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1. Introduction 
 

The principal objective of this deliverable D10.1, ”Sum-up of the effects to take into account”, is to 

make a first synthesis of the modifications of the macro-sectoral model NEMESIS that will be 

necessary for the quantification of the impacts of the 34 Commitments of the Innovation Union on 

the economic system as a whole. 

 

It builds on the results of the deliverables D1.1 to D8.1 that (1) analyse the field of action of the 34 

Commitments of the Innovation Union, (2) show how they are related to the economic theories and 

then (3) identify the potential indicators and data available to measure their impacts at next steps 

of the I3U project. 

 

Based on these first results of I3U project, the main issue is therefore to determine on which 

mechanisms of the model the different commitments act in order to be able to integrate them 

consistently in the NEMESIS model. 

 

It would require notably a close collaboration at the next steps of the project, between the 

experts in charge of the analysis of the individual commitments in WP 1 to 8, (1) to determine 

precisely on which parts of the innovation process the different commitments act and (2) to 

identify the possible over-lapping between them. This will be realized also in collaboration with 

the experts of WP 9 that will build the ”Conceptual model” of the Innovation Union, and those 

of WP 8 that will bridge the Innovation Union scoreboard with the different commitments. 

  

At this stage of the project, the way the different commitments act on the innovation system was 

analysed and a first inventory of the indicators and data required is available. All the questions are 

not solved and the objective here is more to give guidelines to the experts of the other WP 

package in order to provide to the NEMESIS team the best insights as possible (1) on the way the 

integration of the Commitments will modify the model and (2) on the data, indicators and 

parameters that should be provided to NEMESIS as inputs for this integration.  

 

This difficult task requires at the beginning that all the experts in the different work-package share 

a good knowledge and understanding of the innovation mechanisms currently implemented in the 

version of NEMESIS that will be used for I3U. A first document, that summarizes these mechanisms 

and that includes also a general presentation of the model was already provided at the beginning 

of the project and is available on I3U website.  

 

After a focus, in the first section, on the key innovations mechanisms of the model, the second 

section presents then a first synthesis, from the analysis of deliverables D1.1 to D8.1, on the 

mechanisms of the model that should be modified, or added, to integrate the different 

commitments in NEMESIS. Then the third section concludes by summing-up the precise inputs 

(such as new mechanisms, data, parameters and elasticities) that are expected by the NEMESIS 

team from their partners responsible of the different commitments, at the next steps of the 

projects. 
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2. A focus on the innovation mechanisms in NEMESIS 
 

The innovation mechanisms in NEMESIS were improved recently thanks to new developments in 

databases and it was the result of two preceding EC research programmes: DEMETER and 

SIMPATIC. The innovations in the different economic sectors (30 by including also the public 

sector) do not result anymore only from (public and private) R&D investments, but also from 

investments in ICT technologies (mainly from EU-KLEMS database) and in two categories of 

intangible other than R&D: Training and Software (from INTAN-invest database). 

 

The necessity of these new developments came first from the statement that the wide 

developments of broadband infrastructure and ICT investments from the last decades have 

progressively revolutionized the strategies used by firms to innovate, and the phenomenon was 

accelerating from the last decade. This statement led the OECD changing the definition of 

innovation from the third edition of Oslo manual (2005), 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.  

 

The bulk of innovations is not any more related to R&D investments by high-technological sectors 

inventing and supplying new General Purpose Technologies (GPT) such as ICT, bio- and nano-

technologies, but rather to co-inventions, new applications, and recombinations of these 

technologies by the user sectors and final customers. These demand-led innovations do not rely on 

heavy R&D investments, but on investments in all a set of complementary intangible assets such as 

Training, software, IPR (patents, licences, and brand equities), marketing and managerial skills. They 

introduce in depth changes in the way firms are doing business, and on the organization of the 

value chain in a wide range of sectors.  

 

For example, many industrial sectors did “servitised”, the close customer to producer relationships 

allowed by the development of ICT having both increased customers involvement in the design of 

industrial products, and modified the way manufacturing firms generate revenues, with an 

increasing share coming from the sale of services (Sissons, 2011). Service industries that were 

considered as not progressive sectors become themselves progressive from adaptations of ICT 

technologies and main of the US-EU productivity gap can be explained by the under-investment in 

ICT technologies by service sectors in Europe, compared to US (Jorgenson et al., 2008, Colecchia 

and Shreyer, 2002, Bosworth and Triplett, 2007, van Ark, O'Mahony and Timmer, 2008), and by their 

under-investment in complementary intangible assets, notably human capital (Corrado et al., 2012).  

 

The digital revolution at work in advanced countries is therefore likely to have deeply modified 

both the way firms innovate, firms basing their strategy on the R&D input only being a “very small 

minority” (Srholec and Verspagen, 2012), and the interactions among the different production 

sectors of the economy, notably between manufacturing and services.  

 

Concerning the methodology, in this new version of NEMESIS innovation strategies of firms 

are based on investments in a mix of three innovation assets: R&D, ICT and OI (Softwares and 

Training). The representation of innovation in the model follows the concept of ICT as GPT 

introduced by Bresnahan and Trajtenberg (1995) and describes explicitly the externalities 
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arising from different networks effects: from the interactions between (1) producers and users 

of ICT, (2) ICT users’ co-inventions, and (3) ICT users’ investments in complementary intangible 

assets. It is particularly well adapted to represent innovation in service sectors, and also the 

growing importance taken by the phenomenon of “servitisation” of the manufacturing sector.  

 

Another advantage of this new version in the context of the I3U project is that it allows also taking 

into account the vast contrasts existing also regarding the innovation systems in the different EU 

countries. Not all countries are good R&D performers, and not all innovations strategies are 

centred onto the sole R&D inputs. It is particularly well adapted to fit the requirements of the 

conceptual model of the Innovation Union, that will be developed in the WP 9 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 the 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.  

 

Finally, it is not definitive, and if necessary, other extensions, for example to introduce new 

categories of intangibles - such as  Architectural and design, New financial products, Mineral 

exploration and Artistic originals, Advertising and market research, Organisational capital, also 

available in Intan-invest database – could be realized for the needs of the I3U project. A drawback 

of the model is notably the absence of innovations in the public sector. This could be introduced 

when data such as the one built in the SPINTAN project, on public sector intangible investments, 

will be available. 

 

We will focus now on the presentation of the key mechanisms of NEMESIS innovation module and 

then we will present the general methodology used to calibrate the model. In complement, results 

of some numerical experiments that illustrate its functioning are available in appendix. 
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2.1 The key mechanisms 
 

The endogeneization of innovation by firms is realized at sectoral level in NEMESIS and the Figure 

1 illustrates the way the innovations realized 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 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.  

 

 

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

 

 

2.1.1 A Fully Endogenous Growth approach (Ha & Howitt, 2007) 

 

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 recall 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 equations1: 

 

𝑔𝐴 = 𝜆 ∙ (
𝑅𝐷

𝑌𝛽
)

𝜎

∙ 𝐴𝜙−1 

 

(1) 

𝑌 = 𝐴 ∙ 𝑋 (2) 

where gA is the growth rate of innovations2, 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 (1999) as the “stepping on toes effect”. Finally, the term 

Aϕ−1 , 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 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: 

 

𝑔𝐴 = 𝜆 ∙ 𝑅𝐷𝜎 

 

 

(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. 

                                                
1 We do not reproduce here strictly Ha & Howitt (2007) notations and adapt it for to our purpose. 
2 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. 
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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:  

 

𝑔𝐴 = 𝜆 ∙ 𝑅𝐷𝜎 ∙ 𝐴𝜙−1 

 

(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 

”semi-endogenous” 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: 

 

𝑔𝐴 = 𝜆 ∙ (
𝑅𝐷

𝑌
)

𝜎

 

 

(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 in 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 approach3. 

 

Among the existing applied macro-economic models used by the European Commission and that 

include an endogenous representation of innovation activities of firms, GEM-E3 and QUEST retain a 

semi-endogenous approach (φ <1) as well as WORLDSCAN4, 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 

                                                
3 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. 
4 But WORLDSCAN is not used anymore. 
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RHOMOLO, the framework of the Endogenous II / Schumpeterian models, taking φ =1, β =1 and σ 

=1, then:  

𝑔𝐴 = 𝜆 ∙
𝑅𝐷

𝑌
 

 

(6) 

The new version of the 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: 

 

𝑔𝐴 = 𝜆𝑅𝐷 ∙
𝑅𝐷

𝑌
+ 𝜆𝐼𝐶𝑇 ∙

𝐼𝐶𝑇

𝑌
+ 𝜆𝑂𝐼 ∙

𝑂𝐼

𝑌
 

 

 

(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. 

 

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, 𝐴𝑗𝑐𝑖𝑡  , 𝑗 = 𝑅𝐷, 𝐼𝐶𝑇, 𝑂𝐼 are modelled symmetrically. They 

are specific to sectors (s) and countries (c) and are expressed at time t: 

 

Ajcit = SCAjci ∙ KNOWjcit
λjci∙

jcit
Ycit 

 

 

(8) 

with SCAjci  a scale factor, λj a positive productivity parameter, KNOWjcit  the knowledge 

stock associated to asset j, and  
𝑗𝑐𝑖𝑡

𝑌𝑐𝑖𝑡
 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. 

                                                
5 We will give elements on the main findings of the empirical literature in section 2.2 on calibration. 
6 The idea that external knowledge needs an absorptive capacity of the firm refers to the seminal works of 

Cohen and Levinthal (1990). 
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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 , 𝐾𝑁𝑂𝑊𝑗𝑐𝑖𝑡, is defined by the sum of 

R&D capital stock 𝑆𝑅𝐷𝑝,𝑠,𝑡−Δ  in all countries/sectors (p,s), weighted by a spread parameter 

Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖 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: 

 

𝐾𝑁𝑂𝑊𝑅𝐷𝑐𝑖𝑡 = ∑ Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖 × 𝑆𝑅𝐷𝑝,𝑠,𝑡−Δ

𝑝,𝑠

 

 

(9) 

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 𝑆𝑅𝐷𝑝𝑠𝑡 = (1 − 𝛿𝑅𝐷) ∙ 𝑆𝑅𝐷𝑝𝑠𝑡−1 + 𝑅𝐷𝑝𝑠𝑡 +

∝𝑝𝑠∙ 𝑃𝐼𝑅𝐷𝑝𝑡−2 where ∝𝑝𝑠=
𝑅𝐷𝑝𝑠𝑡0

𝑅𝐷𝑝𝑡0

.  

 

The same methodology is applied to ICT capital and to OI capital and we have respectively: 

 

𝐾𝑁𝑂𝑊𝐼𝐶𝑇𝑐𝑖𝑡 = ∑ ΘIC𝑇𝑝,𝑠→𝑐,𝑖 × 𝑆𝐼𝐶𝑇𝑝,𝑠,𝑡−Δ

𝑝,𝑠

 

 

(10) 

 

and: 

𝐾𝑁𝑂𝑊𝑂𝐼𝑐𝑖𝑡 = ∑ ΘOI𝑝,𝑠→𝑐,𝑖 × 𝑆𝑂𝐼𝑝,𝑠,𝑡−Δ

𝑝,𝑠

 

 

(11) 

 

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 

related to this technology and they receive knowledge spillovers coming from inventions by 

                                                
7 The depreciation rates used are identical to Corrado et al. (2013): 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. 
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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sectors that produce other technologies. From this perspective, patents allocated to their 

Industry Of Manufacturing (IOM) reflect the output of the R&D efforts realized 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 (𝐴𝑅𝐷𝑐𝑖𝑡  , 𝐴𝐼𝐶𝑇𝑐𝑖𝑡 , 𝐴𝑂𝐼𝑐𝑖𝑡  )  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 inputs. By contrast, service sectors invest only 

few in R&D but realize 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 

(𝐴𝑅𝐷𝑐𝑖𝑡   , 𝐴𝐼𝐶𝑇𝑐𝑖𝑡 , 𝐴𝑂𝐼𝑐𝑖𝑡  ) are combined with a CES technology to provide a flow of Innovation 

Services, 𝐴𝑐𝑖𝑡, we have: 

 

Acit = 𝑆𝐶𝐴𝑐𝑖 ∙ (𝛿𝐴𝑅𝐷𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝑅𝐷𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖 + 𝛿𝐴𝐼𝐶𝑇𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝐼𝐶𝑇𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖 + 𝛿𝑂𝐼𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝑂𝐼𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖)
−

1
𝜌𝐴𝑐𝑖 

 

(12) 

 

with 𝑆𝐶𝐴𝑐𝑖 a scale parameter, 𝛿𝐴𝑅𝐷𝑐𝑖 , 𝛿𝐴𝐼𝐶𝑇𝑐𝑖 and 𝛿𝐴𝑂𝐼𝑐𝑖, the distribution parameters and 

𝜎𝐴𝑐𝑖 =
1

1+𝜌𝐴𝑐𝑖
 , the substitution elasticity between 𝐴𝑅𝐷𝑐𝑖𝑡 , 𝐴𝐼𝐶𝑇𝑐𝑖𝑡 and 𝐴𝑂𝐼𝑐𝑖𝑡. 
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The empirics suggest (see Section 2.2) a low value for the substitution elasticity 𝜎𝐴𝑐𝑖 that we fixed 

at 0.25 in every sectors and every countries in NEMESIS. We show in the appendix the 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,  𝑋𝑐𝑖𝑡  10, 

per unit of output, 𝑌𝑐𝑖𝑡, with an elasticity  𝛼𝑐𝑖𝑡 =
𝜕𝑙𝑛𝑋𝑐𝑖𝑡

𝜕𝑙𝑛𝐴𝑐𝑖𝑡
; 

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

characteristics of products, 𝑄𝑐𝑖𝑡, with an elasticity 𝛼𝑐𝑖𝑡
′ =

𝜕𝑙𝑛𝑄𝑐𝑖𝑡

𝜕𝑙𝑛𝐴𝑐𝑖𝑡
. Their impact in the model 

result from the assumption that firms’ customers have a ”taste for novelty” that make their 

demand increasing whenever the ”quality adjusted price” of products  
 𝑃𝑌𝑐𝑖𝑡

𝑄𝑐𝑖𝑡
, is decreasing, 

with  𝑃𝑌𝑐𝑖𝑡 , the unit production price of output, and  𝑄𝑐𝑖𝑡 = 𝐴𝑐𝑖𝑡

𝛼𝑐𝑖𝑡
′

, 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 revenue growth rate (r=p+q), that expresses: - 
φ

η
, η <0, is always positive, while the impact of 

process innovations (γ ∙
η+1

η
) is always small11, or negative (if η >-1 ), the same being true equally 

for the employment impacts of innovations.  

                                                
10Xcit 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 
innovation are often costly to implement and (2) that the main return of process innovations come from their 
reduction on unit production cost. 

http://www.i3u-innovationunion.eu/


 

D10-1 | Sum-up of the effects to take into 
account 

 

www.i3u-innovationunion.eu Page 15 of 92 This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 645884.    

 

 

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, the more 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 elasticity𝛼𝑐𝑖𝑡 =
𝜕𝑙𝑛𝑋𝑐𝑖𝑡

𝜕𝑙𝑛𝐴𝑐𝑖𝑡
, 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, 𝐴𝑐𝑖𝑡 , 

with the compound production input, 𝑋𝑐𝑖𝑡: 

Ycit = 𝑆𝐶𝑌𝑐𝑖 ∙ (𝛿𝐴𝑐𝑖
1+𝜌𝑌𝑐𝑖 ∙ 𝐴𝑐𝑖𝑡−1

−𝜌𝑌𝑐𝑖 + 𝛿𝑋𝑐𝑖
1+𝜌𝑌𝑐𝑖 ∙ 𝑋𝑐𝑖𝑡

−𝜌𝑌𝑐𝑖)
−

1
𝜌𝑌𝑐𝑖 

 

(15) 

with 𝑆𝐶𝑌𝑐𝑖 a scale parameter, 𝛿𝐴𝑐𝑖  and  𝛿𝑋𝑐𝑖, the distribution parameters and  𝜎𝑌𝑐𝑖 =
1

1+𝜌𝑌𝑐𝑖
 , the substitution elasticity between 𝐴𝑐𝑖𝑡−1  and 𝑋𝑐𝑖𝑡. 

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

innovations, with in average: 𝛼𝑐𝑖𝑡
′ = −1.5 ∙ 𝛼𝑐𝑖𝑡. 

 

 

 

 

 

                                                
12 These % were first derived from the exploitation of the CIS3 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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2.1.5 Sum-up of the innovation mechanisms/equations introduced in 

NEMESIS 

 

The set of equations implemented in NEMESIS to represent innovation at sectoral level is finally 

summed-up in the following table. It comprises 23 equations13 that decompose in four categories 

of equations or variables: 

 

1. Behavioural equations or decisions variables that result from the maximisation of 

intertemporal profit by firms; 

2. Update equations of state variables that result from past decisions and past evolutions such 

as the accumulation of the knowledge variables that influence the productivity of the 

different innovative inputs; 

3. Equations that calculate the ”price” of innovation components and innovation services, that 

result from the resolution of the system of equations; 

4. The ”transmission” equations that link the innovations decisions (1) to the production 

decisions of the firms from the TFP effects of innovations on the demand of production 

inputs X and (2) to the demands of goods and services by firms’ customers that are 

influenced by the relative improvements of products characteristics (product innovations). 

 

As displayed in Table 1 on the 23 equations there are only 7 behavioural equations14 and variables 

that can be directly impacted by the implementation of policy measures in the model. The 

implementation of the 34 commitment of the Innovation Union in the model may nevertheless lead 

to modify a wide range of these 23 equations, to add new mechanisms to the model, or to re-

calibrate a large number of parameters and elasticities. 

 

  

                                                
13 These are the equations at the core of the innovation module but there exist others as Research 
employment detailed in three categories (Researchers/engineers, Technicians, Other), etc. 
14 In fact for the representative firm in the sector, the “true control variables” are only the vector of demands 
for innovation inputs (𝑅𝐷∗, 𝐼𝐶𝑇∗, 𝑂𝐼∗). 
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Type of 

Equation/  

Variable 

  

Name/Description Nb of 

Equations/ 

Variables of 

this Type  

Comments 

Behavioural Equations/ 

Decision Variables 

𝑅𝐷∗, 𝐼𝐶𝑇∗, 𝑂𝐼∗: Optimal demands for 

innovation inputs 

 

𝐴𝑅𝐷∗, 𝐴𝐼𝐶𝑇∗, 𝐴𝑂𝐼∗  : Optimal demand 

for innovation components 

 

𝐴∗: Optimal demand for innovation 

services 

 

 

 

 

7 

 

Result from firms’ 

optimal decisions for 

maximizing inter-

temporal profit. There 

is no market for 

innovations that are 

produced “in-house” 

in NEMESIS 

Update Equations/ 

State variables 

𝐴𝑅𝐷, 𝐴𝐼𝐶𝑇, 𝐴𝑂𝐼: Actual levels of 

innovation components 

 

𝐴: Actual level of innovation services 

 

𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼: Actual stocks of 

innovation assets 

 

𝐾𝑁𝑂𝑊𝑅𝐷, 𝐾𝑁𝑂𝑊𝐼𝐶𝑇, 𝐾𝑁𝑂𝑊𝑂𝐼: Actual 

stocks of knowledge 

 

 

 

 

10 

Result from past 

decisions and 

represent the actual 

values used the firms 

at time t 

Prices  

 

𝑃𝐴𝑅𝐷, 𝑃𝐴𝐼𝐶𝑇, 𝑃𝐴𝑂𝐼: Price of innovation 

components 

 

𝑃𝐴: Price of innovation services 

 

 

4 

There analytical 

expression results 

from the resolution of 

the system of 

equations 

Transmission equations 𝑋: Demand of production inputs (TFP 

effect) 

 

 

 

 

 

 

 

 

 

Q: Product innovations (Quality effect) 

 

 

 

 

 

 

 

 

2 

It is the demand for 

the bundle of 

production inputs X 

makes the link 

between innovation 

and production 

decisions of the firms 

in NEMESIS from the 

TFP impacts of 

innovations. 

 

They are a fix 

proportion in 

NEMESIS (the quality 

effect is proportional 

to the TFP effect) 
Table 1: Sum-up of the equations intervening at the “core” of the innovation module of NEMESIS 
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If we sum-up over countries and sectors, we get finally a set of 23X28X29 = 18676 equations at 

sectoral level to which one must add an epilogue for the calculus of key indicators e.g. national 

innovation inputs intensities, etc. 

 

But another important link between the innovation module of NEMESIS and the rest of the model 

passes also by the labour market. The evolution of research employment will notably retroact on 

labour costs and then on the effectiveness of R&D expenditures in terms of innovation outputs, as 

it will be detailed below. 

 

To complete the overview of these innovation mechanisms in NEMESIS, the Table 2 displays the 

analytical expression of the equations introduced in the model. For simplicity we give only the 

optimal expression for the decision variables15, corresponding to the variables with a star in Table 

1. The index j is by default at each time respectively for 𝑗 = 𝑅𝐷, 𝐼𝐶𝑇, 𝑂𝐼. Time lags where also 

removed as well as expectations operators. 

 

  

                                                
15 The final expression for decision variables includes the impact of adjustments costs and various delays. 
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Variable 

description 

  

Equation Nb 

Optimal demands 

for innovation 

inputs 

𝑗𝑐𝑖𝑡
∗ = [

𝑙𝑛(𝐶𝑐𝑖)−𝜎𝐴𝑐𝑖∙𝑙𝑛(
𝑃𝐴𝑗𝑐𝑖𝑡
𝑃𝐴𝑐𝑖𝑡

)+𝑙𝑛(𝐴𝑐𝑖𝑡
∗ )

𝑙𝑛(𝐾𝑁𝑂𝑊𝑗𝑐𝑖𝑡)
] ∙

𝑌𝑐𝑖𝑡

𝜆𝑗𝑐𝑖
, with 𝐶𝑐𝑖 a positive 

constant 

 

(E1-E3) 

Optimal demand for 

innovation 

components 

𝐴𝑗𝑐𝑖𝑡
∗ = 𝑆𝐶𝐴𝑐𝑖

𝜎𝐴𝑐𝑖−1
∙ 𝛿𝐴𝑗𝑐𝑖 ∙ (

𝑃𝐴𝑗𝑐𝑖𝑡

𝑃𝐴𝑐𝑖𝑡
)

−𝜎𝐴𝑐𝑖

∙ 𝐴𝑐𝑖𝑡
∗  

(E4-E6) 

Optimal demand for 

innovation services 
𝐴𝑐𝑖𝑡

∗ = 𝑆𝐶𝑌𝑐𝑖
𝜎𝑌𝑐𝑖−1

∙ 𝛿𝐴𝑐𝑖 ∙ (
�̃�𝐴𝑐𝑖𝑡

𝑃𝑌𝑐𝑖𝑡
)

−𝜎𝑌𝑐𝑖
∙ 𝑌𝑐𝑖𝑡, with  �̃�𝐴𝑐𝑖𝑡 the 

“modified” user cost of innovation services16 

(E7) 

Actual levels of 

innovation 

components 

Ajcit = SCAjci ∙ KNOWjcit
λjci∙

jcit
Ycit 

 

 

(E8-E10) 

Actual level of 

innovation services 

Acit = 𝑆𝐶𝐴𝑐𝑖 ∙ (𝛿𝐴𝑅𝐷𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝑅𝐷𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖 + 𝛿𝐴𝐼𝐶𝑇𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝐼𝐶𝑇𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖

+ 𝛿𝑂𝐼𝑐𝑖
1+𝜌𝐴𝑐𝑖 ∙ 𝐴𝑂𝐼𝑐𝑖𝑡

−𝜌𝐴𝑐𝑖)
−

1
𝜌𝐴𝑐𝑖 

 

(E11) 

Actual stocks of 

innovation assets 

For R&D stocks: 𝑆𝑅𝐷𝑝𝑠𝑡 = (1 − 𝛿𝑅𝐷) ∙ 𝑆𝑅𝐷𝑝𝑠𝑡−1 + 𝑅𝐷𝑝𝑠𝑡 +

∝𝑝𝑠∙ 𝑃𝐼𝑅𝐷𝑝𝑡−2  

For ICT and OI stocks: 𝑆𝑗𝑝𝑠𝑡 = (1 − 𝛿𝑗) ∙ 𝑆𝑗𝑝𝑠𝑡−1 + 𝑗𝑝𝑠𝑡 

(E12) 

 

(E13-14) 

Actual stocks of 

knowledge 

For R&D:  𝐾𝑁𝑂𝑊𝑅𝐷𝑐𝑖𝑡 = ∑ Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖 × 𝑆𝑅𝐷𝑝,𝑠,𝑡−Δ𝑝,𝑠  

For ICT: 𝐾𝑁𝑂𝑊𝐼𝐶𝑇𝑐𝑖𝑡 = ∑ ΘIC𝑇𝑝,𝑠→𝑐,𝑖 × 𝑆𝐼𝐶𝑇𝑝,𝑠,𝑡−Δ𝑝,𝑠  

For OI: 𝐾𝑁𝑂𝑊𝑂𝐼𝑐𝑖𝑡 = ∑ ΘOI𝑝,𝑠→𝑐,𝑖 × 𝑆𝑂𝐼𝑝,𝑠,𝑡−Δ𝑝,𝑠  

 

(E15) 

(E16) 

(E17) 

Price of innovation 

components 

 

𝑃𝐴𝑗𝑐𝑖𝑡 =
𝑃𝑗𝑐𝑖𝑡

𝐴𝑗𝑐𝑖𝑡
∙

𝑌𝑐𝑖𝑡

𝜆𝑐𝑖
, with 𝑃𝑗𝑐𝑖𝑡 the prices of innovation inputs (E18-E20) 

Price of innovation 

services 

𝑃𝐴𝑐𝑖𝑡 = [𝛿𝐴𝑅𝐷𝑐𝑖 ∙ 𝑃𝐴𝑅𝐷𝑐𝑖𝑡
1−𝜎𝐴𝑐𝑖 + 𝛿𝐴𝐼𝐶𝑇𝑐𝑖 ∙ 𝑃𝐴𝐼𝐶𝑇𝑐𝑖𝑡

1−𝜎𝐴𝑐𝑖

+ 𝛿𝐴𝑂𝐼𝑐𝑖 ∙ 𝑃𝐴𝑂𝐼𝑐𝑖𝑡
1−𝜎𝐴𝑐𝑖]

1
1−𝜎𝐴𝑐𝑖 

(E21) 

Demand of 

production inputs 

𝑋𝑐𝑖𝑡 = 𝑌𝑐𝑖𝑡 . 𝐴𝑐𝑖𝑡
𝛼𝑐𝑖𝑡 (E22) 

Product innovations 𝑄𝑐𝑖𝑡 = 𝐴𝑐𝑖𝑡

𝛼𝑐𝑖𝑡
′

, (E23) 

Table 2: Analytical expression of the equations at the “core” of the innovation module of NEMESIS 

  

                                                
16 This « modified » user cost cannot be calculated analytically and its value is solved numerically by the 
model. See NEMESIS description on I3U website. 
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2.2 The calibration 
 

This section 2.2 presents the general methodology used to calibrate the innovation module of 

NEMESIS. The main objective of the calibration is to ensure that the simulations that will be 

realized with NEMESIS for I3U will provide results in phase with the theoretical and empirical 

literature, on central elements for policy assessment of R&D and innovation policies. These 

elements, that can be analyzed whether at sectoral, national or EU-28 levels, are notably: 

1. The economic performance of innovations e.g. what is the elasticity of sectoral output or of 

GDP to innovations? 

2. The employment effects of innovations. How strong? Positive or negative? 

3. The distinct impacts of product and process innovations on economic performance and 

employment.  

4. The strength and impacts of knowledge spillovers, notably from public and private research. 

Do they crowd-in/-out private R&D investments and how much?  

5. What are the impacts of knowledge externalities relative to ICT and OI? 

6. What are the distinct impacts of R&D, ICT and OI assets on economic performance and 

employment? 

7. What are the implications of innovation components complementarities? Do ICT 

investments need complementary investments in OI to produce positive impacts on 

employment and growth as ICT in GPT literature suggests? And do they crowd-in also R&D 

investment from network effects as the theoretical literature would suggest? 

 

The calibration task is not that straightforward as most of the effects we want to measure with the 

model and compare with the findings of economic literature on innovations, are indirect, and pass 

through all a chain of mechanisms and interdependencies that the Figure 2 below sums-up. This 

figure gives a simplified algorithmic representation of the way the innovation mechanisms 

introduced in the model act in NEMESIS. Starting from the top of the figure and rotating clockwise, 

each rectangular box contains a set of inputs including different categories of variables or 

mechanisms described in bold and underlined typefaces, and different categories of parameters 

indicated in bold and red typefaces. Moving right side, these inputs are combined with functions, 

indicated in the different circles that calculate outputs that are also the inputs of the next 

rectangular box together with new sets of parameters and elasticities, and so on.  

 

The four first rectangular boxes and the three first categories of functions in the circles synthesize 

the innovations mechanisms introduced at sectoral level that are summed-up in Table 2. All the 

variables, parameters, elasticities and functions represented by these first boxes and circles, are 

defined at a sectoral level, and represent calibrations that must be done for every countries and 

every sectors detailed in NEMESIS. One the contrary, the last circle and the last box of the left side, 

describes the interactions and feedbacks that occurs, when solving the model17, between the 

innovation mechanisms introduced at the sectoral level just described, and the macroeconomic 

forces coming for example from the impact of innovations on households’ disposable income and 

consumption choices, on external competitiveness and firms’ export performance, on labour 

demand by skill and wages evolution that will retract on innovation inputs productivity and private 

and social rates of return. 

                                                
17 In fact the solver classes and solves the equations in order of increasing degree of interdependencies, or 
we could say “endogeneity”, and initiates loops until a stable solution is found. 
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Figure 2: The chain of effects to calibrate from sectoral level to interactions with the whole NEMESIS system 

 

 

For convenience and to clearly distinguish the effects that are calibrated at a sectoral level, before 

the interactions and macroeconomic feedbacks coming from the solving of the model, and the 

effects that are measured after the solving of the model, we are used to call these later the ex-post 

effects, and these former, the ex-ante effects. 

 

Having now made this important distinction between the ex-ante and the ex-post effects, the 

fundamental question is what type of effects the empirical literature, for example the literature on 

R&D and productivity, actually calculates, and how could its main findings be compared with the 

results of the simulation experiments realized with the model?  
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Our position on that question, but that can be itself questioned and discussed, is that by definition 

data from national accounting sources, on which are based a large part of empirical studies, are 

therefore ex-post, and the effects and elasticities measured by these studies are also ex-post. And 

the same is true for the relationships measured by the increasing part of studies involving also 

more qualitative data, such as the successive editions of the CIS. 

 

It is therefore ultimately the simulation results of the model that must be compared with the main 

findings of the economic literature, and the appendix presents in that direction (1) the results of 

analytical simulations realized with the default value used for the different parameters and 

elasticities, and (2) the sensitivity of these results to changes in the values used for key parameters. 

But to do so, we have first to justify here what are the lessons that we can retrieve from the 

empirical literature on this innovation chain illustrated by Figure 2 and to justify on this basis our 

preferred choices for the default parameter values of the model that we present now. 

 

 

2.2.1 What do we need to measure and calibrate? 

 

It is useful, in a first step, to express the long term growth rate of sectoral output in NEMESIS. 

Differentiating first the equation for sectoral output (equation 15) in natural logarithms with 

respect to time, we obtain: 

 
dln(Ycit)

dt
= 휀𝐴𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 ∙
dln(Acit)

dt
+ 휀𝑋𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 ∙
dln(Xcit)

dt
 

 

 

 

 

(16) 

with: 

휀𝐴𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 =
∂ln(Ycit)

∂ln(Acit)
= 𝑆𝐶𝑌𝑐𝑖

−𝜌𝑌𝑐𝑖 ∙ 𝛿𝐴𝑐𝑖
1+𝜌𝑌𝑐𝑖 ∙ (

Ycit

Acit
)

𝜌𝑌𝑐𝑖

 

 

 

 

 

(17) 

 

the elasticity of sectoral output with respect to innovations services (𝐴), and: 

 

휀𝑋
𝑌𝑐𝑖𝑡 =

∂ln(Ycit)

∂ln(Xcit)
= 𝑆𝐶𝑌𝑐𝑖

−𝜌𝑌𝑐𝑖 ∙ 𝛿𝑋𝑐𝑖
1+𝜌𝑌𝑐𝑖 ∙ (

Ycit

Xcit
)

𝜌𝑌𝑐𝑖

 

 

(18) 

 

the elasticity of sectoral output with respect to the bundle of traditional production inputs 

(𝑋).  

 

The long term growth of sectoral output decomposes therefore in two components: 

1. An endogenous one: 

𝑑𝑙𝑛(𝑌𝑐𝑖𝑡
𝐴 )

𝑑𝑡
= 휀𝐴𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 ∙
dln(Acit)

dt
 

 

 

 

 

 

 

(19) 

driven by the growth of innovation services, 

2. And an exogenous one, driven by the growth of traditional production factors: 

 

𝑑𝑙𝑛(𝑌𝑐𝑖𝑡
𝐸 )

𝑑𝑡
= 휀𝑋𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 ∙
dln(Xcit)

dt
 

 

 

 

 

 

(2) 
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such as we have in definitive: 

dln(Ycit)

dt
=

dln(Ycit
A )

dt
+

dln(Ycit
E )

dt
 

(21) 

 

We see from equation (20) that the endogenous growth rate of sectoral output can be assimilated 

to a “pure” TFP effect, as do generally the empirical studies. We have therefore: 

 

𝑑𝑙𝑛(𝑌𝑐𝑖𝑡
𝐴 )

𝑑𝑡
=

dln(TFPcit)

dt
=

dln(Ycit)

dt
−

dln(Ycit
E )

dt
 

(22) 

or equivalently: 

 
dln(TFPcit)

dt
=

dln(Ycit)

dt
− 휀𝑋𝑐𝑖𝑡

𝑌𝑐𝑖𝑡 ∙
dln(Xcit)

dt
 

 

(23) 

Under this first interpretation, the problem of empirical studies becomes to measure to what extent 

the growth of TFP, that-is-to-say the slack between the growth of output and the growth of 

traditional production factors, can be explained by investments in innovation inputs such R&D and 

the related knowledge externalities.  

 

In reality, the TFP indexes than can be computed from economic data summarize many different 

effects, and the joint influence of many mechanisms such as those illustrated by our innovation 

chain on Figure 2, that we detail now. 

 

We can, from our modelling approach,  define first the ”TFP effect” as minus the elasticity of the 

demand of production inputs with respect to innovations services, that expresses from equation 

(16) by keeping Ycit constant:  

 

𝛼𝑐𝑖𝑡 = −
∂ln(Xcit)

∂ln(Acit)
=

휀𝐴
𝑌𝑐𝑖𝑡

휀𝑋
𝑌𝑐𝑖𝑡

 

 

(24) 

 

We see that this “TFP effect” is different from the definition given by equation (23) and must be 

interpreted this time as a measure of the deformation of the set of production possibilities 

provoked by the growth of innovation services in time, for a fix level of output.  

 

The second effect of innovations services in NEMESIS is linked to the increase of the demand 

addressed to the firms provoked by the gradual improvement of the characteristics of their 

products (from equation E23 in Table 2). This “Quality effect” is defined as: 

 
dln(Qcit)

dt
= αcit

′ ∙
dln(Acit)

dt
 

 

(25) 

In each sector, the quality of output is supposed to evolve in time proportionally (with a coefficient 

𝑚𝑐𝑖) to the “TFP effect” such as we have: 

 

αcit
′ =  𝑚𝑐𝑖 ∙ αcit 

 

 

 

 

(26) 
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In NEMESIS these two distinct innovations (or innovations effects) act on the sectoral output of 

firms through the price elasticity of demand, 휀𝑐𝑖𝑡
𝐷  < 0: 

1. Process innovations will reduce the unit cost of the firms with an elasticity 𝛼𝑐𝑖𝑡 and then 

increase demand with the elasticity: −휀𝑐𝑖𝑡
𝐷 ∙ 𝛼𝑐𝑖𝑡. 

2. Product innovations will increase demand with the elasticity: −휀𝑐𝑖𝑡
𝐷 ∙ αcit

′   

 

As at equilibrium the level of output equates the level of demand, the growth rate of output 

provoked by the growth of innovations, that-is-to-say the “endogenous” growth rate of output, 
𝑑𝑙𝑛(𝑌𝑐𝑖𝑡

𝐴 )

𝑑𝑡
, will then be equal to: 

 

dln(Ycit
A )

dt
= (−휀𝑐𝑖𝑡

𝐷 ∙ 𝛼𝑐𝑖𝑡 − 휀𝑐𝑖𝑡
𝐷 ∙ αcit

′ ) ∙
dln(Acit)

dt
= −휀𝑐𝑖𝑡

𝐷 ∙ (1 + 𝑚𝑐𝑖𝑡) ∙ 𝛼𝑐𝑖𝑡 ∙
dln(Acit)

dt
 

 

(27) 

This “endogenous” growth rate of sectoral output does not measure simply a pure TFP effect as in 

equation (23) and it is the on the contrary the resultant of three combined effects: 

1. A TFP effect through the elasticity αcit ; 

2. A quality effect through the elasticity αcit
′ =  𝑚𝑐𝑖 ∙ αcit; 

3. And a demand effect through the elasticity 휀𝑐𝑖𝑡
𝐷 . 

 

It can also be further decomposed to represent the distinct contributions of the three innovation 

components on the long term endogenous growth rate. To do, we start by differentiating equation 

(12) that gives the mathematical expression of innovation services, with respect to time: 

 
dln(Acit)

dt
= ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴

j

∙
dln(Ajcit)

dt
, j = RD, ICI, OI 

(28) 

with: 

휀𝐴𝑗𝑐𝑖𝑡

𝐴 = 𝑆𝐶𝐴𝑐𝑖
−𝜌𝐴𝑐𝑖 ∙ 𝛿𝐴𝑗𝑐𝑖

1+𝜌𝐴𝑐𝑖 ∙ (
𝐴𝑐𝑖𝑡

𝐴𝑗𝑐𝑖𝑡
)

𝜌𝐴𝑐𝑖

 

 

(29) 

 

By assuming that the investment rates of innovation assets (in % of production) at sectoral level are 

constant in the long term, the growth rates of innovation components can themselves be further 

decomposed from equation (8) as: 

 
dln(Ajcit)

dt
= λjci ∙

jcit

Ycit
∙

dln(KNOWjcit)

dt
 

 

 

(30) 

We then get by substituting (29) in (27): 

  
dln(Acit)

dt
= ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴

j

∙ λjci ∙
jcit

Ycit
∙

dln(KNOWjcit)

dt
, j = RD, ICI, OI 

(31) 

and by substituting (31) in (27): 

 

dln(Ycit
A )

dt
= −휀𝑐𝑖𝑡

𝐷 ∙ (1 + 𝑚𝑐𝑖) ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴

j

∙ λjci ∙
jcit

Ycit
∙

dln(KNOWjcit)

dt
, j = RD, ICI, OI 

(32) 
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A few general comments on the implications of the last equation (32) on the properties of the 

endogenous growth (of output) in NEMESIS can be useful at this stage: 

- Firstly, there is no endogenous growth at sectoral or macro levels in NEMESIS without 

growth in knowledge externalities. From a theoretical perspective, this property re-links 

the modelling of innovations in NEMESIS to the semi-endogenous growth literature where 

the ultimate source of growth is the size of the R&D sector (here at world level) and of 

knowledge externalities that expend with the growth of population, as explained in section 

2.1.1. This property of the semi-endogenous growth models was simply extended in 

NEMESIS to other sources of externalities than R&D. The consequence is that the 

endogenous growth rate in NEMESIS is strongly dependant on the assumptions made on 

the growth of knowledge externalities in the reference scenario of the model. We assume 

generally in the reference scenario that goes up to 2050, that the investment rates of the 

innovation assets stay constant in the medium (say 2025) to long term (2050), and that 

knowledge growth is proportional to the growth of world GDP. 

- Secondly as we assumed in section 2.1.1, the approach used is NEMESIS conforms to the 

Shumpeterian or Fully endogenous II approach initiated by Aghion and Howitt (1998), 

Dinopoulos and Thompson (1998) and Peretto (1998): the long term endogenous growth 

rate is an increasing function of investments rates of the innovation assets, that can be 

influenced by policy instruments.  

- Thirdly, from the two first points, the way the policies aiming to rise the innovation inputs 

intensities, such as subsidies, will act on the long term endogenous growth rate, 

decompose in two effects: (1) the rise of the ability of firms to exploit existing knowledge 

(intensity effect) and the creation of new knowledge that increases the intrinsic productivity 

of innovation inputs. As it is shown in appendix, these two effects can play very different 

roles depending of the sector, the country or the innovation input considered.  

 

 

2.2.2 The parameterization of the innovation chain 

 

The equation (32) gives a reduced form of the endogenous growth mechanisms introduced in 

NEMESIS at sectoral level that are represented on Figure 2. It provides first a synthetic 

representation of the impact that the firms may expect ex-ante from their investments in 

innovation inputs, on the long term growth rate of their output. We see that whenever the 

expected growth of knowledge externalities, that are supposed to be exogenous for the firms, is 

positive, the expected impact of investment in innovation inputs on firms output will be always 

positive. Ex-post, as all countries and all production sectors do innovate and invest in innovation 

inputs, the final impact of innovation on sectoral output is a priori undetermined, and will differ 

from the ex-ante effects measured by equation (32). These discrepancies between the ex-ante and 

ex-post effects stems, as explained at the end of the introduction of section 2.2, from the 

interactions and feedbacks that occur, when solving the model, between the innovation 

mechanisms introduced at the sectoral level and the resulting macroeconomic forces. Innovations 

will modify the relative competitiveness of the different EU countries and affect the consumption 

choices of households that will be re-oriented towards the good and services with the better price 

to quality ratios.  The TFP effects of innovations may also have a mitigated impact on output and 

employment in sectors that produce principally production goods, as for the intermediate sectors, 

in reason of the productivity gains realized by the other sectors of the economy. Some countries 
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may also encounter inflationary pressures if their labour market is initially too much taut, especially 

for the high skills needed for innovation activities that will reduce the benefits they could expect 

from investing in innovation. 

 

Therefore, while the ex-ante effects of innovations, at the level of a sector, are always positive, even 

if they are contrasted depending if the sector is a great innovator or not, the ex-post effect 

measured after all the macroeconomic feedbacks, will give much more contrasted results in terms 

of production and employment impacts, for the different sectors and countries. 

 

The economic effects of innovations are calibrated at sectoral level in NEMESIS with a methodology 

that we describe below by crossing the different terms of equation (32) from right to left, and  by 

following Figure 2 from top to down moving clockwise. 

 

The first terms, the growth of knowledge variables relative to the different innovation assets, 
dln(KNOWjcit)

dt
, are computed following the equations E15 to E17 in Table 2. Their growth is 

conditioned by the growth of innovation assets stocks at inter-sectoral and international levels, 

that are weighted by the “spread” parameters Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖, Φ𝐼𝐶𝑇𝑝,𝑠→𝑐,𝑖 and Φ𝑂𝐼𝑝,𝑠→𝑐,𝑖 for respectively 

R&D, ICT and OI knowledge externalities. For R&D there are additional spread parameters, ∝𝑝𝑠=
𝑅𝐷𝑝𝑠𝑡0

𝑅𝐷𝑝𝑡0

, that measure the knowledge transfers from public research towards private firms. In the 

state of the art of the modelling, the geographical scope of knowledge spillovers is limited to EU-

28 countries, plus US and Japan, excluding some important R&D new players as South Korea and 

China. In the reference scenario of NEMESIS, where we assume that the sectoral investment rates in 

innovation assets in % of production or turnover are constant in the medium to long term 

(between 2020 and 2050) these knowledge externalities grow in average about 1.5% per year and 

follow roughly the growth rate of GDP, with discrepancies depending of the country or the sector 

considered. 

 

The second term is λjci ∙
jcit

Ycit
∙

dln(KNOWjcit)

dt
, that, from equation 30, measures the growth of 

innovation components, , 
𝑑𝐴𝑗𝑐𝑖𝑡

𝑑𝑡
, in the reference scenario of NEMESIS.  These innovation 

components are “work” variables in our modelling framework. They cannot be measured by 

statistics and the solution we retained in NEMESIS is to make the assumption that they grow at the 

same rate than the knowledge externalities to which they are related in the reference scenario of 

the model. We have then by assumption: 

 
dln(Ajcit)

dt
=

dln(KNOWjcit)

dt
, j = RD, ICI, OI 

 

 

(33) 

 which can be obtained by assuming, as we do, that the “productivity” parameters, λjci, in 

equation (30) are all equal to 1, and also by normalizing the innovation inputs intensities, 
jcit

Ycit
, in 

this equation, by their value in the reference scenario of the model, 
jcit
Ref

Ycit
Ref , such as the ratio  

jcit
Ycit

 
jcit
Ref

Ycit
Ref

 is 

equal to one. With these assumptions, the equation 32 becomes therefore: 
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dln(Ycit
A )

dt
= −휀𝑐𝑖𝑡

𝐷 ∙ (1 + 𝑚𝑐𝑖) ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴

j

∙ λjci ∙

jcit

Ycit

 
jcit
Ref

Ycit
Ref

∙
dln(KNOWjcit)

dt
, λjci = 1, j = RD, ICI, OI, 

 

(32b) 

The third term, that from the preceding assumptions expresses (from equation 32b) 휀𝐴𝑗𝑐𝑖𝑡

𝐴 ∙ λjci ∙
jcit
Ycit

 
jcit
Ref

Ycit
Ref

∙
dln(KNOWjcit)

dt
, measures the contribution of the growth of the distinct sources of knowledge - 

or equivalently, from equation 33, of the growth of the different  innovation components - to the 

growth of innovation services, 
𝑑𝐴𝑐𝑖𝑡

𝑑𝑡
.  We see that in the reference scenario of the model, by 

normalizing to 1 the investment rates of innovation assets in equation (32) and by setting the 

values of parameters λjci to 1, that these contributions are measured by the elasticities 휀𝐴𝑗𝑐𝑖𝑡

𝐴  

defined by equation (28). In the Cobb-Douglas case, when the substitution possibilities between 

the three innovation components are perfect (𝜎𝐴𝑐𝑖 =
1

1+𝜌𝐴𝑐𝑖
= 1 and  𝜌𝐴𝑐𝑖 = 0), these elasticities are 

equal to the value of the distribution parameters of innovation components in the production 

function of innovation services (equation E11): 

 
휀𝐴𝑗𝑐𝑖𝑡

𝐴 = 𝛿𝐴𝑗𝑐𝑖 , j = RD, ICI, OI, (34) 

In our calibration we use as default value for the substitution elasticity between innovation 

components 0.25, which is far from the Cobb-Douglas case. We present anyway in appendix 

sensitivity analysis on the value of this elasticity, from the perfect complementarity case (𝜎𝐴𝑐𝑖 = 0) 

to the perfect substituability case (𝜎𝐴𝑐𝑖 = 1), and we show that the assumptions made on the value 

of this elasticity does not change much the simulation results, and that consequently the values of 

the elasticity 휀𝐴𝑗𝑐𝑖𝑡

𝐴  stays strongly related to the values of the distribution parameters of innovation 

components whatever the value of the substitution elasticity. 

 

These distributions parameters are calibrated in NEMESIS such as they reflect, in each sector, the 

share of the investment in innovation asset j, relatively to the total investment in innovation assets 

of the sector.  We impose furthermore that the sum of the distribution shares equal one, such as: 

∑ 𝛿𝐴𝑗𝑐𝑖𝑗 = 1. The precise calibration methodology is as follows. We have: 

 

𝛿𝐴𝑗𝑐𝑖 =
𝛿̅𝐴𝑗𝑐𝑖

∑ 𝛿̅𝐴𝑗𝑐𝑖j

, j = RD, ICI, OI 

 

 

(35) 

with: 

𝛿̅𝐴𝑗𝑐𝑖 = 0.5 ∙

𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

+ 0.075 ∙ (1 −
𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

)
, j = RD, ICI, OI 

 

(36) 

 

 which implies well that ∑ 𝛿𝐴𝑗𝑐𝑖𝑗 = 1. 
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We see that the link we retained in NEMESIS between the values of the distribution parameters and 

the sectoral intensities of innovation assets is not strictly linear and are concave (homographic) 

functions of the inputs intensities from equation 36. We retained this solution in order to avoid 

“outlayers” problems which may occur for very intensive sectors in certain innovation inputs. 

 

The fourth term ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴
j ∙ λjci ∙

jcit
Ycit

 
jcit
Ref

Ycit
Ref

∙
dln(KNOWjcit)

dt
 measures this time the contribution of the 

growth of the different knowledge externalities – and innovation components – to the “TFP” effect, 

from the introduction in the formula of the elasticity 𝛼𝑐𝑖𝑡 . This elasticity is defined by the equation 

24 as the ration 𝛼𝑐𝑖𝑡 =
𝜀𝐴

𝑌𝑐𝑖𝑡

𝜀𝑋

𝑌𝑐𝑖𝑡
. If the CES production function that combines the innovation services, 

𝐴𝑐𝑖𝑡 ,  with the bundle of traditional production factors, 𝑋𝑐𝑖𝑡, is a Cobb-Douglas ( 𝜎𝑌𝑐𝑖 =
1

1+𝜌𝑌𝑐𝑖
=

1 and  𝜌𝑌𝑐𝑖 = 0 ), this last elasticity is equal to the ratio between the distribution parameters of 

innovation services and of the bundle of traditional production factors in equation 15: 

𝛼𝑐𝑖𝑡 =
𝛿𝐴𝑐𝑖

𝛿𝑋𝑐𝑖

 (35) 

It is an assumption that we used is the previous version of the model with only R&D, and that we 

retain again in this new version of the model, as there exist no good conceptual reasons to 

suppose that process innovations are not perfect substitutes to production inputs in the long term.  

 

The parameters 𝛿𝐴𝑐𝑖 are calibrated in NEMESIS such as: 

 

𝛿𝐴𝑐𝑖 = ∑ 𝛿̅𝐴𝑗𝑐𝑖

j

, j = RD, ICI, OI (36) 

and they “reflect” in that way the cost of innovation inputs in the total cost of producing the 

final output, 𝑌𝑐𝑖𝑡. We proceed in that way because that there exists no other good proxy for 

measuring the cost of innovation services. 

 

We impose equally that the two distribution parameters sum to 1, such as: 

 

𝛿𝑋𝑐𝑖 = 1 − 𝛿𝐴𝑐𝑖 (37) 

 

We can also remark that as the parameters  𝛿𝐴𝑐𝑖 “reflects” the cost on innovation inputs in % of the 

production cost in sector i in country c, that is about 4.3% in EU-28 average18, then the  𝛿𝑋𝑐𝑖 

parameters are in average close to one and the 𝛼𝑐𝑖𝑡 elasticities are themselves in average close to 

the value taken by 𝛿𝐴𝑐𝑖. 

 

Therefore, from our calibration strategy, the impact on sectoral TFP of the growth of the distinct 

knowledge externalities, 
dln(KNOWjcit)

dt
, is, in the reference scenario of NEMESIS, close to proportional 

to the product of the two preceding elasticities: 𝛼𝑐𝑖𝑡 ∙ 휀𝐴𝑗𝑐𝑖𝑡

𝐴 ,  with j = RD, ICI, OI. If both the production 

                                                
18 It is, in our data, the EU-28 GDP “global” intensity for R&D (1.3%), ICT (0.95%) and OI (2.5%) investments 
realized by the private firms. If we include in the calculation. If we include in the calculation the investments b 
y the public sector, we get a global intensity of 5.4% with 2% for R&D, 1,1% for ICT and 2.3% for OI. 
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function of final output and the production of innovation services are Cobb-Douglas, the impact on 

TFP is finally close to: 

 

𝛿̅𝐴𝑗𝑐𝑖 = 𝛿𝐴𝑐𝑖 ∙ 𝛿𝐴𝑗𝑐𝑖 = 0.5 ∙

𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

+ 0.075 ∙ (1 −
𝑗𝑐𝑖𝑡
𝑌𝑐𝑖𝑡

)
, j = RD, ICI, OI 

 

(36) 

and is a positive, concave (homographic function) of the investment rate in the innovation 

input j. 

 

The next term, (1 + 𝑚𝑐𝑖) ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴
j ∙ λjci ∙

jcit

Ycit
∙

dln(KNOWjcit)

dt
, introduces in the analysis the role 

played by product innovation through the parameter 𝑚𝑐𝑖. This parameter is the “proportionality” 

parameter, introduced in equation 26, that measure the relative strength of the productivity and 

quality effect of innovation services. 

 

As we will discuss in appendix, the share of product innovations, relatively to process innovation, 

that is equal to 𝑠𝑝𝑐𝑖 =
𝑚𝑐𝑖

(1+𝑚𝑐𝑖)
, is a crucial determinant of the output and employment impacts of 

innovations. We see that the higher this share, the higher will be the impact on innovations on 

sectoral output growth and then on employment.  It is nevertheless very difficult to calculate, and it 

is only recently, with few exceptions, that the empirical studies have begun to analyse the distinct 

impacts that have the two categories of innovations. Most are based on qualitative data (see 

section 2.1.4) and their findings tend to validate the way we allowed them to act in NEMESIS. The 

share of product innovations is set to 60% in average and was fixed from the information given by 

the CIS data, notably from the CIS 3 from which we first established this figure. The share were 

calculated at EU level and differentiated by sector. It varies between 48% in the “Auxiliary 

Transports Services – Storage” and 73% in the “Bank, Finance and Insurance” sector. As many 

product innovations imply large reorganization of production processes, and conversely many 

changes in production processes are realized to favour at the same time the arrival of product 

innovations, these later should actually predominate. 

 

The last term, −휀𝑐𝑖𝑡
𝐷 ∙ (1 + 𝑚𝑐𝑖) ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴
j ∙ λjci ∙

jcit

Ycit
∙

dln(KNOWjcit)

dt
, includes finally the role played 

by the price elasticity of demand,  휀𝑐𝑖𝑡
𝐷 . We see that the endogenous growth rate of output 

provoked by innovations at sectoral level is proportional to the absolute value of this elasticity.  

 

The price elasticity of demand is specific to sectors and countries and is an average over demands 

from many origins: Export markets, households’ and government’s final consumption, investment 

and intermediate consumptions. It is generally more important for industrial sectors with high 

export ratios, and for sectors that export very homogenous goods (raw materials notably) 

compared to sectors producing highly differentiated products, that are generally also the most 

innovative. The value of this elasticity is generally inferior to 1 in macro-sectoral models. One main 

reason of this low elasticity found in empirical studies is that they generally do not use in their 

measures prices adjusted from quality. But if the demand rises with quality, and if prices and quality 

are positively correlated, it leads to downward biased for the estimated elasticity. This result guided 

also our choice to use price adjusted from quality in NEMESIS. 
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The Table 3 finally sum-up our calibration methodology and gives the value retained for the key 

parameters intervening in the equations of the innovation module of NEMESIS. The value of these 

parameters are one of the principal channels through which the impact of the Innovation Union 

commitments could be traduced in NEMESIS and it is important to get a clear vision on how they 

play in the model and influence the simulation results. Our calibration strategy can of course be 

challenged and enhanced. We give in that direction in appendix some illustrations of the impacts 

of changing the values of certain key parameters. 

 

Parameters description 

  

Parameter value or method calculation  Nb 

Spread parameters for knowledge 

externalities.  

Measure the strength and 

direction of inter-sectoral and 

inter-national spillovers  

Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖, 

Φ𝐼𝐶𝑇𝑝,𝑠→𝑐,𝑖, 

Φ𝑂𝐼𝑝,𝑠→𝑐,𝑖 

Calculation based of the methodologies 

developed in the context of DEMETER and 

SIMPATIC projects described in section 2.1.2 

 

 

(P1-P3) 

Spread parameter for public R&D. 

Measure the strength and 

direction of knowledge spillovers 

from public research 

∝𝑝𝑠=
𝑅𝐷𝑝𝑠𝑡0

𝑅𝐷𝑝𝑡0

 

Grandfathering assumption: The more a sector 

invest in R&D (in % of total private R&D 

expenditure) the more it benefits from public 

research 

 

(P4) 

Productivity parameters of 

innovation inputs. 

Modify proportionally the impact 

of the different innovation input 

on the growth of innovations 

λRDci, 

λICTci, 

λOIci 

 

Their  default value in NEMESIS is set to 1 

 

 

(P5-1 -3) 

Substitution elasticity between the 

different innovation components. 

Measure the degree of 

complementarity between the 

innovation components in the 

production of innovation services 

 

 

 

σAci 

 

 

The default value is 0.25 in NEMESIS 

 

 

 

(P6) 

Distribution parameters of 

innovation components. 

Influence the elasticity of 

innovation services to the growth 

of innovation components and 

knowledge externalities 

δRDci, 

δICTci, 

δOIci, 

 

 

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 

 

 

 

 

(P7-P9) 

Substitution elasticity between  

innovation components and the 

bundle of traditional production 
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factor in the equation for sectoral 

output. 

The value of this elasticity is not 

critical in NEMESIS. Influences 

mainly the elasticity of innovation 

services to their user cost. 

 

σYci 

 

 

 

Set to 1 in NEMESIS 

 

(P10) 

 

 

Distribution parameters of 

innovation services and of the 

bundle of traditional production 

factors 

Influence the elasticity of sectoral 

output to the growth of 

innovation services  

 

 

 

δAci, 

δXci 

 

The parameter for innovation services is 

positively 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 

 

 

 

 

(P11-P12) 

 

Share of product innovation. 

Influence positively the economic 

performance of innovation in 

terms of output growth and 

employment creation 

 

 

 

 

𝑠𝑝𝑐𝑖 

 

This average value of this share is 60% in 

NEMESIS  

 

 

 

(P13) 

Table 3: List of key parameters intervening in the innovation chain of NEMESIS 

 

2.2.3 What does the empirical literature tell us on the innovation chain? 

 

The modelling and the calibration of the innovation mechanisms in NEMESIS are based on the 

most recent advancements of the theoretical and empirical literature on innovation. For the 

theoretical part, the section 2.1 have already presented the basements of the “fully endogenous” 

approach used in NEMESIS, with also first elements of empirical validation. But other elements of 

empirical validation are necessary on which we give some illustrations here. These elements are 

notably the following: 

1. From equation (32), the long term growth rate of sectoral output and TFP is influenced 

positively by the investment effort in innovation inputs realized by firms. The greatest the 

investment rate is, the greatest is the endogenous growth rate of TFP and output. Is this 

property in accordance with the empirics? 

2. Knowledge externalities play a central role in the endogenous growth process and in our 

setting, there is no endogenous growth at all without knowledge externalities. Can this 

feature be confirmed by empirical studies? Notably, does it exist knowledge externalities 

associated to ICT and OI investments, as it is largely recognized by the empirical literature 

for R&D investments? 

3. Our general setting uses the concept of General Purpose Technologies (GPT) initiated by 

Bresnahan and Trajtenberg (1995) and the Fully Endogenous growth approach initiated by 

Aghion and Howitt (1998), Dinopoulos and Thompson (1998) and Peretto (1998). It 
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supposes that there exist strong complementarities between innovation inputs, and notably 

that investments in ICT need complementary OI investments to become a vector of 

endogenous growth. Are these features confirmed by the empirical studies? And does it 

exist also complementarities between the R&D input and the ICT and OI inputs?  

 

A large number of empirical studies on Innovation and Productivity use a primal approach aiming 

either to estimate the contribution of innovation inputs and knowledge externalities to TFP growth, 

or to measure directly the output elasticities of innovation inputs and knowledge externalities. The 

general methodology used by these studies can be presented in a simplified manner by 

considering, in a first step, that sectoral output in produced with a Cobb-Douglas production 

function involving an exogenous time trend, exp(𝜃𝑡𝑐𝑖. 𝑡), a set of traditional production inputs: 

 

1. Non-ICT physical capital: 𝐾𝑐𝑖𝑡 

2. Labour: 𝐿𝑐𝑖𝑡 

3. Intermediate consumptions: 𝑀𝑐𝑖𝑡 

 

and a set of innovation inputs: 

 

4. R&D capital: 𝑆𝑅𝐷𝑐𝑖𝑡 

5. ICT capital: 𝑆𝐼𝐶𝑇𝑐𝑖𝑡  

6. Other Intangibles capital: 𝑆𝑂𝐼𝑐𝑖𝑡 

 

We have: 

 

Ycit = e𝜃𝑡𝑐𝑖.𝑡 ∙ Kcit
αKci ∙ Lcit

αLci ∙ Mcit
αMci ∙ SRDcit

αRDci ∙ SICTcit
αICTci ∙ SOIcit

αLci 

 

(38) 

Taking equation (38) in logarithms we obtain: 

 
ycit = 𝜃𝑡𝑐𝑖. 𝑡 + 𝛼𝐾𝑐𝑖 ∙ 𝑘𝑐𝑖𝑡 + 𝛼𝐿𝑐𝑖 ∙ 𝑙𝑐𝑖𝑡 + 𝛼𝑀𝑐𝑖 ∙ 𝑚𝑐𝑖𝑡 + 𝛼𝑅𝐷𝑐𝑖 ∙ 𝑠𝑟𝑑𝑐𝑖𝑡 + 𝛼𝐼𝐶𝑇𝑐𝑖 ∙ 𝑠𝑖𝑐𝑡𝑐𝑖𝑡 + 𝛼𝑂𝐼𝑐𝑖 ∙ 𝑠𝑜𝑖𝑐𝑖𝑡 

 

 

(39) 

with small letters corresponding to the logarithms of the corresponding variables. 

 

If we assume that the returns to scale are constant and that all the factors are remunerated to their 

marginal productivity, the elasticity parameters,  𝛼𝑓𝑐𝑖 , 𝑓 = 𝐾, 𝐿, 𝑀, 𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼 sum to 1: (∑  𝛼𝑓
𝑐𝑖𝑓 =

1) and they all equal their factor share (𝑠𝑓𝑐𝑖). 

 

We can then construct an exact index for TFP growth, the Tőrnqvist index, such as: 

 

𝑇𝐹𝑃𝑐𝑖𝑡
̂ = Ycit̂ − ∑  �̅�𝑓

𝑐𝑖

𝑓

∙ 𝑓𝑐𝑖�̂�  , 𝑓 = 𝐾, 𝐿, 𝑀, 𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼 

 

(40) 

where  �̅�𝑓𝑐𝑖 =  
𝑠𝑓𝑐𝑖𝑡+ 𝑠𝑓𝑐𝑖𝑡−1

2
   is the average value of factor f’s share between time t-1 and time 

t. 
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Within this illustrative framework, a straightforward way to investigate the presence of endogenous 

growth is to test econometrically if the elasticities of sectoral output, with respect to the different 

innovation inputs, are actually equal to their factor share, as it is globally admitted for the 

traditional production inputs, or if they exceed it. 

 

This test can be posed for example on the following equation: 

 

𝑇𝐹𝑃𝑐𝑖𝑡
̂ =  𝜃𝑡𝑐𝑖 + ∑( 𝛼𝑗

𝑐𝑖
−  �̅�𝑗

𝑐𝑖
)

𝑗

∙ 𝑗𝑐𝑖�̂� , 𝑗 = 𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼 

 

(41) 

with  𝜃𝑡𝑐𝑖 an exogenous time trend capturing the influence on TFP growth of other factors 

than innovation inputs19. If the estimated value of the output elasticity (�̂�𝑗𝑐𝑖) of an innovation factor 

exceeds its cost share, that-is-to say if  �̂�𝑗
𝑐𝑖

>  �̅�𝑗
𝑐𝑖

, it can therefore be interpreted as a sign of 

endogenous growth mechanisms provoked by that factor. 

 

One way to enrich the analysis is to introduce in equation (41) variables measuring the knowledge 

spillovers associated to the different innovation inputs, as in equation (42) below: 

 

𝑇𝐹𝑃𝑐𝑖𝑡
̂ =  𝜃𝑡𝑐𝑖 + ∑( 𝛼𝑗

𝑐𝑖
−  �̅�𝑗

𝑐𝑖
)

𝑗

∙ 𝑗𝑐𝑖�̂� + ∑  𝛽𝑗
𝑐𝑖

∙ 𝐾𝑁𝑂𝑊𝑗𝑐𝑖𝑡
̂

𝑗

, 𝑗 =  𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼 

 

(42) 

The impact of including these knowledge variables in the regression in generally to reduce the 

value of the output elasticities estimated for innovation inputs, innovations inputs and knowledge 

externalities being most of the time strongly positively correlated. 

 

Another way to enrich again the analysis and that allows also looking at the existence of 

complementarities between the innovation inputs, is to add the following cross terms in equation 

(42): 

 

𝑇𝐹𝑃𝑐𝑖𝑡
̂ = 𝛼0𝑐𝑖 + 𝜃𝑐𝑖 ∙ 𝑡 + ∑( 𝛼𝑗𝑐𝑖 −  𝑠̅𝑗𝑐𝑖)

𝑗

∙ 𝑗𝑐𝑖�̂� + ∑  𝛽𝑗𝑐𝑖 ∙ 𝐾𝑁𝑂𝑊𝑗𝑐𝑖𝑡
̂

𝑗

+ ∑ ∑  𝛽𝑘𝑗𝑐𝑖

𝑗

∙ 𝑘𝑐𝑖�̂� ∙ 𝑗𝑐𝑖�̂�  

𝑘≠𝑗

𝑘, 𝑗 =  𝑆𝑅𝐷, 𝑆𝐼𝐶𝑇, 𝑆𝑂𝐼 

 

(43) 

In that way, if a coefficient is estimated significantly positive, it means that a higher level of 

innovation input k improves the productivity of innovation input j, and conversely. They are 

consequently complementaries in the endogenous growth process. 

 

Before turning on the results of empirical studies, additional methodological issues must be 

considered: 

1. If a large amount of empirical studies use estimation strategies close to our illustrative 

framework, most of them investigate the presence of endogenous growth for one 

innovation input at the same time. The most numerous studies are for R&D for which there 

exists robust time series data, based on national accounting techniques, since a long time. 

Time series and econometric studies for ICT are more recent, and national accounting data 

for OI are still very recent. Most studies involving OI are based on the CIS and melt national 

accounting data with qualitative data, and their results are rather difficult to interpret at 

sectoral or national levels. 

                                                
19 In NEMESIS there are also exogenous productivity trends that are used to build the reference scenario of 
the model. We let them aside here in order to alleviate the presentation. 
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2. The scope of the studies is also important. For example, studies working in the cross-

section dimension will find generally higher output elasticities of innovation inputs in 

reason of the importance of the “market stealing” effects in that dimension. The elasticities 

will be therefore inferior in the temporal dimension, and intermediate when using panel 

data. If the estimations do not control for the existence of spillovers and knowledge 

externalities, like in equation (43), the output and TFP elasticities estimated will be biased 

upward, and the bias will increase will the level of aggregation of the data. The same occurs 

if the estimation focuses only on one innovation input at the same time. 

3. A last point is that the size of the elasticity will change depending of the definition used to 

measure output. The output and TFP elasticities found in studies based on Value-Added 

are is average twice higher than for the estimations that are based on production, in reason 

of the weight of intermediate consumptions in production costs (that is about 50%).  

 

Having clarified all these methodological issues, we turn now on the three points announced in 

introduction of this section on which we ask confirmation to the empirical literature: 

1. The existence of “excess returns” and endogenous growth associated to the three 

innovation assets, as it is already acknowledged for R&D, and the form of relationship 

between output and TFP growth and investments in innovation inputs: Is this an increasing 

function with respect to the investment intensity in innovation inputs, as we suppose in our 

modelling? 

2. The role of spillovers and knowledge externalities. Are there, as for R&D, knowledge 

spillovers associated to ICT and OI investments? 

3. Can we find evidence of complementarities between the three innovation assets? 

 

 

To examine these questions, it is useful to start first from the empirical literature on R&D and 

productivity that developed from the early 60’s and remains the richest in terms of methodologies 

and results. Following the extensive survey by Hall, Mohnen and Mairesse (2011), this literature 

focused on two main issues: (1) the estimation of the output elasticity of R&D and (2) the 

estimation of the marginal rate of returns of R&D investments. While a large amount of the 

literature is based on the dual approach and the setting of costs and profits functions, it is more 

straightforward here to continue to stick with the framework of the primal approach of the 

production functions and TFP equations. 

 

The studies start generally from the following production function: 

 

Ycit = Aci ∙ 𝑇𝐹𝑃𝑐𝑖𝑡 ∙ Kcit
αKci ∙ Lcit

αLci ∙ Mcit
αMci ∙ SRDcit

αRDci ∙ eμcit 

 

(44) 

with Aci is a scale parameter and μcit  a disturbance term and where the TFP index is generally 

modelled with a simple time trend: 𝑇𝐹𝑃𝑐𝑖𝑡 = 𝑒𝜃𝑡𝑐𝑖∙𝑡. 

 

From the production function defined by equation (44), we can easily show the relationship 

existing between the rate of return of R&D and its output elasticity. 

 

The “gross” rate of return (before depreciation) of R&D, 𝜌𝑅𝐷𝑐𝑖𝑡
𝐺  can be defined as the marginal 

revenue earned from the last € spent in this asset: 
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𝜌𝑅𝐷𝑐𝑖𝑡
𝐺 =

𝜕𝑌𝑐𝑖𝑡

𝜕𝑓𝑐𝑖𝑡
=  𝛼𝑅𝐷𝑐𝑖 ∙

𝑌𝑐𝑖𝑡

𝑆𝑅𝐷𝑐𝑖𝑡

 
(45) 

We see from equation (45) that this gross rate of return of R&D is an increasing function of the size 

of the output elasticity of R&D (𝛼𝑅𝐷𝑐𝑖) and an inverse function of the R&D intensity measured here 

by  
𝑆𝑅𝐷𝑐𝑖𝑡

𝑌𝑐𝑖𝑡
.  The net rate of return of R&D, 𝜌𝑅𝐷𝑐𝑖𝑡, is then defined as the gross rate of return minus 

the annual depreciation rate of the R&D capital (𝛿𝑅𝐷𝑐𝑖 ): 

 

𝜌𝑅𝐷𝑐𝑖𝑡 = 𝜌𝑅𝐷𝑐𝑖𝑡
𝐺 − 𝛿𝑅𝐷𝑐𝑖 

 

(46) 

Two estimation strategies, based on this primal approach are then used in the literature. 

 

The first is a direct estimation of the production function given by equation (44), or on a TFP 

regression based on this function. Estimations are generally made on cross-sectional or pooled 

panel data, at firm, industry or country level. The estimation strategy supposes generally that the 

R&D elasticity of output is identical in every firms, industries and countries, such as in our context: 

 

 𝛼𝑅𝐷𝑐𝑖 = 𝛼𝑅𝐷 (47) 

The second option consists, based on slight modifications of equation (44),  in assuming that it is 

not the elasticity of output to R&D that is constant over firms, industries or countries, but the rate 

of return of R&D. We have this time: 

 

𝜌𝑅𝐷𝑐𝑖𝑡
𝐺 = 𝜌𝑅𝐷𝐺 (52) 

and then: 

 

𝛼𝑅𝐷𝑐𝑖𝑡 = 𝜌𝑅𝐷𝐺 ∙
𝑆𝑅𝐷𝑐𝑖𝑡

𝑌𝑐𝑖𝑡

 (53) 

It is now the R&D elasticities of output that differ between, firms, countries or sectors and in time if 

this last dimension is included in the analysis. 

 

The results of the empirical studies based on the first assumption, “the output elasticities are 

constant”, show on the contrary that the output elasticities tend to increase with the average R&D 

intensity of firms, industries, or countries that are analyzed and it gives reasons to the second 

assumption that the marginal rates of return tend to equalize between them. A recent study by 

(Kancs and Siliverstovs, 2016) at firm level using a methodology that allows a non-linear 

relationship between the R&D intensity of the different firms and their TFP growth rates, confirms 

and generalizes these previous finding of the literature.   
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Using a methodology based on generalised propensity score (GPS) approach of Hirano and Imbens 

(2004) that allows the explicit modelling of non-linearity in the R&D-productivity relationship, 

Kancs and Siliverstovs (2016) show notably, for a large set of OECD firms20 that: 

1. “R&D investment increases firm productivity with an average elasticity of 0.15”;  

2. “The impact of R&D investment on firm productivity is different at different levels of R&D 

intensity - the productivity elasticity ranges from −0.02 for low levels of R&D intensity to 

0.33 for high levels of R&D intensity implying that the relationship between R&D 

expenditures and productivity growth is highly non-linear, and only after a certain critical 

mass of knowledge is accumulated, is productivity growth significantly positive “; 

3. There are important inter-sectoral differences with respect to R&D investment and firm 

productivity - firms in high-tech sectors not only invest more in R&D, but also achieve more 

in terms of productivity gains related to research activities. 

 

All these results are in line with those of the empirical literature analyzed by Hall, Mohnen and 

Mairesse (2011) that elasticities and rates of returns to R&D do not vary much whether the studies 

are based on firm or industry data, with “research elasticity ranging from 0.01 to 0.25 but centred 

on 0.08 or so”. 

 

The empirical studies on R&D (Hall, Mohnen and Mairesse, 2011) show in summary: 

1. That output elasticities to private R&D are high, and if we consider an average R&D 

intensity in % of value-added in the range21 of 2% to 4%, they exceed about two to four 

times their factor share; 

2. These “excess” returns to private R&D investments may contribute to TFP growth of about  

0.1 point to 0.2 point per year, and about 1.5 time more if we account also the contribution 

of public R&D; 

3. The rates of return of private R&D are higher than those found usually for physical capital, 

their magnitude is about 20 to 30%; 

4. When including knowledge externalities in the analysis (from equation 42 for example), the 

studies conclude to social rates of return at least two times larger than private ones. From 

the survey of Hall, Mohnen and Mairesse (2011), the elasticities of output to external R&D 

(externalities) are found around 0.05 - 0.09 for spillovers calculated at industry or national 

level and strong elasticities are found also for international spillovers (in the range 0.01 – 

0.13). The absorptive capacity of the spillovers receiver (if terms of R&D effort) is also found 

important to benefit from external knowledge. As external and internal R&D are positively 

correlated, the inclusion of externalities in the analysis tends to reduce the size the output 

elasticities of R&D that come closer to their factor share.   

5. The output elasticities of R&D are positively correlated to the R&D investment rates, as it is 

assumed in NEMESIS; 

6. The marginal rate of returns to R&D tends to equalize between countries and sectors, which 

is a consequence of the fourth point above. 

 

 

 

                                                
20 They use as principal data source the EU industrial R&D investment scoreboard that covers 750 EU and 
non EU firms. 
21 This average R&D intensity of course varies depending the scope of the study. 
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Turning now also on the case of the two other innovation inputs, and on the interactions between 

them, the literature is more recent and also less abundant, in reason notably of the scarcity of the 

data on innovation inputs and outputs. 

 

Regarding first, as we did for R&D, if there exists excess returns associated to ICT capital, Biagi 

(2013) and Lopez and Mairesse (2011), provide extensive surveys on the question, and the meta-

analysis from Stiroh (2002), covering 20 studies for different periods and different groups of 

countries and industries, gives first interesting results. Stiroh (2002) estimates from its meta-

analysis the mean elasticity of output to ICT capital to about 0.05, but with a quite high standard 

deviation (0.05). In particular, he finds that (1) studies using the more recent data tend to provide 

higher elasticities, partly because ICT diffusion have increased in time, and (2) that elasticities are 

increasing with the level of aggregation of the data, suggesting the presence of externalities effects 

or of omitted variables, not taken into account in the analysis. In addition, Stiroh (2002) confirms 

this finding by conducting various econometric estimations on US data with different level of 

aggregation and different estimations techniques. He shows notably, by breaking ICT between IT 

and non-IT capital stocks, that, while non-IT elasticities are inferior to their share or not significant, 

IT elasticities are superior to their value-share.  

 

These first econometric results tend thus to confirm “excess” returns of ICT capital, that is to 

attribute to the it’s IT share. The increasing size of elasticities with the level of aggregation gives 

also strong indications of the presence of externalities associated with the use of ICT technologies.  

 

Lopez and Mairesse (2011) investigate also the output elasticity to ICT capital at macroeconomic 

level, using a panel of 20 OECD countries on the period 1985-2004. The originality of this study is 

that it jointly estimates the output elasticity of ICT and R&D capitals, and it shows that the elasticity 

relative to ICT is importantly modified when we omit the R&D variable in the production function, 

supporting the idea that these two types of investments may be complementary. The result is re-

enforced by the quite large range of elasticities they estimate depending of the country, with 

generally higher ICT elasticities in countries where the R&D capital stock is higher, and vice-versa.  

 

The output elasticities with respect to ICT range from 0.1 and 0.18, and those with respect to R&D 

between 0.07 and 0.16. Moreover they find that elasticities increase with the level of aggregation, 

suggesting again the existence of externalities. At macro level their results are very close to Ketteni 

et al. (2007), which use macro data of 15 OECD countries from 1985 to 2004, and find elasticities of 

value-added to ICT capital ranging between 0.18 and 0.26. Van Reenen et al. (2010) find, at the firm 

level for a panel of 13 EU countries for the period 1998-2008, elasticities of output to ICT capital 

ranging from 0.023 and 0.09, which is in line with the previous results of Brynjolfsson and Hitt 

(2003) estimated for the U.S. in the period 1987-1994.  

 

If most results indicate that ICT have a strong impact on productivity, they give however also a 

wide range of values for the estimated elasticities, influenced by a wide range of omitted factors in 

the analysis. So that they show that there probably exist externalities from ICT and 

complementarities with other assets, but they model explicitly neither these externalities, nor these 

complementarities with additional assets such as organizational capital formation. This can thus 

lead to biased estimates. 
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ICT externalities are generally introduced in the analysis by introducing cross effects between the 

aggregate ICT capital stock and the productivity of ICT capital at sectoral level, or by a cross effects 

between the ICT stock of the firm or the sector and other inputs of the production or TFP function, 

like in equation 47. Unfortunately, the studies investigating the impact of complementary assets on 

productivity and output growth are very few because of the scarcity of databases on intangible. 

 

An important contribution to the analysis is provided by Corrado et al. (2014) who developed the 

INTAN-INVEST database which breaks down intangible investments into 10 business sectors. The 

authors cross the INTAN-INVEST and EU-KLEMS databases for the period 1998-2007 and 10 EU 

countries, and bring first important results at macro level on the role played by intangible assets, 

complementary to ICT for productivity growth. They find first that the productivity impact of ICT is 

increased when complemented with intangibles, and that non-R&D intangibles have, as we just 

reported for R&D and ICT capitals, higher estimated output elasticity than their input shares, 

implying that they produce also positive spillovers. The authors explain that these results are in line 

with the “cross country source of growth literature” revealing a strong correlation between 

intangible capital deepening and productivity, as in Corrado et al. (2012) or in Roth and Thum 

(2010). 

 

In another study using the labour force survey data on training and the EU-KLEMS database, 

O’Mahony and Peng (2010) find, for EU countries at sectoral level, significant positive impact of 

training on productivity. They find in particular that a part of this impact comes from interactions 

with ICT and is heterogeneous between industry and services. For the authors, “This is consistent 

with a recent literature that emphasizes the role of organisational changes and associated 

retraining of the labour force in diffusing new technologies”.  

 

Crass and Peters (2014), using firm level data for Germany for the period 2006-2010, find also 

important productivity impacts of training, with more important effects than R&D and marketing in 

the short term, whereas in the long term, they find an important impact of innovative capital goods 

in conjunction with human capital on productivity growth.  

 

Similarly, Bresnahan et al. (2002) find important complementarities between ICT, human capital, 

decentralized work practices, and product and process innovations. They underline the important 

role played by IT investments in provoking organizational change, and in rising firms’ investment in 

human capital (skill biases).  

 

Finally Crespi et al. (2007) show for UK using the CIS 3 (1998-200) significant returns to IT capital 

(30%) when we do not “control” for organizational capital, IT and organizational capital having 

jointly a strong impact on productivity, but no impact separately. And Polder et al. (2010) find 

similar results for Netherlands, using CIS 3 to 5, with strong productivity effects of organizational 

innovations, and from combination from process, product and organizational innovations, ICT 

investment being also an important driver of innovation in both manufacturing and services. 
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In summary, we find in the empirical literature the following elements of confirmation of our 

methodology for modelling innovation in NEMESIS: 

1. There exists for ICT and OI investments, as for R&D, “excess” returns and specific 

spillovers effects that may be source of endogenous growth; 

2. For ICT, the existing studies tend to estimate output and TFP elasticities close to those 

generally admitted for R&D, that are centred around 0.08. For OI, the number of 

empirical studies stays very limited and it is only very recently that time series based on 

national accounting methods are available, notably with the development on the INTAN-

INVEST database. OI investments recover also very diverse things while in our definition 

they are limited to two categories: firms specific human capital (investments in training) and 

investments in software. The available studies conclude nevertheless that there exists also 

“excess’ returns associated to OI investments, notably with training, while the strong 

contribution of software to productivity growth was already recognized by the development 

of the growth accounting literature22 and by the econometric studies that include often 

software, besides hardware, in their definition of ICT capital. 

3. On the precise form of the relationship between the rate of investment in innovation inputs, 

and the growth of sectoral output (or TFP), for R&D, the econometric literature finds 

that these elasticities increase with the factor share of R&D. The recent study by Kancs 

and Siliverstovs (2016) shows furthermore that this positive relationship between the R&D 

intensity of firms or sectors, and the growth of TFP is not linear, but can rather be 

represented as a concave function. In the previous version of NEMESIS with R&D only 

(Brécart et al., 2006) we already retained a similar assumption, from the analysis of the 

empirical studies on R&D, that there exists a concave relationship between the R&D 

intensity of the different sectors and countries, and their R&D intensities. In this new 

version of the model, the main additional assumption we make in that there exists, as for 

R&D, a positive concave relationship between the investment rates in ICT and in OI and the 

endogenous growth rate of TFP and output at sectoral level. 

4. Lastly, the most recent empirical studies tend to support the hypothesis that there exist 

strong complementarities between investments in ICT and investments in different 

kinds of complementary intangible assets. There exists also empirical evidence of 

complementarities between, on the one hand, ICT and OI investments and, on the other 

hand, R&D investments, but they appear to be more indirect and to result from networks 

effects and from the strategic complementarities existing between the different production 

sectors, as illustrated by Figure 1. 

 

  

                                                
i22 But the growth accounting literature focuses on the contribution of capital deepening to labour productivity 
growth but doesn’t “explain” the growth of TFP per se.  
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3. Sum-up of the effects to take into account: A first 

synthesis 
 

The section 2 gave a detailed description of how innovation is modelled in the new version of the 

model NEMESIS that will be used for I3U. We retraced the entire chain of the innovation 

mechanisms of NEMESIS, the strategy used for their calibration and finally we present in appendix 

the results of analytical simulations that illustrate the way the investments in innovation inputs 

impact on economic growth and employment at different time horizons. 

 

This section 3 focuses now, from a preliminary analysis of the 34 commitments of the 

Innovation Union provided in deliverables D1.1 to D8.1, on the way these commitments act on 

innovation and how they could be integrated in the mechanisms of the NEMESIS model. The 

objective of this integration is to provide, at next steps of I3U project, quantitative analysis of the 

commitments in terms of ex-ante and ex-post impacts on the economic performance of EU 

countries (GDP growth, jobs creation, competitiveness and exports performance, etc...) and also in 

terms of social impacts. 

 

The major difficulty of this task is that while all commitments aim at inducing innovation, they 

cover a wide range of issues that are regrouped in 13 general objectives such as “Promoting 

excellence in education and skill developments”, “Delivering the European Research Area”, 

“Creating a single research market for innovation”, that start from investments in research 

infrastructures, in education and human capital, until measures aiming to increase the market 

incentives to innovation and to improve the monitoring of the Innovation Union. 

 

Another difficulty is that the commitments and the objective they follow overlap a lot which have 

conducted in the context of I3U to regroup them around 8 main thematic tackled successively  by 

the WP 1 to 8 (see I3U DoW, page 12): 

 WP 1: Evaluating Human Capital oriented policies 

 WP 2: Evaluating the impact of ERA 

 WP 3: Evaluating the impact of the access to finance on innovation 

 WP 4: Evaluating the impact of a single market on innovation (The EU IPR system, 

standardisation, public procurement, eco-Innovation, etc.) 

 WP 5: Evaluating the impact of European openness for innovation 

 WP 6: Social impact of innovation policies and territorial cohesion 

 WP 7: Impact of leveraging policies externally 

 WP 8: Evaluation of procedures to making it happen 

 

We propose here not to regroup the commitments around the broad thematic covered by these 

WP, but rather to cross these WP and the commitments they regroup from the different 

mechanisms of NEMESIS on which they will have a direct impact: 

 

They can be supply side mechanisms of the model such as:  

1. Those that belong to the innovation chain of NEMESIS described in section 2 and 

that modify for example the productivity or public and private research, the strength 

and direction of knowledge spillovers, the decision to invest in innovation, the 
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leverage effect of public funding and the financing of innovations, the effects of 

innovations (process versus product), etc. 

2. Those that do not act directly on the innovation mechanisms of NEMESIS but that 

will impact indirectly these mechanisms such as the commitments aiming to 

increase the supply of high skills needed for research and innovation activities.  

 

They supply side mechanisms concern therefore either the supply of innovation inputs, such as the 

investments in skills, in Human Capital and in innovation assets, or the modifications of innovation 

inputs productivity and of the economic performance of innovations, from the modification of 

knowledge spillovers for example. 

 

Other commitments will on the contrary act more directly on the demand side mechanisms of the 

model. It is the case for example for all the commitments related to the development of EU 

research infrastructures that will modify the investment functions of the model and the demand 

addressed to the different sectors of the economy from the operating and maintenance costs of 

these infrastructures that may produce many macro-economic feedbacks. The commitments 

related to the development of public procurements for innovative products will also act from 

actions for the market and demand side effects. 

 

A first difficulty of the integration of the commitments in NEMESIS is consequently their great 

diversity and the great variety of their impacts on the mechanisms of the model. The different 

commitments may furthermore act on several mechanisms at the same time, and there exists 

overlapping in their objectives and in their expected impacts. For example, many commitments 

have for major objective to increase knowledge spillovers and research productivity, to lower 

innovation cost or to facilitate access to finance and reduce risk, and will have interconnected 

impacts on the model. Furthermore, the commitments that act directly on the supply side 

mechanisms of the model will have also demand side effects. They will modify the investments in 

innovation inputs and consequently demand of labour and of equipment goods and other 

expenditures used in innovation activities. They will also impact on the competitiveness of EU firms 

and on the demand for their products. Conversely, the commitments that act more directly on the 

demand side mechanisms of the model will have also important supply side effects in the long 

term, as for example research infrastructures that will modify spillovers, research productivity and 

the innovation performance of EU firms. 

 

In front of this complexity, the methodology followed in I3U (see I3U DoW, page 7) is to analyse 

the 34 commitments and their interactions from three joint actions: 

1. The individual analysis of the commitments by expert teams, using appropriate 

methodologies for the specific commitments. It should determine on which points of the 

mechanism described above the commitments act directly, at which level (e.g. how much 

R&D subsidies increase R&D investments) and how it should be integrated in the model. 

2. The depiction of the European innovation system from WP 9, and the projection of 

commitments’ action in that system, leading to an assessment of the commitments in their 

interactions, that will ensure the consistency of the integration of the commitments by 

groups or as a whole in NEMESIS, by controlling for their possible overlappings; 

3. The consistent integration of the commitments in the mechanisms of NEMESIS taking into  

account the overall interactions with the eco-system to assess the resultant impacts on 

socio-economic and environmental variables. 
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Figure 3: Method for the impact assessment of the 34 commitments (from I3U DoW, p. 7) 

 

As described by Figure 3, the success of these three joint actions supposes (1) that the different 

expert teams in charge of the analysis of the different commitments work in close 

collaboration in order to ensure the consistency of their individual analysis, and the efficiency of 

their work that may overlap in different dimensions (the objectives of the individual commitments 

they are in charge, the data and indicators requested, the methodology to mobilize, the indicators 

and data to provide to the teams in charge of the conceptual model and of NEMESIS, ...) and that 

(2) in the same way the team in charge of NEMESIS and of the conceptual also work in close 

relationship between them and with the different expert teams in charge of the 

commitments. 

 

It requires therefore that all the teams in the I3U projects involved in WP 1 to 10 share and develop 

a common grid of analysis of the impacts of the individual commitments and of their overlapping. 

Focusing here more specifically on the first of the three points enounced above, the way the 

different commitments will act in NEMESIS and how they should be integrated in the model, we 

propose in this section to develop the part of this grid starting from the preliminary analysis of the 

commitments provided by the deliverables D1.1 to D1.8 to the mechanisms of NEMESIS, that 

where detailed in section 2. 

 

From our preliminary analysis of the commitments, the first observation is that many of them – 

16 in all but commitments that cover several objectives are divided in sub-commitments and this 

figure is in reality inferior - do not follow quantitative objectives that could be traduced in 

terms of NEMESIS mechanisms. These commitments that are listed in Table 4, can be 

considered as simple “statements” such as the “screening of regulatory framework” – WP4, 

commitment 15 - or development of “Consultation of social partners” – WP6, commitment 28 – 

and we will exclude them at this stage from the analysis. Some will be re-introduced in the analysis 

at later stages of the project, for example the Commitments 33 and 34 concerning the monitoring 

of the Innovation Union to realize evaluations with NEMESIS, in the context of WP 8, of the direct 

and indirect economic impacts of the Innovation Union progress as measured through the 

scoreboard indicators. But the classification of the commitments of Table 4 as “statements” 

can of course be discussed and modified if the teams in charge of the analysis of these 

commitments have a different opinion. 
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WP Nb: Commitment 
Nb: 
 

1 2.1 University ranking 

2 8 Forward looking activities 

2 9 KICs 

3 13 Mid-term review of State aids 

4 15 
Screening of regulatory 
framework 

4 17.2 
Guidance for joint 
procurements 

4 18 Eco-innovation action plan 

5 19.1 
European creative industries 
alliance 

5 19.2 
European design excellence 
label 

5 23 Safeguard rules for IP 

6 26 
European social innovation 
pilot 

6 27 
Public sector innovation 
scoreboard … 

6 28 
Consultation of social 
partners 

7 29 
European innovation 
partnership 

8 33 
Member States self-
assessments R&I systems 

8 34 
New indicators and 
monitoring 

Table 4: List of Commitments that are considered as simple “Statements” 

 

All the other commitments – or sub-commitments - can on the contrary, from our preliminary 

analysis, have quantitative impacts on the innovation system and be re-linked to specific 

mechanisms of the NEMESIS model. They are 23 in all that we have regrouped in Table 5 and 

Table 6 around five distinct thematics: 

1. Spillovers 

2. Finance 

3. Actions to market 

4. Research infrastructures 

5. Human capital 
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WP 
Nb: 

Commitment 
Nb: 
 

Thematic: 
 
 

Keywords: 
 
 

Entry in 
NEMESIS 
 

Main effect 
in 
NEMESIS: 
 

5 20: 
Open access to 
research results 
(publicly funded) 

Spillovers Spillovers Spillovers 
Economic 
performance of 
R&D 

5 21: 

Facilitating 
collaborative 
research  and 
knowledge transfers 

Spillovers 
Transfer of best 
practices, 
FP/H2020 

Spillovers 
Economic 
performance of 
R&D 

7 31: 
Scientific 
cooperation with 
third countries 

Spillovers 
International 
spillovers 

Spillovers 
with third 
countries 

Economic 
performance of 
R&D 

2 4.3: 

Harmonization of 
rules and 
procedures for 
research funding 

Finance 
Quality of 
research 

Research 
productivity 

Economic 
performance of 
R&D 

2 6: 
EU research and 
innovation 
programmes 

Finance 

EU support to 
R&I, cost of 
innovation, 
leverage 

Cost of 
innovation, 
leverage 
effect 

Increase of 
innovation 

2 7: 
Involvement of 
SMEs in research 

Finance SMEs innovation  

Research 
productivity, 
product vs 
process 
innovations 

Economic 
performance of 
R&D 

3 10: 

New financial 
instruments for 
attracting private 
finance 

Finance 
Risk, cost of 
innovation, 
leverage 

Cost of 
innovation, 
leverage 
effect 

Investment in 
innovation 
inputs 

3 11: 
Cross-border 
venture capital 
funds 

Finance 
Risk, cost of 
innovation, 
leverage 

Cost of 
innovation, 
leverage 
effect 

Investment in 
innovation 
inputs 

3 12: 

Cross-border 
matching of 
innovative firms 
with Investors 

Finance 
Risk, cost of 
innovation, 
leverage 

Cost of 
innovation, 
leverage 
effect 

Investment in 
innovation 
inputs 

6 25: 
Increase R&I part of 
structural funds 

Finance 

EU support to 
R&I, cost of 
innovation, 
leverage 

Cost of 
innovation, 
leverage 
effect 

Increase of 
innovation 

4 14: EU patent 
Actions to 
market 

Cost of R&D, 
spillovers 

Cost of 
innovation, 
spillovers 

Cost of 
innovation, 
increase in 
innovation 
inputs 

5 22: 
European market 
for patents and 
licensing 

Actions to 
market 

Cost of IP, 
spillovers 

Cost of 
innovation, 
spillovers 

Economic 
performance of 
innovation 

Table 5: List of commitments with a direct impact on NEMESIS mechanisms 
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WP 
Nb: 

Commitment 
Nb: 
 

Thematic: 
 
 

Keywords: 
 
 

Entry in 
NEMESIS 
 

Main effect in 
NEMESIS: 
 

4 16: Standards 
Actions 
 for  
market 

Market 
harmonization, 
scale returns, 
ICT 

Innovation 
inputs decisions, 
productivity of 
innovation 
inputs 

Economic performance of 
innovation 

4 17.1: 
Public 
procurements 

Actions  
for  
market 

Public 
investments, 
access to 
market of 
SMEs 

Increase in 
innovative 
factors, 
economic 
performance of 
innovations 

Increase in demand for highly 
innovative sectors, research 
productivity 

2 5: 
Research 
infrastructures 

Public infra- 
structures 

Investments, 
research 
networks 

Investments, 
maintenance and 
operating costs, 
spillovers, 
research 
productivity 

Demand effects, investment 
in R&D, economic 
performance of R&D 

7 32: 
Roll-out global 
research 
infrastructures 

Public infra- 
structures 

Investments, 
research 
networks 

Investments, 
maintenance and 
operating costs, 
spillovers, 
research 
productivity 

Demand effects, investment 
in R&D, economic 
performance of R&D 

1 1.1: 
Training of 
researchers 

Human 
capital 

Supply of 
researchers, 
labor market 
for researchers 

Supply of skills, 
labor market 

Cost of research 

1 1.2: 

Attractive 
employment 
condition for 
researchers 

Human 
capital 

Supply of 
researchers, 
labor market 
for researchers 

Supply of skills, 
labor market 

Cost of research 

1 2.2: 
Public-Private 
collaboration 
for skill gaps 

Human 
capital 

Skill matching 
for innovation 

Supply of skills, 
labor market 

Cost of innovation 

1 3: E-skills 
Human 
capital 

Skill matching 
for innovation, 
ICT 

Supply of skills, 
labor market 

Increase of training (OI) 

2 4.1: 
Quality of 
doctoral 
training 

Human 
capital 

Skill supply 
quality 

Research 
productivity 

Economic performance of 
R&D 

2 4.2: 

Mobility or 
researchers 
across sectors 
and countries 

Human 
capital 

Labor market 
for 
researchers, 
spillovers 

Labor market, 
spillovers 

Cost of research, increase in 
R&D 

7 30: 

Retaining and 
attracting 
international 
talents 

Human 
capital 

High skilled 
supply, labor 
market for 
researchers 

Supply of skills, 
labor market 

Cost of innovation 

Table 6: List of commitments with a direct impact on NEMESIS mechanisms (continue) 
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These thematics (column ”Thematic” in tables 5 and 6) sum-up the main topic of the different 

commitments, and we have linked them (column “Entry in NEMESIS) to the principal mechanisms 

of NEMESIS on which they will act on priority. We also associated keywords to the different 

thematic in order to detail further the precise topic and objectives of the commitments. The last 

column, “Main effect in NEMESIS” describes finally the main effects that the modified mechanisms 

will have in the model. For example, the commitment 31 in table 7, “scientific cooperation with 

third countries” has as principal thematic “Spillovers” and as main entry in NEMESIS “Spillovers 

from third countries”. It may increase extra-EU knowledge spillovers and by this channel we have as 

main effect in NEMESIS the increase of the economic performance of R&D in terms of innovation, 

competitiveness and related economic impacts. 

One commitment, “Increase the use of structural funds for R&I” – Commitment 4, WP 6 – was left 

aside for the moment, as it appears to be more transversal and to concern at the same time 

different thematics and we will analyse this commitment later, in collaboration with the team in 

charge of it. 

 

The following sub-sections will now detail further, following the list of five thematics above, the 

way the different commitments will modify the mechanisms of the NEMESIS model. These 

modifications can take one of several of the following forms: 

1. The modification of an exogenous variable, for example the level of public expenditure in 

R&D or the supply of high skilled workers; 

2. The modification of the level of an endogenous variable, for example the level of private 

firms’ investment in R&D. For example certain forms of financial support to R&D may have 

leverage effects different that the one that will be spontaneously calculated by the model 

and this can lead to introduce a slack variable in the corresponding equation to obtain the 

correct effect of the financial support on firms’ R&D decision in the model; 

3. The modification of parameters or elasticities, such as the spread parameters for knowledge 

spillovers, the distribution and productivity parameters of innovation inputs, the share of 

product innovation, etc. 

4. The removal of equations to exogenize certain mechanisms when necessary, or more in 

depth modifications of equations that those implied by the introduction of slacks variables 

or the modification of equations parameters; 

5. The introduction of new mechanisms, for example to better represent the functioning of the 

labour market for researchers in NEMESIS, the financial constraints of the firms and the risk 

associated to innovative activities. 

 

But all the modifications of the NEMESIS model proposed in the following sections will perhaps not 

be feasible. For example, the required data may not be available and the teams in charge of the 

commitments should, from the “Questionnaire” presented in the last section 4, detail the precise 

list of inputs they will be able the provide to NEMESIS in order to integrate the different 

commitments of Table 5 and Table 6 in the model. There may exist also uncertainties on the way 

to calculate certain indicators needed for NEMESIS and alternative solutions could be proposed in 

order to proceed to sensitivity analysis. Finally, the integration of the commitments may necessitate 

alternative modifications of the model that those proposed here and the team in charge of the 

commitments will have to check if they share the same visions that the NEMESIS team on the 

way this integration should be made and, otherwise, they should propose their own solution. 

The final solutions retained will therefore be the result, as described above, of a close collaboration 

between all the teams involved in the I3U project.  
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3.1 Thematic 1: Knowledge spillovers 
 

This first thematic, “Knowledge spillovers”, concerns three commitments: 

1. Commitment 20 (EIZ): “Open access to research results (publicly funded)”; 

2. Commitment 21 (EIZ): “Facilitating collaborative research and knowledge transfers”; 

3. Commitment 31 (EIZ): “Scientific collaboration with third countries”. 

 

The two first commitments (20 and 21) belong to the Innovation Union objective 7 aiming at 

“Promoting openness and capitalizing on Europe’s creative potential”. Their general objective is to 

develop knowledge transfer from collaborative research programmes between private and public 

research organizations and between EU countries. The commitment 31 is related to the objective 

11 of the Innovation Union “Leveraging our policies externally” and aims to develop common 

approaches in Member States to develop the scientific and innovation collaboration with third 

countries and therefore to increase spillovers from outside Europe. 

 

 

3.1.1 Integration of commitment 20 (EIZ- WP 5) 

 

The commitment 20 focuses on the promotion of the results of publicly funded research notably by 

systemizing the open access to the publications that received the support of EU Research 

Framework programmes together with the development of smart research information services 

(such as the OpenAir infrastructure) to ease the access to the results of EU research programmes. 

 

It aims at increasing the research spillovers from EU funding to Research notably from open access 

to publications. 

 

Its integration in the NEMESIS mechanisms should pass through the modification of the values of 

the parameters P4 in table 3, that measure the diffusion of knowledge externalities from public 

research and P1 that measure knowledge externalities between sectors and countries. 

 

It will necessitate that the experts in charge of the analysis and of the different assessment of 

commitment 20 (EIZ) will be able to calculate, when possible, quantitative indicators on: 

1. How much the commitment increases the diffusion of the results of EU research projects 

2. In public/private research organizations 

3. In the different countries 

 

 

3.1.2 Integration of commitment 21 (EIZ- WP 5) 

 

The commitment 21 aims at developing collaborative research and to facilitate the exploitation and 

the transfer/licensing of the results of the projects funded by EU. This action has been supported 

notably by the implementations of rules and by simplified and user–friendly Model Grant 

Agreement. 
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As for commitment 20, its integration in the NEMESIS mechanisms should pass through the 

modification of the values of the parameters P4 in table 3, that measure the diffusion of knowledge 

externalities from public research and P1 that measure knowledge externalities between sectors 

and countries. 

 

It will necessitate that the experts in charge of the analysis and of the different assessment of 

commitment 20 (EIZ) will be able to calculate, when possible, quantitative indicators on: 

1. How much the commitment increases the diffusion of the results of EU research projects 

2. In public/private research institutions 

3. In the different countries 

 

 

3.1.3 Integration of commitment 3.1 (EIZ- WP 7) 

 

The objectives of commitment 31 where supported by the introduction of joint research and 

innovation activities between EU/Member States and selected international partner countries and 

regions through a series of FP7 and Horizon 2020 policy support projects.  

 

The development of international cooperation should allow the EU to beneficiate from increased 

knowledge spillovers from third countries that should conduct to modify the parameters P1 in 

NEMESIS. 

 

The integration in NEMESIS supposes that the team in charge of the commitment (EIZ) could 

provide composite indicators, when possible, on: 

 

How much spillovers are increased EU/3rd countries partnership 

 In public/private research institutions 

 In the different countries 

 In specific S&T fields 
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3.1.4 Summary table for thematic 1: Knowledge spillovers 

 

The Table 7 below provides a preliminary synthesis, to be developed and adapted, on the way the 

commitments related to the thematic 1 “Knowledge spillovers”, could be integrated in NEMESIS. 

 

WP 
Nb: 
 

Commitment 
Nb: 
 

Modification 
of 
Variables 
 

Modification 
of 
Parameters 
 

Modification 
of 
Equations 
 

Inputs needed from 
the teams in charge of 
the commitment 
 

5 
20: 
(EIZ) 

Open access 
to research 
results 
(publicly 
funded) 

 

P4: Spread 
parameters for 
public research 
P1: Spread 
parameters for 
knowledge 
externalities 

 

1. How much diffusion 

of the results of EU 

research projects 

increases 

2. In public/private 

research institutions? 

3. In the different 

countries? 

5 
21: 
(EIZ) 

Facilitating 
collaborative 
research  
and 
knowledge 
transfers 

 

P4: Spread 
parameters for 
public research 
P1: Spread 
parameters for 
knowledge 
externalities 

 

1. How much diffusion 

of the results of EU 

research projects 

increases 

2. In public/private 

research 

organizations? 

3. In the different 

countries? 

7 
31: 
(EIZ) 

Scientific 
cooperation 
with third 
countries 

   

1. How much spillovers 

are increased EU/3rd 

countries partnership 

2. In public/private 

research institutions 

3. In the different 

countries 

4. In specific S&T fields 

 
Table 7: Preliminary list of NEMESIS adaptations for thematic 1: Knowledge spillovers 
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3.2 Thematic 2: Finance 
 

Access to finance is, based on a survey of more than 80 scientific articles, a “key driver in the 

creation” (D3.1). Most of the time, this access determines investment in production assets and in 

innovation assets (mainly R&D expenditures), and then innovation and competitiveness. But the 

problem is complex in the sense that financial system does not treat on the same way financing for 

investment in capital goods and for innovation: the second is riskier, implying more sophisticated 

financing mechanisms in order to share the risk: equity capital, risk sharing finance facility, venture 

capital, business angels, etc. 

One consequence of the access to finance is on the R&D (or other innovation assets) expenditures 

decision. This increase can be direct result of shifting the financial constraint (without effect on 

interest rates or prices) or an indirect effect of lowering the cost for R&D due to a reduction of 

finance cost and interest rates. The increase in R&D (or other innovation assets) can be considered 

as main entries in the NEMESIS model.  

But there is another main issue that is derived from the risky aspects: SME and more especially 

innovative SME (see D3.1 for the new business creations for innovation and start-up companies) 

have more difficulties to access to finance. The consequence is that access to finance that could 

favour SME or small business for innovation will modify the structure of innovation, because we 

know that the proportion of product innovation compared to process innovation is higher for the 

SME, start-up companies, and new business creations. 

At least, in this theme “Finance” we include also all the public policies that aim at subsidizing 

research (or other innovation assets) and the programmes aiming at enhancing the involvement of 

SME, because the main obstacle to investment in research and innovation is the financing for SME. 

Then we include in this thematic six commitments: 

 

Commitment Short title 

6 EU research and innovation programmes  

7 Involvement of SME in Research 

10 New financial instruments for attracting private finance  

11 Cross border venture capital funds 

12 Cross border matching of innovation firms with investors 

25 Increase R&I part of structural funds 
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Before tackling the commitments we must clarify through a methodological analysis the different 

aspects of finance market modifications in NEMESIS model. Then we will present the “pure finance” 

commitments, namely 10-11-12, starting by a review of the different instruments aimed at 

facilitating access to finance for the R&D, Risk sharing finance facility, the venture capital, the 

business angels, etc. We will end up by the commitments indirectly linked to finance theme, 

namely 6-7-25. 

 

3.2.1 Methodological insights 

 

Two main questions are tackled here, the two linked to the NEMESIS mechanisms and their 

capacities (i) to take into account the consequences of facilitating access to finance and (ii) to 

favour the SMEs, new innovative firms and start-up companies in that access. The problem is 

important because, at the beginning, the NEMESIS model is not adapted to grasp the different 

finance market failures and the representative firm of each productive sector does not differentiate 

the SME. 

 

3.2.1.1 On R&D decision in NEMESIS and its modification by finance 

 

In the NEMESIS model, the R&D (and other innovation factors) is endogenous: firms maximize their 

value, that determines their choice for innovation and then the allocation between the different 

innovation factors. All these choices are guided by prices expectations on R&D and other 

intangible assets, and on other production factors. The scale of production is also important. Then 

a R&D variation is due to a modification of all these variables. However we must keep in mind that, 

at the end, marginal productivity for research must be equal to cost of research and then, that all 

factors that enhance productivity increase R&D expenditures: it is the case for an increase of 

economic productivity of research or an increase in knowledge spillovers. Then the R&D decision is 

based on a very wide spectrum of variables. 

But the main concern for finance is that, like in all medium/long run oriented models, the financial 

market is considered as perfect, i.e. there is no market failure. At the interest rate that is prevailing 

on the market, everybody can borrow or lend the desired amount. Then there is no difficulty to 

access to finance in the model and all that involve that difficulty (constraint, risk, debt, etc.) must be 

whether exogenously processed or based on a deep modification of demand module for R&D and 

other innovation assets, that incorporate all these characteristics of finance: risk, constraints, etc. 

The model is unable to access for the effect of these different commitments related to finance in 

state of the art. On the one hand the baseline cannot be spontaneously calculated by the model, 

on the other hand the mechanisms cannot traduce precisely what could be the results of a 

progressive reduction of financial market failures. 
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For the baseline, the R&D decision on the baseline ought to be exogenous: it is the case for almost 

all the policies that we have assessed, starting with a hypothesis of constant R&D intensity on the 

baseline. But this is not a real problem since the important thing for the assessment is on the slack 

between the baseline and the variant. When we look at the different components of the 

commitments we can separate three main effects for the finance of firms: (i) the financial constraint 

mitigation, (ii) the decrease of the financing costs, (iii) the risk reduction for R&D investments. 

 

(i) The financial constraint mitigation 

 

In the theoretical view, whenever an agent cannot borrow as much as he desires at the prevailing 

interest rate, there is a constraint that prevents the firm to reach its optimal investment. Starting 

from an exogenous baseline, the financial constraint mitigation must be processed as an 

exogenous slack variable that: 

 Increases the R&D decision spontaneously, that is to say without any other modification of 

economic conditions or R&D productivity. 

 Increases the R&D variations due to a modification of research productivity implied for 

instance by a variation of knowledge spillovers or to an increase of economic productivity 

of innovation, or more generally variations of economic conditions. 

 Increases the leverage effect of aids and subsidies: it is the case for national policies but 

also for the European R&D policies and particularly for the FP7 and H2020. 

 

How to proceed for the modification of NEMESIS? In a first step, without a general model, we can 

imagine that an exogenous slack variable is the best way to introduce this modification: it changes 

the R&D expenditure, without passing by the relationships of R&D decision, allowing to take into 

account other modifications of economic or innovation conditions. But the calibration of this slack 

variable is very difficult and will be the results of exchanges with Cincera’s team. 

 

(ii) Decrease of the financing costs 

 

These three variables of R&D decisions are interrelated: it is because the risk on R&D investment is 

high that firms do not access to all the financing they desire, and the risk induces a premium on 

loans that increases the rate of interest. The measures that aim at making the financial market 

more competitive or that reduces risk for the lender, act as rate of interest reduction. Theoretically, 

if the lowering of interest rate is known, the impact on R&D decision is computed by the model; 

however the mechanical aspect of this decision being based on an optimization behaviour, we 

prefer to use exogenous calibrations. It was the case in the past when we did calibrate the leverage 

effect of the FP7 calls, when coupled with the RSFF. 
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3.2.1.2 Financing of innovative SMEs, start-up companies, and structure of 

innovation 

 

In NEMESIS, the innovation appears on two aspects: process innovation that enhances total factor 

productivity and product innovation that modifies the quality of products. The quality of new 

products that derived from innovation is higher than the former one and this enhances the 

demand for product at a sectoral level. For different reasons, that stem from difficulties to pass in a 

national accounting framework the quality improvement in volume, up to econometric results 

drawn from time series the right elasticities of demand, the process innovation is “depressive” in 

the sense that the lowering of cost of production due to productivity gains, although increasing 

demand, is unable to create the absorption necessary to maintain the employment of factors in a 

context of productivity gains. The quality improvement creates an absorption that allows at least to 

offset the depressive effect of productivity gains. Generally, at a sectoral level, the innovation 

increases employment, except for intermediary goods sectors that may suffer from the depletion of 

demand from other sectors. 

However, in NEMESIS, process and product innovations are linked in the sense that an innovation 

bulk covers the same proportion of the two. The proportion of process innovation to product ones 

is calibrated in order to get the same results as econometric literature (cf. Hall, Mairesse and 

Monnen, 2009) for economic performance of R&D. Then this parameter is maintained constant in 

the different simulations. However, if the different measures aiming at facilitating access to finance 

for research and innovation favour SME that produce more product innovation, this allocation 

parameter between process and product innovation must be modified. A main challenge will be to 

calibrate this modification.  

Process innovations and product innovations in the NEMESIS model do not induce the same 

macroeconomic increase: the main differences that gives more GDP increase for product 

innovation is due to a better absorption that is reinforced by no firing jobs by productivity gains; 

the movement towards a product innovation will then increase economic performance. The 

challenge will be to evaluate the extent of this increase.  

 

3.2.2 The commitments 10-11-12 on access to finance  

 

This family of commitments starting by the acknowledgement of finance market failures for 

investment in R&D, aims at creating new financing instruments based on access to risk finance. The 

two families are debt finance and equity finance.  For debt, the main instrument is the Risk Sharing 

Finance Facility (RSFF) created in 2007 by the European Commission and the European Investment 

Bank (EIB). The equity finance covers venture capital and business angels. The literature quoted by 

D3.1 gives the impact on growth employment, R&D, Innovation, outlet for production of these 

instruments, based on econometric works. We at first try to see how these instruments can be 

implemented in NEMESIS then we present the impacts of the commitments on NEMESIS. 
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3.2.2.1 The risk sharing finance facility (RSFF) and risk sharing instrument (RSI) 

 

The RSFF allows the sharing of the risk between the EC and the EIB, inducing more loans for R&D 

projects.  These loans must benefit to R&D projects with a strong European dimension. The FP7 did 

benefit of these mechanisms that allows the increase of the leverage effect of the calls for 

proposals. Soete (2010) did already emphasized this important impact of RSFF (which has been 

operational for three years on private funding and found a factor 14, triggering some 16.2 billion of 

investments in RDI in Europe, that is to say a leverage effect of 32 for FP7, cf. figure 4). 

In the document of the Commission quoted by D3.1, it is expected that every euro provided by the 

partners will be translated into five euros of RDI investments. These figures give some quantitative 

elements to calibrate the leverage effect of European R&D policies. But there is more: “this debt 

based financial instrument promotes investment in research projects with high innovation potential 

that otherwise not occur due to high risk”. (Soete, 2010) This means that are selected projects with 

higher research productivity and then the RSFF impacts enter in the model not only through R&D 

decision but also by the economic productivity of research. It is the case also for the RSI that under 

RSFF is focused on SME. 

Then we can sum up the main entry points in the NEMESIS model for the RSFF: R&D decision and 

economic productivity of research. We must add that the RSFF will modify the results of EU 

Research and Innovative Programmes, modifying the leverage effect. 

 

 

Figure 4: Mechanisms of the Leverage effect for the RSFF (Source: Soete, 2010) 
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3.2.2.2 Venture capital general impacts 

 

The role of venture is manifold as it appears in D3.1. It starts with the exploration of the viability of 

a project, then support the company organization, and its investment at the beginning, increase 

with finance the scale production and at the end pursues the financial support. 

The studies assessing the impact of venture capital at the firm level, country level or regional level 

are numerous (cf. D3.1). If they confirm that, on average, the presence of VC firms has a positive 

impact on growth and on company size, impact that is nevertheless transitory, that firms backed to 

VC gain greater access to bank credit, at better terms. However, many authors showed some 

evidence that VC does not improve innovation and others found no evidence of improvement in 

R&D investment VC backed firms after the VC entry. The reason would be the focus of the VC on 

the commercialization of the existing innovations. 

These results limit the impact of VC not only on innovation but also on R&D decision. That point 

must be discussed with the Cincera’s team but in the state of our knowledge we will limit the 

impact to commercialization of innovations and to more R&D of SME, i.e. on economic 

performance of innovation and to better access to finance conditions, i.e. a lowering of interest rate 

that would induce an increase in R&D investment and also of other tangible or intangible assets. 

Towards cross-border venture capital investment. The goal of commitment 11 is to ensure cross-

border operation of venture capital funds. The first objective is to organize an efficient European 

venture capital market because the VC  is not equally distributed across regions and the regulation 

rules are very heterogeneous. Moreover some studies (e.g. Guo and Jiang, 2013) highlight that 

foreign VC have more expertise in monitoring and providing support to their portfolio companies 

compared to domestic VC. Another interesting conclusion of the study is that foreign VC backed 

firms intensify R&D investment. 

Then the impacts of cross-border VC seem to be higher than for national ones. However, their 

calibrations seem to be more difficult. For instance, the impact of a more effective European VC 

ought to be based on regional data of the functioning of VC market. At the end we propose four 

entries for the impact of cross-border VC in the NEMESIS model: 

 Direct R&D decision (by slack variable on R&D relationship). 

 Indirect R&D decision by lowering the rate of interest. 

 Increasing the SME’s R&D and firms innovation will be translated by enhancement of 

product innovation then of economic productivity of innovations. 

 Increase in expertise induces an enhancement of economic productivity. 

In the state of our knowledge, we have no idea how to introduce in NEMESIS the influence of exit 

strategy allowed by VC. 
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3.2.2.3 The business angels 

 

The main differences between business angels (BA) and VC are (cf. D10.1): i) BA focus more in the 

seed and early stage than VC, then in firms or projects with higher risk, ii) BA have a more limited 

capacity of funding than VC. The potentially high return and the exit strategy are the two important 

criteria for VC investors.  

Contrarily to VC, there are few studies on BA. Dutta and Folta (2016) found that BA and early stage 

VC have a similar impact on the innovation rate measured by patent application (this new study 

contradicts therefore the preceding ones that denied influence of the VC on innovation). 

At the end we will adopt as entry for modifications in NEMESIS: 

 Direct R&D decision with a slack variable 

 Induced R&D decision by interest rate lowering 

 Increase in proportion of innovative SME, i.e. of product innovation then on economic 

productivity of innovation. 

 

3.2.2.4 Sum up of the commitments 10-11-12 in NEMESIS 

 

From the deliverable D3.1 and the impact of the different financial instruments we now present the 

entries in NEMESIS of the different deliverables and the impact on the model mechanisms. 

 

Commitment 10 

With the commitment 10, the EC wants, taking into account the market failure in the access to 

finance, to put in place financial instruments, RSFF, RSI, BA that facilitate access to finance 

especially for the innovative firms. 

We found in Figure 5: Commitment 10 map (source: D3.1) from the deliverable D3.1 the results 

that we have already mentioned in the analysis of impacts of the financial instruments, increase 

R&D expenditures in particular for innovative firms, the start-up companies and the new innovative 

firms creation. Focused on BA more than VC the funds are addressed mainly on start-up companies 

and firms creation. The results of these instruments are then: 

 The increase in R&D investment or in all other innovative aspects 

 The new innovative firms creation will shift innovation towards a product (quality) 

innovation 

 Then this increased access to finance will enhance all the public R&D policies, increasing the 

leverage effect of aids and subsidies; it is also the case for RSFF. 
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Figure 5: Commitment 10 map (source: D3.1) 

 

We have then two entries in the NEMESIS model: 

 R&D decision 

 More quality product innovation then increase of the economic performance of innovation 

then of R&D and other innovation assets. 

 

Commitment 11 

The goal of the commitment 11 is to ensure cross-border operation of venture capital funds in 

order to promote a more efficient European VC market able to enhance innovation 

competitiveness and growth. 

 

Figure 6: Commitment 11 map (source D3.1) 
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Two main differences with the preceding commitment lay in the emphasis that is put on VC and 

more precisely on cross-border VC investment. The main consequence is that, although 

commitment 10 more focused on the BA will hit the start-up companies or the innovative firms in a 

phase near its creation, the VC and the cross-border VC will touch more SME already mature. Then 

in terms of impact channels we can see in Figure 6 from the D3.1, that it will be a better access to 

finance for SME. Moreover, the international networks allow the outside VC to gather better 

information on the export markets. From the Figure 6 we can determine some expected results: 

 Better access to finance for SME 

 Improve SME growth potential 

 R&D investment 

 Enhance SME competitiveness 

 High-tech exports 

The entries in NEMESIS are more diversified that previously; to more R&D and more quality 

product and then more economic performance for R&D, we must add: 

 Increase in competitiveness of SME: this result seems to indicate that we must add to 

competitiveness gains due to increase in R&D and innovation, another slack variable on 

exports relationship; at a sectoral level this slack variable ought to be proportional to the 

importance of SME in the sector. 

 High-tech exports. The improvement of these exports must also induce a slack variable on 

high-tech sectors export function. These sectors in NEMESIS are characterized by a high 

research intensity.  

 

 

Commitment 12 

 

The objective of this commitment is i) to reinforce the cross-border matching between supply and 

demand for innovative projects through intermediary organizations, ii) to develop a financial 

culture among entrepreneurs, iii) favour cooperation between BA and VC. 

 

 

Figure 7: Commitment 12 map (source: D3.1) 
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The main effects of this commitment (cf. figure 7), when compared to the former, are matching 

(supply and demand for innovative projects), networking and cooperation. The commitment aims 

at giving information to reduce the mismatching problems between supply and demand of finance 

for innovative projects and to coordinate VC and BA investments. 

The main consequences are once again on R&D decision and on the economic productivity of 

research, this last point by two channels, the importance of SME (and then on product innovation) 

and a better information to select the best investment projects for R&D. The networking 

partnership could increase knowledge spillovers. 

 

 

3.2.3 Commitments 6: EU research and innovation programmes 

 

This commitment encompasses several key elements: the seventh framework programme (FP7) 

replaced in 2014 by Horizon 2020, the competitiveness and innovation framework programme 

(CIP). 

 

3.2.3.1 The seventh framework programme 

 

For the cooperation programme (cf. D2.1) the key objective is to enhance international cooperation 

activities in strategic area; this must be viewed for international intra-European cooperation and for 

cooperation with third countries. The main impact for the NEMESIS entry is on the R&D decision 

and on the international knowledge spillovers. A derived consequence is on the “crowding in” or 

leverage effect: the enhancement of spillovers will increase the productivity of research and then 

the leverage effect of the European grants will be more important. This point will be important 

whenever we must compare the efficiency of European Research policies to national ones, the 

leverage effects of the former overcome these of the latters. 

The idea’s programme (European Research council initiative) is to reinforce the creativity and 

excellence for Europe at the frontier of knowledge.  

 

There are two consequences then for NEMESIS: to increase the fundamental research past, 

productivity of research and to improve the competitiveness for the best researchers. Then we have 

two entry variables: 

 Productivity of research 

 Human capital for scientific, engineers and researchers 

 

The “people” programme aims also at strengthening quantitatively and qualitatively the human 

potential in R&D in Europe and at increasing participation of women researchers. The two entries 

in NEMESIS are on quantity and quality of human capital and on supply of skilled and high level 

researchers and productivity of research. 

 

For the “Capacities programme”, the goal is to enhance research and innovation capacities 

throughout Europe and to ensure the full research potential of European region especially regions 

convergence. For the NEMESIS model, the consequences are on quantity and quality of human 

capital; at the national level, because we have no detailed R&D module for the regions, we can 

envisage an allocation of efforts according to the level of technological development (research 
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intensity) in order to find convergences. The NEMESIS model cannot, in the state of art, represent 

the scenarios of “Region knowledge” or “Polarization of knowledge”. At the end the main entries in 

NEMESIS model will be on human capital (then cost for research) and research productivity. 

 

 

3.2.3.2 Competitiveness and innovation framework programme 

 

The objective is: to foster the competitiveness of firms, in particular small and medium firms; to 

promote all forms of innovation. Special actions are envisaged on ICT and Energy: 

i. For ICT: 

 Strengthening of the internal market for ICT products and services 

 Stimulation of innovation through the wider adoption of ICT 

ii. For Energy: 

 Rational use of resources, promote more renewable energy sources and energy 

diversification 

 Energy efficiency 

 

The entry points in NEMESIS of these different objectives can be clearly defined: 

 Innovation for competitiveness can be translated in a modification of economic productivity 

of innovations. 

 Stimulation of innovation through the adoption of ICT can be introduced directly in the 

model thanks to a new module for ICT and innovation assets (e.g. R&D and other 

intangibles). 

 For energy, the energy module of NEMESIS allows to assess innovation policies for 

renewables, energy efficiency and rational use of resources. 

 

 

3.2.3.3 Horizon 2020 

 

Although the precise definitions of programmes have changed, although the societal challenges 

have changed, the spirit of excellence for research is still present 

However, three concerns are emphasized : (i) the enabling technologies (mainly the ICT), (ii) 

innovation in SME and (iii) access to finance. 

 

What is changed then for the entries in NEMESIS compared to FP7 is: 

 An increase in ICT for innovation factors 

 An increase in proportion of SME, then of product innovation 

 We have already mentioned the consequences of a better access to finance on R&D 

decision. 
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3.2.4 Commitments 7 and 25 

 

3.2.4.1 Commitment 7: ensuring stronger involvement of SME in future EU R&D 

programmes 

 

This commitment is in the finance thematic in reference to D2.1. As SME have very limited internal 

resources, they are much more dependent on external funding for investment in research and 

innovation. The SME being more risky they must pay a higher price of capital than bigger firms.  

 

We realize that putting this commitment in the finance thematic may create a lot of overlapping 

and firstly with all the European and innovation programmes that mention explicitly the SME. One 

difficulty for the assessment of this commitment comes from the representative agent in the sector 

of NEMESIS that does not distinguish the SME. Then, necessarily the calibration will be rather tricky. 

 

In a first view and after investigating of the D2.1, this commitment could enter in two ways in the 

NEMESIS model: (i) by the R&D or innovation assets (but it must be associated to the finance 

commitments that whether alleviate the finance constraint or reduce risk and then capital cost; (ii) 

by the proportion of SME and start-up companies, then the increase of proportion of product 

innovation. The consequences if we refer to the bulks of econometric works (Hall 2011, Peters et al. 

2014, Damijan et al., 2014) is that increases economic performance of R&D and other innovation 

assets. 

 

For the time being we propose to limit then the entry of this commitment in the model to 

economic performance of R&D and innovation assets, we will open to discussion later this point 

when all the overlapping with the other commitments will be well identified. 

 

A last point that we must precise is the “sectorialisation” of the impacts of this commitment. 

Logically, we must modulate the productivity increase, taking into account the importance (in terms 

of value added or production) of SME in every sector. But these statistics will be difficult to obtain 

and we must anticipate to use proxy variables. 

 

 

3.2.4.2 Commitment 25: increase RI part of structural funds 

 

The targets for commitment 24/25 are mentioned in the deliverable D6.1: “Future regulations 

governing the operation of the European Regional Development Fund should further commit 

substantial financial resources to support innovation initiatives within the regions of the European 

Union.” Member states should considerably improve their use of existing structural funds for 

research and innovation projects implementing smart specialisation strategies. To sum up: allocate 

more EU money to research and innovation and spread it more efficiently. The novelty for this 

cohesion policy in the commitment 24/25 is the reference to smart specialisation. The presentation 

of the smart specialisation and its utility for a regional strategy allows to give good insights for this 

commitment. 
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But in the state of art of modelling, NEMESIS does not take into account the mechanisms of the 

smart specialisation. The innovation mechanisms are sectoral-national ones, that is to say 

innovation appears at the sectoral level of every national model. However, the model includes a 

regional dimensions: it can compute the production and employment at a sectoral level for all the 

European regions at NUTS 2 level. But this computation is a simple split of national sectoral level 

achieved with fixed converting matrices. There is no regional mechanisms and of course no 

regional research and innovation system. 

 

What we can do with NEMESIS simulations for this commitment is then, (i) at national level, to 

increase the R.I expenditures at the expense of other expenditures of the European regional 

development fund; (ii) to look at the national and regional results for GDP and employment to see 

whether this policy reduces regional inequalities.  

A better assessment for smart specialization strategy would call for very heavy extra-work. 

 

 

3.2.4 Conclusion 

 

We have grouped in this thematic all the commitments that directly or indirectly were linked to 

finance of the R&D investment. The main concern is relative to the difficulty in the state of art of 

modelling to quantify the impact of measures aimed at reducing the finance market failures and 

facilitating access to external finance. The model more oriented towards medium and long term 

assessments, takes the hypotheses of a perfect financial market, and then is unable to describe the 

consequences of the market failure reduction; all the impacts on the model are then exogenously 

calibrated. 

To sum up we can say, according to the different commitments, that the main entries in the model 

are: 

 R&D decision 

 Economic performance of R&D 

 Exports 

 

R&D decision increase is the result of developing finance instruments adapted to very risky 

investments due to the uncertainty associated to research, and to the small size of new innovative 

firms, like in the commitments 10, 11, 12, 13; or to subsidies increase for research like in the 

commitment 6 (EU research and innovation programme) or 25 increase RI grants of structural 

funds. The two origins are in fact interrelated, reduction of risk instruments increasing the leverage 

effect of European policies for instance. The second entry in NEMESIS is the increase of economic 

research productivity, which comes from several channels: 

 Improvement of research quality 

 Increase in proportion of new innovative firms, start-up companies that make more product 

quality innovations and then more employment and macro productivity of research. 

 The third entry: competitiveness and exports, exports of high-tech goods is not result of 

increase of R&D efforts but an extra competitiveness enhancement due to a better 

understanding of external market and to a concentration of research and in high-tech. 
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Some other entries, less frequent, such as spillovers and human capital must be mentioned, as for 

the commitment 6. The important work achieved in the different work packages and that is 

presented in the deliverables, showed that the impacts of finance instruments are not so easy to 

characterize precisely. It is the case for the role of venture capital on innovative firm. The problem 

is complex and depends on the period of entry in the innovation chain, and on the risk associated 

to this period. These results may induce errors or inaccuracy in the calibration of parameters, for 

instance the leverage effect of FP policies. 

For all these reasons we think that it would be useful to replace the R&D investment decision 

module of NEMESIS by a more elaborated econometric model made by CINCERA’s team and that 

takes into account different aspects of risk, in the finance instruments (RSFF, VC, BA, etc.) 

 

Commitment Entries in NEMESIS Inputs required from 
responsible team 

10 (ULB) - New financial 
instruments  

- R&D decision other innovation 
assets? 

- More product innovation 
- Economic performance of 

research 

- R&D increase 
- Proportion of SME increase 
- Product innovation shift 
- Economic Performance of R&D 

11 (ULB) – Cross border 
VC 

- R&D decision 
- More product innovation 
- Economic performance of 

research 
- Increase in exports  
- High-tech 

- R&D increase 
- Product innovation and economic 

performance of R&D 
- Extra increase in exports 
- High tech exports 

12 (ULB) – Cross border 
matching of innovative 
firms with investors 

- R&D decision 
- More product innovation 
- Economic performance (SME; 

Matching) 
- Spillovers? 

- R&D increase 
- Economic performance of R&D 

6 (SGH WERI) – FP7 - R&D decision 
- Spillovers  
- Human capital 
- Economic performance of 

research 

- R&D decision (leverage) 
- Human capital 
- Economic performance of 

research 
 

6 (SGH WERI) – CIP - R&D decision 
- ICT in innovation module 
- Research in energy 
- Economic performance of 

research 

- R&D decision 
- ICT 
- Research in energy field 
- Economic performance of 

research 

6 (SGH WERI) – H2020 When compared to FP7: 
- Increase in ICT 
- Increase in leverage effect 
- Increase in economic 

performance of research 

When compared to FP7: 
- Increase in ICT 
- Increase in leverage effect 
- Increase in economic 

performance of research 

7 (EIZ) – Stronger 
involvement of SME in 
EU research 
programmes 

- Product innovation shift 
economic performance of 
research sectorialisation? 

- Part of SME in VA 
- Economic performance of 

research 

25 (WIIW) Increase RI 
part of structural funds 

- Decrease of structural funds 
- Increase in European RI 

programmes  

- Amount of finance taken from 
structural funds 

Table 8: Preliminary list of NEMESIS adaptations for thematic 2: Finance   
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3.3 Thematic 3 : Actions for markets 
 

This third thematic “Action for markets” concerns 4 commitments: 

1. Commitment 14 (ZEW): “Deliver the EU patent“ 

2. Commitment 16 (ZEW): “Standardisation strategy for Europe“ 

3. Commitment 17 (WIIW): “Public procurement – Commission Support“ 

4. Commitment 22 (ZEW): “Develop a European knowledge market for patents and licensing” 

 

The thematic “Action for markets” fits into the idea of reinforcing the European Single market and 

especially the creation of a European single innovation market. This idea is mainly influenced by 

the current functioning of the US innovation market that is globally much more performing than 

the European. For example, Danguy and van Pottelsberghe (2011) have estimated that the 

transaction costs of a patent protection in the European Union are at least 15 times more 

expensive in EU than in the USA. Thus, the Innovation Union must tackle several barriers and 

malfunctions to go through a European single innovation market as it takes place in the USA. The 

major tasks identified by the European Commission aim at (i) creating an unified system of dispute 

settlement and common linguistic regime for EU patent but also develop a European market for 

patents and licensing, (ii) defining European standards for new innovative products and services 

and (iii) supporting innovative activities by pre-commercial and public procurements. 

 

 

3.3.1 Integration of commitment 14 (ZEW – WP4) 

 

This commitment focuses on the adoption by the European Parliament and the Council proposal 

on the EU patent and especially standardise the linguistic regime and the system of dispute 

settlement. 

 

The 14th commitment could act on the NEMESIS model by modifying (reducing) the cost of the 

innovation and particularly of R&D investments. Indeed, the reduction of the cost burden of 

patenting and particularly, the protection cost of innovation can be a strong barrier to SMEs that 

have more limited financial capacities and this cost reduction can reassure them on the expected 

returns of their innovation activities. 

 

This reduction of the innovation cost can be modelled in the NEMESIS model through equation 

(equations E18-E20) either by reducing the cost of the innovation components (PAjc,i,t) or one of 

them (Pjc,i,t) or the combination of them (PAc,i,t, E21). Therefore, it will reinforce the demand for 

innovation services of the firms (equation E11). To properly take into account this effect, we need 

the quantification of the cost reduction related to the “EU patent” and ideally in compatible 

nomenclature with the NEMESIS model, i.e. at sectoral level and for each EU country. 

 

Furthermore, the commitment could also act through the increase of the knowledge transfers. 

Indeed as it has been identified in the literature and following the modelling choice of the 

knowledge spillovers in the NEMESIS model, the raise of the patenting of the innovation in EU will 

enhance the knowledge spillovers within EU. 
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The most rigorous way to implement this effect into the NEMESIS model, would have been to 

modify the spread parameters of the knowledge formation for each innovation assets (equations 

E15 to E17) nevertheless, regarding the extent of the task (600 000 parameters), it seems more 

reasonable to proceed differently. It is easier to modify the flow of investments in the innovation 

assets that enter into the knowledge formation of each asset. It can be done with a “gap 

coefficient” between the real flow of investment in the innovation assets (the real expenditure) and 

the flows that are used to build the knowledge variable of each innovation asset. To do so, we need 

an estimate of the potential increase in knowledge transfers between the case without the 

implementation of these commitments and the case with their complete or partial implementation. 

 

 

3.3.2 Integration of commitment 16 (ZEW – WP4) 

 

The 16th commitment aims at speeding up and modernising standard-setting to enable 

interoperability and foster innovation in fast-moving global markets. 

 

Putting in place a European standardisation strategy for innovative products and services could 

enhance the market regulation and the interoperability of different products and services. Thus in 

this case, the benefits of this commitment come from the reinforcement capacity of firms to 

innovate through the better non-excludability of other innovations, i.e. the user of the innovation 

enhances its own innovation capacity. 

 

This is taking place in the NEMESIS model through a raise of the investment into innovation assets 

(equations E1-E3) that will be diffused to other sectors through knowledge spillovers (and 

especially for ICT and OI for which spread parameters of the knowledge spillovers based on 

Industry-Of-Use). To do so, we need a quantification of the standardisation impact on innovation 

assets investments. 

 

 

3.3.3 Integration of commitment 17 (WIIW – WP4) 

 

This statement must allow the allocation of dedicated budgets for pre-commercial procurements 

and public procurements of innovative products and services, with at least €10 billion per year for 

the procurement market. 

 

In the “public procurement” case, the securing of the outcomes of the innovation reinforces the 

innovation activity itself and then raises the investments into the innovation assets. Firstly, the 

volume effect, due to the increase of the output of the firms, will raise the demand for innovation 

services of the firms (Equation E7). And secondly, the demand effect, as there is no change in the 

technology and the costs, lead to an increase of the each innovation components and then to each 

innovation asset investment (equations E1-E3). Thus, the effect is purely a demand-driven incentive 

to innovate. 

 

Furthermore, the public procurement can, in addition to pure demand effect, lead to a “leverage” 

effect on R&D, due to the expected larger outcomes of the innovation. 
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In addition to playing on the innovation framework of NEMESIS, it will also act through the 

accounting framework. Indeed, the re-allocation of public procurements (and the raise of the 

public procurement expenditures) towards high-technological sectors or innovative sectors will 

change the demand from the public sector with a decrease of the expenditures to “low-tech” 

sectors and an increase to “high-tech” sectors. Thus, it will raise the demand addressed to 

innovative sectors with potential positive consequences on the macroeconomic output (GDP, 

employment, etc.) resulting from this structural effect. 

 

To do so, we need to know the budget of public procurements and its allocation changes across 

sectors and countries. 

 

 

3.3.4 Integration of commitment 22 (ZEW – WP5) 

 

This commitment focuses on the development of a European knowledge market for patent and 

licensing. 

 

We assume here that the implementation of this commitment is relatively similar to the 

implementation of the commitment n°14 that uses two different channels: 

1. A cost reduction of the innovation and particularly of R&D investments.  This reduction of 

the innovation cost can be modelled in the NEMESIS model through equation (equations 

E18-E20) either by reducing the cost of the innovation components (𝑃𝐴𝑗𝑐,𝑖,𝑡) or one of them 

(𝑃𝑗𝑐,𝑖,𝑡) or the combination of them (𝑃𝐴𝑐,𝑖,𝑡, E21). Therefore, it will reinforce the demand for 

innovation services of the firms (equation E11). To properly take into account this effect, we 

need the quantification of the cost reduction related to the “Knowledge market for patents 

and licensing” and ideally in compatible nomenclature with the NEMESIS model, i.e. at 

sectoral level and for each EU country. 

2. An increase of the knowledge transfers. As for the commitment n°14, the most rigorous way 

to implement this effect into the NEMESIS model, would have been to modify the spread 

parameters of the knowledge formation for each innovation assets (equations E15 to E17) 

nevertheless, it will easier to modify the flow of investments in the innovation assets that 

enter into the knowledge formation of each asset. It can be done with a “gap coefficient” 

between the real flow of investment in the innovation assets (the real expenditure) and the 

flows that are used to build the knowledge variable of each innovation asset. To do so, we 

need an estimate of the potential increase in knowledge transfers between the case without 

the implementation of these commitments and the case with their complete or partial 

implementation. 
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3.3.5 Summary table for thematic 3: Action for market 

 

WP 
Nb: 
 

Commitment 
Nb: 
 

Modificati
on of 
Variables 
 

Modification 
of 
Parameters 
 

Modification 
of 
Equations 
 

Inputs needed from 
the teams in charge of 
the commitment 
 

4 
14 
(ZEW) 

Deliver the EU 
patent 

 

P1: Spread 
parameters for 
knowledge 
externalities 

Equations E18-
E20 or E21 

How much it will reduction 
cost of the innovation? 
How much it will increase 
knowledge spillovers? 

4 
16 
(ZEW) 

Standardisation 
strategy for 
Europe 

  Equations E1-E3 

How much the 
standardisation impact on 
innovation assets 
investments? 

4 
17 
(WII
W) 

Public 
procurement – 
Commission 
Support 

  Equation E7 

Budget of public 
procurements and its 
allocation across sectors 
and countries and 
quantification of the 
leverage effect if existing 

5 
22 
(ZEW) 

Develop a 
European 
knowledge 
market for 
patents and 
licensing 

 

P1: Spread 
parameters for 
knowledge 
externalities 

Equations E18-
E20 or E21 

How much it will reduction 
cost of the innovation? 
How much it will increase 
knowledge spillovers? 

Table 9: Preliminary list of NEMESIS adaptations for thematic 3: Action for market 
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3.4 Thematic 4: Research infrastructures 
 

This thematic “Research infrastructures”, covers two commitments: 

1. Commitment 5: “Construct the priority European research infrastructures” 

2. Commitment 32: “Roll out global research infrastructures” 

 

The Commitment 5 is part of the Innovation Union objective 2 “Delivering the European Research 

Area” and focuses on the construction of the priority European research infrastructures currently 

identified by the European Strategy Forum for Research Infrastructures (ESFRI). The commitment 32 

belongs to the Innovation Union objective 11 “Leveraging our policies externally” and aims at 

developing research partnerships with third countries for the development of new global Research 

Infrastructures that should be planned, designed, and operated in an international collaborative 

framework. 

 

The two commitments aim at fostering the innovation potential of European Research 

Infrastructures and to develop the synergies between Horizon 2020 and the European Structural 

and Investment Funds. They respond to the need to avoid the fragmentation of EU research 

infrastructures linked to the increasing capital intensity of these investments that limit the 

development of the infrastructures needed for the long term needs of the EU. 

 

In terms of impacts two periods have to be considered (see deliverable D2.1): 

1. The investment phase that includes the Design and the Construction of the infrastructures  

2.  The operational phase 

 

In the investment phase, although the infrastructures are still not operational, they may bring a lot 

of benefits in terms of economic impacts and of innovations. The economic impacts results from all 

the necessary physical investments in buildings etc. engaging many companies, which create job 

and additional revenue in the economy. Innovation benefits are connected to a wide range of 

technical and scientific knowledge applied to set-up the required facilities. Requirements for 

different design solutions and building functionalities (e.g. laboratories) that are adjusted to the 

specificity of particular scientific discipline foster cooperation between scientific units suppliers, and 

facility managers, resulting in for example higher technology transfer. 

 

In the operational phase, there is a much wider range of benefits that may be identified. In general, 

the benefits may stem either from the routine operation, maintenance and upgrading of an 

infrastructure, or from the use of research facilities. There are five areas of impact of impacts of 

research infrastructures in the operational phase: Economic (Jobs creation, operation and 

maintenance costs, etc.), Innovations (R&D projects commissioned by companies, new 

technologies, prototypes, industrial designs, start-ups and spin-offs created with support from RI 

services, ...), Human Resources (new jobs for research and technical staff attracted from abroad, 

Number of Master thesis defended, where knowledge and skills gained on RI were exploited, ...),  

scientific Activity (Number of articles published, International patents granted, Number of PhD 

dissertations completed, ...), Society (Number of new or improved products, services, solutions as a 

result of research using RI that are diffused in society, ...).  
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3.4.1 Integration of commitment 5 (WERI- WP 2)  

 

The constructions of the priority European Research infrastructures will have four main categories 

of direct impacts: 

1. They will increase Public and Private R&D spending from the investments in the RI, the 

hiring of new R&D personnel; 

2. They will increase the supply of skills needed for R&I; 

3. They will increase the productivity of private research and the number of research outputs; 

4. They will increase the productivity of public research and externalities from public research; 

5. They will have direct demand-side effects, from the investment realized and from the 

operational and maintenance costs. 

 

They correspond respectively to at least six categories of entries in NEMESIS: 

1. Increase in private and public R&D spending, variables 𝑅𝐷𝑐𝑖𝑡 and 𝑃𝐼𝑅𝐷𝑐𝑡 in equation E12; 

2. Increase of skill need for research activities that will results in an equivalent reduction of the 

cost of public and private R&D personnel, respectively 𝑃𝑅𝐷𝑐𝑖𝑡 and 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡, 

3. Increase of private research productivity from the parameters P5—1 

4. Increase of knowledge spillovers from private research, parameters  ΦRDp,s→c,i (P1) in 

NEMESIS 

5. Increase the productivity of public research and externalities from public research from 

parameters ∝𝑝𝑠 (P1) 

6. Increase the demand addressed to certain production sectors from the operating and 

maintenance costs, variables 𝐴𝐷𝐷𝐷𝐸𝑀𝑐𝑖𝑡 in NEMESIS 

7. Increase of total production cost of the sector that support the operating and maintenance 

cost, variables  𝑇𝐶𝑂𝑆𝑇𝑐𝑖𝑡 in NEMESIS 

 

 

3.4.2 Integration of commitment 32 (WERI- WP 2)  

 

Similarly the development of research infrastructures in collaboration with third countries will have 

four main categories of direct impacts: 

1. They will increase Public and Private R&D spending from the investments in the RI, the 

hiring of new R&D personnel; 

2. They will increase the supply of skills needed for R&I; 

3. They will increase the productivity of private research and the number of research outputs; 

4. They will increase the productivity of public research and externalities from public research; 

5. They will have direct demand-side effects, from the investment realized and from the 

operational and maintenance costs. 

 

They correspond respectively to at least six categories of entries in NEMESIS: 

1. Increase in private and public R&D spending, variables 𝑅𝐷𝑐𝑖𝑡 and 𝑃𝐼𝑅𝐷𝑐𝑡 in equation E12; 

2. Increase of skill need for research activities that will results in an equivalent reduction of the 

cost of public and private R&D personnel, respectively 𝑃𝑅𝐷𝑐𝑖𝑡 and 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡, 

3. Increase of private research productivity from the parameters P5—1 

4. Increase of knowledge spillovers from private research, parameters  ΦRDp,s→c,i (P1) in 

NEMESIS 
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5. Increase the productivity of public research and externalities from public research from 

parameters ∝𝑝𝑠 (P1) 

6. Increase the demand addressed to certain production sectors from the operating and 

maintenance costs, variables 𝐴𝐷𝐷𝐷𝐸𝑀𝑐𝑖𝑡 in NEMESIS 

7. Increase of total production cost of the sector that support the operating and maintenance 

cost, variables  𝑇𝐶𝑂𝑆𝑇𝑐𝑖𝑡 in NEMESIS 

 

 

3.4.3 Summary table for thematic 4: Research infrastructures 

 

WP 
Nb: 
 

Commitment 
Nb: 

 
Modification 

of 
Variables 

 

Modificatio
n of 

Parameters 
 

Modification 
of 

Equations 
 

Inputs needed from 
the teams in charge of 

the commitment/ 
/remarks 

 

2 5: 
Research 

infrastructures 

𝑅𝐷𝑐𝑖𝑡  
Private   R&D 
expenditures 

(from E1) 
 

 𝑃𝐼𝑅𝐷𝑐𝑡 

Public R&D 

expenditures 

(From E12) 

 
𝑃𝑅𝐷𝑐𝑖𝑡 

Price of private 
R&D (from E18) 

 

 

 

 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

Price of public 

R&D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P5—1: 
“Intrinsic 

productivity of 
private R&D 

expenditures) 

 

P4: Strength of 
private R&D 

spillovers 
 

P1: Strength of 

 

 
 

 
 
 

Indicators on the rise of 
private  R&D expenditures 

per sector/country  
 

 
Indicators on the rise of 

private  R&D expenditures 
per sector/country  

 
Indicators on the 

“equivalent” R&D cost 
reduction/country of private 

research 
 
 
 

Indicators on the 
“equivalent” R&D cost 

reduction/country of private 
research 

 
 
 

Composite indicators 
measuring the % increase of 

research productivity 
 
 
 

Indicators on the 
modification of international 

R&D spillovers 
 

Indicators on the 
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Increase of 

demand 

addressed to 

production 

sectors 

𝐴𝐷𝐷𝐷𝐸𝑀𝑐𝑖𝑡 

 
 

Increase of 

productions 

cost 

𝑇𝐶𝑂𝑆𝑇𝑐𝑖𝑡 

 

public R&D 
externalities 

 
 

modification of public R&D 
spillovers 

 
 
 

Indicators on the 
modification demand 

addressed to production 
sectors from operating and 

maintenance costs 
 
 
 

Indicators on value of 
operating and maintenance 

costs 
 

7 32: 
Roll-out global 

research 
infrastructures 

𝑅𝐷𝑐𝑖𝑡  
Private   R&D 
expenditures 

(from E1) 
 

 𝑃𝐼𝑅𝐷𝑐𝑡 

Public R&D 

expenditures 

(From E12) 

 
𝑃𝑅𝐷𝑐𝑖𝑡 

Price of private 
R&D (from E18) 

 

 

 

 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

Price of public 

R&D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P5—1: 
“Intrinsic 

productivity of 
private R&D 

expenditures) 

 

P4: Strength of 
private R&D 

spillovers 
 

P1: Strength of 
public R&D 

externalities 

 

 
 

 
 
 

Indicators on the rise of 
private  R&D expenditures 

per sector/country  
 

 
Indicators on the rise of 

private  R&D expenditures 
per sector/country  

 
Indicators on the 

“equivalent” R&D cost 
reduction/country of private 

research 
 
 
 

Indicators on the 
“equivalent” R&D cost 

reduction/country of private 
research 

 
 
 

Composite indicators 
measuring the % increase of 

research productivity 
 
 
 

Indicators on the 
modification of international 

R&D spillovers 
 

Indicators on the 
modification of public R&D 

spillovers 
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Increase of 

demand 

addressed to 

production 

sectors 

𝐴𝐷𝐷𝐷𝐸𝑀𝑐𝑖𝑡 

 
 

Increase of 

productions 

cost 

𝑇𝐶𝑂𝑆𝑇𝑐𝑖𝑡 

 

 
 

 
 
 

Indicators on the 
modification demand 

addressed to production 
sectors from operating and 

maintenance costs 
 
 
 

Indicators on value of 
operating and maintenance 

costs 
 

Table 10: Preliminary list of NEMESIS adaptations for thematic 4: Research infrastructures 
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3.5 Thematic 5: Human capital 
 

This last thematic, “Human capital”, covers 7 commitments (or sub-commitments): 

 

1. Commitment 1.1: “Training of researchers”; 

2. Commitment 1.2: “Attractive employment conditions for researchers”; 

3. Commitment 2.2: “Public-private collaboration for skill gaps”; 

4. Commitment 3: “E-skills”  

5. Commitment 4.1: “Quality of doctoral training”; 

6. Commitment 4.2: “Mobility of researchers across sectors and countries”; 

7. Commitment 30: “Retaining and attracting international talents” 

 

The four firth commitments (1.1, 1.2, 2.2, 3) are part of the Innovation Union objective 1 “Promoting 

excellence in education and skills development” aiming to provide the skills that the EU Member 

states will need to reach their national R&D target in 2020 and their objectives in terms of 

investment, diffusion and use of ICT technologies. The commitments 4.1 and 4.2 concern the 

Innovation Union objective 2 “Delivering the European research Area” and specifically on the 

improvement of doctoral training and the re-enforcement of the mobility of researchers between 

public and private research performing organizations and between Member States. The last 

commitment 30 belong to Innovation Union objective 11 “Leveraging our policies externally” and 

focuses on the actions favouring the attractiveness of EU for international talents. 

 

 

3.5.1 Integration of commitment 1.1 (TIK- WP 1) 

 

The commitment 1.1 aims at putting in place strategies in Member States to train enough 

researchers to meet the national R&D targets. It involves the improvement of the attractiveness of 

public research institutions and the gender issues. 

The strategy is based on investments in advanced education of student in sciences to become 

potentially engineers or researchers. 

 

In NEMESIS, two categories of Skills are distinguished: 

1. Low skills (UNESCO 2011 International Standard Classification of EDucation (ISCED) levels 0 

to 4) up to “Post-secondary non-tertiary education”; 

2. High skills that regroups ISCED levels 5 “Short-cycle tertiary education”, 6 “Bachelor’s or 

equivalent level”, 7 “Master’s of equivalent level” an 8 Doctoral or equivalent level. 

 

For the reference scenario of the model, skills are projected exogenously from: 

1. EUROSTAT projections of population by gender and age-cohorts and gender 

2. Projections of active population from EC studies (Ageing report) or from own calculation 

depending of the needs of the study 

3. Then skills are projected from assumption of public investments education (from external 

experts such as IIASA or NIDI). 
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For the analysis of variants with the model, the supply of skills in either kept constant or 

endogenized, by assuming for example that (i) the participation rates to the labour market or that 

(ii) the international mobility of workers increase when employment conditions improve in one 

place. For example, in certain simulations we assume that two jobs creations reduce only on 1 unit 

the unemployment. Mobility of workers is supposed perfect between public and private sectors, 

and between production sectors. 

 

International mobility of workers is generally supposed weak for low skilled workers and high for 

high skilled workers. If the international mobility of workers is null, the wage rate will depend only 

on the local situation of the labour market. If the mobility is perfect it will depend on the global 

situation of the EU labour market. It this case wage rate will be notably influence by the EU 

unemployment by skill and not by the level of unemployment rate in the different countries. 

 

Employment in research distinguishes three categories. The two first categories, “Technicians” and 

Doctors/Engineers” that are related respectively to the ISCED 7 and 8 considered as high skills in 

NEMESIS. The third category “Other” concern the administrative personnel and is only a minor 

category that we supposed to belong globally to ISCED 4 to 6. 

 

The cost of R&D in NEMESIS is itself a compound of investments cost, labour costs and 

intermediate consumption expenditures. This last category of costs includes notably sub-

contracted of research-related services. 

 

One way to integrate the commitment 1.1 in NEMESIS will be to suppose that the formation of new 

skills for research will reduce the cost of private R&D (𝑃𝑅𝐷𝑐𝑖𝑡) by a certain % and then will lead to 

an increase of the R&D effort. It will influence the innovation mechanism of NEMESIS from its 

influence on the price of the innovation components linked to R&D given by equation E18 in Table 

2. Its implementation in NEMESIS supposes that the team in charge of the commitment could 

provide composite indicators on the “equivalent” R&D cost reduction per country of research skills 

increase. 

 

The supply of new skills for research may also reduce the price of public R&D, 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡, and the 

public expenditure on R&D. This introduction of last effect should be discussed as the public sector 

is exogenous in NEMESIS. 

 

 

3.5.2 Integration of commitment 1.2 (TIK- WP 1) 

 

Similarly to commitment 1.1, the commitment 1.2 aims at improving the supply of skills needed for 

research notably by provided  life-long learning to researchers in accordance with national 

priorities and industry requirements, by measures aiming to develop doctoral training in 

cooperation with industry so as to better link academia and the industry sector, leading to the 

development of projects of common interest and to an increased exploitation of research results 

by the enterprises, and by the development of merit-based development techniques and the 

implementation of best practices. 
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As for commitment 1.1, its introduction in NEMESIS may pass through an “equivalent” R&D cost 

reduction for private and for public research organizations. And its implementation in NEMESIS 

supposes that the team in charge of the commitment be able to provide composite indicators on 

the “equivalent” R&D cost reduction per country of research skills increase. 

 

 

3.5.3 Integration of commitment 2.2 (TIK- WP 1) 

 

The commitment 2.2 aims at supporting business-academia collaborations through the creation of 

Knowledge Alliances between education and business to develop new curricula addressing 

innovation skills gaps and lifelong learning. 

 

Its objectives are broader that those of commitments 1.1 and 1.2 as they involve, in addition to the 

improvement of the supply of skills for research, the provision of the skills needed of ICT-related 

activities and the complementary investments in different kind of intangible that require also 

specific skills. 

 

As for commitments 1.1 and 1.2, the integration of commitment 2.2 in NEMESIS could be realized 

from the quantification of “equivalent” impacts of the costs of respectively R&D, ICT and OI 

investments. 

 

It will suppose that the team in charge of the commitment (TIK) could provide these indicators. 

 

The possible impacts on the public sector stay to determine. 

 

 

3.5.4 Integration of commitment 3 (TIK- WP 1) 

 

The rationale of commitment 2 is to develop an integrated framework for the development and 

promotion of E-skills for innovation and competitiveness, notably those needed for the 

development of cloud computing, cyber security and green IT. 

 

E-skills are not a distinct category on NEMESIS that distinguishes, as described above, only high 

skills and low skills. 

 

On way to integrate the effect of this commitment in NEMESIS is to consider again that it will act as 

an “equivalent” reduction of the user cost of ICTs that will increase ICT investments.  

 

It supposes that the team in charge of the commitment could provide the necessary indicators on 

this “equivalent” cost reduction. 
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3.5.5 Integration of commitment 4.1 (TIK- WP 2) 

 

This commitment overlaps with commitment 1.2 and we will focus here on the objective than 

concern the improvement of the “quality” of doctoral training. We interpret here the “quality” of 

doctoral training as the ability to increase the productivity of young researchers. 

 

The effect of this commitment on NEMESIS mechanisms can easily be introduce in NEMESIS by 

increasing the value of parameters λRDci in Table 3 that measure the “intrinsic” productivity of the 

research input. 

 

Its integration in NEMESIS supposes that the team in charge of the commitment (TIK) could 

provide indicators on the increase in research productivity that the implementation of commitment 

4.1 induce.  

 

 

3.5.6 Integration of commitment 4.2 (TIK- WP 2) 

 

This commitment 4.2 aims at increasing the mobility of research across public and private research 

performing organization and across countries. 

 

As for commitments 1.1, 1.2 and 2.2 it can have as first effect to decrease the cost of R&D by 

improving the disposal of R&D personnel and it will act through the variable 𝑃𝑅𝐷𝑐𝑖𝑡 . 

 

It may also re-enforce R&D spillovers between private and public sectors and between countries, 

and modifies the externality parameters for public research ∝𝑝𝑠 in Table 3 and for international 

spillovers Φ𝑅𝐷𝑝,𝑠→𝑐,𝑖 in Table 3. 

 

This integration of the effects of the commitment on NEMESIS mechanisms will suppose that 

compound indicators could be calculated measuring: 

1. The % impact of R&D cost; 

2. The % increase in public R&D knowledge spillovers; 

3. The % increase in international knowledge spillovers. 

 

 

3.5.7 Integration of commitment 30 (TIK- WP 7) 

 

This last commitment aims at attracting internal talents needed in Europe for R&I activities and by 

retaining in Europe the highly skilled and entrepreneurial individuals. 

 

As for commitment 2.2 it may increase the skills needed to activities linked to R&D, ICT and OI 

investment and can be traduced in the mechanisms of NEMESIS by an “equivalent” decrease of the 

cost of the three innovations inputs. 

 

Its implementation in NEMESIS necessitate therefore that corresponding composite indicators on 

these cost reduction could be calculated by the team in charge of the commitment (TIK). 
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3.5.8 Summary table for thematic 6: Human capital 

 

WP 
Nb: 
 

Commitment 
Nb: 
 

Modification 
of 
Variables 
 

Modification 
of 
Parameters 
 

Modification 
of 
Equations 
 

Inputs needed from 
the teams in charge of 
the commitment/ 
/remarks 
 

1 
1.1: 
(TIK) 

Training of 
researchers 

𝑃𝑅𝐷𝑐𝑖𝑡 
Price of private 
R&D (from E18) 
 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

(to be 

discussed) 

  
Indicators on the 
“equivalent” R&D cost 
reduction/country 

1 
1.2: 
(TIK) 

Attractive 
employment 
conditions for 
researchers 

𝑃𝑅𝐷𝑐𝑖𝑡 
Price of private 
R&D (from E18) 
 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

(to be 

discussed) 

  
Indicators on the 
“equivalent” R&D cost 
reduction/country 

1 
2.2: 
(TIK) 

Public-Private 
collaboration 
for skill gaps 

𝑃𝑅𝐷𝑐𝑖𝑡 , 𝑃𝐼𝐶𝑇𝑐𝑖𝑡, 
𝑃𝑂𝐼𝑐𝑖𝑡   
Prices of private 
R&D, ICT and OI 
(from E18- E20) 
 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

(to be 

discussed) 

  
Indicators on the 
“equivalent” R&D, ICT and OI 
cost reduction/country 

1 
3: 
(TIK) 

E-skills 

𝑃𝐼𝐶𝑇𝑐𝑖𝑡   
Price of ICT a 
(from E19) 
 

  
Indicators on the 
“equivalent” ICT cost 
reduction/country 

2 
4.1: 
(TIK) 

Quality of 
doctoral 
training 

 

P5—1: “Intrinsic 
productivity of 
private R&D 
expenditures 

 
Composite indicators 
measuring the % increase of 
research productivity 

2 
4.2: 
(TIK) 

Mobility or 
researchers 
across sectors 
and countries 

𝑃𝑅𝐷𝑐𝑖𝑡 
Price of private 
R&D (from E18) 
 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

(to be 

discussed) 

P1: Strength of 
public R&D 
externalities 
P4: Strength of 
international 
R&D spillovers  

 

1. Indicators on the 
“equivalent” R&D cost 
reduction/country 

2. Indicators on the 
modification of public 
R&D spillovers 

3. Indicators on the 
modification of 
international R&D 
spillovers 

7 
30: 
(TIK) 

Retaining and 
attracting 
international 
talents 

𝑃𝑅𝐷𝑐𝑖𝑡 , 𝑃𝐼𝐶𝑇𝑐𝑖𝑡, 
𝑃𝑂𝐼𝑐𝑖𝑡   
Prices of private 
R&D, ICT and OI 
(from E18- E20) 
 𝑃𝑅𝐷𝑃𝑈𝐵𝑐𝑡 

(to be 

discussed) 

  
Indicators on the 
“equivalent” R&D, ICT and OI 
cost reduction/country 

Table 11: Preliminary list of NEMESIS adaptations for thematic 5: Human capital 
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4. Inputs required for NEMESIS: Questionnaire 
 

The section 3 presented a first grid of analysis of the potential impacts of the individual 

commitments on the innovation system and of the way they could be integrated in the model 

NEMESIS. The commitments were regrouped around 5 thematics corresponding to categories of 

actions and of possible entries in the model. 

 

This grid of analysis developed in section 3 stays very preliminary and uncompleted. The aim of this 

last section 4 is now to propose guidelines for improving and completing this grid all along 

the integration process of the commitments in the model that should be achieved at month 22 

of the project (Deliverable D10.2). At month 22, many additional tasks should have been achieved 

on the direct impact assessment of the different Commitments (see deliverables list in I3U DoW 

and notably D1.2, D2.2, D3.3, D4.2, D6.2, D7.2, D8.2, D9.2 and D9.3) that will provide the required 

inputs for their integration in NEMESIS. It supposes the teams in charge of WP 1 to 8 will 

notably: 

1. Have identified at which stages of the innovation system the different 

commitments act. We already proposed a first synthesis in section 3, from the analysis 

of deliverable D1.1 to D1.8, of the action of the different commitments on the 

innovation system, in relation with the innovation mechanisms of NEMESIS. But the 

experts in charge of commitments may have another vision on the action of the 

commitments and the way they should be integrated in NEMESIS. They should also 

confirm that they agree with the classification of commitments we proposed between 

those that correspond to simple statements and cannot be integrated in the model, and 

those that will induce direct quantitative impacts that could be measured with the 

model. But all the commitments that we did not considered as simple statements may 

not be integrated in NEMESIS. It will be the case notably if it proves impossible to 

provide the indicators required to integrate them in the model, or if their impact 

appears a priori too weak to necessitate a macro-economic assessment with NEMESIS. 

2. Have determined the degree of completion of each commitment in the different 

Member States and/or at EU-28 level. For the commitments that could be integrated in 

NEMESIS it will allow the evaluation of both their ex-post (from their introduction) and 

ex-ante impacts (if their completion was becoming total).  

3. Have realized the direct impact assessment of the individual commitments from 

which many inputs/indicators needed for NEMESIS will be derived. 

4. Have produced from point 1 to 3 above the different inputs needed for NEMESIS. 

 

The idea is to develop further the grid of analysis for the integration of the commitments in 

NEMESIS, knocked up in section 3, from the different points listed above. We put it at this stage 

under the form of a “Questionnaire”, that should be informed commitment by commitment,  

covering the following five categories of issues that we comment in the different sub-sections 

below: 

1. Integration in NEMESIS: Is it possible or necessary? 

2. Actions of the commitments: The thematics 

3. Entries in NEMESIS 

4. Primary inputs that will be produced for NEMESIS 

5. From primary inputs to operational inputs 
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The direct assessment of the individual commitments has just began and the response to every of 

these questions may not be possible at this stage of the project. Perhaps difficulties will emerge at 

other stages of the project and what looks possible today will appear unfeasible at further stages in 

reason of the scarcity and the reliability of the data, or of unsuccessful results from empirical 

studies that will be conducted in the context of the project. The definitive responses to the 

Questionnaire will therefore result from a progressive and inter-active process involving all 

I3U participants.   

 

 

4.1 Integration in NEMESIS: Is it possible or necessary? 
 

The first set of questions concerns the possibility and the necessity to integrate a commitment in 

NEMESIS. 

 

Four cases can be encountered: 

1. “Statement”: The commitment is a simple “statement” and cannot be directly linked to the 

innovation chain or to quantitative indicators; 

2. “Unnecessary”: The commitment may a priori impact the innovation chain and related indicators 

but the expected macroeconomic impacts of the commitment are expected too small or 

negligible to implement it in NEMESIS; 

3. “Candidate”: The commitment may have a significant macro-economic impact but its 

implementation in NEMESIS proves being currently impossible for different reasons: 

unavailability of the required data, excessive incertitude on the impacts, .etc. 

4. “Selected”: the required data and the estimated impacts are significant and robust enough to 

integrate the commitment in the model. 

 

The work with NEMESIS will of course involve only the commitments classified as “Selected”. 

 

In section 2, we considered only two categories of commitments: 

1. The commitments that we considered as “simple statements”, listed in Table 4 

2. The commitments that we considered as “having a direct impact on NEMESIS innovation 

mechanisms”, listed in Table 5 (p. 44) and Table 6 (p. 45) (to which we must add the 

commitment 4). 

 

Our first questions are therefore: 

 Q1: If your commitment was classified in Table 4 as a “simple statement” do you 

agree YES/NO 

 Q2: If NO, would you classify it in the categories 2: “Unnecessary”, 3: “Candidate” or 

4: “Selected” 

 Q3: If your commitment was classified in Table 5 (p. 44) or Table 6 (p. 45) as “having a 

direct impact on NEMESIS innovation mechanisms” do you agree YES/NO.  

 Q4: If NO, would you classify it in the category 2: “Unnecessary” or in the category 3: 

“Candidate”. Please justify you choice. 
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4.2  Actions of the commitments: The thematics 
 

For the commitments that belong to the category 4: “Selected” and that will be included in 

NEMESIS, we must characterize their action on the innovation system. The commitments that we 

considered as “having a direct impact on NEMESIS innovation mechanisms”, were regrouped in 

Table 5 and Table 6 around five broad thematics with declinations in “keywords” (sub-thematics”). 

 

The choice of these thematics and their coverage (the “keywords”) are only provisory and should 

be improved. The next questions are: 

 Q5: Is your commitment already covered by a thematic in Table 5 (p. 44) and Table 6 

(p. 45) and if it is the case do you agree with the choice of the thematic  YES/NO 

 Q6: If YES, do you see other keywords that will allow to better describe the precise 

action(s) of the commitment? Please detail. 

 Q7: If NO, what is your choice of thematic(s)? Multiple choices are possible and you 

can add new thematics. Please precise also your choices of keywords. 

 

 

4.3  Entries in NEMESIS 
 

The commitments that will be integrated in NEMESIS will modify the functioning of the model. 

 

As analyzed in sections 3.1 to 3.5 above corresponding to our initial pre-selection of 5 thematics, 

the different commitments will act at different level of the innovation system corresponding to 

different mechanisms of the model. We summarized in Table 5 and Table 6 for the commitments 

that we considered as “having a direct impact on NEMESIS innovation mechanisms” different 

“Entries” in the model. These “Entries in NEMESIS” are the way the commitments will be integrated 

in the model and will produce their actions on it. These entries may take one of several of the 

following forms (see introduction of section 2): 

1. The modification of a set of variables of the model; 

2. The modification of a set of parameters of the model; 

3. The modification/addition of equations of/in the model. 

 

The next questions are the following: 

 Q8: Do we have already proposed specific entries of your commitment in NEMESIS in 

Table 7 to Table 11 (p. 49, 63, 67, 72 and 77)  YES/NO 

 Q9: If YES, do you agree with the entries we propose? Do you have additional or 

alternative entry(ies) to propose. Please detail and justify your responses. 

 Q10: If NO, from the description on NEMESIS variables (Table 1, p. 17), equations 

(Table 2, p. 19) and parameters (Table 3, p.31) that intervene in NEMESIS innovation 

mechanisms, which entry(ies) in NEMESIS will you envisage? Please detail. If 

necessary, additional information on NEMESIS model is available on I3U website or 

can be provided by the NEMESIS team. 
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4.4  Inputs that will be produced for NEMESIS 
 

Once the possible “Entries” of the commitment in the NEMESIS model clearly identified the next 

question is the selection of the list of inputs related to these entries by the teams in charge of the 

commitment. 

 

The “selected” commitments will cover many different aspects of the EU innovation system that will 

correspond to many different entries in the NEMESIS model. The direct assessment of these 

commitments will also involve very different datasets and methodologies: 

1. The data may for example be derived from national accounting sources such as 

Eurostat, OECD or Wold Bank databases, from firms census such as AMADEUS and 

ORBIS Databases. They can focus on precise fields such as the WIPO and PATSTAT 

databases. They can be quantitative or qualitative such as the data from CIS and ERA 

surveys, the commitments-specific reports and databases, the data collected during 

interviews and focus groups meetings, etc. 

2. The methodologies may involve econometric or statistical approaches or be essentially 

qualitative or descriptive and include also results from literature surveys and meta-

analysis.  

 

Depending of the data, the methods and the objective of the commitments, their assessments will 

provide also very diverse results. They will be mainly data, or elasticities (or quasi-elasticities) 

derived from these data, for example indicators on the direct impacts of the commitments on the 

level or % change of (see I3U DoW p. 11):   

 

1. Input indicators 

 R&D employees 

 R&D capital 

 Other intangible capital (Software, organizational capital…) 

 ICT capital 

 Venture capital investments 

 Human resources in science and technology 

 Workforce by skill 

2. Throughput indicators  

 Patents 

 Scientific publications 

 Co-operation (number of collaborative projects; volume of contract research; volume of 

competitive funding (national); volume of international grants) 

3. Output/Impact indicators  

Direct output/impact indicators 

 Number of innovating enterprises 

 Turnover with market novelty 

 Share of turnover from innovations 

 Additional turnover due to improved quality 

Indirect output/impact indicators 
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 Productivity  

 Export intensity 

 Employment in knowledge-intensive service sectors as share of total employment (%) 

 High-tech trade as a percentage of total trade  

 Exports of high technology products as a share of total exports 

 

Whatever the nature of the indicators that will be produced, they will be used as “inputs” to 

traduce the direct impacts of the commitments in NEMESIS. They will not correspond directly to 

the precise data, elasticity or equations categories of NEMESIS but they will be the “primary inputs” 

that will allow to operate their transformation in the precise language of the model. 

 

Here the question will turn into the following request: 

 Q11: Your commitment n°X was “selected” for integration in NEMESIS and its 

“thematic” and “entries” in the model clearly identified. Please list and detail the 

“primary inputs” that you will produce to integrate your commitment in the model by 

describing briefly its nature (data, elasticity, quasi-elasticity, new equation, etc.), the 

data sources, the methodology used to produce it (econometrics, statistics, meta-

analysis, etc.) and its coverage (countries, type of sectors, etc.). This should be done 

by filling the following table:   

 

Commit-
ment 
Nb:  
 

Thematics: 
 Entries in 

NEMESIS 
 
 

List/description of primary inputs 
that will be provided 
 
 
 

?? 
 

?? 
(e.g. Human 
Capital) 

?? 
(e.g. E??) 

1. ?? 
 
2. ?? 
 
3. ?? 

?? 
(e.g. P??) 

1. ?? 
 

2. ?? 
 

?? 
(e.g. Finance) 

?? 
(e.g. new 
equation) 

1. ?? 
 
2. ?? 
 
3. ?? 
 
4. ?? 
 

Table 12: List of “primary inputs” for integration of commitment nb ?? 
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4.5  From primary inputs to operational inputs 
 

This last part of the “Questionnaire” will allow the finalization of the integration of the 

commitments in NEMESIS. 

 

Several interconnected questions must be addressed here that concern: 

1. The transformation of the “primary inputs” of Table 12 (p. 82) into the “operational 

inputs” that will be introduced in NEMESIS to modify its functioning;  

2. The quality of the inputs used and the need of sensitivity analysis. 

3. The distinction between the inputs required for the ex-ante and ex-post assessments; 

 

The first point, the transformation of “primary inputs” into “operational inputs” is the more tricky 

and it is useful to start with an “hypothetical” example. Let’s assume for example that the following 

characteristics were identified for the commitment n°x: 

 

Commit-
ment 
Nb:  
 

Thematics
: 
 

Entries in 
NEMESIS 
 
 

List/description of primary inputs 
that will be provided 
 
 
 

x 
 

Actions to 
market 

Research 
productivity 
from parameters 

P5-1: λRDci 
 
 

1. Input PI1: Elasticity of the Nb of patent applications to the 
degree of implementation of the commitment. Data sources: 
ORBIS, PATSTAT and EU R&D scoreboard. Method: Econometric 
(CDM model type). Coverage 18 EU countries, three groups of 
industrial firms: Low, medium and high  tech sectors. Other: 
Distinct elasticities per country  and group of industrial firms 
could be estimated. 

 
2. Input PI2: Elasticity of TFP (VA based measure) to the degree of 

implementation of the commitment. Data sources: ORBIS, 
PATSTAT and EU R&D scoreboard. Method: Econometric (CDM 
model type). Coverage 18 EU countries, three groups of 
industrial firms: Low, medium and high  tech sectors. Other: 
Distinct elasticities per country  and group of industrial firms 
could be estimated. 

 
Table 13: List of “operational inputs” for integration of commitment n°x 

It belongs to the thematic Actions to market and its entry in NEMESIS is “Research productivity”. 

The commitment is supposed to increase the intrinsic productivity of private research by increasing 

the value of the parameters λRDci in the different countries and production sectors. By crossing 

ORBIS database on the characteristics of firms, the PATSTAT database and the EU industrial R&D 

investment scoreboard, econometric estimations could provide robust elasticity estimates between 

the degree of implementation of the commitment in 18 EU countries, the number of patent 

applications of firms and the level of their TFP. Distinct elasticities are available per country for 

three groups of industrial firms: Low, Medium and High tech firms. 
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The first step of the transformation on the “primary inputs” PI1 and PI2 into the operational inputs 

needed to implement the commitment x in the model will be to transform them to: 

1. Fit with the sectoral nomenclature of the model; 

2. Fit with the geographical coverage of the model. 

 

It would notably require to determine the best solutions to: 

 Transform the primary inputs PI1 and PI2, that are available for only three categories or 

industrial firms – HIGH, MEDIUM and LOW TECH to obtain inputs for all the industrial 

sectors of NEMESIS (See the list of NEMESIS sectors and their correspondence with the 

NACE rev 2 in Table 14).  

 To check if the industrial firms covered by the econometric study that provided the primary 

indicators PI1 and PI2, that represent only a sub-set of firms, are representative of the 

average behaviour of all the firms composing the sectors, and proceed to the required 

adjustments when necessary. 

 The commitment concerns also service sectors that are not covered by the econometric 

study. Most of private R&D is financed and executed by manufacturing industries but some 

services industries also do R&D. How these service industries should be treated? Is it 

possible and necessary to build also PI1 and PI2 indicators for these service industries? 

 Concerning countries, the commitment covers every country but the econometric study was 

conducted only for 18 EU countries. The experts in charge of the commitments could in 

another study measure the degree of implementation of the commitment in the 10 EU 

countries not covered by the econometric study. It is therefore a priori possible to build also 

PI1 and PI2 indicators for these countries but how to do it? Take an average of the values  

PI1 and PI2 indicators obtained for the 18 countries where the data were available? 

Another solution? 

 Etc. 

 

 

NEMESIS sector 
 

Code NACE rev 2 
 

01  Agriculture 01 + 02 +05 

02  Coal and Coke 10 + 12 + 13+ 14 

03  Oil & Gas Extraction 11 

04  Gas Distribution Part of 40 

05  Refined Oil Part of 23 

06  Electricity Part of 40 

07  Water Supply 41 

08  Ferrous & non Ferrous Metals 27 

09  Non Metallic Min Products 26 

10  Chemicals 24 

11  Metal Products 28 

12  Agricultural & Industrial Machines 29 

13  Office machines 30 

14  Electrical Goods 31 + 32 

15  Transport Equipment 34 + 35 

16  Food, Drink & Tobacco 15 + 16 

17  Textile, Clothes & Footwear. 17 + 18 +19 
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18  Paper & Printing Products 20 + 21+ 22  

19  Rubber & Plastic 25 

20  Other Manufactures 33 +36 + 37 

21  Construction 45 

22  Distribution 50 + 51 +52 

23  Lodging & Catering 55 

24  Inland Transports 60 

25  Sea & Air Transport 61 + 62 

26  Other Transports 63 

27  Communication 64 

28  Bank, Finance, Insurance, Real Estate 65 + 66 + 67 + 70 

29  Other Market Services 71 + 72 +73 + 74 

30  Non Market Services 75 + 80 + 85 +90 + 91 + 92 + 93 + 95 
Table 14: NEMESIS nomenclature 

Having operated this first set of transformations should lead to a second version of the primary 

inputs that will now fit the coverage of the NEMESIS model in terms of sectors and countries that 

we will call PI1ci and PI2ci, with the country (c) and sector (i) indexes corresponding to NEMESIS 

definitions. 

 

The second step in now to determine the “transformation functions”, Tci, that from indicators PI1ci 

and PI2ci will allow to modify the research productivity parameters λRDci in the model. The 

problem is to remove the parameters λRDci and to replace them by the following with a tilde 

indicating they were transformed : 

 

λRD̃ci = Tci(𝐏𝐈𝟏𝐜𝐢, 𝐏𝐈𝟐𝐜𝐢) 

 

(54) 

These new set of parameters will be the “operational indicators” that will be introduced in the 

model to traduce the action of the commitment x in the model. 

 

Many options for the choice of the transformation functions Tci may exist. They can be functions of 

both (adapted) primary indicators PI1ci and PI2ci like in the generic equation 54, of functions of 

only  PI1ci or of only PI2ci. 

 

If we have a look at equation 32 that gives a reduced form representation of the endogenous 

growth mechanisms introduced in NEMESIS at sector level: 

 

dln(Ycit
A )

dt
= −휀𝑐𝑖𝑡

𝐷 ∙ (1 + 𝑚𝑐𝑖) ∙ 𝛼𝑐𝑖𝑡 ∙ ∑ 휀𝐴𝑗𝑐𝑖𝑡

𝐴

j

∙ λjci ∙
jcit

Ycit
∙

dln(KNOWjcit)

dt
, j = RD, ICI, OI 

 

we see that modifying the values of parameters λRDci will modify proportionally the “TFP effects” 

that transit by the elasticity 𝛼𝑐𝑖𝑡  and the ability of the sectors to transform knowledge in 

innovation services (that can be seen as production of patents) from the term 
RDcit

Ycit
∙

dln(KNOWRDcit)

dt
. 

Hence the three solutions evoked above for the choice of the inputs of the functions Tci(. ) appear 

acceptable.  
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The solution retained and we turn here on the second point above, “The quality of the inputs used 

and the need of sensitivity analysis”, could be to link the functions Tci(. ) to the primary input which 

reveals to be the more reliable, for example it terms of quality of econometric results and of the 

methodologies used to adapt these inputs for the needs in the models, that-is-to-say to realize the 

“passage” from PI1 and PI2 to PI1ci and PI2ci.  

 

In summary, there may exist several solutions to build the “adapted” primary inputs PI1ci and PI2ci 

and several solution for the choices of the functions Tci(. ) that could result with the production of 

alternative sets for the operational inputs λRD̃ci, that will be introduced in the model. The set of 

new parameters, λRD̃ci, that will traduce the impact of the commitment x in the model, may be 

close or have in average very different values. The solution for the assessment of the commitment 

with NEMESIS could be to retain the set of parameters with medium values and then to examine to 

what extent the assessment of the macroeconomic impacts of the commitment is modified by 

using alternative sets of parameters. This sensitivity analysis should be realized when necessary as it 

is foreseen in the DoW of WP 10. 

 

All the methodological issues that we addressed above suppose that the third point listed above, 

“The distinction between the inputs required for the ex-ante and ex-post assessments” was solved. 

It means that the teams in charge of the assessment of the commitment were able to assess the 

degree of achievement of the commitment x in the different EU28 countries, for example on a scale 

for 0 to 10. If this degree of achievement is for example 3, then an ex-post assessment of the 

commitment could be realized by looking at what would have happened if the commitment was 

not implemented at all and its degree of achievement was 0. The ex-ante assessment will then 

consist in an evaluation of the impacts of moving from the current degree of implementation (3) to 

a full implementation of the commitment in the future (degree of implementation 10). 

 

The requisites of the ex-ante and ex-post assessments methodologies described in the DoW of WP 

10 suppose therefore also to reintegrate the time dimension in the analysis: the implementation of 

the commitment x in the past was progressive and its full implementation will be also progressive. 

The composite indicators λRD̃ci should therefore also have a time dimension.  

 

Similarly than in section 4.4, the question here will turn finally into the following request: 

 Q12: Please list and detail for each of the entries in NEMESIS, the “operational inputs” 

(or composite indicators) that you will produce to integrate your commitment in the 

model. You will notably explain briefly how the “primary inputs” of Table 12: List of 

“primary inputs” for integration of commitment nb ?? were adapted to fit the dimensions 

and definitions of NEMESIS and you will describe the transformation functions used 

to produce the different sets of “operational inputs”: 
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Commit-
ment 
Nb:  
 

Thematics: 
 Entries in 

NEMESIS 
 
 

List/description of operational inputs 
that will be provided 
 
 
 

?? 
 

?? 
(e.g. Human 
Capital) 

?? 
(e.g. E??) 

1. ?? 
 
2. ?? 
 
3. ?? 

?? 
(e.g. P??) 

1. ?? 
 

?? 
(e.g. Finance) 

?? 
(e.g. new 
equation) 

1. ?? 
 
2. ?? 
 
 

Table 15: List of “operational inputs” for integration of commitment n°X 
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6. Appendix: Somme illustration on the functioning of 

NEMESIS innovation module 
 

THIS APPENDIX WILL BE AVAILABLE SOON 
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