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1. INTRODUCTION (105)  

Recent transformations are pushing the world's 

economies towards rapid restructuring. Global 
competition increases the pressure to optimise 
production processes. New information and 
communication technologies (ICTs) are quickly 
developed. Organisations and markets are globally 
intertwined through the internet while robots, other 
digital technologies and artificial intelligence (AI), keep 
revolutionising the way products are being designed, 
produced and consumed. These technologies create 
new markets and jobs while making some traditional 
ones obsolete. (106) As a result, the structure of the 
EU's economy is changing rapidly.  

These transformations favour services over 

manufacturing, as Chart 2.1 shows. Since the turn of 
the century the EU’s service sectors have 
outperformed manufacturing in terms of growth. 
Digitalisation supports the ICT sector, which has grown 
by 80%, but its impact extends far beyond it. Apart 
from finance, the strongest contributors to growth 
include professional, scientific and technical activities 
with their highly digitalised engineering and research 
branches. All these expanding branches tend to recruit 
skilled and well-educated workers. 

                                                        
(105) This chapter was written by Jörg Peschner, Giuseppe Piroli, Joé 

Rieff and Simone Rosini. Contributions by Enrique Fernández-
Macías, Annarosa Pesole, Maria Cesira Urzí Brancati and Ignacio 
González Vázquez are gratefully acknowledged. 

(106) For a comprehensive picture of the theoretical and empirical 
discussion on the so-called "fourth industrial revolution", see 
Chapter 4 in ESDE 2016. Regarding the impact of technology 
on work, see also Goos et al. (2018). 

 

Chart 2.1 

More services, less manufacturing. 
Real value added, percentage change between 2000 and 2015, EU-28 and US 

 

Source: EU KLEMS database 

Click here to download chart. 

 
It is not only capital-intensive sectors that have 

grown fast. The most significant contribution to 
growth comes from the labour-intensive Health and 
Social Work sector, which has gained 1.4 pps in total 
added value since 2000. The sector’s expansion is 
closely related to rising longevity and demographic 
ageing.  As the population over 65 years old is set to 
increase by 50% by 2060, the Health and Social Work 
sector is expected to continue growing fast, (107) 
offering some reassurance to those who fear that an 
ever-rising number of machines will replace workers 
wherever technically possible.  

Yet capital intensity has been rising for decades. 
Several indicators suggest that production in the 
industrialised world relies increasingly on capital. As 
Chart 2.2 indicates, between 1980 and 2013 labour 
income fell as a proportion of total income in major EU 
                                                        
(107) Related professions such as nurses have in the meantime 

joined the list of top skill-shortage professions, which rely 
heavily on an adequate supply of qualified people. See 
CEDEFOP at http://www.cedefop.europa.eu/en/news-and-
press/news/skill-shortages-europe-which-occupations-are-
demand-and-why. See also Chapter 2. 
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Member States, (108) as in the US. A long-term trend 
towards higher capital intensity can be interpreted in 
two ways. The first interpretation is that companies 
are equipping their workers with more and better 
capital so as to increase labour productivity and hence 
economic growth and welfare. In this scenario, capital 
investment and labour complement each other, and 
the better skilled and qualified workers are, the 
stronger the complementarity. The second is that 
workers are losing their jobs because robots and 
computers can perform their tasks more efficiently. In 
this scenario, companies substitute capital for labour 
wherever technically possible. If so, social welfare may 
be at stake: new inequalities may arise, as more 
income goes to the owners of capital rather than to 
workers.  

 

Chart 2.2 

A decreasing share of total income is labour income 
Share of labour income in total gross value added. 

 

Source: EU KLEMS database 

Click here to download chart. 

 
Capital will destroy jobs but also bring new ones. 
This chapter shows that both scenarios will play a part 
in the future of work in the EU. Whether and to what 
extent they become reality will very much depend on 
the nature of tasks to be carried out. The relationship 
between capital and labour also depends on firms’ and 
workers’ potential for innovation and on the policy 
choices made by governments.  

The nature of work is changing. Besides its link to 
capital, the world of work is shaped by the way work is 
being organised in a more service-oriented, digitalised 
economy. (109) The impact of new forms of work, such 
as platform work, on non-standard work contracts is 
not yet clear. (110) However, one possibility that needs 
to be factored in is that permanent full-time 
employment may become less prominent in the 
                                                        
(108) Chart 2.2 shows those Member States where sufficiently long 

time series are available. 

(109) The Annex 1 presents the categorisation of new forms of 
employment suggested by Eurofound (2015). 

(110) Part-time work, temporary employment, and self-employment 
are considered non-standard work here, while standard work is 
defined as an open-ended full time working relation with a 
single employer. Defining what is 'non-standard' may become 
more controversial in the future. For example, Eurofound find 
that boundaries between dependent and self-employed work 
may become more blurred (Eurofound (2017:1), p. 24; 
Eurofound (2017:2), p. 14). 

future. (111) Organising work with fewer permanent 
full-time jobs may offer greater flexibility to both 
firms and workers. However, it would bring about new 
challenges. Non-standard work may lower work 
satisfaction and be detrimental to workers' financial 
stability. (112) Furthermore, the design of today's social 
security insurance is still aligned to dependent 
standard employment. 

After looking at how the conditions of work could 
change as non-standard forms of work emerge, this 
chapter will explore in detail the capital-labour 
relationship in the future, engaging in model 
projections for a selection of countries. 

2. THE CHANGING FACE OF LABOUR IN A 
DIGITALISED WORLD 

EU employment is at an all-time high. As 
mentioned in Chapter 1, in 2017 almost 236 million 
people were in employment, an increase of 19.5 
million since 2002. This is mainly due to a strong 
increase in female employment (+15.3 million, or 
15.3% between 2002 and 2017), population growth 
and increased employment rate of older workers. The 
number of employees has increased significantly 
(+20.2 million people in the same timespan). 

In addition, workers have become better 

educated. For decades now the EU has seen strong 
educational progress. In all Member States young 
cohorts tend to be better educated than the generation 
before them. Today more than one third of the EU's 
employed people aged between 25 and 64 are highly 
educated, an increase of 12 pps since 2002. (113) 
Amongst young workers (aged 30-34) the increase is 
much stronger (+17 pps). At the same time, 
employment of low- and medium-educated people is 
on the decline. 

 

Chart 2.3 

Structural change towards higher education 
Employment by age group and educational level in 2002 and 2016, % 

 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS) 

Click here to download chart. 

 
                                                        
(111) The long-term trend in the incidence of non-standard work is 

positive, see Eurofound (2017:2), p. 1-2. 

(112) This is a finding from Eurofound's 6th Working Conditions 
Survey, see Eurofound (2017:1), p 106, 107. 

(113) High education level corresponds to tertiary education (ISCED 
levels 5-8); medium education level to secondary and post-
secondary non-tertiary education (ISCED levels 3 and 4); and 
low education level to no more than lower secondary education 
(ISCED levels 0-2). 
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However, these figures hide the structural changes in 
the labour market which come with digitalisation. The 
next section reviews how jobs have changed in an 
increasingly digitalised environment.  

Atypical work has become more significant. 
Permanent full-time employment still represents by 
far the largest share of employment today. However, 
the rising incidence of non-standard forms of 
employment has brought with it structural changes in 
work patterns. Chart 2.4 shows that permanent full-
time employment as a proportion of total employment 
has declined by 4 pps during the last 15 years, to 
below 60% in 2016. Solo self-employment (without 
employees) has become more common, as have 
temporary and part-time contracts. The increase in 
non-standard work has disproportionately affected 
younger workers, many of whom would prefer not to 
be in that situation. (114)  

Working conditions may suffer. Technological 
progress and digitalisation led to new possibilities 
(EPSC, 2018) and labour market improvements in 
terms of autonomy, flexibility, and health and safety 
conditions. Yet, the structural changes following these 
trends impacted negatively on the working conditions 
and the quality of life of the people who were less 
equipped to reap the benefits of the changes. Similar 
results have been obtained for temporary workers, and 
the same may apply to many future workers who 
engage in new forms of work that have become more 
popular through digitalisation, such as platform 
workers (which have a high chance of being 
underemployed, as seen in Codagnone et al., 2016). 
The following section therefore gathers together what 
is known thus far about these new forms of work. 

 

                                                        
(114) For involuntary non-standard work see ESDE 2017 (Chapter 3). 

 

Chart 2.4 

Permanent full time employees still is the largest part 
by far, but decreasing 
Employment relationships - shares in 2016 and 2002 

 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS) 

Click here to download chart. 

 
For example, the regression analysis based on 
Eurofound's European Working Conditions Survey (Box 
2.4 below) reveals that the statistical odds for self-
employed workers of being satisfied with their working 
conditions overall is around half that of 
employees. (115) 

2.1. A new player on EU labour markets: 
digital labour platforms 

As a concept, so-called 'platform work' does not 

lend itself to easy definition and categorisation. 
(116) The new collaborative economy has been 
described as an interaction of business models “where 
activities are facilitated by collaborative platforms that 
create an open marketplace for the temporary usage 
of goods or services" (European Commission, 
2016). (117) Those services are usually provided online, 
by both professional service providers and private 
individuals. Prominent examples of internet-based 
'platform work' or 'crowd work' include services 
provided from home (e.g. through Twago, Upwork or 
Clickworker), mobility services (e.g. through Uber), or 
                                                        
(115) The average probably hides a heterogeneous situation. There is 

also evidence in literature showing that self-employed are 
more satisfied with their work (e.g. Millan et al., 2016). This 
may especially be the case for voluntarily self-employed, with 
more chance to gain satisfaction from the higher level of 
autonomy and flexibility. Conversely, the most negatively 
affected may be those who did not choose self-employment, 
such as the bogus self-employed.   

(116) European Parliament (2017). 

(117) European Commission (2016:2), p.3. 
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Box 2.1: Implications of temporary contracts and self-employment

Since 2000, younger people have been leaving parental homes later (especially in Eastern and Southern Member 
States), and the median age of women at childbirth has been increasing, lowering fertility in the short run. In the long 
run, pensions may be at risk. Moreover, in the absence of a long-term commitment between firms and their workers, 
temporary contracts demotivate firms from investing in people which, in turn, has an adverse impact on long-term 
productivity growth. (1) At the same time, if agriculture is excluded, (2) strong increases in the number of employees 
coincided with the increasing significance of self-employment. This is primarily due to the rising proportion of solo-
self-employed (those without employees). 

                                                        
(1) See ESDE2017 (Chapter 3) for an extensive discussion. 

(2) The agriculture sector has, together with manufacturing, seen the most significant employment losses since the turn of the 
century.  

http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-2.4.xlsx
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working in somebody else's home (ListMinut, Helpling, 
Myhammer or Taskrabbit). These companies, born in 
the last decade, have seen a marked growth in recent 
years, and a parallel increase of the heterogeneity of 
the services provided (Codagnone et al., 2016; 
Eurofound, forthcoming).   

It is known that platform workers tend to be 

well-educated and are often male. Recently, the 
European Commission's COLLEEM online survey 
conducted a new analysis of frequent internet users 
aged 16 - 74 in 14 EU countries, providing some initial 
tentative evidence on the situation of platform 
workers. (118) According to the results, respondents 
who are platform workers (particularly those for whom 
platform work is their main activity), are much more 
likely to hold a tertiary education degree than non-
platform workers (Chart 2.5). The numbers of highly 
educated people among platform workers are all the 
more remarkable given that the tasks performed by 
platform workers often do not require a high level of 
education. This may be the outcome of selection bias: 
highly educated people are more likely to use ICT 
applications. 

 

Chart 2.5 

More than half of platform workers have tertiary 
education 
Average educational attainment in the 14 countries considered by the COLLEEM survey, 
by different categories, age 25 to 74 years. 

 

Note: 1. Non-platform workers; 
2. Those for whom platform work supplies less than 50% of income; 
3. Those for whom platform work is their main job, supplying 50% or more of 
income. 

Source: European Commission´s JRC COLLEEM Survey 2017 

Click here to download chart. 

 
In addition, "access to certain global work platforms 
for non-native language speakers is likely to be 
associated with higher levels of educational 
attainment". (119) Platform workers are mostly men 
(Chart 2.6) and this gender gap widens with the 
relative importance of platform work to people's total 
income. 

                                                        
(118) The COLLEEM survey is an online panel survey on digital 

platforms commissioned by DG EMPL and coordinated by the 
JRC. It was conducted in 14 European Member States: DE, ES, 
FI, FR, HR, HU, IT, LT, NL, PT, RO, SE, SK and UK. The survey was 
conducted in June 2017, on a sample of 32 409 people (each 
country contributing around 2 300 people). See Pesole et al., 
(2018). 

(119) European Parliament (2017), p. 31. 

 

Chart 2.6 

Platform workers tend to be male, especially if this is 
their main job. 
Shares of respondents in the COLLEEM survey by age and gender 

 

Note: 1. Those for whom platform work supplies less than 50% of income;  
2. Those for whom platform work is their main job, supplying 50% or more of 
their income. 

Source: European Commission's JRC COLLEEM Survey 2017 
 

Click here to download chart. 

 
Platform workers provide a wide range of 

services, typically performing a limited number 

of tasks. Almost 40% of them perform just one task, 
20% perform two tasks and 15% three tasks. The 
tasks most commonly performed are clerical (including 
data entry, transcriptions and customer services), 
professional (including accounting, legal services and 
project management), sales and creative tasks.  

 

Chart 2.7 

Platform workers most commonly provide clerical or 
professional services 
Types of services provided, by whether online or on location 

 

Source: European Commission's JRC COLLEEM Survey 2017 

Click here to download chart. 

 
Chart 2.7 shows the marked heterogeneity which is a 
defining characteristic of platform work, and which is 
also reflected in the way in which services are 
provided. Half of platform workers provide services 
both online and on location; the other half split evenly 
between online and on location work.  

One in ten adults has experience of platform 

work. Evidence about the platform economy (what 

tasks are performed on platforms, how workers are 
organised and protected) is extremely sparse. 
European Commission's COLLEEM online survey 
provided further evidence on the situation of platform 
workers. As Table 2.1 shows, one in ten had had some 
experience of supplying goods or services on internet 
platforms. A majority of these people used platforms 
at least monthly or spent at least 10 hours a week on 
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platform work. (120) However, other surveys focusing 
on individual Member States suggest that the 
proportion of platform workers varies considerably. 
The CIPS survey for the UK reports a figure of 4% 
(CIPD, 2017), while analysis conducted by the British 
Department for Business, Energy & Industrial Strategy 
gives a figure of 4.4% (BEIS, 2018). For Germany, 
recent evidence indicates a much lower figure of only 
around 0.5% (Maier et al., 2017), while a recent cross-
national platform estimate at EU level hints at much 
higher shares of platform work in seven European 
countries, (121) ranging from 9% in the Netherlands to 
22% in Italy.  

Only a minority of platform workers make a 

living from that work, and very few people draw 
more than half of their income from such activity. The 
COLLEEM survey indicates a range from 0.6% of the 
adult population in Finland to 4.3% in the UK, and an 
average of 2.3% across 14 EU countries (Table 2.1). 
Huws et al. (2017) suggest a range from 1.6% in the 
Netherlands to 5.1% in Italy. Those magnitudes are in 
line with recent US estimates, which looked at 
platforms as an alternative type of employment and 
focused on those who mostly did platform work as a 
means of earning a living: those estimates indicated 
that in 2016, fewer than 1% of the US workforce have 
platform as a main source of income. 

However, the overall size and number of digital 

labour platforms are growing. Recent estimates 
indicate that the monetary value of transactions within 
collaborative platforms grew by 56% between 2013 
and 2014, and that transactions increased by 77% 
between 2014 and 2015. These estimates include 
accommodation and financial services as well as 
transportation, household and professional 
services. (122) The latter more labour-intensive 
categories make up about 28% of transactions. (123) 
Overall, there appears to be an upward trend in 
services demanded and provided online. This trend 
seems to be strongest in the US, but can also be 
observed in Europe (Kässi et al., 2016). 

                                                        
(120) This is in line with other research on working hours of platform 

workers, highlighting that the majority of platform workers 
provide services for considerably less time than standard 
workers (e.g. 80% of UK platform workers working less than 16 
hours per week, according to Balaram et al., 2017). 

(121) The countries analysed were AT, DE, IT, NL, SE, UK in the EU, 
and Switzerland. The number of respondents ranged from 1 
969 (in Austria) to 2 238 (in UK).  

(122) European Commission, (2016:3), p. 8.  

(123) For the estimates, see Vaughan et al. (2016).  

 

Table 2.1 

One in 10 adults have experience of platform work 
Adult population in 14 EU countries, by category 

 

Source: DG EMPL calculations based on COLLEEM survey. 

Click here to download table. 

 
One reason is the rising demand for market 

coordination services. Platforms coordinate market 
supply and consumers' demand of specific goods and 
services, providing through their algorithms an 
immediate price for each transaction, and take a share 
of it as a fee for the transaction management. 
Platforms can therefore be defined as digital networks 
that coordinate transactions in an algorithmic manner 
(Fernández-Macías, 2018). While the coordination of 
goods transactions is an established reality, online 
platforms have recently gained a much greater market 
share in coordination of services. (124) Data available 
so far focus mainly on the US market, where the 
number of people providing services on online 
platforms has risen exponentially over the last 6 
years. (125) 

As a result, platforms may blur the classical 

definition of a firm. Internet platforms play an 
innovative role in the fabric of today's world economy. 
They offer an alternative form of market coordination, 
which deviates from the classical distinction between 
markets and entrepreneurial undertakings. In "The 
Nature of the Firm" (1937), Coase argued that firms 
pool capital and labour under their 'roof'’ to reduce 
asymmetry of information and the costs of 
transactions. However, the logic behind establishing a 
firm may no longer hold today, as resources are 
increasingly pooled on digital platforms that may 
                                                        
(124) Uber arrived in Europe (more precisely in Paris) in December 

2011, and it was not until July 2012 that it expanded into 
another EU Member State, the UK.  

(125) Again for Uber, the number of active drivers-partners (defined 
as those providing a minimum of four rides a month) in the 
United States rose from less than 5 000 in July 2012 to above 
150 000 in January 2016 (Hall and Krueger, 2015).  
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consist of an indefinite number of single, independent 
workers. (126) 

But platforms can prevent market failures. 

Digitalisation may have made Coase’s asymmetry 
argument outdated. Low quality suppliers typically sell 
at lower prices than high quality suppliers. If buyers 
cannot distinguish between good and bad quality of 
products or services, those suppliers offering good 
quality will be discouraged from market participation, 
as consumers become unwilling to pay for them. 
Hence situations might arise where only bad quality 
products or services are left in the market and 
therefore no trade takes place (Akerlof, 1970). By 
increasing transparency through providing more 
information to buyers, platforms (as intermediaries) 
may help to avoid this sort of market failure 
(Petropolus, 2017). As a result, platforms may reduce 
asymmetric information between buyers and sellers 
and thereby reduce the risk of market failure. 

Therefore, platform workers may well increase 

productivity. New forms of work such as 
collaborative work on internet platforms may still be 
the exception today. However, the nature of these 
services is their global reach and easy availability at 
low transaction costs. Indeed, "with peer-to-peer 
platforms, activities are amenable to decentralised 
production, unlocking previously unused or underused 
assets." (127) Accordingly, new forms of work can be 
expected to become more prominent in the future as 
they improve global resource allocation and increase 
productivity.  

But who skims the corresponding welfare 

surplus? Typically self-employed, platform workers - 

or at least those offering standard products – may 
feel the pressure of global competition and may often 
accept low prices for their services, especially those 
providing offline services. The OECD concludes that 
"such work frequently has no social security coverage, 
can be terminated at will, and wages are low due to a 
high level of competition", so that its emergence risks 
a "race to the bottom in both pay and working 
conditions." (128) This means that the surplus of higher 
productivity would not be appropriated by those 
providing services on platforms but by those 
demanding their services, who have "access to a much 
larger pool of skills and experience at a fraction of the 
cost of hiring workers on traditional contracts." (129) 

Many platform workers are self-employed. It is 

difficult to classify platform workers by their 
employment status. The COLLEEM survey finds that 
half of those for whom platform work is their main 
activity see themselves as fully or partly self-
employed (Chart 2.8) while 38% see themselves as 
                                                        
(126) See Eurofound on 

https://www.eurofound.europa.eu/observatories/eurwork/industri
al-relations-dictionary/crowd-employment. 

(127) Bakhshi et al. (2017), p. 25. 

(128) OECD (2017), p. 14. 

(129) Ibidem. 

employees. There is evidence that workers on online 
platforms, in particular, see themselves as "typically 
freelancers or self-employed rather than 
employees." (130) A first tentative analysis that 
combines COLLEEM data with longitudinal information 
from the Labour Force Survey shows evidence that 
self-employed platform work has during the last five 
years has increased much more than self-employment 
in the entire economy. Annex 2 presents the details. 

 

Chart 2.8 

Not all platform workers see themselves as self-
employed 
Self-defined employment status of platform workers, compared with overall population 
data. 

 

Note: “Self-employed": respondents declaring themselves to be self-employed as main 
occupation and nothing else; 
"Employee": respondents declaring themselves to be employee as main 
occupation and nothing else; 
"Employee and self-employed" respondents seeing themselves as employees in 
their main activity, and self-employed in their secondary activity; 
"Not employed": respondents showing the share of respondents who are 
unemployed, retirees, students, and homemakers 
"Not employed and self-employed": respondents not participating in the labour 
force as main activity, but who work as self-employed as secondary activity 

Source: European Commission´s JRC COLLEEM Survey 2017. 

Click here to download chart. 

 
As a result, many platform workers may not be 

covered by social protection systems as they are 

now constituted. Platform workers are often not 

considered as employees (European Parliament, 2015), 
and, also due to its heterogeneity, challenges existing 
regulatory frameworks (de Groen et al., 2018). Given 
the lack of a formal employment relationship, they are 
likely to be categorised as self-employed (131) workers 
for whom access to social protection is often a 
problem. Chapter 5 will point out that this gap may 
force social security schemes to re-invent themselves, 
and will highlight the Commission's recent policy 
response on access to social protection. (132) Like other 
non-standard and self-employed workers, platform 
workers may not be legally entitled to be a member of 
a social protection scheme. Even those who are 
formally covered may have no effective access, either 
because coverage is too expensive in the absence of 
an employer paying a share of social contributions, or 
because they do not fulfil the eligibility criteria 
(European Commission, 2018). (133) For instance, a 
                                                        
(130) European Commission (2016:3), p. 38.  

(131) This may, however, vary from country to country: some national 
authorities may assess employment status on the basis of the 
facts, others’ assessments may rely on the formal contract of 
the worker with the platform (European Parliament, 2015). 

(132) European Commission (2018:4). 

(133) European Commission (2018:5). 

0% 20% 40% 60% 80% 100%

No platform

Not sign PW

Sign. not main PW

PW as main

Self-employed Employee

Employee and self-empl. Not employed

Not employed and self-empl

https://www.eurofound.europa.eu/observatories/eurwork/industrial-relations-dictionary/crowd-employment
https://www.eurofound.europa.eu/observatories/eurwork/industrial-relations-dictionary/crowd-employment
http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-2.8.xlsx
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number of countries prescribe a minimum period for 
which an individual must have been employed before 
being able to claim benefits. (134) 54.4% of the EU's 
self-employed are at risk of being excluded from 
access to unemployment benefits. (135)  

As the collaborative economy becomes 

increasingly important, a larger number of 

people may not be covered against the risks of 

unemployment. This, when coupled with their low 
pay, may make platform workers one of the most 
vulnerable groups in the labour market. Their weak 
market power may reinforce current tendencies 
towards job polarisation, unless they benefit 
significantly from more efficient social dialogue 
(Chapter 6). 

2.2. Accelerating job polarisation 

Recent evidence suggests that the proportion of 

workers in mid-paid occupations is shrinking. To 
establish the relevance of job polarisation in European 
economies, the methodology suggested by Goos et al. 
(2014) is applied here. Using EU-LFS micro-data, 
occupations are grouped according to their mean wage 
in low, middle, and high-paying occupations. (136) Chart 
2.9 shows the change in the employment share of 
each wage group between 2002 and 2016 for EU 
Member States. It reveals that polarisation affected all 
countries, albeit to a different degree. Low-paying and 
high-paying jobs continue to increase, while middle-
paying occupations seem to shrink fast. These findings 
are consistent with those by Goos et al. (2014). (137) 

                                                        
(134) European Commission (2017): Access to social protection for 

people working on non-standard contracts and as self-
employed in Europe. A study of national policies. 

(135) Ibidem. 

(136) The three categories are defined in the following way. High-

paying occupations: Corporate managers; Physical, 

mathematical, and engineering professionals; Life science and 
health professionals; Other professionals; Managers of small 
enterprises; Physical, mathematical and engineering associate 
professionals; Other associate professionals, life science and 
health associate professionals. Middling occupations: 

Stationary plant and related, stationary plant and related 
operators; Metal, machinery and related trade work; Drivers and 
mobile plant operators; Office clerks; Precision, handicraft, craft 
printing and related trade workers; Extraction and building 
trades workers; Customer service clerks; Machine operators and 
assemblers; Other craft and related trade workers. Low-

paying occupations: Labourers in mining, construction, 

manufacturing and transport; Personal and protective service 
workers; Models, sales persons and demonstrators; Sales and 
service elementary occupations. 

(137) Some literature challenges this approach and its results 
"arguing that rather than a pervasive process of polarisation 
there was a plurality of patterns of structural employment 
change across Europe" (Fernández-Macías, 2012). 

 

Chart 2.9 

The proportion of middle wage workers is shrinking 
everywhere. 
High, middle and low-paying jobs in the EU - change from 2002 to 2016 in pps. 

 

Source: DG EMPL calculations based on EU LFS 

Click here to download chart. 

 
Low pay does not imply low qualifications, 

particularly for platform workers. Each of the 
three pay groups (high, middle and low paid) can be 
found in low, medium and highly educated jobs. (138) 
Chart 2.10, 2.11 and Chart 2.12 show that there is a 
very clear trend towards highly-educated labour in all 
pay groups, while workers with only low level 
education are getting less of the work available, not 
only in high-pay occupations but also in medium and 
(especially) low pay occupations.  

 

Chart 2.10 

Highly paid jobs: the highly educated increase their 
share of work in all Member States 
2016-2002 change in employment shares by education level in pps – high-paying 
occupations 

 

Note: Czech Republic, Malta and Hungary excluded due to missing data. 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS) 

Click here to download chart. 

 
 

                                                        
(138) High education level corresponds to tertiary education (ISCED 

levels 5-8); medium education level to secondary and post-
secondary non-tertiary education (ISCED levels 3 and 4); and 
low education level to no more than lower secondary education 
(ISCED levels 0-2). 
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Chart 2.11 

Middle-pay jobs: high and medium-educated work is 
increasing 
2016-2002 change in employment shares by education level in pps – middle-paying 
occupations 

 

Note: Czech Republic, Malta and Hungary excluded due to missing data. 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS) 

Click here to download chart. 

 
 
 

Chart 2.12 

Low-pay jobs: More highly educated, less low-educated 
work, even in low-paid occupations 
2016-2002 changes in employment share by education level in pps – low paying 
occupations 

 

Note: Czech Republic, Malta and Hungary excluded due to missing data. 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS) 

Click here to download chart. 

 
There is an increasing demand for highly 

educated workers, even in low-paying jobs (Chart 
2.12). This means that a growing number of workers 
with good qualifications are working below their 
qualification level (ILO, 2014), which is very likely to be 
the case for (typically well-educated) platform 
workers. Workers tend to be concentrated at the 

extremes of the wage distribution. And within each pay 
segment, there is a general demand for higher 
qualifications. (139)   

Job polarisation has been occurring for some 

time. Recent economic literature (140) favours using a 
single index - the Job Polarisation Index (JPI), see Box 
2.2 - to measure polarisation over time, for either skill 
level or pay level.   

The JPI traces what happens to “medium-level” jobs. 
The index points to higher polarisation at a point in 
time if the proportion of “medium-level” jobs, relative 
to its average in previous years, has fallen (and vice 
versa). (141) The index also registers changes in the 
proportion of medium-level jobs that come about in a 
very imbalanced manner, e.g. if there is a strong 
change to either low or high-level jobs. Such an 
'imbalance effect' would inflate the JPI. Using the 
three pay segments in Chart 2.9, it is possible to 
calculate the JPI since 2002. 

The trend towards job polarisation peaked in 

2011, as Chart 2.13 shows. The index shows positive 
values at the aggregate (EU-26) level for all years, but 
with a spike in 2011. The 2011 spike could be 
observed in all Member States. (142) 

                                                        
(139) Increased upward skill pressure is a finding that also holds if 

one ranks employees (instead of occupations) according to 
their wages.  

(140) Sparreboom and Tarvid (2016) developed the polarization 
index using three groups of occupations categorised by skill 
level; we apply the index to occupational groups classified by 
pay level.  

(141) Sparreboom and Tarvid (2016) use the average of the five 
previous years to avoid cycle effects. In our application only the 
previous two years have been used due to the short time series 
available. 

(142) Except Malta and Croatia, excluded due to missing data. 
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Box 2.2: Job polarisation index (JPI)

JPI is composed of two terms. The first measures the growth in the share of “low-level” and “high-level” jobs (the 
negative of the change in the proportion of medium-level jobs). The second accounts for the imbalance, which is the 
greater the more the change in the proportions of low and high level jobs differ from each other: 

𝐽𝑃𝐼 =  
1

2
 ×  ∆2

   𝑙 +  ∆2ℎ      ×  1 +   ∆2
   𝑙 −  ∆2

   ℎ  × 100, 

where ∆2
   𝑙 and ∆2

   𝑚 are the change in the proportion of low-level and high-level jobs at year t compared with the 
average level of the previous two years. Hence, the value of the index is zero if the proportion of “medium-level” jobs 
has not deviated from its reference value. 

JPI distinguishes two situations. Both have in common that the share of "medium-level" jobs declines. 

1. True polarisation: the proportion of both "low-level" and "high-level" jobs increases (first bracket). 

2. Skill or wage upgrading: only the proportion of “high-level” jobs grows (second bracket). 

http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-2.11.xlsx
http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-2.12.xlsx
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Chart 2.13 

Job polarisation peaked in 2011 
Job polarisation index (JPI) from 2002 to 2016 

 

Note: Malta and Croatia are excluded due to missing data. 

Source: DG EMPL calculation based on Labour Force Survey (EU-LFS), following 
Sparreboom and Tarvid (2016) 

Click here to download chart. 

 
While signals of job polarisation were present before 
the "Great Recession", such phenomenon strongly 
accelerated during 2011 and 2012. According the 
literature on the topic, globalization, technological 
change and routinization are considered the main 
drivers (Goos et al., 2014; Autor et al., 2003). Since the 
onset of recovery in 2013, job polarisation has fallen 
close to zero, indicating that the tendency for different 
occupational groups to drift apart has stopped (at 
least for now).  

A declining group of workers with “middle level 

pay” means that pay levels are becoming 

polarised, rather than generally upgraded. Wage 

polarisation is happening in a relatively balanced way: 
both low-paid and highly paid jobs are tending to 
increase, so that it is possible to speak of "true 
polarisation" of pay levels (see Box 2.2). 

The declining share of work going to workers 

with middle levels of education is thought to 

signify that education is being upgraded, rather 

than polarised. Calculation of the index by reference 

to level of education (rather than pay) produces very 
different results. The last 15 years have seen a 
general upward trend in educational attainment. As 
result, the polarisation index shows lower magnitudes 
(even negative change) despite a much more 
significant imbalance effect. This is because positive 
changes in the proportion of highly-educated workers 
tend to be larger than the negative changes in the 
proportion of workers with only low level education.  

The increasing use of labour platforms could, in future, 
lead to greater polarisation of wages. Workers on 
collaborative platforms tend to receive low pay. If the 
future brings more of these platforms, this may 
therefore mean that 'true' wage polarisation will 
become a bigger problem. At the same time, workers 
on collaborative platforms are relatively well educated, 
leading to an overall upgrading of workers' education 
and, in combination with low pay, potentially 
aggravating skill mismatches (through over-
qualification). 

3. LESS LABOUR, MORE CAPITAL? 
EXISTING EVIDENCE 

Historically, processes of technological change 

fuelled growth and improved workers’ skills. The 

first and second industrial revolutions were pivotal 
moments in modern economic history. Sparked by 
major technological achievements (e.g. steam engines, 
telegraph, electrification, vulcanisation of rubber), 
large companies replaced small artisanal workshops. 
At the same time, tasks within these larger companies 
were simplified, and workers became more specialised 
so as to increase productivity. (143) Demand for 
workers increased, attracting rural populations to the 
cities. Later, full exploitation of increasingly complex 
new technologies required more and more new 
qualifications. As a result, the increasing demand for 
qualified workers drove the expansion of the education 
system; and many workers had the chance of 
upgrading their skills. This process has been called 
"Skills-Biased Technological Change” or SBTC (Katz and 
Murphy, 1992). Based on individual data, Biagi et al. 
(2018) find fresh evidence that the odds of being 
automatized is decreases quickly as people attain 
higher formal qualifications. (144) 

Today, technological change seems to be steered 

not only by qualifications but also by routines. 
Another theoretical strand known as “Routine-Biased 
Technological Change (RBTC)” (145) looks at tasks and 
the degree to which they can be automated (and 
separated) from other tasks. Tasks which allow for 
automation are more likely to be allocated to 
"machines" than workers, where "machines" refer to 
hardware, software and combinations of the two (such 
as robots). 

This implies that skilled workers are not safe 

from being displaced. Over the last three decades, 
capital has increasingly taken over routine tasks – not 
only from low-qualified workers but also notably from 
medium-qualified workers (e.g. numbers of plant and 
machine operators and assemblers declined by 13 pps 
between 2008 and 2016). The same phenomenon was 
seen in the service sector (e.g. numbers of clerical 
support workers fell by 10 pps in the same 
period). (146) Automation and digitalisation enabled 
these tasks to be performed more efficiently, while the 
price difference between labour and capital continued 
to increase. (147) The result was more substitution of 
                                                        
(143) Frey and Osborne (2017), p. 254-280. 

(144) Controlling for other relevant variables such as the type of 
contract or migrant status, the odds for secondary (tertiary)-
educated workers is 62% (95%) lower than the odds for the 
primary educated. Biagi et al. (2018), Table 3. 

(145) Autor, Levy, and Murnane (2003); Acemoglu and Autor (2011). 

(146) Moreover, it has to be noted that even a constant number of 
workers in an occupational group translates into a relative 
decrease, due to the overall increase in the sheer number of 
workers in Europe in the last decade. 

(147) Low-skilled workers suffered less from this process in more 
developed countries, given that technological change had 
already cut large numbers of them. 
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capital for labour. Economists refer to this 
development as “Routine-Replacing Technological 
Change” or RRTC (Acemoglu and Autor, 2011).  

There are growing concerns about future 

technologies facilitating substitution of routine 

jobs as well as of some currently non-routine 

tasks. The combination of digital sensors and 
algorithmic control of machines is expected to expand 
further the range of tasks machines can perform. As a 
result, the effect on employment in the future may be 
different from what has been experienced so far. 
Today’s routine tasks, characterised by repetition and 
standardisation, may gradually disappear as machines 
are introduced to do them. (148) A similar fate may 
befall tasks which, though not routine by today's 
standards, may become so in the near future as 
technology makes them routine. (149) 

Evidence about the extent to which people could 

be replaced by machines is controversial. A high 
level of uncertainty accompanies different authors’ 
estimates, as they are highly sensitive to the choice of 
data sources and the methods used to categorise 
tasks. (150) Arntz, Gregory and Zierahn (2016), using 
PIAAC data from 2012, estimated the automatibility of 
jobs for 21 OECD countries based on a task-based 
approach. This approach breaks down jobs into 
different kinds of tasks, categorising them into: routine 
versus non-routine tasks; manual versus 
abstract/cognitive contents; and more versus less 
interactive. Routine manual tasks involve repetitive 
and physical labour that could easily be replicated by 
automation, as could cognitive tasks requiring the 
collection and processing of information. Taking the 
heterogeneity of workers’ tasks within occupations into 
account, they found that relatively few jobs are 
automatable, ranging from 6% in Estonia to 12% in 
Germany and Austria. However Lordan (2018) (151), 
using Autor and Dorn (2013) definitions of a ‘routine 
task intensity’ for each occupation  (see Box 2.3), 
estimated that - with today's technological frontier – 
the jobs that could be automated range from 37% of 
current employment in Norway to 69% in the Czech 
Republic.  

Moreover, robots are becoming ever more 

intelligent. The potential for outsourcing tasks from 

people to machines depends mainly on the importance 
of human interactions in performing the tasks. 
Algorithms built into robots are increasingly 
performing like the perceptual parts of the brain, 
resulting in robots making large strides in their non-
cognitive abilities, such as human interaction and 
perception. (152) This suggests that, in the long run, the 
                                                        
(148) Fernández-Macías, 2018. 

(149) Eurofound, 2016. 

(150) Biagi and Lago, 2018. 

(151) This study has been carried out for the European Commission 
in the context of the Social Situation Monitor. See 
http://ec.europa.eu/social/main.jsp?catId=738&langId=en&pubId
=8104&furtherPubs=yes  

(152) Pratt (2015). 

potential for automation is higher than current 
estimates suggest. (153)  

The number of robots keeps growing. The stock of 
industrial robots in the EU has increased impressively 
in the last 25 years. According to data from the 
International Federation of Robotics (IFR), (154) it has 
more than quadrupled, even though its growth slowed 
after the onset of the crisis (see Chart 2.14). The EU 
country with by far the most robots is Germany, with 
its highly automated automotive sector. 

 

Chart 2.14 

Robotisation is increasing 
Level and growth of the operational stock of robots in the EU28 

 

Source: DG JRC calculations based on data from International Federation of Robotics 

Click here to download chart. 

 
The markets for robotic technologies and 

Artificial Intelligence (AI) are growing fast. 

According to recent forecasts, (155) global spending on 
robots will be USD188 billion in 2020, whereas in 
2016 it was less than half that. By 2025 the 
worldwide AI market is expected to be worth around 
USD59 billion, which is a significant increase on the 
USD1.8 billion spent in 2016. (156) The extensive use of 
AI and robots is one of the megatrends most likely to 
generate the higher productivity growth which is so 
urgently needed in ageing societies, (157) but it will also 
put many of today's jobs at risk while creating others. 

Robots are becoming ever cheaper, compared 

with human labour. The cost of labour and the cost 
of capital seem to be diverging strongly. In the US the 
real price of robots has halved since 1990, while that 
of labour has nearly doubled (see Chart 2.15).  

                                                        
(153) Brynjolfsson and McAfee (2017) recently revived the debate on 

the possibility of modern robots and artificial intelligence 
automating non-routine labour tasks. 

(154) The IFR defines an industrial robot as “an automatically 
controlled, reprogrammable, multipurpose manipulator 
programmable in three or more axes, which can be either fixed 
in place or mobile for use in industrial automation applications.” 

(155) IDC, January 2017. 

(156) Tractica, Artificial Intelligence Market Forecasts, September 
2017. 

(157) European Commission (2018:2). 
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Chart 2.15 

Labour costs are increasing while robots become ever 
cheaper. 
Robot prices and labour compensation index in the US, 1990=100 

 

Source: McKinsey&Company, 2017 

Click here to download chart. 

 
Job losses due to robots have mainly occurred in 

manufacturing, where, according to available data, 
85% of the operational stock of industrial robots is 
used. Chart 2.16 shows, for a selected number of 
countries, a positive correlation (+0.58) in 
manufacturing between the robot intensity (number of 
robots/number of workers) and total factor 
productivity (value added per hour worked). 

 

Chart 2.16 

There is a positive correlation between the use of robots 
and productivity 
Robot intensity and total factor productivity in Manufacturing between 2015 and 2010 

 

Note: Limited selection of countries due to missing data. 

Source: DG EMPL calculation based on data from IFR and EU KLEMS 

Click here to download chart. 

 
Within manufacturing, the automotive industry 
employs most robots (see Chart 2.17), finding them 
particularly useful because much of that industry’s 
work involves carrying out specific repetitive actions 
with little variation, but to a high degree of precision 
and accuracy. 

 

Chart 2.17 

The automotive sector is the main user of robots within 
manufacturing. 
Main sectors using industrial robots - Operational Stock (% of total manufacturing), EU 

 

Source: DG JRC calculations based on data from International Federation of Robotics 

Click here to download chart. 

 
There are also concerns about the quality of 

work in the age of digitalisation. The digitalisation 
of processes and the changes brought by the 'Internet 
of things' (with sensors all along the production 
process, from inputs to outputs) make processing, 
storage and communication of information easier and 
faster. Several available forecasts point to the positive 
effects of digitalisation: estimates for Germany 
suggest EUR 30 billion per year, or 1% of GDP (Gerbert 
et al., 2015), while the potential for revenue growth 
would be close to 3% a year in cases of high 
digitalisation (Schrauf and Berttram, 2015). However, 
workers may lose autonomy. Entire production strands 
may disappear, while activities may be outsourced and 
subcontracted. Workers may then be pushed into self-
employment with little social protection. In addition, 
the blurring of boundaries set by European labour law 
raises concerns about the representativeness and 
effectiveness of collective agreements (Fernández-
Macías, 2018).  

Consequently, working conditions may be 

affected by digitalisation. Indeed, the regression 
analysis presented in Box 2.4 on the basis of 
Eurofound's 6th European Working Conditions Survey 
(2015) finds that prominent concomitants of 
digitalisation, such as dependence on machines and 
permanent exposure to electronic tools, clearly reduce 
overall job satisfaction. "New technology standardises 
the work to a degree and constrains the autonomy of 
high-skill professionals." (158) 

                                                        
(158) Kornelakis and Petrakaki (2017). 
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(Continued on the next page) 

Box 2.3: Job displacement through machines could be significant – two concepts

Autor and Dorn (2013) define 'routine task intensity' (RTI) 

for occupations. Three types of tasks are distinguished: 

Routine tasks involve a predictable sequence of actions 

which are easily codifiable. Replacement of people by 

machines is relatively easy in this case. Conversely, 

manual tasks require actions that are not generally 

predictable, so substitution with technology has so far 

been limited. Abstract tasks require high-level thinking 

that is complementary with technology. Therefore, many 

routine tasks, but few manual and few abstract tasks 

involve low RTI. An occupation is defined as automatable 

if its RTI is in the top 30% of all occupations. Based on 

the Autor-Dorn definition, Lordan (2018) calculates the 

share of automatable jobs for the decades starting in 

1990, 2000 and 2010.  
 

Chart 1 

Based on Autor and Dorn (2013), almost 40 % of 
jobs in Germany and Italy could already have been 
automatable in the past. 
Share of automatable employment in selected countries following Autor and Dorn 
(2013) 

 

Source: Lordan (2018), based on Autor and Dorn (2013) 

 
Lordan (2018) re-calculates the proportions of 
automatable employment using the definition put 
forward by Lordan and Josten (2017) who considered 
jobs that are currently automatable, given the 
technologies that are now available. Those jobs are 
labelled recently automatable. The share of 

automatable jobs ranges from 37 % (Ireland) to 69 % 
(Czech Republic). 

1. Jobs that require interpersonal skills are unlikely to 
be automated (non-automatable jobs). Examples 

include aerospace engineers, mathematicians, 
nurses, teachers, economists, psychologists and 
hairdressers. 

2. Jobs requiring some interpersonal interaction but 
which are also characterised by a more predictable 
sequence of events. In this category of polarised 

automatable jobs, although the technology is 

available, it will be able to take on some tasks but 
not others. Human employees will be retained in 
establishments where personal interaction still holds 
some value and robots will be utilised where it does 
not. An example here is waiting staff where 
machines are unlikely to displace waiters offering a 
fine dining experience. Another is lawyers, where 
machines can substitute for synthesising large 
volumes of text from law books but cannot 
substitute for the abstract thinking evidenced by top 
barristers during serious trials. 

3. Fully automatable jobs are usually those where 

previously high R&D investment (patents being an 
indicator) has resulted in machines being able easily 
to replace people and where personal interaction 
does not play an important role. In such jobs, 
customers may be unconcerned whether the job is 
done by a robot or a human being. Here, there have 
been significant developments to the extent that 
Lordan and Josten (2017) predict a cull of jobs in 
the next decade. Vehicle drivers, packers, power 
plant operators and mail carriers belong to this 
category. 

 

Chart 2 

With today's technologies the proportion of 
automatable jobs could reach 70 % in some 
countries. 
Share of automatable employment in selected countries following Lordan and 
Josten (2017) 

 

Source: Source Lordan (2018), based on Jordan and Josten (2017) 
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Nonetheless, digitalisation may also create new 

jobs. Arntz et al. (2016) find that job destruction has 
so far been limited, as robots replace tasks rather than 
workers. They conclude that the human presence could 
never be replaced completely. The case of Germany 
supports this finding. Germany has the highest share 
of robots in the EU (almost 3 times the EU average), 
giving it a high potential to automate routine tasks. Yet 
there is little evidence of robots having a negative 
effect on jobs. Indeed, employment contractions in 
some sectors (especially manufacturing) have so far 
been compensated for by positive spill-overs into 
service sectors (Dauth et al., 2017).  

Displacement of workers by machines is only the 

first-round effect on the labour market. 
Digitalisation affects the economy, not only through its 
potential to automate routines, but also because it can 
yield significant cost savings and induce demand-side 
economies of scale through network effects. (159) The 
cost savings and network effects give customers 
better value from digital products as the number of 
customers increases, (160) potentially creating 
additional jobs. New technologies, even when 
                                                        
(159) "Size begets size: The more sellers [online platforms] can 

attract, the more buyers will stop there, which attracts more 
sellers, and so on." (The Economist, Jan 20, 2018, p. 11) 

(160) Fernández-Macías (2018). 

Box (continued) 
 

 

 

 

 

 

 

 
 

These projections range at the upper margin of 

estimates on potential future job losses due to 

automatisation. However, other authors confirm that 

losses could be significant.  

Nedelkoska and Quintini (2018) find that 46% of jobs in 

32 OECD countries have a probability of being 

automated of 50% or more (1) 

                                                        
(1) Nedelkoska and Quintini (2018), p. 47. 

Box 2.4: Working conditions and digitalisation: Evidence from Eurofound's 6th European Working Conditions Survey

A logistic regression analyses the determinants of workers' job satisfaction, using micro data from the European 
Working Conditions Survey conducted in 2015 in 35 European countries. Taking into account a series of relevant 
control variables (see note below the chart), the chart shows the following facts: 

 Dependence on machines: Exposure to machines while being dependent on their speed reduces workers' 

statistical odds of being overall more satisfied by one third.  

 Working with digital tools: exposure to computers, smartphones etc. tends to increase job satisfaction 

somewhat. However, after a certain degree of exposure it starts to decline again.  

 Employment status: The job satisfaction of the self-employed is below that of employees. (1)  

 Relatively low satisfaction in ICT: Job satisfaction in the ICT sector is more than 20% lower than in 

manufacturing. 
 

Chart 1 

Job satisfaction strongly reduced by dependence on machines and much lower for the self-employed 
Logistic regression, showing the odds of experiencing higher job satisfaction, relative to the reference group (=1 in dark bars) 

 

Note: Controlled for age, sex, education, private/public sector, family context, migration background of parents, own migration background, country of observation 
** , * : significant at below 1%, 5%, resp. 

Source: DG EMPL calculations based on Eurofound's 6th European Working Conditions Survey form 2015. 

  
                                                        
(1) The coefficient is not statistically significant due to the low number of self-employed in the sample. 
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displacing workers in the first instance, can create jobs 
in the medium term by expanding demand for new 
machines and related services. They can improve 
labour allocation and increase productivity, as workers 
who are displaced (as their tasks are taken over by 
machines) are re-allocated to new tasks. (161) Much will 
depend on whether or not education and training 
systems are agile enough to respond appropriately to 
fast-changing technological opportunities. (162) The 
following country-specific model-based case studies 
demonstrate these points. 

4. JOB DESTRUCTION AND JOB 
CREATION: A MODEL-BASED 
PERSPECTIVE  

4.1. Italy: capital deepening continues, 
substitution mainly occurs in 
manufacturing. 

In a world where neither the emergence of new 

technologies nor exogenous shocks can be 

accurately predicted, it is increasingly complex 

to foresee the nature of future structural change and 
its implications for employment. This section attempts 
to look ahead to the year 2030. It uses the EU KLEMS 
growth and productivity accounts (163) and adapts their 
projection methodology so as to make it simpler and 
more accessible. Given that EU economies differ 
greatly in terms of their sectoral composition, model 
simulations have been carried out for individual 
Member States, not for the EU-28 in aggregate. In this 
sub-section, the case of Italy is used as a proxy, based 
on the assumption that future structural changes are 
of vital importance to a country where “long-standing 
structural weaknesses contribute to high levels of 
poverty and income inequality.” (164) The approach is 
validated by simulations for other EU Member States, 
which are largely in line with the results obtained in 
this section. 

A baseline scenario until 2030  

Since the year 2000, Italy has seen stagnating 

real GDP and low productivity growth. The 
building blocks of economic growth are capital, labour 
and total factor productivity (TFP) - a measure of how 
efficiently capital and labour are used in the 
production process. Efficiency gains may come from 
product innovations, technological progress or 
organisational improvements. (165) Over the last 15 
                                                        
(161) Acemoglu and Restrepo (2017). 

(162) Bakhshi et al. (2017), p. 89. 

(163) Available online at http://www.euklems.net/project_site.html. 
For an overview see Timmer et al. (2007). 

(164) European Commission (2018:3), p. 1. 

(165) See http://www.businessdictionary.com/definition/total-factor-
productivity-FTP.html. Unlike EU KLEMS the simplified growth 
account does not explicitly consider intermediate input as a 
third production factor. Hence the concept of TFP (as the 
residual contributor to growth) used here is different from the 
original KLEMS database. 

years, capital, labour and TFP have not expanded 
Italy's production: average annual economic growth 
has been nearly zero since the year 2000, dragged 
down by steep declines in two sectors that between 
them provide more than 20% of Italy's total 
production: manufacturing (-0.7% per annum) and 
transport/logistics (-0.4% per annum). The financial 
crisis has pushed the country into a double-dip 
recession so severe that today's production (real 
added value) is still considerably below the 2008 level. 
The same is true for overall employment, where 
manufacturing saw the strongest absolute decline 
following the crisis, although employment gains were 
realised in labour-intensive service sectors. Those 
include professional, scientific and technical activities, 
but also accommodation and health/social work.  

Capital intensity is increasing. As is the case in 
many other EU countries, one decisive feature of 
Italy's long-term growth trend is an almost continuous 
deepening into capital. On average, workers are being 
endowed with more and more capital in the production 
process. Capital deepening had two faces though. 
Before the crisis, investment was in line with the euro 
area's average so that the capital stock grew faster 
than employment. During the crisis, capital intensity 
increased despite declining investment, as a result of 
layoffs. (166) As capital intensity increased in most 
sectors, an extrapolation of this trend based on a log-
linear regression seems an appropriate assumption for 
a base scenario which rests on continuously increasing 
capital intensity, but at a declining pace of 0.7% every 
year on average between 2015 and 2030, down from 
1.7% during the period between 2000 to 2015 (Chart 
2.18). 

 

Chart 2.18 

Rising capital intensity in most sectors 
Capital per worker ratio, 1995 = 100, Italy (selected sectors) 

 

Note: Projection: Log-linear trend regression. 

Source: DG EMPL calculations based on EU KLEMS database 

Click here to download chart. 

 
Capital deepening can replace workers – and 

create jobs. The extent to which countries rely on 
capital in their production process strongly determines 
their long-term growth path and labour market 
conditions. However, looking to the future there are 
major uncertainties because important assumptions 
have to be made about the nature of physical 
investment. It can be hypothesised that, in an attempt 
to improve profitability, firms may deepen capital in 
order to replace workers wherever strong automation 
                                                        
(166) European Commission (2018:3), p.11. 
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potential induces them to do so. On the other hand, 
physical and human capital may be complementary 
where physical investment leads to innovation (167), 
thereby lifting productivity and generating new jobs in 
newly developed markets. 

Capital intensity and productivity are linked. A 
regression analysis (Annex 3) confirms that faster 
capital deepening tends to increase Total Factor 
Productivity (TFP). Endowing more workers with capital 
would improve resource allocation and thus be 
conductive to higher efficiency (TFP). On these 
projections, Italy's sluggish overall efficiency gains 
could continue until 2030 (+0.2% per year, see Chart 
2.19).  

Future employment growth depends on economic 

growth and on the technology applied in 

production. To answer the question of how the labour 
market (employment) will develop until 2030 in a base 
scenario, the following assumptions have to be made 
in addition to the assumption about the degree to 
which the economy will continue capital deepening 
(the Annex 3 presents the details): 

 An assumption about future economic growth per 
sector, where the base scenario has been aligned 
to the overall (total-economy) growth rate as 
projected in the 2018 Ageing Report. (168) This 
assumes the economy will, on average, grow by 
0.6% per year between now and 2030 (as opposed 
to the 0% growth which typified the last 15 years). 

 

Chart 2.19 

TFP is stagnant overall 
Total Factor Productivity, 1995 = 100, Italy (projection based on a regression) 

 

Note: Projection: A simple regression model with log (Capital Intensity) as independent 
variable. Controlled for sectoral specificities (sector dummy) and the year. 

Source: DG EMPL calculation based on EU KLEMS data 

Click here to download chart. 

 
 An assumption about what production technology 

will look like: in particular, it is important to make 
assumptions about how the input of capital and 
labour and the degree of efficiency in production 
(TFP) will drive economic growth in each of the 
sectors. The technical link between output and 
those three contributors to growth is calculated 
with the help of one production function for each 
of the 16 sectors included in the analysis. This 
information is important as it defines the degree to 

                                                        
(167) Especially ICT investment is found to correlate positively to 

innovation. See Hall et al. (2010). 

(168) European Commission (2017:2), European Commission 
(2018:1). 

which capital can be substituted for labour without 
causing any loss in output. 

Based on the assumptions about growth performance 
and capital intensity, it is possible to use the 
production function to work out the labour volume 
used in production from the level of production. The 
labour volume is the product of the number of workers 
(employment) and the number of hours worked per 
worker, the latter being influenced by the prevalence 
of part-time work. 

The base scenario shown in Chart 2.20 comes close to 
representing accurately Italy's growth and labour 
market performance before the onset of the crisis. 
Raising growth from stagnation levels (169) to 0.6% 
every year would require Italy's capital endowment per 
worker to continue increasing (by 0.7% per year) while 
total labour input to production (the number of hours 
worked in total) could grow by 0.1% every year on 
average – close to the 2018 Ageing Report’s projected 
level of growth. The increase in the number of workers 
in employment would then be a bit higher: by 0.2% per 
year (+0.75 million in total until 2030). This is because 
the model predicts the trend towards reducing average 
working hours to continue. The two sectors gaining 
most employed workers are ICT and health/social work 
(more than 0.2 million each), while industry would lose 
half a million people in employment (more than 0.2 
million each in manufacturing and construction). 

Capital deepening is most prevalent in 

manufacturing. 

A high share of automatable tasks can be found 

in Italy. Italy being one of the most automatable 
economies (Box 2.5 below), numerous authors find 
evidence for a very significant risk that more tasks will 
be automated, particularly those requiring low and 
medium skills. On the basis of the PIAAC survey of 
2012, (170) the OECD reckons that the likelihood of 
future automation for the job of today’s average 
worker in Italy could be around 50%. Lordan (2018) 
confirms that a job's potential for automation depends 
on the skill level it requires. In the case of Italy, she 
finds that around 70% of low-skilled and some 60% 
of medium-skilled jobs are automatable. Likewise, 
Nedelkoska and Quintini (2018) look at 32 OECD 
countries and see the risk of automation decrease as 
people attain higher education and better skills. (171) As 
impressive as these figures may seem, they represent 
gross job losses and do not imply a particular trend or 
scenario for the creation of new (especially high-
qualification) jobs. 

Based on Eurostat's 2016 Labour Force Survey, Table 
2.2 gives a distribution of employment per main sector 
in terms of the main occupations. Following the 
International Labour Office's International Standard 
                                                        
(169) Average growth rate between 2000 and 2015. 

(170) PIAAC is the OECD's Survey of Adult Skills. See 
http://www.oecd.org/skills/piaac/ 

(171) Nedelkoska and Quintini (2018), p. 50. 
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Classification of Occupations (ISCO), (172) the table 
assigns each occupation to a skill level and finds that 
the proportion of workers in jobs that require skill level 
1 or 2 (the lowest two out of four ISCO-levels) varies 
greatly across sectors. (173) 

The risk of automatisation is not only a question 

of low skills. Table 2.2 seems to confirm the OECD’s 
and other sources' main finding that the risk of job 
automation would affect industrial sectors and 
agriculture in the first instance because their share of 
lower-skill jobs (at ISCED levels 1 and 2) is much 
higher than in services. However, other factors also 
influence job substitution. For example, agriculture has 
already seen large reductions in the number of 
workers over the last decades. Capital intensity in 
agriculture is currently among the highest across all 
sectors. The evolution of employment in agriculture 
suggests that the greater the reduction that has 
already occurred in a sector, the narrower the margin 
for further reductions. In addition, many of the 
remaining agricultural workers are rural families: the 
scope for incentivising them to substitute capital for 
labour is very limited.  

Higher capital intensity has different 

implications in different sectors. The production 
function applied to each sector in the simple 
employment projection of Chart 2.20 takes into 
account that substitution is more difficult in some 
sectors than in others. In the following projection, with 
                                                        
(172) ISCO-08, see 

http://www.ilo.org/public/english/bureau/stat/isco/isco08/index.ht
m 

(173) For the assignment of skill-levels to the respective occupations, 
see Annex 1 of Chapter 3 in this review. 

given sectoral growth prospects, it is assumed that 
capital intensity shifts by another 30% between 2015 
and by 2030, or 1.7% every year (174) as opposed to 
0.7% in the base scenario. (175) This assumption 
implies an annual increase in capital intensity equal to 
the average shift seen since 2008; over this period 
capital deepening has accelerated while total 
employment has declined by almost 5%, i.e. by more 
than 1 million workers.  

With capital intensity increasing fast, traditional 

sectors, manufacturing in particular, are 

expected to see most job displacements. 
According to Chart 2.21, while in the base scenario 
employment between 2015 and 2030 would increase 
by 3%, in this 'increased capital deepening' scenario it 
would decline by 8%. More than 40% of the predicted 
loss would be due to job losses in Italy's important 
manufacturing sector, where technical conditions for 
straight substitution of workers by capital (captured in 
the estimated production function) seem most valid. In 
this extreme scenario, by 2030 manufacturing alone 
would lose 20% of its 2015 employment (some 0.8 
million workers), 15 pps more than in the base 
scenario. The three traditional sectors manufacturing, 
construction, and trade combine more than three 
quarters of the job losses in the increased capital 
intensity scenario while services such as ICT, 
                                                        
(174) The real estate sector is excluded from the assumption. It 

would not make sense here as capital intensity in the real 
estate sector is already a large multiple of the average across 
sectors as the sector combines more than half of the overall 
capital stock - with mainly buildings, for which the notion of 
human capital substitution seems irrelevant. 

(175) This increase is achieved by multiplying, for every sector, the 
projected (smooth) increase of capital intensity in the base 
scenario by a factor 3.4. 

 

Chart 2.20 

Services gain weight: a base scenario for Italy 
Number of employed workers and value added in the base scenario 

 

Source: DG EMPL calculatoins based on EU KLEMS 

Click here to download chart. 
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science/technicians, and finance would still gain 
employment (176).  

Simulations for other EU countries confirm these 

findings, as do other sources. (177) By 2030 the 
dimension of potential job losses due to capital 
deepening found by the sources mentioned earlier 
may be reached in the manufacturing sector, where 
the proportion of people working in 'lower medium' 
and low skilled occupations (the lowest two out of four 
ISCO skill-levels) is above 70% and technical 
conditions allow for easier substitution of capital for 
workers.  

However, as the following sections will demonstrate, 
job destruction in manufacturing may be only part of a 
bigger picture in which new technologies and 
digitalisation become net job creators. Indeed, the 
OECD points out that "the automation of agriculture in 
the 1960s gave way to manufacturing and the 
automation of manufacturing gave way to services." 
Displacement of workers in manufacturing may thus 
reflect the re-allocation of productive resources 
towards higher productivity activities. (178) 

                                                        
(176) The three sectors mentioned would gain some 0.2 million jobs 

altogether in the increased capital deepening scenario.  

(177) Most recently, Nedelkoska and Quintini (2018). 

(178) Bessen (2015).  

 

Table 2.2 

Automatable jobs unevenly distributed across sectors 
Employment 2016 in Italy, by sector and occupation 

 

Note: For the assignation of occupations to skill-levels see Annex 1 of Chapter 3 in this review. 

Source: Eurostat EU LFS 

Click here to download table. 
 

Occupation Managers Professionals

Technicians 

and 

associate 

professionals

Clerical 

support 

workers

Service and 

sales 

workers

Agricult., 

forestry, 

craft, trade, 

machine 

workers

Elementary 

occupations

Skill level
Skill-level 4 
(highest)

Skill-level 4 
(highest) Skill-level 3 Skill-level 2 Skill-level 2 Skill-level 2

Skill-level 1 
(low est) Sum

Share Skill 

level 1 and 2

Agriculture etc. 4 4 16 15 7 522 317 885 97%

Mining 2 5 5 3 0 15 3 33 64%

Manufacturing 142 214 855 419 48 2218 253 4149 71%

Electricity, gas, water supply 10 18 95 64 2 75 96 360 66%

Construction 67 23 102 66 1 1070 76 1405 86%

Trade 160 108 445 303 1561 392 274 3243 78%

Logistics 27 24 114 285 31 449 155 1085 85%

Accomodation etc. 227 5 29 73 894 38 131 1397 81%

ICT 21 204 230 82 7 14 4 562 19%

Finance, insurances 21 80 363 182 1 0 2 649 29%

Real estate 7 3 80 30 1 1 19 141 36%

Science, technicians, professionals etc 43 781 512 425 136 119 437 2453 46%

Public admin etc 33 150 222 353 214 26 31 1029 61%

 Education 16 1142 70 122 31 5 157 1543 20%

Health, social work 36 429 698 179 381 32 76 1831 36%

Others 43 132 146 119 364 105 81 990 68%
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http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Table-2.2.xlsx
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4.2. Germany: low-qualified workers are at 
risk of being substituted but not only by 
capital  

The sectoral model has its limits. In the previous 

section a sectoral growth accounting framework was 
used to explore the sectoral dimension of capital 
deepening. The analysis showed that capital deepening 
occurs not only for reasons of substitution; 
qualifications also play an important role in explaining 
the degree of substitution between capital and labour. 
To explore in greater depth the role that the nature of 
skills and education plays in investment, GDP and the 
labour market, it is necessary to turn to a different 
analytical framework. This should allow for the 
interplay between capital accumulation and workers' 
qualifications, and for endogenous growth that may 
raise (or depress) employment, as second-round 
effects following faster accumulation of capital. What 
will be the relationship between capital and labour in 
future labour markets? 

Labour productivity (skills, education) will 

impact on how capital relates to labour. The 
Commission's Labour Market Model (LMM) is a general 
equilibrium model with a particular focus on the 
institutional framework and popular policy tools for 
the labour market. (179) It does not distinguish 
economic activities (sectors), but differentiates 
between age groups and, most importantly, between 
three different levels of workers' education: high 
(tertiary education), medium and low (up to lower 
secondary education). (180) In addition, the model takes 
into account that an individual worker's productivity at 
each level of education depends on their level of skills, 
which, in turn, may be formed through training. 

Apart from capital replacing labour, labour also 

substitutes for labour. Unlike the simple sectoral 

model applied above, LMM incorporates a 'nested 
                                                        
(179) Berger et al. (2009), see the model description in Part II. 

(180) See Eurostat's description of the International Standard 
Classification of Education (ISCED) on 'Statistics Explained'.  

 

Chart 2.21 

Substitution costs jobs mainly in manufacturing 
Real value added and employment by sector in the Accelerated Capital Deepening scenario, Italy 

 

Note: Index with total employment in 2015 normalised to value 100. Capital intensity of the whole economy in the base scenario increases by +0.7% per year, in the Accelerated Capital 
Intensity scenario by +1.7% per year. 

Source: DG EMPL calculations based on EU KLEMS database 

Click here to download chart. 
 

 
 

 

 

 

0 20 40 60 80 100 120

2015

2030

2015

2030, Base scenario

2030, Increased cap. deepening

R
e

al
 V

al
u

e
 A

d
d

e
d

Em
p

lo
ym

e
n

t

Agriculture etc. Mining Manufacturing Electricity, gas, water supply

Construction Trade Logistics Accomodation etc.

ICT Finance, insurances Real estate Science, technical etc

Public admin etc  Education Health, social work Others

Box 2.5: The Italian economy

That manufacturing sector still contributes one third of the country's non-financial business economy's value added, 
and provides 17% of its employment (currently almost 4 million people). (1) However, compared with the Italian 
economy as a whole the sector has been underperforming, with growth stagnating, and a loss of 16% of its 
employment over the last 15 years. Sources indicate that Italy's manufacturing sector may have suffered from a 
relatively strong specialisation on low-skilled labour intensive sectors for which the potential of automatisation is 
high. (2) The low 'sophistication level of its specialisation pattern' (3) may thus induce firms to substitute jobs for 
capital when their overall productivity declines. In addition, strict employment protection legislation (firing and hiring 
rules) may dissuade employers from investing in human capital but instead induce them to invest in physical 
capital. (4) 

                                                        
(1) Eurostat (2008). 

(2) See, for example, Di Maio (2013). 

(3) Ibidem, p. 14. 

(4) Cingano et al. (2014). 

http://ec.europa.eu/eurostat/statistics-explained/index.php/International_Standard_Classification_of_Education_%28ISCED%29
http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-2.21.xlsx
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production function' (181) which is very important when 
it comes to exploring how labour reacts to capital 
accumulation. This has two implications. First, it means 
that capital can substitute to a different degree for 
each one of the three types of labour. The higher a 
worker's qualification, the lower is their probability of 
being replaced by capital. Moreover, according to 
specialised literature, (182) qualified labour and capital 
complement each other in production. Secondly, the 
three qualification groups are imperfect substitutes for 
each other. For instance, in order to get a foothold in 
the labour market, highly educated workers may 
compete for jobs that only require lower qualifications, 
crowding lower-qualified people out of the market. An 
increasing proportion of tertiary-educated workers 
(some 23% of those in the EU today) works outside 
the three highest-qualified occupations, (183) probably 
competing with lower-educated workers for lower-
skilled jobs. (184)  

Technically, these circumstances are taken into 
account by the model through the so-called 'elasticity 
of substitution' between the four factor inputs in 
production, i.e. the three types of labour and capital. 
The easier it is to substitute those inputs for each 
other, the more elastic is production. Under these 
conditions, if low-qualified workers become relatively 
more expensive firms will be more inclined to replace 
them by higher qualified workers or by capital. 

The impact of accelerated structural change in 

Germany is skill-biased. Given its highly 
industrialised economic infrastructure, numerous 
authors consider Germany to be among those 
countries with the highest potential for automation, 
now as in the past. Germany has lost half a million 
jobs in manufacturing since 1995, while at the same 
                                                        
(181) The 'nest' referred to is the total input of productive factors in 

production: labour input at three different education levels and 
capital. See Berger et al. (2009), Part II, p. 45. 

(182) For example, Krussel et al. (1997). 

(183) See the first 3 columns in Table 2.2 for Italy. 

(184) Eurostat EU LFS data (2016). 

time services have gained more than 7 million new 
jobs. Furthermore, the transformation was 
accompanied by a changing mix of the qualifications 
needed in production. While Germany is in its 12th year 
of labour market recovery, with overall employment at 
all-time high levels, low-qualified employment is still 
well below the pre-crisis level, and has been static at 
around 5 million workers since 2011. (185) Similarly, 
more complex occupations requiring higher skills have 
gained much more employment than activities with 
lower skill requirements. (186) 

Germany's impressive labour-market recovery was 
therefore skill-biased. It is expected that digitalisation 
will reinforce the trend towards more complex 
activities, while others remain at risk of being 
automated. (187) While the evidence on how this will 
impact on Germany's large and heterogeneous supply 
of medium-educated workers is mixed, the changes 
are likely to bring declining demand for (and supply of) 
low-qualified workers. (188) 

Low-qualified labour is assumed to be 

substituted more easily. To model the economic 
impact of such trends, it is assumed below that future 
                                                        
(185) At the same time the number of low-qualified people in 

Germany has strongly declined during the crisis so that their 
employment rate went up. 

(186) Occupations in the upper two skill level categories (see Table 
2.2) have won 5 million workers while other occupations have 
increased by only 1 million since 1995 (army jobs excluded). 
Source: Eurostat EU LFS.   

(187) Wolter et al. (2016), p. 10, reckon that in a fully digitalised 
working environment an estimated 1.5 million jobs will 
disappear by 2025, compared with a situation in which 
technical progress is based on past trends (baseline). However, 
there will be 1.5 million new jobs that would not exist in the 
baseline scenario. 

(188) The group of medium-educated workers in Germany is very 
heterogeneous. For example, graduates from vocational 
schools (ISCED 4a), a particularity in Germany's education 
system, are counted as medium educated while German 
statistics include them as highly educated. Between 2018 and 
2030, Cedefop (2018) projects the labour force to decline by 
only 2.4% for medium educated people, while for low-educated 
it falls by more than 14%.  

 

Chart 2.22 

Employers switch to employing better qualified people and to higher capital investment, low-qualified workers lose 
out 
Structural change away from low-educated labour towards higher education and capital, Germany 

 

Note: Elasticity of substitution of low-educated workers increases from 1.3 to 1.6; Chart shows the change relative to no-change scenario. 

Source: DG EMPL calculations based on LMM 

Click here to download chart. 
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structural change towards innovative products, 
increasingly efficient production processes and better-
qualified workers will increase the elasticity of 
substitution away from low-qualified workers. In other 
words, it is assumed that firms' demand for low-
qualified workers will be more sensitive to changes in 
the relative costs of capital and labour. How would an 
increase in the elasticity of substitution by 30% (189) 
shape the qualification mix of the country's workers in 
the long run, and how would that impact on Germany's 
wage profile and the economy's growth prospects?  

The mix of workers' qualifications changes in 

favour of higher end skills, triggering 

investment. Chart 2.22 shows that the demand shift 
towards higher qualifications would cause a decline of 
low-qualified employment by almost 20% in the long 
run. It would drag down their wages, causing supply of 
low-qualified workers to also decline. However, the 
impact on the labour market does not end there. 
Faster substitution of workers with only low-level 
education triggers demand for higher qualifications 
(reflected in the respective wage levels). The capital 
stock increases for two reasons: first, due to the direct 
substitution of higher-educated for low-educated 
workers; secondly, due to the better overall education 
mix of workers (inducing firms to deepen their capital, 
since higher qualification of workers is complementary 
to capital). A better-qualified workforce enables firms 
to be more innovative, hence more competitive. Both 
higher investment and the better qualification mix of 
workers push up average labour productivity. As a 
result, total employment increases despite the direct 
substitution of the low-qualified. GDP is pulled up by 
higher employment and the increased capital stock. 

Employment of low-qualified workers will 

decline, as will their wages. There may be a social 

cost, in the form of massive job losses for low-
qualified workers and downward pressure on their 
wages. In addition, as the capital-labour ratio in 
production increases strongly, so does capital income, 
relative to wages. Indeed, income from wages is 
projected to increase more slowly (by 9%) than capital 
income (by 10%). In most other EU countries the 
difference would be higher because they have a higher 
proportion of workers with low-level education.  

In other words, despite the overall wage increase, in 
relative terms income will shift away from labour 
towards capital owners. This finding confirms Autor 
and Salomons who find for 18 OECD countries that 
                                                        
(189) See Box 2.7. 

since 1970, automation has reduced the labour share 
in value added. (190) 

4.3. Czech Republic: developing human 
capital protects workers from direct 
substitution  

Skilled human resources are in short supply. 
While noting that "skilled human resources are crucial 
to developing a well-functioning research and 
innovation ecosystem", the European Commission's 
2018 Country Report on the Czech Republic concludes 
that skilled human resources "are in short supply." The 
proportion of tertiary-educated people aged 30-34 in 
the Czech Republic has increased strongly over the last 
ten years, surpassing the 32% national target for 
2020. However, at 33% it is still one of the lowest in 
the EU. Moreover, the Country Report finds structural 
problems: relatively few people graduate in science 
and engineering, potentially leading to new shortages 
in these core disciplines. (191)   

Simulated policy: investment in the education 

system. Future structural change will inevitably be 
accompanied by higher demand for well-educated 
people. Given the relatively low current proportion of 
highly educated employment in the Czech Republic, 
Cedefop projections see a need for highly educated 
employment to increase by 46%, double the EU 
average, between 2015 and 2025. (192)  

The higher education reforms of 2016 aimed to 

promote greater social diversity and increase 

attainment rates further. This will involve 
amending the system for funding scholarships for 
tertiary education students. Currently, only 1% of 
students receive a scholarship, based not on merit 
alone but on social grounds. (193) 

The additional supply of high-educated people 

would put downward pressure on the growth of 

their wages. One possible scenario is that the Czech 
government increases the current general government 
budget for tertiary education by 50%, investing 
                                                        
(190) Autor and Salomons (2018). 

(191) Country Report on the Czech Republic, p. 36. 

(192) See the European Centre for the Development of Vocational 
Training (Cedefop), Skills forecast, available at 
http://www.cedefop.europa.eu/en/events-and-
projects/projects/forecasting-skill-demand-and-supply/data-
visualisations  

(193) European Commission, Education and Training Monitor for the 
Czech Republic (2017), p. 10. 

 
 

 

 

 

Box 2.6: Input factors in the model 

For low-qualified workers the model assumes an elasticity of substitution equal to 1.3 in its initial situation. That is, 
as the average price of the other three input factors (called 'the nest') increases by 1%, the factor input of low-
qualified workers, relative to the input of the nest, increases by 1.3%. Thus, it is assumed that firms react more 
sensitively to factor price/wage changes of the nest: the elasticity of substitution increases by around 25% - from 1.3 
to slightly over 1.6. 

http://www.cedefop.europa.eu/en/events-and-projects/projects/forecasting-skill-demand-and-supply/data-visualisations
http://www.cedefop.europa.eu/en/events-and-projects/projects/forecasting-skill-demand-and-supply/data-visualisations
http://www.cedefop.europa.eu/en/events-and-projects/projects/forecasting-skill-demand-and-supply/data-visualisations
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another 0.4% of GDP (194) in scholarships in order to 
motivate more young people to engage in tertiary 
education. The long-term results of that policy 
initiative are modelled in Chart 2.23. The workforce 
composition will be shifted towards the high-education 
end. The additional supply of highly-educated people 
will cause their wages to decline. The decline shown in 
Chart 2.23 appears massive, but it has to be 
remembered that at present in the Czech Republic only 
24% of the working age population aged 20-64 are 
tertiary-educated, far below the EU average of 35%. 
Therefore, additional resources invested in this 
relatively small group can be expected to have a 
relatively strong impact on the group's opportunities 
and productivity potential. 

Capital and qualified labour are complementary: 

higher physical investment follows. Moreover, as 
the workforce will be better educated on average, 
firms will change their investment plans, investing 
more in endowing their better-educated workers with 
more capital. In this case, capital deepening takes 
place not to substitute for labour, but to provide 
better-educated workers with the innovative 
technologies they need to reap the fruits of higher 
productivity. Capital accumulation (investment) will 
accelerate, pushing up GDP and demand (and wages) 
for low and medium-educated workers. However, the 
supply of low and medium-educated workers will 
decline, pulling down employment in those two groups 
despite higher demand. This is because the education 
subsidy will induce more young people to invest in 
higher education, abandoning initial plans to stay in 
the lower- level education groups. Finally, despite 
average wages increasing, the wage component within 
total income will decline slightly, pulled down by 
strongly increasing capital income which is being 
fuelled by the growth in investment. 

Incentives will lead to a better education mix. 
What occurs in this scenario may be interpreted as 
                                                        
(194) Currently (2016) the general government spends 0.7% of GDP 

for tertiary education (EU average). See Eurostat table 
gov_10a_exp. 

substitution of low- and medium-educated workers by 
highly educated workers, rather than by capital. People 
are not being pushed out of the labour market by 
better-educated workers. Instead, they decide for 
themselves to invest in higher education, supported by 
new incentives. Rather than waiting for structural 
change to allow capital to operate as a mere 
substitute for people, governments can decide to be 
proactive and invest in human capital, so as to equip 
people with the qualifications which are increasingly 
needed in the changing world of work. Nevertheless, 
the phenomenon of over-qualification and over-skilling 
may demand more attention and monitoring, so to 
avoid ineffective investment in human capital and the 
lower productivity associated with skills mismatch. (195)  

What if the Czech government decides also to 

invest in job-related training for low and 

medium-educated workers? While the level of 

education is important, so is the level of people's job-
related skills, beyond the education level one may 
have attained formally. The simulation above channels 
all additional resources into tertiary-level education. 
However, governments may decide to diversify, also 
stepping up investment in training for job skills. In 
Italy, for example, training intensity is very low, 
especially amongst low-educated workers who would 
be in need of such training in the first place. (196)  In 
order to improve the latter's labour market prospects, 
that country’s government may want to support firms 
in sponsoring the training of workers with low and 
medium levels of education. 

Investment in training for job skills will mean 

less substitution of low and medium educated 

workers as they become more productive. Chart 

2.24 shows an alternative scenario for the Czech 
Republic. Instead of investing 0.4% of GDP solely in 
increasing the take-up of tertiary studies, the 
                                                        
(195) European Commission (2017:3), p. 10. 

(196) While this is particularly true for Italy, Chapter 3 (section 3) 
finds that EU-wide take-up of lifelong learning measures is 
generally low amongst low-qualified workers, those in small 
firms, and those who work in jobs requiring low skills.. 

 

Chart 2.23 

The benefits of supporting tertiary education: more investment, higher GDP 
Long-term impact of a scholarship for taking up higher education (+0.35% of GDP), Czech Republic 

 

Note: % change compared to the no-policy scenario. 

Source: DG EMPL calculations with LMM 

Click here to download chart. 
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government is assumed to decide to spend half this 
budget on supporting firm-sponsored training for the 
two lower-educated groups. The effect on overall 
employment is nearly the same as above. But the 
positive impact on investment and GDP is smaller than 
in the tertiary-education-only case, because the 
change in workforce composition towards better-
educated workers is less strong than in the previous 
scenario. The impact on the employment situation of 
low and medium-educated workers is therefore more 
neutral. Some will still invest in higher education. 
Others will stay in the low and medium-educated 
section of the labour force as training improves their 
productivity, and consequently their wages. In this 
scenario, involving lower additional investment in 
formal education alone, overall wages increase but 
labour income as a percentage of total income 
improves only slightly (by +0.1 pp). 

4.4. Investing in education and skills favours 
net job creation 

Demand for well-educated workers should 

continue to increase. The demand for well-educated 
workers with particular skills is expected to pick up 
within the next 10 years. It is impossible, even in the 
medium term, to forecast in which direction product 
and factor markets will move. Nonetheless, the model 
simulations presented in this section on the basis of 
simple scenarios provide some insight into how labour 
could relate to capital in the future world of work. 

Job substitution in manufacturing is set to 

continue. Workers who lack the necessary skills and 
qualifications will be competing with capital on 
unfavourable terms. Firms will feel more pressure to 
deepen their capital, replacing labour whenever they 
can expect a return for this. A simple sectoral growth-
accounting has shown a moderate growth scenario for 
Italy until 2030 where capital intensity would continue 
increasing. Total employment would increase as well. 
However, jobs displacements are likely to continue in 
the industrial sector. Assuming faster increasing 

capital intensity (at given economic growth), the 
pressure on jobs will be strongest in the 
manufacturing sector where the conditions for 
substituting capital for labour are best fulfilled (i.e. 
where substitution can take place at low cost).  

Substitution will occur within groups of workers 

as well as between labour and capital. A model 
simulation shown for Germany assumes that some 
new technology will make substituting low-qualified 
workers easier. In the long run this would lead not only 
to more capital investment to replace those workers 
but also to higher employment of medium and highly 
qualified workers. As a result, the qualification mix of 
workers changes to the higher end. Thus, the structural 
change would speed up firms' preferences for better-
qualified people while accelerating capital investment 
and overall productivity. Production will consequently 
become more efficient and GDP will increase. However, 
low-qualified individuals could suffer great losses. 
Their employment and their wages would decline. In 
addition, the scenario implies that more better-
qualified workers would compete with those holding 
low qualifications for low-profile jobs. Indeed, over-
qualification in the EU is already a widespread 
phenomenon. (197)  

Job substitution is not the only motivation for 

capital investment. To avoid the social cost imposed 
on low-qualified workers, governments may 
proactively invest in training and better education in 
order to facilitate economic transition towards 
innovative technologies. In a corresponding scenario 
shown for the Czech Republic such investment will 
increase productivity of workers and stimulate both 
labour demand and capital investment. Capital 
deepening in this scenario occurs not to replace labour 
but to enable better-qualified workers to get full value 
from more efficient, innovative technologies. In fact, a 
better-qualified labour force is complementary to 
                                                        
(197) For example: ESDE 2015, Chapter III.1, see European 

Commission (2016:1). 

 

Chart 2.24 

The benefits of supporting both education and training: more neutral for low and medium-educated workers 
Long-term impact of a tertiary education scholarship, plus a training subsidy for low and medium educated workers (0.18% of GDP each), Czech Republic 

 

Note: % change compared to the no-policy scenario.. 

Source: DG EMPL calculations with LMM 

Click here to download chart. 
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capital, and an increase in physical capital can be 
stimulated by an upgrade of human capital.  

Investment in education and training (skills 

formation) will help turn structural change into 

growth. Therefore, governments may decide to invest 
in people's education and their skills in order to 
prepare them for the future world of work. Rather than 
accepting that growth will only benefit some while 
others become victims of structural change, 
government spending on education and skills should 
improve productivity and support wage growth, 
producing increases in GDP per capita (greater 
welfare) and better employment prospects. In this 
scenario, the nature of capital deepening is radically 
different from the pure substitution scenario. More and 
better-qualified workers will require more capital 
investment so as to improve firms' competitiveness 
and increase society's welfare. While this is the macro-
economic role of investment in skills and education, 
Chapter 3 will look at their role from the individual’s 
perspective. 

5. CONCLUSION: STRUCTURAL CHANGE 
CALLS FOR INVESTMENT 

Ever fiercer competition in global product and factor 
markets is expected to increase the pressure on firms 
to launch innovative products in new markets. Thus 
globalisation brings new technologies, with new 
opportunities for firms, workers and consumers. 
However, many workers fear losing out as a result of 
technological change which may take their jobs. 

Work organisation is changing. While collaborative 
platforms have been growing fast, they do not yet 
constitute a significant share of the EU's workforce. 
However, these non-standard forms of work are 
expected to grow faster. Major social challenges may 
emerge in the future. Firstly, non-standard workers 
stand significantly higher risk of working on a job with 
high automation potential. (198) Secondly, as many 
platform workers are not covered by social insurance 
and their earnings tend to be low. Evidence suggests 
that many workers, including well-qualified ones, have 
been pushed into the low-pay segment of the labour 
market over the last 15 years. Platform workers stand 
a great risk of joining them - adding to on-going job 
polarisation, which is already reducing the middle-paid 
segment of workers. All workers are feeling stronger 
pressure to upskill. 

Current high employment levels may suggest 

that there is little need for concern about the 

displacement of workers, but the future may be 

rather different.  EU employment is indeed at all-
time high levels, but there is a growing risk that in 
years to come, human labour could be replaced by 
machines on a massive scale. European labour 
markets are not yet signalling any such major change. 
                                                        
(198) Biagi et al. (2018), esp. Table 3. 

However new types of business, such as collaborative 
internet platforms, have yet to show their full 
potential. The net employment effect of structural 
change remains uncertain.  

Digitalisation and capital deepening, in 

combination with the process of globalisation, 

have brought about the disappearance of many 

traditional jobs in Europe. Workers performing 

routine tasks, mainly in the manufacturing sector, 
continue to be displaced by capital, while services have 
been expanding for decades. Capital intensity per 
worker has increased and is expected to increase 
further, a situation carrying the risk of further job 
displacements, especially in manufacturing, where the 
technical conditions for increased substitution of 
workers by self-learning and ever more intelligent 
machines seem to be optimal. Tasks requiring human 
interaction and creativity tend to run a much smaller 
risk of being assigned to machines. 

At the same time, digitalisation and capital 

deepening are creating new jobs. There has been 
direct job creation in robotics industries, and the loss 
of 'old' jobs is often accompanied by the creation of 
new employment opportunities. Capital deepening 
entails opportunities for job creation in innovative 
industries and services where workers are 
complementary to physical capital. Model simulations 
confirm that (1) workers are being replaced not only 
by capital, but also by other workers with a different 
profile of qualifications; and (2) qualifications are key 
to making labour more complementary to physical 
capital, thus increasing productivity and accelerating 
the demand for well-qualified workers. 

Investment in education helps Member States 

develop their human capital so as to 

complement new technologies and improved 

processes. As well as investing appropriately in 
physical and human capital, Member States also need 
to ensure that the benefits from new technologies and 
new ways of working are fairly shared between their 
citizens. The following chapters will analyse the 
consequences of this transformation and the related 
political challenges. 

While better education remains a priority, 

matching labour demand is necessary to avoid 

over-qualification. As many earlier analyses have 
shown, (199) resources could be better used and lead to 
higher growth if the EU managed to reduce the 
number of people who are working below the level of 
their formal qualifications. The impact of a better-
educated labour force on long-term growth will 
depend on how efficiently the new supply of better-
educated workers matches labour demand. Preventing 
early school leaving, facilitating upskilling, promoting 
skill-intensive industries and reducing barriers to firm 
                                                        
(199) The Commission has devoted much research recently to 

qualification mismatches. See European Commission (2014), p. 
124-126 and esp. ESDE 2015. See European Commission 
(2016:1), p. 236-250.  
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entry, exit and growth are found tools to address over-
qualification. (200) 

                                                        
(200) Vandeplas and Thum-Thysen (forthcoming). 
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Box 2.7: The effect of technological progress on EU and national policies 

The chapter analyses the effects of technological development on the tasks required in the labour market. The 
consequence is a change in the skillset required by European workers. First, this Box aims to identify the main policy 
areas which are relevant to tackling some of these challenges, in particular education and training policies, labour 
market policies and income redistribution policies. Secondly, it describes recent policy initiatives adopted at both 
European and national level to tackle the challenges identified in the fields of education, labour market and social 
protection policies. The focus here is on policies that directly stem from the substitutability between new 
technologies and differently-skilled workers and its equilibrium effects through consequent changes in labour supply 
and product markets. The most important policy challenge is to European education and training policies. A majority 
of highly skilled workers receives substantially higher wages, suggesting that these workers are in short supply 
(Autor, 2014). Investing more and more efficiently in education will address this issue by increasing the supply of 
high-skilled workers and dampening the rise in the skill premium, which is itself a major component of overall rises in 
wage inequality (Autor, 2014).  

More STEM graduates and more digital skills are needed. The EU and its Member States seek to encourage 

young people to choose scientific, technical, technological and mathematical (STEM) university majors and 
professions and to improve their digital skills. (1) STEM graduates on average earn more than other graduates 
(Daymont and Andrisani, 1984; James et al., 1989; Grogger and Eide, 1995; Arcidiacono, 2004) and are less likely to 
be overqualified for the work they do (Dolton and Vignoles, 2000; Frenette, 2004; McGuinness, 2006). There is also 
evidence that the social returns to STEM graduates exceed their private returns through human capital externalities 
(Winters 2013). This suggests that the policy focus should remain on raising the proportion of graduates in STEM 
fields and on improving the matching of skills between curricula and business practice. Furthermore, there is a need 
to strengthen digital skills horizontally across all skills levels (a recently published communication by the European 
Commission on the Digital Education Action Plan reports that 90% of jobs require some level of digital skills). (2)  

Non-cognitive skills are becoming ever more crucial. There is an increasing demand for workers with creative 

and social intelligence, such as entrepreneurship, leadership or interaction skills. The latter are "engineering 
bottlenecks", i.e. difficult to codify in computer language and embed in digital applications. (3) Demand for these non-
cognitive skills exists across many different occupations and sectors, including many low-paid service jobs. A first 
policy implication is therefore to measure more effectively which non-cognitive skills are key to being successful in 
the labour market. (4) If the speed of technological change accelerates further, then workers will be forced to adjust 
their skills to meet changing requirements more frequently. Research concerning the development of non-cognitive 
skills is less abundant in comparison with their cognitive skills counterpart, but there is evidence that early 
interventions (Heckman, 2008), lower dimension of classes (Dee and West, 2008), positive attitude from the teachers 
(Behncke, 2009), particular institutional design in the education system (Woessmann et al., 2009), and work based 
learning (Green et al., 2001) seem to have positive effects on the development of non-cognitive skills (Brunello and 
Schlotter, 2011).  

Training and education systems must adapt to meet changing needs and improve job matching. This 

requires education and training systems to adapt their curricula to changing skill requirements. Moreover, workers 
require not only educational and training opportunities but potentially also the financial support and incentives to 
participate in such opportunities (Arntz et al., 2016). Policy measures can train workers preventively i.e. to equip them 
for changing skill requirements before they become unemployed. This is particularly important for low-skilled workers 
and older workers who – despite typically being those who are most exposed to automation – are on average the 
least likely to undertake training (Albert et al., 2010; Bassanini and Ok, 2004). Studies show that training raises the 
employability of these workers (Sanders and de Grip, 2004). As regards labour market policies, Autor (2009) shows 
how labour market intermediation can help to provide job seekers with information about relevant vacancies (and 
vice versa) to make the matching process more efficient. It is important therefore that PES and other market 
institutions collaborate to facilitate job matching and reduce adjustment costs for both workers and firms.  

The European Pillar of Social Rights addresses these problems. The following paragraphs aim to illustrate the 

policy instruments to tackle these policy challenges, following the 20 principles listed in the European Pillar of Social 
Rights, especially those in chapter 1 (equal opportunities and access to the labour market) and chapter 3 (Social 
Protection and inclusion). (5) Mirroring the order of the section above, the starting point is education and training 
policies, the importance of which have been confirmed at EU level through the New Skills Agenda and the European 
Education Area (especially in the first package of measures, addressing key competences for lifelong learning and 

                                                        
(1) For example: https://rio.jrc.ec.europa.eu/en/library/stem-action-plan. 

(2) See http://europa.eu/rapid/press-release_IP-18-102_en.htm 

(3) Creative and social intelligence and interaction skills are the automation bottlenecks identified by computer scientists in the 
study by Frey and Osborne (2017).   

(4) The PISA and PIAAC surveys are good examples containing non-standard skill measures, but fall short of adequately capturing 
the non-cognitive skills that matter in labour markets. 

(5) The initiative, launched in November 2017, was jointly proclaimed by the European Commission, and the European Council. 
Further information is available at https://ec.europa.eu/commission/priorities/deeper-and-fairer-economic-and-monetary-
union/european-pillar-social-rights_en    
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Box (continued) 
 

 

 

 

digital skills). This foresees specific action to strengthen the presence of digital skills (action 3), and the Blueprint for 
Sectoral Cooperation on Skills (6) (action 4) to address sector skills mismatches and improve digital skills, given their 
relevance in an evolving world of work. (7) These changes require first of all policies to improve the quality and 
labour-market relevance of education systems at all levels. This has also been discussed at EU level through the 
2018 Council Recommendation on Key Competences for Lifelong Learning, focused on improving the development of 
key competences (for all people) and changing labour markets (for the Member States).  

Member States are adapting their education and training systems. Several Member States have worked to 

modernise their education systems in recent years, (8) as well as to meet the high-skilled labour shortage through 
changes in their higher education systems and by achieving the target set by the Education and training in Europe 
2020 strategic framework. (9) Similar actions have been undertaken to improve the attractiveness of STEM, (10) to 
reduce skills mismatch between education and businesses, (11) and (in a smaller number of Member States) to 
develop VET systems. (12) More broadly, responsive and well connected means of assessing and preparing for future 
skill needs and skills governance systems have to be developed in all Member States, so they can react promptly to 
labour market changes. Finally, ten Member States (13) have legislated to strengthen lifelong learning and take into 
account the new skills needs created by the digital revolution, also thanks to the recommendations on key 
competences for lifelong learning proposed within the European Semester. (14)  

Further EU initiatives for redistributive policies: as regards labour market policies and redistribution policies, 

the flagship EU initiative in the field is the European Pillar of Social Rights. Its 20 principles reaffirm rights already 
present in the Union acquis and add new ones to address the challenges arising from social, technological and 
economic developments, including the digital revolution. Moreover, the European Network of Public Employment 
Services (15) should facilitate the comparison of public employment services’ performance across Member States and 
facilitate and support the transition between jobs and strengthen occupational mobility. Several countries at national 
level have undertaken reforms to improve the effectiveness of their public employment services. (16) More 
specifically, EU and national initiatives for redistribution policies will be analysed in the "Access and sustainability of 
social protection in the age of new forms of work" chapter.  

                                                        
(6) See http://ec.europa.eu/social/main.jsp?catId=738&langId=en&pubId=7969  

(7) See http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52016DC0381.  

(8) Latvia through a change in its  teacher remuneration model, the raising of teaching salaries in Lithuania, professional 
development programmes in Italy and Denmark, education policy measures in Luxembourg, and incorporating transferable skills 
in Croatia. 

(9) Estonia revised their tertiary education funding system model, the foreseen launch of the Teaching Excellence Framework in UK 
to align funding and teaching quality, and an independent national accreditation agency in Lithuania. 

(10) The Netherlands plans to tackle the issue through their National Technology Pact 2020, Latvia introduced diagnostic tests in 
these fields, and in the UK new funding to reduce the STEM skills shortages were proposed in the Industrial Strategy green paper. 

(11) Poland and Estonia have introduced public systems for monitoring and forecasting labour market needs and skills, in Ireland an 
expert group has an advisory role with the government on future skills needs, while Lithuania adopted actions in the higher 
education and research system to achieve better results in skills matching. 

_12) Bulgaria promoted dual training, Czech Republic involved employers in designing curricula, new types of apprenticeships closer to 

labour market needs were introduced in Ireland and Cyprus, and Spain took steps to improve cooperation between universities 
and business. 

(13) Austria, Belgium, Bulgaria, Croatia, Cyprus, France, Ireland, Malta, Portugal and Sweden. 

(14) https://ec.europa.eu/education/sites/education/files/swd-recommendation-key-competences-lifelong-learning.pdf  

(15) http://ec.europa.eu/social/main.jsp?catId=1100&langId=en  

(16) Greece and Hungary have introduced new profiling systems to allow a better targeting of active labour market policies. Cyprus 
increased the number of counsellors, and many countries have launched activation programmes targeted on young people 
(Cyprus, Bulgaria, Latvia, Estonia and the Netherlands), or the long-term unemployed (Denmark, Spain, Portugal). 
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European stakeholders in the labour markets 

reacted to the changes in the economy with the 

introduction of new forms of employment, 

especially in the services. (201) Since 2000, most 
Member States faced the challenge of to react to 
broad changes in the economy; in addition to that, the 
crisis caused high unemployment level, which 
European stakeholders were willing to reduce. Against 
this background, labour market innovation led to the 
creation of a plethora of new employment forms. 
These recent developments were thoroughly studied, 
identifying nine recent forms of employment, and 
categorizing them based on their implications for 
working conditions and the labour market (Eurofound, 
2015). In the following paragraphs an analysis will be 
presented, going through the outcome of their 
research, to provide a quick yet comprehensive 
overview of the recent developments in the labour 
market concerning new forms of employment. The 
guidelines to identify new forms of employment listed, 
as indicators of a potential new form, the following 
features: 

 A workplace different from the employer's 
premises; 

 A marked presence of ICT, that can help spatial and 
temporal flexibility (Popma, 2013); 

 An employment relationship that goes beyond the 
classic: one to many/many to one/many to many; 

 Intermittent, discontinuous or non-conventional 
provision of work; 

 Networking elements and unconventional 
cooperation arrangements between self-employed 
and SMEs (202); 

 The new employment forms reported had to be 
present in a number of Member States to be 
relevant, the figure ranging between six and 
sixteen. Also, all Member States but Estonia and 
Malta registered the presence of at least a new 
form of employment at the time of the survey 
(which conducted by national experts network 
referring to the Public Policy and Management 
Institute), in 2013; and 

 As from the presence of these new forms of 
employment in the sectors, these forms of 

                                                        
(201) See Lang et al., 2013. 

(202) The interested reader is invited to read the methodology 
section in the introduction of the research report "New forms of 
employment" (Eurofound, 2015) for a detailed explanation of 
the selection criteria constituting a new form of employment. 

employment are quite horizontal, but tend to be 
more present in the services. 

Eurofound listed nine new forms of employment 

in Europe, namely: 

 Employee sharing: an employment form 
characterised by the presence of several employers 
jointly hiring one worker and being responsible for 
her/him, resulting in an open ended full-time 
employment for the worker; 

 Job sharing: where an employer hires more workers 
(normally two) to jointly fill a specific job, 
combining more part-time jobs into a full-time 
position to ensure that the job is constantly 
staffed; 

 Interim management: a form of employment 
tailored for highly skilled profiles, hired temporarily 
for specific purposes (e.g. technical, economic or 
management challenges) and integrating in house 
management on an ad hoc basis; 

 Casual work, a neither stable nor continuous 
employment form, where the employers have the 
possibility of calling employees in on demand, 
without being obliged to provide a regular 
workflow; 

 ICT-based mobile work: where workers can perform 
their job everywhere and anywhere, thanks to the 
use of modern technologies; 

 Voucher-based work: where the employers use 
vouchers rather cash as a payment for workers. 
Vouchers are normally purchased from 
governmental authorities, and include the payment 
of social security contributions for the employee, 
on top of money; 

 Portfolio work: these workers are defined as 
freelancers, self-employed individual or 
microenterprise doing small-scale jobs for a large 
number of clients; 

 Crowd employment, or crowd work: where an online 
platform is used for the matching of employers 
and workers. Quite often larger tasks are divided 
among several virtual workers; and 

 Collaborative employment: this is understood as a 
form of collaboration among freelancers, self-
employed and/or micro cooperate (going beyond 
standard business partner relationships or supply 
chain) and overcome their size limitations and 
professional isolation. 
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The new forms of employment are characterised 

by a more pronounced flexibility, which often 

reflects a requests from both sides of the labour 

market, and sometimes is imposed from one side 

to the other. All the above mentioned employment 

forms respond to a renewed demand for more 
flexibility, coming from employees, employers, or both. 
Labour market reacted to this demand with new 
business models leading to these nine new clusters of 
employment relationships. Yet, for one of the two 
sides, flexibility can be more a necessity rather an 
opportunity (e.g. casual work for employees or job 
sharing for employers). Figure A1.1 provides a graphic 
representation of the implications of these new forms 
of employment in terms of working conditions and 
labour market. The first group encompasses categories 
such as social protection, health and safety, income, 
bonus and fringe benefits, length of working time, 
flexibility, work-life balance, stress and work intensity, 
career development, training and skill development, 
content of tasks and responsibilities, autonomy and 
control, integration in work organization, and 
representation. The labour market axis synthetize the 
performance of the new employment forms in terms 
of job creation/job retention/crowding out of standard 
employment, labour market integration, segmentation 
of the labour market and social polarisation, 
legalisation of employment, increased attractiveness 
of the labour market, and upskilling of the labour 
force.  

 

Figure A1.1 

The new forms of employment have heterogeneous 
working conditions and labour market implications 
Categorization of new forms of employment following the categories of working 
conditions and labour market implications 

 

Source: Eurofound, 2015. 

Click here to download figure. 

 
As a whole, job sharing and employee sharing show 
remarkable beneficial effects for both the labour 
market and working conditions categories. Interim 
management seems also an interesting development, 
although some country experts flagged the risks 
entailed by higher level of stress faced by these 
workers. From a horizontal perspective moreover, the 
great majority of the new forms of employment show 
beneficial effects for the workers in terms of flexibility 
and autonomy, which are appreciated. 

Yet, not all the developments seem positive. Among 
new employment forms, some generate concerns, 

especially regarding working conditions of casual work. 
Of the 14 categories (203) used to assess working 
conditions, ten were considered disadvantageous for 
casual workers. Moreover, from a horizontal 
perspective, all the new forms of employment but job 
sharing and interim management were found to have 
disadvantageous working conditions in terms of 
representation, contributing to the erosion of trade 
unions. Also the categories of “bonus and fringe 
benefits” and “stress and work intensity” recorded poor 
results in working conditions for six out of the nine 
new forms of employment. For this reason, it may be 
worth considering providing new legal frameworks (or 
strengthening existing ones) for some of these new 
forms of employment, in order to shield the side of the 
employment relationship with less bargaining power 
from unwanted and/or excessive risks. 

                                                        
(203) As a reminder, these are: social protection, health and safety, 

income, bonus and fringe benefits, length of working time, 
flexibility, work-life balance, stress and work intensity, career 
development, training and skill development, content of tasks 
and responsibilities, autonomy and control, integration in work 
organization, and representation. 

http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Figure-A1.1.PNG
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Online platforms tend to trade individual tasks. 
The COLLEEM survey (204) provides some initial 
tentative evidence on the situation of platform 
workers. While in ‘regular’ employment bunches of 
different tasks are bundled to occupations, online 
platforms tend to trade specific, individual tasks. 
Hence, the International Standard Classifications of 
Occupations (ISCO) cannot be applied to platform 
workers. In order to estimate what types of work are 
contracted out to platforms, COLLEEM uses a 
classification different from ISCO, based on tasks 
rather than occupations. These categories include 
clerical, professional and creative tasks as well as 
software development, transport and on-location 
(offline) services (see table). 

As a pilot survey, the 2017 COLLEEM survey provides 
a snapshot about the platform economy rather than a 
fully-fledged picture of its development over time. To 
better understand the growth potential of the platform 
economy, this section makes an attempt to combine 
cross-sectional evidence from COLLEEM with 
longitudinal data from the Labour Force Survey (LFS) 
which follows the ISCO classification of which there is 
data since 2011. (205) Occupations according to the 
ISCO-categories are then re-grouped so that the 
occupations best fits the respective tasks according to 
the COLLEEM categories. Importantly, both COLLEEM 
and the LFS distinguish self-employed workers from 
employees. Indeed, many of the platform workers are 
self-employed.   

 

Table A2.1 

The number of self-employed platform workers has 
been growing fast recently. 
Percent employment growth between 2011 and 2016 by categories of platform work, 
14 EU countries 

 

Note: Self-employment and total employment: percent change for the six categories of 
platform work; last row: employment growth overall across all sectors. 

Source: DG EMPL calculations based on COLLEEM and EU LFS 

Click here to download table. 

 
The table summarises two main findings concerning 
the development since 2011: 

                                                        
(204) Pesole, A., Brancati, C. U., Fernández-Macías, E., Biagi, F., 

González Vázquez, I. (2017): Platform workers in Europe 
Evidence from the COLLEEM Survey. JRC, European 
Commission. 

(205) There has been a major revision of ISCO-data in 2011. 

Employment around typical platform-tasks has been 
growing faster than overall employment in the entire 
EU-28 (5 vs. 4%). This is particularly true for 
professional service and tasks related to software 
development which tend to require higher skills have 
expanded fast. 

Most importantly, while in the EU self-employment 
grew only by some 1%, in the platform economy 
growth was much faster: 7%. 

Self-empl. Total empl.

1. Clerica l -17% -11%

2. Profess ionals 10% 14%

3. Creative 9% 20%

4. Software 27% 28%

5. Transport 1% 8%

6. On location 8% 4%

All 1-6 7% 5%

Entire economy, EU-14 (LFS) 1% 4%

Growth 2011- 2016Type of tasks provided according to 

Colleem

http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Table-A2.1.xlsx
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The model uses data for Italy from the 2017 edition of 
EU KLEMS Growth and Productivity Accounts. (206) It 
includes data from 1995 to 2015 at sectoral level on 
the real value added (Y), employment (E), hours 
worked per worker (H), and the capital stock (K). A 
simplified production function is being used here. It 
considers two production factors: capital stock (K) and 
labour input E * H, i.e., the volume of labour in total 
hours used in production. 

16 broad sectors are explicitly taken on board by the 
model. They correspond to the NACE 2 industry 
classification at one-digit level: 

A: Agriculture, forestry and fishing 

B: Mining and quarrying 

C: Total manufacturing 

D-E: Electricity, gas, water supply 

F: Construction 

G: Sales, trade, repair of vehicles etc. 

H: Transport, storage 

I: Accommodation, food services 

J: ICT 

K: Finance, Insurance 

L: Real Estate 

M-N: Professional, scientific, technical, administrative     

and support services 

O: Public administration and defence 

P: Education 

Q: Health and social work 

R-S: Arts, entertainment, other services  

In each of these sectors, production can increase 
because factor input (E, H, or K) increase or as a result 
of higher total factor productivity (TFP). The 
contribution of TFP is that share of growth of real 
value added that is due to efficiency gains, as opposed 
to pure factor (capital or labour) input growth. (207) 

                                                        
(206) See http://www.euklems.net/. 

(207) Growth can increase due to higher efficiency of factor use as a 
result of technical progress, better skills, or more efficient 
organisation of production. This part of growth is attributed to 
TFP. 

A simplified two-factor (208) Cobb-Douglas production 
function is used for each of the 16 sectors considered: 

(1) 𝑌 = 𝐾∝ ∙  𝐸 ∙ 𝐻 1−∝ ∙ 𝑇𝐹𝑃 for each sector,  (209) 

where α and (1- α) denote the output elasticities of 
capital and labour, respectively. These production 
functions describe how K, E and H technically interact 
in order to generate a given output Y. The output 
elasticities are equal to the factor compensation 
shares in output (capital and labour share, resp.). (210)  

Building the total differential on the natural logarithm 
of (1) gives: 

(2) ∆ ln 𝑌 =∝∙ ∆ ln𝐾 +  1−∝ ∙ ∆ ln 𝐸 ∙ 𝐻 + ∆ ln 𝑇𝐹𝑃 

The scenario for production Y is exogenous. The 
purpose of the model is thus to establish what 
happens to the number of people in employment (E) if 
the speed of capital (K) accumulation changes at given 
output. 

Re-arranging (2) gives: 

(3) ∆ ln 𝐸 · 𝐻 = ∆ ln 𝑌 − ∝∙ ∆ ln 𝑐 − ∆ ln 𝑇𝐹𝑃, 

for the change in the logarithm of the labour volume 

(E*H), where 𝑐 ≡  
𝐾

𝐸∙𝐻
 denotes the sectoral capital 

intensity defined as real gross fixed capital divided by 
the labour volume (the total number of hours worked 
by employed people). 

That is, to solve the equation for (the growth of) E, 
information is needed on the sectoral growth scenario 
(Y), the number of hours worked per worker (H), capital 
intensity (c) and Total Factor Productivity (TFP).  

A growth scenario (Y) until 2030 is aligned to the 
assumptions made in the 2018 Ageing Report of the 
European Commission and the Economic Policy 
Committee for the entire economy. (211) 

Hours worked per worker (H) are projected up to 2030, 
using a log-linear trend-projection based on data for 
the period 1995-2015 over which H had declined by -
0.5% every year on average. This implies a further 
                                                        
(208) EU KLEMS takes into account changes in the use of 

intermediate inputs (energy, intermediate materials etc) as 
explicit third production factor, see Timmer et al (2007), S. 3. 

(209) See also Jäger (2017), p. 5. Sector indices are omitted. With 
empirical data on Y, E, and H, TFP is calculated as a residual 
using (1) for the period 1995-2015. 

(210) In the widely used case of Cobb-Douglas production functions, 
and assuming perfect competition, output elasticities are 
constant and equal to factor income shares. See, for example, 
Raurich et al (2012), p. 181. 

(211) European Commission (2017:2), European Commission 
(2018:1). 

http://www.euklems.net/
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decline of -0.1% every year until 2030 for the entire 
economy. 

The same approach (log-linear trend projection) is 
used for the development of capital intensity (c) which 
is thus assumed to increase by another +0.8% every 
year overall, down from +1.8% between 1995 and 
2015 for the whole economy.  

The assumption for TFP results from a regression 
analysis. Assuming a non-linear link between TFP and 
capital intensity, the following simple regression has 
been used for sectoral TFP: 

(4) ln 𝑇𝐹𝑃 =  𝜕 ∙ ln 𝑐 +𝐴 + 𝐵 + 𝐶, 

where  𝜕 is the estimated elasticity, A and B are 
multipliers specified as: 

 5 𝐴 =  ∑𝛽𝑖 ∙

15

𝑖=1

𝑑𝑢𝑚_𝑠𝑒𝑐𝑖  

 6 𝐵 =  ∑𝛾𝑖 ∙

15

𝑖=1

𝑑𝑢𝑚_𝑦𝑒𝑎𝑟𝑖 

C is a constant. 15 (out of 16) (212) sectors are taken 
into consideration by sector-specific dummy-variable 
(sum_seci) set equal to one if sector i is considered, 
zero otherwise. A time dummy is introduced to capture 
the year of observation (to control for cyclical 
differences). 

The result of the regression of equation (4) is shown 
for the three biggest sectors in terms of employment. 
As capital intensity (the main driver of TFP in (4)) is 
projected to only slightly increase, so is TFP. 

 

Chart A3.1 

A projection of TFP in Italy, based on a simple regression 
Total Factor Productivity in Italy 

 

Note: Original values normalised to 1 in 1995.  

Source: DG EMPL calculations based on EU KLEMS 

Click here to download chart. 

 
                                                        
(212) In total there are 16 sectors, one was left out of the regression 

due to multi-collinearity. 
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http://ec.europa.eu/employment_social/empl_portal/publications/Esde2018/xls/Chap2/Chap2-Chart-A3.1.xlsx
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