possible implications of shortening value chains to improve
resilience and strategic autonomy in the aftermath of the pandemic.
In addition to the external pressure exerted by offshoring and import competition, internal
bargaining dynamics also shape wage setting and the resulting allocation of labour. Aglio
and di Mauro (2020, MICROPROD paper D4.7) gave an overview of how the situation in
Europe has evolved in the last decades. In central and eastern Europe (CEE), most wage
negotiations now take place outside collective bargaining schemes. Firms generally sign
individual agreements with their workers and the share of collective bargaining is rather low
(about 40 percent). On the other hand, firms in western Europe mostly adopt a centralised
system (through national or sectoral collective agreements), which is virtually absent in CEE
countries (excluding Romania). When adopting a decentralised system – within collective
bargaining – western European countries embrace ‘multi-level bargaining’, ie an
intermediate form of decentralisation in which sectoral negotiations are complemented by
firm-level collective contracts. The authors show how this latter form of decentralisation
had a positive effect on total factor productivity growth in the aftermath of the great
financial crisis. Confirming the importance of the multi-level nature of bargaining, Mueller
and Neuschaeffer (2021, MICROPROD paper D 5.1) showed that in Germany, firms that have
plant-level work councils report productivity that is 13 percent higher than firms where
wage bargaining takes place at the sector-level only. Importantly, plants that have both
layers of bargaining in place are the most productive. Aglio and di Mauro (2020) also
reported how the percentage of firms outside collective bargaining (ie ‘individual contracts’)
significantly reduced the average TFP performance at the sectoral level, giving support to
the literature which shows that individual contracts do not lead to more efficient allocation
of resources and productivity (Peetz and Preston, 2009).
Multilevel decentralisation of wage-bargaining may improve TFP by, first, lowering unit
labour costs (allowing a better match between productivity and wage), and second, because

7

of fewer dismissals in arduous times, which allows workers and firms to maintain skills.
Moreover, multi-level bargaining seems to be positively correlated with TFP dispersion,
suggesting that more flexible wage structures allow highly productive firms to expand more
easily than under centralised agreements (Aglio and di Mauro, 2020; MICROPROD D4.7).
In addition to the factors discussed, the major determinant of labour productivity is the
amount of capital that workers have at their disposal. However, similarly to labour, capital is
also a finite resource, the efficient allocation of which in the economy is vital for
productivity. To have the possibility to grow and expand in promising areas of development,
firms thus need access to capital to invest in the opportunities they think most profitable.
This is what we now turn to in section 3.

3 Allocation of capital, the key role of banks
For the last 50 years, investment6 in the euro area as a percentage of GDP has been on a
clear decreasing trend (Figure 2). This raises questions about the allocation of capital and
how to improve it in the European Union. Is to the decline a consequence of capital
constraints in Europe? Could it be that the predominant role of banks in credit allocation in
Europe has a constraining effect on investment? Could the EU’s capital markets union help
to foster investment and improve capital allocation?
Figure 2: Gross fixed capital formation in the euro area, 1970-2020, as % of GDP and fitted line

Source: Bruegel based on The World Bank and OECD National Accounts.

6

Gross fixed capital formation (GFCF), also called ‘investment’, is defined as the acquisition of produced assets
(including purchases of second-hand assets), including the production of such assets by producers for their
own use, minus disposals. The relevant assets relate to assets that are intended for use in the production of
other goods and services for a period of more than a year. The term ‘produced assets’ means that only those
assets that come into existence as a result of a production process are included. It therefore does not include,
for example, the purchase of land and natural resources (OECD definition).
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The allocative efficiency of capital is not easily measurable and theoretical constructs are
often very difficult if not impossible to verify empirically because of the lack of data7. Di
Mauro et al (2020, MICROPROD paper D4.2) made an important contribution to the
literature by designing an innovative theoretical framework to compute such estimates
using available data from the CompNet database. The intuition behind the methodology is
that with well-functioning financial markets, firms immediately respond to a positive TFP
shock by investing all their resources in short-term projects to increase production. On the
other hand, in financial markets suffering credit constraints, firms are more cautious and
respond to a positive productivity shock by foregoing some investment opportunities
(opportunity cost effect), and instead raise additional funds to weather potential future
negative shocks (liquidity effect). That happens because firms operating in poorly
functioning financial markets cannot rely on banks to raise the required funding in adverse
conditions to the same degree as firms operating in well-functioning financial markets.
Testing their model in the three biggest countries of the EU, the authors found evidence
that the opportunity cost effect of current TFP growth dominates in France and Germany,
while the liquidity effect dominates in Italy. They also found that the size of the coefficients
is larger for France than for Germany, suggesting that credit allocation is more efficient in
France than in Germany. At the micro level, the elasticity of credit to TFP in France and
Germany seems to suggest that bank credit is allocated more efficiently across small firms,
than across large firms.
Poor credit allocation is associated with the rise of so-called ‘zombie firms’: businesses that
would typically exit in a competitive market but stay afloat thanks to market imperfection
and government support. In 2017, the OECD found an increasing survival rate of zombie
firms over the previous decade (OECD, 2017). Thanks to the substantial subsidies rolled out
by European countries to help economic activity during 2020 and 2021, the survival rate of
zombie firms might have increased (The Economist, 2020). Altomonte et al (2021) reported
that government support during the COVID-19 pandemic went systematically to the least
productive firms in Germany and in Italy (but less so in France). This could become a
problem in the future as the presence of zombie firms hampers productivity growth by
crowding-out growth opportunities for more productive firms, especially start-ups.
The OECD suggested that the problem of zombie firms in Europe is intertwined with banking
sector weakness and bank forbearance, ie the tendency for weak banks to bet on the
resurrection of failing firms (Andrews and Petroulakis, 2017). As emphasised by the OECD,
policies designed to tackle this issue should aim to improve the design of insolvency regimes
and reduce barriers to corporate restructuring, while investing in job-search and retraining
7

The most common method for estimating capital allocation is Tobin’s Q (or the Q ratio). This is the ratio
between the market value of a physical asset and its replacement value. If Q=1 then the capital is correctly
allocated, Q>1 signals capital underinvestment and Q<1 overinvestment.
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programmes to help displaced workers find new occupations in more productive firms or
sectors (Andrews et al, 2017).
The research conducted by Gropp et al (2020, MICROPROD paper D4.3) confirmed that bank
forbearance on firms is very much related to supervisory forbearance – ie regulators being
particularly lenient in supervising banks. The authors investigated the impact of supervisory
forbearance in the United States during the great financial crisis on subsequent labour
productivity growth. Forbearance implies that legacy assets remain on the balance sheet,
and the bank itself continues to have incentives to avoid realising losses8. The authors found
that US regions where supervisors played their role more stringently experienced higher
labour productivity growth after the crisis with more firm entries, more job creation, and
higher employment, wages, patents and output growth. The study concluded that one
standard deviation higher supervisory forbearance during the crisis led to approximately a
2.9 percentage point lower rate of establishment exits and job destructions, which, after the
crisis, resulted in a 3.6 percentage point lower rate of entry and job creation. Overall, for
every job lost due to lower supervisory forbearance (ie regulators being more stringent in
supervision), there were 1.05 jobs created after the crisis, showing that tighter supervision
was not costly on aggregate in terms of jobs in net terms. These results expose the inherent
trade-off between short-term pains and long-term gains. Not all financial institutions are
systemically important and the risks from saving all banks could be higher than the risks
associated with letting some fail.
Since the financial crisis, central banks have had to resort to unconventional monetary
policy to contain the negative effects on the economy of subsequent crises. Cycon et al
(2020, MICROPROD paper D4.4) investigated the capital-allocation effects in Germany
during and after the first sovereign asset purchase programme – the Securities Market
Programme (SMP) – by the European Central Bank (ECB) during the European sovereign
debt crisis. They found that firms indirectly affected9 by a positive liquidity shock reduced
employment, but also increased their levels of assets. Based on the two most conservative
methodological approaches, the long-term differential employment effect in the two years
following the unconventional monetary policy measure varied between minus 3.7 percent
and minus 6.1 percent, while the effect on asset growth ranged between 8.9 percent and
11.7 percent. The authors also found a negative effect on sales (between minus 2.2 percent
and minus 4.1 percent) and a positive effect on labour productivity (in the range of 2.2
For banks close to the minimum capital requirement, loan loss provisioning is costly since they may fall below
the minimum threshold. Therefore, they have an incentive to continue financing non-performing loans.
Reasons for higher supervisory forbearance are various. For example, local regulators are normally more lenient
on distressed banks than federal supervisors as they weigh local economic factors more; also the distance to the
regulator’s headquarters is a factor, because of revolving doors (state officials changing career and going to work
for a bank not too far away).
8
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These are firms in business relationships with banks holding assets that were affected by the SMP conducted
by the ECB between May 2010 and September 2012.
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percent to 3.5 percent). The asset purchase programme might thus have induced banks to
conduct their monitoring functions more stringently, ultimately leading to investment and
productivity advancements among their corporate credit customers, while negatively
impacting employment and sales.

4 Conclusions
Productivity growth can be greatly limited by the misallocation of labour and capital. Wellperforming firms might struggle to hire all the employees they need, while other lessproductive businesses employ more workers than necessary. Similarly, some brilliant
entrepreneurs may give up on revolutionary ideas because they are unable to finance them,
while others might continue to invest in projects with little value-added. Therefore,
policymakers need to pay particular attention to the important role played by the way input
factors are allocated within the economy, because such allocation might limit or foster
growth potential. The papers from MICROPROD package 4 stress the importance of active
policies in the labour market, especially in the context of the exit from the COVID-19 crisis.
Policies may vary from work training programmes to new schemes to reduce the
persistence of job vacancies by matching labour demand with supply. Policy should also
promote multi-level bargaining over work contracts, with sectoral negotiations followed by
firm-level collective contracts. The research carried out in this package has pointed out the
extent of imperfections in European labour markets, with work agreements that tend to
favour either employees or employers. Moreover, the research presented here also warns
of the possible negative effects the shortening of supply chains in Europe could have on
productivity. This economic perspective, even if it will have to be balanced with geopolitical
and strategic considerations, should be taken into account in the discussions on the
resilience of the EU economy in the face of external events.
The papers also dealt with the functioning of capital markets in Europe, pointing to the
urgency of making progress on the EU’s capital market union to alleviate financial
constraints that prevent the more efficient allocation of financial resources. Another
contribution analysed the trade-offs between the short and long-run effects on employment
and TFP growth of unconventional monetary policy, and of excessive supervisory
forbearance in bank restructuring. As policymakers strive to design policies to ensure the
quickest possible recovery after the crisis, the results from MICROPROD package 4 should be
given the attention they deserve. Enabling the efficient allocation of labour and capital
across the economy could be a game-changer for the EU economy in the years ahead, and
might help solve the 20-year-old issue of stagnant productivity in Europe.
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Technology, trade, work councils and income
distribution: new insights from MICROPROD*
Zsolt Darvas

Summary
Ensuring prosperity and fairness is a dual challenge with major policy implications. Using
various

micro

datasets,

Work

Package

5

of

the

MICROPROD

project

(https://www.microprod.eu/) made significant contributions to our understanding of the
distributive implications of trade and technological change.
New research found that technological change could have been a driver of increased income
inequalities in France, Italy and Spain, but trade globalisation was not. The main transmission
channel of both trade and technology shocks was total factor productivity, which was
increased by both shocks, and total factor productivity increased average wages. Yet after the
China shock, wages did not increase as much as the total factor productive increase would
have implied, indicating that the marginal impact of the China shock on wages was negative.
Low-novelty content innovation dominates innovation activities and played a major role in
driving the college premium up in Hungary and Norway. This finding underlines that skillbiased technological change is not necessarily linked to generating new knowledge or high
novelty products at the firm level.
Greater exposure to robot adoption is associated with increased support for nationalist and
radical-right parties in 14 western European countries. Robot exposure can lead to poorer
perceived economic conditions and well-being, lower satisfaction with the government and
democracy, and a reduction in perceived political self-efficacy. Since a new wave of
automation is on its way, electorates might further shift to radical parties in the absence of
appropriate policies to address the adverse social consequences of automation.
German work councils, which are different from trade unions, increased productivity, wages
and profits, even when controlling for the self-selection of high-quality personnel. These
encouraging findings suggest that certain labour market institutions could result in a win-win
* The authors acknowledge funding from the European Union Horizon 2020 research and innovation programme under grant
agreement no. 822390 (MICROPROD). This work reflects only the authors' view and the European Commission’s Research
Executive Agency is not responsible for any use that may be made of the information it contains.

situation for both workers and capital owners, thereby mitigating some adverse impacts of
technological change on the labour market.

1. Introduction
There is growing recognition of the importance of fairness in the distribution of income and
wealth, and the roles public policies could play to foster greater fairness. The literature has
widely documented several adverse implications of income and wealth inequality. Children
growing up in disadvantaged families tend to underperform compared to their classmates
from

richer

families

(Leventhal

and

Brooks-Gunn,

2000),

while

educational

underachievement leads to low employability (Bynner, 2000). People with low educational
levels tend to be less healthy and live shorter lives (Braveman and Gottlieb, 2014). By
analysing European data, Darvas and Midões (2021) found that wealthy family background is
related to better educational outcomes and higher educational attainment. They also found
that the average advance in wealth due to inheritance is greater than the advance associated
with obtaining a university degree (compared to primary school education only). Inequality
can also result in increased support for extreme political parties, which sometimes offer
seemingly easy solutions to social problems. A backlash against globalisation in certain
segments of society could also grow when globalisation is seen as a driver of inequality.
The disadvantages suffered by those without rich family backgrounds, and the political
implications of inequality, underscore the importance of a better understanding of the drivers
of inequality in income and wealth.
Income inequality has risen in many developed countries. In 2020, gross income inequality,
that is, the dispersion of income before taxes and redistribution, reached similar values in the
United States, Germany and Italy, while values for Spain, France and Poland were smaller
(Figure 1, Panel A). Because of larger European welfare states, there is a big difference in net
(after taxes and subsidies) income inequality on the different sides of the Atlantic (Figure 1,
Panel B).
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Figure 1: Gini coefficient of income inequality: United States and selected EU countries
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Source: Version 9.2 of the Standardized World Income Inequality Database of Solt (2020). Note: the Gini
coefficient is measured on a 0-100 scale. Gross income inequality: the dispersion of income before taxes and
redistribution. Net income inequality: the dispersion of income after taxes and redistribution.

Several factors could explain growing income inequality within developed countries (see, for
example, Fröster and Tóth, 2015, for an excellent survey). Technological change and
globalisation often feature prominently among possible causes. Technological change, by
fostering capital-augmenting technical change, capital accumulation and a decline in the
relative price of investment goods, could result in increased incomes of capital owners and
lower employment due to automation. Technological change might also increase the wages
of high-skilled workers relative to low-skilled workers if high-skilled workers are needed to
operate new technologies. Globalisation can involve labour-abundant countries in the global
economy, foster offshoring of production from developed to emerging and developing
countries, facilitate cheap imports to developed countries and intensify competition. All these
factors diminish job opportunities in developed countries, especially for low-value-added
activities.
The MICROPROD project generated significant contributions to the literature on the
understanding of the role of technological change and trade in driving the income distribution.
Based on micro-data, these studies shed light on the differential impacts of technology and
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trade across firms, which have different levels of productivity. Such micro-data studies can
exploit the dispersion of data across firms, in contrast to macro-data analyses, which are
based on averages across firms. Faggio et al (2010) found that the bulk of increased wage
inequality arises from variation between firms and sectors, which suggests that firm
heterogeneity is crucial in analysing the developments in wage dispersion.
This policy paper summarises the key conclusions from Working Group 5 of MICROPROD,
which focused on the distributional consequences of globalisation and technological progress.

2. Globalisation and trade
Globalisation is frequently seen as a key driver of inequality in developed countries.
Altomonte and Coali (2020), and follow-up works by the same authors, studied this question
by using labour market and inequality outcomes based on a unique firm-level dataset from
France, Italy and Spain in the period from 2000 to 2017. Some of their results challenge earlier
findings from the literature.
Globalisation can be measured in many ways. A major element of the globalisation process
was China’s integration into the global economy in the past decades. China experienced rapid
economic growth averaging 10 percent per year from 1980-2011, subsequently slowing to
the still high level of 7 percent per year on average from 2012-2019. Measured at purchasing
power standards, China’s output exceeded German output in 1994, Japanese output in 2000,
and US output in 2016 to become the largest economy in the world1. China’s accession to the
World Trade Organisation in 2001 helped boost the integration of the country into global
trade flows and value chains. The substantial productivity growth over the past decades
resulted in lower production costs, while a push for research and technological development
has gradually increased the value-added component of Chinese exports. Bernard et al (2006)
found that greater exposure to imports from low-wage countries decreased plant survival and
growth in the US manufacturing sector, while the surviving firms reduced their number of
employees. These findings were subsequently confirmed for Europe (Auer et al, 2013).

1

Data source: April 2022 IMF World Economic Outlook database; series: ‘Gross domestic product, current prices’,
unit: ‘Purchasing power parity; international dollars’.
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Thus, it was a sensible choice by Altomonte and Coali (2020) to measure exposure to
globalisation as the increase in imports from China, which they call – in line with the literature
– “China shock”. Specifically, they used a cross-sectional indicator over a period preceding the
global financial and economic crisis, 2000-2007. For each NUTS-2 (Nomenclature of Territorial
Units for Statistics2) region, the change in real imports from China to a particular industry of
a country is normalised by the total number of workers in the same industry of the country.
The region-specific indicator is derived as the weighted average of the industry-specific
normalised Chinese import changes, with weights corresponding to the relative share of
workers in that specific industry within the region. Both the weights and the normalisation
factor are taken in the 2000-2007 period to avoid possible endogeneity effects, as the analysis
aims to study the impacts of the China shock in the post-global financial crisis period of 20112017.
The key labour market and inequality indicators studied are average labour compensation
(total labour compensation divided by the number of employees – that hereafter we call
‘average wages’ for simplicity) and the household relative deprivation rate, which measures
the discontent people feel when they compare their socio-economic status to that of other
families. Both indicators are averaged at the NUTS-2 level. In addition to the deprivation rate,
the authors included also the average Gini coefficient at the NUTS-2 level. The inequality
variables are available from 2011-2014 while labour market outcomes cover the whole period
2011-2017
The unique MICROPROD dataset was used for the analysis, which includes firm-level data for
the manufacturing industries of France, Italy and Spain between 2000 and 2017. The first
challenge was setting up of the dataset, which was based on several vintages of the
ORBIS/Amadeus database. A representative sample of the manufacturing industry was
created with data from more than 500,000 unique firms. This dataset was merged with other
data sources at a more macro level, including robotics data from the International Federation
of Robotics (IFR) database, trade data from the BACI database and regional-level economic

2

The NUTS classification is a hierarchical system for dividing up the economic territory of the European Union.
See https://ec.europa.eu/eurostat/web/nuts/background. It has three levels: NUTS-1: major socio-economic
regions; NUTS-2: basic regions; NUTS-3: small regions.
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indicators from Eurostat and OECD databases. An extensive dataset validation process
justified the dataset.
Several cross-section regressions were estimated in which alternative outcome indicators in
2011-2017 (2011-2014 for inequality) were regressed on the China shock and other
determinants in 2000-2007 to avoid endogeneity problems. To further reduce the scope for
possible impacts of endogeneity, in addition to ordinary least squares (OLS) estimation,
instrumental variable (IV) estimations were also done. The years of the global financial crisis
in 2008-2009 were excluded from the sample period because of the specificities of those
years.
An important feature of the research was that it not only studied the direct impact of the
China shock on inequality indicators and labour market outcomes, but also the indirect effects
via average wages and total factor productivity (TFP), by estimating auxiliary regressions.
Thereby, the research was able to offer a more comprehensive picture of the China shock
impact.
Several interesting results emerged from the research:
•

The China shock had a positive effect on total factor productivity in the medium term. This
result is in line with earlier research (eg Auer et al, 2013).

•

Average wages increased after the China shock, which is consistent with the shock’s
positive impact on total factor productivity.

•

However, when controlling for total factor productivity, at the margin, the China shock
has had a depressing effect on wages. This finding highlights the importance of studying
the channels through which a shock (the China shock in this case) can influence an
outcome variable (average wages in this case).

•

The interaction between TFP and exposure to Chinese imports shows that among the
most impacted regions, higher levels of TFP have a positive effect on wages.

•

The direct impact of the China shock on the average relative deprivation is negative in
preliminary regressions, that is, a higher level of the China shock is associated with a
higher level of satisfaction (lower deprivation); these results hold both for the level and
the growth of deprivation, and using both OLS and IV estimation.
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•

However, when controlling for average wages, at the margin, the China shock has a
positive impact on both the deprivation rate growth and the Gini coefficient growth in the
IV specification, indicating a detrimental effect on inequality.

Therefore, this research found that an increase in the trade exposure to China in France, Italy
and Spain increased wages and decreased relative deprivation. But the China shock increased
productivity which increases wages. Once the regressions control for average productivity
and wages, the sign of the China shock parameter changes, indicating that wages have not
increased as much as they should have based on productivity, while deprivation has not
declined as much as it should have based on wage developments. Therefore, while the overall
impact of the China shock was positive for wages and negative for deprivation, at the margin,
the China shock had a depressing effect on wages and an increasing effect on inequality.
Among the main channels of these developments, the increase in total factor productivity
after the China shock has played a crucial role in driving up wages, since in highly exposed
regions only higher levels of productivity help to smooth out the effect of the shock. The effect
on inequality suggests that the trade shock effect is mediated by the existing conditions in the
labour market3.

3. Technology
Beyond globalisation, technological development, including automation and digitalisation,
was another salient feature influencing productivity, wages and inequality. The parallel
developments of China’s integration into the world economy and technological
advancements make it more difficult to disentangle the differential effects of technology and
trade. Thus, Altomonte and Coali (2020) included a ‘robotic shock’ in their analysis, to be able
to separate the impacts of technology and trade shocks. However, Autor et al (2015) showed

3

In a related paper, Deng et al (2020) found that an increase in imports increases income risk, while an increase

in exports decreases income risk. Thus, the full impact of trade globalisation on income risk depends on the
developments of both imports and exports and the sensitivity of income risk to both. A higher income risk might
have implications for income inequality, depending on which segment of the labour force faces higher income
risk and consequently a reduction in income.
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that these two transformations are quite different and can be treated separately. Altomonte
and Billari (2022) followed this principle.
The two shocks are interrelated. Bloom et al (2016) found that in 12 European countries,
higher imports from China accelerated technological change both through the adoption of
new technologies and own innovations. The competitive pressure generated by the China
shock boosted innovative activity within the surviving firms as measured by information
technology (IT) intensity, patents and total factor productivity. The least technology-intensive
companies suffered from higher exit rates, leading to increases in unemployment. The latter
effect was partly counteracted by a reallocation of workers towards high-tech companies.
Some jobs are replaced by robots. The literature shows that while the first wave of
automation affected manual and cognitive tasks requiring routine skills (Autor et al, 2001),
the ongoing second wave of automation will see artificial intelligence (AI) and intelligent
robots becoming more and more capable of carrying out non-routinised tasks, including high
skill level jobs (Brynjolfsson and Mitchell, 2017).
For the US, Acemoglu and Restrepo (2020) found that higher levels of robot adoption
depressed both wages and employment, particularly in the manufacturing sector and for
workers with less than a college degree. The wage reduction was driven entirely by the lower
half of the income distribution, ultimately leading to a larger wage gap and rising wage
inequality.
However, Autor (2015) argued that automation not only substitutes for labour, but also
complements labour and thus increases output. He stressed that the former effect tends to
be overstated in public debates to the disadvantage of the latter.
For Europe, Gregory et al (2021) concluded that technologies can create more jobs than they
destroy. They found that routine-replacing technologies destroyed 9 million jobs in Europe
from 1999-2010 but created about 14-19 million jobs over the same period, resulting from
lower product prices, which improve regions’ terms of trade, raising their tradable output and
employment. In addition, local incomes grew and there were positive demand spillovers to
the non-tradable sector. Furthermore, Gregory et al (2021) showed that employment would
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have grown substantially more had firm mark-ups not increased, in line with the argument
and evidence put forward by Autor et al (2020).
Altomonte and Coali (2020) defined the robotic shock similarly to the China shock described
in the previous section: the change in the stock of robots in a particular industry of a country
is normalised by the total number of workers in the same industry of the country, which is
then weighted across industries. Data on country-industry level robot adoption comes from
the International Federation of Robotics. The sample period for calculating the robotic shock,
2000-2007, is also identical to the sample period used for calculating the China shock.
The main conclusions of the research were:
•

The robotic shock supports higher total factor productivity in the medium-term.

•

Average wages increase after the robotic shock, which is consistent with the shock’s
positive impact on total factor productivity.

•

When controlling for total factor productivity, the robotic shock appears to have a positive
effect on average wages, which is different from the same impact for the China shock.

•

The robotic shock also increases wage skewness when controlling for total factor
productivity.

•

A higher level of robot adoption increases relative deprivation and Gini coefficient growth,
indicating a worsening of regional inequality.

Therefore, following the robotic shock, the authors found higher wages along with higher
skewness, but also higher growth in relative deprivation rates. This evidence may suggest two
fundamental features of the two shocks.
First, the China shock puts downward pressure on wages since local manufacturing in France,
Italy and Spain competes with firms in China that benefit from comparative advantage in
terms of labour costs and productivity. But since the China shock increases productivity, which
pushes wages up, the overall impact of the China shock on wages is positive. By contrast, the
increase in robot adoption is an innovative process that increases average wages, even after
controlling for TFP.

9 / 19

Second, the mechanism through which the two shocks impact inequality is different. When
controlling for wages and TFP, the China shock increases inequality, but since the China shock
increases wages and TFP, the overall impact of the China shock is an inequality reduction. The
robotic shock increases inequality even after controlling for wages and TFP. This result might
stem from an increase in the skill premium. The literature shows that low-skilled workers are
more substitutable by robots, while high-skilled workers are more complementary. Even if
this process results in higher average wages, it also leads to an increase in inequality growth
as there are relatively more people that feel dissatisfied when they compare their economic
situations with those of their wealthier peers.
These results suggest that the mechanism underlying the effect of on inequality growth of
import competition and increases in robot adoption are quite different and should be treated
carefully when considering policy responses.

4. Different types of technological change
The literature on technological change often focuses on innovation to measure the
generation of novel knowledge, including research and development (R&D) activities or
generating patents. However, most innovation activity has a relatively low-novelty content,
as highlighted by Linder and Muraközy (2020). Only between 25-35 percent of process
innovator firms introduced a process that was ‘new to the market’, and 5-25 percent of
product innovator enterprises introduced products which were ‘new to the world’ in Europe.
Among low-novelty innovations, technological and organisational innovation can be
distinguished.
Recent economic research studying the impact of technology on the labour market
emphasised the role played by skill-biased technical change: the idea that technical changes
shift production to technology that favours skilled over unskilled workers (see Violante, 2008,
for a survey of the literature). By increasing the productivity of skilled workers, and thereby
the demand for such workers, skill-biased technical change may explain rising wage inequality.
The skill premium and/or returns from schooling refer to the gain that a worker gets by
investing in higher education. It is calculated as the ratio of wages of the high-skilled workers
to the wages of low-skilled workers. Autor (2014) noted the dramatic rise in the skill premium
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in the United States and argues that this contributes substantially to the rise in income
inequality. Autor (2014) attributed the sharp increase in the skill premium in the US to the
decline in non-college employment in production, administrative and clerical work; the sharp
rise in low-skilled labour supply and competition from the developing world; the decline in
the bargaining power of labour unions; and reductions in top marginal tax rates.
Linder and Muraközy (2020) examined how different types of technological change affect
wage inequality. They investigated the relationship between firm-level skill demand and
different innovation activities. Skill demand is proxied by the share and wage premium of
college-educated workers. Innovation activities involve the introduction of production
processes, products and management methods, which are new for the firm but not
necessarily for the market.
The dataset is a unique firm-level innovation survey linked to employee-employer data from
Hungary and Norway. The dataset includes five repeated waves of a large-scale innovation
survey, each of which covers around 5000 firms. The survey has a panel dimension as well.
This allows worker-level wages to be studied and compositional changes resulting from
increased skill demand due to innovation to be controlled for.
Hungary and Norway are two different countries in terms of innovation activities and labour
markets (Linder and Muraközy, 2020). On average, Hungarian firms are more technology
adopters, while Norwegian firms are more technology developers. Labour markets are less
regulated in Hungary than in Norway. Thus, findings for these two countries with different
characteristics have the potential to offer interesting insights into the effects of the different
types of technological developments on the skill-premium, and ultimately on income
inequality.
Linder and Muraközy (2020) first derived a theoretical model in which firms have two inputs
in the production function: high skilled labour and low skilled labour. The model suggests that
if wages are set in a non-competitive environment, then a negative relationship emerges
between relative skill demand and relative wages at the firm level as long as there is no skillbiased technological change. They, therefore, examined both the quantity of labour and the
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wage response. By following the identification strategy of Caroli and Van Reenen (2001), the
main results from the study were:
•

Innovation is skill-biased both in Hungary and Norway: by controlling for the
compositional change in the quality of the workforce after innovation, starting to innovate
is associated with a 5-8 percentage point increase in the wage premium of skilled relative
to unskilled workers in Hungary, and a 4-6 percentage point increase in Norway.

•

Both low- and high-novelty innovations are associated with an increase in the college
premium with similar magnitudes. Low-novelty innovation, given its prevalence, plays a
greater role than high-novelty innovation in explaining the skill premium.

•

By distinguishing between technological and organisational innovation, they found that
the skill premium is mainly driven by technological innovation, while organisational
innovation has only a minor, non-significant impact on skill premium.

Overall, the findings suggest that skill-biased technological change is not necessarily linked to
generating new knowledge or high novelty products at the firm level. This main result is in
line with theories of skill-biased technological change, which often emphasise technology
diffusion and relatively low-novelty follow-up innovations as key sources of economy-wide
technological change.

5. Robots and political outcomes
Income inequality might influence voting outcomes. By controlling for various voting-district
specific characteristics, including age, education, race and the share of immigrants, Darvas
(2016) found that high inequality and poverty boosted the ‘leave’ vote in the United
Kingdom’s June 2016 Brexit referendum, while Darvas and Efstathiou (2016) showed that in
the 2016 US presidential elections, Donald Trump performed more strongly in states with
higher income inequality. Both votes could be considered protest votes: perceived unfairness
can lead to such results in referendums and elections.
Nationalist and radical-right parties and candidates have become increasingly successful in
western European democracies over the past decades. Several papers in the literature
analysed the cultural drivers of such political developments, while others focused on
structural changes in the economy as possible drivers (Franzese, 2019). Anelli et al (2019)
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studied whether the increasing success of nationalist and radical-right parties is related to
industrial robot adoption across regions of 14 western European countries between 1993 and
2016. Since higher robot exposure could result in increased income inequality, increased
inequality and votes for extreme political parties might result from the same cause.
Data on the adoption of industrial robots at the country-industry level (from the International
Federation of Robotics) was combined with regional employment data (either from Eurostat
or from national sources). Historical labour market data is from the European Labour Force
Survey and individual-level data is from the European Social Survey.
A key challenge was how to measure individual exposure to automation in a way that is not
contaminated by the consequences of automation itself. The novel approach of Anelli et al
(2019) calculated the vulnerability score for each individual as a weighted average of the
automatability scores for each occupation, where weights are the probabilities of
employment of each individual in each occupation. That is, in the first step they estimated
predicted probabilities for each individual to be employed in each occupation, based on
individual characteristics and on the historical composition of employment at the occupation
level in the region of residence. In the second step, the individual vulnerability to automation
was calculated as the product of probabilities and the automatability scores of occupations.
To obtain the individual exposure to automation at the time of a given election, the
vulnerability score was interacted with the pace of robot adoption in the specific country and
election year. Thereby, for a given national pace of robot adoption, the measure of individual
exposure assigned higher scores to individuals that would have been more likely – in the presample historical labour market – to work in occupations for which automatability is higher.
The main findings of the research were:
•

Higher exposure to robot adoption increases support for nationalist and radical-right
parties.

•

Higher robot exposure at the individual level leads to poorer perceived economic
conditions and well-being, lower satisfaction with the government and democracy, and a
reduction in perceived political self-efficacy.
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•

Structural changes in the economy, and in particular, the decline of manufacturing
employment, play a significant role in the success of nationalist and radical-right parties
in western Europe.

Overall, technological development, as reflected by industrial robot adoption, increased
support for nationalist and radical-right parties over the last three decades and might have
contributed to increased income inequalities. Since a new wave of automation is on its way,
the findings suggest that electorates might further shift to the right in the absence of
appropriate policies to address the adverse social consequences of automation.

6. Works councils
Labour market institutions might influence inequality between firms in terms of wages,
productivity and profits. German work councils are a specific case of such labour market
institutions. Work councils are establishment-level labour market institutions that grant
workers in eligible plants extensive information, consultation, codetermination rights and
certain veto rights, such as over individual dismissals. Work councils are different from trade
unions and are not allowed to interfere with union wage bargaining or call strikes. In 2015, 42
percent of workers in west Germany worked in the 9 percent of plants that have work councils,
while trade union membership amounted to 59 percent of workers in 31 percent of plants
(Ellguth and Kohaut, 2016).
Work councils have the potential to raise firm productivity by generating a collective voice,
reducing information asymmetries between workers and management, and fostering trust
and longer-term relationships between them.
Earlier empirical research demonstrated that firms with such councils have less employee
fluctuation, pay higher wages and enjoy a productivity premium (Addison et al, 2001; Mueller
and Stegmaier 2017; Hirsch and Mueller, 2020). At the same time, high-quality personnel tend
to seek high-productivity and high-wage firms (Andrews et al, 2012), where the prevalence of
work councils is higher. Thus, a crucial question is whether work councils increase the
performance of firms, or whether firms with such councils attract high-quality workers who
increase the productivity of the firm.
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Using data micro-level data from Germany, Mueller and Neuschäffer (2020) studied whether
high-quality workers sort into work council establishments and whether the positive
economic effects established in prior research remain once such sorting is taken into account.
They also tested whether there is a complementarity between worker participation and
worker quality in the form of excess productivity premia.
The linked-employer-employee data for Germany contains information on revenue,
employment, capital stock, intermediate inputs, information on works councils and other firm
characteristics, which allows observed and unobserved worker quality to be measured. Thus,
the study analysed two important aspects of intangible capital: worker participation in
decision making and unobservable worker quality.
The main conclusions from the research were the following:
•

High-quality workers sort into works council establishments (assortative matching).
However, this sorting only modestly mutes the positive link between work councils and
labour productivity, wages and profits. Thus worker sorting does not invalidate the
general result of positive council effects as documented in the literature.

•

High-wage workers have a strong positive productivity contribution, but this is not
influenced by work councils. Thus, worker quality and worker participation in work
councils are not complements in performance management.

•

There is a positive link between council existence and establishment profitability even
after controlling for worker quality. This implies that councils can contribute to a fair
sharing of productivity gains between labour and capital, thereby contributing to a stable
labour share in income at the plant level.

Overall, the findings suggest that work councils have positive effects on productivity, wage
and profit at the firm level. This also implies a difference between those firms that have work
councils and those that do not. Since firms without work councils do not benefit from the
positive effects of such councils, wage inequality could develop between the two types of firm.
Another reason for wage inequality between the two types of firm is that firms with wage
councils attract high-quality workers.
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7. Conclusions
Ensuring prosperity and fairness is a dual challenge with major policy implications. A good
understanding of the distributive implications of trade and technological change is crucial for
the design of policy instruments to address possible adverse impacts. Working Package 5 of
the MICROPROD project made significant contributions to this research theme by utilising
various micro datasets, which allow distributional impacts across firms and workers to be
studied.
There are several channels through which trade expansion and technological advances could
drive income inequality higher in developed countries. However, new findings suggest that
both increased imports from China and more robot adoption increased average wages in
France, Italy and Spain. The main transmission channel was total factor productivity, which
was increased by both shocks, and total factor productivity growth boosts average wages.
However, when controlling for TFP, the marginal impact of the China shock on wages is
negative, while the marginal impact of robot adoption on wages remains positive, underlining
that the two shocks have different impacts. Relative deprivation growth is reduced by the
China shock, but increases after a robot shock. The marginal impacts of both shocks change
when the impact via average wages is filtered out, yet from a policy perspective, the overall
impact is crucial. Thus, new findings demonstrate that technological change could have been
a major driver of increased income inequalities in developed countries, but trade globalisation
has not. Nevertheless, the different marginal impacts suggest that the China shock induced
wage falls (ie wages did not increase as much as productivity increase would have implied),
while the impact of the robot adoption shock is consistent with an increase in the skill
premium.
Other novel research highlighted the important role of low-novelty content innovation, which
accounts for at least two-thirds of all innovation activities. Estimates for Hungary and Norway,
two countries at different stages of technological development and with different labour
markets, reveal surprisingly similar quantitative impacts of innovation on the relative wages
of high-skilled workers over low-skilled workers. Both low- and high-novelty innovations are
associated with an increase in the college premium with similar magnitudes, but because of
its greater prevalence, low-novelty innovation plays a greater role than high-novelty
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innovation in explaining the skill premium. Thus, skill-biased technological change is not
necessarily linked to generating new knowledge or high-novelty products at the firm level.
Increased income inequality, or the causes of income inequality, like increased robot adoption,
could have political consequences. New research found a causal relationship from greater
exposure to robot adoption to increases in support for nationalist and radical-right parties. A
possible reason for this finding is that greater robot exposure at the individual level leads to
poorer perceived economic conditions and well-being, lower satisfaction with the
government and democracy, and a reduction in perceived political self-efficacy. Since a new
wave of automation is on its way, the findings suggest that electorates might further shift to
radical parties in the absence of appropriate policies to address the adverse social
consequences of automation.
Finally, labour market institutions might mitigate the adverse impacts of technological change
on labour incomes and income inequality. For the specific case of German work councils
(which are different from trade unions), new research found very positive results: such work
councils increase productivity, wages and profits, results that remain significant even when
controlling for the efforts of high-quality personnel to seek jobs in high-productivity and highwage firms, where the prevalence of work councils is higher. Work councils can also
contribute to a fair sharing of productivity gains between labour and capital. All these factors
benefit workers, yet such benefits do not arise in firms where there are no work councils, so
ultimately, work councils could increase inequality between workers at different firms. While
further research should explore whether the German model of work councils could be
adopted in the labour market structure of other countries, the encouraging findings on the
German model suggest that certain labour market institutions could result in a win-win
situation for both workers and capital owners, thereby mitigating the potentially adverse
impacts of technological change on certain segments of the labour market.
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1.

Introduction

1.1.

General context

The Deliverable D6.1 is part of a set of papers to be developed within WP6 aiming at
capturing the feedback loop effects between the micro and macro dimensions of policies in
a systematic way and identifying key elements that might generate a virtuous cycle between
them.

1.2.

Deliverable objectives

Within this deliverable, leveraging on the finding of WP1 and WP3 on the causes behind the
fall in productivity growth and its impacts, we (1) explore what affects the neutral rate in
equilibrium and link it to the new explanatory variables as resulted from the research
performed in WP1 to WP5; (2) try to understand the narrative of the cost of capital given
the projects research outcomes.

2.

Methodological approach

In our analysis, we combine the interim results of MICROPROD as achieved within WP1 to
WP5 and a very intensive literature review in order to answer the research questions why
interest rates are coming down steadily and whether it is macroeconomic policy that can
reverse this trend or it is the deep structural movements that require structural policies. We
also compare pressure on interest rates between EU and US.

3.

Summary of activities and research findings

The evolution of macroeconomic variables in Europe and US, from productivity slow down
to the increase in intangible investments are not dissimilar between them. Nonetheless, the
way these outcomes have been achieved is not necessarily the same. While we might argue
that concentration power in the EU has not been the source of the downward pressure on
interest rates, we might argue that it is probably US giants that operate at global markets
that put pressure also on the EU. The causes of the abovementioned pressure can be found
in other factors such as demographics and the overall increase in uncertainty, which,
coupled with the more conservative attitudes on risks, create poor conditions for growth
and account for more of the decline in interest rates. But importantly also, the EU has a
finance that is no risk taking skilled: the lower the degree of risk sharing, the fewer risks will
be taken, creating poor entrepreneurial environments.
At the same time, the EU will also lose out from the second part of the interest rate loop,
which will sustain zombie firms and challenge bank profitability; both will reduce
productivity and exacerbate the pressure on interest rates.
So, while supporting greater competition might be a good policy approach for the US, better
finance condition to sustain a greater risk sharing is one of the policy prescription to deal
with the downward pressure in EU.
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4.

Conclusions and future steps

Consistently with the research objectives of WP6, this deliverable contributes to better
understanding the productivity dynamics and their drivers to support the design of policies
aimed to reconciliate growth and cohesion at the macro level, with a specific focus and
comparison between EU and US.
As achieved during the drafting of this paper, we conclude that as major factors to take into
account when dealing with productivity slowdown, demographics and the overall increase in
uncertainty play a pivotal role.

5.

Publications resulting from the work described

The deliverable will be presented at seminars in view of its refinement for a potential
scientific publication. This deliverable will be also published in the lead beneficiary website.
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Abstract
The secular decline in interest rates is explained by the savings-investment
imbalance due to demographics and macroeconomic risk. But that is not
the whole story. In the US the digitisation shock, in combination with
globalisation, have led to concentration and increased market power. This
prevents new comers from entering the market, reduces productivity and
disincentivises investments. In the EU on the other hand, it is the absence
of finance, particular risky finance, that prevents new technologies from
turning into economically-successful businesses. This also creates an
environment of low investment where there is no boost to productivity.
Neither of the two, the US and the EU, are necessarily creating the
conditions for the next generation of disruptive innovation to take place.

1. Introduction
The question of declining low nominal rates has been the subject of many discussions both prior to
the financial crisis, and ever since. But the combination of their persistence, as well as the meagre
inflation rates, have led to a similar declining path for real interest rates and have raised the issue that
it is the equilibrium real interest rate, that is following a secular declining trend.
But while the equilibrium nominal interest rate is that rate that clears money markets, the equilibrium
real interest rates is one that clears production, in other words keeps the economy’s output equal to
its potential, consistent with flexible prices (and wages) but also constant mark-ups (Woodford 2003).
So, if it is the equilibrium real rate that is changing, then there are deeper issues, like market
structures, that are shifting.
The difference between the real interest rate and the equilibrium real interest rate, known as the real
interest rate gap, is a key variable in explaining both output and inflation in the New Keynesian
literature. And it is the key gap that macroeconomic policy, mainly monetary policy aims to close

1
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following disturbances. But if its indeed the equilibrium real interest rate that is changing and not so
much the gap, then macro policy has little role to play.
Figures 1 plots the nominal interest rate as well as the inflation rate for the euro area. The combination
of the two, then gives the evolution of the real interest rates. At the same time, we include the
projection as derived by indexed swaps at various horizons that span 30 years into the future. While
any markets beyond 10 years are rather thin, and therefore not very informative, they do provide an
indication of the level that at least markets expect, equilibrium to be. Policy rates are expected to be
slightly negative for the next 10 years and then hover around zero after that. But as markets expect
inflation to climb up towards 2%, they also expect very negative real interest rates at roughly -2 per
cent, for protracted periods of time.
Figure 1 The real interest rate for the Eurozone (policy rate and inflation) till 2050
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But this is not just an EU phenomenon. Figure 2 shows a similar picture for which the real interest rate
for the US is converging at around -1 per cent.
Figure 2: The real interest rate for the US (policy rate and inflation) till 2050
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But what is interesting about these graphs is that a 30-years from now the expectation is that nominal
real rates will be negative, a very long time in other words. This is as good as arguing that equilibrium
real rates will be negative. And in fact, this is not very different to what attempts to estimate the
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unobservable equilibrium (natural) rate of interest have shown, (Holston, K. T. Laubach and J.C
Williams (2017) for the US and Brand, C. and Mazelis, F. (2019), for euro area estimates).
But beyond this common trend there are also other factors that point into structural changes that are
very well documented in the literature and agreed upon. We observe a reduction in total factor
productivity, and a reduction in the labour share.
Figure 3: Structural trends: Total factor productivity
a) Total factor productivity (%)
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At the same time, we observe a secular decline in investments in tangible capital and an increase in
investments in intangible assets.
Figure 4: Structural trends: tangible versus intangible investments
a) Gross capital formation
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These trends manifest themselves in similar ways in the US and across countries in the EU. It would
be important to understand however, whether the reasons that are causing them are similar and
therefore also require similar policy responses.
The literature that we will review below will attempt to explain why interest rates are coming down
quite so persistently and answer both whether it is macroeconomic policy that can reverse this or
indeed due to deep structural movements that require structural policies.
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The first strand of the literature asks whether the low interest rate trend is simply the result of too
much savings and/or too little investment. Whatever the source of this imbalance, evidence shows
that it cannot be eliminated, at least not in its entirety, by expansionary macroeconomic policy. Both
fiscal and monetary policies have attempted to do that but the secular downward trend continues.
Some parts of the literature will tell us that not only is monetary policy unable to revert the trend;
underlying structural changes inhibit its role even more.
It is perhaps not surprising then that the search for reasons to explain the secular downward trend
have attempted to understand how the two main global trends of the past decades, that of digitisation
and globalisation have changed market structures. And such attempts tell us that there are three
structural factors that are contributing to this trend: the rise of intangible capital, market power and
macroeconomic risk.
The literature that has looked at US data, where the digital shock originated, tells us that, of the three
factors, the main driver is market concentration that leads to monopoly power. Such market power
has led to uncompetitive markets that discourage investments. Importantly also what this literature
says is that highly concentrated markets are not the type of markets that will generate the next
disruptive types of innovation. And there is a paradox in this, as it is an undoubtedly very disruptive
innovative shock, namely digitisation, that led to the market conditions that are no longer conducive
to the next wave of disruptive innovation.
However, the story in the EU is not quite the same. First, markets are lot more fragmented. Coupled
also with a lot stricter anti-trust regulatory frameworks than the US, the possibility for acquiring
monopoly power is much smaller. New evidence is even showing us that to the extent that there is an
increase in market concentration, it is actually a good thing because it implies that the most efficient
firms are the ones that gain greater market share. It is the other two structural reasons therefore that
account for the downward pressure on interest rates. We will argue that the unifying factor of
relevance to the EU behind intangible capital and macroeconomic risk is finance, or rather the lack of
finance particularly one that is suited to risk. Intangible capital is not easy to finance through banks as
it cannot serve as collateral. And Europe lacks risky finance (namely equity finance) which is more
appropriate in general conditions of greater macroeconomic risk.

2. Why are interest rates so low?
The literature on the determinants and consequences of low real interest rates has grown
exponentially in the last 10 years, following different paths to explain the persistence we observed in
the previous section.
The first stream looks directly at the saving-investment balance. After the Global Financial Crisis, the
literature on “secular stagnation” (Summers, 2015b) focuses on a chronic demand deficiency driven
by both a reduction in investment and an increase in savings. The list of possible determinants is long:
from demographic factors, to the change in relative price of capital goods; from the “saving glut” in
emerging countries to the saving glut of in an increasing unequal society; from the increase cost of
financial intermediation after the crisis, to an increase in risk aversion leading to an increased demand
for safe assets.
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The length and insensitivity of this stagnation to standard expansionary fiscal and monetary policies
has directed the focus of the literature to two other structural causes of the fall in real rates. One
literature focuses on the causes of the productivity slowdown by looking at the changes inside the
firm driven by technological innovation and globalization. In this literature the main source of
productivity stagnation is the rise of "winner-takes-all" superstar firms (Autor et al., 2020), a product
of a combination of technological innovation and globalization, that induces increasing concentration,
reduction in labour share and reduction in competitiveness. A second stream of literature instead
examines the allocative effects of low-for-long interest rates, pointing at the distortion in allocation
of resources that this creates by allowing non–productive firms to survive, favoring concentration and
affecting the credit creation by reducing banks profitability (Liu et al., 2019). These literatures describe
a feedback loop between innovation and downward pressure on interest rates. Digital innovation has
generated strong increasing economies of scale, which were reinforced because of globalisation
expanding the returns from concentration. This meant that few firms accumulate increasing market
power which increases inequality and concentrate regulatory power in favour of the incumbent
(Bergeaud et al., 2019).
We provide a summary of the rich landscape of alternative views and evidence, with a view to distilling
the drivers behind the low interest rate environment.

2.1 A saving-investment imbalance
As the equilibrium real interest rate is what clears the flow of funds market, it is natural to attempt to
explain the low interest rate by analysing what causes the increase in saving and the reduction of
investment.
A global increase in savings preceded the Global Financial Crisis of 2007-2009. Emerging markets, and
some industrial countries, had shown a high propensity to save and followed policies of increased
reserve accumulation to protect the economy from capital flow reversal and to maintain a competitive
exchange rate level to boost exports (Bernanke 2005). Also increased inequality (Mian et al 2020) in
developed economies and an increase in macroeconomic risk increased the global demand of safe
assets (Caballero et al 2017), putting downward pressure on the real interest rates. While one would
expect a contemporaneous increase in investment after a reduction of interest rates, this did not
happen because of a demographic trend that favoured current expenditure (Cavalho et al 2016). A
reduction in the relative price of capital (Sajedi, R. and G. Thwaites, 2016) reduced the demand of
savings for the same amount of investment. The Global Financial Crisis reinforced these trends by
increasing macroeconomic risk and the demand for safe financial assets (Del Negro et al, 2017),
increasing the cost of financial intermediation and the financial constraint to investment.
The solution to a low saving-investment equilibrium is to substitute private sector choices with public
sector intervention. Thus, fiscal policy should absorb the excess savings by increasing public debt and
use the resources to increase infrastructure investment to increase the marginal productivity of
private sector investment, increase productivity and so increase real rates (Eggertsson and Summers,
2016). With nominal interest rates at the zero-lower bound, this policy would have no consequences
on the government fiscal solvency (Blanchard 2019).
An alternative interpretation reverses the causality of the relation between real rates and monetary
policy and argues that the persistence of expansionary monetary measures before and after the Global
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financial Crisis is the cause of financial hysteresis with long term real effects (Borio 2017). For example,
Borio et al (2019) analyses how easy monetary policy interacts with financial frictions to generate
financial cycles of excessive risk taking and credit bubbles that, once imploded, generates long term
output losses. This analysis suggests that monetary policy should put more weight on financial stability
and “Lean against the wind” of financial cycles. This will induce an interest rate higher on average,
moving the policy rate away from the zero lower bound.
A different financial hysteresis of low policy rates can also be seen in the effect that they have on bank
profitability and the ability to supply credit (Brunnermeier and Koby,2018). Low interest rate on safe
assets hurts bank profitability by reducing Banks’ interest rate margins, especially if the deposit rate
does no decline accordingly. Eggertsson et al (2019) observe that deposit rates and lending rates
become irresponsive to negative interest rates, with Banks even increasing the lending rates to protect
profitability. Claessens et al (2018) confirms the reduction in the interest margins and Bank
profitability using data for a large panel of countries. If this is the case, the source of stagnation is the
non-linearity of monetary policy at or close to the zero-lower bound: an increase of the policy rate, by
increasing banks net worth, would increase the flow of credit towards risky assets, with expansionary
consequences.
Ultimately, the question is if monetary policy is the right instrument to deal with financial imbalances
or if another instrument should come into play. Altavilla et al (2019) provide European evidence that
the positive influence of low policy rates (and of non-traditional policy instruments) on the economy
more than offsets the negative effect on Banks net interest income. Increasing policy rates would
trade-off a certain and substantial cost of lower inflation and lower output for an uncertain benefit of
lower financial instability and increased bank profitability (Svensson, 2019).
Moreover, policies have not been the same around the world, with several advanced countries trying
to move away from the zero lower bound and using the fiscal instrument with different degrees of
strength. This difference in policies is not reflected in a significant difference in expected real interest
rate. Therefore, the secular decline as well as the expectations for such decline of real rates to remain
low for a very long time around the world, as figures 1 and 2 show, has moved attention to the supply
side of the stagnation debate, looking at the nature of technological innovation and the evolution of
market structures. In fact, Sablik and Trachter (2019) argue that in the case of the US, it is increase
market power that leads to an imperfect pass through of efficiency gains on wages, generating
deflationary pressures that keep rates low.

2.2 Productivity slow down, the cause of low interest rates
This literature focuses on the long-term supply trends underlying the drop in the natural rate of
interest, productivity growth and long-term growth. The first empirical regularity to consider is the
long-term decline of the labour share of income (Elsby et al., 2013) together with the reduction in the
price of investment goods (Sajedi and Thwaites, 2016). Karabarbounis and Neiman (2014) show a
consistent decline of labour share in developed countries and across industries beginning in the 1980's
which is correlated with a decline in the price of investment goods. Their hypothesis is that the
reduction in the relative price of investment, driven by an underlying technological change, induces a
substitution between capital and labour in favour of the first. Thus, the story is one of technological
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change, digitization and mechanization that led to a fall in the quality-adjusted price of capital
equipment leading firms to replace people with cheap machines.
This automation of processes is not enough to explain the reduction in labour share. The substitution
of labour with capital is intrinsic to the process of economic growth from the time of the spinning
machine. However, the labour share remained stable because the increase of productivity generated
demand for labour in new task generated by technological innovation (Acemoglu and Restrepo, 2019).
The difference this time is that that the introduction of labour-saving technology is not generating a
sufficient increase of productivity. Actually, together with a reduction of labour share, we see also a
reduction in capital stock and a reduction in investment rates. For example (Barkai, 2020) shows that
the share of capital has declined in parallel with the reduction in the labour share, while pure profits,
which is what a firm earn in excess of all production costs, have increased in the same period,
indicating an increase in market power and a decline in competition.
So, it is in the nature of digital innovation that the literature turned next. Gutierrez and Philippon
(2017) focus on the change of market structure and the reduction in competitive pressure which move
resources from wage and profits to rent extraction, especially through regulatory capture. The change
in market structure is noted also by Autor et al. (2020) who observe two parallel process: a
technological process that favour increasing s to scale and a globalization process that increases the
return of dominant positions.
The reduction in labour share is matched by two other observations: an increase in the return on
capital and an increase in the spread between the risky and risk-free asset return. Farhi and Gourio
(2018) use a growth accounting method to decompose the increase in spread between what is
determined by technological change, what is given by increasing in rents and what is given by an
increase in macroeconomic risks. They exploit the fact that the reduction of the natural interest rate
matched by a slight increase in the return of private capital didn't induce an investment boom. Their
results indicate that increasing rents, linked to an increase of market power, and increasing risk
premium are the main cause of the increase in spread. Interestingly, introducing investment in
intangible capital in the specification absorb part of the market power effect, showing a correlation
between market power and investment in intangibles.
The increased importance of intangibles in the production function of the firm (Crouzet and Eberly,
2019) can be central in explaining the observed investment gap. Corrado et al. (2005) identify three
main categories of business intangibles: computerized information, innovative property, and
economic competencies. Intangible capital is more readily scalable and less excludable than physical
capital: a piece of software can be more easily replicated than a piece of equipment. This implies that
ownership is more contractual, requiring patent and copyright protection. Similarly, investments in
branding and business processes may be readily scalable, but then need to be protected by
trademarks. These distinct economic characteristics potentially allow intangible capital to play a
different role in generating revenue and profits than traditional capital inputs. For example, these
properties may promote economies of scale, while the protection afforded through intangibles
patents, copyrights) may exclude competitors and generate market power. On the other hand (Giglio
and Severo, 2012) show that an increase in investment in intangibles can be at the root of asset price
bubbles and macroeconomic fluctuations, thus partly explaining the increase in risk premium analysed
by Farhi and Gourio (2018).
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A different strand of this literature instead looks directly at the long run evolution of asset prices and
links this to underlying structural transformation. Jorda et al. (2019) presents a comprehensive
analysis of the real return of all major asset classes in most advanced economies stating in 1870. This
wide historical perspective shows that low safe real rates are the historical norm while the exception
are the high real rates of the 80's.
Jorda et al. (2019) points out that the idea of secular stagnation can be determined by a narrowed
view that does not consider the full historical record. An alternative interpretation is that the secular
stagnation is essentially a measurement problem because the true value of innovation is not
accounted (yet) in our evaluation of productivity. Nakamura et al. (2020) show an increase in
mismeasurement of growth and prices in the 21st century. The increasing importance of intangible
investment, of knowledge and creativity and the reduction in the reproduction cots in a digital
economy are difficult to capture by standard measurement, inducing an underestimation of real
growth and an overestimation of inflation. How important this measurement is, remains
fundamentally an empirical question and several studies have shown that it cannot alone explain the
downward trend in productivity and real growth. Aghion et al. (2019a) show that current
measurement does not capture the role of creative destruction in replacing existing varieties with
goods of higher quality. They also show that this error, explains only a small proportion of "missing
growth" and mainly in the leisure and retailing sectors.
A different argument is put forward by Brynjolfsson et al. (2017). They stress the general-purpose
technologies of the most recent waves of innovation (Bresnahan, 2010). The digital economy, robotics
and artificial intelligence are bound to change significantly the potential growth of the economy but
their innovative effect is subjected to implementation lags and it will be evident in the growth data
only after a new wave of complementary innovations embed the new technology in all aspect of the
production process. This implies that we should consider directly the nature of the innovation process
and how it shapes markets and societies. Komlos (2016) argues that the current innovation process
could be "too destructive": new products are close substitutes of old products and thus the
contribution component of innovation is lower than the destruction component of innovation. For
example, Amazon introduces a whole new distribution method that effectively substitutes countless
numbers of local bookstores and global distribution chains; smart phones replace traditional cell
phones and cameras, making a whole industry obsolete. While these innovations are certainly
disruptive to the economy, they do not generate the same advantage in terms of growth and welfare
than innovation waves of previous eras (Gordon, 2017). Aghion et al. (2019b) provides a
comprehensive framework linking technological innovation, reduction in competition and reduction
of labour share. In their model, innovation reduces production costs for the most productive firms.
Like in the example of Walmart and Amazon, innovation is not only new products, but it is critically
new processes, which increase efficiency and mark-ups for the innovative firms. The process
advantage of Amazon and Walmart gives these firms a competitive advantage that close rivals cannot
counteract. The innovative firms will expand absorbing an increasing number of close products,
increasing concentration and mark-ups, reducing the economy labour share and ultimately reducing
competition and innovation, after an initial bust of growth. The model shows how an innovation wave
can be followed by a lull of innovation because of the market structure that the first wave has
generated.
In short, the literature points to three sources of the observed long-term reduction in real rate:
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•
•
•

The raising importance of intangible capital
The pervasive reduction of competition
The increase in macroeconomic risk

2.3 The consequences of low real rates: a vicious circle
Following attempts to understand the drivers behind the declining interest rates, a substantial part of
the literatures also attempts to explain the distortionary consequences of low interest rate. This
therefore emphasises the existence of productivity-low interest rate loop, a vicious circle, that
reinforces the stagnation path.
There are three consequences of a low interest rate environment:
•
•
•

inefficient firms survive longer;
Bank profitability is reduced and credit creation reduced;
innovation reduces through increased market concentration and market power.

Bergeaud et al. (2019) focus on the possible circular relationship between the reduction in real interest
rates and the reduction in productivity and growth. While it is true that the real interest rate is
connected to the evolution of productivity, an exogenous shock that reduces the real interest rate, for
example a demographic shock, will make allow less productive projects to be sustained thus reducing
aggregate productivity and pushing the real interest rate lower. This observed co-determination of
real rates and productivity is best exemplified by the "zombie firms" literature started with Caballero
et al. (2008) work on the effect of credit extension to unproductive firms during the long Japanese
depression. Financial subsidies to firms that should have left the market put downward pressure on
aggregate productivity and crowd out higher productivity firms that are starved of financial resources.
While the Japanese experience was one of Banks extending lending to unproductive firms to protect
their own solvency, after the Global Financial crisis the attention has moved to the effect of
unconventional monetary policy and negative policy rates on the misallocation of capital and the
survival of unproductive firms (Adalet McGowan et al., 2018; Acharya et al., 2019; Gopinath et al.,
2017).
(Liu et al., 2019) show that a low interest rates give industry leaders a strategic advantage over
followers, and this advantage becomes more dominant as the interest rate approaches zero.
Consequently, as the interest rate declines, market structure becomes more monopolistic, and, for a
sufficiently low interest rate, productivity growth slows. This prediction is tested through an analysis
of excess returns for industry leaders relative to followers in response to a decline in interest rates. A
decline in the ten-year Treasury yield generates positive excess returns for leaders, and the magnitude
of the excess returns rises as the yield approaches zero. The model provides a unified explanation for
why the fall in long-term interest rates has been associated with rising market concentration, reduced
dynamism, a widening productivity-gap between leaders and followers, and slower productivity
growth.

3. Pressure on interest rates: US vs Europe
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The process we describe is global in nature, but there are significant local dimensions to the issue. In
the US, the country that is the centre of much of the analysis, the main focus is the connection
between innovation and concentration. In Europe instead the focus is on the connection between risk
and innovation.
How has the US experienced the process of digitalisation, the starting point of the loop described
above? This type of technology shock has two characteristics: it needs relatively little tangible capital,
therefore generating strong increasing returns to scale, and it generates a very clear first-mover
advantage, whereby those firms fortunate enough to be the first to get into the market, and scale up
fast with relatively little real investment. The consequence of these two characteristics is that firstmovers grow and expand fast, and use the resources accumulated to defend and expand their
dominant position, leading to concentration and market power. On top of that, globalization means
that market power gained domestically can also be scaled globally, which increase the gains from
incumbency exponentially.
But this is not necessarily a bad thing. An increase in concentration could very well be a signal of a
well-functioning competitive environment in which the most efficient and innovative producers end
up naturally capturing a higher market share (Van Reenen 2018).However, if market power is not
limited, it results in barriers to entry and uncompetitive practices that do not contribute to
productivity and have little to offer in terms of innovation (De Loecker et al 2020).
Furman (2018) argues that with reference to the US, had concentration been the result of innovative
firms capturing the biggest share of the market, we would have seen an increase in productivity
growth across the economy. However, as the graphs above had shown productivity growth is on a
declining path, in line with global trends. He joins therefore all the others quoted in the previous
section in arguing that market concentration has not resulted in greater dynamism in the US market.
Furman also takes the view that policy has also contributed to the reduction in competition by
reducing antitrust enforcement, an argument that also Philippon (2019) implies when he talks about
“capture”.
The lack of competition and the preservation of star-firms raise barriers for other more innovative
companies from coming in, discourages investments and reduces interest rates. So, there is a paradox
here in the way that the digital shock has played out in the US. Although an undoubtedly big innovation
shock, it has also led to big concentration effects, that created monopolies that have less incentives
to innovate and prevent others from entering. The paradox here is that it is an innovation shock that
has led to lesser conditions for future innovation.
On top of that, then the second part of the literature argues that the resulting low interest rate
environment then promotes zombie firms, reduces banks’ ability to create credit and enhances the
strategic advantage of such super star firms. These, in turn, accelerate concentration and further
suppress productivity and interest rates. This creates therefore the vicious cycle between low interest
rates, productivity decline and the prospect of innovation.
At the heart of the argument that enables this loop is the change in the market structures that was
the result of the digitisation shock.
But can a similar case be made about the euro area? Can we attribute the even stronger downward
pressure on interest rates shown in figure 1, also to changing market structures, and in what form?
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We do observer in figure 4b an increase in the level of tangible investments that are not dissimilar to
the levels observed in the US. Has that led to similar concentration of power?
The evidence on the euro area concerning market concentration and what it might mean for
productivity and innovation is both scarce and not all that conclusive. Furman (2018) in his attempt to
attribute market concentration in the US also to policy choices, backs this argument with the European
experiences, where policy choices were visibly divergent from those in the US leading to lower market
concentration. Cavalleri et (2019) broadly confirm a slight decline in mark-up in four big countries in
the euro area that have led in turn to broadly stable concentration ratios.
By contrast in a very recent study, Bighelli et al (2020) reach a very different conclusion, this time
based on data for 19 European countries for the period between 2000-2017. They find that market
concentration has actually increased since 2008, and that this is associated with increased productivity
in the respective sectors. In other words, more efficient firms do manage to capture increasing market
shares. This is quite different to the way concentration effects are understood to have played out in
the US. And while it is interesting to see an increase in productivity in such sectors, it still does not
reconcile with the unequivocal decline in total factor productivity growth shown in figure 3. So, at the
very least, it is difficult to argue that it is the more concentrated markets in Europe that are putting
downward pressure on interest rates.
Similarly, it is not easy to argue that this monopoly power puts pressure on innovation. If anything,
the improvement of allocation of resources that Bighelli et al (2020) find, should motivate others to
enter, at least into the sectors for which this is the case. And indeed, we should be able to see an
increase in innovation, as a natural consequence of more efficient and productive markets. And
according to Furman (2018) as said above, Europe follows policies that even encourage competition.
All this however runs contrary to the evidence on the future of interest rates. So where does this
pressure come from?
So, if it is not market power, then what about the rise of intangible capital? Evidence at the country
level shows investment in intangible capital is an important factor in the production process and a
strong predictor of productivity growth (Kaus et al., 2020 using data from Germany; Bisztray et al.,
2020 using data from Hungary; and Smeets and Warzynski 2020 using data from Denmark). But true
though this may be at the firm level, figure 3a shows that such advantages have not translated at the
macro level and total factor productivity has also consistently declined.
But what about macroeconomic risk then? Figure 5 below shows the Country risk premium. This is the
additional risk that an investor faces if they wanted to invest in a private firm by comparison to
investing in the country’s safe asset (i.e. government debt).
Figure 5: Country Risk Premium
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security

And therefore, any rise in the number shown is not only associated with an increase in the market
return; it is also the result of a reduction in the risk-free asset of the country. This is reflective of the
numbers for Germany where we observe a steady by sizeable increase in the country risk premium.
The numbers show that the market premium in EU has been persistently higher than in the US, which
for the last few years amounts to 4 percentage points even for those countries that are deemed the
safest in the EU.
So, the EU is a much riskier environment to invest in by comparison to the US which by itself should
explain the global demand for capital. But next to that there is the absence of finance that constrains
also the domestic supply of funds. Financial constraints and high indebtedness have been identified
as a constraint to productivity in the EU, particularly after the financial crisis (Abele et al 2020). But it
is the EU’s broader financial model that stands in the way of growth in the era of digitisation. A banking
based financial system is becoming increasingly unwilling (due to regulation) but also incapable of
financing digital growth that relies on intangible assets. Finance can carry more risks if it can be shared
among stakeholders. We discuss this next.
Figure 6 below shows the amount of venture capital (VC) available in the US and in multiple EU
countries. We present just venture capital because it is a very specific type of equity finance that
investors provide to start-up companies that are perceived to have a very good long-term potential.
So, it is the type of equity finance that aims to pick the “winners” of innovation. And in fact, Engel and
Keilback (2007) argue, based on German data, that even if venture capital does not cause firms to be
“winners”, it certainly has an ability to pick them. So, by implication, the absence of VC implies the
loss of an important instrument to sift through risks and select “winners” from “losers”. The data
shows that the amount of VC capital available in the US is in excess of 10-fold of what is available on
average in the EU.
Figure 6: Venture Capital Investment- Total, EU and US
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However, the issue of lack of finance and the development of appropriate types of financial markets
is a broader concern for European growth, as it has also real effects in the economy. Arcand et al
(2015) show that that banks creation of credit promotes growth through investments in tangibles only.
But as high-income countries rely increasingly on intangible assets, it is not surprising to see an
insignificant relation between liquidity creation and economic growth in advanced countries. Beck et
al (2020) then point to the limited role of banks in the “knowledge economy” compared to other types
of financial intermediaries and markets. Hsu, et al (2014), find that those industries that are more
high-tech intensive are disproportionately more innovative in countries with better developed equity
markets, consistent with the established theoretical argument that Allen and Gale (2000) had made.
And even more, developing credit markets is shown to discourage innovation in these industries. With
its almost exclusive bank-dependence on financing growth, the EU is not well vested to meet the
challenges of the knowledge economy.
What other ways are there for such firms to provide opportunities for young firms to grow?
One such way often discussed is employee stock option plans (ESOP), whereby entrepreneurs
remunerate employees through share options rather than wages. ESOP are considered a very good
way of attracting and retaining talent as they are thought to create strong incentives for employees
to stay committed to the firm. At the same time, “co-ownership” aligns incentives better between
owners and workers by rewarding value creation and encouraging long-term thinking that is more
conducive to growth (Jones, D. and J. Pliskin, 1997). Unfortunately, the evidence again shows that such
plans are underdeveloped and fragmented in the EU. It is estimated that the share of capital held by
the employees of a late stage start-up averages 10% in Europe vs 20% in the US (Index Ventures,
(2017). This is again an evidence of a lack of an appetite for risk sharing that inhibits the growth process
of a firm.
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The other way for start-ups to scale up is through Mergers and Acquisitions. And while this allows for
firms to grow, it also changes the nature of growth. Merging or being acquired by bigger firms that
capture greater share does not allow for smaller firms to carve a piece of existing markets. The table
below will also show that a good deal of EU firms ends up being acquired by US firms particularly in
the IT and Financial sectors. This implies that US market developments will also have a role to play in
the way market dynamism develops in Europe, which remains a very open market for global firms.
Table 1 below presents who has acquired EU (US) young firms (less than 10 years old) by geographical
origin, between 2010 and 2020.
Table 1: M&A: Origin of firms that acquired young companies (under-10 years of age from the EU
(US)

EU firms

EU-27
UNITED STATES
SWITZERLAND + UK
JAPAN
CANADA
CHINA
SOUTH KOREA
OTHER
TOTAL

Technology

Health Care

Freq. Share
117
38.0
81
26.3
24
7.8
43
14.0
11
3.6
9
2.9
5
1.6
18
5.8
308
100.0

Freq. Share Freq. Share Freq. Share
84
41.6
98
51.3 293 58.5
53
26.2
22
11.5
96
19.2
15
7.4
14
7.3
51
10.2
30
14.9
11
5.8
11
2.2
2
1.0
7
3.7
6
1.2
5
2.5
11
5.8
8
1.6
0
0.0
4
2.1
3
0.6
13
6.4
24
12.6
33
6.6
202
100.0 191 100.0 501 100.0

Energy

Financials

All
Freq Share
1639
56%
450
15%
262
9%
233
8%
56
2%
76
3%
28
1%
206
7%
2950 100%

US firms
UNITED STATES
EU-27
JAPAN
CANADA
SWITZERLAND + UK
CHINA
SOUTH KOREA
OTHER
TOTAL

692
71
63
30
30
14
10
46
956

72.4
7.4
6.6
3.1
3.1
1.5
1
4.8
100

449
69
49
12
43
10
1
22
655

68.5
10.5
7.5
1.8
6.6
1.5
0.2
3.4
100

473
20
28
20
8
2
4
15
570

83
3.5
4.9
3.5
1.4
0.4
0.7
2.6
100

578
34
27
29
30
6
4
41
749

77.2
4.5
3.6
3.9
4
0.8
0.5
5.5
100

3912
441
403
175
223
58
49
230
5491

71%
8%
7%
3%
4%
1%
1%
4%
100%

Source: Bruegel based on Bloomberg, MA Dataset. The table presents the origin of firms that acquired young
companies (under 10 years of age) from the EU (US) between 2010 and 2020. We present only four sectors, but
the data includes ten sectors which beyond the ones shown are: Materials, Industrials, Communications,
Consumer Discretionary, Consumer Staples and Utilities (and are included in the last column “All”).

The table shows, that there a lot more US young firms than EU young firms (5491, 2950) that were
acquired. This is consistent with the US being a more fertile entrepreneurial environment for the
creation of young firms. But also, US firms are a lot more active in terms of buying up firms as a way
of expanding, contributing to the observation of increasing market concentration. The table shows
that US firms bought more young firms just from the US itself than the total of all EU young firms that
have been acquired in this 10-year period (3912, 2950). Interestingly, US firms bought as many EU
firms as EU firms bought US firms (450, 441). But in terms of shares, US M&A activity in the EU is
double that of EU M&A activity in the US (15% vs 8%). And indeed, US firms active in buying up firms
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do so in technology, financials and health care. An important difference that the table shows is that
US firms are is really acquiring own firms (1639 vs 3912 or 56%vs 72%).
There are other factors that might account for the reluctance to risk taking in Europe, that range from
cultures attitudes to debt, all the way to how they are reflected in institutional set-ups like insolvency
and bankruptcy laws. Coupled with the lack of appropriate finance and much lower M&A activity by
comparison to the US, European young firms do not have the same opportunities to grow as US firms.
So, more than market power and concentration that have been identified as the drivers of the
downward pressure on interest rates, in Europe such pressure is more the result of higher
macroeconomic risk, that coupled with inherent risk aversion leads to much less dynamism in markets.

4. Discussion
A good bulk of the literature on the drivers of the productivity slowdown has tried to explain how the
US has experienced the two main global shocks, that of digitisation and globalisation. Factors, like the
savings glut, demographics or simply the increase in uncertainty, explain some of this reduction in the
demand for capital, that in turn explain the downward pressure on its price. And it’s a pressure that
macroeconomic policy, be it fiscal or monetary, has not been able to abate, at least not in full. These
are factors that go beyond explaining just the US experience and are considered to have made some
contribution also in the European productivity decline.
However, as the “host” of the digitisation shock, and given existing domestic market conditions, the
US may have experienced the effects of these global shocks differently to Europe. Given the longstanding persistence of the interest rate trend, a very big part of the literature has attempted to
explain how the process of production might have changed as a result of the shocks. And here the
combination of the need for little tangible capital as well as the importance of “getting there first” has
led to the very quick development of star firms. Firms that became not only US champions but also
global ones, given the elimination of borders (certainly digitally speaking) and the quick access to
global markets. The conclusion that this strand of the literature has drawn is that the emergence of
concentration power, has been able to disturb many “physical” sectors of the economy to capture
both market share and extract profits.
The literature is also clear on what this means going forward. On the one hand the establishment of
these giant global firms that are based in the US, will continue to extract rents, reinforced by the
environment of low interest rates. On the other hand, this gives them both low incentives to innovate,
at least in terms of drastic new inventions, and encourages them to build up barriers that prevent
other, perhaps more innovative firms from coming in the market. These point to the fact that the US
market is not the competitive force that it was back in the 80s, as Philippon (2019) has argued. By
consequence the US will not easily be the driver of the next wave of innovation, unless competition
policy proactively aims to dilute the high degree of concentration accumulated.
The evolution of macroeconomic variables in Europe, from productivity slow down to the increase in
intangible investments are not dissimilar to what we observe in the US. But the way these outcomes
have been attained is not necessarily the same as in the US. To begin with, the EU is a fragmented
market. This implies that all things being equal, it is more difficult for any one company to acquire
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market share, and certainly of an order comparable to the US. Next to that, the digitisation innovation
did not find the fertile ground that it did in the US, for EU firms to claim and capture the first-mover
advantage. New European firms are fewer to start with, lack similar access to finance that allow them
to take risks, and end up getting bought up by US firms in no insignificant numbers. This is one way
that US firms continue to expand their market share.
These arguments and indeed preliminary evidence indicate that concentration power in the EU has
not been the source of the downward pressure on interest rates. If anything, it is probably US giants
that operate at global markets that put pressure also on the EU. So, in search of understanding the
pressures, it is the other factors described in section 2, demographics and the overall increase in
uncertainty, coupled with the more conservative attitudes on risk, that create poor conditions for
growth and account for more of the decline in interest rates. But importantly also, the EU has a finance
system that does not favour risk sharing. And the lower the degree of risk sharing, the fewer risks will
be taken. The absence or risk taking makes for poor entrepreneurial environments.
At the same time the EU will also lose out from the second part of the interest rate loop, which will
sustain zombie firms and challenge bank profitability; both will reduce productivity and exacerbate
the pressure on interest rates.
So, while promoting greater competition might be the policy prescription for the US, (Philippon, 2019,
Furman 2018) better finance conditions, in the direction of greater risk sharing, as motivated also by
the Capital Markets Union initiative, is one of the policy prescriptions to deal with the downward
pressures in the EU Such policies would also be required if the US and the EU wished to be in a better
position to generate future disruptive innovation.
In this exercise we have not talked about the new challenger to the global system, China. The evidence
on China is still patchy but even there we observe similar tendencies on both productivity growth and
the real return on capital (Garcia Herrero and Xu, 2020). At the same time China has followed a model
of capturing markets by direct state intervention that is also gaining momentum, in particular in the
digital space. As China has the benefit of scale, state intervention can act as a sufficient removal of
financing constraints, crucial for scaling up. Coupled with forced transfers of technology and barriers
to entry for certain foreign firms, Chinese firms can and do manage to claim big share in open global
markets. But this model is hardly the model that is conducive to disruptive innovation, which by
contrast requires openness, high levels of competition and opportunities for the many to try, (Riddley
2020). It is unlikely therefore that we will see new disruptive innovation being generated in China
either in the future.
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1.

Introduction

1.1.

General context

The Deliverable D6.1 is part of a set of papers to be developed within WP6 aiming at
capturing the feedback loop effects between the micro and macro dimensions of policies in
a systematic way and identifying key elements that might generate a virtuous cycle between
them.

1.2.

Deliverable objectives

Within this deliverable, leveraging on the finding of WP1 and WP3 on the causes behind the
fall in productivity growth and its impacts, we (1) explore what affects the neutral rate in
equilibrium and link it to the new explanatory variables as resulted from the research
performed in WP1 to WP5; (2) try to understand the narrative of the cost of capital given
the projects research outcomes.

2.

Methodological approach

In our analysis, we combine the interim results of MICROPROD as achieved within WP1 to
WP5 and a very intensive literature review in order to answer the research questions why
interest rates are coming down steadily and whether it is macroeconomic policy that can
reverse this trend or it is the deep structural movements that require structural policies. We
also compare pressure on interest rates between EU and US.

3.

Summary of activities and research findings

The evolution of macroeconomic variables in Europe and US, from productivity slow down
to the increase in intangible investments are not dissimilar between them. Nonetheless, the
way these outcomes have been achieved is not necessarily the same. While we might argue
that concentration power in the EU has not been the source of the downward pressure on
interest rates, we might argue that it is probably US giants that operate at global markets
that put pressure also on the EU. The causes of the abovementioned pressure can be found
in other factors such as demographics and the overall increase in uncertainty, which,
coupled with the more conservative attitudes on risks, create poor conditions for growth
and account for more of the decline in interest rates. But importantly also, the EU has a
finance that is no risk taking skilled: the lower the degree of risk sharing, the fewer risks will
be taken, creating poor entrepreneurial environments.
At the same time, the EU will also lose out from the second part of the interest rate loop,
which will sustain zombie firms and challenge bank profitability; both will reduce
productivity and exacerbate the pressure on interest rates.
So, while supporting greater competition might be a good policy approach for the US, better
finance condition to sustain a greater risk sharing is one of the policy prescription to deal
with the downward pressure in EU.
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4.

Conclusions and future steps

Consistently with the research objectives of WP6, this deliverable contributes to better
understanding the productivity dynamics and their drivers to support the design of policies
aimed to reconciliate growth and cohesion at the macro level, with a specific focus and
comparison between EU and US.
As achieved during the drafting of this paper, we conclude that as major factors to take into
account when dealing with productivity slowdown, demographics and the overall increase in
uncertainty play a pivotal role.

5.

Publications resulting from the work described

The deliverable will be presented at seminars in view of its refinement for a potential
scientific publication. This deliverable will be also published in the lead beneficiary website.
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Low interest rates and productivity in the EU and the US:
One Trend, Two Stories1
Maria Demertzis (Bruegel)
Nicola Viegi (University of Pretoria and ERSA)
November 2020
Abstract
The secular decline in interest rates is explained by the savings-investment
imbalance due to demographics and macroeconomic risk. But that is not
the whole story. In the US the digitisation shock, in combination with
globalisation, have led to concentration and increased market power. This
prevents new comers from entering the market, reduces productivity and
disincentivises investments. In the EU on the other hand, it is the absence
of finance, particular risky finance, that prevents new technologies from
turning into economically-successful businesses. This also creates an
environment of low investment where there is no boost to productivity.
Neither of the two, the US and the EU, are necessarily creating the
conditions for the next generation of disruptive innovation to take place.

1. Introduction
The question of declining low nominal rates has been the subject of many discussions both prior to
the financial crisis, and ever since. But the combination of their persistence, as well as the meagre
inflation rates, have led to a similar declining path for real interest rates and have raised the issue that
it is the equilibrium real interest rate, that is following a secular declining trend.
But while the equilibrium nominal interest rate is that rate that clears money markets, the equilibrium
real interest rates is one that clears production, in other words keeps the economy’s output equal to
its potential, consistent with flexible prices (and wages) but also constant mark-ups (Woodford 2003).
So, if it is the equilibrium real rate that is changing, then there are deeper issues, like market
structures, that are shifting.
The difference between the real interest rate and the equilibrium real interest rate, known as the real
interest rate gap, is a key variable in explaining both output and inflation in the New Keynesian
literature. And it is the key gap that macroeconomic policy, mainly monetary policy aims to close
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following disturbances. But if its indeed the equilibrium real interest rate that is changing and not so
much the gap, then macro policy has little role to play.
Figures 1 plots the nominal interest rate as well as the inflation rate for the euro area. The combination
of the two, then gives the evolution of the real interest rates. At the same time, we include the
projection as derived by indexed swaps at various horizons that span 30 years into the future. While
any markets beyond 10 years are rather thin, and therefore not very informative, they do provide an
indication of the level that at least markets expect, equilibrium to be. Policy rates are expected to be
slightly negative for the next 10 years and then hover around zero after that. But as markets expect
inflation to climb up towards 2%, they also expect very negative real interest rates at roughly -2 per
cent, for protracted periods of time.
Figure 1 The real interest rate for the Eurozone (policy rate and inflation) till 2050
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(2019), given by the 1year swap, and expected inflation over the next two years (2019 and 2020), given by the
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But this is not just an EU phenomenon. Figure 2 shows a similar picture for which the real interest rate
for the US is converging at around -1 per cent.
Figure 2: The real interest rate for the US (policy rate and inflation) till 2050
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But what is interesting about these graphs is that a 30-years from now the expectation is that nominal
real rates will be negative, a very long time in other words. This is as good as arguing that equilibrium
real rates will be negative. And in fact, this is not very different to what attempts to estimate the
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unobservable equilibrium (natural) rate of interest have shown, (Holston, K. T. Laubach and J.C
Williams (2017) for the US and Brand, C. and Mazelis, F. (2019), for euro area estimates).
But beyond this common trend there are also other factors that point into structural changes that are
very well documented in the literature and agreed upon. We observe a reduction in total factor
productivity, and a reduction in the labour share.
Figure 3: Structural trends: Total factor productivity
a) Total factor productivity (%)

b) Labour share, all industries
0.8

7
6

0.75

5
4

0.7
DE

3

ES

2

FR

0.65

IT

1

JP

0

UK

0.6

US

-1
0.55

-2
-3

0.5

-4

JPN

USA

Euro Area

Log. (Euro Area)

Source: Bruegel based Bergeaud et al. (2016), database updated in 2019 available
at http://www.longtermproductivity.com/

Source: Bruegel based on EU-KLEMS. Notes: The graphs are smoothed
using a moving-average with equal weights and a 5-year window.

At the same time, we observe a secular decline in investments in tangible capital and an increase in
investments in intangible assets.
Figure 4: Structural trends: tangible versus intangible investments
a) Gross capital formation
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These trends manifest themselves in similar ways in the US and across countries in the EU. It would
be important to understand however, whether the reasons that are causing them are similar and
therefore also require similar policy responses.
The literature that we will review below will attempt to explain why interest rates are coming down
quite so persistently and answer both whether it is macroeconomic policy that can reverse this or
indeed due to deep structural movements that require structural policies.
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The first strand of the literature asks whether the low interest rate trend is simply the result of too
much savings and/or too little investment. Whatever the source of this imbalance, evidence shows
that it cannot be eliminated, at least not in its entirety, by expansionary macroeconomic policy. Both
fiscal and monetary policies have attempted to do that but the secular downward trend continues.
Some parts of the literature will tell us that not only is monetary policy unable to revert the trend;
underlying structural changes inhibit its role even more.
It is perhaps not surprising then that the search for reasons to explain the secular downward trend
have attempted to understand how the two main global trends of the past decades, that of digitisation
and globalisation have changed market structures. And such attempts tell us that there are three
structural factors that are contributing to this trend: the rise of intangible capital, market power and
macroeconomic risk.
The literature that has looked at US data, where the digital shock originated, tells us that, of the three
factors, the main driver is market concentration that leads to monopoly power. Such market power
has led to uncompetitive markets that discourage investments. Importantly also what this literature
says is that highly concentrated markets are not the type of markets that will generate the next
disruptive types of innovation. And there is a paradox in this, as it is an undoubtedly very disruptive
innovative shock, namely digitisation, that led to the market conditions that are no longer conducive
to the next wave of disruptive innovation.
However, the story in the EU is not quite the same. First, markets are lot more fragmented. Coupled
also with a lot stricter anti-trust regulatory frameworks than the US, the possibility for acquiring
monopoly power is much smaller. New evidence is even showing us that to the extent that there is an
increase in market concentration, it is actually a good thing because it implies that the most efficient
firms are the ones that gain greater market share. It is the other two structural reasons therefore that
account for the downward pressure on interest rates. We will argue that the unifying factor of
relevance to the EU behind intangible capital and macroeconomic risk is finance, or rather the lack of
finance particularly one that is suited to risk. Intangible capital is not easy to finance through banks as
it cannot serve as collateral. And Europe lacks risky finance (namely equity finance) which is more
appropriate in general conditions of greater macroeconomic risk.

2. Why are interest rates so low?
The literature on the determinants and consequences of low real interest rates has grown
exponentially in the last 10 years, following different paths to explain the persistence we observed in
the previous section.
The first stream looks directly at the saving-investment balance. After the Global Financial Crisis, the
literature on “secular stagnation” (Summers, 2015b) focuses on a chronic demand deficiency driven
by both a reduction in investment and an increase in savings. The list of possible determinants is long:
from demographic factors, to the change in relative price of capital goods; from the “saving glut” in
emerging countries to the saving glut of in an increasing unequal society; from the increase cost of
financial intermediation after the crisis, to an increase in risk aversion leading to an increased demand
for safe assets.

5
The length and insensitivity of this stagnation to standard expansionary fiscal and monetary policies
has directed the focus of the literature to two other structural causes of the fall in real rates. One
literature focuses on the causes of the productivity slowdown by looking at the changes inside the
firm driven by technological innovation and globalization. In this literature the main source of
productivity stagnation is the rise of "winner-takes-all" superstar firms (Autor et al., 2020), a product
of a combination of technological innovation and globalization, that induces increasing concentration,
reduction in labour share and reduction in competitiveness. A second stream of literature instead
examines the allocative effects of low-for-long interest rates, pointing at the distortion in allocation
of resources that this creates by allowing non–productive firms to survive, favoring concentration and
affecting the credit creation by reducing banks profitability (Liu et al., 2019). These literatures describe
a feedback loop between innovation and downward pressure on interest rates. Digital innovation has
generated strong increasing economies of scale, which were reinforced because of globalisation
expanding the returns from concentration. This meant that few firms accumulate increasing market
power which increases inequality and concentrate regulatory power in favour of the incumbent
(Bergeaud et al., 2019).
We provide a summary of the rich landscape of alternative views and evidence, with a view to distilling
the drivers behind the low interest rate environment.

2.1 A saving-investment imbalance
As the equilibrium real interest rate is what clears the flow of funds market, it is natural to attempt to
explain the low interest rate by analysing what causes the increase in saving and the reduction of
investment.
A global increase in savings preceded the Global Financial Crisis of 2007-2009. Emerging markets, and
some industrial countries, had shown a high propensity to save and followed policies of increased
reserve accumulation to protect the economy from capital flow reversal and to maintain a competitive
exchange rate level to boost exports (Bernanke 2005). Also increased inequality (Mian et al 2020) in
developed economies and an increase in macroeconomic risk increased the global demand of safe
assets (Caballero et al 2017), putting downward pressure on the real interest rates. While one would
expect a contemporaneous increase in investment after a reduction of interest rates, this did not
happen because of a demographic trend that favoured current expenditure (Cavalho et al 2016). A
reduction in the relative price of capital (Sajedi, R. and G. Thwaites, 2016) reduced the demand of
savings for the same amount of investment. The Global Financial Crisis reinforced these trends by
increasing macroeconomic risk and the demand for safe financial assets (Del Negro et al, 2017),
increasing the cost of financial intermediation and the financial constraint to investment.
The solution to a low saving-investment equilibrium is to substitute private sector choices with public
sector intervention. Thus, fiscal policy should absorb the excess savings by increasing public debt and
use the resources to increase infrastructure investment to increase the marginal productivity of
private sector investment, increase productivity and so increase real rates (Eggertsson and Summers,
2016). With nominal interest rates at the zero-lower bound, this policy would have no consequences
on the government fiscal solvency (Blanchard 2019).
An alternative interpretation reverses the causality of the relation between real rates and monetary
policy and argues that the persistence of expansionary monetary measures before and after the Global
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financial Crisis is the cause of financial hysteresis with long term real effects (Borio 2017). For example,
Borio et al (2019) analyses how easy monetary policy interacts with financial frictions to generate
financial cycles of excessive risk taking and credit bubbles that, once imploded, generates long term
output losses. This analysis suggests that monetary policy should put more weight on financial stability
and “Lean against the wind” of financial cycles. This will induce an interest rate higher on average,
moving the policy rate away from the zero lower bound.
A different financial hysteresis of low policy rates can also be seen in the effect that they have on bank
profitability and the ability to supply credit (Brunnermeier and Koby,2018). Low interest rate on safe
assets hurts bank profitability by reducing Banks’ interest rate margins, especially if the deposit rate
does no decline accordingly. Eggertsson et al (2019) observe that deposit rates and lending rates
become irresponsive to negative interest rates, with Banks even increasing the lending rates to protect
profitability. Claessens et al (2018) confirms the reduction in the interest margins and Bank
profitability using data for a large panel of countries. If this is the case, the source of stagnation is the
non-linearity of monetary policy at or close to the zero-lower bound: an increase of the policy rate, by
increasing banks net worth, would increase the flow of credit towards risky assets, with expansionary
consequences.
Ultimately, the question is if monetary policy is the right instrument to deal with financial imbalances
or if another instrument should come into play. Altavilla et al (2019) provide European evidence that
the positive influence of low policy rates (and of non-traditional policy instruments) on the economy
more than offsets the negative effect on Banks net interest income. Increasing policy rates would
trade-off a certain and substantial cost of lower inflation and lower output for an uncertain benefit of
lower financial instability and increased bank profitability (Svensson, 2019).
Moreover, policies have not been the same around the world, with several advanced countries trying
to move away from the zero lower bound and using the fiscal instrument with different degrees of
strength. This difference in policies is not reflected in a significant difference in expected real interest
rate. Therefore, the secular decline as well as the expectations for such decline of real rates to remain
low for a very long time around the world, as figures 1 and 2 show, has moved attention to the supply
side of the stagnation debate, looking at the nature of technological innovation and the evolution of
market structures. In fact, Sablik and Trachter (2019) argue that in the case of the US, it is increase
market power that leads to an imperfect pass through of efficiency gains on wages, generating
deflationary pressures that keep rates low.

2.2 Productivity slow down, the cause of low interest rates
This literature focuses on the long-term supply trends underlying the drop in the natural rate of
interest, productivity growth and long-term growth. The first empirical regularity to consider is the
long-term decline of the labour share of income (Elsby et al., 2013) together with the reduction in the
price of investment goods (Sajedi and Thwaites, 2016). Karabarbounis and Neiman (2014) show a
consistent decline of labour share in developed countries and across industries beginning in the 1980's
which is correlated with a decline in the price of investment goods. Their hypothesis is that the
reduction in the relative price of investment, driven by an underlying technological change, induces a
substitution between capital and labour in favour of the first. Thus, the story is one of technological
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change, digitization and mechanization that led to a fall in the quality-adjusted price of capital
equipment leading firms to replace people with cheap machines.
This automation of processes is not enough to explain the reduction in labour share. The substitution
of labour with capital is intrinsic to the process of economic growth from the time of the spinning
machine. However, the labour share remained stable because the increase of productivity generated
demand for labour in new task generated by technological innovation (Acemoglu and Restrepo, 2019).
The difference this time is that that the introduction of labour-saving technology is not generating a
sufficient increase of productivity. Actually, together with a reduction of labour share, we see also a
reduction in capital stock and a reduction in investment rates. For example (Barkai, 2020) shows that
the share of capital has declined in parallel with the reduction in the labour share, while pure profits,
which is what a firm earn in excess of all production costs, have increased in the same period,
indicating an increase in market power and a decline in competition.
So, it is in the nature of digital innovation that the literature turned next. Gutierrez and Philippon
(2017) focus on the change of market structure and the reduction in competitive pressure which move
resources from wage and profits to rent extraction, especially through regulatory capture. The change
in market structure is noted also by Autor et al. (2020) who observe two parallel process: a
technological process that favour increasing s to scale and a globalization process that increases the
return of dominant positions.
The reduction in labour share is matched by two other observations: an increase in the return on
capital and an increase in the spread between the risky and risk-free asset return. Farhi and Gourio
(2018) use a growth accounting method to decompose the increase in spread between what is
determined by technological change, what is given by increasing in rents and what is given by an
increase in macroeconomic risks. They exploit the fact that the reduction of the natural interest rate
matched by a slight increase in the return of private capital didn't induce an investment boom. Their
results indicate that increasing rents, linked to an increase of market power, and increasing risk
premium are the main cause of the increase in spread. Interestingly, introducing investment in
intangible capital in the specification absorb part of the market power effect, showing a correlation
between market power and investment in intangibles.
The increased importance of intangibles in the production function of the firm (Crouzet and Eberly,
2019) can be central in explaining the observed investment gap. Corrado et al. (2005) identify three
main categories of business intangibles: computerized information, innovative property, and
economic competencies. Intangible capital is more readily scalable and less excludable than physical
capital: a piece of software can be more easily replicated than a piece of equipment. This implies that
ownership is more contractual, requiring patent and copyright protection. Similarly, investments in
branding and business processes may be readily scalable, but then need to be protected by
trademarks. These distinct economic characteristics potentially allow intangible capital to play a
different role in generating revenue and profits than traditional capital inputs. For example, these
properties may promote economies of scale, while the protection afforded through intangibles
patents, copyrights) may exclude competitors and generate market power. On the other hand (Giglio
and Severo, 2012) show that an increase in investment in intangibles can be at the root of asset price
bubbles and macroeconomic fluctuations, thus partly explaining the increase in risk premium analysed
by Farhi and Gourio (2018).
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A different strand of this literature instead looks directly at the long run evolution of asset prices and
links this to underlying structural transformation. Jorda et al. (2019) presents a comprehensive
analysis of the real return of all major asset classes in most advanced economies stating in 1870. This
wide historical perspective shows that low safe real rates are the historical norm while the exception
are the high real rates of the 80's.
Jorda et al. (2019) points out that the idea of secular stagnation can be determined by a narrowed
view that does not consider the full historical record. An alternative interpretation is that the secular
stagnation is essentially a measurement problem because the true value of innovation is not
accounted (yet) in our evaluation of productivity. Nakamura et al. (2020) show an increase in
mismeasurement of growth and prices in the 21st century. The increasing importance of intangible
investment, of knowledge and creativity and the reduction in the reproduction cots in a digital
economy are difficult to capture by standard measurement, inducing an underestimation of real
growth and an overestimation of inflation. How important this measurement is, remains
fundamentally an empirical question and several studies have shown that it cannot alone explain the
downward trend in productivity and real growth. Aghion et al. (2019a) show that current
measurement does not capture the role of creative destruction in replacing existing varieties with
goods of higher quality. They also show that this error, explains only a small proportion of "missing
growth" and mainly in the leisure and retailing sectors.
A different argument is put forward by Brynjolfsson et al. (2017). They stress the general-purpose
technologies of the most recent waves of innovation (Bresnahan, 2010). The digital economy, robotics
and artificial intelligence are bound to change significantly the potential growth of the economy but
their innovative effect is subjected to implementation lags and it will be evident in the growth data
only after a new wave of complementary innovations embed the new technology in all aspect of the
production process. This implies that we should consider directly the nature of the innovation process
and how it shapes markets and societies. Komlos (2016) argues that the current innovation process
could be "too destructive": new products are close substitutes of old products and thus the
contribution component of innovation is lower than the destruction component of innovation. For
example, Amazon introduces a whole new distribution method that effectively substitutes countless
numbers of local bookstores and global distribution chains; smart phones replace traditional cell
phones and cameras, making a whole industry obsolete. While these innovations are certainly
disruptive to the economy, they do not generate the same advantage in terms of growth and welfare
than innovation waves of previous eras (Gordon, 2017). Aghion et al. (2019b) provides a
comprehensive framework linking technological innovation, reduction in competition and reduction
of labour share. In their model, innovation reduces production costs for the most productive firms.
Like in the example of Walmart and Amazon, innovation is not only new products, but it is critically
new processes, which increase efficiency and mark-ups for the innovative firms. The process
advantage of Amazon and Walmart gives these firms a competitive advantage that close rivals cannot
counteract. The innovative firms will expand absorbing an increasing number of close products,
increasing concentration and mark-ups, reducing the economy labour share and ultimately reducing
competition and innovation, after an initial bust of growth. The model shows how an innovation wave
can be followed by a lull of innovation because of the market structure that the first wave has
generated.
In short, the literature points to three sources of the observed long-term reduction in real rate:
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•
•
•

The raising importance of intangible capital
The pervasive reduction of competition
The increase in macroeconomic risk

2.3 The consequences of low real rates: a vicious circle
Following attempts to understand the drivers behind the declining interest rates, a substantial part of
the literatures also attempts to explain the distortionary consequences of low interest rate. This
therefore emphasises the existence of productivity-low interest rate loop, a vicious circle, that
reinforces the stagnation path.
There are three consequences of a low interest rate environment:
•
•
•

inefficient firms survive longer;
Bank profitability is reduced and credit creation reduced;
innovation reduces through increased market concentration and market power.

Bergeaud et al. (2019) focus on the possible circular relationship between the reduction in real interest
rates and the reduction in productivity and growth. While it is true that the real interest rate is
connected to the evolution of productivity, an exogenous shock that reduces the real interest rate, for
example a demographic shock, will make allow less productive projects to be sustained thus reducing
aggregate productivity and pushing the real interest rate lower. This observed co-determination of
real rates and productivity is best exemplified by the "zombie firms" literature started with Caballero
et al. (2008) work on the effect of credit extension to unproductive firms during the long Japanese
depression. Financial subsidies to firms that should have left the market put downward pressure on
aggregate productivity and crowd out higher productivity firms that are starved of financial resources.
While the Japanese experience was one of Banks extending lending to unproductive firms to protect
their own solvency, after the Global Financial crisis the attention has moved to the effect of
unconventional monetary policy and negative policy rates on the misallocation of capital and the
survival of unproductive firms (Adalet McGowan et al., 2018; Acharya et al., 2019; Gopinath et al.,
2017).
(Liu et al., 2019) show that a low interest rates give industry leaders a strategic advantage over
followers, and this advantage becomes more dominant as the interest rate approaches zero.
Consequently, as the interest rate declines, market structure becomes more monopolistic, and, for a
sufficiently low interest rate, productivity growth slows. This prediction is tested through an analysis
of excess returns for industry leaders relative to followers in response to a decline in interest rates. A
decline in the ten-year Treasury yield generates positive excess returns for leaders, and the magnitude
of the excess returns rises as the yield approaches zero. The model provides a unified explanation for
why the fall in long-term interest rates has been associated with rising market concentration, reduced
dynamism, a widening productivity-gap between leaders and followers, and slower productivity
growth.

3. Pressure on interest rates: US vs Europe
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The process we describe is global in nature, but there are significant local dimensions to the issue. In
the US, the country that is the centre of much of the analysis, the main focus is the connection
between innovation and concentration. In Europe instead the focus is on the connection between risk
and innovation.
How has the US experienced the process of digitalisation, the starting point of the loop described
above? This type of technology shock has two characteristics: it needs relatively little tangible capital,
therefore generating strong increasing returns to scale, and it generates a very clear first-mover
advantage, whereby those firms fortunate enough to be the first to get into the market, and scale up
fast with relatively little real investment. The consequence of these two characteristics is that firstmovers grow and expand fast, and use the resources accumulated to defend and expand their
dominant position, leading to concentration and market power. On top of that, globalization means
that market power gained domestically can also be scaled globally, which increase the gains from
incumbency exponentially.
But this is not necessarily a bad thing. An increase in concentration could very well be a signal of a
well-functioning competitive environment in which the most efficient and innovative producers end
up naturally capturing a higher market share (Van Reenen 2018).However, if market power is not
limited, it results in barriers to entry and uncompetitive practices that do not contribute to
productivity and have little to offer in terms of innovation (De Loecker et al 2020).
Furman (2018) argues that with reference to the US, had concentration been the result of innovative
firms capturing the biggest share of the market, we would have seen an increase in productivity
growth across the economy. However, as the graphs above had shown productivity growth is on a
declining path, in line with global trends. He joins therefore all the others quoted in the previous
section in arguing that market concentration has not resulted in greater dynamism in the US market.
Furman also takes the view that policy has also contributed to the reduction in competition by
reducing antitrust enforcement, an argument that also Philippon (2019) implies when he talks about
“capture”.
The lack of competition and the preservation of star-firms raise barriers for other more innovative
companies from coming in, discourages investments and reduces interest rates. So, there is a paradox
here in the way that the digital shock has played out in the US. Although an undoubtedly big innovation
shock, it has also led to big concentration effects, that created monopolies that have less incentives
to innovate and prevent others from entering. The paradox here is that it is an innovation shock that
has led to lesser conditions for future innovation.
On top of that, then the second part of the literature argues that the resulting low interest rate
environment then promotes zombie firms, reduces banks’ ability to create credit and enhances the
strategic advantage of such super star firms. These, in turn, accelerate concentration and further
suppress productivity and interest rates. This creates therefore the vicious cycle between low interest
rates, productivity decline and the prospect of innovation.
At the heart of the argument that enables this loop is the change in the market structures that was
the result of the digitisation shock.
But can a similar case be made about the euro area? Can we attribute the even stronger downward
pressure on interest rates shown in figure 1, also to changing market structures, and in what form?
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We do observer in figure 4b an increase in the level of tangible investments that are not dissimilar to
the levels observed in the US. Has that led to similar concentration of power?
The evidence on the euro area concerning market concentration and what it might mean for
productivity and innovation is both scarce and not all that conclusive. Furman (2018) in his attempt to
attribute market concentration in the US also to policy choices, backs this argument with the European
experiences, where policy choices were visibly divergent from those in the US leading to lower market
concentration. Cavalleri et (2019) broadly confirm a slight decline in mark-up in four big countries in
the euro area that have led in turn to broadly stable concentration ratios.
By contrast in a very recent study, Bighelli et al (2020) reach a very different conclusion, this time
based on data for 19 European countries for the period between 2000-2017. They find that market
concentration has actually increased since 2008, and that this is associated with increased productivity
in the respective sectors. In other words, more efficient firms do manage to capture increasing market
shares. This is quite different to the way concentration effects are understood to have played out in
the US. And while it is interesting to see an increase in productivity in such sectors, it still does not
reconcile with the unequivocal decline in total factor productivity growth shown in figure 3. So, at the
very least, it is difficult to argue that it is the more concentrated markets in Europe that are putting
downward pressure on interest rates.
Similarly, it is not easy to argue that this monopoly power puts pressure on innovation. If anything,
the improvement of allocation of resources that Bighelli et al (2020) find, should motivate others to
enter, at least into the sectors for which this is the case. And indeed, we should be able to see an
increase in innovation, as a natural consequence of more efficient and productive markets. And
according to Furman (2018) as said above, Europe follows policies that even encourage competition.
All this however runs contrary to the evidence on the future of interest rates. So where does this
pressure come from?
So, if it is not market power, then what about the rise of intangible capital? Evidence at the country
level shows investment in intangible capital is an important factor in the production process and a
strong predictor of productivity growth (Kaus et al., 2020 using data from Germany; Bisztray et al.,
2020 using data from Hungary; and Smeets and Warzynski 2020 using data from Denmark). But true
though this may be at the firm level, figure 3a shows that such advantages have not translated at the
macro level and total factor productivity has also consistently declined.
But what about macroeconomic risk then? Figure 5 below shows the Country risk premium. This is the
additional risk that an investor faces if they wanted to invest in a private firm by comparison to
investing in the country’s safe asset (i.e. government debt).
Figure 5: Country Risk Premium
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Sources: Bruegel based on Bloomberg. Notes: Country risk premium is the additional risk associated with
investing in an international company, calculated by: market return (VM108) minus the risk free rate. Where the
market return (VM004) is the Internal rate of return (VM004) weighted by the market cap of each index member
(forward looking estimate of market return) and the risk-free rate (VM103) is the yield on a local 10y treasury
security

And therefore, any rise in the number shown is not only associated with an increase in the market
return; it is also the result of a reduction in the risk-free asset of the country. This is reflective of the
numbers for Germany where we observe a steady by sizeable increase in the country risk premium.
The numbers show that the market premium in EU has been persistently higher than in the US, which
for the last few years amounts to 4 percentage points even for those countries that are deemed the
safest in the EU.
So, the EU is a much riskier environment to invest in by comparison to the US which by itself should
explain the global demand for capital. But next to that there is the absence of finance that constrains
also the domestic supply of funds. Financial constraints and high indebtedness have been identified
as a constraint to productivity in the EU, particularly after the financial crisis (Abele et al 2020). But it
is the EU’s broader financial model that stands in the way of growth in the era of digitisation. A banking
based financial system is becoming increasingly unwilling (due to regulation) but also incapable of
financing digital growth that relies on intangible assets. Finance can carry more risks if it can be shared
among stakeholders. We discuss this next.
Figure 6 below shows the amount of venture capital (VC) available in the US and in multiple EU
countries. We present just venture capital because it is a very specific type of equity finance that
investors provide to start-up companies that are perceived to have a very good long-term potential.
So, it is the type of equity finance that aims to pick the “winners” of innovation. And in fact, Engel and
Keilback (2007) argue, based on German data, that even if venture capital does not cause firms to be
“winners”, it certainly has an ability to pick them. So, by implication, the absence of VC implies the
loss of an important instrument to sift through risks and select “winners” from “losers”. The data
shows that the amount of VC capital available in the US is in excess of 10-fold of what is available on
average in the EU.
Figure 6: Venture Capital Investment- Total, EU and US
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However, the issue of lack of finance and the development of appropriate types of financial markets
is a broader concern for European growth, as it has also real effects in the economy. Arcand et al
(2015) show that that banks creation of credit promotes growth through investments in tangibles only.
But as high-income countries rely increasingly on intangible assets, it is not surprising to see an
insignificant relation between liquidity creation and economic growth in advanced countries. Beck et
al (2020) then point to the limited role of banks in the “knowledge economy” compared to other types
of financial intermediaries and markets. Hsu, et al (2014), find that those industries that are more
high-tech intensive are disproportionately more innovative in countries with better developed equity
markets, consistent with the established theoretical argument that Allen and Gale (2000) had made.
And even more, developing credit markets is shown to discourage innovation in these industries. With
its almost exclusive bank-dependence on financing growth, the EU is not well vested to meet the
challenges of the knowledge economy.
What other ways are there for such firms to provide opportunities for young firms to grow?
One such way often discussed is employee stock option plans (ESOP), whereby entrepreneurs
remunerate employees through share options rather than wages. ESOP are considered a very good
way of attracting and retaining talent as they are thought to create strong incentives for employees
to stay committed to the firm. At the same time, “co-ownership” aligns incentives better between
owners and workers by rewarding value creation and encouraging long-term thinking that is more
conducive to growth (Jones, D. and J. Pliskin, 1997). Unfortunately, the evidence again shows that such
plans are underdeveloped and fragmented in the EU. It is estimated that the share of capital held by
the employees of a late stage start-up averages 10% in Europe vs 20% in the US (Index Ventures,
(2017). This is again an evidence of a lack of an appetite for risk sharing that inhibits the growth process
of a firm.
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The other way for start-ups to scale up is through Mergers and Acquisitions. And while this allows for
firms to grow, it also changes the nature of growth. Merging or being acquired by bigger firms that
capture greater share does not allow for smaller firms to carve a piece of existing markets. The table
below will also show that a good deal of EU firms ends up being acquired by US firms particularly in
the IT and Financial sectors. This implies that US market developments will also have a role to play in
the way market dynamism develops in Europe, which remains a very open market for global firms.
Table 1 below presents who has acquired EU (US) young firms (less than 10 years old) by geographical
origin, between 2010 and 2020.
Table 1: M&A: Origin of firms that acquired young companies (under-10 years of age from the EU
(US)

EU firms

EU-27
UNITED STATES
SWITZERLAND + UK
JAPAN
CANADA
CHINA
SOUTH KOREA
OTHER
TOTAL

Technology

Health Care

Freq. Share
117
38.0
81
26.3
24
7.8
43
14.0
11
3.6
9
2.9
5
1.6
18
5.8
308
100.0

Freq. Share Freq. Share Freq. Share
84
41.6
98
51.3 293 58.5
53
26.2
22
11.5
96
19.2
15
7.4
14
7.3
51
10.2
30
14.9
11
5.8
11
2.2
2
1.0
7
3.7
6
1.2
5
2.5
11
5.8
8
1.6
0
0.0
4
2.1
3
0.6
13
6.4
24
12.6
33
6.6
202
100.0 191 100.0 501 100.0

Energy

Financials

All
Freq Share
1639
56%
450
15%
262
9%
233
8%
56
2%
76
3%
28
1%
206
7%
2950 100%

US firms
UNITED STATES
EU-27
JAPAN
CANADA
SWITZERLAND + UK
CHINA
SOUTH KOREA
OTHER
TOTAL

692
71
63
30
30
14
10
46
956

72.4
7.4
6.6
3.1
3.1
1.5
1
4.8
100

449
69
49
12
43
10
1
22
655

68.5
10.5
7.5
1.8
6.6
1.5
0.2
3.4
100

473
20
28
20
8
2
4
15
570

83
3.5
4.9
3.5
1.4
0.4
0.7
2.6
100

578
34
27
29
30
6
4
41
749

77.2
4.5
3.6
3.9
4
0.8
0.5
5.5
100

3912
441
403
175
223
58
49
230
5491

71%
8%
7%
3%
4%
1%
1%
4%
100%

Source: Bruegel based on Bloomberg, MA Dataset. The table presents the origin of firms that acquired young
companies (under 10 years of age) from the EU (US) between 2010 and 2020. We present only four sectors, but
the data includes ten sectors which beyond the ones shown are: Materials, Industrials, Communications,
Consumer Discretionary, Consumer Staples and Utilities (and are included in the last column “All”).

The table shows, that there a lot more US young firms than EU young firms (5491, 2950) that were
acquired. This is consistent with the US being a more fertile entrepreneurial environment for the
creation of young firms. But also, US firms are a lot more active in terms of buying up firms as a way
of expanding, contributing to the observation of increasing market concentration. The table shows
that US firms bought more young firms just from the US itself than the total of all EU young firms that
have been acquired in this 10-year period (3912, 2950). Interestingly, US firms bought as many EU
firms as EU firms bought US firms (450, 441). But in terms of shares, US M&A activity in the EU is
double that of EU M&A activity in the US (15% vs 8%). And indeed, US firms active in buying up firms
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do so in technology, financials and health care. An important difference that the table shows is that
US firms are is really acquiring own firms (1639 vs 3912 or 56%vs 72%).
There are other factors that might account for the reluctance to risk taking in Europe, that range from
cultures attitudes to debt, all the way to how they are reflected in institutional set-ups like insolvency
and bankruptcy laws. Coupled with the lack of appropriate finance and much lower M&A activity by
comparison to the US, European young firms do not have the same opportunities to grow as US firms.
So, more than market power and concentration that have been identified as the drivers of the
downward pressure on interest rates, in Europe such pressure is more the result of higher
macroeconomic risk, that coupled with inherent risk aversion leads to much less dynamism in markets.

4. Discussion
A good bulk of the literature on the drivers of the productivity slowdown has tried to explain how the
US has experienced the two main global shocks, that of digitisation and globalisation. Factors, like the
savings glut, demographics or simply the increase in uncertainty, explain some of this reduction in the
demand for capital, that in turn explain the downward pressure on its price. And it’s a pressure that
macroeconomic policy, be it fiscal or monetary, has not been able to abate, at least not in full. These
are factors that go beyond explaining just the US experience and are considered to have made some
contribution also in the European productivity decline.
However, as the “host” of the digitisation shock, and given existing domestic market conditions, the
US may have experienced the effects of these global shocks differently to Europe. Given the longstanding persistence of the interest rate trend, a very big part of the literature has attempted to
explain how the process of production might have changed as a result of the shocks. And here the
combination of the need for little tangible capital as well as the importance of “getting there first” has
led to the very quick development of star firms. Firms that became not only US champions but also
global ones, given the elimination of borders (certainly digitally speaking) and the quick access to
global markets. The conclusion that this strand of the literature has drawn is that the emergence of
concentration power, has been able to disturb many “physical” sectors of the economy to capture
both market share and extract profits.
The literature is also clear on what this means going forward. On the one hand the establishment of
these giant global firms that are based in the US, will continue to extract rents, reinforced by the
environment of low interest rates. On the other hand, this gives them both low incentives to innovate,
at least in terms of drastic new inventions, and encourages them to build up barriers that prevent
other, perhaps more innovative firms from coming in the market. These point to the fact that the US
market is not the competitive force that it was back in the 80s, as Philippon (2019) has argued. By
consequence the US will not easily be the driver of the next wave of innovation, unless competition
policy proactively aims to dilute the high degree of concentration accumulated.
The evolution of macroeconomic variables in Europe, from productivity slow down to the increase in
intangible investments are not dissimilar to what we observe in the US. But the way these outcomes
have been attained is not necessarily the same as in the US. To begin with, the EU is a fragmented
market. This implies that all things being equal, it is more difficult for any one company to acquire
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market share, and certainly of an order comparable to the US. Next to that, the digitisation innovation
did not find the fertile ground that it did in the US, for EU firms to claim and capture the first-mover
advantage. New European firms are fewer to start with, lack similar access to finance that allow them
to take risks, and end up getting bought up by US firms in no insignificant numbers. This is one way
that US firms continue to expand their market share.
These arguments and indeed preliminary evidence indicate that concentration power in the EU has
not been the source of the downward pressure on interest rates. If anything, it is probably US giants
that operate at global markets that put pressure also on the EU. So, in search of understanding the
pressures, it is the other factors described in section 2, demographics and the overall increase in
uncertainty, coupled with the more conservative attitudes on risk, that create poor conditions for
growth and account for more of the decline in interest rates. But importantly also, the EU has a finance
system that does not favour risk sharing. And the lower the degree of risk sharing, the fewer risks will
be taken. The absence or risk taking makes for poor entrepreneurial environments.
At the same time the EU will also lose out from the second part of the interest rate loop, which will
sustain zombie firms and challenge bank profitability; both will reduce productivity and exacerbate
the pressure on interest rates.
So, while promoting greater competition might be the policy prescription for the US, (Philippon, 2019,
Furman 2018) better finance conditions, in the direction of greater risk sharing, as motivated also by
the Capital Markets Union initiative, is one of the policy prescriptions to deal with the downward
pressures in the EU Such policies would also be required if the US and the EU wished to be in a better
position to generate future disruptive innovation.
In this exercise we have not talked about the new challenger to the global system, China. The evidence
on China is still patchy but even there we observe similar tendencies on both productivity growth and
the real return on capital (Garcia Herrero and Xu, 2020). At the same time China has followed a model
of capturing markets by direct state intervention that is also gaining momentum, in particular in the
digital space. As China has the benefit of scale, state intervention can act as a sufficient removal of
financing constraints, crucial for scaling up. Coupled with forced transfers of technology and barriers
to entry for certain foreign firms, Chinese firms can and do manage to claim big share in open global
markets. But this model is hardly the model that is conducive to disruptive innovation, which by
contrast requires openness, high levels of competition and opportunities for the many to try, (Riddley
2020). It is unlikely therefore that we will see new disruptive innovation being generated in China
either in the future.
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1.

Introduction

1.1.

General context

This paper is the second policy paper in a series of papers under WP6. Bruegel will
undertake this with the support of PSE, to be delivered in month 32 of the project.

1.2.

Deliverable objectives

The outcome of the paper is to assess the whole economic governance framework including
monetary, fiscal, and financial policies to consider the heterogeneous dynamics of
productivity and their different recovery paths across our economies in the context of the
single currency. The paper will build on previous evidence (such as EU KLEMS), and analysis
done on the merits of alternative set up in this risk sharing/risk reduction
dichotomy in terms of ensuring system resilience.

2.

Methodological approach

This paper aims to evaluate the effects of the policy support given (in France, Germany and
Italy) as well as the ways to remove such support in light of the Covid19 pandemic and
corresponding economic and social crisis.

3.

Summary of activities and research findings

In this deliverable, we analyse the effect of policy support by asking the following three
questions: (i) which regions in the EU are likely to see a wave of bankruptcies?; (ii) has there
been a cleansing effect due to Covid19?; (iii) has financial aid been productive?

4.

Publications resulting from the work described (if
applicable)

This paper will be also published as a Bruegel policy contribution.

5.
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Abstract
Countries in the EU and the developed world have made very good progress with
vaccinating their populations, which allows them to think about opening up their
economies. While the scarring effects of the crisis and indeed the long-term implications
of the pandemic remain only partially known at best, we can already evaluate the effects
of the policy support given and let it guide our thinking in terms of how to remove it.
Analysing France, Germany, and Italy, we observe the potential for “cleansing effects”
in that it were the least productive firms that have been affected the most. With notable
exceptions, we observe that financial support went by and large to those who have the
capacity to survive and succeed. Labour schemes were for the most effective in
achieving their purpose.
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1. Introduction
The support given to firms to protect economic activity and employment has been unprecedented in
most EU countries. This has prevented the emergence of unemployment and kept average
employment high. Figure 1 below shows that for the high educated the pandemic has even offered
greater opportunities. Also, by comparison to the US, employment saw a significantly lower drop
during the shutdown.
Figure 1: Employment by educational level, 2019Q1=100 (need to make this into one graph without
education.)
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Source: Bruegel based on Eurostat’s ‘Employment by sex, occupation and educational attainment level (1 000)
[lfsq_egised]’ dataset, and ILO’s ‘Employment by sex, age and education (thousands)’ dataset. Note: values are
seasonally adjusted. The EU and US panels have different scales.

However, the very generous support given has also meant that the level of bankruptcies have
remained way below pre-pandemic levels. The natural process of exits and entries has been affected
without a clear indication of what this will mean for the future of productivity. Has productive value
been protected, or have resources been spent to sustain otherwise unproductive firms? Figure 2
below shows that while new business registrations appear to have returned to pre-pandemic levels,
at the end of 2020, bankruptcies are still artificially low.1 (in the appendix we should show data for all
countries., also we need to update this add one more quarter) This could be an indication that it is the
support provided that keeps unproductive firms alive. On the other hand, it would be important to
know whether the recovery at the rate at which new business are registered is a return to market
dynamism and not “forced” self-employment resulting from the loss of employment.

1

According to the latest available bankruptcy update of the Halle Institute for Economic research, the number
of corporate bankruptcies in Germany was still extremely low in August 2021.
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Figure 2: Firm new entries and exits, average EU (index Q4 2019=100)
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Source: Eurostat.

As the rate of vaccinations increases and the EU economy is steadily being brought out of its artificially
comatose state, we ask the following 3 questions.
First, which regions in the EU are likely to see a wave of bankruptcies? We look at the level of zombie
firms that existed pre-covid in regions in Europe and how each of these regions has been affected
through Covid, either through a fall in trade, or closing businesses that relied on close contacts like
services
Second, has there been a cleansing effect due to Covid19? Typically, less productive firms are harder
hit during a recession. However, this is not as clear given that the support provided has been big and
indiscriminate. We look at preliminary data for a number of countries to understand whether there
has been a cleansing effect nevertheless.
Has financial aid been productive? Given that financial aid had to be given out quickly, it was given
indiscriminately. This is a different question to asking whether financial aid should have been given
altogether (we need a small discussion on this). However, evaluating whether this ended up in the
most or least productive firms can help us in the phasing out of measures, how to do it, how quickly
and in which sequence.

3

2. One year of financial support: what next?
2.1 Which regions in the EU are more likely to see a wave of bankruptcies?
To gauge the potential exposure of European territories to bankruptcies in the post-pandemic context,
we look at two variables: the share of ‘zombie’ firms operating in the region before the pandemic; an
index of exposure of local industries to economic disruptions stemming from the containment
measures enacted to reduce contagion risks. The intuition is that territories that display both an exante higher share of zombie firms and a composition of industries relatively more prone, for their
characteristics, to economic disruptions related to contagion risks are more likely to experience a
higher share of bankruptcies as the pandemic-related support measures are phased out.
Following CompNet (2020), we first define a zombie firm as a company who reports negative profits
for three consecutive years, is more than 10 years old and is not “high growth”, i.e. its employment
has not grown by more than 20% in the past three years.2 We use Orbis company-level data to
compute the share of zombie firms within each country(region)-industry-year. Zombie shares at the
country(region) level are then computed as average across industries over the period 2015-2019.
We also look at an alternative country(region) measure of zombie firms computing the share only in
specific industries that have been negatively affected by the pandemic (Accommodation and food
service activities, Administrative and support service activities, Education, Human health and social
work activities, Arts, entertainment and recreation and Other service activities), with similar results.
In order to measure the exposure of industries to pandemic-related risks, we capitalize on the Internal
Disruption Risk Indicator (IDRI). The IDRI exploits an official classification of economic activity in terms
of their exposure to potential contagion risk, as a function of the physical proximity entailed by the
production and distribution process. The indicator thus measures the extent to which local areas are
affected by disruptions due to the introduction of safety regulations on the workplace, depending on
their ex-ante regional-level sectoral specialization as quantified by labour shares in each sector. 3
For the largest EU economies (Germany, France, Italy, Poland and Spain) we look at the zombie shares
and IDRI at the regional level (NUTS1 for Germany and NUTS2 for the other four). For the other EU
countries, we use the entire country as unit of observation.
In Figures 1 and 2, we plot the IDRI of each geographical area against the share of zombie firms
operating in them in 2019. While Figure 1 shows the entire share of zombie firms in the economy,
figure 2 looks specifically at the share within the most exposed industries, as defined above. The size
of each bubble is proportional to GDP of the region. Vertical and horizontal lines represent the median
EU IDRI and share of zombie firms, respectively. Additional figures checking for robustness with
alternative definitions of zombie firms are presented in the Appendix.

2

For robustness, we have also computed shares of zombie firms using an alternative definition: companies
who report interest coverage ratios below 1 for three consecutive years. Again we restrict to companies that
are 10 years old or more and that are not “high growth” (20% increase in employment over the past three
years).
3
For more details, and an application to all the EU regions, see Altomonte, Coali and Ottaviano, (2020). The
formal construction of the index is reported in the Appendix.
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Figure 1. IDRI vs. Share of Zombie Firms (2015-2019 average)

Figure 2. IDRI vs. share of zombie firms in exposed industries (2015-2019 average)
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A first striking result from these graphs is the positive relationship between the IDRI score and the
share of pre-pandemic zombie firms, resulting in a significant number of regions in the top right corner
(high IDRI and high shares of zombie firms) and in the bottom left corner (low IDRI and low shares of
zombies). In other words, many of the regions most exposed to the negative impacts of the pandemic
already had high shares of zombie firms in the pre-pandemic context. The heatmap below summarises
the outcome of figure 1: red for those in the upper right quartile, green for those in the bottom left,
and orange for the two other quadrants.
Figure 3: A summary of vulnerabilities

One reason for this correlation is the fact that firms operating in services industries are particularly
exposed to the economic disruptions stemming from the pandemic, as these production functions
typically entail a high level of personal contact. At the same time, firms in the services sector tend to
be smaller and less productive, and hence more likely to display a higher share of zombie firms.
Unsurprisingly, countries such as Spain, Greece, Portugal or Cyprus are especially exposed with high
IDRI scores and high shares of zombie firms. In Spain, virtually all regions had more than 4% of zombies
during the pre-pandemic period (2015-2019). While many Italian regions have high IDRI scores (due
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to the importance of tourism and services sectors), the relative importance of zombie firms is lower,
due to the higher rates of bankruptcies in Italy after the debt crisis.

2.2 The impact of financial support on productivity: Country results
We summarise the results on recent studies for three countries in the EU, Italy, Germany and France.4
Evidence shows that for all three countries there have been cleansing effects. In the case of Italy, firms
that had been ex ante less productive, faced a higher risk of default during the pandemic and a few
(ex-ante) productive firms became ‘zombie-light’. Similar results occur in France and Germany. In
France insolvencies caused by the crisis remains concentrated in the least productive firms, but it
affects some firms with a higher average productivity than in a counterfactual scenario without crisis.
In Germany the results were clearer in that low productivity firms hit hardest and came closer to
market exit.
When it comes to the way public support was allocated however, the picture is not entirely the same
in all countries. In France, public support measures appear to have a neutral impact on the distribution
of insolvent firms in terms of labour productivity. In Italy, public support appears to be in line with
productivity for medium size firms, but it is potentially misallocated for smaller firms. Last, in Germany
we observe that the use of short-time work scheme appears productivity-neutral, while financial
support tend to go to less productive firms.
We discuss each country in greater detail.

2.2.1 Italy
Through CERVED, a data analysis company working for the banking industry, we have merged balance
sheet information of firms together with data on the allocation of financial support received during
the COVID crisis in 2020. We ended up with a sample of 1,030,899 SMEs having received a total of
115bn € in guaranteed loans (the average public guarantee on the loan was 85%). The sample
represents 96% of all loans granted to SMEs in Italy, with firms employing 5.8M people.
We have also merged information on the Credit Risk Score of each firm, an index calculated by CERVED
and used by most banks as index of credit risk, and divided firms into six categories: safe; financially
vulnerable but not impacted by the COVID shock; financially vulnerable and impacted by the COVID
shock; financially risky and impacted by the COVID shock; ‘zombie-light’, i.e., firms much impacted by
the COVID shock, to the brink of default; zombie firms.
Looking at the ex-ante (2018) data of median/average productivity (calculated both as sales per
employee or value added per employee) for each category of Credit Risk, we have evidence of some
cleansing effects of the COVID shock: ex-ante less productive firms in 2018 turned out to be more at
risk of default at the end of 2020, as shown in the Table 1 below.

4

Summary evidence based on the following references: Muller, S (2021), Hadjibely,B., G. Roulleau, A. Bauer
(2021) and Altomonte, C. (2021).
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Table 1: Productivity and risk of default
Median Productivity

Average productivity

CR Score Post-Covid

Sales / Add Val /
empl
empl

Sales /
empl

Add val /
empl

Safe

134.5

39.3

264.1

53.5

Vulnerable non-impacted

117

30.8

218.2

41.6

Vulnerable impacted

90

29.7

158.2

41.6

60.8

26.5

90.6

35.8

84

26

143.8

36.9

87.7

23

143.1

33.2

213.2

45.3

Risky impacted
Zombie light
Zombie

Total Sample
108
31.7
Note: Productivity calculated on 2018 data

We can then use information on the allocation of loans and check whether ex-ante more productive
firms have received a relatively higher intensity of loans (the ratio of loans to sales). We have divided
firms into 5 quintiles of productivity and 4 size categories, based on turnover.
As shown in the Table 2 below, loan intensity appears to be broadly in line with productivity (higher
intensity for higher quintiles of productivity) across all size categories of firms, with the exception of
micro firms. Here the least productive firms have received a relatively higher loan intensity.

Table 2: Loans and productivity

The latter is due to a particular feature of the public guarantee, that allows loans up to 25,000 eur to
receive 100% public guarantee, without any bank scrutiny (vs. standard guarantee at 80% of public
coverage). Standard loans (80% guarantee with bank screening) make up roughly 85% of loans, and
appear to be allocated in line with productivity (also controlling for firms’ size). Micro-loans (<25k)
with 100% guarantee (no bank screening), make up 21.7 Bln of total loans (15%), and mostly go to
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very small companies with turnover < 1M (90% of these loans go to micro companies). These loans
appear to be distributed not in line with productivity.
In other words, we have here yet another evidence of a Pareto-distribution. Firms with more than 10
employees, constituting around 11% of total firms in the sample, are relatively productive and have
received 64% of the total funds; firms with less than 5 employees constitute 76% of the sample, some
of them are relatively unproductive, and have received 23% of total funds.
Because of these reasons, the financial impact of the public support schemes is likely to be limited
once public support measures are phased out and firms are allowed to default. Looking at ‘zombie’
and ‘zombie-light’ firms, the loans at risk are 7.8% of total loans in the sample, i.e. less than 9bn €, as
summarized in the table 3 below.

Table 3: Risk of default and its economic cost

The impact on employment is however potentially of a different order of magnitude, with 500,000
people at risk from corporate defaults. More specifically, 23% of total jobs at risk come from the
HoReCa industry, which represents only 12% of firms, and only 5% of loans, but 28% of all ‘zombielight’ firms. Also note that the employment estimate is a lower bound, as it does not include those
employees that might be laid off by surviving firms in order to restore profitability, as STW schemes
are phased out.

2.2.2 Germany
When asked after the first wave of the pandemic, a quarter of German establishments responded to
have been hit hard by the pandemic.5 Similar sectors as in other countries have been affected by the
social distancing measures, in particular the hospitality sector (see Figure 4). As Germany is less
dependent on tourism and the hospitality industry as e.g. Austria or certain Italian regions, the
problems arising from the high affectedness of this sector are more modest. However, the initial
breakdown of international value chains also posed a particular problem for the strongly international
integrated German manufacturing sector.

5

All calculations for Germany are based on the IAB establishment panel 2020 run by the Institute for
Employment Research (IAB) and refer to July-September 2020.
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Fig 4: Percentage of establishments hit hard by the crisis (by sector)

Notes: Source IAB establishment panel; 1.4 mio establishments (weighted)

Initially, about one out of eight establishments assessed to be close to market exit because of the
pandemic. This strongly varies across the German Laender. While the urban centers and the West
used to be more affected, the East tended to be better off (see Fig 5).

Figure 5: Percentage of establishments close to market exit

Notes: Source IAB establishment panel; 1.4 mio establishments (weighted)

As in other European countries both affectedness and exit risk was much higher for less productive
firms. Figure 6 ranks establishments by the pre-pandemic labor productivity. Whereas about one third
of the least productive firms reported to have been hit hard, this was only true for about one fifth of
the most productive. Similarly, 19 % of the least productive firms were close to exit as opposed to just
7 % of the initially most productive.6 While this shows the potential for cleansing effects, it also tells a
cautious story about cleansing away very productive firms. A careful policy would certainly try to avoid
losing 7 % of the country’s most productive firms.

6

The link between productivity and both outcomes remains if plant size and sector differences are netted out.
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Figure 6: Impact of Covid pandemic by 2019 labour productivity quartile (plant level)
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Notes: Source IAB establishment panel; 1.4 mio establishments (weighted)

Figure 7 shows how government aid was distributed with respect to firm productivity. In the figure,
we distinguish between financial aid and the use of the generous short-time work scheme because
the motives for take-up will differ. While financial aid is more like an emergency help for (almost)
illiquid firms, short-time work is rather interesting for firms that try to maintain their well-trained
workforce. Hence, short-time work will more likely help relatively productive firms with high hiring
(training) costs. Figure 7 supports these conjectures by showing that financial aid was taken up
predominantly by unproductive firms, whereas there is no strong productivity gradient in short-time
work use. In fact, when controlling for establishment size and sector affiliation in a regression
framework, the productivity gradient prevails for financial aid and is non-existent for take-up of shorttime work. This implies that financial aid is more likely to generate zombie firms than short-time work.

Figure 7: State aid by 2019 labour productivity quartile (plant level)

State aid by 2019 labor productivity quartile (plant level)
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Notes: Source IAB establishment panel; 1.4 mio establishments (weighted)

Although a higher fraction of unproductive firms has been hit hard; incidence by employment will be
different as unproductive firms are usually rather small. Table D1 confirms this by showing that the
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relatively few top firms that have been hit hard, in total actually employed 50% more workers than
the least productive firms hit hard (left panel; 2.26 Mio vs. 1.4 Mio). Would all the firms close to exit
indeed exit, about half a million workers would be affected in each of the four productivity quartiles
(right panel of Table 4).

Table 4: Affected Jobs by Firm Productivity (in Mio workers)

Labor Productivity
2019
Bottom 25%
2nd quartile
3rd quartile
Top 25%
Total

Hit hard by pandemic
No
Yes

Close to exit due to pandemic
No
Yes

Mio workers
2.76
3.02
3.90
7.88
17.60

Mio workers
3.62
3.64
4.85
9.60
21.70

Mio workers
1.40
1.03
1.37
2.26
6.05

Mio workers
0.54
0.41
0.42
0.54
1.90

Notes: Source IAB establishment panel; 1.4 mio establishments (weighted)

Summing up; the least productive firms in Germany have been hit hardest, are closer to exit and are
more likely to receive financial state aid. That being said, a non-negligible fraction of good, and very
good, firms have been hit hard, too. The nature of the shock makes clear that, even when ignoring
social politics concerns associated with the costs of job loss, leaving all affected firms unsupported
would not have been a sensible policy option because a lot of very good firms employing many workers
got in trouble, too.

2.2.3 France
The distribution of public support and its effectiveness have been scrutinized in a recent public report.7
A combination of four main measures had been implemented in emergency: partial activity scheme,
“Solidarity Fund”, state-guaranteed loans and deferral of social security contributions. Besides,
Commercial courts were temporary closed, which de facto impacted the contemporaneous measures
of bankruptcy. Last, additional measures were introduced in the wake of the second wave, such as
compensating for companies fixed costs, corporate tax deficit carry-backs at reopening, or even more
specifically compensating for the stop of ski lifts in winter resorts. An important pattern of this support
is the choice of not making it conditional on various criteria, in order to maximise eligibility. The price
to be paid is potential windfall effects, a choice that was acknowledged since the inception of the
measures.
To evaluate these measures, the Committee has matched balance sheets, VAT data and other
administrative information for the 3,5 million businesses supported covering the period ranging from
1 April 2020 to 30 March 2021. The benefitting companies received 53 billion in subsidies and 148
billion in loans.
In France as in other European countries, notwithstanding the differences in the details of
implementation of the public support, the combination of state-guaranteed loans and stop to
7

Cœuré B. (2021).
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investment lead to an increase in the cash position of the supported businesses. The expected increase
of the net debt position of those businesses was however eventually not observed in France. All in all,
business insolvency went to a low (a 39% decrease in 2020).
Overall, the measures have reached their target of cushioning the impact of the pandemic and the
lock-down on the gross operating surplus. For the market economy as a whole, a 45 billion euro drop
in the operating surplus was recorded in 2020, compared to 2019. Estimates of the Coeuré committee
suggest that 45% of the drop was avoided thanks to the Solidarity fund and the partial activity scheme
during the first wave of the pandemic, while these measures cancelled out any drop in the surplus
during the second wave. Indeed, the amount of support received is dependent of the sector of activity,
with hospitality receiving the largest support (up to 99% of the drop of its surplus over the two waves).
Three sectors actually increased their surplus during the crisis (IT, agriculture and household services).
A good metric of the potential impact of the measure is to compute the ratio hours compensated by
the partial-activity scheme over total hours paid. This ratio peaked to 29% in the private sector in April
2020 and went down to 5% in May 2021.
Regarding the characteristics of the supported firms, the share of small businesses in the funds
received is larger than its 18% share in private employment. Small businesses benefitted from 63% of
the payments by solidarity fund, and respectively 49% of the deferrals of social contributions, 33% for
the partial activity scheme, 29% of the State guaranteed loans. In terms of financial health,
notwithstanding the choice of a large eligibility, the evidence of financing low profitability firms versus
having important windfall effects is mitigated: while low-(and respectively high-) profitability firms
before crisis are underrepresented in the sample of supported businesses, firms in the first decile of
profitability received relatively larger amounts (defined as support over turnover before crisis). This
mixed evidence suggests limited access of low productivity firms to the schemes, but more
pronounced support for those supported.
Using the OECD criterion of zombie firms, a mobilisation of the schemes in line with their share in total
private employment was observed. Zombie firms represented 7.2% of French firms in the private
sector (excl. finance and agriculture) in 2018, but only half of them (3.4% of supported firms) benefited
from at least one measure during the first wave of the pandemic (resp. 3.0% in the second). The largest
zombie firms acceded to the support, as the share in employment, capital and value added of the
supported zombie firms is more ore less in line with the share of the zombie firms in these metrics of
economic importance.
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Table 5: Share of zombie firms in the French economy and in the support

First wave
Second wave
First wave
Number of employees
Second wave
First wave
Capital (incl. intangibles)
Second wave
First wave
Value added
Second wave
Source: adapted from Coeuré (2021), p. 282
Number of firms

share
of
supported
zombies
3.4
3.0
6.8
6.2
7.2
6.7
3.7
3.4

share
of
zombies
(2018)
7.2
7.5
8.1
4.0

There is also evidence for smaller countries that goes in a similar direction. Bighelli et al (2021) run a
similar exercise for Croatia, Finland, Slovakia and Slovenia and show that government support was
provided efficiently. Most of the help given reached medium size productive firms, and only marginal
funds were “wasted” on unproductive (zombie) firms. They do argue thought that funding was not
sufficient to reverse the big productivity decline due to the pandemic. While initial help was there to
help maintain employment, this support, they argue, will have to be phased out as early as it can, so
that new support can help increase productivity of firms again.

3. Long term shifts induced by Covid19 - greater or lesser
productivity?
Removing some of the support that was given during the pandemic will also have to be guided by the
long-term effects on productivity. From remote working to global supply chains and sectorial
differences, the pandemic has affected the way of doing business. We review here some of the current
discussion on the subject which at this stage has still not converged to one view.
Annual productivity growth has the potential of increasing by about one percentage point till 2024.
This is a result new research produced by the New McKinsey Global Institute (Mischke, et al 2021)
based on businesses surveys in the US, the UK and 5 EU countries (Frane, Germany, Italy, Spain and
Sweden).There are many arguments that can lead to this optimistic outcome.
Advances in digital technologies and indeed their accelerated take up during the pandemic are behind
the observation by Brynjolfsson et al (2021) show that most OECD countries are not past the lower
point in the productivity J-curve. Building on this argument Brynjolfsson and Petropoulos (2021) are
very optimistic that the combination of accelerated take up in digital technologies during the
pandemic as well massive macroeconomic support will both boost productivity.
Arguably, Covid19 has forced firms to become more efficient. Firms forced into a sudden and prolong
shut down of the economy have had to optimise processes, cut down costs and become more
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efficient. This meant that firms have had to become more innovative, as well as digitise and automate
as much as possible. Those who managed it therefore increased their overall agility. In a survey
reported by Maqui and Morris (2020), 75% of firms asked agreed that the pandemic has helped make
their businesses more efficient and resilient. Indeed 9 out 10 firms had sped up the adoption of digital
technology and automation.
The average level of productivity within sectors could mechanically increase as the least productive
firms are forced to exit. This is known as the ‘cleansing effect’. Preliminary evidence provides some
support, for example in France, where the average level of productivity has increased, albeit at a lower
level of output (Hadjibeyli et al, 2021). Also, this is what our evidence shows.
There are other reasons that point to a reduction in productivity in the medium term however.
Preliminary evidence from the UK by Bloom et al (2020) shows that firms have seen their intermediate
costs increased in an effort to deal with the pandemic. The authors find that productivity will have
reduced by up to 5% by 2020Q4 and in the medium term cause a reduction of 1% by comparison to
pre-pandemic. But there are other arguments that feed to this pessimism.
COVID-19 may have also permanently affected market structures. Companies in information and
communication technology have seen increases in their market capitalisations which accounts for the
significant increase of their share in the S&P Index. But if this leads to increased concentration, there
could be negative productivity effects and negative effects on economic dynamism (Demertzis and
Viegi 2021). Early evidence8 shows that there will be an increase in market concentration at least in
some sectors. Sectors like, IT and digital services which are clear winners, were already sectors with
high concentration power. The pandemic will accelerate the benefits that come from network effects
their market dominance. This in itself is a fact that works against innovation and productivity. To the
extent that this concentration power increased during the pandemic there is little reason to believe
that this will stimulate innovation in the future.
Table 6: S&P Market cap change from February 2020 to February 2021

8

https://www.ft.com/content/680d9605-f112-4ea5-a5af-3b9138b5bf07
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Source: Bruegel via Orbis
Then there is the issue of very poor business dynamism. We see this both in the drop of new firms
entry and exiting the market (figure 1 above) but also in the level of M&A activity. Figure 8 below
shows an up to 25% monthly drop in M&A activity with only a modest pick up towards the end of the
year. It is not clear whether the pandemic effects on demand will trail for longer after the return to
normality and how quickly business environments will be able to return to pre-pandemic levels of
dynamism. Uncertainty and the very delayed rates of vaccination globally, imply that the world
economy will be slow to return and will delay investments.
Figure 8: World-wide M&A activity

Source: Bloomberg

The possibility of shortening global value chains will cause an increase in costs. The pandemic has
raised the issue of repatriating certain parts of production reducing therefore the length of global
value chains. The motivation can be at times forces of protectionism, but at times it can be the wish
to increase their resilience. Either way, this process will see an increase in the overall costs. While this
will have a one-off effect on inflation, it will affect competitiveness ceteris paribus and temper
productivity (Arriola et al 2020).
There are a number of societal implications that will also put a pressure on labour productivity. School
and university closures will have implied loss of education in particular for the most vulnerable parts
of the society. Hanushek, E. and L. Woessmann (2020) suggest that students affected by school
closures during the pandemic may face up to 3 percent lower lifetime income, unless measures are
put in place for catching up. This translates to an average of 1.5 percent lower long-term growth in
nations where these closures were the most prominent. These numbers are worse for certain
segments of the society, like the lower educated, as we have seen above.
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On the other hand, the prospect of teleworking will allow for more flexibility, and arguably higher
productivity. Maqui and Morris (2020) find that 60% of respondents do not believe that teleworking
reduces productivity. They also found that 60 percent of surveyed respondents did not believe that
teleworking reduces productivity. Many see advantages arising from greater overall flexibility, less
commuting time and increased connectivity. Figure 9 shows the potential for increased teleworking
by profession.
Many see advantages arising from greater overall flexibility, less commuting time and increased
connectivity. Figure …below shows that potential for increase in the amounts teleworked by
profession. (We have two more potential graphs to use)

Figure 9: Tele-workability

Last medium- and long-term productivity will also be affected by the speed and efficiency with which
we come out of the pandemic and the way we phase out measures applied. Similarly, it remains to be
seen whether macro policies applied both fiscal and monetary will have had real effects. All will
depend on whether they managed to rescue productive firms or resources were spent
disproportionally to protecting firms that would have otherwise not survived.
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4. Phasing out support measures
The banking sector has been one of the main sectors targeted by the support measures during the
pandemic. Specific measures included moratoria on loan payments, public guarantees or capital relief
measures. When and how can we begin to think about unwinding these measures? What are the risks
of doing that?
A number of recent papers are attempting to provide some answers to these questions. Haselmann
and Troger (2021) run some simulations on German micro level data and predict significant capital
shortfall which could jeopardise investor confidence and fuel financial stability. They argue in favour
of the end of accounting practices that conceal loan losses and suggest that while banks that have no
realistic prospect of fulfilling regulatory capital prescriptions should be forced to exit the markets,
other should be recapitalised (taking the American Troubled Asset Relief Program as an example).
Lehmann (2021) notes that, by the third quarter of 2020, the payment moratoria covered 6.4% of the
euro-area corporate loan stock, which will inevitably be associated with substantial credit risk. He
argues that, among other things, the supportive measures put the scrutiny of banks’ management of
non-performing loans at risk and believes that the ECB should monitor banks’ practices in terms of
credit risk of individual borrowers more closely. Finally, Beck et al. (2021) agree that restoring banks’
balance sheet transparency is a first-order objective. Before unwinding capital relief measures, they
argue that authorities should first phase out borrower relief measures and relax loan classification.
Importantly, phasing out of measures must be communicated clearly to enable banks to adjust
balance sheets.
The European Commission’s DG FISMA (2020) argues in favour of further developing secondary
markets for distress assets in order to move NPLs off banks’ balance sheets and reforming insolvency
frameworks. The EC further believes that the RRF can provide support to reforms aiming to reduce
NPLs while stressing that market-based solutions should remain the first and primary tool.
The Financial Stability Board (2021) notes that, regarding financial stability in general, there is a tradeoff between procyclical risks in case of sudden withdrawal of support measures and the progressive
building of financial stability risks linked to these support measures (distortion of resource allocation
and asset prices, moral hazard, deterioration of credit quality). They press authorities to ensure that
measures are targeted by, for instance, requiring beneficiaries to opt in. Generally, terms should be
made progressively less generous and authorities need to clearly communicate about the sequence
of the withdrawal.
OThe massive government intervention and subsequent rise in debt-to-GDP ratios across Europe
forced the European Commission to temporarily suspend its fiscal rules. Since, there has been a
growing consensus among economists that the European fiscal framework should be amended.
Blanchard et al. (2021) call for a switch from a rule-based system to a standards-based one. They argue
for qualitative prescriptions which would leave room for judgment and the creation of independent
fiscal councils that would assess whether a given level of debt is sustainable, conditional on current
and projected policies. Martin et al. (2021) agree that a reform of the fiscal framework is necessary
but are more wary of a standards-based system. They suggest that fiscal targets should be set
depending on country vulnerabilities and implemented in a decentralised way. Finally, Truger (2020)
is in favour of increasing the cyclical flexibility of the Stability and Growth Pact, which should be
reformed to encourage public investment.
While Laeven et al. (2020) note the risk of zombification, they argue that given this crisis is different
to previous ones in that generally viable sectors were also hit. However, to avoid the zombification of
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the economy, they argue that government credit guarantees need to be fine-tuned, that governments
should incentivize financing through equity instead of debt, that supervisory authorities need to
ensure that banks maintain sound capital positions. More generally, they argue in favour of an
improvement of the efficiency of the insolvency framework and bankruptcy laws. Helmersson et al.
(2021) look at firm-level and loan-level data and find that zombies only benefitted from loan schemes
to a modest degree and agree that insolvency frameworks should be reformed.
Finally, the OECD (2021) argues that an indefinite continuation of emergency support measures is
undesirable, that support schemes should be time-limited, that countries need to provide clear
roadmaps on pathways to recovery. Among other things, they suggest that countries should provide
support for search and career guidance and training activities for employees (and more specifically in
the sector of digitalisation).
Phasing out the support measures is unavoidable but any phasing-out-path needs to find the balance
between, on the one hand, returning to market forces as quick as possible in order to maintain growth
and competitiveness and, on the other hand but with the same goal, make sure that viable firms and
the jobs in those firms are still protected. The tax system of most countries offers a smart way to
achieve this goal. Firms are usually entitled to count current losses against previous profits when filing
for corporate taxes. Making this scheme much more generous would exactly help those firms that
should be protected; namely those that i) incur losses due to the pandemic and ii) have been profitable
before the crisis. In turn, all undirected support schemes like cash injections or exemptions from the
obligation to file for bankruptcy should be removed the earlier the better. Exceptions for young firms,
who by definition cannot count today’s losses against previous profits, should be considered carefully.
Even if that balance has been found, phasing out support for the least productive firms needs to be
made at a pace that sustains social peace. Most recent numbers from Germany show improvements
in firm’s situation for the first six months of the current year. As of June 2021, only 18 % report a
strong negative impact of the pandemic compared to e.g., 32% in February.9 This supports the view
that at least the German economy is now much better prepared to start with phasing out support
measures than earlier this year. As individual worker’s wage losses associated with job loss strongly
rise with the size of their bankrupt employer10, the fact that phasing out policies as proposed above
would rather protect jobs in larger and ex ante profitable firms also reduces workers costs associated
with job loss.

9

Numbers are from the 14th wave of the monthly COVID survey of the Institute for Employment Research (IAB).
Fackler et al (2021).

10
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Appendix
Technical note on the computation of the Internal Disruption Risk Indicator
(IDRI)
IDRI is calculated for a given area leveraging a detailed measure of risk exposure developed at sectorlevel by Inail (2020). Inail has classified industries at the ISIC/NACE 2-digit level in terms of three
characteristics:
•

•

•

Contact: the probability of social contact while on the work premises (the index takes value
from 0, denoting low probability, e.g. in the case of agriculture, to 4, denoting high-probability,
e.g. in the case of nurses);
Proximity: the intrinsic characteristics of the workflow that do not allow for sufficient social
distancing (the index takes value from 0, denoting working alone, to 4, denoting work in strict
contact with other people);
Aggregation: the level of contact with other subjects other than the firm’s workers (e.g.
restaurants, education, also taking value from 1 to 4).

Publicly available data include a combined index that considers the two measures of contact and
proximity (𝑟𝑖𝑠𝑘𝑐𝑙𝑎𝑠𝑠 ), plus the aggregation index (𝑤𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 ). We use the aggregation index
(𝑤𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 ) to weight the first risk measure (𝑟𝑖𝑠𝑘𝑐𝑙𝑎𝑠𝑠 ). In doing so, we assign a value ranging
from 1 to 1.5 to each social aggregation risk class (i.e. to 𝑤𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 ), following prescriptions
in Inail (2020). The final risk measure at the NACE 2-digit level is thus:
𝑟𝑖𝑠𝑘𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 = 𝑟𝑖𝑠𝑘𝑐𝑙𝑎𝑠𝑠 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛
We then build a regional-level measure by using the labor share for each sector within the region as
weights. Denoting by 𝑎 the regionand by 𝑗 the sector, IDRI is then given by:
𝐼𝐷𝑅𝐼𝑎 = ∑
𝑗

𝐿𝑎𝑗
∗ (𝑟𝑖𝑠𝑘𝑐𝑙𝑎𝑠𝑠 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑖𝑜𝑛 )
𝐿𝑎

This is then rescaled according to the regional distribution, resulting in an index ranging from 0 to 1.
The labour share weights account for the within-region composition of employment and are
calculated using the Eurostat Structural Business Statistics database available both at the NUTS2-level
and at the country (NUTS-1) level. We use data from 2017, i.e. the last available year in the database.
This weighting scheme allows us to understand which sectors are the most important (in employment
terms) within a region.
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Alternative definition of zombie firms.
In order to test for the robustness of our results, we compute shares of zombie firms using an
alternative definition: companies who report interest coverage ratios below 1 for three consecutive
years. Again, we restrict to companies that are 10 years old or more and that are not “high growth”
(20% increase in employment over the past three years). Note that in some countries, reporting of
interest coverage ratios is much lower than in others. We exclude from our sample regions with too
few observations.
Figure A1. IDRI vs. Share of Zombie Firms
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Figure A2. IDRI vs. Share of Zombie firms in exposed industries
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1.

Introduction

1.1.

General context

The deliverable is part of WP6, aiming at capturing in a systematic way the feedback loop
effects between the micro and macro dimensions of policies, trying to identify the key
elements that might generate a virtuous cycle between them. The idea is to capitalize on
the research developments in previous work packages on the productivity dynamics and
their drivers at the micro level in order to refine the design of policies aimed at reconciling
growth and cohesion at the macro level.
In particular, deliverable D6.4 capitalizes on D5.2, which develops the MicroProd dataset, an
extensive representative firm-level database of the manufacturing industry in France, Spain
and Italy between 2000 and 2017. The dataset has been developed for the MicroProd
project and contains information on around 500.000 unique companies operating in the
manufacturing sector (NACE rev2 code C) between 2000 and 2017 in Italy, France and Spain.
D5.2 exploits the MicroProd database to look at the relationship between import shock and
automation exposures with productivity outcomes, proxied using TFP. The focus is on the
impact of both automation and import shocks on TFP distribution at the regional-sector
level in the post-crisis period. D5.2 finds a positive effect of both factors on the average
post-crisis TFP level, in line with the existing literature related to the China shock and
coherently with well-known trade models. Instead, coefficients turn out to be negative
when looking at the TFP growth and to other TFP distribution moments.
D6.4 expands this analysis to derive the implications of both import and automation shocks
on labor markets and income inequalities across EU regions.

1.2.

Deliverable objectives

The deliverable aims at understanding whether different shocks (trade, automation) might
have different aggregate effects in terms of policy-relevant variables such as income
inequality and labor market outcomes (wages). And through which micro-driven channels
these (similar or different) effects accrue. The latter will allow to refine the design of policies
aimed at reconciling growth and cohesion at the macro level.

2.

Methodological approach

The deliverable relies on existing literature to build consolidated measures for the import
and automation shock (e.g. Autor, Dorn and Hanson (2013) or Colantone and Stanig (2018)).
It then connects these shocks to inequalities measures retrieved at the regional-year level
from the EU SILC database, and to labour market outcomes retrieved via the appropriate
aggregation of firm-level observations collected in the MicroProd database.
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The paper relies on two sources of identification. First, inequality and labour market
outcomes are investigated as arising after the 2008-09 financial crisis period, as a function
of globalization and automation shocks accruing in the pre-crisis period, thus avoiding any
confounding contemporaneous correlation induced by the shock.
Second, the analysis relies on instrumented measures of the globalization and automation
shocks across the considered regions and years.

3.

Summary of activities and research findings

The analysis finds that both the trade and automation shocks have a positive and significant
effect on the increase of inequalities across regions, although these effects seem to work
through different channels, mediated by different labor market outcomes.
In particular, trade shocks exert a depressing effect on wages, after controlling for the
selection-induced increase in average productivity, while automation shocks tend to
increase average wages, but also the skill premium.

4.

Conclusions and future steps

To recap, this deliverables finds a positive association between both the trade and
automation shocks and the change in the HH Depriv Rate, that holds also when adopting the
IV specification. Interestingly, this effect is similar only when controlling in estimates for the
role played by the labor market: the unconditional effect of the trade shock on the HH
Deprivation Rate growth is in fact negative, while the effect on the deprivation rate growth
of the automation shock always holds.
Looking at the effects of trade and automation shocks on wages, and controlling for TFP, the
results are different: trade shocks exert a depressing effect on wages, after controlling for
the selection-induced increase in average productivity, while automation shocks tend to
increase average wages.
Given this set of results one of the possible interpretation is that the impact of the trade and
automation shock on inequalities stems through two different channels: trade shock tend to
increase inequalities by depressing wages of less skilled workers, while automation shock
increase inequality via their increase in the skill premium. Policy responses aiming at fighting
inequalities should thus take into account these different results induced by the two shocks.
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5.

Publications resulting from the work described (if
applicable)
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Abstract
In this paper we take advantage of an extensive firm-level database of the manufacturing industry in French, Italian and Spanish regions between 2000 and 2017 to
study the impact of globalization and automation shocks on inequalities and labor
markets. We rely on two sources of identification. First, we investigate inequality
and labor market outcomes arising after the 2008-09 financial crisis period, as a
function of globalization and automation shocks accruing in the pre-crisis period.
Second, we rely on instrumented measures of the globalization and automation
shocks across the considered regions and years. We find that both the globalization and automation shocks have a positive and significant effect on the increase
of inequalities across regions, although these effects seem to work through different
channels, mediated by different labor market outcomes. In particular, globalization
shocks exert a depressing effect on wages, after controlling for the selection-induced
increase in average productivity, while automation shocks tend to increase average
wages, but also the skill premium.
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1

Introduction

During the last years, regional disparities have attracted considerable interest in explaining the socio-economic and political events in developed countries, particularly Western
countries. Soaring income inequality and decline in industries that were the backbone
of economic prosperity are though to have contributed to the rise of populism and Euroscepticism. The seminal work of H. D. Autor, Dorn, and Hanson (2013) has opened up
a new stream of the economic literature that focuses mainly on two factors at the roots
of these regional differences, namely the increase in import competition from low-income
countries and technologies change.
In this paper we investigate the relationship between these factors and two different outcomes: labor market outcomes in manufacturing and inequality variables, at the regional
level. The analysis relies on a very detailed dataset, MICROPROD that contains firmlevel data, gathered from the commercial database ORBIS, with information on around
500.000 unique companies operating in the manufacturing sector. For our analysis we
considered France, Italy and Spain as country of interest during the period between 2000
and 2017. We use this database to build aggregate measures of productivity, wage and
employment, while we gather data from the EU Statistics and Living Conditions Survey
(EU-SILC) to construct inequality measures. Finally, as an interesting case of import
competition we consider the delta change in import from China during the pre-crisis period as well as the increase in robot adoption during the same period as an example of
adoption of new technologies.
As hinted in the first paragraph, two factors have been central to the economic literature
following the seminal work of H. D. Autor, Dorn, and Hanson (2013), on the unintended
consequences of globalization and technological change. First, during the early 2000s,
surging export volumes from China lead to increased import competition in developed
countries. Between 1988 and 2007, the share of imports from China in manufacturing industries rose from around 1% to 7% in Western Europe, a figure in line with the evidence
for the United States (Acemoglu, D. Autor, et al. 2016; Colantone and Stanig 2018).
This radical transformation in the world economy had two major causes: throughout the
90s and the early 2000s, market reforms in the Chinese economy led to substantial productivity growth fostering lower production costs and higher levels of exports (Acemoglu,
D. Autor, et al. 2016). At the same time, China’s entry in the WTO and the associated
2

permanent reduction in tariffs decreased trade-related uncertainty (Pierce and Schott
2016). Due to the strength of this supply side shock and the strong evidence pointing
out that the rise of China as the new economic power is mainly due its internal transformations, taking simple differences of the imports from China over time allows to isolate
the direct effect of exposure to import competition. This empirical relies on the variation
across time, industries and regions in import exposure, based on differences in sectoral
specialization prior to the China shock (H. D. Autor, Dorn, and Hanson 2013). The rise
of China was paralleled by waves of rapid digitization ,automation and adoption of new
technologies to boost productivity. Relating to the literature on skill-biased technological change, many economists have argued that offshorable occupations, i.e. typically
low-skilled jobs in the manufacturing sector, are also at risk of automation with obvious
effect on employment, wages and inequality outcomes (Acemoglu and Restrepo 2020).
This makes it potentially difficult to disentangle the differential effects of technology and
trade. However, D. H. Autor, Dorn, and Hanson (2015) find the geographical dispersion
of these two factors to be fundamentally different from each other.
In this paper we develop two different but complementary research question: first we assess the long term effect of the China shock and Robotics shock (pre-crisis) on post-crisis
labor market outcomes, considering the central role of TFP in the post-crisis period to
understand the underlying mechanisms that eventually led to transformation in mean
wages, wages growth, wage skewness and wage skewness growth across regions and sectors within manufacturing.
Then, we look at the relationship between trade exposure and automation diffusion on a
selected measure of inequality, namely the Household Deprivation Rate, to assess whether
not only these structural transformations had an impact on labor markets, but also transmitted its effect deepening regional inequalities in the countries considered.
Section 2 presents a detailed literature review on the impacts of trade exposure and
increase in automation on the outcomes considered. Section 3 describes the data and
Section 4 presents the empirical strategy. Section 5 replicates the work of Altomonte
Coali (2021) to introduce the results of the paper outlined comprehensively in Section 6
and 7. Section 8 concludes.

3

2
2.1

Literature Review
Trade exposure and Productivity

During the last two decades, a vast literature has investigated the distributional consequences of globalisation and technological progress from many different angles, spanning
from the effects on firms productivity and industrial structures, to labor market outcomes
such as wage dynamics or also inequality outcomes and political polarization.
From a theoretical point of view, the economic literature has found two major distinction
to be particularly relevant when analyzing the effect of import competition on industrial
structure. First, as firms are heterogeneous with productivity differing across companies and sectors, more productive firms tend to be larger, more likely to export and pay
higher wages (Melitz 2003; Melitz and Ottaviano 2008). Second, it is crucial to distinguish imports of intermediates from imports of final goods in regards of their effects on the
domestic economy. Higher import competition of the former tend to reduce input prices
and lower production costs with beneficial effects on supply costs. Instead, an increase
in competition of final goods map into adverse demand shocks for domestic firms, with a
strong bias towards the manufacturing sector and low-skill intensive goods (Ashournia,
Munch, and Nguyen 2014).
The importance of productivity for industrial policies is widely supported by empirical
evidence. For most OECD members, the regional variation in real GDP per capita can
be largely be explained by differences in labor productivity. Several hypothesis have
been proposed to rationalize the link between trade exposure and productivity. In the
theoretical framework developed in Melitz (2003), the gains from trade are attributed to
reallocation effects: higher competition leads to downward pressures on prices, leading the
least productive firms to exit the market and allow resources to shift towards more productive firms. Considering China as the central example of increased import competition,
the empirical literature mostly backs the reallocation effect hypothesis. Bernard, J. B.
Jensen, and Schott (2006), using US-data from 1977 to 1997, shows that greater exposure to imports from low wage countries decreases plant survival and growth. Moreover,
manufacturing activity is disproportionately reallocated to capital intensive activities,
responding to the downward pressure in labor costs coming from low-wage countries.
These results have been confirmed to hold in the US and Europe (R. Auer and Fischer
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2008; R. A. Auer, Degen, and Fischer 2013). Nevertheless, Mion and Zhu (2013) does
not find any negative impact of chinese imports on plant survival and Bräuer, Mertens,
and Slavtchev (2019) only find imports from high-wage countries to affect domestic competition by stimulating investment and increasing productivity.
The latter evidence, points to another hypothesis where increased competition may put
pressure on innovative capacities per se or induce firms to shift their product mix towards
technologically more advanced goods (Bernard, Redding, and Schott 2007; Bernard, Redding, and Schott 2010). In fact, Bloom, Draca, and Van Reenen (2016) examine the links
between imports from China, technology and productivity in 12 European countries.
They find that higher level of imports in the downstream market leads to technological change in European firms, both through the adoption of new technologies and own
innovation. The competitive pressure exercised by the China shock increased also the
exit rates of the least productive firms, even if counteracted by a reallocation of workers
towards surviving firms.
Therefore, several mechanisms have contributed to the growth in average productivity,
yet generating ”winners and losers” between firms. Firms exit and reallocation effects
towards larger and more productive firms have fueled the common narrative of increasingly concentrated markets dominated by a small number of companies. Yet, Melitz and
Ottaviano (2008), in a model with endogenous markups, argue that trade liberalization
increases competition and leads to a reduction in the price-cost-margins set by firms. As
to the impact of imports, empirical research has not detected any effects on markups in
developed countries (R. A. Auer, Degen, and Fischer 2013). Moreover, Faggio, Salvanes,
and Van Reenen (2010) point out to an increase in firms’ productivity dispersion in UK,
that followed trends begun decades before the abrupt surge of China in international
markets. This evidence suggests that firm heterogeneity is crucial in analyzing recent
trends in wage dispersion.

2.2

Trade Exposure Labor Market and Inequality

As we have argued above, the economic literature point clearly to reallocation effect and
pressure to shift towards more innovative technologies that affect both capital and workers. Thus, it is natural to infer that shifts in industrial structures map into changes in
the labor market. Among the most prominent effects of the China shock is the depression
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of employment in manufacturing. The work of H. D. Autor, Dorn, and Hanson (2013)
was one of the first papers that related changes in labor-market outcomes across US local
labor markets (Commuting Zones) to changes in the exposure to US imports from China
during the period 1990-2007. Their full specification with controls shows that a 1000$
exogenous decadal rise in CZ’s China shock lowers manufacturing employment by 0.596
percentage point. Moreover H. D. Autor, Dorn, and Hanson (2013) shows that, the import shock leads to a rise in the number of unemployed and nonparticipating individuals
and predicts a positive effect on the adoption of government transfer receipts, with no
evidence of a reallocation of labor demand. Another interesting result is that they do
not find robust evidence of mobility across CZs meaning that population adjustments
following the shock are rather sluggish due to mobility costs or any other barriers. (see
also D. H. Autor, Dorn, and Hanson (2016)). These findings have been corroborated by
exploiting panel data on individuals’ work history D. H. Autor, Dorn, Hanson, and Song
(2014).
Adopting a general equilibrium framework Acemoglu, D. Autor, et al. (2016), identify
import competition from China as a key force driving the reduction in US-employment
levels throughout the 2000s . Their estimates for the job losses in the US amounts to
2.0-2.4 million between 1999 and 2000, and they calculate that job losses due to Chinese imports competition account for approximately 10% of the realized job decline. In
contrast to the literature relating to Northern America, the evidence for Europe is less
clear. In a cross-country comparison, R. A. Auer, Degen, and Fischer (2013) detect a
substantial effect of import competition on job losses, while other studies claim that import shocks did not have any persistent employment effect (IMF (2019) among others).
In Northern Europe, the China shock has left the domestic economies largely unaffected.
Evidently, strong labor unions, employer associations and centralized wage bargaining
seem to shield workers in manufacturing against most negative employment effects. Yet,
in Norway the downsizing in manufacturing has directly translated into higher levels of
unemployment and decreases in the labor force (Balsvik, S. Jensen, and Salvanes 2015).
In Germany, the negative effect of the job losses incurred due to the China shock was
counteracted by the simultaneous economic upswing of Eastern Europe (Dauth, Findeisen, and Suedekum 2014).
The impact of import competition from China has been more pronounced in Southern
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Europe. For Spain, Donoso, Martin, and Minondo (2015) estimate the relative number
of job losses caused by the China shock to be around twice the effect detected for the US.
They explain the high magnitude by the prevailing wage rigidities in Spain. However,
due to the simultaneous construction boom, former manufacturing workers have mostly
switched towards this industry throughout the 2000s. Using local and individual data,
Citino and Linarello (2021) replicate the analysis conducted by R. A. Auer, Degen, and
Fischer (2013) and D. H. Autor, Dorn, Hanson, and Song (2014) for Italy. Their findings
indicate a modest decrease in manufacturing and overall employment in areas with traditionally high concentration of industries producing tradable goods (Barone and Kreuter,
2019).

2.3

Automation Exposure

The surge in international trade integration was paralleled by high growth rates in new
technologies and automation. Even though it led to large gains in terms of productivity and welfare, this development had significant distributional consequences on different
group of individuals, penalizing workers in occupations at risk of automation.

1

For the

purpose of this paper, I will focus mainly on the more recent literature that assesses the
impact of automation, through new machines, computers, and robots, on labor market
outcomes.

2

The theoretical foundations of the empirical literature on robots are based

on a model where robots and workers compete in the production of different tasks. In particular the work of Acemoglu and Restrepo (2018b) and Acemoglu and Restrepo (2020)
but also Acemoglu and Restrepo (2018a) and Acemoglu and Restrepo (2019). Acemoglu
and Restrepo (2019) explains that, in a framework where the production of goods requires
tasks allocated to capital or labor, new technologies have positive productivity effects on
the both factor of production but also could change the composition of the tasks performed, shifting the composition favorably towards capital and adversely to labor.
Besides the theoretical contribution, empirical evidence find that higher levels of robot
adoption depress both wages and employment at the Commuting Zone level. (Acemoglu
1

For a review of the literature on technological change and inequality and also for a long term view on
the interconnections between technology and human labor look for example at Goldin and Katz (2009),
Katz and Murphy (1992), and Katz et al. (1999) among others.
2
For empirical literature on the effects of automation and their effect on white-collar and blue-collar
workers look at D. H. Autor, Levy, and Murnane (2003), Goos and Manning (2007), Acemoglu (2002),
and Acemoglu and D. Autor (2012). Also look at D. H. Autor, Dorn, and Hanson (2015) for evidences
on the effects of change in computer adoption.
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and Restrepo 2020; Graetz and Michaels 2018). In line with the common narrative, they
detect particularly adverse effects in the manufacturing sector and for workers with less
than a college degree. The wage reduction was entirely driven by the lower half of the
income distribution, ultimately leading to a larger wage gap and rising wage inequality.
Crucially, the heterogeneous effect of automation on wages depends on its interaction
with human capital. D. H. Autor, Dorn, and Hanson (2015) argues that automation
indeed substitutes labor, but also complements labor and thus increases output. Moreover, he stresses that the former effect tends to be overstated in public debates to the
disadvantage of the latter. In line with this reasoning, industry-level comparisons across
countries shows that robot adoption is positively associated with productivity and negatively affects hours worked by low-skilled workers (Graetz and Michaels 2018) as well as
local employment levels in Europe (Chiacchio, Petropoulos, and Pichler 2018). Overall,
sparse literature suggests a similar mapping of these labor market outcomes into political preferences and voting behavior as outlined for the China shock. In a recent study,
Thewissen and Rueda (2019) find that workers who are at risk of automation tend to
favor larger governments counteracting inequality. Yet, left parties have lived through
a period of declining support, whereas right wing parties have gained increased votes.
Possible explanations for this paradoxical situation go along with the literature for the
China shock: declining levels of trust in governments and politicians, economic insecurity, decreasing influence of labor unions and the appeal of nationalist narratives. Anelli,
Colantone, and Stanig (2021) examine the adoption of robots in 14 Western countries
between 1993 and 2016, corroborating the finding that exposure to automation increases
support for nationalist and radical-right parties both on the individual and on the aggregate level. Their results suggest low perceived economic conditions and well-being,
reduced political self-efficacy and low satisfaction with the government and democracy as
potential transmission channels. Similar results have been obtained concerning the votes
for UKIP in the UK and Donald Trump in the US (Gallego, Kurer, and Schöll 2018;
Frey, Berger, and Chen 2018; Im et al. 2019)
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3

Data

This paper exploits different data sources, among which a unique firm-level database
containing fine-grained data from the commercial database ORBIS produced by Bureau
van Dijk: the MICROPROD dataset (hereafter, MP). MP contains information on around
500.000 unique companies operating in the manufacturing sector (NACE rev2 code C)
between 2000 and 2017 in Italy, France and Spain. We use this database to build aggregate
measures at the regional level with more details in the empirical specifications.
Since the analyses are run at the regional or regional-industry levels, we retrieve other
variables at the NUTS-2 level from the OECD regional database and from Eurostat:
employment data comes from Eurostat and is disaggregated at the NUTS-2/NACE group
level, where with NACE group we follow the different country-specific aggregations of 2digit NACE rev. 2 codes available on Eurostat. The following section describe in depth
the structure of MP.

3.1

Microprod

In this subsection, we give some more details about Microprod and its coverage. MP
includes financial data for companies in the manufacturing sector between 2000 and 2017.
We are able to follow the whole life of a firm within this period, classifying it as alive or
“dead” depending on the presence of balance sheet information and on the “legal status”
listed in the ORBIS database.
Since we use balance sheet data, we decided to impute some values in a conservative
way to recover some data. We first impute the “number of employees” (NEMP) variable,
which is crucial for the estimation of productivity measures and for the creation of the
variable unitary wage. We impute the number of employees by interpolation only when
the distance between two consecutive non-missing data point is not greater than 3 years.
Instead of interpolating the data we could have used other possible solutions, such as
filling the missing observations with means by combination of region, sectors and year or
by estimating them.
We decided to interpolate since our estimated number depends solely on employee
data in other years from the same firm, avoiding possible endogeneity problems and
assumptions relative to the distribution of employees between firms in the same cluster.
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Then, we use the same approach to recover data for all the other financial variables,
but only for those firms who have at least 50% of non-missing values of the “number of
employees” variable in their lifespan (e.g. if a firm is alive for 7 years, it must have at least
4 years of data for its employees in order to be suitable for the recovery of information).
These firms are flagged as the “productivity sample”: when we estimate productivity
measures, we rely only on those firms as we find them more reliable for such estimation,
given the longitudinal nature of the adopted routines (i.e. Wooldridge).
The interpolated variable changes the distribution only for France, reducing significantly the variance other than the mean and the median. This is due to the fact that
France balance sheet data are somehow poorer than the other two countries. For instance,
always considering year 2016, we have 88% of missing values for the NEMP variable while
we are able to reduce this number to 78% with our conservative approach. For Spain, the
gain is 5% while for Italy only 2%, since these two countries have a better coverage (50%
for Italy and 40% for Spain). This implies that the distribution for France can be subjected to substantial changes. However, to investigate this more, we have conducted some
checks with official statistics from the Structural Business Statistics (SBS) database.
First, we wanted to check whether the firms included in our sample were actually
representative of the overall manufacturing industry in each country. We calculated the
share of firms by size class in each country-year-industry cluster, where industry is defined
at the NACE rev.2 2-digit level. The correlation between the vector of shares in SBS and
the one in MP, weighted by number of firms, is 0.98.
It is clear how our weighting scheme allows to balance the over-representation of larger
entities, as it is common when using commercial databases such as ORBIS. Then, this
example shows how we can accurately reproduce the share of firms in the economy, as in
SBS statistics. The same is valid if we look at the sectoral distribution (NACE rev. 2 –
2 digit) within each country, by year: the correlation in this case is as high as 0.96.
Given the results on the interpolated variables, we decided to run some more comparisons with official statistics. For instance, we computed the average number of employees
and revenues per employee by size class in the same country-year-industry clusters and
compared it with SBS data. It seems that the sample is reproducing the actual statistics
from SBS, with the exception of the first size class, which again is expected given the fact
that SBS includes firm with 0 employees. Thus, given the comparison briefly examined
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in this paragraph, we are confident that MP is able to capture the structure of the manufacturing industry by year as captured by official statistics, thus being representative of
the population we have tried to sample.

3.2

Variables description

In this section we present the main variables used in the analysis. As for labor market outcomes, the main variables of interest consist of variations on the unitary wage
measure, which is defined as the ratio between cost of employees and number of employees. Specifically, the outcomes considered are: mean unitary wage, mean unitary wage
growth, mean unitary wage skewness and mean unitary wage skewness growth. These
variables are computed starting from the unitary wage paid by firms, which corresponds
to the ratio between the Orbis variables ”cost of employees” (CEMP) and ”number of
employees” (NEMP), defined within region-industry groups. Then, the MP database is
collapsed at the NUTS2-Nace-year level in order to perform our analysis. Therefore these
unitary wage measures all vary at the regional-industry level, and have also been trimmed
for extreme values at the 1st and 99th percentile within nuts2 nace2 2/country and year,
and then at the 1 th and 99 th percentile across all the sample.
Instead, as for inequality outcomes we have constructed several different indicators,
namely, the relative deprivation rate, the Gini coefficient and various income ratios at
different percentiles of the income distribution (50-10, 75-25, 90-50, 90-10). The data, on
which these variable are constructed, are gathered from the the EU Statistics on Income
and Living Conditions (EU-SILC), a survey that collects cross-sectional and longitudinal data on income, poverty, social exclusion and living conditions since 2004 across EU
countries. The unit of observation of the EU-SILC is the NUTS2 level, therefore, our
inequality variables will vary at the regional level, and not at the NUTS2-Nace2.2 level
as the wage variables described before. The Gini coefficient is calculated from the distribution of income within each region and ranges from a minimum value of 0 (perfect
equality) to a maximum of 1 (maximum inequality). The various income ratios are calculated by taking the ratio between the two values of the regional income distribution at
two different percentiles of interest.
Lastly, the relative deprivation rate is defined following the work of Yitzhaki 1979 as the
discontent people feel when they compare their socio-economic status, measured by in11

come, consumption, or other indicators of perceived economic welfare, with that of their
richer counterparts and realize that those others possess something that they do not have.
In Yitzhaki (1979) it is constructed as follows:
Relative Deprivationi = 1 −

(T otIncomeGri − N ∗ OwnIncomeGri )
T otIncomer

(1)

where T otIncomeGri is the total income incurred by households richer than household i. N is the number of household richer than household i and OwnIncomeGri is
household’s i equivalized income. This difference is divided by the total income in region
r, T otIncomer . Finally to compute the Household Relative Deprivation rate we take the
complement to 1 of the share calculated in the second part of the right-hand side of the
equation.
As this measure is constructed, it should be interpreted as a relative satisfaction rate,
where a higher value of this variable within a region, means higher average satisfaction
and viceversa.
Moving to the list of other relevant covariates, total factor productivity (TFP) is the
variable upon which we conduct the second part of our analysis. As in the case of labor
market outcomes, we take into consideration different variations upon the main TFP
variable which consists of the ”natural logarithm of TFP (Woolridge) without tau correction” (ln TFP WCD nc). Specifically the variables considered in the analysis are mean
TFP, mean TFP growth, mean TFP skewness and mean TFP skewness growth. These
variables come from the MP dataset and therefore are averaged in the same way as our
wage variables.
The other controls taken into consideration vary at the nuts2 level and consist of the log
of total population, the share of tertiary educated population and the growth in GDP
between 2014 and 2007. Finally, the two main regressors considered in our analysis are
the delta exposure to chinese imports during the pre-crisis period and the delta exposure
to robot adoption during the same period. These measures are based respectively on data
coming from the BACI database, and data from the International Federation of Robotics
(IFR) commercial database. The construction of these two variables will be explained in
detail in sections 3.1 and 3.2.
To conclude the following figures give a first general idea about the within country distribution of our main variable of interest, namely, the China shock the Automation shock,
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(a) Robotics shock: Spain

(b) Robotics shock: France

(c) Robotics Shock: Italy

Figure 2: Distribution of the exposure to robot adoption in Spain, France, Italy at the NUTS2 Level.

(a) Mean Unitary Wage: Spain

(b) Mean Unitary Wage: France

(c) Mean Unitary Wage: Italy

Figure 3: Distribution of Mean Unitary Wages in Spain, France, Italy at the NUTS2 level

the household deprivation rate and the mean unitary wage.

(a) China shock: Spain

(b) China shock: France

(c) China Shock: Italy

Figure 1: Distribution of the exposure to Chinese Imports in Spain, France, Italy at the NUTS2 Level.
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(a) Relative Deprivation: Spain

(b) Relative Deprivation: France

(c) Relative Deprivation: Italy

Figure 4: Distribution of Household Relative Deprivation Rate in Spain, France, Italy at the NUTS2
level

4

Empirical Strategy

In this section we first describe how the China and robotics shocks are constructed and
then turn to the two models for analyzing the relationship with these two factors and,
respectively, labor market and inequality outcomes.

4.1

Trade Exposure: The China Shock

In order to measure the growth in exports from China to the rest of the World, we employ
the same empirical approach pioneered by H. D. Autor, Dorn, and Hanson (2013) and
Colantone and Stanig (2018). The so called China shock is define as:
∆ImportShockr =

X
k

Lrk

∆ChinaIM Pkt
Lr(presample) Lk(presample)

(2)

where r indexes regions, k industries in the manufacturing sectors over t years. The
import data is at the country-industry level and comes from the BACI datatabase.
∆ChinaIM Pkt is then the difference in real imports from China to the focal country
during the period of interest in the industry sectors equivalent to the one in the MP
dataset. In our analysis we will consider the regional average China shock with a seven
years delta during the pre-crisis period (2000-2007). In our empirical specification we
average this delta change over the pre-crisis period so that the China shock varies only
at the regional level.
Looking at equation 2, in order to back out the regional effect of the China shock the
standard weighting scheme is adopted: first, the difference in real imports is normalized
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by the total number of workers in the country considered, following the Eurostat classification of employment data. Second, to back out the region r specific trade shock,
the normalized import change is weighted by the relative share of workers in industry k
within the region over total employment and then the sum of these weighted changes is
taken.
Importantly, both the normalization and the weighting procedure are taken in the presample period, to avoid possible confounding effects. The intuitive interpretation underlying this measure is the following: given any change in national imports per worker
(i.e.,∆ChinaIM Pkt ) , the China shock will be bigger in those regions where a larger share
of workers, at the beginning of the period, are employed in an industry facing a higher
increase in import competition from China.
H. D. Autor, Dorn, and Hanson (2013) and Colantone and Stanig (2018) point out that
the cross-regional variation arises mainly from two sources: first, larger shocks are apportioned to regions in which more workers were employed in the manufacturing sector.
Second, for a given share of the manufacturing sector, the shock will be stronger for areas
with a higher employment share in industries for which Chinese imports have increased
the most (for example, textiles or electronics). Thus, the exposure arise from specialization between sector but also within sectors. Since our dataset is based on manufacturing
firms, we are capturing the within variation of the trade shock.
As explained in D. Autor, Dorn, and Hanson (2021), the effect of the China shock reaches
a peak around 2010 and then flattens out during the next decade. Therefore, by averaging over the period 2000 − 2007 we are capturing most of the disruptive surge of China
in the global economy, yet, ignoring the period of the financial crisis that may confound
our results.
The principal concern for our estimation is that imports from China to the focal country, may be correlated with unobserved industry demand shocks to the economy exposed
to the shock. If this was the case, the OLS estimate would be downward biased. To
correctly identify the causal effect of rising Chinese competition on labor market and
inequality outcomes, we follow the instrumental variable strategy explained in H. D. Autor, Dorn, and Hanson (2013), where the measure for the change in Chinese imports to
the is instrumented using the contemporaneous change in Chinese imports to the United
States.
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Specifically, the insturment is constructed as follows:
∆ImportShockr =

X Lrk(presample) ∆ChinaIM PU Skt
Lr

k

Lk(presample)

(3)

Thus, we simply substitute the delta import with data for the US following the same
time structure as the measure we want to instrument.
The IV strategy, seek to exploit the fact that during the period considered, much of the
growth in Chinese imports stems from the rising competitiveness of the Chinese industry,
China’s lowering of trade barriers, a more market oriented economy, and the entrance in
the WTO. To put it more simply, the instrument is intended to capture the variation
in imports from China which arises only from China’s supply conditions rather than to
domestic factors in the focal country. This strategy should isolate the exogenous change
in supply conditions in the Asian country.

4.2

Automation Diffusion: the Robotics Shock

To construct the regional exposure to robot adoption, we use a very similar methodology
as the China shock, following the relevant literature on the topic (Acemoglu and Restrepo
2020; Anelli, Colantone, and Stanig 2019). The robotics shock is defined as:
∆RoboticsShockr =

X Lrk(presample) ∆Robotskt
Lr(presample) Lk(presample)
k

(4)

where r indexes regions, k industries in the manufacturing sector. The robotics data,
from IFR, cover the number of operational stocks of industrial robots at the regional
level. ∆Robotsk is then the difference in robots stock in the focal country between time
t and t − 5 averaged over the pre-crisis period 2000 − 2007. As before, by averaging over
the pre-crisis period, the robotics shock varies just at the NUTS2 level.
Again, this difference is weighted by the pre-sample number of workers employed in
the same country and industry group. Then, as in the China shock, to back out the
regional measure, we take the weighted average sum of the normalized difference, where
the weights are the same as for the measure of trade exposure.
Also when considering the robotics shock, endogeneity issues may arise. Thus, we build

16

an instrument based on the following formula:
∆IV RoboticsShockr =

X Lrk(presample) ∆Robotskt(Other)
Lr(presample)

k

Lk(presample)

(5)

The change in the average stock of operational robots per worker is computed across the
other sample countries excluding the focal one (∆Robotsk(Other) ). As in Anelli, Colantone,
and Stanig (2019), we instrument robot adoption at the regional level by substituting
with robot adoption in the United States. The validity of the instrument relies on the
assumption of the exogeneity of political dynamics of robot adoption between countries,
exploiting industry-specific trajectories of such adoption.

4.3

Empirical specification

In this section we describe the empirical specification adopted to analyse the long-term
effect of the China shock and the Robotics shock on inequality and labor market outcomes. Our aim is to assess whether these two structural change had a long lasting effect
on inequality measures on one side, and on wages on the other. Moreover, we are not
only concerned about a potential impact on the level of each dependent variable but we
also assess the effect on different moment of the distribution (ex. skewness) and on their
average growth. Our independent variables are constructed on the pre-crisis period, as
an average over the period 2000 − 2007 in all three included countries (France, Italy and
Spain). Then, we will regress our dependent variables, averaged over a post-crisis four
year span, on the pre-crisis shocks.
Since we are interested on the effect on two different economic outcomes, namely, inequality measures and wages measures our empirical specification is based on two different
equations, that change just for the dependent variable considered.
The first equation is constructed as follows:

Ineq rk = αr + β1 ∆Shockrk + β2 Xr + γc + δk + ϵr

(6)

where the Ineq rk will be the Household Relative Deprivation Rate described in Section
3.2. Following the work of Yitzhaki (1979), this measure is directly linked to the Gini
coefficient, is constructed at the NUTS2 level, it is assumed to be constant within regions
and, lastly, it is available from 2004 to 2014. In our main specification, we average the
17

HH. Depr. Rate over the post-crisis period 2011-2014.
We control for beginning of period regional-level variables (Xrt ), such as population (in
log), share of tertiary educated workers and GDP growth. Country and industry dummies
are included in all specifications (γc , δk ).
The second equation is constructed as follows:
Wrk = αr + β1 ∆Shockrk + β3 Xr + γc + δk ϵr

(7)

where the main wage measures are the mean wage, the mean wage growth and the
mean wage skewness. These three measures are available at the NUTS-2/NACEgroup
and are available from 2000 to 2017. In our main specification wage measures are averaged
over the post crisis period 2014-2017. We control for the same regional-level variables
(Xr ) and dummies for countries and industries are included in all specifications (γc , δk ).

We run a second set of regressions assessing whether the effect of the two shocks on
our main dependent variables is affected by, respectively, variation in wages and productivity. Intuitively, the following may happen: (a). Trade and automation shocks map
into changes in the productivity distribution (Bloom, Draca, and Van Reenen 2016) (b).
Changes in productivity distribution maps into changes in the wage distribution (c). Inequalities in turn are affected by changes in the wage distribution.
In order to investigate this pass-through mechanisms, we employ a standard mediation
analysis following the method exposed by Baron and Kenny (1986). In a mediation analysis three regressions need to be carried out: first, the dependent variable is regressed
on the relevant independent one; then, the supposed mediating factor is regressed on
such independent variable, in order to verify the association between the two; finally, a
third model where both the mediating and mediated factor are included as regressors is
estimated.
Full mediation appears if the coefficient on the mediated variable, which should be significant in the first regression, is not significant anymore while the one of the mediating
variable is. Partial mediation occurs if the coefficient of the mediated variable is lower
in magnitude compared to the one in the first regressor, where the mediating factors was
not included. Importantly, mediation analysis is a framework of analysis that presumes
causal relationships among the variables considered. In the context of this work, causality
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relies on the validity of our IV strategy.
We perform this mediation analysis alternating the China shock and the Robotics shock
as independent variables and wages or inequality measures as dependent variables. As
said before, when considering wages measures our chosen mediator is TFP, while when
considering the HH. Deprivation rate the mediators are the wage measures.
The mediation analysis helps us to identify if either TFP or Wages, act as pass-through
mechanism for the transmission of the two shocks on our labor market and inequality
outcomes. In the Appendix we show that these variables are relevant and should be
included in our specification for the second part of our empirical analysis.
In order to better investigate the impact of the Import shock on wages, we move from
the mediation framework and repeat our analysis adding the interaction between the two
shocks and the mediator to uncover potential heterogeneity effects.
We adopt two different strategies: first, we construct a dummy variable for the two shocks
that takes value 1 if a NUTS2 regions faces a higher than the country median shock, and
zero otherwise. The dummy is interacted with TFP or the Unitary Wages measures and
added to Equation (6) and (7).
The equation that involves the use of a dummy variable is specified in the following
way:

Yrk = α+β1 Dummyr +β2 M ediatorrk +β3 Dummyr ∗M ediatorrk +β4 Xr +γc +λk +ϵr , (8)
in this case the dependent variables are averaged over the post-crisis period, whether
we use our inequality variable or wage measures. The model includes the dummy variable alone, the interaction variable (Dummy ∗ M ediator) and the mediator alone (TFP
or Wages). M ediatorrk is always constructed on the post-crisis period.
Equation (8) therefore aims at capturing the effect of being highly exposed to the shocks,
while taking into account the role played by heterogeneity across sectors based on variation in the mediator. Therefore β1 should capture the baseline effect of the shock on
highly exposed regions relative to the others, while β3 capture the combined effect of
being more productive or with higher wages, among highly exposed countries. Also in
this case the regression is carried out using both OLS and IV estimation.
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In a similar fashion, we adopt an interaction analysis where both the mediating factors and the two shocks are continuous variables with a longitudinal structure, so to add
yearly variation. We take 4-years (t, t + 3) moving averages for our shock measures from
2000 to 2007 as well as 3-years moving average for the dependent variable from 2011 to
2017. The panel regression will have five periods of the dependent variables regressed
over five periods of the pre-crisis shocks.
Therefore, this second strategy is basically an augmented version of Equation (8), where
the main variable of interest are expressed as rolling averages over time. This second
strategy is adopted since the cross-sectional specification used in equation (8) structurally
eliminates yearly variation, while this new specification might uncover some effects that
were not visible for a lack of observations in the analysis. We will use this second empirical specification just for labor market outcomes since our inequality outcomes data ends
in 2014 and we wouldn’t have enough post-crisis yearly variation. Moreover as variables
are expressed in moving averages the short post-crisis period available for the inequality
variable would lead to serial correlation over time that would bias our estimates.
In practice, this rolling-average specification takes the following form:

Wrk,(t,t+3) = α + β1 Shockr(t,t+3) + β2 T F Prk(t,t+3) +

(9)

β3 Shockr,(t,t+3) ∗ T F Prk(t,t+3) + β4 Xrt + γc + λk + δt + ϵrt ,

where Wrk(t,t+3) and T F Prk(t,t+3) are computed as the average at the NUTS-2/NACE
group level that is taken over time spans of four years in the post-crisis period. Specifically
the sets of years considered start from 2010-2014, and ends with 2014-2017. Specularly,
Shockr,(t,t+3) is defined at the NUTS-2 level and consists of a four years rolling average of
the two shocks, starting from the set of years 2000-2004 and ending with 2004-2007. In
this case, the import shock measure underlying this rolling average consider the difference
in real imports from China at the NUTS-2 level between period t and period t − 3. Similarly, the robotics shock considers a five-years delta span. The controls included remain
the same as in equations (7)). Finally, along with country and industry dummies, this
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specification includes also period dummies (δt ).

5

TFP, Trade exposure & Automation Shock

5.1

Import shock and TFP

This section investigates the long-run relationship between the pre-crisis Import shock
and different moments of the post-crisis TFP by replicating the analysis by Altomonte
and Coali (2021). In the context of this work, this analysis on TFP outcomes, while
interesting on its own, is thought as preparatory to the empirical specification described
in Section 4.

The empirical approach used to relate TFP outcomes and the China shock is similar
to that described by Equation 7 for the case of wage outcomes, and it is therefore specified
as follows:

T F Prk = α + β1 ∆Shockr + β3 Xr + γck + ϵr ,

(10)

where the TFP measures considered are: mean TFP, mean TFP skewness, mean TFP
growth and mean TFP skewness growth. These measures are available at the NUTS2/NACE group and consists of an average over the years 2014-2017. Since in this paper
we also consider the Robotics shock as an interesting regional shock, Equation 10 is also
replicated considering the exposure to robot adoption.
Table 1 shows results from Eq 10 with China shock as the main regressor: first, columns
1-2 show that the Import shock is positively associated with mean TFP, whereas the sign
of the shock coefficient is negative and significant for TFP skewness, both in the OLS
and the IV specification. Importantly, while the use of the instrument does address the
concerns outlined in Section (4), it is not possible to give a causal interpretation to the
following results . In fact, this cross-sectional specification inevitably picks up a level effect
that cannot be eliminated in the absence of a counterfactual. It is reasonable to think
that the regions most affected by the Import shock were also the most productive ones as
these are areas more active in international activities. Therefore, experiencing a higher
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growth of imports from developing countries, these regions tended to have average higher
levels of mean TFP even in the pre-crisis period. As for TFP skewness, regions more
exposed to the shock display a less skewed distribution of TFP. This is again reasonable
as it is expected that regions more active in internationalization activities present a fatter
right tail of the TFP distribution.
Table 1: Add caption
Dependent Variable:

Mean TFP
(1-OLS)

Mean skew TFP

Mean TFP growth

(3-OLS)

(4-IV)

(5-OLS)

Exposure to China shock (00-07) 0.153***
(0.00849)
Population (log)
-0.00279
(0.00706)
Tertiary Education (%)
-0.169
(0.123)
GDP Growth (%)
1.352***
(0.126)

0.156***
(0.00863)
-0.00275
(0.00706)
-0.174
(0.123)
1.351***
(0.126)

-0.119***
(0.0207)
-0.0450***
(0.0171)
-0.179
(0.341)
-1.130***
(0.350)

-0.123***
(0.0207)
-0.0451***
(0.0171)
-0.172
(0.342)
-1.128***
(0.350)

-0.00150** -0.00185***
(0.000670) (0.000700)
-0.00144* -0.00144*
(0.000771) (0.000771)
0.0216*
0.0222*
(0.0124)
(0.0124)
-0.0327** -0.0324**
(0.0127)
(0.0127)

0.127** 0.121**
(0.0534) (0.0532)
0.0742
0.0741
(0.0498) (0.0499)
-1.634** -1.623**
(0.804)
(0.805)
1.666** 1.670**
(0.848)
(0.847)

Country FE
Industry FE
Observations
R-squared
Klein-Papp Stats

Yes
Yes
510
0.491
8166

Yes
Yes
510
0.411

Yes
Yes
510
0.095
8166

Yes
Yes
510
0.379

Yes
Yes
510
0.109

Yes
Yes
510
0.930

(6-IV)

Mean skew growth TFP

(2-IV)

Yes
Yes
510
0.048
8166

(7-OLS)

(8-IV)

Yes
Yes
510
0.029
8166

Column from 4 to 8 considers the relationship between the Import shock and other
two moments of the TFP distribution: TFP growth and TFP skewness growth. As for
TFP growth, regions that experienced a stronger Import shock also present, on average,
lower levels of TFP growth. In this respect however, it should be mentioned also that
Altomonte and Coali (2021) find that, among firms that were performing better before
the crisis, the impact of the China Shock on TFP growth is positive and significant.
Conversely, when looking at the growth of TFP skewness, the coefficient turns out to be
positive. Indeed, a positive coefficient signals that there is a fattening of the left tail of
the distribution, which implies a higher percentage of less productive firms in areas that
were more affected by the China shock. Also in this case the OLS and IV estimated are
extremely similar. Moreover, the same interpretative caveat applied to Table (1) holds
also in this case: in order to draw causal conclusions a counterfactual would be needed.
However, the fact that the outcomes considered are growth rates, opens to an interpretation of the results that goes beyond purely correlational considerations. Therefore it
might be the case that the Import shock shock had a depressive effect on firms’ productivity growth, and that only the most productive firms were able to exploit successfully
the new trade linkages and to intensify their productivity growth. In light of this, it can
be said that the Import Shock actually affected the productivity distribution of firms:
22

indeed this shock hit harder regions that were already more productive, and within these
regions only the most productive firms were able to increase their TFP growth, while
the impact of the Import Shock on TFP growth was on average negative. To sum up,
the regions were the China shock hit stronger present post-crisis higher mean TFP levels
and a higher concentration of productive firms. However when TFP growth and TFP
skewness growth are considered, the outlook is less positive: TFP growth is lower and we
see a larger share of less productive firms in areas more affected by the Import shock.

Table 2: Add caption
Dependent Variable:

Exposure to Robotics shock (00-07)
Population (log)
Tertiary Education (%)
GDP Growth (%)

Country FE
Industry FE
Observations
R-squared
Klein-Papp Stats

Mean TFP

Mean skew TFP

(1-OLS)

(2-IV)

(3-OLS)

0.105***
(0.0189)
0.00656
(0.00881)
0.0245
(0.148)
1.464***
(0.155)

0.0795***
(0.0192)
0.00377
(0.00881)
0.0451
(0.153)
1.459***
(0.152)

Yes
Yes
510
0.893

Yes
Yes
510
0.217
15314

(4-IV)

Mean TFP growth

Mean skew growth TFP

(6-IV)

(7-OLS)

(8-IV)

-0.0701** -0.0362
0.000149
(0.0311)
(0.0321)
(0.00133)
-0.0510*** -0.0473*** -0.00140*
(0.0179)
(0.0180)
(0.000761)
-0.339
-0.366
0.0187
(0.348)
(0.350)
(0.0125)
-1.215*** -1.209*** -0.0335***
(0.349)
(0.346)
(0.0128)

0.000463
(0.00135)
-0.00136*
(0.000753)
0.0185
(0.0126)
-0.0335***
(0.0128)

0.0903
(0.0854)
0.0823
(0.0502)
-1.476*
(0.797)
1.759**
(0.849)

0.0540
(0.0862)
0.0783
(0.0503)
-1.447*
(0.800)
1.752**
(0.847)

Yes
Yes
510
0.384

Yes
Yes
510
0.040
15314

Yes
Yes
510
0.102

Yes
Yes
510
0.022
15314

Yes
Yes
510
0.050
15314

(5-OLS)

Yes
Yes
510
0.373

Table (2) shows results for Equation (10) where the only change from the previous
table is that the shock variable becomes the Robotics one. Results show that the coefficient of interest is statistically significant only when the dependent variable is Mean TFP.
The coefficient highlights a positive association between the exposure to robot adoption
and average TFP: regions that were more exposed to robot adoption during the pre-crisis
period are associated with a higher level of Mean TFP. Differently from Table (1), the
coefficients of interest from column 3 to 8 are non-significant showing that in the full
specification with controls, an increase in exposure to robot adoption appears not to be
associated with other moments of the TFP distribution, other than Mean TFP.
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6

Labor Market Analysis

6.1

Import shock and Wages

The previous section has presented evidence regarding the impact that the Import shock
had on the regional TFP distribution. In the same way this section presents preliminary evidence on the medium and long-run relationship between the pre-crisis Import
and Robotics shock and different moments of the post-crisis wage distribution. The main
empirical specification is based on the regression shown in Equation (, 7) where the dependent variable varies at the NUTS-2/NACE level, while the shocks varies at the regional
level.

Table 3: Add caption
Dependent Variable:

Exposure to China shock (00-07)
Population (log) lag
Tertiary Education (%) lag
GDP Growth (%) lag

Observations
R-squared
Country FE
Industry FE
Klein-Papp Stats

Mean Wage

Mean skew wage

Mean Wage growth Mean skew growth wage

(1-OLS)

(2-IV)

(3-OLS)

(4-IV)

(5-OLS)

(6-IV)

(7-OLS)

(8-IV)

3.494***
(0.307)
-0.549**
(0.270)
17.23***
(5.776)
23.49***
(5.586)

3.662***
(0.290)
-0.555**
(0.269)
16.72***
(5.798)
23.64***
(5.584)

-0.181***
(0.0579)
0.203***
(0.0411)
2.619***
(0.879)
-2.911***
(0.724)

-0.180***
(0.0588)
0.203***
(0.0411)
2.614***
(0.883)
-2.909***
(0.726)

0.00199
(0.00231)
-0.00208
(0.00174)
-0.0422
(0.0519)
0.0349
(0.0457)

0.00184
(0.00219)
-0.00207
(0.00174)
-0.0418
(0.0523)
0.0348
(0.0458)

-4.005
(23.51)
-2.903
(12.65)
39.16
(219.4)
-9.955
(82.37)

-3.719
(20.85)
-2.914
(12.75)
38.32
(211.5)
-9.710
(80.33)

643
0.807
Yes
Yes

643
0.183
Yes
Yes
8772

640
0.309
Yes
Yes

640
0.091
Yes
Yes
8791

643
0.116
Yes
Yes

643
0.006
Yes
Yes
8772

638
0.038
Yes
Yes

638
0.000
Yes
Yes
8806

Table 3 explores the relationship between the four wage moments described in Section
3.2, and the exposure to the Import shock at the regional level while controlling for
regional characteristics and country-industry dummies. The first two columns show a
positive coefficient of the Import shock, indicating that areas more exposed to the China
shock also pay on average higher wages. This result is not unexpected, and it is coherent
with the outcomes shown in Table (1). To give an idea of the magnitude of the coefficient,
an increase of one standard deviation in exposure to chinese imports is correlated with
a one fifth of a standard deviation increase in regional wage level. In fact, firms more
exposed to international trade (and that therefore experienced a stronger Import shock)
tend to be more productive and so it is logical to think that on average they pay higher
wages. This result holds also when using the IV specification.
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Columns 3 and 4 present results for mean wage skewness. In this case there appear to be
a negative association between the Import shock and Mean Wage Skewness, meaning that
in areas where the Import shock hit stronger, the wage distribution is more concentrated
around high wage levels. This is again consistent with the previous results for TFP
skewness that were presented in Table 1: indeed it is reasonable to think that in areas
more affected by the China shock, were the TFP distribution is also more concentrated
on the right, also the wage distribution would be more concentrated on the right. Lastly,
when considering mean wage growth and mean wage skewness growth, there does not
appear to be any correlation between the Import shock and these two variables.
The results presented in Table (3) are therefore fully coherent with those obtained in Table
(1) for TFP outcomes, and, also in this instance, the coefficients estimated using the IV
strategy go in the same direction and present the same magnitude as those estimated
using the OLS strategy. However, the same remark made before applied also in this
case: the cross-sectional nature of this analysis cannot account for level effects biasing
the estimates. In fact, it is likely that the Import shock hit harder in regions where wages
were already higher and the wage distribution presented a lower skewness. Moreover,
it is likely that the estimates are affected by an omitted variable bias since the role of
TFP is being overlooked. In fact, there are two reasons why it is crucial to account for
the role played by TFP: the first is that, as we saw in Section 5.1, TFP and the Import
shock present a significant correlation. This, added to the correlation between the Import
shock and wage measures and to the relationship that there exists between wages and
TFP, makes the presence of an omitted variable bias very likely.
Considering our second structural shock of interest, Table 4 shows preliminary results
when the exposure to robot adoption is adopted.
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Table 4
Dependent Variable:

Mean Wage
(1-OLS)

Mean Wage growth

Mean skew wage

(3-OLS)

(4-IV)

(5-OLS)

Exposure to Robotics shock (00-07) 2.566***
(0.536)
Population (log) lag
-0.180
(0.300)
Tertiary Education (%) lag
23.21***
(6.088)
GDP Growth (%) lag
23.41***
(6047)

2.370***
(0.551)
-0.197
(0.297)
23.56***
(6.054)
23.18***
(6.049)

0.00580
(0.00365)
-0.00148
(0.00174)
-0.0464
(0.0508)
0.0400
(0.0462)

0.00606
(0.00383)
-0.00145
(0.00174)
-0.0469
(0.0506)
0.0403
(0.0463)

-0.0627
-0.0105
-2.111
(0.0934)
(0.0966)
(11.05)
0.191*** 0.195*** -3.267
(0.0420)
(0.0422)
(14.43)
2.193**
2.101**
31.12
(0.883)
(0.886)
(168.5)
-2.830*** -2.768*** -8.940
(0.736)
(0.735)
(74.68)

-0.0584
(5.321)
-3.077
(13.37)
27.47
(148.2)
-6.574
(63.70)

Observations
R-squared
Country FE
Industry FE
Klein-Papp Stats

643
0.094
Yes
Yes
19085

643
0.118
Yes
Yes

643
0.009
Yes
Yes
19085

640
0.299
Yes
Yes

638
0.000
Yes
Yes
19009

643
0.786
Yes
Yes

(6-IV)

Mean skew growth wage

(2-IV)

640
0.077
Yes
Yes
19063

(7-OLS) (8-IV)

638
0.038
Yes
Yes

The coefficient of interest is statistically significant only in column (1-2), suggesting
that a preliminary correlation between the Robotics shock and unitary wages holds when
considering the dependent variable in average terms. The coefficient is positive and
remains robust also in the IV specification, with an F-statistic well above the threshold
to accept significance. The positive coefficient suggests that regions more exposed to
adoption of new technology, such as robots in our case, are associated with a higher level
of average unitary wages. The results are coherent with Table 2, where we’ve shown
a positive relationship between TFP and wages, as we would have expected from the
economic literature.
Nevertheless, differently from Table 3, we don’t find any effect on wage growth, wage
skewness, and wage skewness growth. To conclude, the same observation applies as
before: these preliminary results cannot be treated as purely causal as it is possible that
part of the relationship can be explained by pre-existing trend that the cross sectional
nature of our analysis does not account for. Moreover, TFP plays a crucial role as a
transmission mechanism as we found a robust relationship in Table 2, thus implying that
we should include this variable in a more detailed empirical specification that allows us to
consider also the effect of our main independent variable after we control for the regional
TFP distribution.

6.2

Interaction Analysis

In this section we adopt a more precise empirical strategy base on Equation 8, where
we include the interaction between the two shocks and mean TFP. Specifically, first the
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wage measures are regressed on the full vector of controls and on a Import shock dummy
variable that divides the within-country regions in two categories: the ”treated” regions
where the China shock has been higher than the country median which take the value
of 1, and the ”untreated” regions where the Import shock has been lower than the country median which are assigned a value of zero. Second the same dependent variable is
regressed on the full set of controls, the Import shock dummy variable, mean TFP and a
third variable constructed as the interaction between the two.
The results are shown in Table 5. As expected, the coefficient of the Import shock dummy
is positive when TFP is not included: in this case, a one standard deviation increase in
exposure to the China shock is associated with an increase of approximately one-sixth
standard deviations in the mean wage level (0.158). This is qualitatively the same result
found in Table 3 where the Import shock was expressed as a continuous variable, and
also the magnitude of the coefficient is very close.

Table 5: Add caption

Dependent Variable:

Mean Wage
(1-OLS)

Dummy Import Shock

3.886***
(0.434)

Dummy Import Shock

-6.228***
(2.041)
3.121***
(0.963)
18.81***
(1.646)

Dummy Import Shock*Mean TFP
Mean TFP

Controls
Country FE
Industry FE
Observations
R-squared
Klein-Papp Stats

(2-OLS)

YES
YES
YES
643
0.801

YES
YES
YES
642
0.851

Mean skew wage
(3-IV)

(4-OLS)

-3.610
(2.346)

-0.136*
(0.0754)

(6-IV)
-0.251
(0.602)

-0.720*
(0.434)
0.298
0.0252
(0.186)
(0.254)
-0.630*** -0.361
(0.243)
(0.280)

2.133*
(1.104)
18.45***
(1.925)
YES
YES
YES
642
0.369
336.5

(5-OLS)

YES
YES
YES
640
0.303

YES
YES
YES
639
0.309

YES
YES
YES
639
0.086
332.3

Focusing on Column 2 it can be seen that when controlling for TFP and for its interaction with the China shock, the coefficient on the dummy alone becomes negative,
from positive in the unconditional correlation with wages. Instead, the interaction and
the mean TFP coefficient are positive and significant. The coefficient of the interaction
variable remains weakly significant when adopting the IV strategy while the coefficient
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on the dummy alone is not significant anymore, yet negative.
In terms of magnitude, in the OLS specification in column (2) a one standard deviation
increase in the Import shock is now associated with a decrease of 0.247 standard deviations in the wage level. This, associated with the positive interaction coefficient highlight
an interesting fact: the association between the Import shock and mean wages is heterogeneous across region-industry TFP levels. In fact, in regions more exposed to the
Import shock the average wage levels is lower, yet the interaction coefficient is positive,
indicating that in regions more exposed to the Import shock, the higher the productivity
level in a certain industry, the less negative the association between the Import shock
and mean wages. Unfortunately it is not possible to interpret these results causally, as
they do not prove robust to the IV specification as it can be seen to column 3.
Looking at Column 4 to 6 the coefficient on the dummy variable is weakly significant
and negative both in the unconstrained regression (Column 4), and the specification with
the interaction variable. However, the coefficient on the interaction variable is not statistically significant both in the OLS and in the IV specification, indicating that we are
not able to infer any meaningful association between the differential impact of the China
Shock on treated region on Mean Wage Skewness.
These results seem to confirm that TFP is playing a role in determining wage outcomes,
and also the different impact of the China shock across regions on wage outcomes at different level of regional TFP. The loss of robustness when using the IV strategy could be
due to the cross-sectional specification that has been used up to now, which structurally
eliminates all the yearly variation.
To overcome this potential issue, we adopt the second type of interaction analysis explained in Equation 9. The results are presented in Table 6. From columns 1 and 2 it can
be seen that the estimated coefficients behave in the same way as those presented in Table
5: the import shock coefficient becomes negative when mean TFP and the interaction
term are included. Nevertheless, in this specification the results prove consistent when
the IV strategy is adopted.
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Table 6
Dependent Variable:

Mean Wage
(1-OLS)

(2-OLS)

(3-IV)

Mean wage skewness
(4-OLS)

(5-OLS)

(6-IV)

Exposure to China shock (00-07) rolling 9.424*** -12.52*** -9.768***
(0.490)
(2.025)
(1.846)
Mean TFP (rolling)
16.89*** 16.69***
(0.731)
(0.761)
Mean TFP*Import Shock (rolling)
6.390*** 5.460***
(0.934)
(0.854)

-0.333*** -1.243*** -0.601*
(0.0790)
(0.350)
(0.363)
-0.424*** -0.353***
(0.111)
(0.113)
0.465*** 0.174
(0.149)
(0.153)

Controls
Country FE
Industry FE
Period FE
Observations
R-squared
Klein-Papp Stats

Yes
Yes
Yes
Yes
3,198
0.270

Yes
Yes
Yes
Yes
3,217
0.767

Yes
Yes
Yes
Yes
3,207
0.819

Yes
Yes
Yes
Yes
3,207
0.328
1685

Yes
Yes
Yes
Yes
3,193
0.272

Yes
Yes
Yes
Yes
3,193
0.080
1643

This result is crucial for interpreting correctly the medium and long-term impact of
the China shock on firms’ wages: the China shock had a depressive baseline effect on
firms’ wages, and this is the very opposite of what is observed when the role played by
TFP is not accounted for. This negative effect is mitigated in sectors with high TFP
levels, as higher level of regional Also in terms of magnitude Table 5 confirms what previously found: in the unconditional specification, a one standard deviation increase in
the China shock is associated to a 0.221 standard deviation increase in the mean wage
level. However, when TFP and its interaction are included, the effect of a one standard
deviation increase in the China shock leads to a decrease of -0.294 mean wage standard
deviations in the OLS specification (Column 2) and -0.229 in the IV specification (Column 3).
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Table 7: Add caption

Dependent Variable:

Mean Wage
(1-OLS)

Dummy Robotics

1.799***
(0.466)

Dummy Robotics

-1.981
(1.986)
0.862
(0.952)
20.32***
(1.517)

Dummy Robotics*Mean TFP
Mean TFP

Observations
R-squared
Country FE
Industry FE
Klein-Papp Stats

(2-OLS)

643
0.783
Yes
Yes

642
0.848
Yes
Yes

Mean wage skewness

(3-IV)

(4-OLS) (5-OLS)

(6-IV)

-23.25**
(11.04)

-0.0668
(0.0760)

-1.285
(1.465)
-0.634
(0.407)
0.279
0.569
(0.176)
(0.658)
-0.717*** -0.807***
(0.223)
(0.308)

10.34**
(4.940)
17.37***
(2.211)
642
0.253
Yes
Yes
19.77

640
0.300
Yes
Yes

639
0.309
Yes
Yes

639
0.089
Yes
Yes
22.81

Turning our focus on the second shock of interest, the robotics one, the following
tables report results of the interaction analysis, where Table (7) adopts the cross-sectional
empirical strategy with the dummy variable, while Table (8) replicates Eq, 9 with the
longitudinal structure and variables in moving averages.
Starting with Table (7, column (1) shows a positive and statistically significant coefficient
in the unconstrained regression, which then turns negative and statistically significant
once we include regional TFP and both the dummy and interaction variable are properly
instrumented (Column 3). The robustness of the IV, differently from Table 5 suggests that
in this case we can treat this results as causal with enough confidence as the endogeneity
stemming from the Robotics shock on one side, and the omitted variable bias due to
the exclusion of mean TFP is now fully taken into account. Moreover, the F-Statistic
suggests that the instrument is robust.
The coefficients of interest in column 3 suggests that in the areas were the exposure to
robot adoption during the pre-crisis period is higher than the country median, higher
levels of robot adoption lead to a decrease in average regional wages in manufacturing
sectors over the post-crisis period. However, in the same regions higher level of TFP
reduce this negative impact, as the coefficient on the interaction variable shows suggesting
that there could be an underlining regional job polarization. More precisely, it might be
the case that an increase in robot adoption benefits mostly more productive firms, in new
technology is a complement to high skilled workers rather than a substitute leading to
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an increase in average wages. On the contrary among regions more exposed to robotics
shock, low productivity firm suffer from the shock and on average wages are negatively
impacted.
Column 4 to 6, where Mean wage skewness is the dependent variable, we don’t find
statistically significant results, suggesting that in this particular empirical strategy, higher
exposure to robot adoption does not lead to a change in the post-crisis wage distribution,
as captured by the skewness.
As before, we add yearly variation to our empirical strategy in order to understand if
avoiding variation over time may hinder a clearer identification. Table 8 shows that
the coefficient on the Robotics shock is positive in the unconstrained regression but,
differently from the last table, remains positive when adding the full specification in
Coulumn 3. Moreover, the interaction variable is weakly significant and negative after
controlling for period-country-industry dummies.
Table 8
Dependent Variable:

Mean Wage
(1-OLS)

(2-OLS)

(3-IV)

Mean wage skewness
(4-OLS)

(5-OLS)

(6-IV)

Exposure to Robotics shock (rolling) 3.120*** 2.125
3.683** 0.0835
(0.377)
(1.363)
(1.550)
(0.0596)
Mean TFP*Robotics Shock
-0.717
-1.412*
(0.690)
(0.792)
Mean TFP (rolling)
19.52*** 19.78***
(0.715)
(0.721)

-0.473*** -0.591***
(0.110)
(0.113)
0.301
-0.134
(0.273)
(0.302)
-0.0704
0.158
(0.129)
(0.145)

Controls
Country FE
Industry FE
Period FE
Observations
R-squared
Klein-Papp Stats

Yes
Yes
Yes
Yes
3,193
0.270

7

Yes
Yes
Yes
Yes
3,217
0.748

Yes
Yes
Yes
Yes
3,207
0.815

Yes
Yes
Yes
Yes
3,207
0.314
2069

Yes
Yes
Yes
Yes
3,198
0.266

Yes
Yes
Yes
Yes
3,193
0.078
2031

Import & Robot Shocks on Deprivation Rate

In this section, we analyze the effect of the pre-crisis import shock on the inequality
measures. The dependent variable is the Household Relative Deprivation Rate in average
and growth terms, described in Section 3.2. This measure is constructed at the NUTS2
level, it is assumed to be constant within region, and it is available from 2004 to 2014.
In our main specification outlined in Equation 6, we average the HH. Depr. Rate over
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the post-crisis period 2011-2014. In this way, as we have done in the previous section, we
aim to highlight the effect of the two shocks during the pre-crisis period on this selected
inequality variables in the medium-run after the financial crisis.
Table 9 shows results for the regression outlined in Equation 6, where we regress the HH.
Depriv. Rate in mean and growth terms over the exposure to chinese imports during the
pre-crisis period (2000-2007).

Table 9

Dependent Variable:

Exposure to China shock (00-07)
Ln Population
Share Tert. Education
GDP per capita

Country Fixed Effects
Industry Fixed Effects
Observations
R-squared
Klein-Papp Stats

HH Depriv. Rate Mean

HH Depriv. Rate Growth

(1-OLS)

(2-IV)

(3-OLS)

(4-IV)

0.00633***
(0.00137)
-0.00578***
(0.000664)
-0.128***
(0.0207)
0.00994***
(0.00338)

0.00679***
(0.00137)
-0.00580***
(0.000666)
-0.130***
(0.0208)
0.00928***
(0.00333)

0.0296***
(0.00665)
-0.0220***
(0.00391)
-0.465***
(0.0936)
-0.0564***
(0.0163)

0.0277***
(0.00704)
-0.0219***
(0.00389)
-0.459***
(0.0934)
-0.0537***
(0.0157)

Yes
Yes
645
0.546

Yes
Yes
645
0.247
6697

Yes
Yes
645
0.321

Yes
Yes
645
0.145
6697

In this specification, we always control for the log of population, the share of regional
tertiary education, and the regional gdp per capita during the pre-crisis period. On top
of this, we include country-industry dummies to account for specific characteristics by
country and within manufacturing sector.
Looking first at Column 1 and 2, we find a positive and statistically significant coefficient
on the China Shock, both in the OLS and the IV specification. Similarly we find the
same positive and statistically significant association when the dependent variable is the
HH. Deprivation Rate Growth. Given that an increase in the deprivation rate means an
increase in regional satisfaction rate, the positive coefficient highlights that regions more
exposed to to the China shock are also the one with higher satisfaction rate.
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Table 10

Dependent Variable: HH Depriv. Rate Mean

Robotic Shock 2000-2007
Ln Population
Share Tert. Education
GDP per capita

Country Fixed Effects
Industry Fixed Effects
Observations
R-squared
Klein-Papp Stats

HH Depriv. Rate Growth

(1-OLS)

(2-IV)

(3-OLS)

(4-IV)

0.000240
(0.00146)
-0.00540***
(0.000677)
-0.107***
(0.0221)
0.0190***
(0.00261)

-0.00149
(0.00144)
-0.00556***
(0.000679)
-0.102***
(0.0223)
0.0193***
(0.00261)

-0.00934*
(0.00534)
-0.0207***
(0.00397)
-0.380***
(0.0932)
-0.00507
(0.0135)

-0.0161***
(0.00551)
-0.0213***
(0.00400)
-0.352***
(0.0943)
-0.00416
(0.0134)

Yes
Yes
645
0.523

Yes
Yes
644
0.205
27170

Yes
Yes
645
0.294

Yes
Yes
644
0.113
27170

In the next Table (10), we replicate the same regression as above, by only changing the
main independent variable (China shock) with the exposure to robot adoption described
in Equation (4).
The coefficient on the robotics shock in Column 1 and 2 is not statistically significant
in this case when the dependent variable is the average deprivation rate. Instead, we
find a negative and statistically significant association when we use the same dependent
variable in growth terms which becomes more robust when adopting the IV estimator.
The F-statistics is well above the threshold to confirm the robustness of our instrument.
As a preliminary result, differently from the evidence of the China shock effect, it appears that higher levels of exposure to robot adoption is associated with an increase in
the deprivation rate growth. These first results, albeit very preliminary, could signal a
clear difference between the effects of the two shocks considered. On the one hand, we
find a positive association between the China shock and the average/growth deprivation
rate: this evidence should be treated carefully, since it is likely that the positive coefficient masks regional trends (eg. In Italy north vs South), where areas more exposed
to the China shock are also the one where this measure of well-being was higher. The
set of controls should take into consideration this issue, but it is possible that we are
not capturing some underlying variation, for example, the effect of average wages among
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more exposed regions.
On the other hand, we find a different relationship when we include the robotics shock
as the main regressor. This could suggest different transmission mechanisms of these two
shocks in the medium term, as if they are impacting in different ways the labor market
and ultimately inequality outcomes.
The preliminary results in Table 9 signals more an association driven by regional trends
rather than a causal impact of the China shock on the degree of regional satisfaction.
In fact, when we considered the effect of the China shock on wages, preliminary results
showed a positive association that changed after we introduced more detailed specification countering the hypothesis that the China shock could have a positive effect on wages
within the manufacturing sector.

We proceed with the second part of the empirical strategy based on Equation 8, where
we include the interaction between the two shocks and the post-crisis mean unitary wages
or mean wage skewness. Specifically, first the inequality measures are regressed on the full
vector of controls and on a the dummy variable that divides the NUTS2 regions in two
categories: the ”treated” regions where the two shocks has been higher than the country
median which take the value of 1, and the ”untreated” regions where the Import shock
has been lower than the country median with a value of 0. Second the same dependent
variable is regressed on the full set of controls, the shock dummy variable, unitary wages
variables and a third variable constructed as the interaction between the dummy and the
wage measure. Results are reported just for the IV estimation.
Column 1 and 4 of Table 11 shows results for the unconstrained regression with the two
different inequality measures: the coefficient on the dummy is positive and statistically
significant, showing a positive association between the highly exposed regions to the
China Shock and the HH. depr. rate in average and growth terms. Considering Column
2 and 3, when we include the interaction variables and the control for the mean unitary
wage and mean wage skewness alone (not included in the table), both the coefficient
of interest are not significant anymore suggesting that once we control for labor market
variables the Import shock does not affect the average deprivation rate.
Instead, results in Column 5 and 6 show that the coefficient on the dummy are statistically significant but of opposite signs. In Column 5, after controlling for the interaction
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with the mean unitary wage the coefficient turn negative on the dummy and is positive
and statistically significant on the interaction. On the contrary, in Column 6 the coefficient on the dummy is positive and statistically significant while the coefficient on the
interaction with wage skewness is negative and weakly significant.

Table 11
Dependent Variable:
VARIABLES
Dummy China

HH Depriv. Rate Mean
(1-IV)

(3-IV)

0.0106***
(0.00219)

Dummy China

(4-IV)

Dummy China*Mean Wage Skewness

Yes
Yes
Yes
645
0.229
1071

(5-IV)

(6-IV)

0.0430***
(0.0114)
-0.00781 -0.00521
(0.0309) (0.0131)
0.00573
(0.00875)
0.0107
(0.00778)

Dummy China*Mean Unitary Wage

Controls
Country Fixed Effects
Industry Fixed Effects
Observations
R-squared
Klein-Papp Stats

(2-IV)

HH Depriv. Rate Growth

Yes
Yes
Yes
645
0.226
457.5

Yes
Yes
Yes
645
0.212
291.3

-0.637*** 0.116***
(0.171)
(0.0398)
0.193***
(0.0482)
-0.0426*
(0.0231)
Yes
Yes
Yes
645
0.162
1071

Yes
Yes
Yes
645
0.110
457.5

Yes
Yes
Yes
645
0.190
291.3

Results in Column 5 are interesting since the coefficient on the dummy changes sign
compared to the unconstrained regression uncovering a certain degree of heterogeneity
to the shock that depends on the level of average unitary wages. In fact, it could be
inferred that when controlling for Mean Unitary Wages, highly exposed regions to the
China shock face a negative effect on the household deprivation rate growth, yet, the
effect is partly compensated when unitary wages are higher.
Focusing now on Table 12, we change the main independent variable by using the Robotics
shock and we just keep as a dependent variable the HH. Deprivation rate in growth terms
since preliminary results showed no statistically significant effects on the same variable
in average terms. In this case we report results both for the OLS and the IV specification.
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Table 12: Add caption
Dependent Variable:
VARIABLES
Dummy Robotics

Household depriv. Rate Growth
(1-OLS)

(2-OLS)

0.00902
(0.00627)

Dummy Robotics

(4-IV)

(5-IV)

(6-IV)

-0.926***
(0.124)
0.257***
(0.0355)

-0.151***
(0.0260)

-0.0248***
(0.00815)
-0.279**
(0.122)
0.0808**
(0.0347)

Dummy Robotics*Mean Unitary Wage
Dummy Robotics*Mean Wage Skewness

Controls
Country Fixed Effects
Industry Fixed Effects
Observations
R-squared
Klein-Papp Stats

(3-OLS)

0.0121
(0.0282)

-0.00504
(0.0167)
YES
YES
YES
645
0.294

YES
YES
YES
645
0.301

YES
YES
YES
645
0.309

0.0769***
(0.0161)
YES
YES
YES
644
0.073
414.9

YES
YES
YES
644
0.070
161.2

YES
YES
YES
644
0.083
197.9

Starting with the unconstrained regression (columns 1 and 4) the coefficient on the
dummy is non-significant in the OLS specification but turns negative and significant when
adopting the IV strategy. The sign of the coefficient is the same as in Table 10, while
the magnitude increases significantly showing that regions facing a robotics shock higher
than their respective country median suffer an increase in the deprivation rate growth.
The F-statistics in column 4 suggests that the instrument is robust.
Focusing now on the more detailed empirical specification we noticed that the coefficient
on the dummy alone remains negative and statistically significant when we control for the
interaction between the dummy itself and post-crisis average unitary wages both in the
OLS and in the IV specification. The latter shows also that the magnitude increases when
we address endogeneity suggesting that the IV is well constructed. The combination of
this two coefficient (Column 2 and 5) suggests two things: regions more highly exposed
to the increase in automation face a lower growth in the regional satisfaction rate relative to areas with a below-median robotics shock. However, and more interestingly the
coefficient on the interaction variable is positive and statistically significant: it suggests
that in the ”treated” regions where averages wages are higher this reduces the impact on
the increase in the deprivation rate growth.
A possible interpretation of this evidence could be the following: the increase in robotics
during the pre-crisis period led to a polarization in the labor market where mean unitary
wages increased in areas where post-crisis average TFP was higher (Table 7).
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Therefore, when considering inequality outcomes it is possible that the wage dispersion
between high-skilled workers, i.e. the one benefiting from higher automation, and low
skilled workers increased leading to the increase in the regional deprivation growth. This
reasoning is backed by the positive and statistically significant coefficient in column 6
of Table 12 since among the ”treated” regions an increase in the wage skewness, thus a
higher concentration on wages on the left hand-side of the distribution, reduce the deprivation rate growth since the shorter the distance in the distribution of the regional
income, the weaker the deprivation felt by individuals with respect to their richer peers.
To further support the evidences showed from the table above, we change the empirical
specification by substituting the wage variables in the interaction component with the
Mean TFP and the Mean TFP Skewness. The dependent variable is still the HH. Deprivation Rate Growth and we show results using both OLS and IV estimation.

Table 13
Dependent Variable:
VARIABLES
Dummy Robotics

HH Depriv. Rate Growth
(1-OLS)

(3-OLS)

0.00891
(0.00628)

Dummy Robotics

(4-IV)

Dummy Robotics*Mean TFP Skewness

Yes
Yes
Yes
645
0.293

(5-IV)

(6-IV)

-0.0249***
(0.00817)
-0.117** -0.0355**
(0.0550) (0.0174)
0.0506**
(0.0251)
-0.128***
(0.0463)

Dummy Robotics*Mean TFP

Country Fixed Effects
Industry Fixed Effects
Controls
Observations
R-squared
Klein-Papp Stats

(2-OLS)

Yes
Yes
Yes
645
0.322

Yes
Yes
Yes
645
0.308

-0.313*** -0.0668***
(0.0597)
(0.0160)
0.128***
(0.0274)
-0.139**
(0.0578)
Yes
Yes
Yes
644
0.073
414.9

Yes
Yes
Yes
644
0.123
51.86

Yes
Yes
Yes
644
0.108
61.45

The coefficient of interest are coherent with the one from the Table 12 as one would expect from the positive relationship between productivity and wages. Focusing on column
4 to 6, the coefficient on the dummy is negative and statistically significant and remains
such after controlling for the interaction dummy ∗ mean tf p. Instead, the coefficient
on the interaction variable is positive and significant suggesting that among ”treated”
regions higher levels of TFP decrease the deprivation rate growth.
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8

Conclusion

In this paper we investigate two separate research question, that nonetheless can be considered tightly linked. The first is centered on the effect of Globalization and Robotics
shocks on labor market outcomes - expressed in terms of various Unitary Wage measures
- at the region-industry level in the manufacturing sector during the period 2000-2017.
Specifically, our analysis looks at the medium-term effect of the pre-crisis China and
Robotics Shock on wages dynamics and distribution in the post-crisis period (2014-2017).
We find a positive effect of both factors on the Mean Unitary Wages as a preliminary
results which is quite expected as in the country considered, regions with higher wages
are also the one more open to international trade and with higher automation exposure.
However, when adopting a more detailed empirical specification, that accounts for the
dynamics of the post-crisis TFP, the coefficient of interest on the two shocks considered
turns negative but still statistically significant. The evidence suggests that, across region
and sector, the effect of trade exposure and automation alone is negative on labor market
outcomes, but it is partially counterbalanced by the different levels of Mean TFP. More
precisely, when constructing a dummy that takes value 1 if the region faces a higher than
the country-median shock and zero otherwise, we find that ”treated” areas are negatively
affected when controlling for productivity. Nevertheless, conditional on being in a highly
exposed area, higher level of TFP has a positive effect on Mean Unitary Wages and when
adopting a panel structure results holds also in the IV setup.
The effect on the Skewness of the wage distribution are less clear and not enough significant to give a meaningful interpretation. These findings are consistent with the work of
Altomonte & Coali (2021) that is briefly replicated in Section 5.1. Moreover, our results
suggest the effect of these structural transformations are still in place in the medium-run
and reinforce the narrative of the ”unintended” consequences of globalization. More precisely, trade exposure and automation induce distributional consequences, as we clearly
find a differential effect on regional labor market outcomes depending on the pre-crisis
distribution of the China Shock but also on the different levels of average productivity
at the NUTS2-Nace2 level.
The second research question is related to the impact of the Globalization and Robotics
shock on two inequality measure, the Household Deprivation Rate constructed in average
and growth terms. As before, we considered the pre-crisis shocks as our main independent
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variables while the inequality outcomes are averaged over the period 2011-2014.
We find a positive association between the China shock and the HH Depriv Rate, either
average or growth, that holds also when adopting the IV specification. Instead, when
considering the Robotics Shock we find a negative and statistically significant coefficient
only on the deprivation rate growth. We proceed with the interaction analysis to understand the role played by the wage measures used in the first research question. The
idea is to uncover possible heterogeneity stemming from the difference in average wage
and wage skewness conditional on being a ”treated” region, namely a region that faces a
higher than the median Import or Robotics shock.
Interestingly, the effect of the China Shock disappears in this more detailed specification
with the average HH. Deprivation Rate as a dependent variable, while the China Shock
affects negatively the HH. Deprivation Rate Growth when we account for average unitary
wages.
The interaction analysis is then repeated for the Robotics shock and here results are in
line with the initial specification, as the negative effect on the deprivation rate growth
always holds, also when controlling for the mean untiary wage and the wage skewness.
These results combined suggest that on average we don’t see a significant effect of the
two shocks on our inequality variable in average terms, yet we find that they negatively
impact its growth rate. Interestingly, among more exposed regions, higher levels of mean
unitary wages counterbalance the previous effect. Given this set of results one of the possible interpretation could be the following: first, trade and automation shocks map into
changes in the productivity distribution (Bloom, Draca, and Van Reenen 2016). Second,
and first research question of our paper, the effect of the two shocks alone on labor market
outcomes, albeit positive in preliminary specification, turns negative when accounting for
regional productivity dynamics. Moreover, among more exposed regions to higher levels
of the average tfp corresponds a lower impact on average unitary wages.
Lastly, inequalities are affected by changes in the wage distribution, even if we find a
statistically significant effect only when considering our inequality measure in growth
terms.
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how workplace digitalization affects political preferences”. In.
Graetz, Georg and Guy Michaels (2018). “Robots at work”. In: Review of Economics and
Statistics 100.5, pp. 753–768.

42

Acemoglu, Daron and Pascual Restrepo (2019). “Automation and new tasks: how technology displaces and reinstates labor”. In: Journal of Economic Perspectives 33.2,
pp. 3–30.
Anelli, Massimo, Italo Colantone, and Piero Stanig (2019). “We were the robots: Automation and voting behavior in western europe”. In: BAFFI CAREFIN Centre Research
Paper 2019-115.
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Introduction
1.1.

General context

Deliverable 6.5 entitled “R&I policies and productivity growth” analyses the aggregate
relation between existing EU R&I policies and productivity growth. Being part of a set of
papers to be developed within WP6, D6.5 contributes to better understand and capture the
feedback loop effects between the micro and macro dimensions of policies by identifying key
elements – here focusing on R&I – that have the potential to generate virtuous cycles among
them.

1.2.

Deliverable objectives

Within D6.5, capitalising on the findings in WP3 and specifically in D3.2 and D3.4, we provide
a bird’s eye view on the evidence and analysis on the impact of R&I policies by first looking at
the evidence of the impact of public intervention on private research and innovation, mainly
focusing on how R&I and R&I policies affects GDP growth and jobs. To this end, we look at
macro-models most commonly used in EU policy analysis (NEMESIS; QUEST III).
D6.5 wraps up with some policy recommendations from the reviewed evidence for improving
R&I policies assessment for growth.

1.

Methodological approach

Conceptualizing the results from empirical and theoretical literature

2.

Summary of activities and research findings

We review the evidence and analysis on the impact of R&I policies. We first look at the
evidence of the impact of public intervention on private research and innovation, and how
R&I and R&I policies perform in affecting growth in applied macro-models most commonly
used in EU policy analysis.
Reviewing the evidence on whether R&I policies can be a growth enhancing instrument leaves
a positive answer with caveats. Substantial positive effects can be expected from R&I policies.
With substantial “spillovers” social rates of return can substantially exceed the private rates
of return from R&I investments. Yet, the evidence also shows that the realized returns are
still below their potential, at least on average. So, how can we improve the overall
effectiveness and efficiency of the R&I policy kit?
When looking at the effects of R&I policy on innovative investments, the evidence as it stands
now suggests that by and large R&I grants and R&I tax credits have the scope for positive
effects, especially at a coordinated international level, but only if they are targeted towards
firms that are impeded to develop R&I projects where social rates of return are substantially
exceeding private rates of return. That leaves as important challenge for policy to identify and
select projects of higher social rates of return. Apart from subsidies for basic research efforts
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and industry science collaboration, it is not obvious that governments are able or willing to
pick the projects with higher social rates of return.
When looking beyond the effects of public R&I interventions on innovation, to evaluate
whether they induce economy wide GDP growth and jobs, the available applied macromodels generate a large interval of predicted long-term effects on GDP growth and jobs. in
order to see the positive effects from public R&I support on GDP growth and jobs, one needs
a long-term horizon, before the positive effects fully play out, being able to more than
compensate for the short-term negative effects associated with reallocations of high-skilled
labour from other productive activities to generate the extra innovations and the negative
effects from displacing older more labour-intensive production processes.

3.

Conclusions and future steps

Whether R&I policies can serve to power growth, the answer can only be a timid yes at this
stage. R&I policies certainly have the potential, but we still know too little of its actual effects.
More proper micro and macro-evaluations are still needed.
At the micro-level, we are particularly missing studies with a (quasi-) experimental design to
nail down the causality effect of public funding. At the macro-level, there are few models
applied in policy evaluation that have an explicit and sufficiently rich modelling of the R&I
growth process. And even these models miss important features such as the formation of
human capital for the creation and adoption of innovation; the modelling of risk and
uncertainty, role of the public R&I sector and the heterogeneity and dynamics of the
innovative firms’ population. Further developments to these models are needed to better
cover these key features of R&I and R&I policy.
High on the to-do list should be to improve the data availability for modelling of the key R&I
features and key R&I policy interventions. Models can only be a good laboratory for the
evaluation of R&I policies, if they are as close as possible to the available data on those
dimensions in which the policy is supposed to operate. Modern macroeconomic models
should be designed and calibrated consistently with the latest insights and results from micro
studies.

4.

Publications resulting from the work described (if
applicable)

This paper will be also published as a Bruegel policy contribution.

5.

Bibliographical references (if applicable)

Acemoglu D. and J. Linn (2004) Market Size in Innovation: Theory and Evidence from the
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R&I policies and economic growth
1 Introduction
Identifying Research & Innovation (R&I) policies as instrument for economic growth and
therefore of smart government spending requires several issues to be cleared. A first question
is: does R&I contribute to growth? At present, it is widely acknowledged that innovation is an
important force behind long-run economic growth. Particularly the models using an
endogenous growth framework make a strong case for the growth power from R&I and
innovation (e.g. Aghion (2006). But this does not yet make the case for R&I policies. Will R&I
policies lead to innovation and growth, sufficiently to cover the opportunity costs of using
public funds for R&I?
To address these questions, we review the evidence and analysis on the impact of R&I
policies. We first look at the evidence of the impact of public intervention on private R&I and
innovation, which is mostly from micro-analysis. To assess the impact from public R&I on
growth, we need to complement micro-results with a macro-perspective. To this end, we look
at how R&I and R&I policies perform in affecting GDP growth and jobs in applied macromodels most commonly used in EU policy analysis. We start this contribution with a brief
description of the critical features and enablers of the R&I process needed to appropriately
account for its role1 in economic growth as well as the main policies oriented to promote R&I
to boost growth. A proper understanding of the R&I features, its enablers and policies is
important to be better able to use the appropriate models and data to evaluate the impact
of R&I policies. We conclude with some policy recommendations from the reviewed evidence
for improving R&I policy assessment for growth.

2 R&I and growth
Based on the existing literature on R&I, this section describes and analyses the critical
features of the innovation process needed to appropriately account for its role on economic
growth and welfare.

2.1 Main features of R&I
Technological knowledge is the sum of techniques employed in the production of goods and
services. It results from the cumulative aggregation of new technological ideas or innovations,
resulting from a systematic effort of research and development (R&I) benefiting from multiple
forms of knowledge spillovers. R&I refers to those economic activities undertaken with the
purpose of improving the actual state of technology. Like for physical and human capital, R&I
is a form of investment that cumulates in the stock of technological knowledge. The stock of
technological knowledge also relates to intangible capital, which includes computerised
information, innovative property and economic competencies 2.
1

See also Veugelers (2016) and EC (2020b) for more on R&I policies and their impact on growth.
Corrado et al. (2005) and (2009) extend, in the framework of the economic growth literature, the definition of
a production technology to include the stock of intangible capital. They find for the US that the growth rate of
output per worker increases more rapidly when intangible capital is included, that capital deepening (on physical
2
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Innovations represent additions to the stock of technological knowledge. Creating new
technological knowledge requires a systematic effort of research and development (R&I), and
benefits from multiple forms of knowledge spillovers. In the pioneering work of Romer (1990)
and Aghion and Howitt (1998), R&I activities are undertaken with the purpose of improving
the actual state of technology, which in Romer (1990) takes the form a new product and in
the Schumpeterian framework a better-quality version of an existing product -see Aghion and
Howitt (1998)
During the R&I stage, researchers benefit from their past experience and are conditioned by
their state of knowledge and their past technological choices. This is where path dependency
or technological cumulativeness comes into the picture. To quote Dosi and Nelson (2010),
“… advances are likely to occur in the neighbourhood of the techniques already in use within
the firm.” Following Griliches (1979), one way of modelling the cumulative nature of R&I is to
consider not the flow of R&I expenditure but the accumulated stock of past and present R&I
expenditure as the appropriate variable to affect productivity or to enter as an input in an
extended production function. Learning-by-doing and learning-by-using is another important
element in knowledge building.3
In a world of open innovation, firms may collaborate in their research efforts, exploiting
knowledge complementarities. Firms may also benefit from scientific progress, coming from
universities or public research labs. Instead of searching themselves for new ideas, firms may
prefer to acquire technological knowledge, in embodied or disembodied form, e.g. by
licensing the latest technology.
A specific feature of technological knowledge is its non-rival nature, i.e. it can be used by
many agents at the same time. In this sense, it entails high generation costs but can be easily
reproduced. However, technological knowledge does not get transmitted as easily. First,
technological knowledge is partially tacit, that is, it cannot be entirely explained in a manual
by means of words, symbols or graphs, as opposed to codified knowledge. Second, it is
cumulative, meaning that it cannot be understood without grasping prior knowledge. Third,
it cannot be assimilated, adopted and reproduced without incurring substantial costs, those
related to building the needed absorptive capacity. It bears the cost of learning, adaptation
and reproduction. Technological knowledge is therefore not a free good that falls like manna
from heaven for economic actors wishing to use it, but it requires a deliberate effort on the
part of the actors to generate, adopt and use it. In summary, the process of building
technological knowledge can considerably benefits from knowledge spillovers. In order to
benefit from R&I spillovers, firms have to develop their absorptive capacity4. The absorptive
and intangible capital) becomes the unambiguously dominant source of growth, diminishing the role of total
factor productivity, and find that the labour income share has significantly decreased over the last 50 years due
to the rise of intangible capital
3
The role of learning-by-doing in the growth process was first studied by Arrow (1962)
4

For Cohen and Levinthal (1990), absorptive capacity is the “firm’s ability to recognize the value of new, external
information, assimilate it, and apply it to commercial ends.” In more precise terms, Leahy and Neary (2007)
define firm’s absorptive capacity as “its ability to absorb spillovers from other firms.” Cohen and Levinthal (1989)
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capacity of a firm positively depends on the accumulation of its previous R&I investments. It
helps understanding why private R&I and knowledge spillovers are likely to be complements
in the creation of new technologies.
New technological ideas, after discovery, diffuse throughout the economy by affecting the
design of products and production process of firms in different industrial sectors and
geographical locations. This process is referred as the diffusion of new technologies.
Extensive empirical work was undertaken by Comin et al. (2008) and Comin and Hobijn (2004)
and (2010), among others, describing the long process of diffusion of new technologies across
time and countries. The diffusion of technologies can take place through the various
mechanisms by which knowledge spills over across space and time: trade relationships,
foreign direct investment, mergers and acquisitions, movement of personnel, patents, patent
citations, publications, research collaborations, and networks. A new product or process is
more likely to be widely and/or faster adopted if it uses existing or familiar technologies, or if
complementary goods or services already exist. It is not always the superior technology that
gets adopted.

2.2 Main Enablers for R&I creation, adoption and diffusion
2.2.1 Size of the market
Firms may be more willing to do R&I when there is a large market in order to quickly be able
to recover their R&I investment expenditure. The market can be national or international
depending on the presence or not of trade and non-trade barriers. Acemoglu and Linn (2004)
find for the pharmaceutical industry a large effect of potential market size on the entry of
non-generic drugs and new molecular entities.

2.2.2 Competition and intellectual property right protection
Patents’ systems grant temporarily monopoly rights to innovators in order to protect them
from being copied or imitated. By restricting competition, the patent system aims at solving
the market distortion generated by the non-rivalry feature of technological knowledge;
patents are expected to promote innovation restoring the incentives to innovate.
Competition, however, can be beneficial to innovation too, since in competitive environments
firms innovate with the hope of escaping competition -see Aghion et al. (2001). This argument
relates to the so-called replacement effect: entrant firms have more incentives to innovate
than incumbents since innovation allows them to steal at least partially the monopoly rents
of incumbents -see Arrow (1962). In the extreme case when the prospect of entry is very low,
incumbents have little incentives to innovate. However, under the prospect of their monopoly
rents being stolen, incumbents innovate to escape competition from potential entrants.
Competition may also promote innovation through the type of market size effect described
supra, if it results in increasing the size of the market by lowering prices.

“suggest that R&I not only generates new information, but also enhances the firm's ability to assimilate and
exploit existing information.”
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Theoretical and empirical research has been developed asserting that the relationship
between competition and innovation follows an inverted U-shape. When competition is low,
incumbents do not need to protect their monopoly rents, having little incentives to innovate
(replacement effect). When markets become more competitive, incumbent firms innovate
more to escape competition (escape competition effect). However, when there is too much
competition, the gains from innovation dilute to the point that neither incumbents nor
potential entrants have incentives to innovate (Schumpeter’s argument). Aghion et al. (2005)
find strong evidence of an inverted U-shape relation between product market competition
and innovation, and develop an endogenous growth model to understand this evidence.
Aghion et al. (2009b), find that “the threat of technologically advanced entry spurs innovation
incentives in sectors close to the technology frontier, where successful innovation allows
incumbents to survive the threat, but discourages innovation in laggard sectors, where the
threat reduces incumbents' expected rents from innovating.”

2.2.3 Human capital
Innovation requires an education system able to generate a large enough body of scientists
and applied researchers capable of moving the frontier of knowledge. The adoption of new
technologies also requires a large body of highly qualified workers able to easily understand
and operate the frontier technology, as well as an important effort of making the frontier
technology user-friendly. Human capital and skills formation are endogenously determined
by educational choices and training. The role of human capital formation for economic
development has been emphasized by Lucas (1988).

2.2.4 Financing of R&I
Innovation financing faces in a world of imperfect information a problem of asymmetric
information between the innovator and the fund provider. Because of the non-rival nature of
knowledge, the innovator has no interest in sharing with the fund provider some of the
information the latter would need to justify the funding. Therefore, R&I is as much as possible
financed through internal funds. In the absence of sufficient self-funding possibilities, external
funding will have to be accessed. This external funding can be private or public. Major sources
of private funding include bank financing, capital markets and venture capital. Major sources
of public funding include grants, subsidies, tax incentives and public venture capital. In their
survey of empirical evidence, Hall and Lerner (2010) conclude “that while small and new
innovative firms experience high costs of capital … the evidence for high costs of R&I capital
for large firms is mixed. Nevertheless, large established firms do appear to prefer internal
funds for financing such investments and they manage their cash flow to ensure this.”

2.3 Evidence on rates of return from R&I
To assess the effects of R&I on innovation, the concept of knowledge production functions is
used. Innovation is assumed to be produced by means of an R&I technology using as inputs
labour, capital (tangible and intangible, like research infrastructure, computers and software)
and other intermediate inputs (like research materials such as protein structures). R&I labour
is to a large extent comprised of scientists and technicians, i.e. highly skilled and specialized
labour, where research skills are acquired by specific R&I education (typically PhD degrees)
and training. The productivity of firm specific R&I technologies benefits from multiple
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knowledge spillovers, the assimilation of which may require some form of absorptive
capacity.
To obtain evidence on rates of return from R&I knowledge production functions are
estimated. Hall, Mairesse & Mohnen (2009), summarizing results from these studies,
conclude that the rate of return in developed countries has been strongly positive, with the
estimated private rate of return to R&I usually exceeding that of physical capital. Most studies
obtain rates of return within the range of 10%–30%; At the same time, they also report a large
heterogeneity in rates of return for R&I across firms, technologies, sectors and countries.
The returns to R&I may depend on the existence of complementarities, between R&I and
innovation and communication technologies (ICT) that allow productivity gains in doing
research -see Mohnen et al. (2018), or between in-house research and purchased technology
-see Cassiman and Veugelers (2006), or between process and organizational innovation -see
Bresnahan et al. (2002).
Another important issue is whether returns to R&I are constant. The original Romer (1990)
model assumes that returns to R&I are constant, which generates the undesirable property
known as scale effect: since returns are constant, the growth rate of the economy positively
depends on the economy size. Jones (1999), among others, argues that scale effects are
counterfactual since large countries don’t grow on average faster than small countries. This
controversy gave rise to the so-called semi-endogenous growth models, under the
assumption of decreasing returns to R&I. Bloom et al. (2017) claim that ideas are getting
harder to get, pointing out that research effort is rising sharply while research productivity is
declining substantially in a wide range of sectors. By contrast, returns may also increase
because of intertemporal R&I spillovers; the so-called standing on the giant’s shoulders
argument -see Scotchmer (1991) and Caballero and Jaffe (1993).

3 R&I policies
3.1 The case for R&I policies: market failure
The fundamental justification for government support of research is the classic market failure
argument: markets do not provide sufficient incentives for private investment in research
owing to the non-appropriable, public good, intangible character of knowledge and its risky
nature. In addition, public research is needed to meet specific needs of public interest,
“common goods” which the market would not supply on its own, such as defence, public
health, clean environment. Once invented, the new knowledge created from R&I is nonrivalrous and only partially non-excludable. Others may learn and use the knowledge, without
necessarily paying for it. It is these “spillovers”, which include pure knowledge spillovers as
well as pecuniary spillovers, that lead to social rates of return above private rates of return,
and private investment levels chosen below the socially desired levels. This divergence
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between social and private rates of return, calls for government intervention to stimulate
private R&I investment to the higher socially optimal level5.
Beyond the spillover case, another market failure follows from the highly risky and uncertain
nature of the outcomes of R&I. This uncertainty coupled with asymmetries in information
between capital markets and R&I investors causes financial market imperfections, impeding
access to finance for risky innovation projects. This will hold particularly for small young risky
innovators. In sum, the wide scope for market failure in the case of R&I investments for
growth, makes a theoretical case for government intervention to bring the private R&I
investments closer to the socially optimal investment levels.
Unfortunately, robust estimates of social rates of return are scare. Most of the available
empirical evidence comes from selected cases, which carry the risk of a positive selection bias
towards more favourable cases. By and large, this empirical literature finds that the social or
economy-wide returns to R&I are usually much higher than the private returns to individual
firms (Hall, Mairesse & Mohnen 2009). For example, Griliches (1958) found that the social
rate of return to research in hybrid corn between 1910 and 1955 was between 35% and 40%.
Mansfield et al. (1977) computed the social rates of return of 17 industrial innovations and
found that the median social rate of return is about 56% against a median private rate of
return of about 25%. Jones and Williams (1998) argue that even conservative estimates
suggest that optimal R&I investment in the US is at least four times the actual investment.
Bloom et al. (2013) find, using US firm-level panel data, that “gross social returns to R&I are
at least twice as high as the private returns.”
As the divergence between social and private R&I is caused by knowledge spilling, one can
also look at the evidence on spillovers directly, as a motivation for government intervention.
Knowledge spillovers are associated with researcher mobility as well as flows of goods,
services and investment. Belderbos and Mohnen (2013) review the various methodologies for
measuring spillovers. Trade based indicators are most often used in aggregate empirical
analysis. The evidence suggests however that patent-based indicators are better able to
capture knowledge spillovers than trade-based indicators. Bottazzi and Peri (2003) use
regional R&I and patent data for Europe to find that “spillovers are very localized and exist
only within a distance of 300 km.” Bottazzi and Peri (2007) use OECD data to study the
dynamic relationship between R&I employment and patent applications. They report large
spillover effects: “A 1% positive shock to R&I in US increases the knowledge creation in other
countries by an average of 0.35% within ten years. The same shock generates a maximum 6%
effect on the US stock of knowledge after five to ten years.”

3.2 R&I policies: why it may not work: government failure
Innovation policies are designed to address the potential market failures and distortions
discussed supra, such as non-rivalry of ideas, knowledge and market spillovers (positive and
negative), asymmetric information between innovators and providers of finance,
coordination failures, and uncertainty, among others. Yet, innovation policies also come at a
5

Note that the case of social rates of return below private rates of return is also possible, for instance when R&I
is used strategically to pre-empt other research or technology avenues from developing. In this case,
government intervention would be targeted on reducing the private R&I investments.
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cost, including the cost of administering the policies and the cost of failure to reach the aimed
targets. They may also generate other distortions.6
There are several reasons why R&I policy interventions may not be effective. First, public
funded R&I may directly substitute for private funding of R&I projects that would have been
undertaken anyway in the absence of this public funded R&I. Second, extra R&I generated by
the public funding may crowd out private R&I indirectly by increasing the demand of R&I
inputs, leading to higher costs of research inputs. This crowding out effect will be more
significant the more inelastic the supply of research inputs. This holds particularly for labour
supply, as the stock of R&I workers can be considered to be more or less fixed in the short
run. As the majority of R&I spending is salary payments for R&I workers, this effect may turn
out to be major, as argued by Goolsbee (1998). Goolsbee states that, because of this wage
effect, conventional estimates of the effectiveness of R&I policy may be 30 to 50% too high.
Wolff and Reinthaler (2008) find on a panel of 15 OECD countries (81-02) that an increase in
the R&I subsidy rate increases expenditure for business research more than R&I employment
by roughly 20-30%, which is consistent with subsidies raising scientists' wages. They find that
the effect is stronger in the short run, when the increase in expenditure is 60% higher than
the increase in employment, consistent with a more inelastic demand for R&I labour in the
short run. Third, ideally policy triggers research projects with the highest social rates of return.
But this assumes that the government is sufficiently informed about these social rates of
return, which is notoriously difficult, particularly ex ante. And finally there is the problem of
political capture, resulting in the selection of wrong projects.

3.3 The R&I policy toolkit
The evidence on social returns well in excess of private returns and the evidence on
technological spillovers would justify public intervention. In this section, we look at the major
R&I policy instruments used in practice, which include R&I tax incentives (like R&I tax credits),
R&I subsidies (like research grants), research loans and public venture capital, public R&I and
public-private partnership, public procurement and patents.

3.3.1 R&I tax incentives
R&I tax incentives are designed to promote innovation, aiming at reducing the gap between
private and social returns to R&I, and alleviating the financial problems faced by R&I
performers. They are directed towards lowering R&I costs by means of R&I tax-credits, R&I
tax allowances, accelerated depreciation of investment in research equipment, or reduced
tax rates on corporate revenues from R&I, innovation or patents (patent box/innovation box).
The use of R&I tax incentives is worldwide spread and represents a sensible contribution to
the reduction of R&I costs incurred by firms. The OECD (2018) report is a comprehensive study
of the extent and deepness of this type of policies.
A big virtue of R&I tax credits relative to R&I subsidies is that it lets the firms choose the
projects and lets it foot part of the bill. It is also a more predictable, reliable scheme, as all
6

For a comprehensive discussion of various innovation policies and an analysis of their effectiveness, see e.g.
Edler et al. (2016).
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firms qualifying for the criteria can use it, thus economizing on bureaucratic decision making.
A wide variety of R&I tax credit schemes abound, ranging from volume based to increment
based, for R&I employment costs only, tax credits vs tax allowances etc. (OECD 2018).
Although mostly hailed for its generality, tax credits can be specifically targeted towards
selected sectors, firms (like SMEs, or young firms) and different types of R&I projects (e.g. R&I
collaboration with universities). To allow firms benefit from the tax incentives even if they
have no taxes to pay (absence of profits) the tax-credits can be made refundable, carried back
or forward, or they can be deducted from social security contributions.
Besides the stimulating effect, tax incentives may lead to deadweight losses by supporting
R&I that would be done anyway. The R&I tax-credits involve administration costs for
government and implementation costs for receivers, in addition to the tax distortions related
to raising tax revenues. Some studies have found that they can also raise the wages of R&I
labour if there is a lack of researchers with the required qualifications. And finally, it must be
kept in mind that the effectiveness of R&I tax-credits can be substantially reduced by R&I tax
competition.

3.3.2 Direct subsidies
Another way of lowering the cost of R&I, reduce the gap between private and social returns
to R&I and alleviate financial frictions is through direct support in the form of grants and
subsidies. Direct subsidies are used by every single country in the EU as one of their major
innovation policy instruments -see the Appendix box R&I policies in the EU and its member
states. Certain projects are chosen to receive (partial) support from the government in the
form of grants.
The major conceptual difference between direct R&I support (like grants) and indirect support
(like tax-credits) is with respect to the neutrality of policy instruments. Whereas tax incentives
can be claimed automatically as long as a firm does R&I (sometimes under some additional
restrictions), grants and subsidies are granted generally through a competitive process where
the “best” projects are selected by experts. The idea is to support the projects with the
highest estimated social return. As pointed out by Bloom et al. (2019): “A disadvantage of taxbased support for research and development is that tax policies are difficult to target at the
R&I that creates the most knowledge spillovers and avoids business-stealing. In contrast,
government-directed grants can more naturally do this type of targeting.”
Generally, direct subsidies programs are designed, targeted to promoting excellence in
research; promote the emergency of new technological paradigms (like robotics); promoting
research cooperation between top universities/research centres and the leaders in the
private sector; promote research in areas of fundamental relevance for society (environment,
digitalization, health) through mission-oriented objectives.

3.3.3 Loans and public venture capital
Public financial support for innovation can also be given via cheap loans, loan guarantees or
a guaranteed financing from government. Such government financial support schemes to R&I
vary along three main dimensions: (i) the interest rate charged on loans; (ii) whether
Page 19 of 42

Deliverable D6.5
Version 1.0

repayment is conditional on the project’s outcome; (iii) the co-financing requirements
applicants must comply with.
An alternative way is for the public sector to provide financing by participating in the capital
of startup firms, the so-called public venture capital. Not only financing is provided but also
management guidance and network connections to give the innovative projects the best
chances to succeed.

3.3.4 Public R&I and public-private partnerships
Instead of just subsidising or participating in the financing of R&I, governments can also
decide to perform the R&I itself in public universities or public research labs. This would be
the case for projects too basic, too large, expensive or risky to be undertaken by a private
company, like space exploration or the production of nuclear energy. Examples of publicly
funded research labs would be the German Max Planck Institute or the CNRS in France. Bloom
et al. (2019) in their toolkit for innovation policy makers rank direct public funding at the very
top. Public R&I can also be done joint with the private sector, where both sides co-finance
projects, share knowledge and research facilities.

3.3.5 Public procurement
Instead of stimulating innovation on the supply side by lowering the cost of innovation, an
alternative way for the government is to provide demand for innovations. Through innovative
public procurement, innovators can more quickly recover the investment costs and at the
same time increase the diffusion of innovations. Public procurement can also be used to
define the functional requirements of innovations. Shaping markets for innovations decreases
the risk of investing in R&I. Demand can also be encouraged by giving subsidies to private
consumers of new products (e.g. photovoltaic panels) or by encouraging the adoption of new
products through information campaigns or by regulations.

3.3.6 Patents
Patents are the instrument generally used to protect innovation from copy and imitation, thus
enhancing the incentives to innovate. Patents provide temporary monopoly rents that are
expected to let firms recover their R&I investments. By doing this, patents distort the static
allocation of resources, eventually affecting the diffusion of innovations and knowledge.
Given the complexity of the problem, various dimensions of patents can be adjusted to make
monopoly rents close to its optimal level (length, breadth, height, renewal fees, etc…). This
monopoly position, which conflicts with competition policy, is seen as the price to pay to
stimulate private R&I.7 Patents can also be more or less strongly implemented, depending on
how much patent infringement can be defended by the patent holders. Moreover, various
strategies exist to make patents even more anti-competitive (patent trolls, patent thickets).

7

For a historical analysis of patent protection, see Lerner (2002). Boldrin and Levine (2013) argue against patent
protection. In the same direction, Bessen and Maskin (2009) argue that when innovations are sequential (so that
each successive invention builds in an essential way on its predecessors) and complementary (so that each
potential innovator benefits from the discoveries of others), the prospective profits of inventors may actually be
enhanced by competition and imitation rather than patent protection.
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An important property of patents is that they grant property rights protection to innovators
in exchange for the disclosure of the relevant information behind the innovation being
patented. Disclosure favours the spread of knowledge spillovers. Secrecy is a mutually
exclusive alternative strategy to patents, also creating monopoly rents when successful, with
the additional social cost of reducing knowledge spillovers. Arundel (2001) studies the relative
importance of secrecy vs. patents using the European Community Innovation Survey (CIS). He
finds that the probability that a firm rates secrecy as more valuable than patents declines with
firm size for product innovation, while there is no relationship for process innovations.

3.3.7 Regulations
The relationship between regulation and innovation is multi-faceted, depending on the
nature and the quality of the regulation itself, on the sectors involved and the time horizon
considered8. At times tight regulations tend to exert pressure on companies forcing them to
innovate. Specific regulations addressing negative environmental externalities or dealing with
health and safety of citizens may affect the direction of technical change and act as a powerful
stimulus to innovation. On the other hand, more prescriptive regulations envisaging high
compliance costs and red-tape burdens may hinder innovation activities.

3.4 Main R&I policies deployed in the EU
This section describes the main R&I policy instruments deployed in Europe. EU landscape of
research and innovation (R&I) policies is complex, characterised by the interplay of different
levels of governance, with policy initiatives being undertaken at the regional, national and the
European level. Next to the national level, regional policy is a crucial dimension of the R&I
framework in Europe, since huge differences persist across regions and within countries in
terms of economic development, R&I investments and performance.. The EU R&I budget
represented in 2017 6.6% of public funding in the EU (Source: EC-RTD SRIP 2020).

3.4.1 R&I policy at the EU: Framework Programmes
The main policy instrument of the EU is the Framework Programmes, its multi-annual (7 years)
budget for investments in R&I. Competitive, mission-oriented grants are the main policy
instrument used in these programmes aimed to promote excellence in research, knowledge
diffusion and collaboration between universities and private firms.
The currently running Framework Programme is Horizon Europe, the Framework Programme
9 (2021-2017). Horizon Europe is the largest ever Framework Programme, including novelties
compare to its predecessor, Horizon 2020 (2014-2020). These include EU-wide missions, i.e.
time-bound and specific goals on issues (e.g. cancer) where Europe needs to deliver, the
European Innovation Council (EIC), as a major tool to support Europe transition into the next
wave of innovations across digital/AI and deep tech, and more emphasis on partnerships
responding to strategic priorities of Member states and stakeholders, including industry and
civil society (such as Alliances and IPCEIs).

8

See Pelkmans and Renda (2014) and Blind (2016).
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With Horizon Europe, EU R&I policy has embraced a more directed, transformative
framework, to deliver on the transition to a more sustainable and inclusive Europe. (European
Commission, 2020). Within the framework of the sustainability transition, R&I policies at the
EU level aim to promote convergence across regions.
EU’s current Framework Programme “Horizon Europe”’s planned budget for the period 20212027 is about 94 billion EUR. Its major components are:
• Global Challenge Pillar and Industrial competitiveness (56%): directly supports
research related to societal challenges reinforcing technological and industrial
capabilities9. Within this pillar, about 30% goes to Digital and Industry, 30% to Climate,
Energy & Mobility, 15% to Health.
• Open Science Pillar (27%): Supports research through European Research Council
grants, Marie Curie Fellowships, and investments in infrastructures, i.e. mostly basic
research, selected from investigator-initiated proposals.
• Open Innovation Pillar (14%): Supports market-creating innovation, breakthrough
ideas, and scaling-up innovative enterprises through the European Innovation Council
(10.5 billion EUR) and the European Institute of Innovation and Technology to foster
the integration of business, research, high education and entrepreneurship (3 billion
EUR)
Furthermore, the European Commission aims to guarantee affordable finance and mobilise
private funds for R&I investments through different instruments. These include the dedicated
window under the InvestEU Fund10, for which the European Commission has proposed a
mobilization of about 11 billion EUR through market-based instruments (as e.g. guarantees)
which are expected to leverage 200 billion EUR in the private sector.

3.4.2 Major R&I Policy instruments at the EU and its Member States
In this section we look at the major policy instruments deployed in the EU and its member
states, following the characterization of R&I Policy instruments, as reported supra. For an
overview of major R&I policy instruments by type deployed in the Member States, see
Appendix. Furthermore, regional governments and stakeholders are key actors when it comes
to R&I policy interventions11.

9

Most notably, 7.7 billion EUR are foreseen for Health, 2.8 for Inclusive and Secure Society, 15 for Digital and
Industry, 15 for Climate, Energy and Mobility and 10 for Food and Natural Resources. Finally, 2.2 billion EUR go
to non-nuclear direct actions of the Joint Research Centre (JRC) of the European Commission.
10
See https://ec.europa.eu/commission/priorities/jobs-growth-and-investment/investment-plan-europejuncker-plan/whats-next-investeu-programme-2021-2027_en.
11
Consistently with the acknowledgement of the importance of place-based policies that account for and
embrace the specificities of regional ecosystems, EU regions are required to develop their Smart Specialisation
Strategies. These are conceived within the Cohesion policy of the European Commission For further information
see https://s3platform.jrc.ec.europa.eu/what-is-smart-specialisation-
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3.4.2.1 Major trends in EU R&I policy deployment
Public spending on R&I has remained fairly stable overall in the EU, hovering close to 0.8% of
GDP, as Figure 1 shows. There is therefore little catching up to the 1% target set by the EU.
Business spending on R&I has been trending up, which would suggest that there are some
gains in effectiveness of public spending to boost private spending. But of course no causal
statement can be made from Figure 1. And in any case, business R&I in the EU remains still
far below its 2% target.
Figure 1: Trend in Business and Public R&I in the EU (as % GDP) (2000-2018)

Source: EC, RTD, SRIP 2020
Public R&I spending varies greatly across EU Member States. Denmark scores >1%, Germany
is at 1%, Italy only spends around 0.5%, Romania and Bulgaria only 0.2%. Furthermore, there
is little evidence of convergence, as Denmark and Germany are forging ahead with above EU
average growth rates in public R&I spending, Italy without any growth and Romania and
Bulgaria decreasing (Source: EU-RTD-SRIP 2020).
When looking with public R&I spending to the public support for business R&I, we see that
this part increased substantially in the EU, from 0.13 % of GDP in 2007 to 0.2 % of GDP in
2017. As this growth is within a more or less stable share for public R&I on average in the EU,
it reflects a growing emphasis on this part of the R&I policy toolkit compared to financing of
public R&I actors, which was the top favourite in the Bloom et al (2019) S&I policy toolkit (cf
infra). Public support for business R&I grew in most Member States, but particularly in France,
Belgium and Italy (Figure 2).
R&I tax incentives and grants
Zooming in on public support for business R&I, the two major instruments are tax incentives
and grants. While grants used to be the biggest R&I policy instrument (at least in terms of
budgets spent), R&I tax incentives have seen a most marked increase. By 2017, grants and
R&I tax incentives have become about equally sized as R&I policy instruments (Figure 3). R&I
tax incentives in the EU almost tripled from 0.04 % of GDP in 2007 to 0.11 % in 2017. OECD’s
latest 2020 STI outlook confirms this shift in the policy mix towards tax incentives continuing
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more recently, with tax support doubling in the EU over ten years, from 26% of total
government support in 2006 to 57% % in 2018.
Figure 2: Public Support for Business R&I (as %GDP) (2007&2017)

Source: EC, RTD, SRIP 2020
This growing preference for tax incentives hasn’t been uniform across EU Member States.
Belgium, France, the Netherlands and Italy, as also the UK, have shifted their policy mix
towards tax incentives, while others, like Denmark, Germany, Sweden and Finland are sticking
to grants rather than tax incentives.
Figure 3: Tax incentives for R&I (as % of GDP) (2007&2017)

Source: EC, RTD, SRIP 2020
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Direct public R&I
The public sector may decide to directly perform R&I investments, rather than leaving it to or
financing business efforts. This is done through public research centres, universities and
public administrations. In the EU, direct public R&I accounts for around 33% of total R&I
expenditure in 2018, of which 2/3 are performed in the higher education sector. Public efforts
have remained substantially unchanged in the last two decades in the EU, R&I performed by
the public sector remains close to 0.7% of GDP in 2018.
Public-private partnerships
At the EU level, European Partnerships provide a framework for programme level
collaboration in the EU. It allows to translate common EU priorities into concrete roadmaps
and coordinated implementation of activities. European Partnerships are specific
collaborative research instruments involving a broad range of public and/or private actors,
such as research funders and organisations, universities, industry, bodies with a public service
remit at local, regional, national or international level or civil society.
Public procurement
Public procurement aims at directly creating demand for innovation. According to a report by
the OECD (2017), around 80% of OECD countries have developed a strategy to support
innovative outcomes through the use of public procurement. In the EU, 14% of EU GDP is
spent every year on public procurement (European Commission, 2020). Yet only a few
Member States have in place public procurement programmes for research and innovation,
as for instance Belgium, France, Austria and Italy (see Appendix). For an assessment of the
effectiveness of the public procurement instrument, see a.o. Slavtchev et al (2016).
Loans and venture capital
Loans and venture capital funds address the issue of inadequate access to finance for
innovative projects. Countries can set up agencies or schemes that may reduce the cost of
loans or by providing public guarantees for the access to credit, as for instance in Italy (Cassa
Depositi e Prestiti). There are also instances of public venture capital, e.g. Banque Publique
d’Investissement in France. Public venture capital has proven to be crucial in Europe in the
last decade. Indeed, while private sources have been volatile during macroeconomic shocks
as the last economic crisis in 2008, public venture capital has been resilient overtime and has
increased its share on total fund from 13% in 2007 to 22% in 2018. Some examples are
reported in Appendix.
The European Union provides programmes to ease the access to venture capital for
innovative SMEs and midcaps. They include:
• VentureEU the EU will provide funds for 410 million EUR for the period 2021-2027
(200 from Horizon 2020) aiming to raise up to 2.1 billion EUR of public and private
investments.
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•
•

Single EU Equity Financial Instrument, supporting businesses’ growth and R&I
activities at different stages.
The European Fund for Strategic Investments (EFSI) Equity Instrument. In particular,
the InnovFin Equity instrument mobiles 4-5 billion EUR to be invested in companies
operating in innovative sectors covered Horizon 2020.

Regulation
Regulation in the labour, product and goods market is country specific. At the European level,
there is the EU Single Market Programme (SMP), which aim is to create a market without any
internal borders or other regulatory obstacles to the free movement of goods and services.
While not specific to research and innovation, the SMP incentivates private R&I investments
from a larger market for innovations. It also contributes to the diffusion of knowledge and
technology and their take-up. Furthermore, free mobility of researchers as a key priority of
the European Research Area contributes to research circulation between EU countries.
More specifically for the EU regulatory agenda, there is the Innovation Principle, which is a
regulatory tool conceived to help policy makers achieving EU policy objectives by ensuring
that legislation is designed in a way that creates the best possible conditions for innovation
to flourish. In particular, the innovation principle implies that future initiative undertaken by
the European Commission, e.g. policy or regulations, will consider the effect on innovation.
The purpose is to set up an innovation-friendly regulatory framework.

4 R&I policies and growth
In this section we address the question whether R&I policies will lead to innovation and
growth? To this end, we review the evidence and analysis on the impact of R&I policies. We
first look at the evidence of the impact of public intervention on private R&I and innovation,
which is mostly from micro-analysis (Section 4.1). To assess the impact from public R&I on
growth, we look at how R&I and R&I policies perform in affecting GDP growth and jobs in
applied macro-models most commonly used in EU policy analysis (Section 4.2). This section
focuses on the two most important R&I policy instruments for supporting growth through
innovation, R&I tax incentives and grants.

4.1 R&I policies: do they work to stimulate private R&I? Evidence from
evaluations at the micro level
4.1.1 R&I tax incentives
As R&I tax incentives are taking up an increasing share of the R&I policy toolkit in the EU, at
least in some EU countries (cf supra), it’s important to look at the effectiveness of the
instrument.
The effectiveness of fiscal incentives to stimulate private R&I is typically measured by the socalled tax price elasticity: the amount of additional R&I that is generated by one dollar of tax

Page 26 of 42

Deliverable D6.5
Version 1.0

deduction12. There is a good deal of heterogeneity in the findings on tax price elasticities. In
a review of the literature, Hall and Van Reenen (2000), report econometric estimates ranging
from 0.1 to 2, concluding that the most plausible estimates of the tax price elasticity are
around unity, which implies that each dollar forgone in tax credit for R&I stimulates a dollar
of additional R&I. Mohnen (2013) equally concludes that “the existing evidence about the
effectiveness of R&I tax incentives, although it is mixed, seems to tilt towards the conclusion
that they are not terribly effective in stimulating more R&I than the amount of tax revenues
foregone.” The tax price elasticity is somewhat higher for incremental than for level-based
R&I schemes. The power of the tax policy instrument seems therefore to lie more in
stimulating new R&I projects and firms, rather than in supporting existing ones. In addition,
some of the benefits are wiped out because of the rise in wages for R&I employees13.
Further evidence directing towards low additionality is the bias in favour of large persistent
R&I firms, even if small firms are often given higher rates of R&I tax credits (Mohnen (2013)).
Unless tax credit rates are much more generous for SMEs or that there are caps on the tax
credits that large firms can claim, there is a blatant inequality in the tax credit scheme in
favour of large firms. Small and new firms or first time R&I active firms do not bother to apply
in view of the too high fixed cost of applying, lacking information and experience. This is
particularly unfortunate, not only because small firms have a higher tax elasticity than large
firms, but also because these firms are also more likely to face financial constraints. In this
respect, the R&I tax credit being too general, misses its objective of alleviating the financial
market failure. To reach this objective, a more targeted R&I tax credit approach is needed,
with more generous tax credits to firms facing financial constraints such as small, starting,
and first-time-R&I-performing firms. Dechezleprêtre et al. (2016) show that in the UK the
young firms among the small firms are more responsive to R&I tax credits because they are
credit constrained. A higher additionality for small firms than for large firms is also reported
in Lokshin and Mohnen (2012) for the Netherlands and Hægeland and Moen (2007) for
Norway. Not only do small firms receive higher R&I tax credits, but they are also more
responsive to the tax incentives.
Concerning the heterogeneity of R&I tax credits, Busom et al. (2014) report that in Spain
financially constrained firms and new entrants prefer direct subsidies over R&I tax credits
because they are not able to fully benefit from R&I tax credits, and that small firms contrary
to large firms prefer tax credits over direct support because they are easier to get without
having to reveal any information about the amount and the kind of research that is being
performed.

12

A first exercise to do when evaluating R&I credits is assessing the size of the actual R&I tax credit. This is the
well known B-index introduced by McFertridge and Warda (1983). The B-index is the ratio of the net cost of a
dollar spent on R&I, after all quantifiable tax incentives have been accounted for, to the net income from one
dollar of revenue.
13

Mohnen (2013) reports that the elasticity of the R&I wage with respect to the fraction of the wage supported
by the fiscal incentives scheme is estimated at 0.1 in the short run and 0.13 in the long run.
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A more recent literature has looked at the specific case of patent boxes, i.e., special tax
regimes that apply lower taxes to patent revenues. Bloom et al. (2019) strongly argue against
patent boxes. They give to multinationals considerable freedom in deciding where to book
taxable income from patents, but have little effect on the real location of R&I. In this sense,
they claim “patent boxes are an example of a harmful form of tax competition that distorts
the tax system under the guise of being a pro-innovation policy.”
Overall, the evidence shows the potential of the tax credit instrument, but it also warns on its
general effectiveness. To improve effectiveness, a tailoring of the instrument is needed.

4.1.2 Direct subsidies
A growing body of econometric work has been produced, evaluating the effects of R&I
subsidies on private R&I spending, correcting for other determining firm, industry and market
characteristics affecting private R&I spending. The majority of the empirical literature thus
focuses on the issue of whether public R&I spending is “additional” to private R&I spending,
or whether it substitutes for and tends to “crowd out” private R&I.
Additionality has to do with how much a policy can generate in addition to what would have
been the case without the policy. There are different dimensions of additionality, namely
input additionality, output additionality and behavioural additionality. Input additionality
refers to the effects that R&I policy interventions may have on private R&I expenditure.
Output additionality is related to increases in the proportion of innovation outputs that would
not have been achieved without the public intervention (e.g. number of patents, new
products, enhanced productivity etc..) as a result of the policy. Finally, behavioural
additionality refers to the changes that occur in firms’ behaviour and strategy as a result of a
policy. In the presence of behavioural additionalities, the traditional input- and output
additionality concepts may not adequately capture the impact of public R&I policies on the
innovation process itself.
Reviewing the literature, David, Hall & Toole (2000), conclude that "the findings overall are
ambivalent", although on average there is more evidence in favour of positive effects. Also
Garcia-Quevedo (2004) finds that a little less than one quarter (17 out of 74) of the reviewed
studies report substitutability. Substitution is more prevalent among the studies conducted
at the firm level, than among those carried out at the industry or country level. This is
suggestive of the beneficial effects from positive spillover effects captured in more aggregate
industry and country levels of analysis. Yet, David et al (2000) warn that " the existing
literature as a whole is subject to the criticism that the nature of the “experiment(s)” that the
investigators envisage is not adequately specified. A major issue is the correction for the
selection bias: positive effects associated with R&I subsidies are generated from better firms
being selected for subsidies, rather than that subsidies cause better performance. More
recent studies have come up with better data and methodologies (see Hünermund &
Czarnitzki (2019) for a review. Although the conclusions are still ambivalent, positive effects
still seem to prevail more often. Lach (2002) finds evidence of partial additionality. For Israel
manufacturing in the 90’s, he estimates that an extra dollar of R&I subsidies increases long-
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run company financed R&I expenditures by 41 cents (total R&I expenditures increase by 1.41
dollars).

4.1.3 The R&I Policy Toolkit
In a recent survey of the empirical literature on R&I policies, Bloom et al. (2019) synthetize
the evidence into what they refer as a toolkit for innovation policy makers. They rank R&I
policies in terms of their overall impact from a social cost-benefit perspective and in terms of
their distributional effects, conditional on the strength and quality of the evidence and the
magnitude of the estimated effects. In their view, “In the short run, research and
development tax credits and direct public funding seem the most effective, whereas
increasing the supply of human capital (for example, through expanding university admissions
in the areas of science, technology, engineering, and mathematics) is more effective in the
long run.” Competition and trade policies seem to have small benefits for innovation but they
are inexpensive for the public budget. R&I tax credits and trade policies tend to increase
inequality, as they boost the relative demand of skilled labour, while human capital policies
have the opposite effect.
Akcigit et al. (2016) study the optimal design of corporate taxation and R&I subsidies in an
endogenous growth framework of heterogeneous firms with heterogeneous innovation
capacity, knowledge spillovers and private information. The model is estimated using firmlevel data matched to patent data. In this framework, they show that very simple innovation
policies, such as linear corporate taxes combined with a nonlinear R&I subsidy – that provides
lower marginal subsidies at higher R&I levels – can do almost as well as full unrestricted
optimal policies.
The potential interactions between policies implemented at different governance levels
represent another important dimension that needs to be considered in the EU Toolkit.
Nationwide innovation policies are likely to influence the performance of self-contained
regional innovation plans and of R&I policies targeted at regional strengths, such as cluster
policies, smart specialization strategies or cohesion funds. Similarly, the goals pursed by
supranational R&I policies and the instruments used for these purposes may not always be
consistent with national and regional innovation policies.

4.2 R&I (policies) and their effect on (productivity) growth: evidence from
macro-models
The discussion so far has concentrated on the effect of R&I policies on private R&I and
innovation. Ultimately this extra R&I and innovation needs to translate into economy wide
productivity and GDP growth. This requires also taking into account higher order effects, such
as impact on demand, wages, interest rates, prices. To capture these higher order effects, we
need to resort to macro models. Macroeconomic models are a prime tool to assess the impact
of R&I policy interventions on growth at various horizons (short-, medium- and long-term). 14

14

For more on the macro-economic modelling of R&I and R&I policies, see EC (2020b)
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Early macro models either had no explicit treatment of investment in knowledge capital
differently from other capital investments or they treated R&I exogenously and modelled
public R&I policies as TFP shocks (e.g. Worldscan). These neo-classical macro-models with a
dynamic and stochastic general equilibrium (DSGE) framework are still the standard
instrument for macro policy evaluation used by most Central Banks and Ministries of Finance
all around the globe. These models lack details on the process of how R&I and R&I policies
impact GDP. The introduction of R&I in models of endogenous growth, pioneered by Romer
(1990) and Aghion and Howitt (1998), among others, endogened the growth rate of
productivity. This is an evolution of the macroeconomic literature of fundamental importance
for the macro-modelling of R&I and R&I policy evaluation.
In the remainder we will look at macro-models presently in use at the European Commission
to assess the impact of its R&I policies on growth: the Quest model and the NEMESIS used by
EC-DG ECFIN and NEMESIS, the model used by EC-DG Research and Innovation. A third model
used at the European Commission is RHOMOLO, a Dynamic General Equilibrium model
covering the EU at the regional level. It is developed by the Joint Research Centre (JRC-IPTS)
together with DG REGIO to assess the impact of the EU's cohesion policy. As RHOMOLO is a
DSGE model where the effects of R&I investments are modelled as exogeneous TFP shocks,
we do not discuss this model here15.

4.2.1 NEMESIS
NEMESIS is a large scale multisector macroeconometric model covering all the European
Union countries. NEMESIS is mainly used for the impact assessment of research and
innovation policies carried out at country and EU level.

4.2.1.1 The NEMESIS model specifications for R&I
The NEMESIS model includes endogenous technical change mechanisms, which link
innovations realized by sectors to knowledge accumulation and diffusion between production
sectors and countries, and to the profit maximization behaviour of the representative firms.
Four main mechanisms are involved in the assessment of R&I policies to calculate the
competitiveness, growth and employment consequences of the policy: (i) The crowding in or
leverage effect from R&I public funds on R&I expenditures: the current version of NEMESIS
calibrates the leverage effect to be 0.74: i.e. one euro of extra subsidies generate 0.74 euro
of new R&I expenditures. This number is based on past econometric work, as reported in the
previous sections of this contribution. (ii) The knowledge spillovers across sectors and
countries that describe all the positive externalities induced by an R&I increase to capture the

15

TFP growth is determined through RTDI investment and catching up with other regions. It is assumed that the
further away a region from the technology frontier, the greater the potential for absorption and imitation of
technological progress produced elsewhere. This implies that catching up by regions is assumed, that an increase
in R&I produces a bigger impact on factor productivity in regions where the level of technology is originally low.
In order to simulate RTDI policies, the RTDI investment under cohesion policy is first expressed as an increase in
the R&I intensity compared to the baseline and subsequently a TFP equation is estimated to model the increase
in TFP resulting from R&I, reflecting that it takes time for an investment in R&I to be turned into innovation and
consequently a productivity improvement.

Page 30 of 42

Deliverable D6.5
Version 1.0

social returns: NEMESIS uses a matrix on technological flows based on PATSTAT patent data.
(iii) The improved performance resulting from R&I for each productive sector: R&I investments
in the sector and all the knowledge spillovers coming from other sectors and other countries
flow into the knowledge stock of the sector. An increase in this stock boosts Total Factor
Productivity (process innovation) and simultaneously the quality of goods produced,
increasing demand (product innovation). The effects on number of jobs are highly dependent
on the allocation of R&I expenditures to process innovation and those allocated to product
innovations. Process innovation leads to productivity gains with unfavourable effects on the
labour market (at least in the short-term), whereas product innovation leads to quality
product improvements which directly favour employment (higher demand for the products).
The efficiency of increased knowledge is calibrated on past econometric work. The knowledge
stock depreciates at a constant rate over time. (iv) The intersectoral and macroeconomic
feedbacks are modelled in a hybrid fashion, combining pure top-down forces, mainly savings
and consumption, linked to wages, employment prices and profit, and bottom-up forces that
come from the interactions between 30 heterogeneous sectors in terms of dynamics and R&I
effort.

4.2.1.2 EU R&I policy assessment with NEMESIS
DG RTD regularly uses NEMESIS to analyse the impact of its policies. For instance, the
NEMESIS model has been used to provide an ex-ante-assessment of two EU innovation policy
scenarios the impact on GDP and employment of the FP7 2013 budget of € 8 billion.
A first step to assess the impact of this shock in public R&I expenditures is to assess its impact
on overall R&I investments. The allocation of the extra FP7 funding between Member States
is assumed to be as observed at the beginning of the FP7. The allocation of research and
innovation funding between economic sectors in each country is based on the
‘grandfathering’ principle, i.e. proportionate to the level of R&I expenditure in each sector.
This does not necessarily accord with the actual funds’ allocation. The exercise furthermore
takes as assumption that the leverage effect of FP7 2013 funded projects is the same as for
all other public R&I projects and is the same for all EU countries, an assumption that is likely
to be violated, in view of the heterogeneity across countries in effects from public R&I
funding. Using an average calibrated leverage effect of 0.74 and an international and
intersectoral technology spillover matrix based on patents yields 13.9 billion of extra R&I from
the Euro 8 billion of FP7-2013.
A next step is to estimate with NEMESIS the impact of this extra R&I on GDP and employment.
The total cumulative extra GDP estimated from the Euro 8 billion shock amounts to Euro 75
billion after 15 years, 86 billion after 20 years. This would imply a multiplier of around 10 from
the extra 8 billion of FP7 funds. The extra jobs estimated in the EU after 15 years is 38.000
jobs each year.
While the effect on GDP and jobs from the extra EU public R&I is substantial, it takes patience
to enjoy it. The effect is cumulated over time where 4 phases can be identified. Initially there
is only a pure effect of the shock. There is no effect on and from innovation yet. The increase
in research equipment investment and research jobs results in higher pay and more
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consumption. Part of this higher consumption goes into imports, which results in some
“leakage” of the shock. In the second phase, innovation results are realized from the
increased R&I in the form of increasing TFP, lower costs and enhanced product quality. But
there are not yet positive demand effects, as these take more time to materialize. There is
however job destruction from the increased productivity. The third phase is when the positive
effects set in from the take up of the innovation results. Lower prices and higher quality will
increase demand and improve competitiveness. Increased profitability will continue to feed
further innovations in the endogenous growth framework employed by NEMESIS. These
effects will also diffuse across sectors and countries, through the intersectoral and intercountry technology spillover matrix employed by NEMESIS. This third phase is the phase
where most of the benefits are reaped. There is however also knowledge depreciation, where
the value of the innovations spurred by the one-off shock will slowly evaporate, being
replaced by other newer innovations. In a fourth stage this depreciation effects start to
become more powerful, slowly dying out the positive effect on GDP and jobs of the shock.
Similar results are obtained for the first Horizon 2020 call. The cumulative wealth from this
shock, in terms of GDP after 15 years is 119 billion euro. 49.000 extra jobs are created each
year in average in this 15-year period
Using the NEMESIS model to study the impact of more public R&I investment for GDP growth
and jobs in Europe, shows the potential for a considerable impact, which could reach a
multiplier of around 10. But these positive effects require a long time to realize, with initially
the stimulus effects being absorbed in higher wages for researchers and resulting in job
destructions from increased labour productivity. Only in the longer term, the endogenous
growth power of the additional private investments in R&I are leveraged into positive
competitiveness, growth and job effects.

4.2.2 QUEST III
The QUEST model is a large-scale Dynamic Stochastic General Equilibrium (DSGE) model used
by DG ECFIN as a tool to assess concrete policy initiatives and reform proposals on their short
and long run growth and employment impacts. QUEST III has an explicit modelling of
knowledge creation and of technology adoption, which allows the evaluation of R&I policies.
To this end, QUEST III adopts a semi-endogenous growth framework à la Romer.

4.2.2.1 The QUEST III Model specifications for R&I
The QUEST III model economy is populated by households, final and intermediate goods
producing firms, a research industry, a monetary and a fiscal authority. In the final goods
sector firms produce differentiated goods which are imperfect substitutes for goods
produced abroad. Final good producers use a composite of domestic and imported
intermediate goods and three types of labour - (low-, medium-, and high-skilled). Households
buy the patents of designs produced by the R&I sector and license them to the intermediate
goods producing firms. The intermediate sector is composed of monopolistically competitive
firms which produce intermediate products from rented capital input using the designs
licensed from the household sector. The production of new designs takes place in research
labs, employing high skilled labour and making use of the existing stock of domestic and
foreign ideas.
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Technological change is modelled as increasing product variety in the intermediate sector,
following Romer (1990). The QUEST III model includes knowledge externalities. Domestic and
international R&I spillovers are calibrated, based on trade data. Foreign R&I stock is calibrated
to grow at a constant rate and there is no depreciation of intangible capital. The total factor
productivity of R&I and the elasticity of R&I wrt to skilled labour are calibrated (constrained
by equations). The stock of high-skilled labour is calibrated in the model and fixed. The
research sector competes with intermediate and final producers for high skilled labour. It
faces an adjustment cost of hiring.
An increase in tax credits for R&I allows the non-liquidity constrained households to lower
the rental rate for intangibles, thereby reducing the fixed costs faced by intermediate goods
producers. This translates into a rise in the demand for patents and stimulates R&I. In the
short-run, the reallocation of high-skilled labour to R&I reduces final goods production and
has a negative impact on growth, but in the long-run, the positive output effects dominate as
productivity increases. Due to the supply constraints for high skilled workers, part of the fiscal
stimulus is offset by wage increases for these workers.

4.2.2.2 EU R&I policy assessment with QUEST III
For R&I policies, two types of interventions are looked at: a tax credit to private R&I and a
subsidy on wages of researchers in the R&I sector.
Roeger et al (2008) work out a scenario of an R&I tax credit of 0.1% of GDP to the non-liquidity
constrained households on their income from intangible capital. These R&I tax credits are
financed in a budgetary neutral manner through an increase in lump-sum taxes to
households. The results for the EU show a 0.31 percent increase in GDP in the long run.
Important to note is that the positive effects on GDP only start occurring after 10 years,
because of the initial short run output losses due to the reallocation of high skilled workers
from production to research. For employment, QUEST III generates no significant long-run
effect. In the long-run the number of employees in the R&I sector increases by around 4
percent and R&I intensity rises by 0.08 percentage points. About 25% of the total increase in
R&I spending is due to higher wages in these simulations.
The alternative scenario considered is a subsidy on the wages of researchers in the R&I sector
of 0.1 percent of GDP. The results show somewhat stronger GDP effects compared to the tax
credit case: a 0.44 percent increase in GDP in the long run. Compared to R&I tax-credits, this
scenario gives more stimulus to the employment of researchers in the long-run: the number
of researchers increases by 5.7 percent and R&I intensity rises by 0.12 percentage point.
According to these model simulations wage subsidies in the R&I sector are more efficient than
R&I tax credits.
In Roeger et al (2008), the QUEST III model is used to analyse the effects of various structural
reforms in Southern European countries (Italy, Spain, Portugal and Greece). Reforms are
modelled as closing the gap of the country with the average of the three best performing
countries in the Euro area. The use of R&I tax credits yields positive long run effects on GDP
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but they are only of minor size. The long-run GDP effects are the largest for Greece and Italy,
the countries with the lowest current R&I tax-credits, but still are only about 1.4% for Greece
and 0.9% for Italy. For Spain it is even lower: 0.1%. In comparison, the structural reforms that
yield the most significant results in the long run are education policies decreasing the share
of low skilled workers. This gives an increase of 15% in GDP for Italy and Spain, an increase in
employment with 11% for Italy, 10% for Spain. For Greece, the highest economic gains are
realised from product market reforms. Such reforms leave significant economic gains in the
long-term, 39% of GDP. Also in Spain product market reforms leave substantial LR increase in
GDP: 16% of GDP.
Simulations show a characteristic feature of semi-endogenous growth models: R&I policies
yield a permanent increase in GDP levels but not in the growth rate of GDP (Roeger et al
(2008)). Like in the NEMESIS model, the positive effects from public R&I instruments only play
out in the long term, with initially negative effects from reallocations of high-skilled
employees from production into R&I and job losses associated with improved labour
productivity. An important obstacle for leveraging R&I into growth and jobs are entry barriers
and market power in the intermediate and final goods sectors.
Overall, the QUEST III model generates less scope for positive effects from public R&I
instruments, compared to the NEMESIS model. Despite the semi-endogeneous growth
modelling and the national and international spillovers, and the lack of knowledge
depreciation in QUEST III, tax credits or wage subsidies to private R&I offer limited growth
potentials in the QUEST III model. The lower scope for positive effects in the QUEST III model
is because of differences in modelling. The QUEST III model has R&I performed in a separate
R&I sector which competes with the production sector for high skilled talents. Furthermore,
the results from R&I serves only the intermediary sector, generating process innovations.
There is no room for final product innovations. Finally, there are some minor differences in
calibrating the impact of R&I, with respect to additionality and spillovers16.
The lower scope for positive effects in QUEST III holds particularly for the effect on jobs. This
is because in the QUEST III model the support to private innovation, with a fixed stock of high
skilled labour, leads to a reallocation of high skilled workers from the production sector to the
R&I sector. A complementary education or immigration policy to increase the stock of high
skilled workers would ease this constraint. Also the presence of market power in the
intermediate goods sector using the R&I lowers the efficiency of the R&I policy instrument.
The QUESTIII model also does not incorporate R&I that would enhance final demand by
increasing the quality of final products or new final products. With its focus on process
innovations (new varieties of intermediate goods) it ignores the micro-econometric evidence
of larger positive effects from final product innovations for employment compared to process
innovations

5 Conclusions and further steps
Reviewing the evidence on whether R&I policies can be a growth enhancing instrument and
should thus be part of smart fiscal consolidation leaves a positive answer with caveats.
16

QUEST III uses trade-based measures for spillovers, rather than patent-based measures.
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Substantial positive effects can be expected from R&I investments: with substantial
“spillovers” social rates of return can substantially exceed the private rates of return from R&I
investments. Yet, the evidence also shows that the realized returns are still below their
potential, at least on average. So, how can we improve the overall effectiveness and efficiency
of the R&I policy kit?
A first important policy issue to deal with is the paucity of empirical evidence on the (relative)
effectiveness of different policies based on sound evaluation studies with proper
counterfactuals. Particularly missing are studies with a (quasi-) experimental design to nail
down the causality effect of public funding. More data and analysis are needed to have a more
evidence-based effective and efficient R&I policy deployment.
Nevertheless, the evidence as it stands now suggests that by and large R&I grants and R&I tax
credits have the scope for positive effects, especially at a coordinated international level, but
only if they are targeted towards firms that are impeded to develop R&I projects where social
rates of return are substantially exceeding private rates of return. That leaves as important
challenge for policy to identify and select projects of higher social rates of return. Apart from
subsidies for basic research efforts and industry science collaboration, it is not obvious that
governments are able or willing to pick the projects with higher social rates of return.
When looking beyond the effects of public R&I interventions on innovation, to evaluate
whether they induce economy wide GDP growth and jobs, we need to turn to macro-models.
These macro-models are also able to identify which complementary framework conditions
needs to be in place for higher private and social rates of return from innovation.
Unfortunately, there are few macro-models applied in policy evaluation that have an explicit
and sufficiently rich modelling of the R&I growth process. Those that do, treating either R&I
as semi-endogenous (like the QUESTIII model) or fully endogenous (like the NEMESIS model),
show that in order to see the positive effects from public R&I support on GDP growth and
jobs, one needs a long term horizon, before the positive effects fully play out, being able to
more than compensate for the short term negative effects associated with reallocations of
high-skilled labour from other productive activities to generate the extra innovations and the
negative effects from displacing older more labour intensive production processes.
Unfortunately, the available macro-models generate a large interval of predicted long-term
effects on GDP growth and jobs, depending on how R&I is modelled within these models and
calibrated. Further work on testing the robustness of the results from variations in modelling
is needed. Calibrations on the effectiveness of public R&I to instigate innovations should be
as country specific as possible. Transferring results obtained from other countries is
hazardous in view of the important heterogeneity across countries in effects from R&I
(policies).
Where the macro-models are as yet underexploited and where they would be a very useful
R&I policy instrument is in assessing which framework conditions need to be in place to
improve the impact of public R&I funding instruments such as grants and tax credits.
Particularly the interaction with product market reforms, improving competition, and labour
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and education reforms, improving the stock of skills, seem to be the most important structural
reforms to improve the impact of policy instruments, particularly in Southern Europe.
Although the macro-models present a rich set of mechanisms and parameters through which
R&I policies can be simulated, none of the models covers all of the key characteristics of
innovation and innovation policy. Missing features in both models include the formation of
human capital for the creation and adoption of innovation; the modelling of risk and
uncertainty, role of the public R&I sector, the heterogeneity and dynamics of the innovative
firms’ population. All models require further developments to better cover these key features
of innovation and innovation policy.
Models can only be a good laboratory for the evaluation of R&I policies, if they are as close as
possible to the available data on those dimensions in which the policy is supposed to operate.
All models struggle with a lack of sufficiently recent and disaggregated data to
calibrate/estimate critical parameters. High on the to-do list should be to improve the data
availability for modelling of the key R&I features and key R&I policy interventions. Modern
macroeconomic models should be designed and calibrated consistently with the latest
insights and results from micro studies on different dimensions of the model.
So on the question whether public R&I can serve in smart fiscal consolidation strategies the
answer can only be a timid yes at this stage. Public R&I certainly has the potential, but we still
know too little of its actual effects. More proper micro and macro-evaluations are still needed.
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7 Appendix 1: R&I POLICIES IN THE EU and its MEMBER STATES
A sample of policy instruments in EU Member States

Policies

Policy
instruments
Grants
and
matching grants
for innovation
and/or
R&I
projects
Vouchers
for
innovation and
collaboration

Loans
Direct and
guarantees
indirect
innovation
financing

&
for

Tax incentives for
R&I (e.g. tax
credits)

Equity finance for
innovative
enterprises

Public
procurement for
R&I
Demand
pull
instruments

Pre-commercial
procurement

Country examples

Budget
p.a.

AT: Impact Innovation Programme
MT: R&I Feasibility Studies
NL: SME Innovation Support to Top Sectors
FI: Business Finland Programme for young
innovative companies
ES: Grants for innovative clusters
IE: Enterprise Ireland R&I&I Fund
EE: Innovation vouchers
LT: Innovation vouchers
PT: Innovation Vouchers
SI: Slovenia enterprise fund - bank loans
guarantees / interest rate subsidy
PT: Incentive scheme for the qualification of
SMEs
LV: Corporate income tax incentive for R&I
investments
PT: Fiscal incentives for the employment of
doctorate holders
NL: Innovation Box
MT: Business Startup Funding Programme
FR: Digital Ambition Fund
FI: European Angels Fund Finland
LU: Luxembourg Future Fund
SI: Seed capital for startup innovative
enterprises
CY: Financial support to business R&I and
innovation: procurement grants for R&I and
innovation
BE(Flanders): Programme for innovative public
procurement
FR: Online platform for public procurement of
innovation
AT: Action plan on public procurement
promoting innovation

1-5M€
<1M€
20-50M€

LT: Pre-commercial public procurement

20-50M€

20-50M€
5-20M€
20-50M€
<1M€
1-5M€
5-20M€
50-100M€
20-50M€

100-500M€
20-50M€
5-20M€
1-5M€
20-50M€

5-20M€

IT: Pre-commercial Procurement
Supplier
Development
programmes

PT: INTERFACE Programme- Suppliers’ Clubs
AT: Open Innovation- A strategy for Austria

1-5M€
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Corporate open EL: Special call on aquaculture, industrial
innovation
materials and open innovation culture
FI: Activating Finnish Living Labs
Business advisory CY: Innovation habitats
ES: International Network (Red Exterior)
Technology services
programme
adoption
and
IE: Knowledge Transfer Ireland
Technology
generation
EE: Technology Competence Centers
extension services
instruments
EE: Product Development Masterclass
Technology
DE: Innovative Hochschule
centres
LU: Technoport
Early-stage
support for Incubators
BE
(Flanders):
IMEC.ISTARTBusiness
innovative
acceleration programme
ventures
Accelerators
PT: Collaborative laboratories
DE: Innovation Forums SME
DE: WIR! Change through innovation within the
Supporting
clusters
and region
Cooperation
networks
for PT: INTERFACE Program
innovation
PT: Competitiveness Clusters
IE: Innovation 4 Growth
Inducement
CY: National policy statement on enhancing the
(incentive
entrepreneurial ecosystem
setting);
PT: Startup Visa
recognition
DE: Technology Transfer with Norms and
awards;
Standards
appropriate IPR; PT: SME Leader and SME Excellence
Framework standard setting; LV: Guidelines for the Development of
conditions
quality
Education: STEM Skills
infrastructure;
LV: Structural Funds Programme for the
investing
in development of STEM infrastructure in Colleges
education/ skills; NL: 2020 National Technology Pact
‘green cards’ for IE: National Skills Strategy 2025
highly
skilled
SI: Co-financing of Research Equipment
immigrants

5-20M€
<1M€

>500M€
1-5M€
<1M€
50-100M€

1-5M€

Source: European Commission (2019). Selection based on the information available at the ECOECD STIP Compass portal.
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1.

Introduction

What is the impact of macroeconomic shocks on the slowdown of productivity? This
question raises the issues of macroeconomic and policy underpinnings of productivity, and
implications for future economic policies explored in WP6 of MICROPROD. Various
explanations of the productivity slowdown observed in advanced economies since the mid1990s have been proposed. Slower diffusion of innovation, factor misallocation, market
structures, ageing, skills, slowing international trade integration and firms’ mismanagement
are among the structural determinants of such slowdown. But beyond those, the
contribution of the 2008 Global Financial Crisis (GFC) and of its legacy is at stake: the GDP
cost of a recession is especially marked and long-lasting when the recession is associated
with a financial crisis. Such evidence falls in sharp contrast with the Schumpeterian creative
destruction hypothesis according to which recessions should have “cleansing effect”, i.e.
eliminate the less-productive firms and positively impact long-term Total Factor
Productivity.
There are many reasons why a sharp recession may not help redirecting resources towards
the most efficient firms: jobs created during recessions are of low quality (“sullying effect”);
firms with the highest potential in terms of productivity are destroyed during recessions
(“scarring effect”); lastly, creations and destructions may well slow down during the
recovery. All in all, frictions may hamper the reallocation of resources towards the most
promising businesses during a crisis, and credit frictions are indeed the usual suspect.
Companies in financially-dependent sectors tend to perform worse after the crisis; highleveraged or highly indebted firms have experienced slower TFP growth after the GFC -although not after the recession of 2001; high-leverage firms had on average a significantly
lower investment rate than before crisis; firms with weaker balance sheets invested less in
intangibles capital after the GFC, especially in those countries with more credit tightening.
The shock of the GFC -- a deep crisis with a prominent financial component -- may help
sorting out these different explanations and identify transmission channels through a
difference-in-difference methodology. Our point is however that considering 2008 as the
date break raises two issues. First, the concept of “post-crisis” is misleading for European
countries having suffered another deep crisis in 2011-13. Second, focusing on the potential
credit channel, the heterogeneity of national patterns is evident. Hence, comparing the
evolution of TFP pre- and post-GFC in a pool of OECD countries cannot provide clear
answers on how economic and/or credit crises affect TFP: One size does not fit all. The
contribution of Deliverable D6.5 is to revisit the financial channel of transmission of the
recession to TFP using a different approach in terms of identification.

1.1.

General context

We concentrate on three large euro-area countries – France, Italy and Spain – and combine
information at the microeconomic level about firms and their balance sheets, with
macroeconomic indicators of financial conditions. While sharing the same currency and the
same regulatory environment, France, Italy and Spain have been hit by very different credit
shocks and behaved quite differently since the GFC. In order to shed light on the issues
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raised by the conventional approach, we start by estimating the impact of the GFC using a
post-GFC dummy. As said, this identification strategy is not expected to provide satisfactory
results for two reasons: presence of a second break date -- 2001-13 for Italy and Spain -- in
the euro-area, and idiosyncratic differences in national financial institutions (e.g. firm-banks
relationships).
In a second step, we tentatively sort out the country-specific channels of transmission from
the financial to the real sphere by estimating the impact of various measures of financial
conditions on TFP. Investment is certainly the key variable when it comes to consider a longstanding effect on productivity of a temporary shock. Firms can finance their TFP growth
with cash flows, equity or debt. Here we focus on the borrowing channel and study whether
lagged leverage makes a firm more vulnerable to credit tightening, once the other funding
sources are controlled for through firm-level cash-flows and country-level stock prices. We
find that, although leverage has a negative impact on TFP in all three countries, this impact
is magnified by credit restrictions only in Italy.

1.2.

Deliverable objectives

The micro-founded research carried out in other work packages of MICROPROD generates
building blocks that can be usefully exploited to provide a broader assessment of the overall
macroeconomic framework currently prevailing in the European Union. Work package 6
aims at capturing in a systematic way the feedback loop effects between the microeconomic
and macroeconomic dimensions of policies, trying to identify the key elements that might
generate a virtuous cycle between them.
In this deliverable, we rely on micro-level data (basically balance sheets of firms in three
large euro-area countries), and pursue two research objectives. Our contribution is to
highlight the heterogeneity of the TFP reaction to credit constraints. Country determinants
matter. Instead of investigating the link between the growth of credit and TFP, we focus on
variations in financial fragility, credit tightness and TFP. Lagged firm-level leverage is
accordingly envisaged as fragility. We also pay much attention to endogeneity. Because we
regress the level of TFP on firm-level controls and control for firm variable size and for a
range of fixed effects, we are able identify the determinants of deviations of TFP from
sector-time specific and firm-specific averages. We confirm that both leverage and financial
constraints hamper TFP. But interestingly, only in Italy do high-leverage, small firms suffer
more from financial constraints.

2.

Methodological approach

Our firm-level data are extracted from the Amadeus-Orbis database (through Bureau van
Dijk). We use a panel of manufacturing firms in France, Italy and Spain from 2000 to 2017.
These three countries are generally regarded as having high rates of firm coverage when
compared to European business registers. Firm-level TFP is recovered from an estimated
firm-level production function. We use the standard estimation routine of taken from
Levinsohn & Petrin which takes variations in intermediate input use as a proxy for
unobserved productivity shocks in the estimation of the production function. We end up
with a sample of around 60,000 firms per country-year on average in Spain, 80,000 in Italy
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and 40,000 in France, over 2000-2017. We regress the log of firm-level TFP on a series of
explanatory variables and control unobservable variables with fixed effects.
Three measures of credit conditions at the country level are successively considered. The
first one is an index of credit tightness based on the ECB’s Business Lending Survey. This
quarterly survey asks senior lending officers in 150 banks in all Eurozone countries for their
opinion on past changes in lending standards as well as their outlook into the future. For our
second measure of credit conditions, we rely on the spreads on government bonds, taken
from the IMF’s International Financial Statistics. Finally, we use a novel measure of distress
in a country's financial system constructed from the narrative appraisals of a country's
financial conditions contained in the semi-annual OECD World Economic Outlook published
for all OECD member countries since 1967.
Firm-level controls are taken from Amadeus-Orbis. We control for sales, cash flows and
leverage. Contemporaneous sales are introduced here in log to filter TFP for the firmspecific business cycle and for firm-specific growth trend. We then introduce lagged
leverage as a measure of financial fragility. Leverage is defined as the ratio between debts
(both long and short-term) and total assets. A drawback of the data used here is the
presence of a large number of missing values for fixed assets: including this control in the
regressions reduces the sample size by around 20 percent, from 2 million observations to
only 1.6 million. More worrying, the number of observations is very low from 2005 to 2008.
Therefore, we decided to control for lagged firm-level collateral (the ratio of fixed to total
assets) only in our robustness checks. Our three firm-level variables (leverage, cash-flows
and collateral) are measured relative to their respective country-sector-size “frontiers”.

3.

Summary of activities and research findings

As expected, TFP is found pro-cyclical: when firm-level sales increase relative to the sectortime corresponding grouping, TFP increases for sake of economies of scale or higher
utilization rate of production capacity. Likewise, lagged cash flows affect TFP positively, and
the coefficient on the transformed variable is more significant than that on the original one.
As for leverage, it has negative, significant impact on TFP whether it is lagged by one or two
years, and whether the variable is transformed or not. The results for the whole show that
sales and non-interacted cash-flows have a positive and significant impact on TFP across all
specifications. As for leverage, it has a negative impact on TFP over the whole period, but
this effect drops when the 2008 dummy interaction is introduced. In fact, more leveraged
firms do not seem to suffer more after the GFC, but they do see their TFP lowered after
2011. Hence, this first exercise does not confirm that more “vulnerable” firms (e.g. firms
with higher leverage) were more negatively affected by the GFC. They were rather hurt by
the euro area crisis.
However, these results do not account for the fact that the firms in the three European
countries faced quite different credit environment during and after the GFC, and it is worth
performing the estimations at the country level. We therefore estimate our model for each
country separately, with firm and sector-year fixed effects, i.e. controlling for all timevarying factors in the country-sector dimension. Lagged cash-flows have a positive impact
on TFP in all three countries (but only after the two crises in France). As for leverage, it
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affects TFP negatively in all three countries, but the reactions to the crises are contrasted:
more leveraged firms suffer more from both the GFC and the euro crisis in Italy, but they
suffer less in the other two countries. Hence, the standard result according to which weaker
firms suffer more from a financial crisis is not confirmed by our results in Spain and in
France, although it is in Italy.
We finally drop the crisis dummy strategy and directly study the impact of country-year
credit conditions on TFP controlling successively for the lagged value of our three measures
of credit constraints: (i) BLS index, (ii) sovereign spreads, and (iii) financial distress. The
results for the whole panel pooling the three countries show that weaker firms (more
leverage, less cash flows) see their TFP suffer more after a financial crisis. As said, pooling
the three countries together may hide significant differences across countries. Hence, we reestimate our model for each country separately, hence dropping the country subscript and
the non-interacted measure of credit tightness. We find strong pro-cyclicality of TFP with
respect to sales, especially in Italy. However, now, the impact of cash-flows is not always
significant except in Spain. Leverage has a negative impact on TFP in France and in Spain,
but less so when financial conditions tighten. Conversely, leverage has a positive impact on
TFP in Italy when credit conditions are loose, but a negative impact when they tighten.
Hence, the usual narrative according to which firms with more leverage would have been hit
harder by the different credit crises only corresponds to Italy in our estimation results.

4.

Conclusions and future steps

The productivity slowdown observed in advanced economies since the mid-1990s remains
to be fully understood. On top of explanations related to the diffusion of innovation, market
structures, or even mismanagement, a key question is whether the GFC and the Eurozone
crisis may have contributed to this slowdown. To shed light on this macroeconomic issue,
information at the microeconomic level is needed in order to measure firm-level
productivity and identify extensive and intensive margins of TFP growth.
We firstly show that using an identification strategy relying on differences between pre- and
post- crisis year hardly fits the narrative of the crises in Europe. There have indeed been two
subsequent shocks, and the exact timing of the second, as well as its intensity, differ across
European countries. We also show that idiosyncratic differences in national financial
systems and regulatory environments jeopardize any approach based on pooling data for
European countries. Taking the example of France, Italy and Spain, we show that one size
does not fit all: despite the completion of the single market, the single currency and the
more recent introduction of the banking union, the reaction of firms to credit conditions is
still very much country-specific in the Euro area.
Specifically, we show that the narrative according to which more leveraged firms have been
hit harder by the different credit crises only corresponds to Italy. Within this country, only
small firms and firms with short-term debts suffer from being highly leveraged when credit
conditions tighten. Having more cash-flows is a protection for these small players. Hence,
the negative impact of leverage during financial crises in Italy is driven by smaller firms,
especially when their debts have a short maturity. Our results are consistent with the
literature on the lending behaviour of Italian banks: they have been lending to firms with
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low productivity prospects for a long time; this has led to the accumulation of large volumes
of non-performing loans and to a tendency to lend to “zombie firms”.
Our take is that the combination of size and leverage is ultimately driving the atypical
behaviour of TFP in Italy, but in Italy only. These results are robust to various other
specifications: neither a selection bias, nor the interplay between leverage and collateral put
our results at risk. The latter are also robust to controlling for sector-level reliance on
external finance. This heterogeneity in responses to credit conditions underline the
importance of completing the European banking union and developing the European capital
market union for the sake of TFP growth in all parts of the Euro area.

5.
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Introduction

Various explanations of the productivity slowdown observed in advanced economies since the
mid 1990s have been proposed. Slower diffusion of innovation, factor misallocation, market
structures, ageing, skills, slowing international trade integration and firms mis-management are
among the structural determinants of such slowdown. But beyond those, the contribution of the
2008 Global Financial Crisis (GFC) and of its legacy is at stake: the GDP cost of a recession
is especially marked and long-lasting when the recession is associated with a financial crisis
(Cerra and Saxena, 2008, Blanchard, Cerutti and Summers, 2015; Romer and Romer, 2017).
Such evidence falls in sharp contrast with the Schumpeterian creative destruction hypothesis
according to which recessions should have “cleansing effect”, i.e. eliminate the less-productive
firms and positively impact long-term Total Factor Productivity (TFP) (Davis and Haltiwanger,
1992; Caballero and Hammour, 1994).
There are many reasons why a sharp recession may not help redirecting resources towards the
most efficient firms: jobs created during recessions are of low quality (“sullying effect”, Barlevy,
2002); firms with the highest potential in terms of productivity are destroyed during recessions
(“scarring effect”, Ouyang, 2009); lastly, creations and destructions may well slow down during
the recovery (Caballero and Hammour, 2005). All in all, frictions may hamper the reallocation
of resources towards the most promising businesses during a crisis, and credit frictions are
indeed the usual suspect (Barlevy, 2003). Companies in financially-dependent sectors tend to
perform worse after the crisis (Paz-Pardo, 2016); high-leveraged or highly indebted firms have
experienced slower TFP growth after the GFC – although not after the recession of 2001 (Duval
et al., 2017); high-leverage firms had on average a significantly lower investment rate than before
crisis (Kalemli-Özcan et al., 2018); firms with weaker balance sheets invested less in intangibles
capital after the GFC, especially in those countries with more credit tightening (Ahn et al.,
2018).1
The shock of the GFC – a deep crisis with a prominent financial component – may help
sorting out these different explanations and identify transmission channels through a differencein-difference methodology. Our point is however that considering 2008 as the date break raises
two issues. First the concept of “post-crisis” is misleading for European countries having suffered
another deep crisis in 2011-13 (Figure 1). Second, focusing on the potential credit channel, the
1

Aghion et al. (2018) propose theoretical underpinnings of reduced investment in illiquid projects such as
R&D during recessions.

2

heterogeneity of national patterns is evident. In Figure 2 we plot the credit-to-GDP ratio for the
United-States, France Italy and Spain. In the United-States, the ratio decelerates in 2008 and
falls in 2009-12, before stabilizing. In Spain, credit-to-GDP decelerates already in 2007 from a
much higher year-on-year variation, bottoms up in 2014-15 and recovers only partly afterwards.
In comparison, the evolution is much milder in Italy while in France, there is hardly any credit
crisis at all. Hence, comparing the evolution of TFP pre- and post-GFC in a pool of OECD
countries cannot provide clear answers on how economic and/or credit crises affect TFP: One
size does not fit all. Our contribution is to revisit the financial channel of transmission of the
recession to TFP using a different approach in terms of identification.
Figure 1 – Real GDP growth: year-on-year variation in percent
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Figure 2 – Credit to GDP: year-on-year variation in percentage points
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We concentrate on the three large euro-area countries already mentioned and combine information at the microeconomic level about firms and their balance sheets, with macroeconomic
indicators of financial conditions. While sharing the same currency and the same regulatory
environment, France, Italy and Spain have been hit by very different credit shocks and behaved
quite differently since the GFC. 2 In order to shed light on the issues raised by the conventional
approach, we start by estimating the impact of the GFC using a post-GFC dummy. As said,
this identification strategy is not expected to provide satisfactory results for two reasons: presence of a second break date – 2001-13 for Italy and Spain – in the euro-area, and idiosyncratic
differences in national financial institutions (e.g. firm-banks relationships).
In a second step, we tentatively sort out the country-specific channels of transmission from
the financial to the real sphere by estimating the impact of various measures of financial conditions on TFP. Investment is certainly the key variable when it comes to consider a long-standing
effect on productivity of a temporary shock. Firms can finance their TFP growth (i.e. R&D,
technology adoption, re-organization, re-training, etc.) with cash flows, equity or debt. Here
we focus on the borrowing channel and study whether lagged leverage makes a firm more vul2

We exclude non-euro area countries in order to limit the heterogeneity of our sample, and Germany is not
covered in our sample due to data limitations.
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nerable to credit tightening, once the other funding sources are controlled for through firm-level
cash-flows and country-level stock prices. We find that, although leverage has a negative impact
on TFP in all three countries, this impact is magnified by credit restrictions only in Italy.
Our contribution is to highlight the heterogeneity of the TFP reaction to credit constraints.
Country determinants matter. Instead of investigating the link between the growth of credit
and TFP, we focus on variations in financial fragility, credit tightness and TFP. Lagged firmlevel leverage is accordingly envisaged as a fragility. We also pay much attention to endogeneity.
Because we regress the level of TFP on firm-level controls and control for firm variable size and
for a range of fixed effects, we are able identify the determinants of deviations of TFP from
sector-time specific and firm-specific averages. We confirm that both leverage and financial
constraints hamper TFP. But interestingly, only in Italy do high-leverage, small firms suffer
more from financial constraints.
The remainder of the paper is organised as follows. Section 2 briefly surveys the related
literature. Section 3 describes the dataset. The impact of leverage on TFP after the GFC is
presented in Section 4. In Section 5, we estimate the impact of country-specific credit conditions
on TFP. Section 6 concludes.

2

Related literature

The literature studying the impact of financial conditions on aggregate TFP can be organized
around a distinction between the extensive margin of TFP growth (i.e. higher productivity
firms substituting for lower-productivity ones) and its intensive margin (i.e. incumbent firms
upgrading their own TFP). Although somewhat simplistic (since a given firm may be understood
as a collection of plants or businesses), this divide is convenient from a methodological point of
view.

2.1

Extensive margin

The key mechanism for the extensive margin is the cleansing effect: during a financial crisis, the
less-productive firms are kicked out of the market, which makes TFP improve after the crisis.
However, an efficient reallocation of resources implies a combination of exits and entries. The
latter may be impaired by the inability of the financial system to carry out an efficient capital
reallocation during a crisis (Osotimehin and Pappadà, 2017). US data from the mid-1970s
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through 2011 suggests limited factor reallocation during the GFC as a result of a weakening
of the cleansing effect (Foster et al., 2016). In addition, those US regions with less regulatory
forbearance during the GFC experienced more reallocation and stronger productivity growth
after the crisis (Gropp et al., 2017). Ultimately there is evidence of a large increase in factor
misallocation during the GFC (Di Nola, 2017). As for Italy, banks with less capital lent more to
firms with higher leverage and lower return on assets during the crisis (Schivardi et al., 2017).
The impact of interest rates on resource allocation, is another channel of transmission, in relation with firm-level leverage. The slowdown of TFP growth in Southern Europe between 1999
and 2012 has been interpreted as a consequence of the fall in real interest rates in relation with
European monetary union (Gopinath et al., 2017): only financially unconstrained firms (with
relatively high net worth) have benefited from lower interest rates through higher borrowing,
but they were not necessarily the most productive firms, hence triggering capital misallocation.
Likewise, monetary easing as a response to the European crisis may have had detrimental impact on TFP growth through allowing “zombie firms” to survive without promoting the growth
of healthy firms.3 This is the “whatever it takes” (Draghi 2012) syndrome whereby increased
credit supply finances low-quality borrowers, i.e. firms with below-median interest coverage.4 .

2.2

Intensive margin

The intensive margin plays a key role for aggregate TFP (Hsieh and Klenow, 2018) and financial constraints shape this margin through reduced investment in physical capital, technology
adoption and R&D.
The speed of technology adoption is pro-cyclical and highly dependent on firm’s cash-flow
(or profit), which signals credit constraints (Canepa and Stoneman, 2005; Anzoategui et al.,
2019). Investment in R&D is pro-cyclical in presence of credit constraints, especially in sectors
that are highly reliant on external finance (Aghion et al., 2012). This is consistent with the
limited pledgeability of intangible capital. Financial constraints are a key determinant of R&D
activities and exports as evidenced by a survey in five European countries in 2008 (Altomonte et
al., 2015). These results are confirmed by the survey of 1,050 chief financial officers in different
countries in December 2008: there is a link between their self-declared financial constraints and
cuts in tech spending, employment and capital spending, with widespread recognition of missed
3

Zombie-lending was first discussed by Caballero et al. (2018) in the context of the Japanese lost decade.
With reference to the famous statement of President Draghi in July 2012, followed by the announcement of
Outright Monetary Transactions, see Acharya et al. (2019)
4
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investment opportunities (Campello et al. , 2010).
The slowdown of TFP in OECD countries after the GFC is more pronounced for firms that
displayed weaker balance sheet prior to the crisis, and also in countries with tighter financial
constraints as measured through changes in average bank CDS spreads (Duval et al., 2017).
Considering also firm-bank relationships, Kalemli-Özcan et al. (2018) estimate the impact of
pre-2008 debt overhang on post-2008 net investment rate in euro-area countries. They show that
higher pre-crisis leverage reduces post-crisis investment, especially in those firms whose banks
are “weaker” in the sense of being more exposed to domestic sovereign debt. Working on US
data, De Ridder (2016) finds that higher exposure to the GFC (through a pre-crisis relationship
with a bank whose balance sheet is more exposed to the GFC) leads to lower productivityenhancing investment (R&D, advertising, marketing) post-crisis. Lastly, considering 17 OECD
countries, Ahn et al. (2018) observe that post-2008 investment in intangibles is lower for firms
displaying higher leverage pre-crisis. They also find that monetary easing mitigates the impact
of the financial crisis for high-leverage firms. This result is complementary to those obtained
by the cleansing literature: monetary easing can, at the same time, keep low-productivity firms
afloat and help high-leverage firms invest despite financial vulnerability.
We contribute to this literature by highlighting the heterogeneity of TFP reaction to credit
constraints depending on the country. The existing literature mostly investigates either one
country or a panel of countries, without comparing firms of different countries in a systematic
way. A recent exception is Levine and Warusawitharana (2020) who perform dynamic panel
regressions separately for Spain, France and Italy. They find that, in the three countries, more
financial frictions (measured through industry-adjusted firm-level leverage) raise the (positive)
sensitivity of TFP growth to debt growth. When measuring financial frictions at the country
level through 10-year sovereign bonds spreads, though, this relationship disappears for Spain.
Furthermore, Di Mauro et al. (2020) find a positive elasticity of credit growth to TFP growth
in Italy, which they interpret as the result of liquidity constraints, but not in Spain or France.
Here we do not investigate the link between credit growth and TFP growth, but rather between
financial fragility, credit tightness and TFP variations. Lagged firm-level leverage is considered
to be a fragility rather than an input for TFP. We follow Altomonte et al. (2018) to address
endogeneity issues. Our dependent variable is the level of TFP which we regress on firm-level
variables and a range of fixed effects, which allows us to identify the variables that affect TFP
deviations from firm-specific and sector-time specific averages. Alternatively, we could have
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worked directly on TFP growth but, as shown by Levine and Warusawitharana (2020), TFP
dynamics is complex and may lead to surprising counter-cyclical effects.
We find both leverage and financial constraints to affect TFP negatively. However, firms
with higher leverage suffer more from financial constraints only in Italy, and this effect only
concerns smaller firms.

3

Data

Our firm-level data are extracted from the Amadeus-Orbis database (through Bureau van Dijk).
We use a panel of manufacturing firms in France, Italy and Spain from 2000 to 2017. These
three countries are generally regarded as having high rates of firm coverage when compared to
European business registers (Kalemli-Özcan et al., 2015). In this section, we first describe how
firm-level TFP is recovered from Amadeus, before presenting our measures of credit constraints.

3.1

Measurement of TFP

Firm-level TFP is recovered from an estimated firm-level production function. We use the
standard estimation routine of Levinsohn and Petrin (2003) which builds on the framework of
Olley and Pakes (1996).5
We take variations in intermediate input use as a proxy for unobserved productivity shocks
in the estimation of the production function.6 Assuming a Cobb-Douglas production function
in log terms, we estimate

yit = β0 + βk kit + βl lit + st (kit , mit ) + uit

(1)

where yit is firm i’s value added in period t, kit is capital, lit is labor, mit is intermediate
inputs and st (kit , mit ) proxies ωit , the unobserved productivity shock.7 Labor lit is assumed
5

A simple regression of output on input variables may be biased by transitory productivity shocks that may
temporarily increase the use of one output more than the other. Such simultaneity of an unobserved productivity
shock and input use would then bias the estimation of the production function and firm TFP which is derived
from it. Another bias, discussed by Foster et al. (2008) and Van Beveren (2012), arises from the use of industrylevel price deflators. Because firms’ prices are not available in most datasets, physical quantities of inputs and
outputs are usually obtained by deflating nominal variables with industry price deflators. But since individual
firm prices differ from these deflators in the case of market power or quality differences, a bias is introduced in
the estimation of productivity as input and/or output quantities are measured incorrectly. The measure of TFP
that employs such industry price deflators must therefore be interpreted as revenue-based TFP, as discussed in
Syverson (2011).
6
Using intermediate inputs as opposed to investment, as originally proposed by Olley and Pakes (1996), has
the advantage of including observations with zero investment but positive intermediate input use.
7
Here, st (kit , mit ) conceptually represents m−1
t (kit , ωit ), the inverted demand function for intermediate inputs
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to be freely and costlessly adjustable, whereas capital kit is assumed to be determined by past
capital kit−1 and the firm’s decision to invest in period t − 1. We relate these variables to the
information contained in Amadeus data by using total assets, both current and fixed, for kit−1 ,
the number of employees for lit , and materials for mit . To proxy value added yit , we use sales
less the cost of materials and employees. All nominal variables are deflated with sectoral price
indices from OECD STAN.8
Following Kalemli-Özcan et al. (2015), we drop all observations of a firm if total assets, sales,
tangible fixed assets or employment is negative in any year or employment exceeds 2,000,000.
We also drop the firm-year observations for which total assets, revenue or sales are missing.
However, the most frequent missing information is employment. Like Altomonte et al. (2018),
we only exclude firms for which employment is missing more than three consecutive years.
We then impute the missing employment data with the predicted values of a regression of the
number of employees at the firm level on labor cost, sales and year dummies, separately for
each industry.9 We have checked that the distribution of firms in year t in terms of TFP is not
different whether their TFP in t + 1 relies on imputation or not. Hence, our implicit assumption
that imputed firms have similar unit wages and labor productivity as the non-imputed ones is
validated in our data. There are exceptions in some years for Italy, where non-imputed firms
tend to display higher and more dispersed TFP than imputed ones. However our methodology
is more robust than a mere interpolation of employment at the firm level that would erase the
impact of financial crises.
In a second step, after the estimation of the production function, firm TFP is recovered as
follows:

ck kit
ω
bit = yit − βbl lit − β

(2)

We end up with a sample of around 60,000 firms per country-year on average in Spain, 80,000
with respect to the productivity shock ωit . Because its functional form is unknown, it is flexibly approximated
as a third order polynomial of kit and mit in the estimation.
8
Because the classification of industries in the European Community (NACE) changed from Revision 1.1
to Revision 2 in 2008, older observations frequently lack entries for the latest classification. An unambiguous
translation from Rev. 1.1 to Rev. 2 is not possible in all cases, so we resolve this issue in three steps. First, if
a firm is missing a NACE Rev. 2 entry in a given year but has an entry at a later point in time, we assign the
first non-missing NACE Rev. 2 classification to all previous missing observations of the same firm. Second, if
the firm exhibits no NACE Rev. 2 entry in any year, we assign it the mode of the NACE Rev. 2 classification of
all firms that have non-missing entries for both classifications in the NACE Rev. 1.1 classification it belongs to
in 2007. Since all firms exhibit a non-missing entry either for NACE Rev. 1.1 or NACE Rev. 2, this procedure
assigns all firms a NACE Rev. 2 category.
9
We do not use negative predictions or predictions above the 99.5th quantile of predicted values.
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in Italy and 40,000 in France, over 2000-2017.10 Figure 3 shows the average TFP in the three
countries after controlling for different sector distributions across countries. More specifically,
we regress the log of firm-level TFP on sector fixed effects and on country-time fixed effects,
and we plot the latter. On average, TFP is higher and growing in France whereas it is rather
flat in the two other countries, and declining after the GFC.
Figure 3 – Evolution of TFP in each of the three countries

0.6
0.5
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0.1
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-0.4
Spain

France

Italy

Source: Authors’ calculations based on Orbis. The graph shows αct estimated from the following regression:
T F Pisct = αct + βs + uisct , where T F Pisct is the logarithm of TFP in firm i, sector s, country c, year t.

3.2

Credit conditions

Credit conditions may be measured at the level of the firm, the sector or the country. Here we
use country-level measures for two reasons. First, country-specific credit constraints are more
likely to be exogenous to TFP than firm or even sector-specific constraints. Second, economic
policies can only act at the country level.
Country-specific credit conditions could be interacted with an external (US) measure of
dependence on external finance (see e.g. Manova, 2013). However, dependence on external
finance may differs widely across firms of a given sector, e.g. depending on their size or business
model. Hence we rather interact country-specific credit conditions with firm characteristics such
as leverage, cash-flows or tangible assets. We address the reverse-causality issue by lagging these
10

Unfortunately, this number is not constant over time especially in Italy and in France.
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measures by one or two years. We also perform robustness checks with sector-level measures of
reliance on external finance.
Three measures of credit conditions at the country level are successively considered. The
first one is an index of credit tightness based on the ECB’s Business Lending Survey. This
quarterly survey asks senior lending officers in 150 banks in all Eurozone countries for their
opinion on past changes in lending standards as well as their outlook into the future. The
headline index, named “diffusion index”, is constructed from a question about changes in the
banks’ overall credit conditions over the past three months. The index is equal to the difference
between the share of banks that indicate that lending conditions over the past three months
have tightened and the share of banks that indicate that credit conditions have eased, weighted
by the intensity of their responses. We sum up over the quarters of a year and transform the
resulting yearly changes in credit conditions into levels by setting the level of credit tightness
(BLS index hereafter) to 1 in 2007 in all three countries and adding yearly changes to this
base.11
For our second measure of credit conditions, we rely on the spreads on government bonds,
taken from the IMF’s International Financial Statistics. As noted already by Mody (2009), there
is a close relationship in the Euro area between perceived sovereign risk and the vulnerability
of banks - the so called bank-sovereign doom loop. In the short run, sovereign risk is exogenous
to firm-level TFP. The fact that sovereign spreads may not be exogenous to the ability of banks
to extend new credit does not preclude using them as a proxy for credit constraints.12 The
variable refers to the average yearly yield of government and/or public sector bonds with at
least two years of maturity differenced from the average yearly yield on German public sector
obligations (Source: IMF International Financial Statistics).
Finally, we use a novel measure of distress in a country’s financial system proposed by Romer
and Romer (2017).13 This measure is constructed from the narrative appraisals of a country’s
financial conditions contained in the semiannual OECD World Economic Outlook, published
for all OECD member countries since 1967. Romer and Romer (2017) classify the descriptions
of disruptions to the cost of credit intermediation into five categories (credit disruption, minor
crisis, moderate crisis, major crisis, extreme crisis) with three graduations each (minus, regular,
11

Setting the index at the same level for the three countries in 2007 is benign since all our estimations include
fixed effects.
12
Since government bonds represent the benchmark above which all private debts are rated, an increase in
sovereign spreads will also raise the interest rate on corporate borrowing.
13
The database was later updated by the authors up to 2017Q2.
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plus). Accordingly, they assign a number between one and 15 to the descriptions of each
country in each OECD World Economic Outlook. They do so in a systematic manner that pays
attention both to the wording and to the prominence of the discussions of financial disruptions
in the OECD’s overall account of a country’s economic situation. The resulting measure has
the advantage of being holistic, as opposed to a narrowly defined statistical indicator, but is
susceptible to biases in the OECD’s description of financial distress and Romer & Romer’s
appraisal thereof.
Figures 4, 5 and 6 and compare our three measures of credit constraints respectively for
Spain, Italy and France. We have checked that, consistent with the ”doom loop”, sovereign
spreads are closely correlated with an unweighted average of bank CDS spreads calculated over
two banks in Spain, four in France and two in Italy, for the period 2004 through 2017. Since
sovereign spreads are more reliable and available over a longer period, we do not use bank CDS
spreads in our estimations.
In all three countries, the sovereign spread is single picked in 2012 whereas financial distress
is double picked (2008-09 and 2011-13). In France, though, the second pick is less marked
than in the other two countries. The different scale also reveals less credit tightening in France
over the period. As for the BLS index, it rises in 2008 and reaches a plateau around 2009 in
Spain and France, whereas it picks in 2014 in Italy. On the whole, the three measures of credit
conditions seem to convey somewhat different information.
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Figure 4 – Credit conditions in Spain

Sovereign spreads (Sov) are in percentage points; the BLS index is set to 1 in 2007; financial distress (Dis) ranges
from 0 to 15. Source: Authors.

Figure 5 – Credit conditions in Italy

Sovereign spreads (Sov) are in percentage points; the BLS index is set to 1 in 2007; financial distress (Dis) ranges
from 0 to 15. Source: Authors.
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Figure 6 – Credit conditions in France

Sovereign spreads (Sov) are in percentage points; the BLS index is set to 1 in 2007; financial distress (Dis) ranges
from 0 to 15. Source: Authors.

3.3

Other control variables

Firm-level controls are taken from Amadeus-Orbis. We follow Kalemli-Özcan et al. (2018) in
controlling for sales, cash flows and leverage.14 All nominal variables are deflated with the
producer price index at the NACE Rev.2 level published by Eurostat. Contemporaneous sales
are introduced here in log to filter TFP for the firm-specific business cycle and for firm-specific
growth trend. We then introduce lagged leverage as a measure of financial fragility. Leverage
is defined as the ratio between debts (both long and short-term) and total assets.
The recent literature on resource allocation highlights the fact that lending could disproportionately flow to firms that have more collateral, which are not necessary those with higher
potential in terms of TFP. As a matter of facts, Altomonte et al. (2020) find a positive correlation between fixed costs expenditures and leverage in France, suggesting “routine access
to external capital” (p. 3). Such long-lasting inequality in access to funds is partly captured
by firm fixed effects. However, the problem arises again when financial fragility needs to be
interacted with a measure of financial frictions. Levine and Warusawitharana (2020) address
14

Preliminary estimations did not provide any evidence of a significant impact of firm-level interest payments
or debt maturity. As for firm size, it is catched by the firm fixed effects in the cross-sample dimension and by
firm-level sales in the within dimension.
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the problem by adjusting their measure of leverage for the industry average. Since leverage
may vary in a systematic way not only depending on the sector, but also on the country and
on the size of the firm, Altomonte et al. (2018) rather propose to adjust each firm’s financial
characteristics (in their case, tangible assets) for the “frontier” in its country-sector-size specific
“bin”.15 We follow their methodology here (see infra).
A drawback of the data used here is the presence of a large number of missing values for fixed
assets: including this control in the regressions reduces the sample size by around 20 percent,
from 2 million observations to only 1.6 million. More worrying, the number of observations is
very low from 2005 to 2008. Therefore, we decided to control for lagged firm-level collateral
(the ratio of fixed to total assets) only in our robustness checks.
Lian and Ma (2019) show that, for US non-financial firms, 80% of debt is cash-flow based
rather than asset-based. Hence, cash-flows may capture the ability of a firm to finance its investment either directly (using the cash-flows themselves) or as a way of getting loans. Furthermore,
Canepa and Stoneman (2005) and Anzoategui et al. (2019) find evidence of a relationship between cash-flows and technology adoption. Therefore, we control for the lagged ratio between
cash-flows and total assets - both variables being widely available in Orbis.16
Following Altomonte et al. (2018), our three firm-level variables - leverage, cash-flows and
collateral - are measured relative to their respective country-sector-size “frontiers”. More specifically, for each variable, we proceed as follows:
• The sample is split into country-sector sc sub-samples;
• Each sub-sample is divided into 10 deciles d depending on firm size (based on their
turnover);
• Within each size decile d, the average of the variable under scrutiny (leverage, cash-flows
or collateral) is calculated for the top-5% of this variable, which is called the “frontier”
fdsct ;
• The distance of each firm’s variable of the decile, xisct , to the decile-specific frontier fdsct
is calculated as follows: distisct = fdsct − xisct ;
15

Size is measured by deciles of yearly sales.
We also carried out regressions while controlling for the country-level stock price index as a proxy for the
ability of the firms to issue new equity: CAC40 for France, FTSEMIB for Italy and IBEX35 for Spain, each
deflated with the respective GDP deflators from Eurostat. This variable appeared non-significant, hence it is
dropped in the following.
16
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• Finally, our transformed variable zisct is the opposite of distisct so as to increase when the
underlying variable xisct increases: zisct = −distisct .
The three transformed variables zisct vary from −1 (lowest level in the corresponding
country-sector-size “bin”) to 0 (when the firm is among the top-5% highest in the bin).17 In
other words, a higher value points to smaller distance to the frontier. In this way, the coefficients on the normalized variables can be interpreted as if they were obtained with the initial
variables. Together with sector-time fixed effects, we fully control for variations in leverage,
cash-flows or collateral in average for a given sector over time. Since all variables are calculated relative to a decile of firm size, we also control for smaller firms generally displaying lower
leverage, collateral and cash-flows.
In Appendix 1, we report the results from the following, preliminary estimation:

T F Pisct = β0 Salesisct + β1 Xisct + F Ei + F Est + uisct

(3)

where T F Pisct is the log-TFP of firm i in sector s, country c at time t, Salesisct is the
logarithm of the sales of the same firm in the same year, and Xisct is the vector of lagged ratios
of cash-flows Cashisct−1 and of leverage Levisct−p (with p = 1, 2). F Ei and F Est are firm and
sector-time fixed effects,18 and the error terms are clustered at the sector level.19 We compare
the effect of the original variables (indexed by orig) to that of the transformed variables used
in the remainder of the paper.
As expected, TFP is found pro-cyclical: when firm-level sales increase relative to the sectortime corresponding grouping, TFP increases for sake of economies of scale or higher utilization
rate of production capacity. Likewise, lagged cash flows affect TFP positively, and the coefficient
on the transformed variable is more significant than that on the original one.20
As for leverage, it has negative, significant impact on TFP whether it is lagged by one or
two years, and whether the variable is transformed or not. Because leverage is measured at endyear, in the following we prefer to lag it by two years,21 whereas cash-flows are lagged by only
17

Due to some outliers, we had to normalize the cash-flow variable to fit in this range.
We use the same set of fixed effects as in Kalemli-Özcan et al. (2018) and Duval et al. (2017).
19
We cluster at sector level because our “treatment” variable (leverage) is unlikely to be randomly assigned
across sectors: as demonstrated by Rajan and Zingales (1998), some sectors are more dependent on external
finance than others. On the choice of clustering, see Cameron and Miller (2015) and Abadie (2017).
20
The coefficients themselves cannot be compared as the normalization changes the scale of the cash-flow
variable.
21
Leverage at end of year t − 2 will affect investment in year t − 1, hence TFP in year t.
18
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one year.22 Conversely, we do not lag sales because the role of this variable in our estimation
is essentially to filter firm-level TFP from the firm-level business cycle. Accordingly, we refrain
from having any causal interpretation for this variable.

4

The impact of leverage on TFP after the GFC

Following the existing literature, we first study the impact of the GFC through the use of a
dummy variable: we estimate again Equation (3) but now we interact each covariate with a
post-2008 dummy:

T F Pisct = β0 Salesisct + β1 Xisct + β2 P ost2008 × Xisct + F Ei + F Est + uisct

(4)

where P ost2008 is a dummy variable equal to 1 starting in 2008. The presence of sectortime fixed effects accounts for the shock of the crisis itself which may have affected the different
sectors with varying intensities. In turn, the interacted variables intend to capture how different
characteristics at the firm level affect the way TFP reacts to the GFC. The possible endogeneity
of leverage or cash-flows with respect to TFP is controlled for in the cross-sample dimension
through the firm fixed effects and through the transformations of both variables in relation to
each sector-country-size bin. Like in the preliminary estimation, the residuals are clustered at
sector level.
We first estimate Equation (4) for the whole panel of our three countries. In a second
step, we drop the country dimension of the panel and estimate Equation (4) for each country
separately. We also study the impact of the euro area crisis by alternatively using a Post-2011
dummy instead of a Post-2008 one.
The results for the whole panel are presented in Table 1. Sales and non-interacted cash-flows
have a positive, significant impact on TFP across all specifications. As for leverage, it has a
negative impact on TFP over the whole period, but this effect drops when the 2008 dummy
interaction is introduced (Column (2)). In fact, more leveraged firms do not seem to suffer more
after the GFC, but they do see their TFP lowered after 2011 (last column). Hence, this first
exercise does not confirm that more “vulnerable” firms (e.g. firms with higher leverage) were
more negatively affected by the GFC. They were rather hurt by the euro area crisis.
22

Consistently, we will also lag collateral by also two years in the robustness check.
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Table 1 – Impact of the Global financial crisis on TFP: whole sample

Sales
L.Cash
L2.Lev

(1)

(2)

(3)

(4)

0.458***
(0.0103)
0.231***
(0.0193)
-0.0193***
(0.00486)

0.458***
(0.0104)
0.200***
(0.0266)
-0.0107
(0.00946)
0.0489
(0.0338)
-0.0124
(0.0109)

0.458***
(0.0103)
0.231***
(0.0193)
-0.0193***
(0.00486)

0.458***
(0.0103)
0.193***
(0.0259)
-0.0104
(0.00615)

Post2008# L.Cash
Post2008#L2.Lev
Post2011#L.Cash

0.0919*
(0.0482)
-0.0193***
(0.00639)

Post2011#L2.Lev

Observations
R-squared
Sector-year FE
Firm FE

2,030,321
0.853
Yes
Yes

2,030,321
0.853
Yes
Yes

2,030,321
0.853
Yes
Yes

2,030,321
0.853
Yes
Yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

Table 1 does not account for the fact that the firms in the three European countries faced
quite different credit environment during and after the GFC, as illustrated by Figure 2 supra.
These countries also differ from an institutional point of view. For instance, the OECD synthetic
indicator of employment protection for 2008 was 3.15 in Italy in 2008, against 2.73 in France
and 2.76 in Spain.23 If firms cannot adjust their labor force during a crisis, this mechanically
weighs negatively on productivity. The financial sectors are also different in the three countries.
For instance, the European Banking Authority estimated the aggregate ratio of non-performing
loans to be of 17% in Italy in March 2016, against 6% in Spain and 4% in France.24 Hence,
banks may be more reluctant to lend in Italy than in the other two countries. Other differences
include the structure of the banking sector, bankruptcy laws, foreclosure regulations, etc.
Therefore, we now estimate Equation (4) for each country separately, with firm and sectoryear fixed effects, i.e. controlling for all time-varying factors in the country-sector dimension.
The results are reported in Table 2 (two columns per country). In all three countries, TFP is
positively correlated to sales. The elasticity of TFP to sales is higher in Italy than in the two
other countries, suggesting more pro-cyclicality in Italy.
Lagged cash-flows have a positive impact on TFP in all three countries (but only after the
two crises in France). As for leverage, it affects TFP negatively in all three countries, but the
23

Version 2 of the index, available from 1998 to 2013.
Source: EBA Report on the Dynamics and Drivers of Non-Performing Exposures in the EU Banking Sector,
22 July 2016.
24

18

reactions to the crises are contrasted: more leveraged firms suffer more from both the GFC and
the euro crisis in Italy, but they suffer less in the other two countries. Hence, the standard
result according to which weaker firms suffer more from a financial crisis is not confirmed by
our results in Spain and in France, although it is in Italy.25
At this stage, though, we cannot assess whether these diverging reactions across countries
are due to different credit shocks (see Figures 4, 5, 6) or to different reactions to a given credit
tightening. Hence this first exercise does not really allow to measure the impact of financial
crises on TFP growth. It rather highlights different behaviours of firms in the three countries
after a common shock. We must contemplate a different strategy and estimate the impact of
country-year credit conditions on TFP.
Table 2 – Impact of the GFC: country-by-country results new
France

Sales
L.Cash
L2.Lev
Post2008#L.Cash
Post2008#L2.Lev

Italy

(2)

(3)

(4)

(5)

(6)

0.402***
(0.0224)
0.00370
(0.0330)
-0.0440***
(0.0125)
0.0870**
(0.0396)
0.0455***
(0.0139)

0.402***
(0.0224)
0.0182
(0.0299)
-0.0303***
(0.00825)

0.434***
(0.0133)
0.376***
(0.0432)
-0.0531***
(0.00988)
-0.0454
(0.0410)
0.0242**
(0.0114)

0.434***
(0.0132)
0.360***
(0.0439)
-0.0528***
(0.00780)

0.483***
(0.0127)
0.0777
(0.0571)
0.0721***
(0.0113)
0.298***
(0.0840)
-0.127***
(0.0115)

0.483***
(0.0127)
0.125*
(0.0658)
0.0105
(0.00764)

Post2011#L.Cash

0.101**
(0.0444)
0.0367***
(0.0104)

Post2011#L2.Lev

Observations
R-squared
Year*Sector FE
Firm FE

Spain

(1)

468,357
0.882
Yes
Yes

468,357
0.882
Yes
Yes

-0.0311
(0.0468)
0.0334***
(0.0100)
615,669
0.807
Yes
Yes

615,669
0.807
Yes
Yes

0.332**
(0.132)
-0.0667***
(0.00762)
946,295
0.826
Yes
Yes

946,295
0.826
Yes
Yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

5

The impact of country-specific credit conditions

We now drop the crisis dummy strategy and directly study the impact of country-year credit
conditions CCct on TFP by estimating the following equation:

T F Pisct = β0 Salesisct + β1 Xisct + β2 CCct + β3 CCct × Xisct + F Ei + F Est + uisct

(5)

25
Note that the number of observations in Italy is higher than in the other two countries, which explains why
the results on the whole sample look like those for Italy.
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where CCct successively covers the lagged value of our three measures of credit constraints:
(i) BLS index, (ii) sovereign spreads, and (iii) financial distress. The other variables are the
same as before. We include firm and sector-year fixed effects, hence we are still studying firmlevel deviations from their sector cells over time.26 The residuals are again clustered at sector
level.

5.1

Baseline results

The results for the whole panel pooling the three countries together are reported in Appendix
2, Table 7. Sales and non-interacted cash-flows have on average a positive impact on TFP
whereas financial constraints (whether represented by the BLS index, the sovereign spread or
the financial distress index) have on average a negative effect. Furthermore, the positive impact
of cash-flows on TFP is magnified when financial conditions tighten. This is expected, as firms
have to rely on their cash-flows to directly finance their investments or convince creditors to
lend. As for leverage, it generally has a negative impact on average, but mostly when interacted
with financial constraints.
These results could be interpreted as clear evidence that weaker firms (more leverage, less
cash flows) see their TFP suffer more after a financial crisis. As evidenced in the previous
section, though, pooling the three countries together may hide significant differences across
countries. Hence, we re-estimate Equation (5) for each country separately, hence dropping the
country subscript and the non-interacted measure of credit tightness (which is redundant with
respect to sector-time fixed effects).
The results are reported in Table 3 (three columns for each country). Like in the previous
section, we find strong pro-cyclicality of TFP with respect to sales, especially in Italy. However,
now, the impact of cash-flows is not always significant except in Spain. Leverage has a negative
impact on TFP in France and in Spain, but less so when financial conditions tighten. Conversely,
leverage has a positive impact on TFP in Italy when credit conditions are loose, but a negative
impact when they tighten. Hence, the usual narrative according to which firms with more
leverage would have been hit harder by the different credit crises only corresponds to Italy in
our estimation results.

26

Additional country-time variables such as GDP did not appear significant in preliminary estimations, the
business cycle being better accounted for at the firm level through the sales variable.
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394,452
0.892
Yes
Yes

533,274
0.818
Yes
Yes

(4)
0.454***
(0.0140)
0.411***
(0.0507)
-0.0535***
(0.0167)
-0.0431**
(0.0159)
0.0136**
(0.00554)

615,669
0.807
Yes
Yes

-0.0329**
(0.0155)
0.00871***
(0.00278)

Spain
(5)
0.434***
(0.0133)
0.385***
(0.0486)
-0.0480***
(0.00700)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

468,357
0.882
Yes
Yes

468,357
0.882
Yes
Yes

L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

(3)
0.402***
(0.0225)
0.0420
(0.0299)
-0.0318***
(0.00698)

0.00726
(0.00739)
0.00950***
(0.00142)

0.155**
(0.0728)
0.0664***
(0.0190)

France
(2)
0.402***
(0.0224)
0.00702
(0.0315)
-0.0373***
(0.0104)

L.Cash#L.Dis

L2.Lev#L.Sov

L.Cash#L.Sov

L2.Lev#L.BLS

L.Cash#L.BLS

L2.Lev

L.Cash

Sales

(1)
0.419***
(0.0225)
0.0307
(0.0596)
-0.0643***
(0.0124)
0.00755
(0.0323)
0.0364***
(0.00676)

615,669
0.807
Yes
Yes

-0.0192***
(0.00606)
0.00165
(0.00167)

(6)
0.434***
(0.0133)
0.397***
(0.0487)
-0.0422***
(0.00757)

882,647
0.833
Yes
Yes

(7)
0.503***
(0.0125)
0.0585
(0.0840)
0.0550***
(0.0104)
0.0850**
(0.0338)
-0.0262***
(0.00295)

946,295
0.826
Yes
Yes

0.109***
(0.0368)
-0.0297***
(0.00315)

Italy
(8)
0.483***
(0.0127)
0.144**
(0.0546)
0.0158**
(0.00748)

Table 3 – Impact of country-specific credit constraints on TFP: country-by-country results

946,295
0.826
Yes
Yes

0.0245**
(0.00878)
-0.0137***
(0.00134)

(9)
0.483***
(0.0127)
0.205***
(0.0448)
0.0240***
(0.00778)

5.2

The Italian case

In Italy, as illustrated in Figure 3 above, the crises seem to have triggered a divergence between
the TFP of large firms (at least 10 employees) and smaller ones. Here we investigate whether
the peculiar result obtained for Italy in the previous estimations may come from the weight of
smaller firms in the sample.
As already mentioned, the OECD considers employment regulations to be more restrictive
in Italy than in Spain or France, at least during the period under review. To the extent that
these regulations constitute a stronger impediment to labor reallocation for firms with a smaller
internal labor market, they could weigh more on TFP growth in small firms than in larger ones.
However, smaller firms generally benefit from special provisions. In Italy, firms with less than
15 employees benefit from many special legal and tax treatments.27
Here we estimate Equation (5) separately for firms below 15 employees and for firms with
15 employees or more.28 The results are reported in Table 4. For all three measures of credit
constraints, we find that only small firms suffer from high leverage when credit conditions tighten
For two measures of credit constraints, having more cash-flows is also a protection for smaller
firms. Hence, the negative impact of leverage during and after financial crises that is found
in Italy seems to come from smaller firms: despite preferential treatment, smaller firms find it
more difficult to adjust their production capacity. These results are consistent with Calligaris
et al. (2016) and Pellegrino and Zingales (2019) who note that Italian banks have long been
lending to firms with low productivity prospects - a feature that has created large volumes of
non-performing loans during the crisis. Banks preferred to continue to lend to these “zombie
firms” during the crisis, which in our data has a negative impact on TFP (see Schivardi et al.,
2017). Our results are also consistent with Maranesi and Pierri (2019) who find that small firms
in more leveraged sectors see their TFP more affected by a negative shock on credit supply.
However their firm-bank dataset does not allow them to compare TFP growth across countries.
Indeed, it could be argued that the results presented in Table 4 are not specific to Italy: in all
countries, leverage is more detrimental to smaller firms during a crisis, not least because larger
firms have easier access to financial markets. Hence, we re-estimate Equation (5) for small firms
in all three countries, using the standard 10 employees threshold. The results are displayed in
Appendix 2, Table 8. We find a negative impact of leverage interacted with financial constraints
27

The most significant special rule concerns the non application of article 18 of workers’ statute that constrains
dismissals especially before the 2012 labor reform.
28
Alternatively, we use the standard threshold of 10 employees, see infra.
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only in Italy. In Spain, this interaction has no significant effect where as in France, the effect is
positive.
Table 4 – Impact of credit constraints on TFP in Italy: large versus small firms

Sales
L.Cash
L2.Lev
L.Cash#L.BLS
L2.Lev#L.BLS
L.Cash#L.Sov
L2.Lev#L.Sov
L.Cash#L.Dis
L2.Lev#L.Dis

Observations
R-squared
Firm FE
Sector-time FE

Large firms (≥ 15)
(1)
(2)
(3)
0.531***
0.509***
0.509***
(0.0198)
(0.0193)
(0.0193)
0.273***
0.201***
0.223***
(0.0734)
(0.0657)
(0.0648)
-0.0385*** -0.0440*** -0.0399***
(0.00994)
(0.00812)
(0.00882)
-0.0434**
(0.0163)
6.39e-05
(0.00254)
-0.0193
(0.0206)
-0.00369
(0.00312)
-0.0151*
(0.00744)
-0.00288
(0.00187)
370,191
0.894
yes
yes

413,863
0.885
yes
yes

413,863
0.885
yes
yes

Small firms (< 15)
(4)
(5)
(6)
0.566***
0.557***
0.557***
(0.0111)
(0.0111)
(0.0111)
0.135**
0.189***
0.281***
(0.0634)
(0.0507)
(0.0763)
0.0170
0.00717
0.00612
(0.0122)
(0.00976)
(0.0102)
0.0636***
(0.0213)
-0.0146***
(0.00274)
0.0905***
(0.0226)
-0.0238***
(0.00327)
0.00997
(0.00965)
-0.00875***
(0.00158)
496,932
0.836
yes
yes

516,732
0.831
yes
yes

516,732
0.831
yes
yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

Another possible explanation for the vulnerability of leveraged firms in Italy is the short
maturity of their debt. Over the whole period, the median share of short-term debt (with
maturity of up to one year) in total debt is 70 percent in Italy, against 52 percent in France
and 17 percent in Spain. There is higher rollover risk for Italian firms, which makes them
more vulnerable to credit tightening. In order to test this possibility, we estimate Equation (5)
separately for firms where short-term debt represents more than 50 percent of total debt and
for those where it represents less than 50 percent. Table 5 validates this interpretation.
Then, it could be asked whether French or Spanish firms with more short-term debt would
behave like the Italian ones. This possibility is explored in Table 9 in Appendix 2. French and
Spanish firms with more short-term debt do not behave like Italian firms. Hence, short-term
debt seems to make Italian firms more vulnerable only in Italy. According to Berton et al.
(2018), 90% of firms in Veneto have less than ten employees, and they are much more indebted
than larger firms. Consistently, in our results, it is the combination of size and leverage that
seems to drive the peculiar behavior of TFP in Italy.
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Storz et al. (2017) use information from Amadeus/Orbis for 400,000 SMEs in seven countries
(France, Germany, Greece, Ireland, Portugal, Spain and Slovenia) matched with 900 banks over
the period 2010-14. They have information on the stress of banks and define zombie firms as
businesses with negative returns and investments. They show that an increase in bank stress
translates into higher lending to zombie firms so defined in the five countries of the “periphery”,
whereas this is neither observed in France nor Germany. Such “zombie bias” is confirmed in
(Andrews and Petroulakis, 2009) who do the same type of exercise on 11 European countries
firms matched with 30,000 banks. It is argued that zombie firms crowd-out healthy firms from
financing. Our results are consistent with both papers in the case of Italy.
Table 5 – Impact of credit constraints on TFP in Italy: short-term debt
(1)
Sales
L.Cash
L2.Lev
L.Cash#L.BLS
L2.Lev#L.BLS

Short-term debt <50%
(2)
(3)

0.566***
(0.0130)
0.111
(0.0953)
0.0181
(0.0132)
0.0312
(0.0299)
0.00801
(0.00483)

L.Cash#L.Sov

0.559***
(0.0129)
0.104
(0.0699)
0.0450***
(0.0103)

Short-term debt >50%
(5)
(6)

0.497***
(0.0133)
0.0402
(0.0834)
0.0677***
(0.0122)
0.0905**
(0.0338)
-0.0316***
(0.00356)

0.0667*
(0.0357)
-0.00468
(0.00474)

L2.Lev#L.Sov
L.Cash#L.Dis

0.476***
(0.0138)
0.131**
(0.0545)
0.0187**
(0.00795)

163,213
0.884
yes
yes

166,697
0.883
yes
yes

0.476***
(0.0138)
0.191***
(0.0450)
0.0231***
(0.00801)

0.117***
(0.0368)
-0.0331***
(0.00401)
0.00508
(0.0121)
-0.00720***
(0.00178)

L2.Lev#L.Dis

Observations
R-squared
Firm FE
Sector-time FE

0.559***
(0.0129)
0.179**
(0.0642)
0.0646***
(0.00901)

(4)

166,697
0.883
yes
yes

0.0276***
(0.00853)
-0.0140***
(0.00148)
698,564
0.833
yes
yes

758,899
0.826
yes
yes

758,899
0.826
yes
yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

Finally, the literature has often mentioned local developments to be a key ingredient of firms
financing in Italy (see e.g. Benfratello et al., 2008 or Guiso et al., 2004b). Here, we test for
a geographic pattern in our results by running the estimation separately for firms located in
the North and for those located in the South, as evidenced by their zipcode.29 The results are
reported in Table 6. We get very similar results for the South (first three columns) as for the
North (first three columns). Interestingly, the pro-cyclicality of TFP with respect to sales is
29

We allocate the zipcodes based on ISTAT definitions of “North” and “South”.
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more pronounced in the South than in the North. But leveraged firms and firms with more
cash-flows perform similarly when credit conditions tighten.
In this table as in Table 5, we observe that the non-interacted coefficient on leverage is
positive and often significant. This may be explained by agency problems (se e.g. Berger et al.,
2006). In presence of outide ownership, managers may make decisions that do not maximize the
efficiency and value of the firm; leverage reduces the incentive for managers to pursue their own
objectives through the threat of liquidation causing managers’ reputation (Jensen and Meckling,
1976; Grossman and Hart, 1982; Pellegrino and Zingales, 2019).
Table 6 – Impact of credit constraints on TFP in Italy: South versus North
(1)
Sales
L.Cash
L2.Lev
L.Cash#L.BLS
L2.Lev#L.BLS

0.573***
(0.0111)
-0.0704
(0.101)
0.0423**
(0.0196)
0.116***
(0.0327)
-0.0292***
(0.00655)

L.Cash#L.Sov

South
(2)

(3)

(4)

0.559***
(0.0120)
0.0211
(0.0746)
0.0180
(0.0142)

0.559***
(0.0120)
0.113
(0.0884)
0.0198
(0.0154)

0.485***
(0.0152)
0.0834
(0.0866)
0.0518***
(0.0115)
0.0793**
(0.0347)
-0.0242***
(0.00315)

0.166***
(0.0351)
-0.0437***
(0.00914)

L2.Lev#L.Sov
L.Cash#L.Dis

(6)

0.465***
(0.0155)
0.168***
(0.0552)
0.0130
(0.00792)

0.465***
(0.0154)
0.222***
(0.0442)
0.0214**
(0.00882)

0.0982**
(0.0378)
-0.0263***
(0.00308)
0.0381***
(0.0108)
-0.0171***
(0.00355)

L2.Lev#L.Dis

Observations
R-squared
Firm FE
Sector-time FE

North
(5)

133,508
0.792
yes
yes

140,646
0.785
yes
yes

140,646
0.785
yes
yes

0.0221**
(0.00921)
-0.0125***
(0.00150)
749,137
0.828
yes
yes

805,647
0.820
yes
yes

805,647
0.820
yes
yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

5.3
5.3.1

Robustness checks
Selection bias

Our first robustness check concerns a possible selection bias, if the firms that drop from (or join)
the sample over time are systematically different from those that stay. In order to address this
concern, we re-estimate Equation (5) on firms that are present at least 10 years in our sample
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period.30 The results are reported in Appendix 2, Table 10. They are similar to those reported
in our main result table, Table 3. Hence, our results cannot be explained by a selection bias.

5.3.2

Collateral

Second, our estimations may be biased by the fact that, within a bin of sector-country-size, those
firms with more leverage have accumulated collateral which facilitates access to new credits.31
Within the sub-sample of firms with data on collateral, we have a 23 percent correlation between
our leverage and collateral variables. Hence, we re-run the same estimation while controlling for
collateral. The results are reported in Appendix 2, Table 11. Collateral has a negative impact
on TFP in France and in Italy, but not in Spain. More importantly, its interaction with credit
condition has no significant impact in these two countries, while it has a significant impact in
Italy but with a different sign across the measures of credit constraints. All in all, the results
for leverage are left unchanged. Hence, we cannot explain our results by the interplay between
leverage and collateral.

5.3.3

External finance

Finally, our methodology, which expresses cash-flows, leverage and collateral in relative terms
with respect to each firm’s country-sector-size “bin”, controls for possibility that some categories of firms, say large firms in utilities that already have high leverage, may have better
access to funding than smaller firms in other sectors during financial crises: we only measure
whether, within a category of country-sector-size, firms with more cash-flows or leverage perform
differently.
Since Rajan and Zingales (1998), though, it has been argued that industries differ widely
in terms of their reliance on external finance, which in turn may feature how they are affected
by a financial crisis. Consistently, Rajan and Zingales (1998) compute a sector-specific index
of reliance on external finance based on capital expenditure not financed using cash flows from
operations, with US Compustat data. They subsequently show that financial deepening allows more externally dependent sectors to grow relatively faster over the long term. However,
Kroszner et al. (2007) show that sectors that are highly dependent on external finance tend
to suffer greater contraction of value added during a financial crisis in countries with deeper
30

Few firms are present over the whole period of 17 years.
We have not controlled for collateral in our baseline specification due to a proliferation of missing values in
some years.
31
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financial systems, compared to countries with less developed financial sectors.
We therefore introduce the updated index of reliance on external finance resources taken
from Eichengreen et al. (2011), which is calculated based on US firms, hence can be considered as
fully exogenous for our three countries. We convert the ISIC2 into the Nace 2-digit classification
in Orbis and use the indicator for year 2000 (labelled EF ), which we interact with our three
measure of credit tightness, successively.32
The results are reported in Appendix 2, Table 12. We first interact EF with cash-flows
and with leverage. The coefficients are found insignificant, except in Italy where more leverage
has positive impact on TFP in those sectors that are more reliant on external finance. The
next lines interact EF with both cash-flows (or leverage) and credit conditions. These triple
interactions are never significant. However, the simple interaction between leverage and credit
condition stays negative and highly significant across the three measures of credit conditions
in Italy. Hence, our specific results obtained for Italy cannot be explained by a differentiated
impact of reliance on external finance.

6

Conclusion

The productivity slowdown observed in advanced economies since the mid 1990s remains to
be fully understood. On top of explanations related to the diffusion of innovation, market
structures, or even mis-management, a key question is whether the GFC and the Eurozone
crisis may have contributed to this slowdown. To shed light on this macroeconomic issue,
information at the microeconomic level is needed in order to measure firm-level productivity
and identify extensive and intensive margins of TFP growth.
We firstly show that using an identification strategy relying on differences between pre- and
post- crisis year hardly fits the narrative of the crises in Europe. There has indeed been two
subsequent shocks, and the exact timing of the second, as well as its intensity, differ across
European countries. We also show that idiosyncratic differences in national financial systems
and regulatory environments jeopardize any approach based on pooling data for European
countries. Taking the example of France, Italy and Spain, we show that one size does not
fit all: despite the completion of the single market, the single currency and the more recent
introduction of the banking union, the reaction of firms to credit conditions is still very much
32

We have normalized EF so that it ranges from 0 (lowest dependence on external finance) to 1 (highest
dependence).
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country-specific in the Euro area.
Specifically, we show that the narrative according to which more leveraged firms have been
hit harder by the different credit crises only corresponds to Italy. Within this country, only small
firms and firms with short-term debts suffer from being highly leveraged when credit conditions
tighten. Having more cash-flows is a protection for these small players. Hence, the negative
impact of leverage during financial crises in Italy is driven by smaller firms, especially when
their debts have a short maturity. Our results are consistent with the literature on the lending
behavior of Italian banks: they have been lending to firms with low productivity prospects for
a long time; this has led to the accumulation of large volumes of non-performing loans and to
a tendency to lend to “zombie firms”.
Our take is that the combination of size and leverage is ultimately driving the atypical
behavior of TFP in Italy, but in Italy only. These results are robust to various other specifications: neither a selection bias, nor the interplay between leverage and collateral put our results
at risk. The latter are also robust to controlling for sector-level reliance on external finance.
This heterogeneity in responses to credit conditions underline the importance of completing the
European banking union and developing the European capital market union for the sake of TFP
growth in all parts of the Euro area.
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Appendix 1: Preliminary estimation
The impact of firm-level variables on TFP

Sales
L.Cash old
L.Lev orig

(1)

(2)

(3)

(4)

0.447***
(0.00971)
0.0201**
(0.00855)
-0.0610***
(0.00578)

0.457***
(0.0104)
0.0201**
(0.00863)

0.448***
(0.00968)

0.458***
(0.0103)

0.219***
(0.0187)
-0.0744***
(0.00664)

0.231***
(0.0193)

L2.Lev orig

-0.0106**
(0.00429)

L.Cash
L.Lev
L2.Lev

Observations
R-squared
Firm FE
Sector-time FE

-0.0193***
(0.00486)
2,362,774
0.843
yes
yes

2,031,423
0.853
yes
yes

2,360,652
0.843
yes
yes

2,030,321
0.853
yes
yes

Note: Pooled sample. Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.
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Appendix 2: Additional tables
Table 7 – Impact of country-specific credit constraints on TFP: whole panel

Sales
L.Cash
L2.Lev
L.BLS

(1)

(2)

(3)

(4)

(5)

(6)

0.478***
(0.0104)
0.222***
(0.0195)
0.00110
(0.00496)
-0.000594
(0.00338)

0.479***
(0.0105)
0.141***
(0.0411)
0.0527***
(0.0156)
-0.00915**
(0.00365)
0.0347*
(0.0182)
-0.0214***
(0.00493)

0.456***
(0.0103)
0.231***
(0.0194)
-0.0161***
(0.00486)

0.457***
(0.0103)
0.179***
(0.0229)
-0.00262
(0.00770)

0.457***
(0.0104)
0.232***
(0.0195)
-0.0170***
(0.00477)

0.457***
(0.0104)
0.220***
(0.0226)
0.000829
(0.00881)

-0.0191***
(0.00206)

-0.0235***
(0.00371)
0.0544***
(0.0179)
-0.0121***
(0.00353)
-0.00768***
(0.000687)

-0.0111***
(0.00148)
0.00481
(0.00426)
-0.00642***
(0.00192)

2,030,321
0.853
Yes
Yes

2,030,321
0.853
Yes
Yes

L.Cash#L.BLS
L2.Lev#L.BLS
L.Sov
L.Cash#L.Sov
L2.Lev#L.Sov
L.Dis
L.Cash#L.Dis
L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

1,810,373
0.860
Yes
Yes

1,810,373
0.860
Yes
Yes

2,030,321
0.853
Yes
Yes

2,030,321
0.853
Yes
Yes

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.
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189,076
0.861
Yes
Yes

275,040
0.811
Yes
Yes

(4)
0.560***
(0.0143)
0.332***
(0.0685)
-0.0207
(0.0135)
0.00122
(0.0319)
0.00926
(0.00617)

309,671
0.803
Yes
Yes

-0.0175
(0.0225)
0.00459
(0.00328)

Spain
(5)
0.544***
(0.0132)
0.395***
(0.0563)
-0.0206***
(0.00561)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

218,922
0.855
Yes
Yes

218,922
0.855
Yes
Yes

L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

(3)
0.485***
(0.0352)
-0.0197
(0.0338)
-0.000598
(0.00726)

-0.00404
(0.0183)
0.00671***
(0.00187)

-0.00839
(0.112)
0.0916***
(0.0128)

France
(2)
0.485***
(0.0352)
-0.0247
(0.0270)
-0.0157*
(0.00882)

L.Cash#L.Dis

L2.Lev#L.Sov

L.Cash#L.Sov

L2.Lev#L.BLS

L.Cash#L.BLS

L2.Lev

L.Cash

Sales

(1)
0.497***
(0.0373)
-0.0159
(0.0792)
-0.0562***
(0.0116)
-0.0168
(0.0540)
0.0462***
(0.00708)

309,671
0.803
Yes
Yes

-0.00936
(0.00952)
-0.000440
(0.00200)

(6)
0.544***
(0.0132)
0.400***
(0.0523)
-0.0139**
(0.00512)

343,997
0.849
Yes
Yes

(7)
0.592***
(0.0103)
0.347***
(0.120)
-0.0158
(0.0106)
0.00739
(0.0280)
-0.00504
(0.00305)

355,020
0.845
Yes
Yes

0.0397
(0.0267)
-0.0169***
(0.00328)

Italy
(8)
0.585***
(0.0103)
0.303***
(0.0936)
-0.00513
(0.00756)

355,020
0.845
Yes
Yes

-0.000280
(0.0103)
-0.00575***
(0.00188)

(9)
0.585***
(0.0103)
0.364***
(0.0943)
-0.00795
(0.00881)

Table 8 – Impact of country-specific credit constraints on TFP: firms with less than 10 employees
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212,951
0.906
Yes
Yes

195,115
0.842
Yes
Yes

(4)
0.471***
(0.0164)
0.378***
(0.0756)
-0.0936***
(0.0201)
-0.0670**
(0.0239)
0.0192***
(0.00630)

215,648
0.837
Yes
Yes

-0.0497*
(0.0241)
0.0240***
(0.00471)

Spain
(5)
0.454***
(0.0147)
0.305***
(0.0516)
-0.0815***
(0.00992)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

273,332
0.898
Yes
Yes

273,332
0.898
Yes
Yes

L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

(3)
0.407***
(0.0154)
0.0201
(0.0312)
-0.00560
(0.00741)

0.00807
(0.00875)
-0.000323
(0.00323)

0.171**
(0.0824)
-0.0104
(0.0225)

France
(2)
0.407***
(0.0154)
-0.0149
(0.0338)
-0.00270
(0.00987)

L.Cash#L.Dis

L2.Lev#L.Sov

L.Cash#L.Sov

L2.Lev#L.BLS

L.Cash#L.BLS

L2.Lev

L.Cash

Sales

(1)
0.423***
(0.0144)
-6.79e-05
(0.0679)
-0.0231
(0.0230)
0.0204
(0.0365)
0.00766
(0.0124)

215,648
0.837
Yes
Yes

-0.0281***
(0.00887)
0.0129***
(0.00208)

(6)
0.454***
(0.0148)
0.327***
(0.0559)
-0.0896***
(0.0110)

698,564
0.833
Yes
Yes

(7)
0.497***
(0.0133)
0.0402
(0.0834)
0.0677***
(0.0122)
0.0905**
(0.0338)
-0.0316***
(0.00356)

758,899
0.826
Yes
Yes

0.117***
(0.0368)
-0.0331***
(0.00401)

Italy
(8)
0.476***
(0.0138)
0.131**
(0.0545)
0.0187**
(0.00795)

758,899
0.826
Yes
Yes

0.0276***
(0.00853)
-0.0140***
(0.00148)

(9)
0.476***
(0.0138)
0.191***
(0.0450)
0.0231***
(0.00801)

Table 9 – Impact of country-specific credit constraints on TFP: firms short-term debt > 50% of total debt

Appendix 3: Robustness checks
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332,680
0.889
Yes
Yes

442,866
0.810
Yes
Yes

(4)
0.446***
(0.0143)
0.478***
(0.0539)
-0.0595***
(0.0180)
-0.0539***
(0.0171)
0.0156**
(0.00570)

499,671
0.800
Yes
Yes

-0.0447**
(0.0164)
0.0102***
(0.00300)

Spain
(5)
0.426***
(0.0137)
0.445***
(0.0497)
-0.0529***
(0.00766)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

386,785
0.879
Yes
Yes

386,785
0.879
Yes
Yes

L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

(3)
0.384***
(0.0201)
0.0796**
(0.0327)
-0.0492***
(0.00676)

0.00456
(0.00751)
0.0136***
(0.00174)

0.139*
(0.0765)
0.0662***
(0.0186)

France
(2)
0.384***
(0.0200)
0.0436
(0.0323)
-0.0492***
(0.00962)

L.Cash#L.Dis

L2.Lev#L.Sov

L.Cash#L.Sov

L2.Lev#L.BLS

L.Cash#L.BLS

L2.Lev

L.Cash

Sales

(1)
0.404***
(0.0196)
0.0852
(0.0623)
-0.0701***
(0.0107)
-0.00645
(0.0334)
0.0351***
(0.00583)

499,671
0.800
Yes
Yes

-0.0245***
(0.00646)
0.00274
(0.00174)

(6)
0.426***
(0.0137)
0.459***
(0.0500)
-0.0479***
(0.00855)

737,551
0.828
Yes
Yes

(7)
0.491***
(0.0127)
0.0680
(0.0931)
0.0563***
(0.0112)
0.0891**
(0.0356)
-0.0258***
(0.00302)

784,850
0.822
Yes
Yes

0.0961**
(0.0372)
-0.0262***
(0.00338)

Italy
(8)
0.473***
(0.0128)
0.194***
(0.0618)
0.0102
(0.00818)

784,850
0.822
Yes
Yes

0.0204**
(0.00852)
-0.0133***
(0.00145)

(9)
0.473***
(0.0128)
0.252***
(0.0527)
0.0217**
(0.00835)

Table 10 – Impact of country-specific credit constraints on TFP: firms that are at least 10 years in the sample
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284,991
0.901
Yes
Yes

398,153
0.842
Yes
Yes

(4)
0.478***
(0.0140)
0.326***
(0.0600)
-0.0251
(0.0156)
-0.00877
(0.0198)
-0.0280
(0.0185)
0.00384
(0.00479)
0.00886
(0.00600)

480,972
0.823
Yes
Yes

-0.0262
(0.0157)
0.00373**
(0.00177)
0.00261
(0.00193)

Spain
(5)
0.440***
(0.0133)
0.366***
(0.0516)
-0.0494***
(0.00712)
-0.00428
(0.00819)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

360,936
0.886
Yes
Yes

360,936
0.886
Yes
Yes

L2.Col#L.Dis

L2.Lev#L.Dis

Observations
R-squared
Year*Sector FE
Firm FE

(3)
0.403***
(0.0228)
0.00143
(0.0355)
-0.0192*
(0.0110)
-0.0604***
(0.0147)

0.0237***
(0.00756)
0.00259
(0.00261)
-0.00136
(0.00284)

0.253***
(0.0795)
0.0766***
(0.0199)
0.0340
(0.0221)

France
(2)
0.402***
(0.0227)
-0.0461
(0.0393)
-0.0408**
(0.0145)
-0.0738***
(0.0102)

L.Cash#L.Dis

L2.Col#L.Sov

L2.Lev#L.Sov

L.Cash#L.Sov

L2.Col#L.BLS

L2.Lev#L.BLS

L.Cash#L.BLS

L2.Col

L2.Lev

L.Cash

Sales

(1)
0.442***
(0.0225)
-0.0473
(0.0733)
-0.0238
(0.0261)
-0.0961***
(0.0273)
0.0296
(0.0398)
0.0222*
(0.0113)
0.0220
(0.0155)

480,972
0.823
Yes
Yes

-0.00933
(0.00623)
-0.00200
(0.00129)
-0.00174
(0.00147)

(6)
0.441***
(0.0133)
0.360***
(0.0517)
-0.0386***
(0.00772)
0.00363
(0.00918)

697,141
0.853
Yes
Yes

(7)
0.526***
(0.0128)
-0.0636
(0.107)
0.0683***
(0.0154)
-0.0886***
(0.0127)
0.0981**
(0.0384)
-0.0263***
(0.00419)
0.00784**
(0.00286)

760,876
0.842
Yes
Yes

0.105***
(0.0336)
-0.0209***
(0.00323)
-0.0156***
(0.00258)

Italy
(8)
0.492***
(0.0129)
0.1000*
(0.0539)
0.00475
(0.00770)
-0.0799***
(0.0127)

Table 11 – Impact of country-specific credit constraints on TFP: controlling for collateral

760,876
0.842
Yes
Yes

0.0219***
(0.00593)
-0.0128***
(0.00139)
-0.0145***
(0.00145)

(9)
0.492***
(0.0129)
0.170***
(0.0364)
0.0288***
(0.00857)
-0.0454***
(0.0137)

40
355,406
0.895
yes
yes

0.412***
(0.0261)
-0.375
(0.259)
0.0314
(0.0679)
0.372
(0.236)
-0.0910
(0.0668)
0.210
(0.150)
0.000838
(0.0329)
-0.180
(0.137)
0.0331
(0.0320)

421,453
0.886
yes
yes

0.620*
(0.303)
-0.0383
(0.105)
-0.419
(0.256)
0.0994
(0.102)

0.395***
(0.0260)
-0.162
(0.120)
0.0503
(0.0580)
0.159
(0.0983)
-0.0867
(0.0565)

France
(2)

421,453
0.886
yes
yes

0.0709**
(0.0295)
0.00428
(0.0124)
-0.0588**
(0.0267)
0.00556
(0.0120)

0.395***
(0.0260)
-0.0836
(0.115)
0.0338
(0.0423)
0.122
(0.0961)
-0.0669
(0.0410)

(3)

483,058
0.801
yes
yes

0.445***
(0.0131)
0.471**
(0.224)
0.0204
(0.0828)
0.00133
(0.198)
-0.0747
(0.0805)
0.0605
(0.0791)
-0.0154
(0.0243)
-0.107
(0.0706)
0.0278
(0.0240)

(4)

557,124
0.790
yes
yes

-0.0378
(0.0956)
0.00429
(0.0117)
-0.00275
(0.0877)
0.00307
(0.0121)

0.426***
(0.0123)
0.684***
(0.192)
-0.0359
(0.0369)
-0.232
(0.169)
-0.0136
(0.0378)

Spain
(5)

Note: Standard errors clustered at the sector level. *** p<0.01, ** p<0.05, * p<0.1.

Observations
R-squared
Firm FE
Sector-time FE

EF#L2.Lev#L.Dis

EF#cL.Cash#L.Dis

L2.Lev#L.Dis

L.Cash#L.Dis

EF#L2.Lev#L.Sov

EF#L.Cash#L.Sov

L2.Lev#L.Sov

L.Cash#L.Sov

EF#L2.Lev#cL.BLS

EF#L.Cash#cL.BLS

L2.Lev#L.BLS

L.Cash#L.BLS

EF#L2.Lev

EF#L.Cash

L2.Lev

L.Cash

Sales

(1)

557,124
0.790
yes
yes

0.0261
(0.0370)
-0.00268
(0.00782)
-0.0493
(0.0339)
0.00377
(0.00819)

0.426***
(0.0123)
0.572***
(0.194)
-0.0232
(0.0444)
-0.106
(0.170)
-0.0208
(0.0455)

(6)

784,323
0.823

0.498***
(0.0137)
0.303
(0.422)
-0.0141
(0.0283)
-0.223
(0.337)
0.0769***
(0.0262)
0.135
(0.148)
-0.0267***
(0.00734)
-0.0504
(0.112)
-1.18e-05
(0.00727)

(7)

840,649
0.815

0.252
(0.165)
-0.0283***
(0.00762)
-0.136
(0.125)
-0.00140
(0.00730)

0.479***
(0.0140)
0.295
(0.293)
-0.0566**
(0.0214)
-0.142
(0.250)
0.0779***
(0.0196)

Italy
(8)

840,649
0.815

0.0183
(0.0398)
-0.0153***
(0.00529)
0.00606
(0.0314)
0.00165
(0.00509)

0.479***
(0.0140)
0.562**
(0.258)
-0.0423*
(0.0211)
-0.339
(0.230)
0.0715***
(0.0191)

(9)

Table 12 – Impact of country-specific credit constraints on TFP: controlling for reliance on external finance: countries
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1.

Introduction

1.1.

General context

The Deliverable D7.5 is part of the dissemination, communication and exploitation
outcomes to be developed within WP7. In particular, D7.5 represents a easy-to-read
document presenting the the interim findings of the project and to explore the impact of
the results achieved in the policy debate.

1.2.

Deliverable objectives

This deliverable summarises the main conclusions of the MICROPROD papers submitted so
far and how these inform the current policy debates in form of a pdf file, thus in an easier
readable format.
Specifically, leveraging on D6.2, 20 papers have been analysed, which tackle the following
four broad issues: (i) the measurement and effects of intangible capital; (ii) globalisation,
international trade and the integration of Global Value Chains (GVCs); (iii) factor allocation
and allocative efficiency and (iv) identify some of the social consequences of these two
broad shocks.

2.

Methodological approach

This presentation summarises the main conclusions of the 20 MICROPROD papers
submitted so far and how these papers inform the current policy debates at the European
level as it was presented in D6.2.

3.

Summary of activities and research findings

In this midterm policy brief, we review the 20 papers delivered so far by MICROPROD
researchers. These papers contribute to four broad issues relevant for today’s policy
debates: the measurement and effects of intangible capital on productivity, the impact of
globalisation, international trade and the integration of Global Value Chains (GVCs) on
productivity, factor allocation and allocative efficiency and finally the social consequences of
these two structural shocks that Europe faced in the last two decades: globalisation and
technological progress.

4.

Conclusions and future steps

Overall, MICROPROD papers shed light on the effects of the two main structural changes
over the past 20 year on productivity: first, globalisation and the opening of China and
second the increasing digitalisation-automation of the economy. Their main contributions
are to point to both aggregate effects, how they affect productivity but also to highlight that
there are distributional effects that are important for good societal outcomes.
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This policy brief will be followed by papers summarising policy implications for each work
package, that will be delivered in the last year of the project.

5.

Publications resulting from the work described (if
applicable)

Not applicable

6.

Bibliographical references (if applicable)

Claeys, G. and M. Demertzis (2021) ‘The productivity paradox: policy lessons from MICROPROD’,
Policy Contribution 01/2021`, Bruegel [Deliverable 6.2]
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Table of content
Intro

Intangible capital
Globalisation and the integration of GVCs
Finance and resource allocation
Social implications of globalisation and technological change
MICROPROD and COVID-19

2

INTRO
The productivity paradox
Technological progress has continued and GDP growth has not fallen as much as
productivity
The secular stagnation hypothesis explains this slowdown as a savings-investment
imbalance caused by various factors (including demographics and inequality), which led to a
global savings glut and underinvestment → BUT macroeconomic policies (both fiscal and
monetary) has not reversed the productivity trend
Need to understand how digitisation and globalisation changed market structures
The much-reduced need for physical capital have led to some forms claiming significant
market shares → the resulting concentration and monopoly power implied less
competition and the extraction of rents
Removed barriers to foreign markets, domestic dominance allowed firms to expand their
market shares globally
Low and declining interest rates → zombies firms will survive longer and thus slowing down
the process of creative destruction and exploitation of strategic advantages

3

INTANGIBLE CAPITAL
The measurement and effects of intangible capital

4

Intangible Capital
WHAT WE HAVE LEARNED SO FAR (1)
The rise of intangible assets – i.e. assets without physical substance - has not produced
the expected boom in productivity growth at aggregate level → BUT this does not seem
to be the case at the micro level
At firm level, it appears that
investment in intangible capital is a non-negligible factor in the production process
and a strong predictor of higher productivity
Different types of intangible assets might affect the production process differently:
e.g. ICT use and efficiency of innovation process are strongly correlated with
productivity
Intangible capital investments are concentrated in few firms → only a few firms
benefit from the boost in productivity provided by intangible investments → it might
explain why the effect is less visible at aggregate level

5

Intangible Capital
WHAT WE HAVE LEARNED SO FAR (2)
Easier access to finance leads to higher levels of investments in (cost-reducing)
intangibles and thus to higher mark-ups over marginal costs → Financial capability is
source of competitive advantage → the differences in financial capability in different
firms and countries might explain in part the different levels of firms’ investments in
intangibles

Firms with work councils have higher levels of productivity, wages and profits

6

Intangible Capital
RELEVANCE FOR POLICY (1)
Less and less tangible capital is installed although the value added produced is still
increasing → the value added is more and more generated by intangible capitals →
the better we understand what constitutes intangible capital and how it generates value
added, the more effective we can be in stimulating productivity and thus, understanding
the real investment needs

Differences in mark-ups between US and EU could be attributed to differences in
intangible investments → new industrial policy to boost incentives for R&D and
other intangibles (e.g. tax incentives, grants, training workers, supporting skilled
migration)
Competition policy needs to be rethought: intangible capital’s investments might lead
to concentration effects, leading to monopoly power → detriment of productivity and
waves of disruptive innovation.

7

Intangible Capital
RELEVANCE FOR POLICY (2)
Market concentration is not necessarily detrimental: result of higher productivity and
greater allocative efficiency at the firm level (but not at aggregate level)
If ratio of tangible to intangible reduces (digitisation) and if intangible investment is less
costly, low real interest rate is sustained, which brings unfavourable growth conditions
and lower productivity

Intangible assets do not provide physical collateral for banks to lend against
→ production that relies on intangibles lacks of financing
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GLOBALISATION & INTEGRATION
of GVCs
Globalisation, international trade and the integration of global value chains
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Globalisation & integration of GVCs
WHAT WE HAVE LEARNED (1)
Imports from low-income countries are produced with standard technologies and low-wage
labour → R&D cannot compensate for the cost disadvantages faced by high-wage domestic
producers
Imports from high-income countries are typically relatively capital- and knowledge intensive
→ R&D is pushed and leads to productivity gains
Regions that were more exposed before the global financial crisis to import competition (lowwage China) have experienced slower productivity growth since the crisis.
Relationships among firms in GVCs can lead to innovation efforts on the supplier side, but
supported by the buyer through technical advice and technology / assets transfers →
foreign direct investments
Larger and foreign-owned companies are more likely to innovate than small domesticallyowned companies → less productive firms do not invest in innovation to upgrade their
technological level, while the most-productive firms customize their production process /
products to fit the demand from buyers
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Globalisation & integration of GVCs
RELEVANCE FOR POLICY
Need to have a strong multilateral system: trade deals (i) between high-income
countries (ii) between countries that compete in similar markets (iii) intend to increase
competition in knowledge-intensive sectors
Productivity effects of trade liberalisation in general and import competition in particular
depend on the relative (dis)advantages of domestic firms compared to the foreign
competitors
Closing down unproductive firms – as a result of import competition – increase
overall productivity, BUT this does not ensure reallocation of resources (e.g. workers)
Local labour market composition matters in response to trade shocks: transferability of
skills → education policy / active labour market policies (life-long learning, retraining,
promoting mobility)
Integration within GVCs as transferring knowledge tool → knowledge transfer as
important aspect in the innovation process
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FINANCE & RESOURCE
ALLOCATION
Factor allocation and allocative efficiency
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Finance & Resource Allocation
WHAT WE HAVE LEARNED
Restructuring of distressed banks during a crisis can have a positive long-term effect
on productivity → BUT keeping distressed banks alive (while less destructive in the
short term) might have a negative impact on long-term productivity growth by
maintaining inefficient lending relationships between weak banks and unproductive firms
→ regions with less supervisory forbearance are more dynamic and experience higher
productivity growth
Firms, which have relationships with banks that benefit from the central bank
intervention, experienced lower growth in employment and sales BUT higher levels of
investment and productivity → monetary policy has a significant long-run effect
Measurement of elasticity of productivity growth to credit growth can help measure the
efficiency of allocation of capital
Financial constraints do not constrain highly leveraged firms is some countries → need
of identifying country-specific factors
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Finance & Resource Allocation
RELEVANCE FOR POLICY
The way production is financed may also have real economic consequences

Need to design bank-resolution schemes that take into account the identification of
the optimal trade-off between the short and the long terms affecting the viability of their
customers
Need to understand the real long-run effects (particularly unintended ones) of
unconventional monetary policy
Crucial to revive the EC’s capital markets union initiative to try to alleviate the
financial constraints that prevent the efficient allocation of resources in EU
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SOCIAL IMPLICATION of
GLOBALISATION
and TECHNOLOGICAL CHANGE
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Social implications of globalisation & technological
change
WHAT WE HAVE LEARNED
Higher imports result in higher levels of income risk for workers, while higher exports
result in lower risk level → the increase in income risk from high imports could be
compensated for decreased risk from high experts from a region
Import and robotic shocks are associated with a rise in productivity because competition
forces firms to invest in cost-reducing new technologies → BUT these shocks are also
associated with falls in manufacturing employment (possible negative welfare effects)
At firm level, technological innovation is positively associated with an increase in the
share of college-educated workers and their wage premium → need of well-educated
workforce to deal with technological innovation

Individuals more exposed to automation and to a decline in manufacturing employment
are substantially more likely to vote for radical-right/nationalist parties
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Social implications of globalisation & technological
change
RELEVANCE FOR POLICY
Need for import and export mixes to ensure income stability

Need for a more balanced growth model in which the economy relies on a
combination of domestic demand and export-led demand
Digitisation and globalization are not neutral in the way they create/destroy value →
need to design transition policies to help region and sectors restructure (e.g. Just
Transition Fund)
Need for appropriate education and training to meet future employment needs
If technology leads to wage inequality, welfare systems must be adapted
The absence of proper policies for reskilling and upskilling workers can lead to
greater political polarisation
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MICROPROD and COVID-19
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MICROPROD & COVID-19
CONCLUDING REMARKS
How the COVID-19 shock may have
1. Accelerated digitisation
→ as physical economic activity came to a halt, there was an increase in digital activity
→ It is inevitable that this adjustment will not reverse fully when the pandemic ends
(i) what investments are needed to enable businesses to go digital → intangible capital
and how it contributes to value added.
(ii) transferability of skills as work becomes more digital and GVCs become shorter
(ii) digital divide will manifest itself in distributional outcomes
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MICROPROD & COVID-19
CONCLUDING REMARKS
How the COVID-19 shock may have
2. Put a hold, or possibly reversed globalisation
→ Protectionist tendencies that have been increasing over the past few years found
fertile ground during the pandemic, primarily in relation to vital goods such as medical
supplies
→ the length of value chains is linked to economic efficiency gains, any attempt to boost
robustness will necessarily cost. These costs might increase prices: ECB might tghten
monetary policy and hike rates
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MICROPROD & COVID-19
CONCLUDING REMARKS
How the COVID-19 shock may have
3. What to make of the massive state interventions that we have seen in response to
collapse in economic activity - i.e. lifting of state-aid rules, the suspension of fiscal rules,
and issuance of significant common
→ State support applied bluntly to all may save viable firms, but it also sustains
unproductive zombie firms, reducing productivity in the long run.
BUT the COVID-19 pandemic have forced some of these firms to digitalise and to
increase efficiency and productivity and thus, the shock could also increase productivity
in some ways.
→ Many productive firms will be eliminated in fiscally vulnerable countries, possibly
changing the landscape of the single market
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