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1. Introduction
This document presents the socio-economic impact assessment of the Innovation Union commitments with
the NEMESIS model. The NEMESIS model is detailed macroeconomic model for the European Union that
includes advanced representation of the innovation mechanisms and then can be used to assess European
research and innovation policies (see e.g. Boitier et al., 2018 or Brécard et al., 2004).
Based on the results of the detailed analysis of all individual commitments of the Innovation Union (I3U
working papers), the model has already assessed 14 individual commitments (Le Mouel, 2018 and Le
Mouël, et al., 2018a) and provides detailed sensitivity analysis (Le Mouël, et al., 2018b). In this paper, we
detail the assessment of the commitments of Innovation Union as a whole.
Starting from a detailed description of the NEMESIS model and the innovation mechanisms included, the
paper comes back to the general methodology used to realise these assessments (for the commitments as
a whole, as for individual or groups of commitments). In the methodological part, the selection process of
the commitments included in the assessment “as a whole” is described, with a discussion on the potential
overlapping between commitments. Furthermore, to realise prospective scenarios, the state of the art of
the commitment implementation have been done and extrapolated. We defined then a first scenario based
on current trends and called ‘Realistic’ scenario. A second scenario, called ‘Optimistic’ is also defined and it
assumes more ambitious implementation the commitments that the current trends. Thereafter, the
methodological part looks in detail how two commitments have been included in the NEMESIS model, as
illustrative example.
The paper continues with the results of the socio-economic impact assessment of the Innovation Union
commitments “as a whole” focusing on European macro-economic results but also presenting some results
at national level. And it finishes by a summary of the work and some additional reflexions.
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2. The advantages of using the NEMESIS model to represent the
Innovation Union
This section 2 provides some reminders on the advantages of using the NEMESIS model for the I3U project.
Three points are successively developed:
1. We first recall past experiences of the model in assessing EU R&I policies. This experience has
started with the assessment of the 3% Barcelona objective at the moment it was first defined, in
2002, in the Commission’s communication ‘More research for Europe – Towards 3% of GDP’. It
continues today with preparatory works for the design of next Framework Programme: Horizon
Europe that will succeed to H2020, in the context of a support study to DG R&I of the European
Commission (Boitier et al.,2018). NEMESIS also achieved the assessment of the interim evaluation
of the socio-economic and environmental impacts of Horizon 2020 programme (European
Commission, 2017b).
2. The second point concerns the alternative to the NEMESIS model for assessing the socio-economic
and environmental impacts of EU R&I policies. NEMESIS is not the single model used by the
European Commission (see di Comite and d’Artis Kancs, 2015) for the assessment of its R&I
policies. But it is the more adapted to take into account the various forms taken by innovation, as it
is defined in the Oslo manual for innovation in its third edition (see OECD, 2015) that, from a
technological focus, recovers many additional forms: new products (goods or services) or new
processes, new marketing or organizational methods, new workplace organizations, new linkages
between producers or between producers and customers, etc.
3. The third point details the innovation mechanisms present in the version of the NEMESIS model
used here and is based on the most recent theoretical and empirical representations of innovation.
It re-uses the presentation already present in the deliverable D10.1 and will allow this new report
to be complete and self-sufficient document.

2.1 The past experience of the NEMESIS model for EU R&I policies
assessment
The NEMESIS model has been developed by a European consortium1 in 2000 in order to analyse the macrosectoral impacts of European structural policies. Its endogenous growth mechanisms based first on R&D
investments and the related knowledge spillovers, allowed the model to become a reference tool for the
assessment of European or national research and innovation policies. Thus, since 2004, the model has been
used by the European Commission and particularly by the DG RTD for the ex-ante (ex-post less frequently)
assessments of European research Programmes.
The seminal work with the NEMESIS model, using its large capabilities in terms of research and innovation
policy assessments, has focused on the 3% R&D effort of the Lisbon Strategy (Brécard et al., 2004; and
Brécard et al., 2006). This first study has been followed by the assessment of the RTD National Action Plan
related to the Barcelona Objective (Chevallier et al., 2006).
After numerous works on EU innovation strategy, the NEMESIS model has been more directly used for exante impact assessments of the European Research and Innovation Framework Programmes. In 2005, the
1

Lab. ERASME / Ecole Centrale Paris (now SEURECO), Federal Planning Bureau of Belgium, E3M3 lab. / ICCS /NTUA
and Chambre d’Industrie et de Commerce de Paris.
This project has received funding from the European
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NEMESIS model has been mobilised by the European Commission for the ex-ante assessment of 7th FP (EC,
2005; Delanghe and Muldur, 2007) and thereafter for the Horizon 2020 Programme (EC, 2012 – Annex 5).
And from 2010 to 2013, the NEMESIS model has supported the annual ex-ante assessment of the FP7 calls
for proposals (Zagamé, 2010; Fougeyrollas et al., 2010, 2011; Zagamé et al., 2012).
More recently, NEMESIS has been significantly improved by enlarging the innovation mechanisms besides
R&D investments to investments in Information and Communication Technologies (ICT, thereafter) and in
other (than R&D) intangible assets (Software and Training). It has allowed the enhancement of the accuracy
of the assessment of research and innovation policies achieved with the NEMESIS model by considering the
most up-to-date theoretical as well as empirical findings of the economic literature (Le Mouël et al., 2016).
In 2017, NEMESIS has been used for the ex-post assessment of 7th FP and Horizon 2020 European
Framework Programme (PPMI, 2017), in a study that served for the EC interim assessment of the H2020
Framework Programme (EC, 2017a).

2.2 NEMESIS and the other model available for EU R&I policy assessment
NEMESIS was the first large scale model, that is to say multi-countries and multi-sectoral, with the model
GEM-E3 of the National Technical University of Athens, to integrate an endogenous representation of
technical change and innovation. SEURECO was at the origin of the integration of the endogenous technical
change in GEM-E3 at the end of the 90’s and then in NEMESIS from 2000. While the NEMESIS model
continued to deeper the representation of innovation in every productive sectors, the GEM-E3 model was
progressively specialised by the university of Athens in the representation of innovation in the area of
energy technologies. In the mid-2000, an endogenous representation of innovation was included in the
QUEST model (see Roeger et al., 2008). From 2010, the RHOMOLO that is developed by the Directorate
General Joint Research Centre (DG JRC) in collaboration with the Directorate General for Regional and
Urban Policy (DG REGIO) includes also an endogenous representation of innovation.
A detailed comparison of these models is available in (di Comite and d’Artis Kancs, 2015) and we will limit
ourselves here to underline a few characteristics of these models, important in the context of I3U.

Table 1: General characteristics of QUEST, RHOMOLO, GEM-E3 and NEMESIS

Model:
1 – Model type

QUEST
DSGE

RHOMOLO
SCGE

2 – Multi-country
geo-units
3 – No of sectors /
competition
4 – Inter temporal
optimisation
5 – Parameterisation

EU-28+RoW /
EU-27+RoW /
countries
NUTS2 regions
1 monopolistic 6 monopolistic
competition
competition
Yes / fully
No / recursively
dynamic
dynamic
Stochastically
Structurally
estimated &
estimated &
calibrated
calibrated
Source: adapted from di Comite and d’Artis Kancs, 2015

GEM-E3
CGE
EU+RoW5 /
country groups
38 perfect
competition
No / recursively
dynamic
Structurally
estimated &
calibrated

NEMESIS
Macroeconometric
EU-28+RoW10 /
countries
30 monopolistic
competition
No / recursively
dynamic
Structurally
estimated &
calibrated

On the general characteristics that are displayed in the Table 1, we see that every model belong to different
families. The QUEST model is a Dynamic Stochastic General Equilibrium Model, the more in phase with
This project has received funding from the European
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modern macro-economic theory and from this point of view, very reliable for policy assessment. It is fully
dynamic, with rational expectations of economic agents. It covers every EU countries but is very aggregated
with only one competitive sector. The technical constraints due to the robustness of its theoretical
grounds, and mainly from the “forward looking” simulations that multiply the variables number by the
length of the forward period, increase much the heaviness of work and consequently limits the detail of
such models. The representation of innovation in the model is based on R&D investments by private firms
that increase the productivity of an intermediate good that is used to produce the final output. It can be
assimilated to a process innovation. The RHOMOLO model is a Spatial Computable General Equilibrium
model. It covers 27 EU countries at a very detailed geographical level at NUTS2 level which represents 264
EU regions. The model is particularly well adapted to study cohesion Policies. It includes more competitive
sectors than QUEST but only one industrial sector. The regional aspect of RHOMOLO provides an
interesting view on the research system, as the different regions are very heterogeneous from that point of
view. However this model is not already autonomous, in the sense that it does not give a macro track and it
requires macroeconomic forecasts for simulations. The representation of innovation in the model is based
on R&D investments by private firms that increase the total factor productivity. It can be assimilated to
process innovation. GEM-E3 has world coverage but represents Europe as an unique region. It is very
detailed at sectoral level (38 sectors) and the description of energy technologies. It is also a general
equilibrium model. As the bulk of improvements for the research mechanisms was focussed on energy, this
model is the more adapted to energy and sustainable policies based on R&D. The representation of
innovation in energy technologies is based on two categories of learning curves: “Learning by doing”
related to past cumulative investments (at world level) in the different energy technologies, and “Learning
by researching” based on passed public and private R&D investments (at world level) in the different
energy related technologies. NEMESIS models every EU country with 30 distinct economic activities and
represents a good compromise between the levels of geographical and sectoral coverage. It is therefore
well adapted for general R&D policies. The innovation mechanisms in NEMESIS were furthermore improved
recently thanks to new developments in databases. The innovations in the different economic sectors do
not result anymore only from public and private R&D investments, but also from investments in ICT
technologies and in two categories of intangible other than R&D: training and software. The model
distinguishes furthermore product and process innovations. An important advantage of this enhanced
version of the NEMESIS model in the context of the I3U project is that it allows also taking into account the
vast contrasts existing in the innovation systems of the different EU countries. Not all countries are good
R&D performers, and not all innovations strategies are centred onto R&D inputs. It is particularly well
adapted to fit the requirements of the conceptual model of the Innovation Union, that is developed in the
WP9 and that will be used in order to define new innovations strategies for the different countries for
which the NEMESIS model will quantify the impacts on the whole economic system. Therefore, this new
version of NEMESIS stays “at the frontier” of possible improvements of the representation of the European
System of Innovation that can be achieved with such model. It was calibrated on the results of the existing
empirical studies, notably on the link between R&D, ICT and Other Intangible investments, with
productivity and employment, at macro, sectoral and micro levels. Compared with other models evoked
briefly above, NEMESIS presents some limitations. It is based on empirics and then less grounded
theoretically than the QUEST model. It is less detailed on energy technologies than the GEM-E3 model. And
it does not have regional dimension, as RHOMOLO.

2.3 The key innovation mechanisms of NEMESIS
The endogeneization of innovation by firms is realized at sectoral level in NEMESIS. Figure 1 illustrates the
way the innovations realised by each sector (s) in each country (c) acts on the whole economic system. The
innovations in each sector result from the investments in the three innovation components, as explained
above, and, in addition to the own investments of the country sector (c,s), investments in innovation assets
www.i3u-innovationunion.eu
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by other countries-sectors generate spillovers and increase the ability of the considered (c,s) to innovate.
The combination of these two elements - the own expenditures in innovation inputs and the spillovers generates innovations (arrows 1 and 2) which lead to an increase of the economic performance (3) of the
sector in terms of productivity and to an increase of the demand through a quality effect (4). The
interaction between the innovation performance of the sector and the good and services market (5)
determines the output of the sector. And the interaction between the labour market and both activities of
production and of innovation (6 and 7) leads to the determination of employment.
Finally, innovations by the producers of the enabling technology (ICT producers here), lead to a decrease in
the price of this technology, which, in return, diminishes the cost of innovation inputs and thus the cost of
innovation for the users of the enabling technology (Arrow 8). We now detail further these key
mechanisms.

Figure 1: The simplified innovation process in NEMESIS for a sector (s) in a country (c)

2.2.1 A Fully Endogenous Growth approach
This new version of the model builds on the same theoretical foundations than the previous one (Brécart et
al., 2006) that was first operational in 2002 and where innovations were based on the R&D inputs only. We
remind here briefly these theoretical grounds.
Ha and Howitt (2007) show that all the theoretical models of endogenous growth à la Romer can be
encompassed by the following set of two equations2:
2

We do not reproduce here strictly Ha & Howitt (2007) notations and adapt it for to our purpose.
This project has received funding from the European
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where g 1 is the growth rate of innovations3, Y, the production of final output obtained from a set of
traditional production inputs, X, that are combined with a constant returns to scale technology and whose
productivity increases in time with the accumulation of innovations, A. In the innovations equation (1), λ is
a parameter influencing the productivity of R&D, β > 0 is a parameter reflecting the impact of products
proliferation in time with the growth of final output, Y, on the productivity of the research input, and the
parameter σ is a “duplication” parameter which is a negative congestion externality introduced by Jones
and Williams (2000) as the “stepping on toes effect”. Finally, the term A4-. , with the restriction φ ≤ 1,
introduces potential diminishing returns to scale with respect to the stock of past innovations, that Jones
(1995) calls the “fishing out effect”.
Ha and Howitt (2007) identify then three families of endogenous growth models according to the values of
parameters. The first family, that Ha and Howitt (2007) call Fully endogenous I, corresponds to the seminal
models defined by Romer (1990), Grossman and Helpman (1991) and Aghion and Howitt (1992) and are
characterized by φ =1 and β =0 , then:
!" = $ ∙ &' *

(3)

This first family of models, that implies that growth rate of innovations increases in time with the size of the
economy, the R&D expenditure in volume here, was disqualified by empirical studies and is not used in
empirical modelling.
The second generation of models (Jones, 1995, Kortum, 1997, Segerstrom, 1998) introduces diminishing
returns with respect to the stock of knowledge (A). It assumes a decreasing rate of growth of innovations
over time because of a progressive exhaustion of technological opportunities that are stymied by past
discoveries (Evenson, 1984, Kortum, 1993), characterized by φ <1 and β =0, then:
!" = $ ∙ &' * ∙ +,-.

(4)

An increase in the resources used in the production of innovations does not increase the long term growth
rate of GDP per capita any more, but only its level. This second family of models was called ”semiendogenous” as it implies that policies aiming at increasing the innovation activities are no longer able to
rise the long-run growth rate of the economy, which only depends on the growth rate of population, the
variable that ultimately limits the development of R&D activities.
The third family, The Schumpeterian framework, also called Fully-endogenous II, was developed in parallel
with this semi-endogenous growth models. These latest models were initiated by Aghion and Howitt
(1998), Dinopoulos and Thompson (1998) and Peretto (1998) and are characterized by φ =1 and β =1, such
as in the long term:

3

Note that innovations arising from equation (2) can be whether process or product innovations which have
conceptually identical implications. Process and product innovations have nervertheless empirically very contrasted
impacts, notably for employment as we will see, and it is very important to include explictly in the modeling these two
broad categories of innovations.
This project has received funding from the European
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(5)
&' *
(
This last family of models, where the growth rate of innovations depends of the share of resources devoted
to innovations activities (the R&D intensity) is the sole compatible with the observed coexistence of a
stable growth of GDP per capita and of innovation activities. Furthermore, the growth of GDP per capita
depends on the long term on research intensity (RD/Y) and on economic factors that can be influenced by
policy measures.
!" = $ ∙

On that basis, Ha and Howitt (2007) have then empirically tested these different parameters restrictions on
US data and provided evidence in favour of these Schumpeterian models. They confirmed the previous
results obtained by Zachariadis (2003), Laincz and Peretto (2006) and Ulku (2005) as well as Barcenilla-Visùs
et al. (2010) using a sectoral approach4.
Among the existing applied macro-economic models, with an endogenous representation of innovation
activities of firms, used by the European Commission GEM-E3 and QUEST retain a semi-endogenous
approach (φ <1) in which the TFP growth is proportional to the rate of R&D accumulation. The specification
of the RHOMOLO model, in which sectoral TFP growth is related to the R&D intensity of the sector, is close
from the Endogenous II / Schumpeterian approach.
Finally, in the NEMESIS model, the former version (Brécart et al., 2006) with R&D only, followed, as
RHOMOLO, the framework of the Endogenous II / Schumpeterian models, taking φ =1, β =1 and σ =1, then:
&'
(6)
!" = $ ∙
(
The new version of the NEMESIS model that extends the set of innovation inputs to ICT and OI assets
generalizes this preceding setting by assuming that the long term growth rate of innovations and GDP per
capita takes the generic form:
!" = $56 ∙

&'
;<=
?;
+ $89: ∙
+ $>8 ∙
(
(
(

(7)

with λRD, λICT and λOI all positive productivity parameters. But equation (7) is a simplification and we
will detail now the precise mechanisms and functional forms used in NEMESIS.

2.1.2 Multi-dimensional innovations
As it was underlined in introduction of Sections 1 and 2 the theoretical and empirical representations of the
innovation process based on the sole R&D inputs are too restrictive. It does not allow a suitable
representation of the recent features taken be innovation dynamics and notably the progress occurring in
several services sectors. A better approach is necessary taking into account the whole system of tools,
techniques, skills, method and processes that are available for the production of good and services, which
requires a multi-dimensional setting. The recent empirical literature has shown5 notably that besides R&D
investments, efforts (1) in adopting certain enabling technologies, such as ICT, and (2) in improving the
ability to adapt the production mode, through training and organizational investments, are of particular
importance.

4

The results of Madsen (2008), applying a similar framework than Barcenilla-Visùs et al (2010) to 21 OECD
countries, are more mitigated. He finds that the Shumpeterian model is consistent with the time-series
evidences but not with the cross-sectional evidences. Nevertheless, he also finds that the semi-endogenous
growth model is consistent with neither the time-series nor the cross-sectional evidences.
5
We will give elements on the main findings of the empirical literature in section 2.2 on calibration.
This project has received funding from the European
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It is this broader approach that is used in the new version of NEMESIS where firms in the different countries
base their innovation strategies on three different innovation components: R&D investments, investments
in ICT technologies (hardware) and Other Intangibles (software and training). The three innovation
components +@ABC , @ = &', ;<=, ?; are modelled symmetrically. They are specific to sectors (s) and
countries (c) and are expressed at time t:
AjFGH = SCA KFG ∙ KNOWjFGH

K
PQRS ∙ RST
URST

(8)

with SCAjci a scale factor, λj a positive productivity parameter, KNOWjcit the knowledge stock
associated to asset j, and

Z[\]

^[\]

the investment rate in innovation asset j.

The idea underlying this formulation is that, for a given innovation asset, the impact of the knowledge
available to a sector in a country at time t on its innovation performance, is a positive function of its
knowledge absorption capacity6, which is proportional to its investment intensity in this asset.
The knowledge variables, KNOWjcit , are modelled as a weighted sum of the stock of assets, R&D, ICT or
OI7, belonging to all sectors and countries. These knowledge stocks include, according to this methodology,
both the knowledge produced by firms inside the sector (considered as intra-sectoral and intra-national
knowledge externalities) and inter-sectoral and inter-national knowledge externalities.
For R&D, the knowledge variables of the sector i in country c , _`?a@ABC , is defined by the sum of R&D
capital stock b&'c,d,C-e in all countries/sectors (p,s), weighted by a spread parameter Φ&'c,d→A,B reflecting
the relative propensity of the knowledge of a sector s in country8 p to be useful for innovating in sector i in
country c:
_`?a&'ABC =

Φ&'c,d→A,B ×b&'c,d,C-e

(9)

c,d

We consider also that the R&D investments start producing knowledge after a decay Δ that we fix equal to
two years. Public investments in R&D (PIRD) are taken into account and allocated towards the different
sectors according to a ”grand fathering” distribution and are considered productive after a longer lag than
private R&D (2 years later) so that b&'cdC = 1 − k56 ∙ b&'cdC-. + &'cdC +∝cd ∙ m;&'cC-n where ∝cd =
56op]q
56o]q

.

The same methodology is applied to ICT capital and to OI capital and we have respectively:
_`?a;<=ABC =

ΘIC=c,d→A,B ×b;<=c,d,C-e

(10)

ΘOIc,d→A,B ×b?;c,d,C-e

(11)

c,d

and:
_`?a?;ABC =
c,d

6

The idea that external knowledge needs an absorptive capacity of the firm refers to the seminal works of
Cohen and Levinthal (1990).
7
The depreciation rates used are identical to Corrado et al. (2012): 15 % for R&D, 0.315 for ICT, 0.315 for
Softwares and 0.4 for Training.
8
For a given EU-28 country, international knowledge externalities come from every other EU-28 countries
plus US and Japan. It will be extended to other world regions in the future.
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The spread parameters are calibrated using matrices based on patent citations between sectors and
countries9. These matrices combine the citations between patents (that are allocated by technology class
and country) with the OECD concordance table (Johnson, 2002) in order to allocate these citations between
sectors. Two ways can be adopted for the sectorial allocation: (i) one considers the sectors that produce
the technology related to the patents (Industry Of Manufacturing, IOM thereafter) and (ii) the other
considers the sectors that use this technology (Sector Of Use, SOU thereafter). The assumptions underlying
the choices of the method to build these matrices were the following:
• The sectors that produce the considered technology are the sectors that paid the R&D investment
related to this technology and they receive knowledge spillovers coming from inventions by sectors
that produce other technologies. From this perspective, patents allocated to their Industry Of
Manufacturing (IOM) reflect the output of the R&D efforts realised by these sectors and the
citations between patents belonging to IOM may be considered as indicators of the knowledge
spillovers between sectors as IOM.
• The externalities related to the use of ICT and of OI may reflect network externalities or, if we
consider that ICT and OI are important inputs of organizational changes, these externalities may
also reflect the diffusion of organizational innovations (the development of a new online
distribution channel for instance). As these types of inventions are not really patentable, we cannot
use the same matrix than for R&D externalities. Nevertheless these inventions are assumed here to
be strongly related to the use of technological innovations. The assumption is that sectors using the
same type of technologies should have similar production methods and therefore similar
organizational problems and their intangible investments as well as their ICT investments may be
highly related. The matrices defined by patent citations allocated by SOU are thus retained.
According to this approach, the more two SOU cite each other, the more they are using the same
technology and, therefore, the more one sector can benefit from the innovation of the other in
that field.
Note that while the spread parameters are identical for ICT and OI investments, the resulting knowledge
matrices are different since these parameters weight the respective stocks of ICT and of OI.

2.1.3 Innovation services and complementarities
The three-dimensional vector of innovations components +&'ABC , +;<=ABC , +?;ABC characterizes the
strategy follows at time t in country c, by the firms of sector i, to innovate. The strategies are much
contrasted depending of the groups of sectors and countries. For example, high-tech sectors and other
R&D intensive industries, such as equipment goods and pharmaceutical industries, base mainly their
innovations on the R&D investments. By contrast, service sectors invest only few in R&D but realise the
bulk of ICTs investments that are a main driver of their innovations. Investments in OI reveal themselves to
be an important factor of innovation in every sectors.
The strategies used by sectors and countries to innovate reflect strong national and sectoral patterns, that
evolve slowly, and one may expect strong complementarities between the three innovations components
chosen by a sector i in a country c at time t. To represent these complementarities, we consider in NEMESIS
that the vector of innovation components +&'ABC , +;<=ABC , +?;ABC are combined with a CES technology
to provide a flow of Innovation Services, +ABC , we have:

9

These matrices were developed by Meijers and Verspagen (2010) in the framework of the DEMETER
project, see also Belderbos and Mohnen (2013).
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with b<+AB a scale parameter, k+&'AB , k+;<=AB and k+?;AB , the distribution parameters and
.
w+AB =
, the substitution elasticity between +&'ABC , +;<=ABC and +?;ABC .
.tu"[\

The empirics suggest (see Section 2.2) a low value for the substitution elasticity w+AB that we fixed at 0.25
in all sectors and countries in NEMESIS (see Le Mouël et al., 2016 for implications of setting alternative
values).

2.1.4 Process and product innovations
In NEMESIS, Innovation Services result in two distinct innovations (or effects):
1. Process innovations (TFP effect) that decrease ex-ante the use of production input, /ABC 10, per unit
of output, (ABC , with an elasticity yABC =

z{|}[\]
z{|"[\]

;

2. Product innovations (quality effect of products improvement effect) that improve ex-ante the

characteristics of products, ~ABC , with an elasticity yABC
=

z{|Ä[\]
z{|"[\]

. Their impact in the model result

from the assumption that firms’ customers have a ”taste for novelty” that make their demand
Å^[\]
increasing whenever the ”quality adjusted price” of products
, is decreasing, with m(ABC , the
unit production price of output, and ~ABC =

ÇÉ
+ABC[\] ,

Ä[\]

its ”quality index”.

The empirical literature proves that these two broad categories of innovations have very distinct impacts
on sectoral employment and economic performance. To show it, Hall (2011) uses this set of two equations.
The first equation expresses the demand addressed to firm (or the sector):
q=η ⋅ p+ φ⋅ k

(13)

with q the growth rate of demand, η the price elasticity of demand, p the growth rate of price, φ
the elasticity of demand to firms' innovation and k the growth rate of innovations.
The second equation is the productivity equation of the firm:
q=a+ α ⋅ c+ β ⋅ l+ γ .k

(14)

with q the growth rate of value-added (or output), α the cost share of physical capital, c the
growth of physical capital, β the cost share of labour, l the growth of the labour input, and finally γ the
productivity effect of innovations.
Then combining these two equations, one can show that the impact of product innovations on firms
ê
revenue growth rate (r=p+q), that expresses: - , η <0, is always positive, while the impact of process
innovations

γ∙

ët.
ë

ë

11

is always small , or negative (if η >-1 ), the same being true equally for the

employment impacts of innovations.
10

X FGH is itself a nesting of CES functions combining five production inputs (Capital, High skilled and Low
skilled labour, Energy and Materials) that are not detailed here.
11
It is not to say that product innovations have higher rates of return than process innovations as (1) product
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Hall (2011) confirms this result by applying the CDM model (Crépon et al., 1998) to a set of 15 EU
manufacturing firms using the CIS 3 survey, with both weak or negative estimated impacts of process
innovations on real revenue and employment, and conversely, strong positive impacts of product
innovations. Similarly, investigating the impacts on employment of process and product innovations, Peters
et al. (2014) show that the employment impacts of process and organizational innovations are smaller than
the effects of product innovations, in all phases of business cycle, with also high productivity impacts and
employment reduction in manufacturing of process and organisational innovations, and for organisational
innovations in service sectors. Analysing more closely the distinct impacts that have innovations on
employment in service industries, Damijan and Star (2014) find that similarly than for industry, empirical
studies generally find a positive impact of product innovations, and a negative impact of process
innovations, and no major differences between industry and service seem to emerge from the literature
(see also Harrison et al., 2008; Bogliacino and Pianta, 2010).
Therefore if the price elasticity of demand is too weak (if η >-1), which is the case in an econometric model
as NEMESIS, the rise in demand provoked by the fall on the unit production price, will be generally
insufficient to compensate the fall in employment and in the use of other production factors provoked by
process innovations, with negative impacts on employment (technological unemployment) and even on
output at a macro-sectoral level.
In NEMESIS as illustrated in the appendix, the calibration of the relative strength of process and product
innovations is consequently crucial. In our basic calibration in phase with empirics, product innovations are
supposed to represent about 60% of all innovations and process innovations 40%12. The calibration
methodology is the following:
1. the elasticityyABC =

z{|}[\]
z{|"[\]

, that measures the strenght of process innovations in sector i in country

c is calibrated. Its analytical expression comes from the inversion of the production function of the
sectors, that combines with a CES technology the innovations services, +ABC , with the compound
production input, /ABC :
.
(15)
.tu^
-u^
.tu^
-u
YFGH = b<(AB ∙ k+AB [\ ∙ +ABC-.[\ + k/AB [\ ∙ /ABC î[\ u^[\
.
.tu^[\

with b<(AB a scale parameter, k+AB and k/AB , the distribution parameters and w(AB =
, the substitution elasticity between +ABC-. and /ABC .

2. the impact of product innovations in then calibrated proportionally to the one of process

innovations, with in average: yABC
= −1.5 ∙ yABC .

innovation are often costly to implement and (2) that the main return of process innovations come from their
reduction on unit production cost.
12
These percentage were first derived from the exploitation of the CIS3 (Community Innovation Survey) that
was asking to firms what was there principal innovation motive. They are an average at EU level and vary
across sectors.
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3. Methodology
3.1 General overview
The methodology to assess the commitments of the Innovation Union with the NEMESIS model consists on,
as for as possible, the integration of the work done in others WPs on each commitment into the model. But
to do so, data and econometric estimates must be reliable, comprehensive, robust and compatible at a
certain extent with the innovation mechanisms of the NEMESIS model, as presented in the previous
section. Le Mouël et al. (2017) (I3U deliverable D10.2) has already presented in detail the implementation
methodology that we summarise here.
Firstly, the work starts by the implementation of data and parameters provided by other WPs on each
commitment assessable. The responsible of the commitment provided to NEMESIS modellers the required
data and parameters to draw in the NEMESIS model the direct impacts of their commitments. These data
and parameters come from deliverables DX.2 and DX.3, and concern only commitments for which there
exists relevant data (even proxy data) and robust econometric results for all commitments that required
the use of econometrics to measure their impacts (all except for commitments 6, 14, and 24/25).
From this information, we establish the current trends on the commitment implementation, either
following the data (variables) that have been used for econometrics and supposing that it traces the
implementation of the commitments or looking at official announcements on future evolution of the
commitment. The latter case is applied for commitments of Group 3 – “EU Funds” (see thereafter) whereas
the former case corresponds to other Groups of commitments. Then a so-called ‘Realistic’ scenario was
built for each commitment where the commitment implementation, between 2014 and 2027, follows
current observed trends. And after 2027, by assumption, the commitment implementation does not
increase anymore and stays constant, up to 2050, at the level that will be attained in 2027.
Furthermore, to challenges the assumption of the prolongation of current trends, we develop a second
scenario, called ‘Optimistic’ scenario, in which more ambitious implementation of the commitments that
current trends is assumed, even if the ambition remains reasonable. Then these more ambitious targets in
the “Optimistic” scenario set up to 2027. After 2027 and up to 2050, the commitment implementation
stays constant, at the level reached in 2027. Even if this more voluntarist scenario was designed in a way to
stay reachable, but it implies the implementation of additional policies or the amplification of the policies
already in place.
Finally, there is obviously some uncertainties on the parameter estimated by other teams but also on the
value of the parameter used in the NEMESIS model. And to deal with this uncertainty, we made sensitivity
analysis. Therefore, alternative sets of variables and/or parameters values were also used in order
challenge the results of two scenarios represented above13. For example, in the case of econometric
estimates, we defined three different values for the parameters used: a medium value as the direct results
of the parameter’ estimates, a high value and a low value that were calculated by adding and subtracting to
the mean value the standard deviation.
To summarise, following individual analysis of each commitment, key results are implemented in the
NEMESIS model in order to trace as accurate as possible, the expected socio-economic impact of the
commitment and according to the innovation mechanisms of the NEMESIS model.
On the basis of the observed current trends in the commitment implementation, we define a first scenario
called ‘Realistic”. And to challenge such current trends, we define a second scenario with more ambitious
implementation of the commitments. Finally, on each scenario, some sensitivity analysis has been done on
the keys parameters to reflect the uncertainties of the results. At the end it, leads to six assessments for
each commitment: ‘high’, ‘medium’ and ‘low’ in the ‘Realistic’ scenario and similarly for the ‘Optimistic’
scenario.
Furthermore, we defined a scenario, called reference scenario, to which all others scenarios will be
13

The results of the sensitivity analysis are presented in Le Mouël et al. (2018b - I3U deliverable D10.6)
whereas their analysis is done in Le Mouël et al. (2018a – I3U Deliverable D10.4).
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compared. In this reference scenario, we assume that the implementation of the commitments remain that
in 2013 For example, if the commitment concerns financial supports, these support are constant in GDP
point (measured at EU level) from 2014.

3.2 IU Commitments assessed
3.2.1 Selection of the commitments assessed with NEMESIS

From the 34 initial commitments of the Innovation Union flagship initiative (or the 40 commitments
including sub-commitments), we selected the ones that follow a quantifiable objectives and/or can have
direct impact on innovation and on the economy at a macro-economic level. Commitments excluded at this
step were judged as statements. For example, it concerns commitments related to the monitoring the
progress of Innovation Union, such as commitment C2.1 – “Personalised university ranking” or
commitment C27.1 – “Public Sector Innovation Scoreboard” or related to planning activities such as
commitments C9 – “Set out EIT strategic agenda” or C18 – “Eco-Innovation action plan”. From this first
selection step, 14 commitments have been excluded from the analysis (see Table X).
In a second step, we selected the final set of commitments to assess with the NEMESIS model according to
the results of the commitments’ analysis and assessment done by each I3U’ team in charge of it (and
detailed in deliverable Dx.2). So either due to data scarcity or absence or due to not yet implementation of
the commitments, fifteen commitments have been excluded from the analysis. Among the 25 remaining
commitments, eleven are excluded at this step14. Among these eleven commitments excluded, some
overlap with assessed commitments and then do not impact directly the socio-economic assessment of the
commitments “as a whole”. For example, it is the case for commitment C7 – “SMEs in Research and
Innovation Programmes” that are a part of the commitments C6 – “EU Research and Innovation
Programmes” that is assessed with the model. Similarly, the commitments C20.1 – “Open Access to
Research Results” and C20.2 – “Research Information Services” are also included in the assessment of
commitment C6 – “EU Research and Innovation Programmes”. On the contrary, we identify four
commitments excluded during this second step that could have a significant impact at a macroeconomic
level: C4.1 – “ERA – International collaboration”, C5 – “Construct the priority European Research
Infrastructures”, C16 – “Standardisation Strategy for Europe” and C17 – “Public Procurement - Commission
Support”. Thus to that extent, the socio-economic impact assessment of the commitments “as a whole”
with the NEMESIS model, as presented thereafter, could be viewed as a lower bound.
Furthermore, commitment C14 – “Deliver the EU Patent” has been assessed with the NEMESIS model but
socio-economic impacts at a macro-economic level were too weak and this commitment has been excluded
from the assessment of the commitments “as a whole” with NEMESIS.

14

More detailed explanation for each commitment is available in Le Mouel et al. (2018) - I3U deliverable
D10.4.
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Table 2: List of Innovation Union commitments and summary of the selection methodology to implement them in NEMESIS

Number

1

Commitments

Statements

Lack of data
or not yet in
place

Commitments
assessed with
NEMESIS but
excluded from the
assessment of the
commitments 'as a
whole'

Commitments
included with
NEMESIS in the
assessment of
the
commitments 'as
a whole'

X

Member state strategies for researchers training and employment conditions

2.1

Personalised university ranking

2.2

Knowledge alliances for skill gap

X

Propose an integrated framework for e-skills

X

3

X

4.1

ERA – International collaboration

X

4.2

ERA - Research Mobility

4.3

Creation on pan-European pension funds for researchers

5

Construct the priority European Research Infrastructures

6

EU Research and Innovation Programmes

7

SMEs in Research and Innovation Programmes

X
X
X
X
X

8

Strength. science base for policy making through JRC; Forum on FLA

X

9

Set out EIT strategic agenda

X

10

Put in place EU-level financial instruments to attract private finance

X

11

Access to Finance - Venture Capital

X

12

Access to Finance - Matching

X

13

Review State Aid Framework for R&D&I

X

14

Deliver the EU Patent

15

Screen the regulatory framework in key areas

16

Standardisation Strategy for Europe

X

17

Public Procurement - Commission Support

X

18

Eco-Innovation action plan
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19.1

Creative Industries

X

19.2

European Design Leadership Board

X

20.1

Open Access to Research Results

X

20.2

Research Information Services

X

21

Facilitating Effective Collaborative Research and Knowledge Transfer

X

22

Develop a European knowledge market for patents and licensing

X

23

Safeguard against the use of IPRs for anti-competitive purposes

24/25
26

X
X

Maximising Social and Territorial Cohesion
European Social Innovation Pilot

X

27.1

Public Sector Innovation Scoreboard

X

27.2

Research Programme on Public Sector and Social Innovation
Consult social partners on interaction between the knowledge economy and the labour
market

X

29

European Innovation Partnerships

X

30

Retaining and Attracting International Talent

31

Scientific Cooperation with Third Countries

28

X
X
X

32

Roll-out global research infrastructures

X

33

Member States R&I Systems

X

34.1

Develop an innovation headline indicator

X

34.2

Innovation Union Scoreboard
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At the end, thirteen commitments have been assessed with the NEMESIS model, their detailed analysis are
presented in Le Mouël et al., 2018a (I3U deliverable D10.4), except for commitment C34.2 that has been
analysed separately (see Le Mouël 2018 – I3U Deliverable D.8.2) from the others as it refers to monitoring
of the Innovation Union.

3.2.2 Innovation mechanisms of the NEMESIS model impacted by the commitment
implementation

From a general perceptive, the commitments of the Innovation Union can act in the NEMESIS model
through four main channels:
• The firms’ decision to invest in the innovative assets that are R&D, ICT and Other Intangibles
• The economic impact of the knowledge accumulation, in other words, the economic performance
of the knowledge
• The intra-national and inter-national diffusion of the knowledge externalities
• The labour supply and especially the availability of high-qualified workers able to participate to
research activities.

But unfortunately, it has not been possible for each commitment to measure its direct impact on these four
channels either due to measurement difficulties (it is particularly the case for the knowledge spillovers that
are difficult to measure) or due to not significant or enough robust estimates (such as for the labour supply
of researchers).
So, for the Group 1 – “Human Capital”, the introduction of the commitments in the NEMESIS model takes
place through its impacts on the economic performance of the research measured by the number of
scientific and technical articles per 1000 R&D full-time equivalent (FTE) employees. For Group 2 –
“Finance”, the decision to invest in innovative assets is used to draw the effect of the related commitments
that seems relatively consistent with the objectives of these commitments. For Group 3 – “EU Funds”, the
introduction of the commitments acts through two different channels: (i) the decision to invest in
innovative assets through the amount of EU supports to R&I activities and (ii) the economic performance of
the research activity via the assumed over-performance of the research supported by EU funds. And for
Group 4 – “A ction to market”, only the channel of the decision to invest in innovative assets could be
evaluated.
Table 3 summarises the entry in the NEMESIS model for each commitments and provides also the initial
variables used to quantify the implementation of the commitments.
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Table 3: Summary table of the commitment implementation into the NEMESIS model

WP number
(Team)

Commitments

Commitment category

Commitments entry in NEMESIS

Variables used to measure the
commitment (source)*

1 (TIK)

2.2 - "Knowledge alliances for
skill gap"

Group 1 - "Human Capital"

Public research economic
performance

Knowledge transfers between companies
and universities - survey response (IMD
Competitiveness Database)

1 (TIK)

3 - "Propose an integrated
framework for e-skills"

Group 1 - "Human Capital"

Public research economic
performance

Proportion of workers with ICT user skills
(Eurostat)

Group 1 - "Human Capital"

Public research economic
performance

Share of researchers currently employed in
another country than their country of
citizenship (MORE2)

Private and public R&D
investments decision & public
and private research economic
performance

EU R&I Budget - MFF (European
Commission)

Budget of EU financial instrument for
innovation (EIB)

2 (TIK)

4.2 - "ERA - Research Mobility"

2 (WERI)

6 - "EU Research and Innovation
Programmes"

Group 3 - "EU Funds"

3 (ULB)

10 - "Put in place EU-level
financial instruments to attract
private finance"

Group 2 - "Access to finance"

Private R&D investments
decision

3 (ULB)

11 - "Access to Finance - Venture
Capital"

Group 2 - "Access to finance"

Private R&D investments
decision

3 (ULB)

12 - "Access to Finance Matching"

Group 2 - "Access to finance"

Private R&D investments
decision

Number of EuVECa funds operations per
year (EUVECA) and Investment/rounds
(Dealroom)
Business Expenditures for Research and
Development by abroad (Eurostat)

3 (ULB)

13 - "Review State Aid
Framework for R&D&I"

Group 2 - "Access to finance"

Private R&D investments
decision

General Block Exemption Regulation to RDI
(European Commission)

3 (ULB)

19.1 - "Creative Industries"

Group 4 - "Action to market"

Private R&D investments
decision

Business expenditures on R&D by the
Creative Industries (Eurostat)
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5 (ULB)

19.2 - "European Design
Leadership Board"

6 (WIIW)

24/25 - "Maximising Social and
Territorial Cohesion"

Group 3 - "EU Funds"

7 (TIK)

30 - "Retaining and Attracting
International Talent"

Group 1 - "Human Capital"

Group 4 - "Action to market"

Private R&D investments
decision

Value of new Community Designs
registered (Eurostat)

Private and public R&D
investments decision & public
and private research economic
performance

European Structural and Investments funds
to support R&I - MFF (European
Commission)

Public research economic
performance

Survey responses reflecting the
perceptions of global business executives
(IMD Competitiveness Database)

*

: Details on the use of the variable are presented in Le Mouël et al. (2018a) and details on the reliability of the variable to trace impact of the commitment, see I3U deliverable
DX.2
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3.3 Illustration of the methodology with commitments C6 – “EU Research
and Innovation Programmes” and C11 – “Access to Finance - Venture
Capital”
3.3.1 Measurement and scenarios definition for the commitment C6 – “EU Research
and Innovation Programmes”

The Commitment 6 -“EU Research and Innovation Programmes“ assumes that Horizon 2020 and following
EU R&I Programmes (Horizon Europe for the 2021-2027) are an essential part of the EU research and
innovation policy and that the scope, theme and extent of the Programmes must follow and support
Innovation Union objectives. Furthermore, the commitment considers that “future programmes should
focus more on societal challenges, streamline funding instruments and radically simplify access through a
better balance between a control-based and a trust-based system”.
The implementation of the commitment C6 – “EU Research and Innovation Programmes” in the NEMESIS
model goes through the impact assessment of the Horizon 2020 and post-Horizon 2020 EU R&I
programmes in comparison with a reference scenario. To implement and assess as accurately as possible
the socio-economic impact of the EU R&I programmes with the NEMESIS model, the first issues to define is
the budget allocated to support EU research activities in the framework of the EU R&I Programmes, from
now to 2050 (see Le Mouël et al., 2018a for further discussions on key parameters)
As presented above, we assume for each commitment two scenarios to compare to a reference scenario:
the ‘Realistic’ and the ‘Optimistic’ scenarios. The major difference between the scenarios is the budget
allocated to EU R&I Programmes15, such as:
• In the reference scenario, we assume that after the 7th FP, the financial support is constant per unit
of EU GDP from 2014 to 2030, starting from €6.1 billion in 2014 (constant euro 2014) and leading
to €8.7 billion in 2050 (constant euro 2014).
• In the ‘Realistic’ scenario, we assume that Horizon 2020 budget reaches €69.3 billion (constant
euro 2014)16 as planned. For Horizon Europe (2021-2027), the European Commission proposed a
budget of €97.6 billion17, and correcting by our scope (i.e. excluding 10% for non EU countries), it
leads to €75.4 billion (constant euro 2014). After Horizon Europe (2028-2050), we assume constant
financial support by the EU R&I Programmes per unit of EU GDP, starting from €11.2 billion in 2028
and leading to €15.5 billion in 2050 (constant euro 2014).
• In the ‘Optimisitc’ scenario, we assume that Horizon 2020 budget reaches €69.3 billion (constant
euro 2014)18 as planned and in the ‘Realistic’ scenario. But for Horizon Europe (2021-2027), we
assume that the proposition of the European Commission is 20% adjusted upward, reaching almost
€120 billion (current euro), i.e. €90.4 billion (constant euro 2014) with our scope. After Horizon
Europe (2028-2050), we assume constant financial support by the EU R&I Programmes per unit of
EU GDP, starting from €13.6 billion in 2028 and leading to €18.6 billion in 2050 (constant euro
2014).

15

In all the scenarios, the United Kingdom is excluded from the EU R&I programme after 2020. The budgets
cover EU-28 from 2014 to 2020, excluding non EU member states’ financial supports (around 10% of the
H2020 financial support) and the EU without UK from 2021 to 2050, always excluding non EU member
states.
16
The funds cover Horizon 2020 programme (excluding EURATOM) and are limited to funds received by
member states.
17
European Commission, 2018, « EU Budget for the Future Horizon Europe – EU funding for Research and
Innovation 2021-2027 », https://frama.link/_9otg7Vt.
18

The funds cover H2020 programme (excluding EURATOM) and are limited to funds received by member
states.
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Figure 2 summarises the assumptions on the Horizon Europe budget in the two scenarios.
Figure 2: Budget of EU R&I Programmes in each scenario (constant euro 2014)

*: UK excluded from 2020
**: Budget excluded support to non EU countries
Source: Authors’ calculation based on eCORDA and EC (2018)

3.3.2 Measurement and scenarios definition for the commitment C11 – “Access to
Finance - Venture Capital”

For the commitment C11 – “Access to Finance - Venture Capital”, the measurement of its implementation
is based on work achieved by Cincera and Dos Santos (2018 – Deliverable D.3.2). They analyse the number
of European Venture Capital (EuVECA) funds that were marketed in all the EU member states on the period
2013 to 2016. Nevertheless, Cincera and Santos (2018) do not provide information on the average financing
accorded by EuVECA operation (or rounds), only the total number of operation by year and by country was
available.
But, using data from Dealroom (2017), we show, as for ESMA data, an important development of the
number of Venture Capital operations (rounds), that grew from 1,290 in 2012 to 3,376 in 2016, with 2,241
operations per year on the 2012-2016 period on average. From ESMA data the number of operations has
passed from 44 in 2013 to 423 in 2016, with 413 operations per year on average during the 2013-2016
period. And regarding the amount of investment financed by each operation, it stands out from Dealroom
data to be equal to €4.2 million on average.

From this information, we defined two alternative scenarios to compare to the reference scenario. In the
reference scenario, we have considered that the number of Venture Capital operations will grow as the EU
GDP up to 2050, about 1.4% per year. With this assumption it keeps unchanged, the R&D investments
financed by the EuVECA funds in percentage of EU GDP in the reference scenario. In the “Realistic”
scenario, we assume that the total number of operations on the period will double compared to the level in
2016 (+835), leading to 1,670 operation in 2020. Thereafter, by assumption the number of operations will
follow the growth of EU GDP, the EuVECA funds stabilizing in % of GDP. In the ‘Optimistic’ scenario, we
This project has received funding from the European
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assume that the EuVECA funds will grow at the same annual rate than between 2014 to 2027. So, the
number of Venture Capital operations reaches 2,249 rounds in 2027, against only 1,839 in the “Realistic”
scenario.
With all these assumptions, from 2027 to 2050, the additional EuVECA funds represent respectively 0.039%
of EU GDP in the “Realistic” scenario whereas in the ‘Optimistic’ scenario, they reach 0.052% of EU GDP.
Obviously, these figures are calculated in difference with the value of EuVECA funds in the reference
scenario that is very weak, as fixed at 2013 level.

3.4 Assessment of the commitments as a whole: Overlapping issues
When assessing the commitments ‘as a whole’, an important question arises: Is there overlapping between
the different commitments and consequently is there a risk of over-estimate the socio-economic impact
with the NEMESIS model if we include all the commitments assessed individually? And of course, as it has
already been analysed in detail in Le Mouël, et al. (2018a) for each Group of commitments, there is
overlapping between commitments in each Group.
In the Group 1, if the objectives pursued by the four commitments are close, there is no reason, a priori, to
consider that they overlap. But, the way their impacts have been measured through the public researcher
productivity (Castellacci, et al. 2017 - deliverable D1.2) implies potential overlapping. Commitment C4.2 –
“ERA - Research Mobility” and Commitment C30 – “Retaining and Attracting International Talent” have
been measured by variables relatively similar and then their effect measured on the public research
productivity could be very close. Thus to avoid to deliver over-optimistic results we decided to exclude
commitment C4.2 – “ERA - Research Mobility” from the socio-economic impact assessment of Group 1 –
“Human Capital” of commitments.
For the assessment of Group 2 – “Finance” of commitments, we decided to exclude commitment C12 –
“Strengthen cross-border matching of innovative firms with investors”. The measurement of the
commitments C12 – “Strengthen cross-border matching of innovative firms with investors” was done
through the variables: Business Expenditures on Research and Development by aboard whereas
commitment C10 – “Put in place EU-level financial instruments to attract private finance” measured with
loans granted by EIB in the framework of the RSFF and InnovFin financial instruments (Cincera and Santos,
2018). So, it is not possible to count how much of the BERD by aboard includes of funds from EU financial
instruments to support innovation, such as RSFF and InnovFin. Furthermore, commitment C11 – “Access to
Finance - Venture Capital”, measured by the investment of European Venture Capital (EuVECA) is also
included in the measurement of commitment C12 – “Strengthen cross-border matching of innovative firms
with investors”.
None overlapping was identified between commitments of Group 3 – “EU funds”, insomuch as the
envelope of each budget is clearly identified and defined.
Finally, the assessment of commitments of Group 4 – “Action to market” excludes commitment C19.2 –
“European Design Leadership Board” for two reasons. Firstly, the individual socio-economic impact
assessment of commitment C19.2 – “European Design Leadership Board” with the NEMESIS model has
shown very limited (Le Mouël et al., 2018a), almost nil, impact. Secondly, the evolution of the variable used
to measure commitment C19.2 – “European Design Leadership Board” (number of registered community
designs from 2006 to 2013) should reflect the evolution of the variable used to measure commitment C19.1
– “Creative Industries” (the development of creative industries on the same period). So, commitment C19.2
is likely to overlap importantly with the commitment C19.1 and therefore was excluded from the socioeconomic impact assessment of Group 4 – “Action to market” of commitments.
Now, we also modify slightly the implementation of the commitments C10 – “Put in place EU-level financial
instruments to attract private finance”, when we realise the assessment of the commitments as a whole.
Indeed, the InnovFin support is already included in the Horizon 2020 overall budget. SO to avoid accounting
twice the EU budget allocated to InnovFin, we retrieved from the leverage effect of the InnovFin
instruments around €1 billion per year, representing the EU R&I budget allocated to InnovFin.
Finally attentive readers could question the potential overlapping between commitments of Group 1 www.i3u-innovationunion.eu
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“Human Capital” and commitment C6 – “EU Research and Innovation Programmes”. For instance, it could
be the case with “Marie Skłodowska-Curie Action” that is a part of first Pillar “Excellent Science” of the
Horizon 2020 Programme and the commitment C4.2 – “ERA - Research Mobility”. Similarly, the Future and
Emerging Technologies programme of Horizon 2020 could also overlap with commitment C2.2 –
“Knowledge alliances for skill gap” through active partnerships between private research entities and public
ones. Nevertheless, when looking at how the action of these commitments has been implemented in the
NEMESIS model, we can exclude strong overlapping between commitments of Group 1 - “Human Capital”
and commitment C6 – “EU Research and Innovation Programmes”. Indeed, commitments of Group 1 “Human Capital” have been introduced through enhancement of the public research productivity of all
public research activities whereas for EU R&I Programme, even if we assume a stronger economic
performance (+15%) of the research performed at EU level compared with national one, it only concerns a
small part of the public research activity. So, if it can exist some overlapping between commitments of
Group 1 – “Human Capital” and commitment C6 – “EU Research and Innovation Programmes”, this
potential overlapping is weak and do not induce a large over-estimate of the socio-economic impacts of the
Innovation Union commitments ‘as a whole’.
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4. Socio-economic impact assessment of the Innovation Union
commitments with the NEMESIS model
4.1 Main Economic impact at EU level
Figure 3 presents the impact of the Innovation Union commitments, implemented in the NEMESIS model
as described above; on the innovative assets: private and public R&D, ICT and Other Intangibles. As Table 3
shows the investment on innovative assets, and especially on private R&D, is an important channel used to
draw the commitments effects on key innovation mechanisms of the NEMESIS model. According to the
methodology used to define the scenarios, the implementation of the commitments is stabilised after
2027, and so their effect on the private R&D investments is also stabilised.
Thus, in 2030, the deviation of the private R&D intensity in EU reaches between +0.14 and +0.21 point of
EU GDP in the ‘Realistic – Medium’ scenario and the ‘Optimistic – Medium scenario’ respectively. In 2050,
the variation of the EU private R&D intensity is relatively similar, with respectively +0.15 and +0.22 point of
EU GDP.
Figure 3: Deviation of the investment on innovative assets (point of GDP, w.r.t. reference scenario)

Source: NEMESIS model

Nevertheless, Figure 3 shows also the complementary of the private R&D with the other innovative assets,
ICT and Other Intangibles here, existing in the NEMESIS model to produce innovation outputs. If the ripple
effect of private R&D investments is very weak in 2020, thereafter the ICT and Other Intangibles
investment intensity grow progressively and reach +0.014 and 0.017 point of EU GDP for ICT and Other
Intangibles respectively in the ‘Realistic – Medium’ scenario and +0.022 and +0.023 point of EU GDP
respectively in the ‘Optimistic – Medium’ scenario.
These numbers can appear relatively modest, in GDP point. But in 2050 in the ‘Optimistic – Medium’
scenario, and on the €100 billion euro (constant euro 2015) of additional investments in innovative assets
(in comparison with the reference scenario), €14 billion are coming from additional investments in ICT and
www.i3u-innovationunion.eu
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€25 billion from investments in Other Intangibles (the remaining coming from private and public R&D
investments).
The cumulative figures in the ‘Optimistic – Medium’ scenario gives the following number (from 2014 to
2050, in constant euro 2015 and in difference with the reference scenario):
• an additional private R&D investment of more than €1,100 billion,
• +€180 billion of additional investment in public R&D
• +€190 billion for the ICT investments and
• + 330 billion of additional investments on Other Intangibles.
The following figure (Figure 4) shows the impact of the IU commitments ‘as a whole’ on the EU GDP for all
the scenarios, i.e. the two scenarios ‘Realistic’ and ‘Optimistic’ and the three cases ‘Low’, ‘Medium” and
‘High’.
Figure 4: EU GDP deviation in all the scenarios (%, w.r.t. reference scenario)

Source: NEMESIS model

In 2040, the EU GDP deviation (in comparison with the reference scenario) ranges from +1.34% in the most
pessimistic case (the ‘Realistic – Low’ scenario) up to +4.9% in the most optimistic one (the ‘Optimistic –
High’ scenario). In 2050, the EU GDP gains even reaches +7.2% in the ‘Optimistic – High’ scenario and +2%
‘Realistic – Low’ scenario.
In the ‘Medium’ case, in 2040, the impact of the IU commitments, when implemented as in the ‘Realistic’
scenario, on the EU GDP is of +2.2% and +3.5%, when implemented as in the ‘Optimistic’ scenario.
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Figure 5: Contribution to EU GDP deviation in the ‘Realistic-Medium’ scenario (point of GDP, w.r.t. reference
scenario)

Source: NEMESIS model

Figure 5 shows the contribution of the private consumption, the gross fixed capital formation and the trade
balance to the EU GDP deviation in the comparison with the reference scenario and in the ‘Realistic –
Medium” scenario. We can see that the private consumption is the main driver of the EU GDP gains, with
+1 point of EU GDP in 2040. But, the contribution of the private consumption to the EU GDP deviation
remains modest as regards of its importance in the EU GDP. Relatively, the contribution of the trade
balance is very important with +0.7 point of EU GDP in 2040. Similarly but at a lesser extent, the
comparison of the gross fixed capital formation remains significant as regards of its importance in the EU
GDP, with +0.5 point of EU GDP in 2040.
We can then conclude than the additional EU GDP is come for a part from competitiveness gain of the EU
economy on the World markets (around one third) and for another part from internal market development
allowed by productivity gains and enhancement of the quality of the goods and services (around two third).
Table 4: Long-term annual EU GDP growth rate deviation (point, w.r.t. reference scenario, average 2040-2050)

Long-term annual EU GDP growth rate deviation
(point, w.r.t. reference scenario, average 2040-2050)
Realistic
0.061%
0.097%
0.132%

Low
Medium
High

Optimistic
0.096%
0.160%
0.221%

Source: NEMESIS model

Finally, perhaps the most important regarding the EU GDP, is the impact of the IU commitments ‘as a
whole’ on the long-term EU GDP growth rate that is generally the final objectives of structural policies and
especially regarding innovation and knowledge. Here, the impacts on the long-term EU GDP growth rate
are modest even if significant. After 2040, the deviation of the long-term EU GDP growth rate (in
www.i3u-innovationunion.eu
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comparison with the reference scenario) ranges from +0.06 point in the “Realistic – Low’ scenario and
+0.22 pt in the ‘Optimistic – High’ scenario. And in the ‘Realistic’ case, the gain of long-term EU GDP growth
rate is of 0.1 point in the ‘Realistic’ scenario and +0.16 point in ‘Optimistic”.
The impacts of the IU commitments, as measured in this study, on the EU employment are also significant
and follow the EU GDP deviation. Figure 6 shows the EU employment deviation in comparison with the
reference scenario for all the scenarios. And it ranges from +860,000 jobs in 2040 in the ‘Realistic – Low’
scenario, the most pessimistic to +3 million units in 2040 in the ‘Optimistic – High’ scenario, the most
favourable.
In the ‘medium’ cases, the EU employment deviation reaches +1.4 million in 2040 in the ‘Realistic’ scenario
and +2.2 million in ‘Optimistic’.
Figure 6: EU Employment deviation in all the scenarios (thousand, w.r.t. reference scenario)

Source: NEMESIS model

If we look more in the details of the workers’ category (Figure 7), we see that in the ‘Realistic – Medium”
scenario, from the 1.4 million of additional employments (in comparison with the reference scenario)
created in 2040 220,000 come from research activities (i.e. 16%) and 400,000 are employments created for
high-skilled workers and 780,000 for low-skilled.
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Figure 7: EU employment deviation by workers category in the ‘Realistic – Medium’ scenario (thousand, w.r.t.
reference scenario)

Source: NEMESIS model

4.2 Impacts at national level
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Table 5 presents the GDP deviation in each member state in 2040, in comparison with the reference
scenario and for all scenarios. The results show that the expected impacts at country level are contrasted.
Looking the ‘Realistic – Medium”’ scenario, the GDP deviation within the member states varies from 0.9%
in Slovakia, to +5.5% in Estonia. In the ‘Optimistic – Medium’ scenario, these differences range from +1% in
Slovakia and +9.4% in Estonia, again.
If it does not explain all the differences between members’ states, Figure 8 highlights the importance of
the additional investments on innovative asset in each member state on their GDP gain. Globally, countries
in which the deviation of the investments on innovative assets (including private and public R&D, ICT and
Other Intangibles) is the highest, such as in Estonia, Slovenia, Finland, Czech Republic or Portugal with
around +0.3 point of EU GDP of innovative assets, are also among the countries with the strongest GDP
deviations, with respectively +5.5%, +5.1%, +3.5%, +3.6% and +3%. The opposite is also true for countries
like Romania or Hungary.
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Table 5: National GDP deviation in 2040 in all the scenarios (%, w.r.t. reference scenario)

GDP deviation in 2040 (%, w.r.t reference scenario)
'Realistic Low'

'Realistic Medium'

'Realistic High'

2.5%
1.4%
0.5%
0.8%
2.7%
1.5%
2.2%
2.7%
1.6%
2.0%
0.9%
1.4%
0.1%
1.9%
0.9%
0.9%
1.4%
0.8%
1.3%
0.8%
1.4%
2.0%
0.6%
1.9%
3.4%
0.4%
1.1%
1.4%

3.8%
2.1%
1.8%
1.4%
3.6%
2.5%
3.3%
5.5%
2.4%
3.5%
1.7%
1.9%
0.6%
3.2%
1.3%
2.2%
1.8%
1.7%
2.1%
1.3%
2.4%
3.0%
1.1%
3.1%
5.1%
0.9%
1.9%
2.2%

5.2%
2.8%
3.2%
2.0%
4.5%
3.4%
4.4%
8.4%
3.3%
5.1%
2.4%
2.6%
1.2%
4.4%
1.8%
3.5%
2.1%
2.8%
2.9%
1.7%
3.5%
4.1%
1.8%
4.3%
6.9%
1.5%
2.6%
3.0%

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Greece
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
Malta
The Netherlands
Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United-Kingdom
EU-28

'Optimistic - 'Optimistic - 'Optimistic Low'
Medium'
High'
3.8%
2.1%
0.9%
1.1%
3.8%
2.4%
3.3%
4.8%
2.4%
3.5%
1.5%
2.1%
0.4%
3.0%
1.3%
1.5%
2.1%
1.1%
2.1%
1.2%
2.2%
3.0%
0.9%
3.0%
5.2%
0.6%
1.7%
2.1%

6.0%
3.3%
2.4%
2.0%
4.9%
4.1%
5.3%
9.4%
3.8%
6.1%
2.8%
3.0%
1.0%
5.1%
2.1%
2.8%
2.7%
2.2%
3.4%
2.1%
3.4%
4.6%
1.7%
5.0%
8.0%
1.1%
3.0%
3.5%

Source: NEMESIS model
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8.2%
4.5%
4.0%
2.9%
6.1%
5.8%
7.2%
14.1%
5.3%
8.7%
4.2%
4.1%
1.6%
7.2%
2.9%
4.2%
3.3%
3.4%
4.6%
2.9%
4.7%
6.3%
2.6%
7.0%
10.8%
1.6%
4.3%
4.9%
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Figure 8: Relationship between the deviation in the investments on innovative assets and the GDP deviation in
each Member State in the 'Realistic - Medium' scenario

Source: NEMESIS model

Table 6: National employment deviation in 2040 in all the scenarios (thousand, w.r.t. reference scenario)

Employment deviation in 2040 (thousand, w.r.t reference scenario)
'Realistic Low'

'Realistic Medium'

'Realistic High'

25.2
9.9
8.3
0.9
22.4
96.4
10.6
2.8
63.8
6.9
39.8
12.7
1.1
8.9
44.7
1.4
2.1
1.5

37.5
14.5
28.5
1.5
31.3
153.4
15.5
5.7
98.0
12.4
71.9
17.7
6.9
14.8
69.3
3.4
2.6
3.5

49.1
19.4
49.4
2.1
40.9
209.7
20.3
8.6
135.6
18.0
105.9
23.7
13.1
20.6
95.7
5.4
3.0
5.7

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Greece
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
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'Optimistic - 'Optimistic - 'Optimistic Low'
Medium'
High'
37.4
14.5
13.3
1.3
30.8
145.8
15.6
5.0
98.4
12.1
62.7
19.0
3.2
13.8
65.4
2.4
3.0
2.2

56.4
22.1
37.4
2.1
41.5
242.2
23.8
9.3
153.1
20.9
119.4
27.0
10.0
23.6
105.7
4.6
3.9
4.6
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72.1
30.2
61.8
3.0
53.4
332.4
31.7
13.1
211.9
29.6
178.0
36.5
17.4
32.7
148.5
6.9
4.6
7.1
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Malta
The Netherlands
Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United-Kindgom
EU-28

0.4
9.5
40.8
21.3
11.7
19.1
6.0
2.9
77.4
471.1

0.6
14.2
77.2
33.4
24.4
29.9
9.0
7.3
128.6
784.2

0.8
19.4
116.2
46.6
37.9
40.7
12.0
12.2
181.7
1 112.1

0.6
14.4
65.1
32.9
18.3
28.6
9.1
4.4
116.5
719.0

1.0
22.9
108.0
50.8
36.1
46.5
13.5
9.4
203.9
1 195.8

1.3
32.4
153.4
70.0
54.2
63.7
17.7
14.9
291.0
1 678.6

Source: NEMESIS model

4.3 Contribution of each group of commitments
This last section present the contribution of each Group of commitments on the EU GDP deviation when
implemented IU commitment ‘as a whole’ IU. Even if it do not inform about the importance of thematic
beyond the Group of commitments for the Innovation Union , it just help to evaluate the work achieved
and the potential of each Group of commitments.
Figure 9: Contribution to each Group of Commitments to the EU GDP deviation (point of GDP, w.r.t. reference
scenario)

Source: NEMESIS model
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5. Synthesis and policy issues
Table 7 summarises the main results of the socio-economic impact assessment of the Innovation Union
commitments as a whole done in this paper and achieved with the help of the NEMESIS model. In 2040, we
can expect from the implementation of the IU commitments as a whole, a GDP gain (in comparison with
the reference scenario) at EU level, from 1.4% in the most pessimistic case and up to 4.9% in the most
optimistic and an employment gains varying between 860,000 to 3 million respectively. In 2050, as the
long-term EU GDP growth is positively affected (from +0.06 point to +0.22 point), the EU GDP deviation are
higher than in 2040, with +2% in the most pessimistic case up to +7.2% in the most optimistic. And the EU
employment gains reach, in 2050, +1.3 million and +4.4 million respectively.
Table 7: Summary of key results of the study

EU GDP deviation (%,
w.r.t. reference scenario)

Realistic - Low
Realistic - Medium
Realistic - High
Optimistic - Low
Optimistic - Medium
Optimistic - High

EU Employment deviation
(thousand, w.r.t.
reference scenario)

Long-term EU GDP
annual growth rate
deviation (point, w.r.t.
reference scenario)

2040

2050

2040

2050

Average 2040-2050

1.35%
2.17%
3.02%

1.97%
3.16%
4.37%

862
1 413
1 990

1 261
2 044
2 837

0.06%
0.10%
0.13%

2.08%
3.47%
4.89%

3.06%
5.11%
7.21%

1 313
2 159
3 015

1 942
3 195
4 438

0.10%
0.16%
0.22%

Source: NEMESIS model

These results of these two scenarios lead to further reflections. If Innovation Union has undoubtedly had
positive effects on R&D intensity, growth, employment and competitiveness, these positive impacts will be
insufficient to reach the objective of reducing the gap in R&D intensity between the world leaders in
innovation and those that are lagging behind. Furthermore, the progress is slow, and it takes time to see
the economic impacts of innovation policy.
If we had one figure to retain, it is that Innovation Union could increase the EU’s long-term GDP growth
rate by up to 0.15 point that is to say more than 15% of the reference value of the potential EU GDP growth
estimated, nowadays, by the European Commission (EC, 2017c).
Finally, the assessment realised in this study only accounts progress expected due to the commitment
implementation between 2013 and 2027. It does not take into account progress already achieved since the
economic crisis and up to 2013 (and then including progress from before the introduction of the Innovation
Union). If we add the progress measured by the European Innovation Scoreboard on this previous period
(see Le Mouël, 2018) to the one measured in this study, the assessment of the long-term socio-economic
impact with the NEMESIS model comes, in 2040, to +6.2% of EU GDP (+0.23 point of long-term EU GDP
growth rate) and +5.4 million new jobs. And the EU R&D intensity would reach 2.25% in 2027 namely +0.5
points compared to the pre-crisis level.
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7. Appendix 1: List of NEMESIS innovation module equations
and parameters
The index j stands respectively for RD, ICT and OI.
Table 8: Analytical expression of the equations at the “core” of the innovation module of NEMESIS
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Table 9: List of key parameters intervening in the innovation chain of NEMESIS

Parameters description

Parameter value or method calculation

Spread parameters for knowledge
ΦXY_,`→",# ,
externalities.
Φ\<]_,`→",# ,
Measure the strength and direction
Φ^\_,`→",#
of inter-sectoral and inter-national
Calculation based of the methodologies developed
spillovers
in the context of DEMETER and SIMPATIC projects.
XY_`$w
Spread parameter for public R&D.
∝_` =
Measure the strength and direction
XY_$w
of knowledge spillovers from public Grandfathering assumption: The more a sector
research
invest in R&D (in % of total private R&D expenditure)
the more it benefits from public research
Productivity
parameters
of
λRDHI ,
innovation inputs.
λICTHI ,
Modify proportionally the impact of
λOIHI
the different innovation input on the
Their default value in NEMESIS is set to 1
growth of innovations
Substitution elasticity between the
different innovation components.
Measure
the
degree
of
complementarity
between
the
σA HI
innovation components in the
production of innovation services
The default value is 0.25 in NEMESIS
Distribution
parameters
of
δRDHI ,
innovation components.
δICTHI ,
Influence the elasticity of innovation
δOIHI ,
services to the growth of innovation
components
and
knowledge
externalities
They are positively related to cost of each innovation
input in the total cost of producing innovation
services in NEMESIS. They sum to 1 NEMESIS
Substitution
elasticity
between
innovation components and the
bundle of traditional production
factor in the equation for sectoral
output.
σYHI
The value of this elasticity is not
critical in NEMESIS. Influences
mainly the elasticity of innovation
Set to 1 in NEMESIS
services to their user cost.
Distribution
parameters
of
innovation services and of the
bundle of traditional production
factors
δA HI ,
Influence the elasticity of sectoral
δX HI
output to the growth of innovation
The parameter for innovation services is positively
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related to the cost of innovation inputs in the total
production cost of output. The sum of the two
parameters is set to 1 in NEMESIS
Share of product innovations.
Influence positively the economic
performance of innovations in terms
of output growth and employment
creation
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This average value of this share is 33% in NEMESIS
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