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Highlights

Public Science vs. Mission-oriented Policies in Long-run Growth: An
Agent-based Model

* We analyse the emerging trade-off between public investments in
open science and mission-oriented policies through a multi-country,
multi-sector agent-based model.

* Science policies reduce and stabilise growth divergence.

* Open science preserves the variety of the economic structure and
limits monopolistic tendencies.

¢ Supply-side policies need to be paired with demand-side policies to
meet grand societal challenges.



Public Science vs. Mission-oriented Policies in
Long-run Growth: An Agent-based Model

Abstract

This paper offers a contribution to the literature on science policies and
on the possible trade-off between broad science-technology policies and
mission-oriented programs. We develop a multi-country, multi-sectoral
agent-based model that represents a small-scale monetary union. Find-
ings are threefold. Firstly, symmetric science policies from governments
significantly reduce cross-country growth divergence. Secondly, even if
economic growth is largely driven by the sectors with absolute advan-
tages, having some flow of open science investments is sufficient for the
other industries to survive and innovate. Thirdly, science policy limits mo-
nopolistic tendencies and reduces income inequality. Yet, the working of
the model suggests that supply-side science policies should be paired with
demand-side policies to meet grand societal challenges.

Keywords:
Science policies, Structural and technical change, Economic growth.
JEL Classification: E11, E32, 033, O41.

1. Introduction

In early 1942, the US administration appointed the Major General Leslie
R. Groves and the nuclear physicist, Prof. ]. Robert Oppenheimer to recruit
and coordinate a vast group of scientists to the development of the atom
bomb. Thus began the Manhattan Project, the first, important mission-
oriented program. The challenges, the endeavours and the scientific suc-
cess out of the Project inspired many Western governments to extend and
implement the range of programs with similar organisations and capabili-
ties. The European Commission (2018c, p. 2) defines mission-oriented initia-
tives as “large-scale intervention aiming for a clearly defined mission (i.e.
goal or solution) to be achieved”. Under the aegis of the public sector, such
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programs concern ambitious, exploratory, cross-disciplinary activities to
address societal and technological targets, from the development of the
computer industry (Mowery and Langlois, 1996) and the Apollo Program
(Mazzucato, 2011) across the Fifties and the Sixties, up to contemporary
challenges, i.e., energy and climate change (Anadén, 2012; Mowery et al.,
2010). At the same time, governments spend considerable funds on basic
research in universities and institutes, and there is extensive evidence that
basic research provides direct as well as indirect economic benefits (Salter
and Martin, 2001; Ergas, 1987).

However, the analysis of a possible trade-off between broad spectrum sci-
ence and technology (5&T) policies and the research with a mission orien-
tation is still scant in the economic literature.! Even scantier is the analysis
of the impacts of such policies and their plausible trade-off at a macroe-
conomic level on economic growth, structural change, and specialisation
trajectories. On the one hand, an increasing body of literature focusses on
the European Monetary Union to discuss what regulatory framework and
what policies could fuel economic growth, debt sustainability, and also
reduce income inequality (Carnevali et al., 2019, 2021; Sawyer and Pas-
sarella, 2021; Ciarli et al., 2010, e.g.). On the other hand, there is the stream
of research that investigates public research and innovation policies within
countries (Mazzucato, 2016). The latter has often showed the importance
of targeting investments to the pursuit of specific missions, as witnessed
by extensive analyses on the US economic history (Mowery and Rosen-
berg, 1999). It is also true that lots of microeconometric evidence high-
lights that corporate practitioners draw heavily on research performed in
domestic universities and other public organisations as source of knowl-
edge to back their innovative activity (Bianchini and Llerena, 2016; Bian-
chini et al., 2019; Arora et al., 2015; Arundel and Geuna, 2004; Narin et al.,
1997; Beise and Stahl, 1999).

This paper is a step forward to fill that gap. We develop a multi-country,
multi-sectoral agent-based model of endogenous structural change, com-
posed of countries joined by a Monetary Union. In this framework, be-
sides the population of firms, workers and consumers, the national gov-

'We use terms as open science, public research, broad spectrum S&T policies interchange-
ably.



ernments enter the economy through investments in research and innova-
tion. They devote a share of GDP to finance either broad spectrum S&T
policies or mission-oriented programs to target specific sectors and ob-
jectives. In line with Dosi and Roventini (2019); Fagiolo and Roventini
(2017); Dawid and Delli Gatti (2018) we believe that the implementation
of an agent-based setting is particularly suitable to the task since the user
knows by construction the micro data generating process and can explore
the features of macro variables as properties emerging out of evolutionary
dynamics.

Our model is evolutionary micro-founded in that both technological and
structural changes result from evolutionary micro-processes. Innovations
are the engine for both productivity gains and changes in the characteris-
tics of goods and services, themselves source for changes in the structure
of expenditures. The impact of innovations on the dynamics of the system
are catalysed by the market selection mechanisms and triggered by indi-
vidual behaviours. The setting includes a Kaldorian flavour in the sense
that the dynamics at work are demand driven, and the allocation of in-
come defines and transforms the structure of expenditures, shaping the
industrial structure of the economies. Industries are interconnected by the
structure of demand (Lorentz and Savona, 2010). From this viewpoint, we
revolve around the idea that the structure of domestic demand catalyses
the growth impulses generated by external demand, generating economic
growth. Exports growth is sustained by gains in competitiveness gener-
ated by technological change, themselves fostered by the increases in re-
sources generated by economic growth. The combination of those mecha-
nisms insure self-sustained growth.

Among the several results, we contend that the sole intervention of na-
tional governments through symmetric research investments is sufficient
to lower GDP growth divergence across countries, likely stabilising them
too. 2

2We identify with symmetric policies the cases in which both countries adopt the same
choice regarding the amount of investment in GDP and its allocation between open sci-
ence and mission-oriented programs. Conversely, policies are considered as asymmetric
when countries adopt different targets in mission-oriented programs. The analysis on
asymmetric policies does not offer further remarkable insights: results are available on
request.



Furthermore, the relationship between the share of investment to mission-
oriented research and the coefficient of variation in GDP growth is U-
shaped when the public sector focusses on pushing the technological fron-
tier ahead. The enhancement of growth divergence suggests that a mix
of broad spectrum and targeted policies seems more pivotal to softening
divergence patterns. However, we likewise exhibit that science policies
drive productivity-growth divergence. The more governments bring oxy-
gen to an industry trying to support firms innovative search, the greater
the divergence between countries. Declining sectors may either be those
with a low expenditure share in the consumption bundle because of a
lower quality or industries in which domestic firms are not competitive
in international markets. It is yet true that even though productivity dif-
ferentials exist and persist across industries and countries, such policies
make sectoral gains more concentrated around a common average trajec-
tory. Conversely, sectoral productivity differentials are enlarged by rising
shares of mission-oriented projects in government expenditure. In this
case, even if economic growth is largely driven by sectors with absolute
technological advantages, a flow, however tiny, of open-science invest-
ments allows other, weaker industries to survive and innovate. Science
policy alone manages to limit and counteract monopolistic tendencies,
triggering competition and country’s diversification. Still, the strength
of this mechanism depends on the allocation of resources between broad
spectrum policies and mission-oriented programs.

Nevertheless, science policies do not affect the structure of consumption.
Therefore, to be effective in dealing with societal challenges, they should
be coupled with demand-side policies, governance, and consumer’s in-
volvement, as recently suggested by European Commission (2018e,a). All
these results are also strengthened by the ability of our model to match a
wide spectrum of stylised facts concerning economic growth and special-
isation patterns at country, industry and firm level.

The article is organised as follows: Section 2 reviews the relevant litera-
ture; Section 3 describes the theoretical setting; Section 4 presents the re-
sults out of the baseline scenario; Section 5 develops the experiments on
symmetric science policies and discusses the results; Section 6 concludes
and offers some implications for policy and future research. The Appendix
and the online Supplementary Material offer further statistics.



2. Relation with the literature

We contribute to several strands of research. First and foremost, we
contribute to the understanding of the impacts of S&T policies on macroe-
conomic dynamics. The role of governments in funding research is at the
core of the economic analysis back to the late Fifties. On the one hand, the
neoclassical arguments 4 la Nelson (1959) and Arrow (1962) reported to
the difficulties of appropriating the benefits out of research with the con-
sequent market failure in which private firms underinvest in innovative
search: from which a general plea for public funds. On the other hand,
there is all the bulk of evolutionary literature on innovation and techni-
cal change @ Ia Dosi and Nelson (2010); Rosenberg (1982); Metcalfe (1995);
Mazzucato (2016), according to which direct and indirect innovation poli-
cies require and imply an active role of national governments to shape
technological landscapes and search regimes, and to take risks that the pri-
vate sector does not want to absorb in a first stance (Dosi et al., 2023). The
evolutionary theory does not look at governments as solution to a mar-
ket failure per se, but as the source for the enhancement of competitive
performance and the promotion of structural change (Metcalfe, 1995). To
paraphrase Rosenberg (2009), scientific knowledge is not a costless good
available to anybody, but it is embodied in specific researchers and insti-
tutional networks, and to master it investments are required. Therefore,
corporations prefer entering a new market only after the great bulk of un-
certainty has already been handled by the public sector (Cimoli et al., 2009,
ch. 2). In this case, government innovation policies create new technolo-
gies, new markets and new industries (Foray et al., 2012; Mowery, 2009).
Close to the evolutionary perspective in its analysis of the relation between
economic growth, development, and technical change, is the technology gap
approach a la Gerschenkron (1962); Abramovitz (1986); Fagerberg (1994).
This literature starts from the observation that differences in technological
levels and trends characterize the international economic system. These
differentials are at the core of economic growth divergences between lead-
ers, i.e. countries standing at the technological frontier, and latecomers, i.e.
countries on a lower technological level. The possibility for the latter to
catch up with the leaders depends on their ability to mobilise resources
for transforming social, institutional and economic structures (Fagerberg,
1987). However, this is possible if and only if latecomers succeed in de-
veloping social capabilities in the forms of competencies at firm level, high-



quality educational systems and efficient financial markets (Abramovitz,
1986).

Among this very large literature, this work shares some commonalities
with Foray and Llerena (1996) and the tradition around the “Schumpeter
meeting Keynes” (K+S) models (Dosi et al., 2010, 2023; Amendola et al.,
2024; Dosi and Roventini, 2019; Dosi et al., 2022). Foray and Llerena (1996)
revisit Aoki (1986) to link the level of the information structure to the de-
gree of centralisation of decision. Crucial determinants were found in the
learning capabilities of the firms and the government response time. They
compared two different policy scenarios, i.e., mission-oriented and diffu-
sion policies, whose design is very similar in scope to ours.

The family of K+S models bridges Schumpeterian technology-fuelled in-
novation theories with Keynesian engines that trigger long-term economic
growth (Dosi et al., 2010, 2022). In particular, Dosi et al. (2023) study the
impact of alternative innovation policies on both the short and long-run
performance of an economy. The paper depicts a country in which the
public sector intervenes through the creation of a National Research Lab
and a public capital-good enterprise, whose aim consists of disseminating
knowledge and creating avenues for radical innovations. This policy set-
ting is then compared to a more traditional one in which the State provides
R&D subsidies or investment tax discounts. The overall findings support
the idea that public research bodies improve economic performance more
than traditional pigouvian solutions: the outcome is a higher growth po-
tential along with a public deficit kept under control. Also, the public
research lab is most efficient in promoting energy efficiency without nega-
tive impacts on macroeconomic and public finance conditions (Amendola
et al., 2024). Our paper slightly differs in the schedule of the experiments,
since Dosi et al. (2023); Amendola et al. (2024) do not analyse the trade-
off between broad spectrum and mission-oriented policies, and focus on
a closed economy only. Our framework, instead, takes these issues into
account and provide the conditions under which a too-large commitment
to mission-oriented programs can foster productivity growth divergences
both across countries and across sectors. Moreover, our article pinpoints
to the crucial role of open science in triggering competition, reducing pro-
ductivity differentials and income inequality.

This paper contributes to the literature on growth dynamics, structural
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change and coordination issues as empirically identified by Dosi et al.
(1994b,a); Allen (2001), all in the vein of the seminal work of List (1856),
and formally addressed in the evolutionary macroeconomic literature. All
these works consider structural changes as the results of evolutionary trans-
formative engines as the main drivers for economic growth either through
the internal transformation of the sectoral structure of the economies (Met-
calfe et al., 2006; Saviotti and Pyka, 2004a,b) or through their specialization
patterns through trade (Dosi et al., 1994a; Verspagen, 1992). The frame de-
veloped in this paper draws on and combines these two traditions. Draw-
ing on Ciarli et al. (2010); Ciarli and Lorentz (2010); Ciarli et al. (2019);
Lorentz et al. (2016); Lorentz (2018), various developments of a micro-to-
macro approach to the dynamics of structural change, driven by the inter-
play between transformations in the structures of production and produc-
tivity dynamics and those of effective demand responding to the trans-
formation of preferences and the structure of earnings, provides us with
the foundations for the internal transformations of our economies. As for
the second drivers of structural change, our frame relies on the works of
Llerena and Lorentz (2004); Lorentz (2015b,a), whose theoretical setting
shows that the main driver for specialisation also generates growth rate
differences among economies. When emerging out of the heterogeneity
of technical change at the microeconomic level, specialisation engenders
cross-country growth rate differences that yet are only transitory. Con-
versely, permanent divergences in economic and productivity growth are
fuelled by demand factors as represented by heterogeneous income elas-
ticities (Lorentz, 2015a). This study presents similar results in the bench-
mark model, but it leads to different conclusions when turning to S&T
policies, which are quite able to engender persistent productivity-growth
divergence across countries even with public intervention.

Finally, the model clearly belongs also to the literature on open-economy
agent-based models which tackle regional as well as monetary-unions is-
sues (Caiani et al., 2018; Caiani and Catullo, 2023; Dawid et al., 2014; Dawid
and Delli Gatti, 2018). For instance, using a two-region macroeconomic
model, Dawid et al. (2014) provide insights on short-to-long period out-
comes of policies fostering the improvement of human capital and the
adoption of new technologies across richer and poorer regions. The labour
market is the key variable for when it is fully integrated between regions,
such policies enhance divergence patterns and make the rich ever richer
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and poor regions ever poorer. Conversely, Caiani et al. (2018) analyse the
relationship between fiscal policies, wage dynamics, growth performance,
and debt sustainability in a framework that closely resembles the Euro-
pean Monetary Union. Our work, even though it does not account for
debt-sustainability issues or labour-market dynamics, depicts the working
of an integrated economic system and is in agreement with the mentioned
papers in underlining the important call for coordinated and redistribu-
tive policies at the supranational perspective.

3. An evolutionary model of structural change with a Kaldorian flavour

We propose here a multi-country, multi-sectoral model of economic dy-
namics with endogenous structural changes. In line with the evolutionary
literature, we build the model around three populations of agents: private
firms, households and a public sector. These populations interact within
the country they are located as well as between countries. The aggregation
of these population dynamics determines the macro-level dynamics of the
system.

Private firms produce differentiated goods for a single industrial sector.
These goods are consumed by both domestic and foreign households. House-
holds are divided into consumer/worker groups sharing a similar level
of income and a common structure of expenditures defined by an Engel-
curve-like mechanism. All of the countries share a common currency. The
interaction among countries are therefore limited to trade in goods and
services. In this respect, the model accounts for the dynamics of a single
currency system in line with the European Monetary Union.’

The model is evolutionary micro-founded in that both technological and
structural changes result from evolutionary micro-processes. Innovations
are the engine for both productivity gains and changes in the character-
istics of goods and services, themselves source for changes in the struc-
ture of expenditures. The impacts of innovations on the dynamics of the
system are catalysed by the market selection mechanisms and triggered
by individual behaviours. The model includes a Kaldorian flavour in the

3For simplicity, we assume trade costs within the Union away from this analysis. We
believe that one key principle of the European Monetary Union is to limit as possible
trade costs across countries. For further details on this issue, see Lorentz and Ciarli (2014).
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sense that the dynamics at work are demand driven, and the allocation
of income defines and transforms the structure of expenditures, shaping
the industrial structure of the economies. Demand shapes the resources
available for firms to improve their efficiency and gain in competitive-
ness. Furthermore, the efficiency and competitiveness gains of firms, and
of the economies a whole, on international market fosters the expansion of
demand. The interplay of these three mechanisms allow for a Kaldorian
cumulative causation dynamics.

Formally the model is structured as follows. We consider a set of C economies
integrated in an single currency economic system through trade relations.
An economy is referred to using the index ¢ € [1; C]. From the perspective
of the economy ¢, the variables indexed ¢ refer to foreign economies. Each
economy can produce and consume goods and services from each sector
J € [1;J] and counts a population of I firms as active in each of the J sec-
tors. A firm i € [1; ], producing in sector j and based in the economy c is
referred to with the subscripts i, j, c. Households are classified in H con-
sumer/worker groups. A group of consumers / gathers all the workers
of the tier k = h of all the / firms in all the J industries. The total num-
ber of households groups in an economy is given by the highest number
of worker tier A found among the / firms in the J sectors of an economy
c.The index ¢ refers to the time step. Fig. A.5 portrays the model.

3.1. Private firms: production and innovation

Private firms define the path of technical change through R&D and the
economy’s production capacity through their investment in capital stock.
Firms are boundedly rational, heterogeneous in both the efficiency of their
production capacity (i.e., labour productivity) and the characteristics of
the goods or services they provide (i.e., satiability level). The mutations in
both factors result from: (i) technical change emerging at the firm level as
a twofold process: firms develop new production processes that require
investments in physical capital; (ii) product innovation that modifies the
nature of the goods produced, affecting the attractiveness of the latter to
the consumer (i.e., satiability).

3.1.1. Firms characteristics
The production process is represented at time ¢ by a constant returns
to scale production function with labour as a unique production factor.
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Capital is accumulated to build the production capacity, defining labour
productivity:
Qijet = Aijei-1 Lt (1)

in which Q; ; ¢, is firm output, A; ; . ;-1 is labour productivity and L1 ; .
is the labour force.*
The unit of nominal output (¥} ;) is defined by the share of effective de-
mand directed at the firm at time 7. The effective demand for any sector
(Y} c,) is determined at the macro-economic level while the amount of ef-
fective demand allocated to each sectoral firm is computed as a share of
sector j demand given by their relative market share (Z2<):

2jct

Yijer  Zijer  Yjeu

Qi,j,c,t =

(2)

Pijei-1  Zjep Pijei-1
where p; j -1 corresponds to firm price.
The employment level can be expressed as a function of the share of effec-
tive demand:

Lijecs = # “Qijer = SLiet Yier 3)
i,j,ct—1 Zj,ct Ai,j,c,z—l *Pi,j,ct-1

We follow Ciarli et al. (2010); Simon (1957); Lydall (1959a,b) to repre-
sent the organisational structure of firms. Firm size, number and complex-
ity of hierarchical organisational layers (i.e., the proportion of executives
and workers) affect the structure of earnings. For every layer of workers
affected to the production of goods or services (L1, ), the firms need a
layer of executives to manage every group of v employees. This second

The specification of the production function behind both the Hicksian production
function (Amendola and Gaffard, 1998), or the Kaldorian technical change function
(Kaldor, 1957; Kaldor and Mirrlees, 1962) considers that capital does not substitute for
labour but is accumulated to build up the production capacities of the firms. In line with
both the Neo-Austrian approach of Amendola and Gaffard (1998), as well as the Key-
nesian inspired approach of Pasinetti (1983), also found in Llerena and Lorentz (2004);
Lorentz (2018), the building of the production capacities results from investments rerout-
ing resources from profits and R&D to accumulate capital goods, developed by the firms
themselves, as a vertically integrated entity. This implies that the production capacities
are solely driven by induced investments and, contrary to models like the K+S family,
Ciarli and Lorentz (2010); Ciarli et al. (2019); Caiani et al. (2018); Caiani and Catullo
(2023) there is no constraint to the production capacities due to the availability of the
capital goods.
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layer of employees require a third layer of executives for every group of v
employees in the second layer, and so on. The number of required layers
defines fimr organisational complexity. The number of employees in each
of the layer can formally be given as a function of Ly, ; ;:

LA—l,‘, ,C,t 1 Q j,ct
LA,[,j,C,t = bl = A-1 . bl (4)

v v Aijei-1
where A is a fixed parameter defining the total number of layers re-
quired to manage the firm. The total number of employees (L; ;) is given

by the sum of all the layers of employees in the firm:

A Q A
i,j,ct
Li,j,c,t = Z Lk,i,j,t Z 1 (5)
=1 Ve

l_]LTl =1

The first tier of workers sees its wage (w1,,;,) set at the industry level:

Wi jep = Wjei-1 (6)
As we move upstream in the organisational hierarchy, the wage in-

creases by a factor b, which determines the skewness in the wage distribu-
tion (Simon, 1957; Lydall, 1959a,b).

WAijet = bA_l “Wie-1 (7)
The total wage bill for the firm at time ¢ is a function of effective de-
mand:

Zjer  Pijer-1

A A k-1

b Wj,(,’,l—l Zl.lj/c/t Y‘].,C,l
> Weie Liiged= )| = YT ®)
k=1 =1\ frjed=1

Firms set their prices applying a mark-up (u;) to unit costs:

A k-1
Z;(\:l Wiijer” Lk jer W ci-1 b
Pijer = (1+p5)- = (T+puy) - : 2 A ©)
Qi,j,c,t Ai,j,c,l—l =1 v

The current level of profits earned by the firm can be computed as a
function of the effective demand addressed to the firm:

Zij et Wji-1 > (b
o=ty ] = i — 10
T jent Z: Jict A . Z (y) (10)

Jj.ct i,jt=1"Pijct-1 =1
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3.1.2. Investment decisions

Firms use resources accumulated selling their production to build up
and improve their capacity, and the characteristics of the goods or services
they sell. The firms build their production capacity accumulating capi-
tal goods that they develop for production. Each capital good embodies
a level of productivity. The labour productivity level of the firm for the
production layer of workers results from the aggregation of the levels of
productivity embodied in each capital good, weighted by the amount in-
vested in exploiting this capital in building the production capacity:

Lijep Lijep

Al.lj/c/t = t

I ) “Aijei-1 (11)
T=1 LJ,CT

in which a; ;-1 represents the labour productivity embodied in the
capital good developed by the firm i during the period ¢ - 1. I; j ., repre-
sents the level of investment in capital goods of the firm.
Each capital good is developed in-house by firms and then introduced
in their production technologies. In other words, firms are integrated.
This process is decomposed in two phases. First, firms explore and de-
velop new capital goods. This phase takes place within the R&D activity.
The second stage consists of introducing the outcome of the R&D activity
within the production process. This stage is costly and requires firms to
invest in the exploitation of the latest capital good vintage. The level of
investment determines the relative importance of the latest capital goods
in the production process and determines the actual productivity gains.
Firms also have to develop the characteristics, or quality index of their
product: they first invest in capital goods, in order to gain from the al-
ready developed vintages, and then invest in R&D. The R&D investments
are then shared between the development of capital goods and attempts
to improve the quality index of the product of the firm.

“jjer-1t (1 Y
=1 Ii,j,c,r

Investments are constrained by the availability of the financial resources
that correspond to accumulated profits (I1; ;). Investments in capital

SThe capital vintages accumulated through this process being developed in-house,
there is no capital availability issues constraining production. On the contrary, the accu-
mulation of capital is solely constrained by the expansion of demand. In other words, the
accumulation of capital is the result of induced investments in a traditional Kaldorian or
Keynesian fashion.
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goods correspond to a share ¢; j . of firms’ resources. Given the financial
constraint the investment level in capital good is formally represented as
follows:

Lijjes =00 {t; e Yijesi T j et + Mijen} (12)

A share p; ;. of the firm’s resources are then devoted to the invest-
ments in R&D. These R&D investments are assigned indifferently to the
development of the production capacity or process innovation, or to the
research leading to product innovation, these are respectively formalised
as follows:

R; jc; =min {pi, g YijeoWijer1+mijer—1 j,c,t} (13)

Accumulated profits are defined as:
Wi jer =i jes-1 + My = liyjes = Rije (14)

Seemingly, we assume that half R&D expenditure is devoted to in-
trafirm innovative search and imitation.

3.1.3. R&D, process and product innovations

The formal representation of the R&D process is explicitly inspired
by evolutionary modelling of technical change (Nelson and Winter, 1982;
Dosi et al., 2010, 2022; Llerena and Lorentz, 2004). We consider the prob-
ability of success of research as increasing function of R&D investments.
Firms also benefit from public investments in S&T. Formally the branch of
the R&D activity responsible for the development of process innovation
can be represented by the following algorithm:

1. The probability of success in developing a prototype of capital good
is:®
[ ¢ @3
Pl = 1= 0w RijarSianSe) (15)
in which firms investments in R&D (R; ; ;) are complemented by the
public investments in S&T oriented towards the sector j (S; ), and

®When public spending is null in either open science or mission-oriented research or
both, we normalise the expenditure to 1: in this case, a successful draw is still attainable
with private spending only. The same applies for consumer goods.
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the generic and fundamental public investments in S&T (S.;). The
parameters ¢1 € [0;1], ¢2 € [0;1] and ¢3 € [0;1] sum to one and
control the contribution of each source of knowledge, internal, ex-
ternal, specialized and generic to the probability of success of R&D.
This formal representation implies that without own R&D invest-
ments firm cannot benefit from the public S&T investments, reflect-
ing as well the idea of a required absorptive capacity to benefit from
the latter, as well as a non-null investment in both specialized and
generic knowledge from the public sector; ¢, is a parameter.

2. If R&D is successful, the embodied level of productivity (a; ; . ) for
the prototype of capital good is stochastic and drawn from the fol-
lowing distribution:

a; .., ~ N(aijei-1; O'ia’mn) (16)

i,J,Ct ,JC

The prototype of capital good is then introduced into the production
capacity of the firm if it allows for productivity gains hence:

Qi,jet = maX{a,{,j,C,,} Qi jei-1} 17)

Likewise, firms have some probability to imitate competitors condi-
tional to the imitation expenditure. The procedure mimics the above but
for the stochastic process as in Eq. (16). In fact, we follow Llerena and
Lorentz (2004) since the standard deviation from a firm draws the imi-
tated prototype of capital good corresponds to:

O',QJUZZ; =00 (dj1—aijer) (18)

in which a; ; represents the market average productivity level embod-

ied in the latest vintage. Then, firms adopt the best prototype of capital
goods out of period innovation and imitation.

The satiability of goods is a function of the characteristics of the goods,
that result from firms R&D activity (Witt, 2010). Product innovations al-
low firms to escape the satiation of their sector by expanding the range of
needs or wants their products are able to satisfy. The degree of satiability
0;,j,: is embodied in each vintage of products. Symmetrically to process
innovation, the product improvement process also benefits from public
investments in S&T:
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1. The probability of success in developing a prototype of consumer
good is:
1 g¥2 43
Pg;’,c,t =1- 6_69~(Ri,j,olt~Sj/c’t Sm) (19)

in which d¢ is a parameter.

2. If R&D is successful, the satiability embodied in the prototypes (¢; ; . )
for the consumer product is stochastic and drawn from the following
distribution:

0, N(O; j cr1; 070 (20)

et ™ i,j,c
The prototype of good is then produced and marketed if it allows to
escape from satiation:
6i,j,c; = max{d; e Oijei-1} (21)
As above, firms have some probability to imitate according to the amount
of R&D expenditure on imitation. The satiability degree out of imitation is

drawn from a stochastic process whose standard deviation (o-l.‘g}.ifi) reflects
the corresponding gap from the market average 6, :
0,imi _ 7
o =00 (00— i) (22)

Firms opt for the best quality level and produce accordingly.

To sum up on this point, the functional forms adopted in Eq. (15) and
later in Eq. (19) are not very different from the ones devised many exist-
ing evolutionary or agent-based models, including in the well diffused
K+S family. In fact, all these models have in common very similar mech-
anisms: R&D expenditure (either in spendings, or in human resources)
enters in levels, or in accumulated levels for some models, in the expo-
nential probability function. In our case, we augment this expression with
public spending in a Cobb-Douglas fashion. We believe this choice is ap-
propriate to ensure both a form of complementarity and partial substi-
tutability between the different sources of funding for research - private,
originated at the firm level; public as directed at the specific sector the
tirm is active in, and public as generic and not targeted at any specific
sectors. On the one hand, a firm’s innovative capability is constrained by
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its R&D investments, assuming any public spending away. On the other
hand, public expenditure is useless in isolation, i.e., without the estab-
lishment of intra-firm research facilities. In this respect, public spending
augments and strengthens the capabilities already in place, or stated dif-
ferently, without an in-house research spending, firms cannot benefit from
any publicly funded research, mimicking here an absorptive capacity (Co-
hen and Levinthal, 1990).

For similar reasons, we cannot set an additive schedule which corresponds
to perfect substitutability between funding sources. Indeed, this latter case
implies that public funding allows for firm innovation even in the absence
of in-house R&D laboratories, that is without any innovative effort by the
firm, fully in contradiction with all the empirical literature on manage-
ment and organisation studies (Mowery, 1983a,b, 1995; Rosenberg, 2009;
Teece, 2010).”

3.2. Domestic consumption by households and income dynamics

The structure of the final demand is driven by the structure of house-
holds expenditures and the changes in these expenditures driven by the
dynamics and distribution of income. The households in each country are
divided into groups of consumers/workers. Each group constitutes a spe-
cific class of households with a homogeneous structure of expenditures as
well as a homogeneous set of income.

3.2.1. Households consumption behaviour and the structure of expenditures
Each consumer class corresponds to a specific layer of worker. C; .,
corresponds to the sum of the expenditures devoted to the goods provided

"For further details on the mechanisms surrounding the innovation process in these
models, see also Ciarli et al. (2010, 2019); Llerena and Lorentz (2004); Lorentz (2015a,b);
Lorentz et al. (2016, 2019). Moreover, the process and product innovation probabilities
in no way display a tendency to reach unit values as the amount R&D spending keeps
growing over time. Quite the opposite, values show some convergence to a probability of
about 0.3 and 0.6 for process and product innovation, respectively. The same reasoning
applies to the imitation schedule. For what concerns the role of the parameters §, and
d¢, they do not impact on the underlying structure of the model in its main properties.
The probability to innovate and imitate remains and stabilises around reasonable values
significantly lower than 1. Related plots, also considering the additional role of public
expenditure, are available on request. On the role of parameters in determining this
specific dynamics of agent-based models, their role is fully addressed in Caiani et al.
(2016).
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by a sector coming from each of the & € [1; H] consumer/worker class. All
the income W;, ., perceived by a class is consumed. A given share ¢y,
class is devoted to the expenditure in goods of any sector j. Formally:

H
Cj,c,t = Z Chjet: Wh,c,t (23)
h=1
The expenditures shares for each of the goods from the J sectors and
for each of the H groups of households follow an Engel curves-like dy-
namics: as income raises, the expenditures by households increase up to
a satiation level. Above it, for any further increase in income, the level of
expenditures remains unchanged (Kaldor, 1966).
The characteristics of the consumption goods define this level of satiabil-
ity. Moreover as income rises, households tend to imitate those of higher
classes of income (Pasinetti, 1983; Verspagen, 1992; Ciarli et al., 2019):

AW,
Ch,jeil = Chyjet” (1 +1 (Chst, et = Chyjet) ° W), C;) Yhe [;A-1] (24)
,C, 1=
N AWp .,
CAj,ct+1 = CAjet” (1 /I (Cj,c,t - CA,j,c,t) : W : 1) (25)
,C,1—

in which 7 is a parameter and ¢; ., is the asymptotic distribution de-
fined by the technological characteristics of the goods. This distribution is
a function of the relative satiability of each category of goods:
0
’ Jt
Ciet =
Jsct ZJ Hj,[
The level of satiation results from the aggregation of the satiability lev-
els embodied in the products:

Ojci = Z Z Zijen Gijep (27)
c i

3.2.2. Wage dynamics and income distribution
For a given sector j wage dynamics are correlated with the productiv-

(26)

ity growth rate (jé—j’:”l) of the sector and with the productivity growth rates
Jet—
A(r,t

of the whole economy (%). The effect of these two variables on wage
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dynamics is weighted by the parameter y € [0;1]. When y = 0, the wage
dynamics for every sector only depend on the productivity growth rate of
the economy as a whole (i.e., as a centralised wage negotiation system).
When y = 1, the wage dynamics for every sector only depends on the
productivity growth rate of the sector (i.e., as a decentralised wage negoti-
ation system). Wage dynamics of the sector j in economy c is represented
as follows:

Aw; AA; AA
],C,l — y . ]/Crt + (1 _ y) . C,f (28)
Wiet-1 Aj,c,t—l Ac,t—l
The total number of workers in a class &, Ly, is a function of all the
demand addressed to each sector ¥, .

1
Z yl=h. Gt (29)

Lyt =
P Pijei-1"Aije

J 1
J=1

J
2, Lk Z
j=

i=1 L

Similarly, the income (W, ;) of each class & of consumers/workers be-
comes:

J 1 1 h-1
Wi et— 1 b 2i,j,ct
Wh,c ZZW,,jcl th,jcl_z jCl Z - :
v Pijct-1" Ai,j,c,t

j=1 i= =1 Ljcit i=1
(30)
Substituting Eq. (30) in Eq. (23) and re-arranging, we obtain:
! =y ! b\" Zi,j
Ciep=|> ¢ e (—) b Yoo (31
et hZ:; et 221: Zj,ct IIZ 14 Pijet-1" Ai,j,c,t o ( )

Xjct

Where y; . corresponds to the Keynesian marginal propensity to con-
8
sume.

8This representation of the Keynesian marginal propensity to consume resembles
Kaldor (1955) perspective in which the dynamics of the propensity is defined at sectoral
level. Moreover, the aggregation of profit shares at firm level ensures that this propensity
is positive but below unity.
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3.2.3. Imports and Exports dynamics
Domestic consumption is either satisfied by domestic suppliers or by
imports (M c):

Mj,c,t =Mjct- Cj,c,t (32)

The share of imported goods (m; ) is a function of competitiveness of
domestic firms, approximated by the sectoral market share z; . ;:

Mjer=(1=2jcr) (33)

Country exports (X; ) correspond to the share (z;.,) of the imports
of products from the expenditure category j from all the other countries
(¢ e[1,C]l¢ # ¢):

Xjer =Zjei- Z Mz (34)
;

Imports by foreign economies are constructed symmetrically to the im-
ports of the domestic economies.” We can therefore rewrite the expression
for the exports of sector j as follows:

Xjcr=Zjer- Z(l —Zjet) Xjer Yer (35)
c

3.2.4. Market dynamics

The level of effective demand is shared among firms and /or economies
according to their market shares. The dynamics of market shares accounts
for the relative competitiveness of firms and/or economies, i.e., their mar-
ket share raises as long as the firms/economies competitiveness is higher
than the average. More formally, the market share of the economy in a sec-
tor is a proxy for the price competitiveness of the economy in that sector
and is given by the sum of the market shares of the domestic firms active

therein:
Zjep = Z Zijepn
;

Considering here an integrated economic system with a single currency, we can as-
sume a fixed exchange rate equal to one for all economies composing the system.
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Each firm’s market share is defined through a replicator dynamic, func-

tion of firm’s relative competitiveness (Eé;f”):
Js
Eijeu
Zijer = Zijei-1" (1 +¢- (—— -1
E;,

where z; j ., represents the market share of firm i, p; j . the price of its

product. E; j ., stands for firm i, in sector j, level of competitiveness:

1

Pi,jct

Eijci=

and E;,, the average competitiveness on the international market, is
computed as follows:

Ej, = Z Zijep-1" Eijci
3.3. Aggregate demand and GDP dynamics:
As for most of the Post-Keynesian growth models, the balance-of-payment

constraint has to be satisfied. The sum of all sectors exports therefore has
to equal the sum of all sectors imports:

J J
D Xjer =) Mje,  (36)
j=1 j=1
J J
Z Zj,et” Z(l - Zj,E,l) “Xjér Yo = Z(l - Zj,c,t) “Xjct Yer (37)
j=1 ¢ j=1

From the balance-of-payment constraint, we derive the level of nomi-
nal GDP of the economy:

1
et = j,c,t” 1- en) Xjed Ye 38
o (1 - Zj Zjer 'Xf/c‘,t) Z Zjet ;( Zj,e1)  Xjer Yo (38)

Eq. (38) presents a typical Post-Keynesian relation: domestic GDP is
a function of exports, with a typical Harrodian trade multiplier linking
GDP to exports. This multiplier is a function of the structure of aggregate
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demand, as measured by the distribution of expenditure shares and of the
competitiveness of the economy.!

3.4. Policy Instruments and scenarios

At each time steps the government spends a share g. of GDP in its
S&T policies to fund either mission-oriented policies or generic and fun-
damental research. The outcome of fundamental research is assumed to
be absorbable by every sectors in the same range. Mission-oriented poli-
cies are assumed to be directed at specific sectors and its benefits can only
affect the firms in the sectors that were targeted by the policy. We do not
explicitly model a counterpart to the public spendings (via taxes for ex-
ample) as we aim at focusing on the effect of the direction of the public
spendings rather than the redistributive effect due to a tax funded policy.
Furthermore, we focus on symmetric policies, i.e., the cases in which both
countries adopt the same choice regarding the amount of investment in
GDP and its allocation between open science and mission-oriented pro-
grams.

The policy scenarios to be considered consists in a two stage decision:

1. Defining the amount of public spendings to mission-oriented and to
generic and fundamental S&T policies. The parameter y. € [0;1]
defines the share of spendings devoted to mission-oriented research
in country c¢; 1 — ¢, corresponds to the share of public investment
spent in generic and fundamental research and the total investment
in generic research is:

Sc,t = (1 - ‘/’c) *8c Yc,t (39)

19We refer here to the principle of cumulative causation as Kaldor (1966, 1972), in which
the growth dynamics of an economy is driven by the co-evolution of the effective de-
mand dynamics and structural changes and the dynamics of technological change and
productivity gains. More precisely, we rely here on its interpretation by the Balance-
of-Payment constrained growth literature (Dixon and Thirlwall, 1972; McCombie and
Thirlwall, 2004); the mechanisms through which the external demand triggers a chain
reaction in the internal components of effective demand and how these adjustments in
internal demand occur in this and similar models are fully addressed in Lorentz and Bor-
sato (2023); Lorentz et al. (2019). Harrod (1933); McCombie (1985) and McCombie and
Thirlwall (1997) show the mechanisms ensuring that the equilibrium imposed by Eq. (38)
aligns with GDP as defined by a standard national accounting framework. See Thirlwall
(2012) for an historical survey of this literature.
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2. Defining the sector targeted by the public spending with mission-
oriented S&T policies. We schedule three different scenarios to target
the mission-oriented policies:

(a) Pushing the technological frontier ahead: the policies are targeted to
support the most advanced technology, regardless of the com-
petitiveness of the firms:

‘/’c “8c Yc,t if Qj,t = max{01,,, By g],t}
S jer = (40)
1 otherwise
(b) Creating/sustaining a position of leadership: the policies are tar-
geted to support the most competitive sector, regardless of prod-
uct quality and technological advancement:

Ye- 8e- Yc,t if Zjer = max{zl,c,tr Y] ZJ,c,t}
S Jet = (41)
1 otherwise
(c) Supporting/relaunching declining sectors: the policies are targeted
to support the least competitive sector, limiting the consequences
of international competition avoiding the dislocation of a de-
clining sector of the economy ¢, regardless of product quality
and technological advancement:

Ve 8ee Yc,t if Lj,er = min{zl,c,z/ Ay ZJ,C,I}
Sj,C,[ = (42)
1 otherwise

4. Stylised facts, growth, specialisation and technical change: the base-
line scenario

We perform the model with computer simulations as usual in the ref-
erence literature. Tab. A.5 gathers baseline parameter values. The bench-
mark scenario is performed along 2000 period simulations across 50 Monte
Carlo runs. Our artificial system counts five economies and four industrial
sectors.!! Each economy is producing and consuming the output of each

'The model gets stable rather quickly, where with stability we refer to “a situation
in which something such as an economy, company, or system can continue in a regular
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of these sectors and counts ten active firms per sector. An economy is then
composed of forty firms and each sector counts fifty firms. This bench-
mark focusses only on the private economy. In the benchmark setting, no
national government is involved. We set the initial conditions such that
tirms start homogeneously: the heterogeneity emerges as outcome of the
interactions and different decision rules. Likewise, there is not initial spe-
cialisation.!? We follow Ciarli et al. (2019) in the characterisation of sectoral
expenditure shares. In that work, the authors divided the economy in ten
industries producing most of the goods entering the British consumption
bundle. They used the UK Family Expenditure Survey (FES) 2005-2006 to
compute the initial consumption shares across ten aggregate consumption
categories for the top centile and the bottom decile of UK consumers. Since
we are concerned with four sectors only, we took the values that refer to
expenditure shares for food, motoring, leisure and power.

Kaldor (1960, 1961) argued that any theoretical model should be able to
account for a spectrum of historical facts. As first step in our analysis, we
discuss the dynamic properties of our evolutionary setting of growth and
specialisation, and whether it respects some historical regularities also in
line with recent advances in ABM empirical validation (Fagiolo et al., 2019;
Fagiolo and Roventini, 2017). Tab. 1 summarises the facts matched by the
framework.

and successful way without unexpected changes” (Cambridge Dictionary). As we will
see, most statistics in Fig. 2 to Fig. 4 display stable patterns according to this definition,
especially in the later phase of simulation periods. The only potential expection concerns
to productivity growth at country level. In this respect the transient phase of the model
regards the first 500 periods at most. Afterwards, the growth pattern stabilises for at least
2500 periods - if we extend the simulation length to 3000 periods - and converges to a
strictly-positive value without unexpected changes, although small fluctuations are still
at work. We preferred keeping in Fig. 2 a zoomed-in plot to highlight the fluctuations in
the growth path. The overall picture is available on request.

12What follows considers specialisation as the concentration of production in a limited
number of sectors, namely the allocation of various activities across various economies
as traditionally considered in the international trade literature. Additionally, with this
initialisation, we implicitly account for the fact that “[O]ne can hardly identify, in gen-
eral, persistent features of national growth patterns just conditional on initial perfor-
mances [...]. Closer inspection of particular economies or groups of them does appear to
show long-term persistence [...] but the causes of the phenomenon are plausibly country-
specific rather than a common feature of the world economy”(Dosi et al., 1994b, p. 11).
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4.1. Growth patterns and properties of aggregate time series

Fig. 1 shows the general pattern of output, consumption, and invest-
ments. The model generates an endogenous and self-sustaining growth
path characterised by tiny fluctuations (Dosi et al., 1994b,a; Durlauf, 1994).13
Fig. 2 develops and presents Kaldor’s facts (Kaldor, 1960, 1961). The first
fact is about the shares of national income received by labour and capital
which should remain constant over long periods of time. We notice the
labour share in GDP converges to a positive value in both countries after a
span of fluctuations.!* Secondly, the capital-labour ratio grows over time.
The endogenous growth of GDP and labour productivity (see below) co-
incides with a deepening in the capital intensity of the economies (Kaldor,
1960, p. 260). This also means that the rates of investment in machiner-
ies are robustly correlated with economic growth (De Long et al., 1992).
Thirdly, the model engenders for both countries endogenous productivity
growth rates and rates of return on investments which stabilise around
positive and long-run values.

The literature typically observes co-movements in most economic aggre-
gates, e.g., GDP, investment, consumption, labour productivity (Dosi et al.,
1994b). Fig. S1 in the Supplementary Material plots the autocorrelation
structure for de-trended labour productivity, consumption, physical in-
vestment, R&D investment, output and the corresponding cross-correlation
between their cyclical components and that of GDP for a sampled coun-
try.!> The simulated series are quite similar to real series (Assenza et al.,
2015) with the first-lag autocorrelation of at least 0.8. Moreover, both types
of investment and consumption are pro-cyclical and synchronised with
the business cycle as in Dosi et al. (2018, 2019, 2021) and Wélde and Woitek
(2004).

13The simulated time series follow a unit root process according to the ADF test (Tab. S6
in the Supplementary Material), well in tune with the observed evidence (Nelson and
Plosser, 1982). In addition to this, business-cycle fluctuations are not very clear from
Monte Carlo averages, since the latter tend to wash away the variability. Sample simula-
tions are available upon request.

4Growth theory and the literature on income inequality increasingly question this con-
stancy: cf. Smith (2021); Borsato (2021, 2022, 2023); Lorentz and Borsato (2023).

1>We have obtained cyclical and trend components with the Hodrick-Prescott filter.
Despite believed as inaccurate, performances of the HP filter were recently reconsidered
in Franke et al. (2022). Correlation patterns for the remaining economies are available on
request.

24



GDP Consumption

T T
1000 2000 1000 2000

Country 1 -eeeeees
--------- Country 4 ---

———————— Country 3

———————— Country 3

Investments in capital goods R&D Investments

T T
1000 2000 1000 2000

———————— Country 3 Country 1 -

- Country 5

———————— Country 3
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hundreds periods to focus on the long-run stable pattern of the log-transformed series.

Figure 1. Overall growth patterns
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Figure 2. Kaldor’s facts
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Empirical regularity Tab., Fig. References

Patterns of growth and aggregate time series

Endogenous, self-sustained growth with fluctuations Fig. 1 Durlauf (1994); Maddison (2010)

Growth divergence across countries Fig. 4 Durlauf (1994); Maddison (2010)
Harrodian-Keynesian multipliers significantly above 1 Fig. 3 Deleidi et al. (2020)

Non-stationarity of macro series Tab. S6 Hamilton (2020); Nelson and Plosser (1982)
Constant factor shares Fig.2 Kaldor (1960, 1961)

Growing capital-labour ratio Fig.2 Kaldor (1960, 1961)

Convergence to positive productivity growth rates Fig.2 Kaldor (1960, 1961)

Convergence to positive profit rates Fig. 2 Kaldor (1960, 1961)

Correlation structure of key variables Fig. S1 Stock and Watson (1999); Assenza et al. (2015)
Cyclicality of R&D Fig. S1 Stock and Watson (1999); Wilde and Woitek (2004)

Patterns of specialisation and technical change

Endogenous structural change Fig.3 Kuznets and Murphy (1966); Pasinetti (1983)
Innovation is correlated with performance on international markets  Fig. 4 Dosi et al. (1994b)

Countries develop absolute technological advantages Fig.3 Dosi and Nelson (2010)

Exporters are larger in size than non-exporters Fig. 4 Bernard and Jensen (1999)

Patterns of specialisation are sticky Fig.3 Lundvall (1992); Nelson (1993)

Productivity differences at various levels of disaggregation Fig.sS2,3,4  Dosi et al. (1994b)

Positive correlation between income inequality and concentration Fig.S2,3 Autor et al. (2020)

Table 1. Empirical regularities reproduced by the model

4.2. Patterns of specialisation and technological change

Fig. 3 provides some indicators that portray development and growth
dynamics at country level. The first chart is about the inverse Herfind-
ahl index for output. This index estimates the number of sectors in which
production is concentrated. This indicator is defined in the interval [1;4].
When it equals 4, the national economy produces the same level of output
along the four industries: no specialisation occurs. Conversely, when it
equals unity, the economy is highly specialised in a particular sector. The
concentration index for three countries out of five converges to a value
greater than 1. Despite concentrated, this means that some forms of oligopolis-
tic competition is at work. The remaining two economies approach to
monopoly. Additionally, every economy tends to specialise in one sec-
tor with a national champion. Yet, since the number of countries is greater
than the number of industries, some countries likely develops some tech-
nological advantage that allows a firm to benefit from a strictly positive
flow of demand.

Next two plots in Fig. 3 confirm this belief. On the one hand, the coefficient
of variation in labour productivity growth between sectors within coun-
tries points to the heterogeneity of productivity dynamics across sectors.
Specialisation is driven by absolute advantages first, and the correspond-
ing aggregate growth of income and resources afterwards implies the do-

27



mestic demand for other industrial goods to grow accordingly.'® This de-
mand is to be satisfied and all the resources which are not absorbed by
the favoured industry is distributed among the remaining ones. Hence we
observe a second order specialisation process: although the remaining sec-
tors are more and more abandoned, and their share in value added reduces
over time, the growth rate of demand for their products is significantly
positive. A non-zero growth prevents the explosion of the coefficient of
variation in productivity growth and allows for its long-term stabilisa-
tion.)” Likewise, we notice that the coefficient of variation is lower, as
expected, for those countries that do not become a single-sector economy.
Productivity improvements in at least another industry would reduce the
average productivity growth gap across sectors, hence decreasing the sta-
bilisation level of coefficient.

On the other hand, Fig. 3 presents simulations of the Harrodian trade mul-
tiplier, which is significantly greater than 1 for all countries, though two
of them converge to some greater value than others. Beyond constitut-
ing a rationale to supporting Keynesian policies, a stable Harrodian mul-
tiplier moves away the recent threats of Harrodian instability in agent-
based models (Botte, 2019; Franke, 2019; Russo, 2020). Moreover, higher
multipliers are positively associated with countries having lower degree
of specialisation.

Last point is about income inequality: last plot in Fig. 3 reveals a coefficient
of variation significantly higher than 1 for the wage bill across classes and
sectors within any country. A pattern as such envisages a positive relation-

1®That demand for other sectoral products grows at the same rate is showed in Fig. 3,
bottom panels. The inverse Herfindahl index of the consumption shares is increasing
above 3, i.e., households expenditure is distributed along the several goods produced.
At the same time, the coefficient of variation of expenditure shares goes to one with no
tendency to approaching zero, suggesting a permanent divergence in the way households
allocate their expenditure across products. The lack of convergence to zero is visible as
we extend simulation periods: results available on request.

7The patterns of specialisation within and between countries, and its stickiness, i.e.,
favoured sectors do not change over time, also are in tune with the stream of research
on the rise of specific national systems of innovation based on the peculiarities of scien-
tific and technical infrastructures, and institutional and policy features of each country
(Lundvall, 1992; Nelson, 1993). Moreover, productivity differences hold at several levels
of statistical aggregation (Dosi et al., 2021): see also Fig. S2 in the Supplementary Mate-
rial.
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Note: we represent average Monte Carlo replications and we have deleted the first 500
hundreds periods for all indicators but the Harrodian trade multiplier both to focus on
the long-run stable patterns.

Figure 3. Specialisation and technological change at country level

ship between market concentration and income inequality (Ciarli et al.,
2010, 2019; Saez and Zucman, 2020; Autor et al., 2020; Caiani et al., 2019).
As an enterprise gets all the demand for a product, it keeps on growing in
terms of employment and hierarchical structure. Nevertheless, the ceiling
in the number of tiers makes the difference between the amount of income
which is given to the lowest tier of workers and the amount of income to
the last tier increase, leading to a high variation in the level of income of
each class that persists at the aggregate level too (see also the correspond-
ing graph in Fig. 4).

Yet, the empirical growth literature remarks that the long-term patterns
for the largest set of countries show an increasing differentiation in terms
of GDP and productivity growth: different economies grow at different
and variable rates (Fagerberg, 1987, 1994; Durlauf et al., 2009a,b; Dosi et al.,
2019). Among the several stylised facts, this setting also exhibits divergent
GDP and productivity growth patterns (Fig. 4). The coefficient of variation
in productivity growth across countries reduces but tends to a strictly pos-
itive value. Therefore, we confirm the further evidence about endogenous
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divergence in growing economies. The cumulative causation in the dy-
namics of income elasticities explains long-run divergence.

Pre-existing models have considered the interplay between technological-
change driven specialisation dynamics and divergence patterns in evo-
lutionary, Schumpeterian dynamics with Kaldorian, balance-of-payment
constrained growth frameworks (Verspagen, 1992; Lorentz, 2015b,a; Lorentz
and Ciarli, 2014). While Verspagen (1992) points at the interplay of techno-
logical capabilities and the transformation in demand structures as sources
of divergent patterns, Lorentz (2015a) refines the outcome showing that
the divergence patterns solely driven by specialisation and technological
advantage are only transitory. These patterns need to be combined with
differences in income elasticities among sectors for specialisation mecha-
nisms to translate into persistent divergence patterns, for evolving expen-
diture shares driven by demand shocks (Lorentz, 2015b) or imitation in
consumption patterns (Lorentz and Ciarli, 2014), rather than fixed hetero-
geneous income elasticities, the frequency and amplitude of the shocks in
expenditure shares (Lorentz, 2015b), or the speed of convergence (Lorentz
and Ciarli, 2014) eventually prevent the structure of expenditure shares
to stabilise. As the distribution of expenditure share stabilises, income
elasticities tend to 1, the growth of expenditures for all sectors follows
the growth of GDD, then the specialisation pattern only affects GDP lev-
els, but all sector growing at the same rate, so does GDP. Similarly in our
model, the dynamics of product innovation allows the specialisation pat-
tern to transitorily generate divergence in growth, due to a cumulative
mechanism, until specialisation and the market structure stabilise. The
mechanism of product innovation being symmetrically set, the changes
occurring then are similar and symmetric, reducing the differences in in-
come elasticities across sectors and, therefore, the impact of specialisation
patterns and/or productivity differences on the divergence pattern.

The battery of experiments in subsection 3.4 aims at testing the role of
science policies in the specialisation and technical change paths. The fol-
lowing analysis is composed of two parts: the first is about the effects on
economic growth and structural change, the second deals with the impacts
upon market structure, income distribution, and consumption behaviour.
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Note: we represent average Monte Carlo replications to focus on the long-run stable
patterns.

Figure 4. Specialisation and technological change at monetary union level
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5. Experiments: broad S&T vs. mission-oriented policies

The experiments scheduled in subsection 3.4 were organised on some
criteria. The first concerns to symmetric policies where the countries joined
in a monetary union apply the same science policy with respect to the
magnitude of research investments as share of GDP, and of allocation of
resources between mission-oriented projects and open science. In turn,
mission-oriented investments target one of the following: most technolog-
ically advanced sector, most competitive sector, or the weakest industry in
terms of market share.

We turn our attention to Tab. 2 to Tab. 4 which provides statistics at monetary-
union level. Firstly, we delve into economic growth and structural change
dynamics. Secondly, we investigate the implications for income distribu-
tion and consumption behaviour. Tab. S7 to Tab. S13 in the the Supple-
mentary Material support our main arguments.

5.1. Economic growth and structural change: any convergence out of symmetric
policies?

When discussing the stylised facts, we have pointed out that national
economies have diverging growth patterns which diminish over time but
remains strictly positive. Turning our attention to the experiments and
their effects on growth dynamics, we notice the following picture in Tab. 2.
Firstly, regardless of the experiment, any government that enters the econ-
omy with research investments reduces and stabilises growth divergence.
From a baseline coefficient of variation of about 0.14, the system reaches a
value in between 0.02 and 0.05 at most. The values are significantly differ-
ent from the benchmark. This feature also holds for each pair of parame-
ters (gc, ¢c)-

Secondly, the relationship between the share of investment to mission-
oriented projects with the coefficient of variation is U-shaped when gov-
ernments try to push the technological frontier ahead. GDP growth diver-
gence enhances for extreme values of ¢., suggesting that a mix of broad
spectrum and targeted policies seem more efficient to dampen divergence.
Conversely, no clear pattern emerges from increasing the share of GDP to
be invested. Seemingly, sustaining a position of leadership and relaunch-
ing declining sectors provide almost the same qualitative result but to-
gether suit better in decreasing growth divergence with respect to foster-
ing the technological frontier. Indeed, households allocate their labour
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Ve, 8c 002 0.04 0.06 0.08 0.1
Baseline average (sd): 0.139 (0.082)

Pushing the technological frontier ahead

onk ik ek wk Aokt

0 0.049 0.044 0.042 0.041 0.046
0.3 0.032""  0.031™  0.035""  0.041™  0.041"
0.5 0.026™  0.033™  0.046™  0.052""  0.049™
0.7 0.030™"  0.033™"  0.040""  0.040™  0.035™"
0.9 0.027"  0.023™  0.033""  0.044™  0.037""
1 0.042  0.049™  0.055™  0.038"™  0.045™
Sustaining a position of leadership
0 0.024™  0.032™  0.039™  0.039™ 0.032""
0.3 0.024™  0.025™  0.026™  0.026™  0.026™
0.5 0.025™  0.025™  0.028"  0.035""  0.042""
0.7 0.025"  0.027™  0.025"  0.028™  0.034™
0.9 0.019™  0.024™  0.026™  0.031™  0.028"™
1 0.031""  0.029™ 0.024™  0.039™  0.035™"
Relaunching declining sectors
0 0.024™  0.031™ 0.035""  0.036™"  0.031""
0.3 0.023™  0.025"  0.026™  0.025"  0.024™
0.5 0.025"  0.022™  0.027""  0.035™  0.024™
0.7 0.024™  0.024™  0.024™  0.028™  0.040™
0.9 0.017""  0.023™  0.025"  0.031"  0.028"™
1 0.031""  0.029™  0.024™  0.038™  0.035™"

Note: mean values over 25 replications for the key indi-
cator at Monetary Union level over 2000 simulation steps.
The benchmark scenario considers g. as null. The signif-
icance of the difference between the benchmark configura-
tion and each pair of parameters is computed with a t-test:
**p <0.01,™p <0.05 *p <0.1.

Table 2. Coefficient of variation of GDP growth across experiments

income according to the quality of each good: targeting a sector according
to its relevance in national production might gather public investments
towards goods of relatively high quality. The country that by chance bets
on these commodities benefit from stronger growth performance, thereby
catching up with any prior best performer. Additionally, there is some but
not shared evidence that targeting increasing funding to mission-oriented
investments reduce growth divergence.!®

8The role of aggregate demand as engine of growth and propulsive fuel does not re-
ally change. Tab. S7 in the Supplementary Material reports to the long-run Harrodian
multiplier: averages are not statistically different from benchmark values in most cases.
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We keep on delving into divergence dynamics by observing speciali-

sation patterns (Tab. 3 and Tab. S8 in the Supplementary Material). Re-
gardless of the setting, science and technology policies drive productivity-
growth divergence. The coefficient of variation in productivity growth
between countries shifts from the baseline 0.26 to a value in between 1.15
and 1.50. Although again no straightforward pattern arises for different
combinations of (g, ¢.), sustaining a leadership or relaunching laggard
sectors now enhances productivity divergence across countries. The more
governments bring oxygen to an industry and try to sustain firms” innova-
tive search therein, the greater country divergence. Declining sectors may
either be those with a low share of expenditure in the consumption bun-
dle because of lower quality or industries in which domestic firms have
no chance to be competitive on international markets. Either way, public
research investments look wasted toward sectors that undermine growth
potentials. Yet, pushing the frontier ahead seems crucial to moderate di-
vergence tendencies which are always at work with research intervention.
In between, strengthening a leadership once again underlines the role of
demand as engine of growth.
This outcome is paired with the corresponding shrinkage of the same di-
vergence tendencies previously operating within countries. On the one
hand, fostering the technological frontier and fuelling the position of lead-
ership both increase divergence when combined with higher values g.. As
expected, divergence declines when the government targets declined sec-
tors. Along with some evidence of reduced coefficients of variation for
¢. values lower than 1, we contend that open science and the support to
laggard sectors could be an effective means in limiting the intrinsic diver-
gence mechanism. If there is at least a tiny flow of investments in pub-
lic research whose achievements are available to all, this could still allow
other industries to innovate. If all investments are mission-oriented, it is
likely that weaker sectors do not grow and amplify productivity differen-
tials.

For what concerns to specialisation patterns, we asserted that countries
tended to specialise in a key sector. However, inverse Herfindahl indexes
significantly greater than 1 meant that some oligopolistic structure where
in place at market level. This argument is far more evident in Tab. S9
in the Supplementary Material, where the index related to output is of
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¢, 8 0.02 0.04 0.06 0.08 0.1
Baseline average (sd): 0.264 (0.030)

Pushing the technological frontier ahead

Ak e $ork s s

0 1.146 1.152 1.160 1.108 1.074
0.3 14127 1365 1.3207°  1.108™  1.207
0.5 1.400™ 1056 1206™ 1.198™  1.050™"
0.7 1.310™  1.330™  1.262™ 1.160"" 1.224™
0.9 1.362°"  1.376™ 1262 12807  1.228™
1 1.223" 1195 11417 1.236™  1.189™
Sustaining a position of leadership
0 14277 1.348"™ 1367 12817  1.376™
0.3 1.5507"  1.444™ 1475 14907 1422

0.5 1.489™  1.489™ 14417 1366 1.324™

Hrk Hok Hek

0.7 1.548 1.501 1.499 1.376™  1.333™
0.9 1567 1568  1.464™ 1458  1.445™
1 14077 1416 1478™  1.325™ 1278
Relaunching declining sectors
0 1427 1352 1.384™  1.289™ 1.379™
0.3 1.555""  1.444™ 1475 1493 1.429™
0.5 1493 15117 14477 13677 1.429™
0.7 1.558™ 1519 1504™ 1376™ 1.333™
0.9 1.578™ 1579™ 14677 1458  1.447™
1 1.408™  1.416™ 1.479™ 13277 1.279™

Note: mean values over 25 replications for the key indicator
at Monetary Union level over 2000 simulation steps. The
benchmark scenario considers g. as null. The significance
of the difference between the benchmark configuration and
each pair of parameters is computed with a t-test: **p <
0.01, " p < 0.05, *p < 0.1.

Table 3. Coefficient of variation of productivity growth between countries across
experiments
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very greater magnitude, always around 3 on average. Beyond offering
some insights on the enhanced competition at market level, these results
tell about the benefits from public research which diffuse across industries
and eases the probability to harvest the fruits from innovative search at
firm level. This impacts negatively upon specialisation, since an economy
becomes more diversifies in its portfolio of productions.*

5.2. Income distribution, and consumption behaviour

We present in Tab. 4 and in Tab. S11 to Tab. S13 in the Supplementary
Material the patterns of income distribution and consumption shares. At
monetary-union level, we do not observe a strong impact on income in-
equality from the battery of experiments. The baseline coefficient of vari-
ation in the wage bill between countries was about 0.37. When the gov-
ernments target a position of leadership or help declining sectors catch up,
cross-country inequality slightly decreases and averages between 0.25 and
0.30. Furthermore, a positive relationship seem to exist between inequality
and higher shares of public investments in GDP. Increasing investments
ease firms probability to innovate and grow larger, also boosting the or-
ganisational structure. The greater the amount of hierarchical layers, the
larger the firm wage differential across countries, ceteris paribus. Yet, vary-
ing preferences between open science and mission-oriented policies seem
to affect this overall pattern. At the same time, pushing the technological
frontier ahead is ineffective in most cases: income inequality remains un-
touched.

We offer a similar interpretation for within-countries inequality dynamics.
The winner-takes-all dynamics entailed a rise in the hierarchical complex-
ity at firm level in the baseline scenario: the ceiling in the number of em-
ployment tiers allowed for a sustained accumulation of income in the top
tier, which, when compared to the income earned at the bottom tier, led
to high income inequality. Public policies reverse this tendency: a com-

9Tab. S10 in the Supplementary Material refers to the log-average capital-labour ra-
tios. These indicators significantly decrease with respect to baseline average for any
economies. Public investments fuel the degree of competition within markets. The mag-
nitude of profits per-firm is lower. This feature results in lower firm capabilities both to
hire scientists to carry out R&D at firm level and to exploit the innovation fruits through
investments in capital stock. Profits constrain innovation possibilities when spread across
a higher number of firms.

36



Ve, g8c 0.02 0.04 0.06 0.08 0.1
Baseline average (sd): 0.371 (0.230)

Pushing the technological frontier ahead

0 0.303 0305 0329 0320 0345
0.3 0.302 0302 0312 0320 0301
0.5 0.290" 0.268"  0.316 0.308 0.324
0.7 0.293° 0299 0315 0334 0317
0.9 0.282° 0.270"  0.328 0.319 0.325
1 0.323 0311  0292° 0306  0.324

Sustaining a position of leadership

0 0.303 0293° 0325 0322 0314
0.3 0259 0264 02637 0280 0.281
0.5 0.286" 0.269" 02717 0.298 0.325
0.7 0.261° 0284 02727 02717 0.294
0.9 0237 0.266" 02737 02717 0267
1 0.286" 0.288°  0.282° 0317 0.314

Relaunching declining sectors

0 0.303 0294 0323 0322 0314
0.3 0259 0264 02637 02807 0.281
0.5 0.286" 02717 02717 0.298 0.281°
0.7 02637 0284 02717 02717 0324
0.9 0.236™ 02657 02737 02717 0267
1 0.286" 0.288° 0.282° 0317 0.314

Note: mean values over 25 replications for the key indi-
cator at Monetary Union level over 2000 simulation steps.
The benchmark scenario considers g. as null. The signifi-
cance of the difference between the benchmark configura-
tion and each pair of parameters is computed with a t-test:
**p <0.01,*p <005,*p <0.1.

Table 4. Coefficient of variation of wage bill between countries across experiments

petitive market structure implies an agile hierarchical structure, namely
smaller firms, hence the deviation in earnings by top and bottom tiers of
the employment structure is reduced. This mechanism shrinks income in-
equality. Nonetheless, income inequality is fostered by increases in the
share of investments in GDP. Indeed, it is positively correlated with a con-
centration of the market, even if the average value of the indicator is still
significantly lower than the baseline’s.

Finally, Tab. 512 and Tab. S13 in the Supplementary Material analyse
how households allocate their consumption. No evident or remarkable
outcome does emerge. In most cases, with few quantitative but not quali-
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tatively exceptions, results are not statistically different from the baseline.
Fig. 3 showed that consumers distributed their income along all the sev-
eral goods in the market, while the relevance of each good in the con-
sumption bundle displayed no convergence, i.e., goods with higher qual-
ity were always preferred. This statement is still valid after the experi-
ments. Science policies by the governments do not significantly affect the
expenditure patterns.?’ This outcome raises concerns about the sufficiency
of supply-side science policies in facing grand societal challenges. As ar-
gued by Foray et al. (2012, p. 1701), among the many others: ”[I]t is im-
portant that public R&D programs maintain good communications with
users of technologies that the programs seek to help develop or improve,
and that program managers have a good understanding of user needs”,
with the corresponding recommendation of demand-side policies besides
the supply-side’s.

Next Section offers some implications for policy, sketches the future re-
search questions and concludes the article.

6. Conclusions and policy implications

The main purpose of this paper was to analyse the outcomes in terms
of economic growth, structural and technological change as result of gov-
ernments science policies. We were particularly interested in the emer-
gence of trade-off, if any and which ones, as well as their macroeconomic
impacts on countries integrated in a Monetary Union. The role of the pub-
lic sector was restricted to the allocation of a share of GDP between open
science and mission-oriented programs. Several relevant results with key
policy implications emerge from our numerical simulations.

Firstly, we remark the role of national governments as source of lessened
growth divergence. We have started our analysis by focussing on the pri-
vate side of the economy only. In that baseline, countries used to spe-
cialise in the sectors in which they were most competitive. GDP growth

20Public policies could impact on the demand side of the economy via income elas-
ticities and satiability level. In other terms, public funding enhances the probability of
product innovation that increases the satiability level of each good. Greater values of this
variable should drive consumption towards the related goods at the disadvantage of the
other commodities. Yet, this does not happen, despite there is not any assumption in the
mnodel such that public policies have to be effective on the supply side of the economy
only.
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divergence and persistent productivity differentials held across sectors.
Government intervention by means of investments in science and tech-
nology policy along different shares of GDP, and the allocation of these
resources between open science and mission-oriented research, have re-
duced growth divergence mechanisms. On the one hand, the pattern of
divergence in GDP growth is smaller but statistically different from the
baseline configuration. On the other hand, public policies, even when
symmetric in terms of share of GDP invested and resources allocation, fuel
a strong and persistent divergence in labour productivity growth. Since
households prefer consuming high-quality goods, investing in the domes-
tic most, or least, competitive industries might result in strengthening the
national position in the production of goods which are gradually less im-
portant in the consumption basket. The dynamic increasing returns to
scale that link demand growth with productivity gains would then dimin-
ish and trigger growth divergence.

The related policy implication is a call for coordination at a supranational
level. A supranational institution such as the European Commission could
schedule compensating mechanisms and incentives to strengthen techno-
logical transfers and collaborations across countries. We should remem-
ber in this case all the benefits in terms of productivity or innovation rates,
however measured, from networks and spillovers: they are particularly
important when the technological trajectories are highly indeterminate,
i.e., when the range of development paths is large and the value of direct
interactions increases (Salter and Martin, 2001). In other words, coordi-
nated policies at supranational level can be useful not only to stop averse
divergence dynamics or low-growth traps, but they can be crucial also for
leading countries strongly engaged in mission-oriented programs which,
by definition, cope with the emergence of new technologies. Furthermore
and always with reference to the European Union, the technological di-
versity in terms of competences and learning processes across EU mem-
bers should be a stimulus to devising cohesion policies 4 la Cohendet and
Llerena (1997) in which the several European local systems of innovation
interact and learn, “defining viable solutions for collective sharing of the
mode of appropriation of new technologies, organizing the mechanisms
of normalization and standardization, anticipating the need of gateways
technologies when lock-in mechanisms lead to a non-competitive array of
technological solutions” (Cohendet and Llerena, 1994, p. 224).
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Secondly, public investments in research decrease the productivity growth
differentials between sectors. The benefits of open science policies, through
their effect on the probability to innovate at business level, are evident:
though productivity differentials still exist, sectoral gains are much more
concentrated around a common average than before. Domestic industries
tend to follow parallel technological trajectories. A second message out of
the experiments is that the productivity convergence between sectors is a
result of open-science policies. Indeed, even if economic growth is largely
driven by the sectors with absolute advantages, or industries most helped
by the government, having at least a little flow of open-science invest-
ments as percentage of GDP still allows other sectors to survive and inno-
vate, preserving the variety of the economic structure.

This result adds a further rationale for the support of basic research by
public funds, away from the old-fashioned market failure arguments. As
clearly summarised by Salter and Martin (2001, p. 528), “These benefits are
often subtle, heterogeneous, difficult to track or measure, [...] and should
be viewed as a source of new ideas, opportunities, methods and, most im-
portantly, trained problem-solvers”. Basically, the building up of learning
capabilities is the economic goal and most visible outcome of science policy.

Thirdly, science policy changes the overall structure of the markets. Monopoly
dominated every market in the baseline setting. This is no longer true. Sci-
ence policy alone is sufficient to limit monopolistic tendencies and trigger
competition. Three important effects arise. Firstly, countries de-specialise:
their economic activity is more diversified and less concentrated in a lower
number of sectors. Still, such results are conditioned to the flow of open
science. If a country supports the wrong industries and puts all the eggs
in the same basket, this may result in a long-run trap, in which the country
is anchored to unfavourable development trajectories. By contrast, diver-
sifying, i.e., preserving open science for a wide array of sectors, countries
keep competitive and active firms in the sectors in which they do not pri-
marily specialise. Open science allows, once more, for the survival of sec-
tors.

Fourthly, inasmuch as the benefits of broad spectrum S&T policies spread
across sectors, our work agrees with the recommendations in Mowery
etal. (2010); Soete and Arundel (1995, 1993); European Commission (2018e),
among the others. These contributions recognize the growing urgency of
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the societal challenges raised by the climate change and criticised the pop-
ular view according to which national governments should just undertake
a new Manhattan Project or a new Apollo Program to cope with that. They
believe this policy model as inappropriate in both the merit and the man-
ners, for both programs were managed by federal agencies to achieve a
specific technological solution for which the government was the sole cus-
tomer. By contrast, the interests of many different actors are intertwined
in societal issues such as the climate change. Rather than being circum-
scribed to a relatively short-period horizon, public research and innova-
tion policies should be partnered with important private funds, which
takes into consideration cost-effectiveness, ease of operation, and reliabil-
ity systems for several decades (Mowery et al., 2010).

The analysis developed in our study fully agrees with these recommen-
dations and totally supports the call for a governance structure of pub-
lic R&D programs to encourage a broad dissemination of scientific re-
search across industries. Behind reducing productivity growth differen-
tials across sectors, open science triggers and fuels the Schumpeterian
competition out of which new radical solutions to technological challenges
might emerge.

Also, as recognised by official documents of supranational institutions
(Soete and Arundel, 1993; European Commission, 2018c,a,d,b,e), supply-
side policies alone are not sufficient. In our framework, as well as in real
world, science policies seem not to be able to reorganise and change con-
sumption habits: demand-side policies with citizens” engagement at the
forefront is key to better identify, schedule, and device solutions to meet
real and concrete societal needs.?!

To conclude, despite our results seem to be robust across the scenarios,
some caution is advisable. The financial side of the model is not devel-
oped, namely how governments obtain funds for investments, by taxes
or debt, is not specified. The lack of a banking system as well constrains
perhaps too much firms ability to undertake (radical) innovative search.
Additionally, labour supply is fully elastic: a well-recognized benefit from

21Tt is important to note that all these policy recommendations, in our opinion, would
be useful to fix Europe’s structural weakness in its system of scientific research and in-
dustry, as argued by Dosi et al. (2006, 2023).

41



science policies is the flow of skilled graduates which bring a knowledge
of recent scientific research to firms, and the ability to solve complex prob-
lems therein. Relaxing these constraints in future research would give us
a better picture of the possible patterns that (will) characterize the interna-
tional economic system in general, and the European Monetary Union in
particular, in the next future.
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Appendix A. Chart of the model and parameter setting

Note: continuous and dashed lines point to positive and negative effects, respectively.

Figure A.5. Chart of the model
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Parameter Description Value
T Time 2000
McC Monte Carlo runs 50
i Number of firms at country-sector level 10
j Number of sectors at country level 4
c Number of countries >
b Wage multiplier 1.5
¢ Market share sensitivity to competitiveness 0.09
Ve Share of spending to mission-oriented policies 0
i Mark-up 1

L Share of firm’s resources invested in capital goods 0.4
Sa Coefficient in R&D probability to innovate 0.05
5o Coefficient in R&D probability to innovate 0.05
Y1 Coefficient in R&D probability to innovate 0.33
b2 Coefficient in R&D probability to innovate 0.33
V3 Coefficient in R&D probability to innovate 0.34
Yw Wage stickiness 0.75
8c Share of S&T in GDP 0
n Convergence speed of expenditure share 0.4
P Share of firm's resources invested in R&D 0.2
oo Coefficient in the imitation stochastic process 0.25

Table A.5. Parameter setting
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Abstract

This paper offers a contribution to the literature on science policies and on the possible trade-off between broad
science-technology policies and mission-oriented programs. We develop a multi-country, multi-sectoral agent-
based model that represents a small-scale monetary union. Findings are threefold. Firstly, symmetric science
policies from governments significantly reduce cross-country growth divergence. Secondly, even if economic
growth is largely driven by the sectors with absolute advantages, having some flow of open science investments
is sufficient for the other industries to survive and innovate. Thirdly, science policy limits monopolistic
tendencies and reduces income inequality. Yet, the working of the model suggests that supply-side science
policies should be paired with demand-side policies to meet grand societal challenges.
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