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Abstract: | develop a simple Schumpeterian agent-based model where industries are born and evolve
endogenously and use it to study the interrelation between technological change, economic growth,
market concentration and inequality. This theoretical model combines features from the Schumpeter
Mark | (centering around the entrepreneur) and Mark Il model (emphasizing the innovative capacities
of firms), and is capable of reproducing a large set of stylized facts concerning growth, market
concentration, inequality and productivity. Among others, the model can reproduce the industry life-
cycle, a Kuznets curve, a Piketty-style increase of inequality in “mature” economies, as well as recent
stylized facts on “declining business dynamism”. | conduct an extensive policy analysis to identify the
parameters that produce these stylized facts in the model. Notably, the empirically-grounded
assumption that the difficulty to imitate a firm depends on its technological distance to the imitator
can explain prominent stylized facts of economic development since the 1980s. However, growth in
the number of industries triggered by the exploitation of new technological opportunities can prove
to be a counteracting force to these tendencies in the short run. Thus, the model suggests a wave-like

evolution of growth, inequality and market concentration centered around advances in basic research.
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1 Introduction

Throughout capitalism’s history, mankind witnessed remarkable growth in productivity and product
variety. This growth, however, has also been connected to persistent inequality. Ever since, economists
investigated the causes, consequences and interrelation between these two key features of the
prevalent economic system. While Kuznets famously proposed an inverted U-curve between economic
development and inequality, i.e. that inequality would eventually decline once societies grew enough,
the underlying empirical trend reversed in the 1980s (see Piketty 2014). Thus, the question of
distribution, described by David Ricardo as the “principal problem in Political Economy” (Ricardo 1817,

p.1), has reclaimed a prominent place in economics in the recent years.
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A number of different explanations have been put forward to explain the emergence, presence and
rise of inequality. Although a clear distinction is not always possible, explanations may be attributed

to at least one of three categories:

The first type of explanation argues that inequalities arise endogenously from economic processes that
are inseparably connected to capitalism. This view is held by thinkers as important and diverse as Adam
Smith, Joseph Schumpeter and Karl Marx, who approached this question from differing theoretical
perspectives and normative points of view. While Marx (1890) emphasized a) the inequality between
classes, which stems from and reproduces the “exploitation” of the working class and b) a tendency
towards increasing concentration within the capitalist class, Smith saw inequalities arising from market
processes as being “natural” and “useful” in contrast to “artificial” inequalities produced by policy (see
Walraevens 2021). Schumpeter, an ardent defender of capitalism’s ability to encourage innovation and
growth, characterized capitalism as “the civilization of inequality and of the family fortune” (p. 379). It
is important to note that any serious economist — and especially neither of those named — would
recognize that capitalism also embodies counteracting tendencies to at least some forms of inequality.
If a certain business or production technology produces supernormal profits, others will try to enter
this market or copy this technique and eventually drive down profits again. Nevertheless, De Loecker

et al. (2020) show that both market power and profits have increased since the 1980s.

A second explanation attributes inequality to innovation and technological change. Not every reader
of this paper will agree that this indeed represents an explanation worth separating from the first.
Clearly, capitalism has been associated with technological progress over its entire history. However,
both periods of rapid and sluggish technological change have been observed, and some of the
underlying reasons are unlikely completely endogenous to economic processes. In particular, there
has been a discussion about how computing technologies shape inequalities in the labor market, and
whether technological change is directed by economic forces or technical properties (Acemoglu 1998;
Acemoglu 2002; Autor et al. 1998; Autor et al. 2003; Mellacher and Scheuer 2021). Schumpeter
stressed the ambivalent effects of innovation. In his “theory of economic development” (Schumpeter
1934), Schumpeter argued that entrepreneurial activity, i.e. innovation, is the main source of social
mobility in capitalist societies, as successful entrepreneurs elevate their own position while creatively
destroying the social position of some incumbents. Followingly, he argued that “the upper strata of
society are like hotels which are indeed always full of people, but people who are forever changing.
They consist of persons who are recruited from below to a much greater extent than many of us are
willing to admit” (Schumpeter 1934, p. 156). Aghion et al. (2019) show that higher levels of innovation
predict higher levels of top-income inequality and social mobility using data from the US. Ufuk and

Akcigit (2021) discuss ten stylized facts on “declining business dynamism” since the 1980s, to which
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they also attribute the rising market concentration and markups noted by De Loecker et al. (2020) and

argue that a decrease in knowledge diffusion has the potential to explain these stylized facts.

The third type of explanations trace inequality back to social and/or political reasons. While Adam
Smith argued that governmental policy creates inequality (Walraevens 2021), governmental activity is,
at least in democracies, widely perceived to have reduced inequality. Recent empirical research has
shown that minimum wage increases are able to increase wages at the lower end of the wage
distribution with no or only a low effect on the level of unemployment (Cengiz et al. 2019;
Derenoncourt and Montialoux 2021; Dustmann et al. 2021) and that unions significantly decrease
inequality (Farber et al. 2021). A more general outlook on this topic is to assume that governmental
activity creates or strengthens institutions which are fostering a reduction or increase in inequality

(e.g. Acemoglu and Robinson 2002; Piketty and Saez 2014).

Without neglecting or downplaying the important role of social and political factors in determining the
level of inequality, | focus on the first two types of explanations, i.e. innate tendencies of a capitalist

market economy and technological change, by studying the following research question:

How are the birth and evolution of industries connected to growth, concentration and inequality?

In order to investigate this question within a suitable theoretical framework, | develop a rather simple
Schumpeterian model that combines important features of the so-called Schumpeter Mark | model
and the Mark Il model. His Mark | model, developed in “Theorie der wirtschaftlichen Entwicklung”
(Schumpeter 1911/34), centers around the entrepreneur, who disrupts the circular flow of the
economy by using “new combinations”, i.e. by introducing new products, discovering new markets,
improving the production processes etc. In his Mark Il model, developed in “Capitalism, Socialism and
Democracy” (2003[1942]), Schumpeter emphasizes the role of big corporations for technological
progress. Pressured by competition, they must invest in Research & Development to continuously

improve their products and cut their costs of production.

| formalize Schumpeter’s theories with an agent-based model that combines key features of
Schumpeter Mark | and Mark Il. In this unified model, entrepreneurs play the leading role in the birth
of new industries. Entrepreneurs can on the one hand try to found industries by starting a new firm in
a new industry, if they spot a possibility to do so, and on the other hand try to imitate existing firms.
Firms invest in R&D to continuously improve their productivity and increase their profit rate, as well
as push out their competitors. Firms engage in Cournot competition and the markup of each firm thus
depends on the number of its competitors, as well as on its productivity relative to the productivity of

the other firms in its industry.
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| introduce a novel mechanism to explain the decrease in the diffusion of technological progress as
identified by Ufuk and Akcigit (2021) to be a plausible factor causing the phenomenon of “declining
business dynamism”, by introducing a technological distance penalty to imitation: If the productivity
gap between a firm and the industry leader is bigger, it is harder for this firm to imitate. The same
mechanism applies to entrepreneurs who want to enter a new industry by imitation. Thus, the role of
the entrepreneur diminishes, and the role of the firm becomes more important once an industry
becomes more mature. The basic mechanism, i.e. that the probability of knowledge spillovers between
firms depends on their technological distance, is supported by empirical evidence (e.g. Bloom et al.

2013).

By being able to separate the creation of new industries from their evolution, this model is able to
identify the importance of a) advances in basic research, and b) incremental innovation on the
evolution of growth, concentration and inequality within a theoretical framework. My model thus
allows for a more general level of analysis, accounting both for the possibility of an inverted U-curve
relationship between economic development and inequality akin to the Kuznets-curve and for the

empirically observed increase in inequality since the 1980s.

In addition to the vast stream of literature on the causes of inequality and, in particular, its interrelation
with economic growth and technological change as outlined above, my paper contributes to four

other, more specialized, strands of the literature:

First, to the formal modelling of endogenous technological change at the sectoral level inspired by
Schumpeterian theories, which have made a big impact both in “mainstream” economics based on
(general) equilibrium, starting with Romer (1990) and Aghion and Howitt (1992), as well as in
evolutionary and agent-based economics, starting with Nelson and Winter (1982) and followed by
many others.? In particular, the seminal contribution by Dosi et al. (2010) introduced endogenous
technological change at the firm-level using a simple evolutionary process in the spirit of Nelson and
Winter (1982) that has subsequently been applied to other macroeconomic agent-based models
(ABMs) (e.g. Caiani et al. 2019; Terranova and Turco 2021). Other macroeconomic ABMs featuring
endogenous technological change include the EURACE@Unibi model (Dawid et al. 2012) and the
LAGOM model (Wolf et al. 2013). My contribution to this literature is a) to adapt the R&D mechanism
by Dosi et al. (2010) to account (in a different way) for the empirical stylized fact that the technological

distance between two firms influences the probability of knowledge spillovers and b) to allow for the

2 See Dawid (2006) for an early overview of agent-based models on technological change
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endogenous entry of new firms, depending on the availability of entrepreneurs who have enough

funds to enter a new market and on their investment alternatives.

Second, | contribute to the literature on endogenous growth in the number of industries and products,
most of which stand in the Schumpeterian tradition and some of which also feature a connection to
inequality and/or labor market outcomes. This stream of literature has been pioneered by Saviotti and
Pyka (2004a), who develop a model in which entrepreneurs endogenously create new sectors. Saviotti
and Pyka (2004b; 2008) adapt this framework to study, among others, the impact of technological
change on employment. In these models, new sectors are created once existing ones are “saturated”
in the sense that they are devoid of monopoly profits. While | implicitly also include this mechanism as
part of the short-sighted profit-maximizing behavior of entrepreneurs, my model also allows for (and
witnesses) the (nearly) simultaneous creation of new sectors, depending on the availability of
technological opportunities and entrepreneurial funds, as well as the level of concentration in the
existing industries. Wersching (2010) develops a model in which Schumpeter Mark | and Il represent
mutually exclusive technological regimes, both of which are able to produce growth in the number of
products. In contrast, my model integrates both Mark | and Mark Il as different drivers of technological
change into a unified model where the importance of both engines emerges endogenously from the
model. Further related contributions contribute papers by Ciarli and Lorentz (2010), Savin and
Egbetokun (2016), Vermeulen et al. (2018; 2020) and Grabner and Hornykewycz (2021). The paper
which is most related to my present work is by Dosi et al. (2021b), who develop a model of endogenous
creation of new sectors based on the K+S framework (Dosi et al. 2010) and employ it to, inter alia,
study the creation and destruction of labor. While their model is more complex in most respects such
as with regard to the modelling of the labor and product markets, | contribute by modelling industry
entry as an explicit action by entrepreneurs that is based on a probability to imitate which depends on
the technological maturity of an industry. In particular, | show that my model is able to reproduce the
dynamics observed since the 1980s with regard to inequality and “declining business dynamism”, while
their model is currently set up to study the evolution of capitalism from WW?2 to the late seventies

(Dosi et al. 2021b, p. 4-5).

Third, | contribute to the literature on explaining inequality and labor market outcomes using broadly
Schumpeterian models, which covers both contributions from general equilibrium theory (Aghion
2002; Aghion et al. 2019; Akcigit and Ates 2021; Jones and Kim 2018) and agent-based and
disequilibrium models (Bordot and Lorentz 2021; Borsato 2020; Caiani et al. 2019; Fierro et al. 2021;
Carvalho and Di Guilmi 2020; Dawid and Hepp 2021; Dosi et al. 2017; Dosi et al. 2018; Fanti 2021;
Mellacher and Scheuer 2021; Terranova and Turco 2021). Among the general equilibrium models, my

analysis is closest to the one by Akcigit and Ates (2021), who present ten stylized facts about “declining
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business dynamism” and develop a simple model where a decrease in knowledge diffusion (i.e.
imitation) can explain six out of these facts.® They further argue that this factor has the potential to
explain the other four stylized facts. | add to this literature by showing that a decrease in knowledge
diffusion can indeed explain all of the ten stylized facts in a more complex model. Furthermore, |
propose an explanation for a decreasing knowledge diffusion by considering the impact of
technological distance and technological maturity of industries as the driving forces. Within the agent-
based stream of this literature, my analysis is closest to Terranova and Turco (2021), who study how
inequality and concentration are driven by (the absence of) knowledge spillovers building on fully-
fledged macroeconomic ABM by Assenza et al. (2015) and extending it, inter alia, by the R&D
mechanism from Dosi et al. (2010). My contribution to this literature is first to study the emergence
and interrelation between innovation, imitation, concentration and inequality in a model where
industries can endogenously be created. This is important, since my analysis shows that the creation
of new sectors can have a counteracting effect on inequality and overall market concentration. Second,
my analysis offers a potential explanation for the decrease in knowledge spillovers, i.e. imitation, using

technological distance and maturity as outlined above and explicated in section 2.

Fourth, this paper contributes to the literature using agent-based models to study inequality and labor
market dynamics. In addition to the papers mentioned in the preceding paragraphs, this literature also
contains explanations for inequality that do not refer primarily to technological change, but e.g. to
social networks (Gemkow and Neugart 2011; Dawid and Gemkow 2014), labor market regimes, wage
setting policies and de-unionization (Caiani et al. 2020; Dawid et al. 2021; Dosi et al. 2017; Dosi et al.
2018; Dosi et al. 2021a), job mobility (Applegate and Janssen 2020) and more stylized approaches (e.g.
Vallejos et al. 2018).

This paper does not aim or claim to provide a final analysis of the interrelation between growth,
technological change and inequality. Instead, it aims to shed light on the interplay between economic
processes innate to capitalism and technological change a) within an industry and b) creating new
industries to uncover mechanisms that have the potential to explain some of the pressing issues of our
time regarding growth, inequality and concentration. My analysis is complementary to other
explanations of inequality and the method used in this paper, i.e. agent-based modelling, has indeed

the potential to integrate multiple sources of inequality in a more general model at a later stage.

The rest of this paper is structured as follows: The second section describes the model. The third

section explores the model’s ability to reproduce important stylized facts on growth, industry life-cycle,

3 Extending and using the model by Caiani et al. (2016), Reiter (2019) shows that a decrease in knowledge
diffusion can explain at least 3 out of these stylized facts also in a fully-fledged macroeconomic ABM.
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inequality and declining business dynamism and discusses the factors that produce these tendencies

within the model. The fourth section concludes.

2 Model

The model mainly draws on three sources of inspiration:

First, following Joseph Schumpeter’s theories, | consider two sources of innovation: On the one hand
the entrepreneur, who is at the center of attention of Schumpeter’s Theorie der wirtschaftlichen
Entwicklung (Schumpeter 1911, in English: Theory of Economic Development, Schumpeter 1934) and
on the other hand established firms, as discussed in his Capitalism, Socialism and Democracy
(Schumpeter 1942). In my model, entrepreneurs play the leading role during the birth of new
industries, by a) radically innovating, i.e. founding new industries by exploiting technological
opportunities, and b) by imitating young firms in order to reap some of their surplus profits. | call this
source the Mark | engine, following the popular characterization of the Theorie der wirtschaftlichen
Entwicklung as Mark | by Christopher Freeman (1982, p. 212). Established firms, on the other hand,
conduct research and development (R&D) in order to continuously improve their processes to improve
their market position. | call this source the Mark Il engine, following Freeman’s (1982, p. 213)
characterization of Capitalism, Socialism and Democracy. | further assume, following the empirical
literature on this topic, that imitation becomes more difficult with an increasing technological distance.
Hence, it becomes more difficult for entrepreneurs to enter existing markets after some time, and the
importance of the Mark | engine diminishes once industries become mature and — vice versa — the

importance of the Mark Il engine grows over time, looking at a specific industry.

Second, following classical political economy, as well as an increasing fraction of evolutionary
macroeconomics (e.g. Assenza et al. 2015; Borsato 2020; Mellacher 2020; Rengs and Scholz-Wackerle
2019), the agents in my model are divided into classes, namely two: workers and entrepreneurs (who
are also capitalists). This is a small deviation from Schumpeter (1911), who argued that the capitalist
and the entrepreneur are different actors. Also, for simplicity, and because it is not the focus of my
analysis, | follow classical political economy in assuming that each goods market and each labor market
are cleared during each time step of the simulation. It is important to note, however, that this does
not imply general equilibrium or even partial equilibrium beyond the ultra-short run, as | assume that
the agents are boundedly rational and imperfectly informed about the capabilities and strategies

chosen by the other agents.
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My third source of inspiration is evolutionary economics. Modelling technological change within
sectors as a two-step stochastic process involving evolutionary selection was pioneered by Nelson and
Winter (1982), and later refined and introduced as the standard agent-based macroeconomic
approach by Dosi et al. (2010). | use an adapted version of this approach to model the Schumpeter

Mark Il engine, i.e. technological change within each sector.

This model is an agent-based model, i.e. it centers around explicitly modeled heterogeneous
interacting agents whose behavior is described in this section. Figure 1 gives an overview of the model,
which is described in detail in the following subsections. Each worker agent works at a specific industry
(subsection 2.3). Each industry is located at one technological opportunity (subsection 2.4). The
number of technological opportunities may grow over time due to advances in basic research, but are,
following Schumpeter (see Freeman 1982), exogenous to the economic processes depicted in the
model. Each firm is located at a single industry, where it conducts R&D (covering both invention and
imitation) to improve its productivity and engages in (boundedly rational) Cournot competition
(subsection 2.2). Entrepreneurs own firms and live off their profits. They consume a fraction of their
funds and save the rest to finance new firms. Entrepreneurs can try to a) found new firms by radically
innovating, i.e. trying to exploit an unused technological opportunity by founding a new firm in a new
industry, or b) imitate an existing firm (subsection 2.5). Households, i.e. workers and entrepreneurs,
consume from industries by splitting their consumption budget evenly among industries with a positive

output (2.1).

Workers TechnologlFaI
opportunltles
Locatedat
S Industries {ﬁ
Consume from - e
Belong to

v

@ ) Found and own . >
% Entrepreneurs Firms

Figure 1: Overview of the model
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My model is discrete-time. In each time step of the simulation:

Technological opportunities are updated

Entrepreneurs decide whether they want to try to imitate or radically innovate
Workers decide at which industry they want to work

Firms decide about their labor market demand

Labor market interactions are processed

Firms perform research and development

Firms produce their output

Firms pay wages and rents

W L N o v AW R

Households consume
10. Firms calculate their profits

11. Statistics are updated
2.1 Households and consumption

The model is populated by n households, which are split into two classes of agents who behave
fundamentally differently: workers and entrepreneurs. In the beginning of the simulation, n{ agents
are initialized as workers and n§ agents are initialized as entrepreneurs. The number of entrepreneurs
and workers in the model is to a certain degree endogenous: Whenever the last firm of an

entrepreneur goes bankrupt, she will become a worker.

Workers are employed in an industry k, where they receive a wage rate wy ; which is specific to the
industry and time period t. They consume all of their income and may move between industries, if the
differences in the industry-specific wage rates are too high. The exact mechanism is described in

subsection 2.3.2.

Entrepreneurs own firms and obtain their profits. More specifically, firms pay out the difference
between revenues in the last period and wage payments of the current period to their owner.*
Entrepreneurs save a fraction T of their available funds and consume the rest. The funds of

entrepreneur y ( f, ;) are thus updated according to the following equation, where qffffl{al denotes

the production of the firm i, n;',’t the number of firms owned by y, p, ,_, the price of the industry

and qi‘fﬁ%al the firm’s production in the previous period, wy; the industry’s wage rate and [;, the

firm’s labor force in the current period:

4|f the economy was in a stationary equilibrium, this would be equal to the profits of the current period.
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i
ny,t
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fy,t = fy,t—1T + Z(q{fﬁ?"‘ Prt-t — Wk,tli,t)
i

Total nominal demand d, is thus given as follows, where w, ; denotes the wage of worker x, f,, ; is the

funds of entrepreneur y, n} is the number of workers and ny the number of entrepreneurs in the

current period.

ne n
4= ) wet ) (1-0f,,
x %

Total nominal demand is then allocated evenly to each active industry according to the following
formula, where d;, denotes the industry-specific nominal demand and n¥ the number of

industries that produce a quantity which is larger than 0:

While this mechanism is highly simplified, it is easily understandable, while still able to capture a salient
feature of Schumpeterian thought, namely creative destruction: the foundation of a new industry tears
away demand from the old industries, thus causing a recession in those industries and subsequently a

reallocation of demand towards the new industry.
2.2 Firms

Firms hire workers to produce a specified good and to engage in research and development (R&D)
activities. They are confined to a single industry each and engage in Cournot competition with the
other firms which are active in this industry. Each firm belongs to a single entrepreneur, and each

entrepreneur may have at maximum one firm in each industry.
2.2.1 Production planning

Following the simplified specification of the demand for the various consumption goods industries,
firms engage in Cournot competition, i.e. try to set their quantity such that they maximize their profits.
In contrast to an equilibrium-based model, however, | do not presuppose any equilibrium. Firms know
about the total nominal demand for an industry in the previous period, as well as total output in the
previous period. They do not, however, possess knowledge about the output decision of their

competitors or any of the production technologies that will be used in the current period. As a
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heuristic, firms assume during their production planning that the output of their competitors, as well

as their own labor productivity remains constant. Followingly, firms first compute the Cournot quantity

qg2* ™ot using nominal demand observed in this sector in the previous period d; ., and past supply

of their competitors q; ;-7 = Yirsi q; t—1, Where i’ is active in the same industry as i.

comp

Cournot _
t i,t—1

q;,

2.2.2 Nominal labor demand

The nominal Cournot labor demand lic:t is then computed by adding a constant fraction v of labor

dedicated to research and development to the amount of labor necessary to produce the Cournot

guantity and multiplying it with the industry’s wage rate:

Cournot

C it
I = Wi ——(1 +)
Air—1

However, firms do not directly choose lft, as it is calculated based on the other firms’ output in the
previous period. As these firms will likely adjust their production into the same direction, choosing lgt
would cause a firm to “overshoot”, meaning that they would increase or decrease their production
too much. Instead, they follow a parameter-free heuristic that allows firms to slowly adapt their
production towards the optimal Cournot quantity (which itself slowly adapts towards actual

production) without such an “overshooting” and industries to approach an equilibrium in absence of

technological change, which is also based on their actual nominal labor demand in the previous period

lgt_l and the number of firms in this industry n,"('tS:

ldt 1_l'ct
dac _ iC L,t— L
e =lig +————

1+ ———

Besides technological change within the industry and its associated uncertainties, as well as
uncertainty with regard to the actions taken by the competitors (which firms deal with using the
heuristics above), Cournot competition fails to capture another crucial aspect of competition within

my model: namely, the endogenous entry of new firms into an industry. By producing low quantities,

5 Please note that this formula is only calculated if the firm is not a monopolist, as labor demand is lg{"i" in this
case (see the next paragraph).
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a monopolist incentivizes imitation. Thus, it is reasonable for firms who command a large market share
(such as monopolists) to produce a larger quantity than the Cournot quantity. This idea is also captured
by a simple heuristic: If the expected rate of profit from producing the Cournot quantity lies above a
rate of profit of rf@"9¢t, the nominal labor demand is set to produce an expected rate of profit of

rtarget

actual
jdmin _ Qit-t Diit-t
it

1 4 rtarget

Actual labor demand [, is thus lg{”i” or ¥, whichever is higher, but at maximum the funds which the

firm currently has at its disposal (i.e. its revenue in the previous period):

d ; tual dmin 7dC

It = min(q;e " Pre-e max(i;"", L))
Exceptions are given for firms which operate in an industry where total production in the previous
period was 0. In the first time step of the simulation, nominal labor demand equals the entire funds a

firm has at its disposal. If a firm produces for the first time in a new industry after the first time step
(i.e. after a radical innovation), it aims to achieve rt479€t py producing lf{ounder, but is constrained by
its funds f , where d,_; is the total nominal demand observed in the previous period and ng

is the number of industries that had an output larger than 0 in the previous period:

dt—l
ldfounder — nltc—l +1
it (1 + rtarget)

d _ ... dfounder
i = min(fi,, [ )

2.2.3 Research and development

R&D activities in my model capture both innovation and imitation, and follow the standard logic as
developed in the Keynes + Schumpeter model by Dosi et al. (2010) closely, with the exception of the
imitation process, which | changed to account for the stylized fact that it seems to be harder to enter
a technologically advanced industry than to enter an infant industry. It is important to note that Dosi
et al. (2010) also implemented a mechanism to incorporate “technological distance” between the
imitating firm and the imitated firms. In their model, however, the technological distance does not
affect the overall chance for a successful imitation, but the target of the imitation process, i.e. it is

more probable to imitate a technologically close competitor. I, in contrast, assume that firms would
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always want to imitate their best competitor and that the chance to do so decreases with the

technological distance between the two firms, as measured by the difference in labor productivities.

Firms hire an additional fixed share v of their production staff to engage in R&D. A fraction ¢ of the
R&D staff is assigned to innovation, the rest to imitation. Firms which are at the technological frontier

dedicate all of their efforts to innovation, which is consistent with the empirics (Liao 2020).

The innovation process is given by a three-step process. First, a draw from a Bernoulli distribution
decides whether a firm successfully invents a new production technology. The parameter of the
distribution, 8¢, is given as follows, where I{¥ denotes the number of workers who are assigned to
innovation by firm i in period t and !V is a parameter:

gl”tv = 1 j— e_lpINll{,IL\‘]
From this equation, copied exactly from Dosi et al. (2010), it is clear that the probability of a successful

innovation increases with the number of workers assigned to innovation, but that this increase is

subject to diminishing returns.

The second step of the innovation process occurs if the Bernoulli draw was successful. In this case, a
productivity change Aa;, is drawn from a normal distribution with the mean p and the standard
deviation o. The productivity of a newly invented production technology a;, is thus described by the

following equation, where a; ., denotes the production technology used in the previous period:
air = a;-1(1+Aa;,)

In the third step, firms compare the invention with the existing technology. Only if a;, > a;;_1, the

invention will actually be adopted, i.e. cause an innovation, and become a; .

After processing innovation activities, firms try to imitate their best competitor. More specifically, they
try to copy the most productive technology used in their industry during the last period. Similar to the
innovation process, the probability of a successful imitation depends on a draw from a Bernoulli
distribution. The Bernoulli parameter 9{,’2”, is given as follows, where l{’{’ denotes the number of
workers who are assigned to imitation, '™ is an imitation capability parameter, a;; the labor
productivity of the firm after computing innovations, ay ;4 is the highest labor productivity in industry
k (i.e. the industry in which firm i is active) in the previous period and ¥J is an imitation distance penalty
parameter. The reasoning behind this specification, which makes it harder for a laggard to catch up

with a frontier firm if the technology gap between the two firms widens is described above.
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If the imitation is successful and more productive than the currently used technology (even after

accounting for a possible invention), the firm adopts this technology.

2.2.3 Production

After accounting for R&D, those workers who are not assigned to R&D, i.e. lftmd, produce consumption

goods using the technology described by the labor productivity a; ;.

actual _ jprod
I, a

it = it

2.3 Labor market

The labor market is, just as the goods market, highly simplified as it is not the focus of my current

analysis. The nominal labor demand of firms has already been described in subsection 2.2.2.

2.3.1 Wage rate

Workers have a fixed reservation wage w", which is set to allow for a full-employment equilibrium in
the absence of profits. It is given by the following equation, where f; ; denotes the initial funds of each

firm in period 0, n¥ the initial number of workers and n, the initial number of firms:

i
+ _ Nofio
wh=—=
U

Each worker in industry k supplies a fraction of labor taking into account the total number of workers
in this industry ny;, as well as nominal labor demand in this industry l,‘f't, which is the sum of nominal

labor demand of all firms active in this industry.

I

s . ,t

Xt — min <1, TlT>
k.t

The nominal wage rate per worker in industry k (wy ;) is then calculated as follows:
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It is important to note that the nominal wage rate per unit of labor is fixed to w", following the

specification of labor supply.
2.3.2 Inter-industry labor reallocation

During each time step of the simulation, workers may “move” between industries based on the relative
nominal labor demand in each industry in the previous period. More specifically, a target number of
workers in each industry nft is determined by relative the nominal labor demand in each industry of
the past period and the total number of workers n}”.

ld
w* _ kt—1 w

Nt ng
' % ll((i,t—l

If the number of workers in a given industry is below this target, workers are reallocated from

industries where the number of workers is above its respective target.
2.4 Technological opportunities

Technological opportunities represent a potential product space, which is exogenously determined by
advances in basic research and which can endogenously be exploited by entrepreneurs to found new
industries. This assumption is in line with Schumpeterian theory (see Freeman 1982). Technological
opportunities are given by a m x n matrix, where each element of the matrix represents one potential
industry. Scientific advances may change m and n. More specifically, m may increase with the
probability ¢™ and n with the probability ¢™ at the beginning of each time step of the simulation if
the maximum size of the product space has not been reached yet. A technological opportunity may
become an actual industry, if an entrepreneur successfully carries out a radical innovation, which is

described in the next subsection.
2.5 Entrepreneurs

Entrepreneurs are at the heart of the “Schumpeter Mark |I” engine of this model. During each time
step, they try to found a new firm by either a) imitating in an industry where they do not yet own any
firm (if such an industry exists) or b) radically innovating by founding a new industry in an unexploited
technological opportunity (if such a technological opportunity exists). The probability of a successful

radical innovation is given by p.
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In deciding what to do, entrepreneurs compare the expected profit of their investment, which is equal
to their current funds f), ;. The expected profit of pursuing a radical innovation E(H;f"tdical) is given by
the probability to successfully conduct a radical innovation p, the expected wage payments, i.e. the

expected nominal labor demand of the firm lft and the expected nominal demand of the industry

expected ,
die :

, ted d
E(H;fltdlcal) — p(d;?;pec ed li‘t)

The expected nominal demand of the industry is given by the following equation, where d;_; denotes
total nominal demand of the past period and n¥_; the number of industries with an output which is

larger than 0O:

dexpected _ dt—l
ot nk+1
t—1

The expected nominal labor demand of the new firm founded by a radical innovation is given by the

following equation, where m denotes the target rate of profit:

expected
dk,t
14+m

d _ .
lit = min <fy,t,

The expected value of pursuing an imitation is more demanding, as we have to calculate the imitation
probability, as well as the Cournot quantity. The imitation probability follows the imitation mechanism

at the firm-level, but replaces l{l‘t" with 1 (i.e. the entrepreneur):

_ IIJIM

9:{1{\21 —1—¢ (1+19(dk,t_1—a0))

The expected value of trying to imitate E (TTJ"£@1°™ ) is thus given by the following equation:
E(n;r,rtlitation) — HJIZ{IZI(dz'J;peCted _ lgt

Where the expected nominal demand is thought to remain constant, i.e. d,ixtp“wd = dy ¢—1 and labor

demand is

1, = min(fy,., 1f,)

Where ll-c_t is calculated in the same way as it is for existing firms.
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Entrepreneurs will only become active once they are able to attract at least one worker with their

savings, i.e. they need to accumulate at least some savings to be able to found a new sector.

3 Results

In this section, | a) explore the model’s ability to reproduce empirical stylized facts, and b) identify the

parameter settings associated with these stylized facts to explore how they are in my model.

In discussing the results, | refer to two crucial concepts: the “Mark | engine” and the “Mark Il engine”.
The Mark | engine describes the process in which entrepreneurs found new firms by radically
innovating or by imitating their competitors. This engine is particularly important in the presence of
unexploited technological opportunities. The Mark Il engine, on the other hand, captures R&D at the

firm-level. R&D ensures that industries evolve and labor productivity increases within each industry.

In order to better understand the effects of these “engines”, | test the impact of changes in a) the
imitation distance penalty (determining the ability of laggards to imitate the industry leader), and b)
the arrival of new technological opportunities (enabling entrepreneurs to radically innovate by

founding a new industry) on the model’s ability to replicate each stylized fact.

The model is implemented in NetLogo (Wilensky 1999). Each parameter combination is run 50 times
with fixed random seeds. The figures show the results of quantile regressions produced with the
ggplot2 (Wickham 2016) package for R (R Core Team 2020). The baseline parameters are set as

following:

Parameter Value
invention standard deviation 0.025
initial funds available per firm 10
initial number of entrepreneurs 100
initial number of workers 10000
likelihood of a radical innovation 0.01
propensity to invest in R&D 0.05
imitation likelihood parameter 0.3
invention likelihood parameter 0.3
target profit rate 0.2
imitation distance parameter 0/0.1/0.5
share of R&D staff assigned to invention 0.5
initial technological opportunities occupied 0.5
initial labor productivity 1
propensity of entrepreneurs to save 0.2
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initial technological opportunities (x)

initial technological opportunities (y)
target technological opportunities after

arrival of new opportunities (x) 10
target technological opportunities after
arrival of new opportunities (y) 10

arrival of target technological opportunities | 1000 / never

In section 3.5, | carry out policy scenarios to further investigate how the other parameters influence

the results.

3.1 Industry-level SF:

This model is primarily a model of the birth and evolution of new industries. Hence, its ability to
replicate industry-level stylized facts is of utmost importance. Although not all industries evolve
equally, a characteristic pattern of industry evolution can be found in manufacturing industries: The
number of firms over time follows an inverted U-curve pattern (SFI1): it first increases rapidly, before
declining again (Gort and Klepper 1982). The price decreases (SFI2), but with a falling rate (SFI3). The
output increases (SFI4), but with a falling rate (SFI5), see Klepper and Graddy (1990) and Dinlersoz and
MacDonald (2009).
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Figure 2: The number of firms (upper left), output (upper right) and price (bottom left) in the first new industry,
i.e. the first industry founded by entrepreneurs. The timescale shows the number of time steps that passed since
the first new industry was founded, i.e. refers to different time steps in each simulation run, depending on the

first successful radical innovation.

Fig. 2 shows that the inverted U-curve relationship for the number of firms, the increase in output and
decrease in price can be observed for any parameter setup (SFI1, SFI2, SFI4). This is not always the
case, however, for the falling rate of decrease in price (SFI3) and increase in output (SFI5). While this
seems to be true for the median run in any setup involving a positive imitation distance parameter
(indicated by the quantile regressions), linear models suggest that these stylized facts can only be

replicated if new technological opportunities arrive, see fig. 3.
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Figure 3: Growth rate in output (top) and price (bottom) for different setups, as indicated by quantile regressions

and linear models.

3.2 Inequality over time

Driven by the empirical observations at his time, Simon Kuznets (1955) famously proposed the so-
called Kuznets curve that exhibits an inverted U-curve relationship between economic development
and inequality. This means that inequality rises first, only to peak and decrease again, once economies
become mature (SFK). Piketty (2014), on the other hand, showed that this decrease was followed by
an increase in inequality since the 1980s (SFP). As it can be seen from figure 4, computing the Gini
coefficient of income, my model is able to capture both tendencies. The Mark | engine creates a wave-

like inequality: entrepreneurs found new industries, thus benefitting from surplus profits (i.e.
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monopoly rents) in the beginning. Soon after, however, competitors manage to enter these new
industries via the means of imitation, thus pushing profits down. Over time, all of the technological
opportunities are exploited, thus making imitation even more attractive, which further pushes
inequality down. Afterwards, the Mark Il engine becomes dominant. If there is no penalty on imitation
activities based on the technological distance, inequality remains fairly stable. If there is such a penalty,
however, firms which are at the technological frontier are more successful in pushing their competitors
out of business and the Mark | engine fails to compensate for the decreasing competition, as it
becomes harder for new firms to enter mature industries. Thus, more and more “winner takes it all”

industries emerge, which increase global inequality over time, resembling the relationship between

development and inequality observed by Piketty (2014).
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Figure 4: Inequality over time as measured by the Gini of the funds possessed by the total population

3.3 Stylized Facts on declining business dynamism

Furthermore, a “Piketty” scenario is in my model, as in the real world, accompanied with the 10 stylized
facts on “declining business dynamism” proposed by Akcigit and Ates (2021), which | number from
SFD1-SFD10. As it can be seen, the extent of these tendencies crucially depends on both a) the

imitation distance penalty parameter and b) the arrival of new technological opportunities.

As already noted by Autor et al. (2017, 2020), market concentration has risen from the 1980s to the
2010s, and this increase in concentration has been associated with a fall in the labor share. Figure 5
shows the average Hirschmann-Herfindahl-Index (HHI) over all industries, where 1 indicates complete

market concentration (i.e. each industry is dominated by a single firm) and 0 atomistic competition. As
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argued above, the Schumpeter Mark | engine creates a wave-like form of market concentration,
whereas the Mark Il engine produces a secular increase in market concentration, if there exists some
imitation distance penalty parameter. This long-term increase can be counterbalanced, however, by
the arrival of new technological opportunities, which would restart the Mark | engine by activating it
in these new industries. We can see that the extent of this increase (SFD1) thus does in my model not
only hinge on a decrease in knowledge diffusion, as suggested by Akcigit and Ates (2021), but also on

the scarcity of fresh technological opportunities for altogether new industries.
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Figure 5: Average Hirschmann-Herfindahl Index across all industries

Figure 6 shows the evolution of average markups. Since markups increase with market concentration
in a Cournot model, they move into the same direction as the average HHI, i.e. increase in the “Piketty-
scenarios” (SFD2). Since labor is the only production input, the rate of profit equals the markup and

thus behaves accordingly (SFD3).
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Figure 6: Average markups across all industries

The wage share decreases (SFD4) in a “Piketty-scenario”, since it behaves inversely to market

concentration and markups (SFD5), as can be seen in fig. 7.
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Figure 7: Evolution of the wage share over time

Figure 8 shows the labor productivity gap between the frontier firms (i.e. the most productive firm in
each industry) and the rest of the industry. While the Mark Il engine increases this lag, the Mark |
engine can reduce it (since new entrants copy the production technology used by the frontier firm in
the previous period). In addition to a wave-like increase that mirrors the increase in market
concentration, inequality and average markup, the average productivity lag becomes larger (SFD6) in
the scenarios characterized by a low total number of technological opportunities and presence of an

imitation distance penalty.
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Figure 8: Average productivity lag between the frontier firm and the laggards. Note that the lag is not calculated,

if there are no laggards.

Figure 9 shows the evolution of the number of firm entries. It can be seen that it is deeply
interconnected with the current utilization of technological opportunities. If it is possible and
profitable for entrepreneurs to pursue a radical innovation, firm entries are on average lower, as
radical innovation is more difficult. Once all opportunities are exploited, however, firm entries increase
again, as the relatively high market concentration allowed entrepreneurs to accumulate enough funds
to enter new industries. It then decreases again (SFD7), especially in the presence an imitation distance

penalty.
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Figure 9: Evolution of firm industries in all industries over time
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Figure 10 shows the employment share of young firms, where a young firm is defined as one created

at most 50 periods ago. In line with SFD8, this share decreases over time if all technological

opportunities are used and there is an imitation distance penalty. Naturally it increases, on the other

hand, if new industries are founded, as firms in my model are confined to a single industry.
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Figure 10: Share of workers employed by young firms (at most 50 periods old)
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Figure 11 depicts the evolution of total employment over time. In the absence of births and deaths,

the empirically observed decrease job reallocation (i.e. the sum of job creation and destruction)

translates into a decrease in total employment. In line with SFD9, job reallocation decreases in the

presence of an imitation distance penalty. In addition to that, employment is subject to creative
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destruction upon the birth of new industries, as labor demand in new industries cannot fully make up

the lost labor demand in old industries, as new industries are more concentrated.
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Figure 11: Total employment in number of worker agents over time.

Figure 12 shows the dispersion of firm growth rates measured by the standard deviation of productivity

growth. In line with SFD10, it decreases in the long run with an increase in market concentration.
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Figure 12: Standard deviation of productivity growth over time.

3.4 Top income inequality

Two analyses based on a fusion of Schumpeterian theories and general equilibrium reached
contradictory results: While Aghion et al. (2019) find a positive correlation between innovation and
top income inequality, Kim and Jones (2018) see creative destruction, i.e. innovation, as a
counteracting force. What does the unified Schumpeter Mark 1+2 model say about top income

inequality and concentration within the class of entrepreneurs? Figure 13 shows a Gini index of the
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combined market share of entrepreneurs, which captures inter-industry market concentration and, by
extension, also top income inequality through the channels discussed in the previous subsection. This
Gini index is calculated by adding up all market shares of firms owned by each entrepreneur. This
analysis is complementary to the Hirschmann-Herfindahl-Index shown in fig. 5, as it is possible to have
perfect market concentration in each industry, while at the same time maintaining perfect equality
between the entrepreneurs by having each industry dominated by a single firm owned by a different

entrepreneur.

Interestingly, it can be seen in fig. 13 that the absence of an imitation distance penalty can actually
increase the long-run power concentration within the class of entrepreneurs, since it is then easier for
entrepreneurs who have success in a number of industries to translate their success to other industries
by entering them. Creative destruction in the form of the creation of new industries is indeed able to
reduce this form of inequality, although this process takes much longer, if the inequality between
entrepreneurs is very high (in these simulations: if no imitation distance penalty exists), as new
entrants first have to gather the funds necessary to enter a new industry. Also, the simulations suggest
a non-linear relationship between the imitation distance penalty and top income inequality / combined

market concentration, as the intermediate value produces the lowest inequality.

new opportunities at t=1000 no new opportunities
g 0.8 0.8 imitation
o vdkee, distance
© 0.6 1 0.6 4 penalty
Q
O 0.41 0.4 1 0
=
024 / 024 / — 041
c
(D 0.0 T T T T 0.0 1 T T T T 05
0 1000 2000 3000 0 1000 2000 3000
time

Figure 13: Gini index of combined market share

3.5 Policy scenarios

In this subsection, | am conducting a policy scenario analysis to investigate how a change in the model’s
other parameters affect my results. In order to save space and because the differences between an
imitation distance penalty parameter of 0.1 and 0.5 do not qualitatively change the results, | only show
the results for the parameter values 0 and 0.1. | also concentrate on those model outputs that exhibit

visible differences between the parameter settings.
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3.5.1 An increase in the capability to innovate (Mark Il engine)

We can increase the innovative capacities of firms by varying the parameter 1!V, which influences the

probability of inventing successfully. As fig. 14 shows, such an increase decreases inequality.
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Figure 14: Varying the imitation likelihood

This result is driven by the fact that an increase in /N decreases the marginal probability of a
successful invention added by one additional unit of labor employed for R&D and thus favors smaller
firms. Therefore, market concentration is lower and thus, by extension, inequality is lower and

employment and the wage share are higher.
3.5.2 An increase in the standard deviation of the productivity change by inventions

Another parameter which is important in modelling the Mark Il engine is the standard deviation of the
labor productivity change offered by an invention o. While this does not affect the expected value of
an invention, it does change the expected value of an innovation, since only inventions that increase

labor productivity are actually selected by firms.

While such an increase trivially is beneficial to growth, it also increases inequality. Fig. 15 shows that
this increase can be substantial, depending on the parameter settings. More specifically, raising o
increases both average productivity growth as well as industry concentration, the latter of which is
connected to the well-known side-effects studied before (i.e. a falling labor share, higher markups,

lower employment etc.).
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Figure 15: Impact of an increase in the invention standard deviation o on inequality
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The effect on real wages are non-trivial, since they are decreased by the fall in the labor share and

increased by growth. However, fig. 16 shows that the growth effect clearly prevails in these scenarios.
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Figure 16: Impact of an increase in the invention standard deviation o on real wages

3.5.3 Increase in the R&D propensity

1000 2000 3000

An increase in the R&D propensity v strengthens the Schumpeter Mark Il engine, as it increases the

probability of a successful imitation and/or invention. At the same time, it also increases employment

and thus the wage share. Followingly, we can see from fig. 17 and 18 that the impact on inequality and

concentration can differ: While market concentration may increase (due to a stronger Mark Il engine),

total inequality generally decreases (due to a higher labor share).
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Figure 17: Average HHI for an increase in the R&D propensity
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Figure 18: Gini of the total population for an increase in the R&D propensity

3.5.5 An increase in the savings rate

1000 2000 3000

An increase in the savings rate implies that a) (successful) entrepreneurs are able to enter new

industries more quickly and b) aggregate nominal demand is, ceteris paribus, lower. In general, this

causes increased market concentration, except for the scenario in which there does not exist an

imitation distance penalty and no new technological opportunities, where we observe a slight long-

run decrease.
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Figure 19: Average market concentration (Hirschmann-Herfindahl index) for an increase in the savings rate

3.5.6 Higher imitation capability

Increasing the imitation capability parameter causes a decrease in market concentration, even though
this effect is only temporary if an imitation distance penalty exists. It is further beneficial for growth,

i.e. increases total output, as long as no imitation penalty exists.
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Figure 20: Average market concentration for a higher savings propensity

3.5.7 No imitation at the firm-level

If, in contrast, we assume that firms devote all of their R&D efforts to invention and none to invention,

e.g. because imitation is prohibited (as e.g. in Terranova and Turvo 2021), we observe a strong increase
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in market concentration and inequality, leading to complete market concentration in the steady state

for any scenario (see fig. 21).
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Figure 21: Market concentration if firm-level imitation is possible/impossible

Notably, in this case a wave of radical innovation cannot decrease inequality, even if we still allow for
imitation by entrepreneurs, i.e. market entry of new firms, and assume that there is no imitation
distance penalty since the entrepreneurs figuratively engage in a Battle Royale that only a single

entrepreneur can survive in the long run (see fig. 22).
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Figure 22: Number of entrepreneurs if firm-level imitation is possible/impossible

3.5.8 A larger technology push

What if the number of technological opportunities added at t=1000 increases? In this case, the number
of industries continues its growth path until all technological opportunities are exploited (see fig. 23).

Notably, this change affects the trajectory of market concentration, as the importance of the “early
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phase” of the Schumpeter Mark | engine is prolonged, in which market concentration is high enough

to generate sizable surplus profits, but not high enough to incentivize further market entry in the

presence of the radical innovation alternative (see fig. 24).
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Figure 23: Number of industries for different sizes of enlarged technology space
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Figure 24: Average HHI for different sizes of enlarged technology space

3.5.9 Lower chance to successfully conduct a radical innovation

3000 0

1000 2000 3000

Lowering the chance to successfully conduct a radical innovation increases the length of the cycle

triggered by the arrival of new technological opportunities (see fig. 25).
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Figure 25: Average HHI for different chances to successfully conduct a radical innovation

3.5.10 More initial market concentration

In this scenario, | decrease the initial number of entrepreneurs. While the effect on inequality in the

steady state is negligible, a temporary counterintuitive effect is possible, namely that an increase in

initial market concentration causes a decrease in inequality in the medium run (see fig. 26). This effect

is driven by the fact that the initial number of entrepreneurs in both scenarios (50 and 100) is

unsustainable as the majority is not able to catch up with those who gain an early edge in the

competition due to successes in R&D. Thus, many entrepreneurs have to go bankrupt before the

system can reach a steady state, but a stronger initial position increases the likelihood of surviving the

“shake-out phase” in the early timesteps for each firm. These results are almost unaffected if we

assume that the total number of entrepreneurs is the same as in the baseline scenario (100), but the

number of firms in each industry is set to 50.
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Figure 26: Gini of the total population for a lower initial number of entrepreneurs.
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3.5.11 More workers

Increasing the initial number of workers strengthens both the Mark | engine, as labor is now relatively
cheaper and entrepreneurs can thus become active sooner, and the Mark Il engine, more labor is
invested in R&D activities. This has an unequivocally positive effect on the output per capita (see fig.
27). The impact on market concentration is less trivial due to the counteracting forces of Mark | and Il,

but the impact on the steady state level of concentration is very low (see fig. 28).
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Figure 27: Log output per capita for a varying number of workers
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Figure 28: Market concentration for a varying initial number of workers

3.5.12 Increasing the target rate of profit

Increasing the target rate of profit triggers counteractive tendencies: On the one hand, it increases the

profits of monopolists, thus increasing inequality. On the one hand, this effect increases the incentives
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to enter a market dominated by a monopolist, thus decreasing the level of market concentration,

which decreases inequality (see fig. 29).

Fig. 30 shows that the effect which increases inequality prevails, if an imitation distance penalty exists.

If such a penalty doesn’t exist, an increase in the target rate of profit does not have a significant effect,

as winner-take-all markets cannot exist in the long-run. Fig. 31 finally shows that increasing the target

rate of profit also has an adverse effect on output, which suggests that limiting the profitability of

monopolies has an unequivocally beneficial effect on inequality and growth within this model.
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Figure 29: Market concentration for a varying target rate of profit
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Figure 30: Income Gini for a varying target rate of profit
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Figure 31: Total output for a varying target rate of profit

4 Conclusion

In this paper, | developed a simple agent-based model that incorporates key features of the so-called
Schumpeter Mark | model and the Schumpeter Mark Il model. My unified Schumpeter Mark | + [l model
allows for endogenous technological change in two dimensions: a) the number of industries, b) the
firm-specific productivity. Despite its simplicity, this model is able to reproduce a large number of
stylized facts regarding the evolution of capitalism in general and the industry life-cycle, the evolution
of aggregate growth and inequality, as well as “declining business dynamism” (Ufuk and Akcigit 2021)

since the 1980s in particular.

| then conducted an extensive analysis of the parameters governing the birth and evolution of
industries in my model. This paper offers an explanation for the rising inequality and “declining
business dynamism” that can be empirically tested: Namely, that these tendencies are driven by the
ability of industry leaders to distance themselves from their competitors, which leads to an increase in
market concentration within industries and to the rise of “superstar firms” (Autor et al. 2020). Second,

this dynamic was not offset (enough) by the creation of new industries which would be easier to enter.

Naturally, the increase in inequality since the 1980s has also been driven by other economic, social and
political factors which are beyond the scope of my current analysis. Nevertheless, the new
technologies, whose importance has risen dramatically since the 1980s, seem to offer some support
for the explanation brought forward in this paper. Both the production of hardware and software are
highly concentrated among a few firms for each product. The same holds for related technologies such
as mobile phones and their operating systems. The apparent reasons for this strong market

concentration are manifold and are not explicitly captured in my model in order to preserve both its
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simplicity and its generality. In order to name just three crucial ones: the cost structure of software
(i.e. high sunk costs and extremely low marginal costs), learning effects (stemming from, e.g., the
development of similar products), as well as network-effects (e.g. platform compatibility and adoption

of two-sided platforms).

Within this apparent general trend, however, there are also counter-examples which show that the
evolution of industries can facilitate increased competition at a certain stage of their development. For
instance, the rise of “indie games” arguably contributed to a decrease in concentration of the market
for computer games in recent years. Three reasons seem to be particularly important to explain this
trend: first, the role of crowdfunding in enabling the development of products that could not have
been financed with traditional means. Second, the costs of distributing a computer game decreased
dramatically due to the availability of broad band internet. This enables small producers to easily sell
their products to a world-wide audience. Third, the increase in the market size for computer games

have allowed to increase the yearly number of games that could be developed profitably.

These countervailing mechanisms are currently not captured in my model, but seem to open up
promising avenues for further research based on more complex mechanisms capturing finance, inter-
industrial dependencies and relations, as well as dynamic market sizes. In particular, such research
could complement the important advances by e.g. Saviotti and Pyka (2008), Ciarli and Lorentz (2010)

and Dosi et al. (2021b) regarding the market size for each industry.
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