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Abstract

The paper �lls a gap in the Secular Stagnation literature and develops an
agent-based SFC model to analyse the deep relationship between income distri-
bution and productivity through the channel of innovation. With a steady gaze
on US macro-economic data since 1950, we put forth the idea that the continu-
ous shift of income from wages to pro�ts may have resulted in a smaller incentive
to invest in R&D activity, with the decline in productivity performances that
characterizes Secular Stagnation in the USA. The paper is the �rst step toward
the growth model that will be developed in Part II.
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1 Introduction
Prof. Larry Summers re-evoked in recent times the old concept of Secular Stag-
nation to describe a situation in which changes in the economic fundamentals
after the Great Recession of 2007 might have caused a signi�cant shift in the
natural balance between savings and investments, making the achievement of
adequate growth, capacity utilisation and �nancial stability increasingly di�cult
(Summers, 2014). Many economists dealt with that phenomenon thus far, each
underlining a peculiar aspect. However, the debate paid little attention to the
deep relationship between income distribution, innovation and productivity.
The paper �lls that gap in the literature and sets Secular Stagnation into an agent-
based framework. We focus on the US capitalistic evolution of the last �fty years
and study in which way the distribution of income between wages and pro�ts
can determine the rate of innovative activity and then further attainments in pro-
ductivity. In particular, we depart from Summers’ de�nition and look at Secular
Stagnation in the USA as the tendency to the long-term slowdown in the growth
rates of labour and total factor productivities which starts in the early Seventies
and reaches the cyclical trough with the Great Recession in 2007. Moreover, we
consider other major features of the US post-1972 economy like the progressive
worsening of the functional distribution of income at the expense of the labour
share and, on the other hand, a slower growth in R&D activity.

In this contribution, we develop an agent-based SFC model in the line of Dosi
et al. (2010), Caiani et al. (2016b) and Godley-Lavoie (2006). The model in-
volves a one-good two-class closed economy with no government sector. The
good can be used either for consumption or for investment purposes. House-
holds are divided between workers, that supply labour inelastically at the going
wage share, and capitalists, which own the �rms and act as entrepreneurs. The
latter invest in innovative research activity a percentage revenue from past sales
while trying to reach a normal pro�t rate. In our model, the micro-foundation
of the endogenous innovation process is essential to avoid isomorphism between
micro and macro phenomena and to remark the evolutionary character of the
theoretical base. The adoption of an agent-based perspective needs to be justi-
�ed. One may ask, indeed, whether such an evolutionary framework is really
necessary or, in other terms, if that modeling allows to show up insights not
visible with the standard representative-agent modeling or with a more aggre-
gate perspective, if any. We reply that both standard representative-agent mod-
els or the aggregate perspective su�er from, among the others, a lack of micro-
heterogeneity, interpreted as the multiplicity of interactions among agents with
no a priori commitment towards any reciprocal consistency (Dosi et al., 2010).
Agent-based models are particularly suitable to the task since the user knows by
construction the micro data-generating process and can explore the features of
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macro-variables as properties emerging out of the evolutionary dynamics (Dosi
et al., 2018). In other words, to explain aggregate outcomes we cannot sum the
predicted individual behaviours, because the actions taken by the single agent
in�uence the behaviour of the others (Bowles, 2009). This kind of modeling
recognizes, on the one hand, the importance of Solow (2008)’s call for micro-
foundations more realistic than usual. On the other hand, micro-foundation is
absent in many macro-aggregate models, which do not enable the researcher to
fully understand processes occurring at the micro- and meso-level of economic
activity.

The contribution of the paper to the literature on Secular Stagnation lies on its
capability to show the way phenomena at the macro-level a�ect the dynamic path
of variables at the micro level. More precisely, it is interesting to show that the in-
crease of income inequality at the expense of the labour share impacts negatively
on �rms’ propensity and ability to innovate. Wages indeed sustain consumption
and, indirectly, investments. The lower aggregate demand after a fall in the wage
share reduces capitalist’s incentive to invest either on tangible capital or on inno-
vative search at the micro-economic level. The result will be an overall bad eco-
nomic performance on aggregate. We advance the idea that the continuous shift
of income from wages to pro�ts may have resulted in a smaller incentive to invest
in R&D activity, entailing the evident decline in productivity performances that
marks the US Secular Stagnation. We have to admit, of course, that this is not the
only valid explanation for the long-run tendency of productivity growth to fall.
Non-technological motives, like lower top marginal tax rates, increased low-skill
immigration, rising trade with China and low-cost manufacturing countries or
the rise of superstar �rms (Autor et al., 2020) are equally plausible.
Back to the model, we test additionally the role exerted by the rate of interest
and the loosening of barriers to innovation and imitation. On the one hand, the
decrease in the interest rate leads to particular results: it helps increase aggregate
production and employment levels but impacts negatively on labour produc-
tivity, since the entrepreneurs reach more easily a normal pro�t rate and prefer
organizing the production process to less capital-intensive techniques. On the
other hand, loosening the barriers to the interaction among �rms and increasing
the possibility to exchange ideas through imitation allow for further innovation
and better economic performances as a whole, but the e�ect is circumscribed
to the long run only. Last caveat: in the last part of the paper we add some re-
�nements that do not change the aggregate aspects of the main model; however,
the dynamics at the micro- and meso-economic level are quite di�erent. A deep
understanding of the model, indeed, shows an interesting polarization in terms
of �rm’s size and economic performances. In the original setting all this does
not occur. This polarization establishes once again the importance to study the
economic systems with micro-heterogeneity, as in the agent-based framework.

4



Focusing on the aggregate perspective only, indeed, would allow for a partial and
incomplete analysis of an economy. Anyway, we decided to leave the topic on
polarization to future research, linking it to the rise of superstar �rms as in Au-
tor et al. (2020).

The paper is organised as follows: Section II deals with the literature; Section
III presents empirical evidence on income distribution, innovation and produc-
tivity; Sections IV to VI are about the model and related experiments; Section
VII concludes. The Appendices convey some information on the main match-
ing process and add complications to the baseline setting. Although the model
approaches to a stationary state and does not refer to growth questions (yet), it
represents the �rst step toward the development of a growth model. The latter
will be developed in Part II.

2 Relation with the literature
Several �elds of research contribute to de�ne the background literature of the
present work. First and foremost, the paper inserts into the literature of Secu-
lar Stagnation, here de�ned as the tendency to the long-term slowdown in the
growth rates of labour and multi-factor productivities, which starts in the early
Seventies and reaches the cyclical trough with the Great Recession of 2007.1 Al-
beit for a di�erent context, the concept was introduced with the pioneering work
by Hansen (1939) to describe the somber situation in which the US economy fell
after the Great Depression in 1929.2 To date, the concept was re-evoked by Sum-
mers (2014) to outline a situation in which changes in the economic fundamen-
tals, after the Great Recession, might have led to a signi�cant shift in the natu-
ral balances between savings and investments. The equilibrium natural interest
rate associated with full employment of labour would have reached negative val-
ues. The related outcome is a situation in which the achievement of adequate
growth, capacity utilisation and �nancial stability appears increasingly di�cult
(Summers, 2014). 3 However, his analysis is limited in scope in that he focuses

1The productivity-growth decline is a well-documented fact in the literature. We nonetheless present some
empirical evidence on that in the following Section.

2The author looked at the high unemployment as the principal problem for Americans and the expression of
Secular Stagnation stood for “sick recoveries which die in their infancy and depressions which feed on themselves
and leave a hard and seemingly immovable core of unemployment” (Hansen, 1939).

3Eggertsson et al. (2019) draws upon Summers (2014) and provides a general setting for the natural rate hypoth-
esis. They develop an analytic overlapping generation model, the steady state of which is characterized by a negative
full-employment real interest rate.
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on Secular Stagnation through the lens of the Great Recession only. Summers
examines the very recent past and the remarkable decline in productivity growth
�nds no place in that framework. 4

Many economists recovered the concept after him: we �nd Gordon (2015), Eichen-
green (2015) and Hein (2016), among the others. Their approach is historical
data-driven. On the one hand, Gordon (2015) and Eichengreen (2015) adopt a
supply-side view to analyze the long-period determinants of productivity growth
and disregard cyclical in�uences. They suggest that mounting inequality im-
pacted negatively on the accumulation of human capital, since students are ever
more burdened by the loans they take to pay their college tuition. Furthermore,
they are concerned to the revolution started by digital electronics, which ran out
of steam, with the electronics facing diminishing returns. Their idea is that in-
novation achievements of the last �fty years had a relatively smaller impact on
productivity than, for example, innovations at the turn of theXX th century. On
the other hand, Hein (2016) points out that the redistribution of income at the
expense of the labour share squeezed the investments in capital stock through an
accelerator mechanism. Moreover, the author claims that stagnating-demand
policies and the overall surge of personal income inequality depressed invest-
ments and productivity growth.

The second stream of research is about the Schumpeterian and evolutionary tra-
dition (Schumpeter, 1912; Aghion-Howitt, 2008; Bowles, 2009). It deals with
“dynamic processes causing qualitative transformation of economies driven by
the introduction of innovation in their various and multifaceted forms and the
related co-evolutionary process” (Hanusch-Pyka, 2007).5 Innovation turns out
to be the most important force driving productivity and economic growth. More-
over, it is strongly related with uncertainty in its Knightian sense, causing com-
plex modes of behaviour. Although innovation occurs at the micro-level of the
economy through the creation of novelties and many entrepreneurial decisions,
its potentiality manifests at the industry or meso-level of the economic activity
(Dopfer et al., 2004).

The third school of thought refers to the emerging literature on stock-�ow-consistent
(SFC hereafter) models. SFC models, whose benchmark reference is Godley-
Lavoie (2006), employ accurate social accounting matrices to record the move-

4Additionally, the negative natural rate hypothesis su�ers from important theoretical weaknesses: see Palley
(2019) and Di Bucchianico (2019).

5An eminent precursor of evolutionary and complex economics is Hayek (1937) with the notion of spontaneous
order. Brie�y, chaotic processes at the micro-economic level may entail some form of regularity at the macro-
aggregate perspective. Markets are viewed as places for learning and discoveries, hence a place for innovation and
imitation. In that framework, the evolution of institutions is the product of countless interactions, the aggregate
outcome of which is often unintended (Bowles, 2009).
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ment of each payment �ow and to guarantee that everything is from somewhere
and everything goes to somewhere.6 Financial �ows appear as assets for some
institution and liabilities for some others. In this sense, SFC models represent a
fundamental check of the model logical consistency (Caiani et al., 2016b).7 For
instance, Caiani et al. (2014) presents a SFC multi-sector model to analyze the
structural change out of a cluster of innovators. The work stresses the cyclical
aspects of development with a focus on the linkages between innovation and �-
nance. However, the pure aggregate perspective forces the authors to consider
innovative entrepreneurs en masse. It does not allow for imitative behaviours or
incremental patterns of innovation.

Fourth, we refer to the agent-based (AB hereafter) literature, that considers eco-
nomic systems as populated by many heterogeneous interacting agents without
any central coordination (Caiani et al., 2016a). Several works study the interplay
between innovation, income distribution and economic performances. Dosi et
al. (2010, 2016 and 2018) and Napoletano et al. (2012) are key contributions to
the topic. The family of their K + S models investigates the way innovations
a�ect macro-variables, through endogenous generation of supply shocks at the
micro and meso levels. Their models are structural since they build on a repre-
sentation of what agents do. An important characteristic is that they link the
Schumpeterian tradition of innovation-driven economic growth with the Key-
nesian theories of demand generation. In other terms, the Schumpeterian engine
fuels growth only in the presence of Keynesian policies, which do contribute to
reduce output volatility and unemployment rates. On the same line of research
is Wirkierman et al. (2018), focused on the distributional impacts of innovation.
The public sector invests directly in R&D and licenses to private �rms access to
the new technology to produce the �nal good. Increasing the wage share allows
the public sector to drive the process of innovative search toward an outcome in
which the distributional impacts of innovation re�ect the distribution of contri-
butions to the innovative process.

The afore-mentioned methodologies su�er from some drawbacks. On the one
hand, traditional SFC models favour the analysis of aggregate economic systems,

6Recent surveys on the approach are Caverzasi-Godin (2015) and Nikiforos-Zezza (2017). In particular, the
latter highlights two factors that helped increase the popularity of the SFC approach among economists: �rstly, the
success by Godley-Lavoie (2006) and, secondly, the acknowledgment that SFC-type models were able to predict the
Great Recession of 2007. In addition to this, we advise beginners to study Veronese Passarella (2019): the author
o�ers practical hints to develop an empirical SFC model from scratch.

7Not to reduce SFC models to a pure accounting-but-not-economic device, we believe it is important to quote
a passage from Nikiforos-Zezza (2017), in that: “Accounting consistency is just one of the pillars of the analysis,
which is combined with a demand-led closure and a sophisticated and realistic treatment of the �nancial side of the
economy”.
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with a focus on consolidated institutional sectors like banks, households and
�rms. In so doing, they tend not to consider the heterogeneity among agents and
how they interact at the micro-level. That often prevents the study of innovation-
driven growth processes. On the other hand, many former AB models violated
accounting consistency requirements, with some �nancial �ows arising out of
nowhere. Caiani et al. (2016b) starts from this point and decides to bridge the
two methodologies, providing the literature with a fully decentralised SFC model
with heterogeneous interacting agents, where consistency is applied since the
micro-economic level to account for the structural interrelatedness of agents.
Although the model does not concern to growth questions, it is promising in
the �eld of bank regulation and macro-prudential issues. Additionally, this con-
tribution o�ers interesting guideposts to calibrate, validate and adapt the basic
framework to alternative research questions. Based on the above consolidated
framework, Caiani et al. (2019) investigates the nexus between inequality and
growth, assessing the impact of several distributive regimes on innovation dy-
namics and economic development. The crucial feature is the segmentation of
the labour markets in four tiers, according to the role assumed by each worker in
the hierarchical organisation of the �rm. The distributive regimes concern to the
implementation of more, or less, progressive tax schemes and higher, or lower,
downward wage rigidity of lower-tier workers. The results are in tune with the
literature that emphasizes wage-led growth regimes in a closed economy. In other
words, more progressive tax systems and measures to sustain low and middle in-
come households help foster economic development and innovation.

3 Statistics on wages, productivity and
innovation since 1950
We said that the literature on Secular Stagnation paid little attention to the inter-
play between income distribution, innovation and productivity developments.
The mounting income inequality, on the one hand, and the reductions in pro-
ductivity growth, on the other, have manifested since the end of the Golden Age
of capitalism (1950-1973). Hence, what we represent in Tab. I and in Fig. I is
a well-documented fact in the economic debate. Starting from the late Sixties,
when it was near to 70%, the adjusted wage share keeps decreasing to the cur-
rent and minimum value around 60%. For what regards to labour productivity,
there has been a slow and steady decline in the growth rate over the period of
interest. The rate of growth exhibits a timid recovery in the Nineties, before the
new and long-lasting collapse in the aftermath of 2007 crisis. The same holds
for TFP growth, that follows the same qualitative trajectory. TFP grows 1.7%
on average during 1950-1973, then it shrinks to one-third of that value in 1973-
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1995. It rebounds in the Nineties and eventually reaches the bottom 0.6% in the
post-2007 decade. As above, Gordon (2015) suggests that soaring inequality im-
pacted negatively on the accumulation on human capital and then on produc-
tivity, since students are ever more burdened by the loans they take to pay their
college tuition. On the demand side, Hein (2016) points out that the redistri-
bution of income at the expense of the labour share lowered the investments in
capital stock through an accelerator mechanism. For what concerns to the rela-
tion between innovation and productivity, the literature refers to Eichengreen
(2015) and still to Gordon (2015). Their idea is that the innovation achievements
of the last �fty years had a relatively smaller impact on productivity than, for
example, innovations at the turn of the XX th century. What is missing on the
analysis around Secular Stagnation is the demand-side channel between func-
tional distribution of income, innovation and productivity. Sylos-Labini (1983)
�rst, and Allen (2009, 2011) and Carnevali et al. (2020) later, explain the role of
a distribution favourable to the wage share in triggering a process of economic
development, through continuous investments in innovative activities and fur-
ther achievements in productivity. Is it possible that the same process occurred
in the opposite way? In other terms, does any positive relation exist between
wage share, investments in R&D and productivity enhancements? Tab. II to VI
and Fig. II present data on the evolution of R&D expenditures in United States
since 1950, whenever possible8. Tabs. II- III and the upper panels of Fig. II evi-
dence the striking decline in growth of R&D expenditure since late 1960s, either
by source or by function.9 The careful observer may object that the Golden Age
in US was a particular period marked by the necessity of winning the Cold War
against the Soviet Union. That would explain why, for instance, space expendi-
ture growth rates surged toward extraordinary values until the end of the Sixties
and then fell sharply after the �rst moon landing. Therefore, we analyzed the
time trend of each variable since 1973, �nding that the majority of sources and
functions exhibited a steadily downward trend in growth.10 Tabs. IV- V and the
lower panels in Fig. II concern to the evolution of R&D shares. It is interesting
to notice that private R&D as percentage of Fixed Investments kept increasing
throughout the period, notwithstanding the decline in growth showed above.
Furthermore Arora et al. (2018) notes a shift away from science by large cor-
porations between 1980 and 2006. Although science remains an important in-
put for innovation, their empirical evidence points to a reduction of the private

8We worked on AAAS and BEA data.
9Source refers to federal, industry, non-pro�ts, universities, other and total. Function refers to federal expendi-

tures in defense and non-defense, energy, general science, health, natural resources, space and other. Categories are
established by the AAAS database.

10For the sake of brevity, we did not report tables on trend regressions, since what asserted is visible in Tabs. II- III
and Fig. II. Anyway, they are available upon request.
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bene�ts of internal research, which leads to closing and downsizing their labs11.
Therefore, albeit �rms are committing a higher share of investments in R&D,
it does correspond to the redirection of resources and attention from more ex-
ploratory scienti�c research toward more commercially-oriented projects (Arora
et al., 2018). By the same token, federal R&D shares kept decreasing from late
1960s onwards, either as share of discretionary outlays or as share of total bud-
get12. Moreover, they kept decreasing regardless to the destination, whether de-
fense or non-defense.

To sum up, Tab. VI shows that wage share, innovation rates and productivity
measures are signi�cantly and positively correlated. We advance the idea that the
ongoing shift of income from wages to pro�ts may have resulted in a smaller in-
centive to invest in R&D, entailing the evident decline in productivity growth.
Secular Stagnation, as de�ned above, originated from that. In what follows we
develop an agent-base SFC model to highlight whether that hypothesis grounds
on a micro-founded framework too. AB models are particularly suitable to the
task since one knows by construction the micro-economic data-generating pro-
cess and can explore the characteristics of macro-economic variables as properties
emerging out of the evolutionary dynamics (Dosi et al., 2018).

4 The model
The analysis concerns to the role of income distribution and demand in a�ecting
the economic performance. We focus on a one-good two-class closed economy
with no government sector that approaches to and gravitates around a station-
ary state.13 We describe the economy as populated by heterogeneous interacting
agents with the help of Fig. III. Precisely:

• A collection Ns of households: on the one hand, Ns − F agents o�er
labour inelastically at the going wage rate; on the other hand, the remain-
ing households are capitalists.14 Regardless to their status, households
spend part of their income in the purchase of the (consumption) good.

11Although Bloom et al. (2017) agrees on this point, we must point however that innovative investments in the
private sector is now very disseminated in a multiplicity of small-size �rms and start-ups, often unrelated to the
investing �rm from a corporate point of view. That may invalidate, at least partially, the empirical evidence by Arora
et al. (2018).

12The US Senate de�nes discretionary spending the spending budget authority and outlays controlled in an-
nual appropriation acts. Total outlays or total budget identify the amount of expenditure set out by the federal
government.

13Following Caverzasi-Godin (2015), we de�ne a stationary state as a logical construction where all stocks and
�ows do not change over time and that can be reached if all the behaviours were fixed after a transition period.

14For tractability reasons, capitalists work as managers in their �rm and earn a money wage in addition to pro�ts.
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Savings are held in the form of bank deposits. Moreover, they own the
bank proportionally to their wealth and receive banking pro�ts as divi-
dends.

• A collection F of �rms owned by the entrepreneurs organising the pro-
duction process and taking investment decisions. They produce a homo-
geneous good that can be used either for consumption or for investment
purposes. Additionally, they may apply for loans to �nance production
and investment.

• A consolidated bank, whose activity is limited to providing �rms with
loans and households with deposits at given interest rates. So doing, the
big bank is an input supplier.

During each period of the simulation, agents interact on �ve markets:

• The (capital) goods market: �rms interact with each other to buy and sell
(capital) goods.

• The (consumption) goods market: households purchase (consumption)
goods from �rms.

• The labour market: capitalists interact with workers through hiring and
�ring.

• The credit market: the consolidated bank provides �rms with loans.

• The deposit market: the consolidated bank gathers households’ deposits.

The behavioural equations for households and �rms are in line with the
agent-based SFC literature as in Caiani et al. (2016a, 2016b) and Godley-Lavoie
(2006). Moreover, there is no population growth since the assumption of exoge-
nous and unbinding labour supply is quite appropriate in capitalist economies,
where episodes of labour shortages are counterbalanced by migration policies.15
A crucial feature of the model is the role assumed by innovation, which turns out
to be the driver of productivity and economic development. Though it occurs at
the micro-level of the economy through several entrepreneurial decisions, its po-
tentiality gets fully �edged at the industry or meso-level of the economic activity.
The model exhibits evolutionary roots since it envisages path dependencies and
irreversibilities. 16

15See Tavani-Zamparelli (2016) for further information.
16The heterogenous agents show close and frequent interactions and the “outcome of evolutionary processes is

determined neither ex ante nor as a result of global optimizing, but rather is due to true uncertainty underlying all
processes of novelty generation” (Hanusch-Pyka, 2007). Italics in the original text.
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For the sake of simplicity, we split the exposition as follows: balance sheet and
transactions matrices, timeline of events, production �rms, labour market, house-
holds, innovation and imitation processes, banking system, prices and in�ation
expectations, and the redundant equation. 17

4.1 Balance sheet and transactions matrices
We begin with the analysis of the accounting matrices of the model as usual for
the SFC literature: the balance sheet matrix (Tab. VII) and the transactions-�ow
matrix (Tab. VIII). We assume away the public sector to focus on a private econ-
omy working with private money. That means the central bank is removed from
the analysis too. Moreover, we look at a closed economy only.
Agents are distinguished between �rms and households, on the one hand, and
between capitalists and workers, on the other hand. Firms ask for lending to
the banking system to get funds for their investment expenditures. Addition-
ally, they do not accumulate any money balances. In contrast, households do
not borrow from banks and all their savings take the form of deposits.
What said is summarised in Tab. VII. Financial variables, such as deposits M
and loans L, have specular counterpart, with opposite sign, in the sheet of the
bank. By contrast, tangible capital K does not match with any other liability. 18

However, it matches with the positive net worth of the household sector,Vh, to
balance the model.

The transactions-�ow matrix in Tab. VIII relates some components of NIPA
accounts with changes in �nancial assets and liabilities. Households apart, both
production �rms and the bank have current and capital accounts. For the sake
of convenience, we shall start o� with the current account of �rms. On the one
hand, we have the expenditure side of the aggregate production Y , composed
of aggregate consumption C and aggregate investment I . On the other hand,
the national product is distributed as wage billWB, entrepreneurial pro�ts Ff ,
amortization fund AF and interest payments on previous loans rl · L−1. The
capital account of production �rms shows that aggregate investment expendi-
ture is �nanced by the amortization fund, part of �rms’ accumulated pro�ts in
the form of wealth Fi and out of new loans, ∆L. Precisely, AF �nances the re-
placement of worn-out capital while Fi and ∆L the net investment.
Households consume (C ) and save (∆M ). The sources of their expenditures
(and savings) are the wage bill, the entrepreneurial and bank pro�ts (as distribu-

17In what follows, lower-case letters refer to micro-economic or agents’ variables; upper-case letters refer to the
aggregate economy.

18“Tangible capital is only an asset; it is not simultaneously an asset and a liability, as is the case of �nancial
capital”, Godley-Lavoie (2006).
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tive outcomes) and the interest payments on previously accumulated wealth,
rh ·M−1.
Finally, the banking sector records the interest payments on loans it receives and
on deposits it pays in the respective current account. On the other hand, its cap-
ital account registers the additions, or the subtractions, to assets and liabilities.

4.2 Timeline of events
Production �rms are endowed with a unit of (capital) good at t = t0. After that,
micro-economic decisions occur with this sequential order any given period t:

1. Firms compute their target level of capital.

2. Capitalists draw from previous accumulated wealth, if any, and borrow
from the banking system in order to have enough fund to hire workers and
buy the (capital) goods they need. Once this has been done, they set up
production to build the (capital) goods they are ordered by the other �rms
and to satisfy the demand for (consumption) goods from households.

3. Workers (and managers) receive a wage. They purchase the (consump-
tion) good with part of the received income and save as money deposits
what remains. Managers earn a pro�t as residual claim, if any.

4. The aggregate bank gathers interest payments from �rms and pays inter-
ests on households’ deposits. Then, it distributes pro�ts to the house-
holds.

5. Firms update their production plans according to the demand they face.
Moreover, they invest on capital stock and on R&D to improve their tech-
nology level, save manpower and earn further (extra) pro�ts. New ma-
chines and productivity enhancements due to the R&D activity, if any,
will be available at t + 1.

4.3 Production �rms
We start describing how production takes place and how entrepreneurs take their
decisions. The economy produces a single good that can be used either for con-
sumption or for investment purposes. There are no inventories and production
adapts to demand19. Output components are all expressed at constant prices.
The �rst equality is the national income identity in its micro-economic terms:

y = cf + is (1)

19Anyway, the price system allows for the interplay between demand and supply to determine the e�ective vol-
ume of production.
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where y is the amount of good produced by the single �rm, divided between
consumption and the investment components, respectively cf and is. The pro-
duction technology employs labour and capital in �xed proportions, following
the usual Leontief production function:

yP = min
[
yk; yl

]
= min

[
φ · k; a ·Ns

]
(2)

where yP is the productive capacity of the i-th �rm, k its capital endowment,
φ the inverse of the capital-output ratio and a is the labour productivity within
the same �rm. Entrepreneurs target a certain capital stock kT , according to past
sales and production levels. Since there are no inventories and the production
adapts to demand, past sales and past production coincide. In other words, �rms
wish to keep a normal rate of capacity utilisation and adjust their capital stock
according to this relation:20

kT = κ · y−1 · PRt (3)

where PRt is ratio between expected and actual prices. For simplicity, we
assume that a constant proportion δ of the existing stock of capital depreciates
period-by-period and that capitalists set aside an amount of funds exactly su�-
cient to replace the used-up equipment:

da = δ · k−1 (4)

af = da (5)

da and af de�ne the depreciation allowances and the amortization fund, re-
spectively.
Let us turn on the investment decisions. The entrepreneurs distinguish between
investments on tangible capital (i.e. machines) and intangible capital (i.e. R&D).
Investments on tangible capital increase the productive capacity but do not im-
prove technology and labour productivity, whereas investments on R&D do. In
other words, since inventive activity is costly, capitalists have two alternatives:
capital accumulation and innovation. Both types of investment raise total prof-
its, but in di�erent ways: innovation reduces unit labour costs in production,
while capital accumulation increases the size of a �rm’s business.21 Gross invest-
ments on tangible capital consist of a modi�ed version of the standard partial-
adjustment accelerator model:

ik = i0 + i1 ·
(
kT − k

)
+ af (6)

20κ is exogenous, but we will endogenize it in the future version concerning economic growth.
21For simplicity, there is no trade-o� between di�erent types of investment.
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where ik, i0 and i1 represent the investment in physical capital, the autonomous
investment or animal spirits and the adjustment coe�cient, respectively.
Firms invest in innovative search to save labour and to earn extra-pro�ts. In line
with the Schumpeterian literature, we posit the amount invested in innovative
activity is made up of two components:

ird = ϑ0 · cf,av + ϑ1 ·
(
ϱ̄ − ϱ

)
(7)

The �rst component on the right-hand-side captures �rm’s expectations about
future demand that are equal to the average revenue from past sales of consump-
tion goods.22 The other component re�ects the cost-side of the expected pro�t
rate, provided that the actual pro�t rate can be seen as an indicator for expected
pro�tability.23 Firms’ pro�ts are sales minus amortization fund, interest pay-
ments on past loans and wages:

ff = y − af − rl · ld−1 − wb (8)

where rl is the given interest rate, ld−1 the stock of loans from the past and
wb the wage bill.

An important clari�cation is now necessary: ik and ird represent the expendi-
ture each �rm does to ameliorate its technology. Since the expenditure related
to the investment in capital stock is commissioned to other �rms, we call (9) the
investment demand. The random pattern of interactions among �rms leads to a
con�guration in which the single �rm produces an average amount of (capital)
goods for the others, as in (10):

id = ik + ird (9)
is = īk + ird (10)

The capital stock, k, is the result of past (depreciated) equipment plus gross
investments in physical capital ik:

k = (1 − δ) · k−1 + ik (11)

To conclude this subsection, how do �rms �nance their (net) investments?
We have three options. First, all net investment is �nanced out of new loans;
second, all net investment is �nanced out of past accumulated wealth; third, the

22“Firms in the capital-good industry “adaptively” strive to increase their market shares and their pro�ts trying
to improve their technology both via innovation and imitation. Both are costly processes: �rms invest in R&D a

fraction of their past sales” Dosi et al. (2010). Moreover, cf,av =
∑t−1
i=0 cf,i
t−1 .

23We suppose �rms wish to obtain a normal pro�t rate ϱ̄. The higher the actual rate ϱ, the lower the competitive
pressure felt and the lower the investment on R&D.
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net investment is �nanced partly out of wealth and partly out of new loans. We
adopt the third way and suppose that the entrepreneur contributes to �nance her
investment decisions with part of past accumulated wealth, say q ·mhe, while the
remaining need will be �nanced out of new loans as follows:

dld = id − af − q · mh,−1,e (12)

where dld is the change in loans demand. Furthermore, the single �rm can
borrow whatever sum it needs from the banking system at a constant rate rl for
convenience.

4.4 The labour market
Each �rm needs a certain amount of e�ective labour to set out the production
process, that is it must consider the productivity of each worker within the en-
terprise. Denoting with a the e�ective labour productivity, the labour demand
for the single �rm is:

nd =
y
a

(13)

The distribution of income at �rm level is divided between pro�ts and wages.
The model follows what found in the literature: the worker is given a wage rate
and entrepreneurial pro�ts are determined as a residual. We can translate what
said in the following equations:

wr = (w0 − w1 · Ur,−1) · PRt (14)
wb = wr · nd (15)

The �rst equation identi�es the wage ratewr as the result of the positive con-
stantw0 and it is a negative function of the unemployment rateUr, sincew1 > 0.
The wage rate is updated every period to account for in�ationary pressures, as
denoted by PRt . (14) says the lower the unemployment rate and the higher the
in�ation expectactions, the higher the wage rate.24 The wage bill at �rm levelwb
is the simple product between the wage rate and the number of employees. We
mentioned earlier that the labour supply is exogenous and unbinding. We inte-
grate it with the assumption that every worker is willing to accept a job at the
going wage rate. Therefore, no �rm faces (labour) supply constraints. In other
words, the setting admits no over-employment but unvoluntary unemployment.

24It re�ects the logic assumed by the new-Keynesian Phillips curve.
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4.5 Households
Households consume and save. They are distinguished between capitalists and
workers according to their propensity to save. The �ows of income they may
receive consist of four components: the wage rate, the entrepreneurial pro�ts,
an amount of bank’s pro�ts proportional to their wealth, σmh · Fb,t , and interest
payments on past deposits intmh.25 We write the households disposable income
ydhx as equal to:26

ydhx =

{
wr + ff + σmh · Fb,t + intmh if x = e
wr + σmh · Fb,t + intmh if x = w

(16)

For simplicity, agents consume part of their disposable income and part of
their accumulated wealth27.

cw = (α0 + α1 · wr,−1) · PRt (17)

ce = α2 ·
(
wr,−1 + ff,−1

)
· PRt (18)

cmh = α3 ·
(
mh,−1 + σmh · Fb,t + intmh

)
(19)

c = cx + cmh (20)

(17) says that the current consumption of wage earners is composed of an
autonomous component α0 and a portion of the past wage: α1 is the marginal
propensity to consume out of disposable income. (18) denotes the consumption
of capitalists. (17) and (18) update every time to account for in�ationary pres-
sures.
(19) represents the current consumption out of wealth, dividends and interest
payments, equal to a percentageα3 applied to that sum. The consumption func-
tion c is the sum of cx and cmh as in (20).
What is not consumed is saved (dmh) and accumulated to the stock of wealth:

dmh = ydh − c (21)

mh,x =

{
mh,−1 + dmh − q · mh,−1,x if x = e
mh,−1 + dmh if x = w

(22)

25Where σmh = mh
Mh,t

.
26x = e for capitalists; x = w for workers.
27For convenience, we suppose households di�er in the way they consume the income out of work. No di�er-

ence exists in the way they consume wealth, interest payments and banking pro�ts, since the marginality of that
consumption component.
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4.6 Innovation dynamics
Innovation is very a�ected by uncertainty. Potential innovators do not know
whether their e�ort and expenditures to promote technological improvements
will succeed or not. A well established evolutionary tradition models �rms’ in-
novative activity as a two-step stochastic process (Dosi et al., 2010; Caiani et al.,
2019). We decided to depart from that tradition for two reasons: �rstly, we want
to keep the model as simple as possible; secondly, we want to stress some empiri-
cal regularity in the innovation process. Nevertheless, it does not mean that our
way to analyze innovation does not re�ect what found in the Schumpeterian lit-
erature: for instance, we may imagine innovation as it took place with the hiring
of workers devoted to the development of a software, the latter improving the
technological apparatus of the �rm.
To begin, we provide the reader with some basic de�nitions: we shall denote
with a the e�ective labour productivity of the ith �rm at some point in time, aii
the labour productivity of the ith �rm as result of its e�ort in R&D and aij the
labour productivity of the ith �rm as result of the imitation process. For sim-
plicity, we assume their equality at the very beginning of the analysis, precisely
a = aii = aij = 1. Firms incur new loans to improve their technology lev-
els. The literature often emphasizes the R&D expenditure as share of output as
the determinant for the growth in productivity or for the innovation rate in the
economy. In this contribution, however, we want to stress the role of the total
amount of funds invested on innovative research. In fact, two �rms may devolve
the exact share but if the absolute amount di�ers, the larger �rm will have higher
probability to innovate than the smaller one.28

As said, the more a �rm invests on innovative activities, the more probable
it innovates. To represent this process, we can de�ne a logistic probability distri-
bution as an increasing function of the amount invested in R&D:29

λ =
1

1 + exp−ε·ird,av·t
(23)

ird,av =
∑t
i=0 ird,i
t

(24)

(23) is the probability to innovate and it is a sinusoidal function approach-
ing to 1 as t → ∞. The speed with which it tends to 1 is governed by the
amount of resources invested in research and development. This means that the

28Think about the comparison between a large �rm as Apple and a much smaller one. Suppose both of them
invest twenty percent of pro�ts, but for Apple this share amounts to million dollars. For the smaller one, it can
amount to thousand dollars only, at best. Who will be the most probable innovator in the �eld?

29Since there are several probability distributions that may do it for us, we tried an inverse exponential function
and the Gumbel probability distribution. Results do not change signi�cantly.
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probability each �rm has to innovate strictly depends on how much the same
�rm spends on average. The logistic function has been used quite often in the
literature to illustrate the progress of creation and di�usion of an innovation
through its life cycle.30 Precisely, the introduction of new products or processes
in the economies spurs an intense amount of research and development leading
to strong improvements in cost reduction and quality. The mid-term outcome
consists of a rapid growth of that industry. Clear examples from the past are
railroads, urban electri�cation, cars, light bulbs and so on. However, once those
improvements exhausted, new products or processes are so widespread that mar-
kets saturate. Back to (23), it is important to underline that λ changes from �rm
to �rm, pointing that the ability and probability to introduce innovations are a
direct function of the own R&D e�ort.31

To know whether innovation occurs, every �rm is assigned a random number
drawn from a uniform distribution pinn = ζ1, where ζ1 ∼ U [0; 1]. If this num-
ber is smaller than the threshold λ, the �rm innovates. Innovation takes place
in the economy as an improvement in labour productivity. Recalling the model
focuses on levels and not on growth, labour productivity is a direct function of
the average outlay in innovation activities:

aii = a0 + a1 · ird,av (25)

in this way we take into account �rm’s ability to learn from past achievements.

The imitation process is similar to the innovative one. Let us look at �rms as
if they were people walking in the street. The single person has got a certain
probability to meet somebody. For simplicity, we assume that one person can-
not meet more than three people in the same period. Moreover, meetings are
fully random. We can image each meeting as the single possibility to copy the
technology of the competitor. The imitation process occurs with the same law
followed by the innovation process.32 To formalize it, we de�ne a F ×F network
matrix, called iminet . Its cells take value 1 if a connection between two �rms is
established, and 0 otherwise. Once we got all the linkages, we record in aij all the
potential productivity levels that a �rm can reach by imitating the technology of
its competitors. Then, the �rm compares the productivity levels from imitation
and home-innovation, choosing the best-performing technique and updating its
productivity. As before, every �rm is assigned a number drawn from a uniform
distribution, pimi = ζ2, which is compared to the λ threshold above. This repre-
sents an important feature of the model: the probability the �rm has to imitate

30Tarde (1903) was the �rst.
31That is tantamount to introduce path dependency and irreversibility in the model.
32We assume individuals make use of only local knowledge and make transaction with positive probability as

long as it is bene�cial to them.
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strictly depends on its amount of innovative investments. In other terms, we do
exclude free-rider or opportunistic behaviours. Therefore, if pimi < λ a �rm may
imitate when ird > 0. Then:

a = max
[
aii; aij

]
(26)

4.7 The banking system
Schumpeter (1912) places the banking system side by side with the creative en-
trepreneur, as is the case of a symbiotic relationship. The former makes innova-
tive investments possible through the opening of a credit line for the necessary
expenditures, while at the same time the banker is o�ered a possibility to earn
money by the innovative businessman.33

In reality banks discriminate between clients according to their credit worthiness
by credit rationing. In the AB literature, it is quite common to assume banks dis-
criminate through higher or lower interest rates on loans. Since we are not very
concerned to banks’ behaviours in �nancial markets, we suppose that the bank-
ing sector is composed of an aggregate bank and constitutes a pure accommodat-
ing agent. It provides production �rms with loans to �nance their investment
plans and gathers whatever amount of deposits the public wishes to hold. For
simplicity, households’ accumulated wealth takes the form of bank-account de-
posits only. For the same reason above, the big bank sets constant interest rates:
it �nances loans at a rate rl and rewards deposits with a rate rh. Obviously, rl > rh
strictly holds. The equations describing the bank’s behaviour are the following:

intld = rl · σld · Ld,t−1 (27)
intmh = rh · σmh ·Mh,t−1 (28)

Fb,t = rl · Ld,t−1 − rh ·Mh,t−1 (29)

(27) describes the interest payments the bank picks from each �rm according
to its share on total loans, σld · Ld,t−1.34 (28) re�ects how the bank rewards the
single household’s deposit, according the its share on total wealth, σmh ·Mh,t−1.
(29) is the banking pro�ts equation. To ensure consistency, bank’s pro�ts are
distributed to households as in (16).

4.8 Prices, mark-up and in�ation expectations
The model does not involve the production of public goods, hence the prices
we should consider come from the unit price of private output. The benchmark

33For simplicity, we assume no credit constraints.
34Where σld = ld

Ld,t .
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setting assumes that �rms selling similar goods do not compete by lowering their
price, but by reducing the unit labour costs, realizing extra-pro�ts. Therefore,
to keep things as simple as possible, we establish a competitive market in which
prices gravitate around a unitary value p̄with a small and stochastic component
ζ3, drawn from a uniform distribution:

p = p̄ + ζ3, ζ3 ∼ U [−0.1; 0.1] (30)

The stochastic component is necessary to allow for some, although tiny, het-
erogeneity among prices. What is endogenous in the model is the mark-up, set
as a percentage over unit labour costs:

µ =
p · a
wr
− 1 (31)

We can appreciate why �rms invest on innovative search: productivity en-
hancements allow for labour saving and raise the mark-up. With almost-constant
prices, greater mark-ups mean higher pro�ts. The market share will be deter-
mined accordingly as follows:35

σm =
y
Yt

(32)

The in�ation rate is the annual percentage change in the (average) price level
and it is obtained once average prices are computed:

PPt =
1
F

F∑
i
pi (33)

πt =
PPt
PPt−1

− 1 (34)

In�ation enters the model through its in�uences on investment and con-
sumption decisions.36 We de�ne the expected in�ation rate πe as:

πe = ψ0 +ψ1 ·
(
πT − πt−1

)
+ πt−1 (35)

where πT is the target in�ation rate whileψ0 andψ1 are non-negative pa-
rameters. The expected price level PPe is:

PPet = (1 + π
e) · PPt−1 (36)

35The reader will notice that both (31) and (32) do enter or in�uence the dynamic of the model in no way. This
will change as re�nements are added to the baseline. See the Appendices below.

36We adopt a regressive in�ation-expectations process since it “[. . . ] provides a more accurate approximation of
how economic agents make their decisions in the real world” (Veronese Passarella-Sawyer, 2019).
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The �nal step consists of introducing in (3), (14), (17) and (18) the following
behavioural equation, de�ned as the ratio between expected and actual prices:

PRt =
PPet
PPt

(37)

4.9 The redundant equation
Usual SFC models terminate their exposition with the redundant equation, a
relationship that equals the stock of wealth with the stock of loans:

Mh,t =Ms,t (38)

As ascertained by the transactions-�ow matrix above, although the model
contains no equilibrium condition which makesMh andMs equal, they must
result identical once the model is solved, in accordance to a Walrasian principle.
In other terms, well-behaving mathematical models should always have an equa-
tion that can “be dropped out of the model if a solution of the model is not to
be over-determined” (Godley-Lavoie, 2006).37 It is important to point out that
consistency requirements hold true at the micro-economic level too:mh,t = ms,t .
Fig. IV provides evidence of the accounting consistency.

5 Notes on the baseline model
The model is run through 450 periods on quarterly basis. It does not allow
for analytical, closed-form solutions. The latter is a general characteristic of AB
models and comes from the many non-linearities in the agent decision rules and
patterns of interaction. Most coe�cients and initial values of variables are either
borrowed from the literature or given reasonable values. For instance, each �rm
is endowed with a single unit of (capital) good in the �rst period of the simula-
tion. The symmetry condition is borrowed from Caiani et al. (2016a). However,
key coe�cients of key behavioural equations are given stochastic values varying
agent by agent. Examples are the marginal propensities to consume out of in-
come, the coe�cient in the R&D investment function and so on. Tab. IX clari-
�es which parameter varies and which does not. It is important to underline that
the symmetric condition of agents’ initial characteristics does not prevent that
heterogeneity emerges in subsequent stages of the model, as outcome of interac-
tions among agents. The adoption of stock-�ow norms since the very beginning

37(38) expresses the familiar Keynesian identity between (accumulated) savings, on the left-hand side, and (ac-
cumulated) investments, on the other side. Additionally, since �nancing allows investments to be carried out, that
accounting identity implies that lending is a pre-condition for savings, rather than the other way round (Caiani et
al., 2016b).
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dampens the arbitrariness of behavioural parameters and in�uences from purely
stochastic factors. At the same time, we perform 100 Monte Carlo runs to wash
away the variability across simulations. As clari�ed by Dosi et al. (2010): “Monte
Carlo distributions are su�ciently symmetric and unimodal to justify the use of
across-run averages as meaningful synthetic indicators”.38

Fig. V displays average trends surrounded by their standard deviations for the
main variables of interest. The �gure shows that the model �rst experiences the
usual burn-in period, converging to a relatively stable con�guration after 30 pe-
riods circa. We call this situation a stationary state as de�ned in the footnote
above. However, convergence toward a stationary state does not imply stasis:
a roller-coaster dynamics generates persistent �uctuations at the business-cycle
frequencies. This is con�rmed by the amplitude of standard-deviation intervals
around the average trend.39

Fig. VI compares the volatility structure of main aggregate variables in the model
through a comparison of their cyclical components: consumption, investment,
output, investment in physical capital and innovative research, productivity and
the unemployment rate. We have separated trends and cyclical components us-
ing the Hodrick-Prescott �lter. However, we are well aware that assuming trends
and cycles as additive is a very simplifying hypothesis. Furthermore we normal-
ized the cyclical component by the trend to allow for a comparison on same
scales. The arti�cial time series replicate well-known empirical evidence such as
in Napoletano et al. (2006), Fagiolo et al. (2008). In particular, investment com-
ponents and the unemployment rate are indeed more volatile than output and
consumption, while the latter is almost as volatile as output. 40

Fig. VII exhibits the auto-correlation function of our de-trended series, looking
similar to what observed in empirical data.41 Most variables possess positive and
signi�cant auto-correlations which do not go beyond the �fth lag, while labour
productivity does not show any signi�cant auto-correlation. More precisely, ag-
gregate investment, its components and the unemployment rate have signi�cant
�rst-order auto-correlations, while consumption and output extend the signi�-
cance until the �fth lag. By contrast, the result for labour productivity is proba-
bly due to the imitation process, that allows for breaks with respect to preceding

38We must nonetheless recognise that averages �atten di�erences within and between simulations, possibly hid-
ing some interesting features occurring in each simulation. Actual examples are the deep recessions during the
periods 120 − 130 and 165 − 175.

39A common practise in AB models is that of doing away the initial periods of the simulations. They concern to
the transient phase before convergence and they are strongly a�ected by initial conditions. We nonetheless display
also those periods for completeness of exposition and for the reasons in Caiani et al. (2016b).

40Consumption should actually be a bit less volatile than output. This is not very clear in the model probably
due to our assumption about consumption functions.

41Dashed lines in the plots indicate whether correlations are signi�cant.

23



developments.
Fig. VIII captures the cross-correlation function of the previous variables with
respect to aggregate production. In tune with the literature above, consump-
tion and aggregate investments are pro-cyclical and lead output. Productivity
displays a clearly pro-cyclical and slightly leading pattern while unemployment
is counter-cyclical and lagging. We have to spend nonetheless some words on the
investments’ behaviour at micro-economic level. There is an important body
of literature showing that investment decisions are dictated by an opportunity-
cost e�ect: if �rms experience a sales boom and in the absence of tight credit
constraints, they prefer allocating their human and physical assets to current
production. Hence, longer-term (innovative) investments should be counter-
cyclical, while short-term investments are pro-cyclical.42 However, Napoletano
et al. (2006) found empirical evidence that aggregate investments are pro-cyclical
and synchronized with (or slightly leading) the business cycle. Our model does
not explicit any remarkable trade-o� between short-term or long-term invest-
ments or between investments in tangible and intangible assets. Additionally, we
do not model any particular credit-market constraint. So, our results are consis-
tent either with Aghion et al. (2010, 2012) or with Napoletano et al. (2006), since
R&D investments are counter-cyclical but aggregate investment is pro-cyclical.
The reason lies in the greater amount of investments in tangible capital at �rm
level, which is pro-cyclical. This feature more than counterbalances the counter-
cyclicality in R&D on aggregate. Anyhow, the debate is still open on that point
and we deserve further attention in future research.43 To conclude this Section,
the outcomes we get suggest that the observed correlation structures are not sim-
ply dependent on speci�c parametrizations of the model: as explained by Caiani
et al. (2016b), if we changed the parameters of the model, we would obviously
get di�erences in the behaviour of the agents and consequently aggregate results
would di�er; however, the inherent properties of the model in term of correla-
tion structure and the way variables impact on each other would be the same and
not tied to a speci�c set of parameters.

6 Policy experiments
Caverzasi-Godin (2015) gives a crystal-clear explanation to ascertain policy impli-
cations from a SFC model. Once the model approaches to the stationary state,
we shock it. In other terms, we modify the value of some parameter or exogenous
variable to see how the economy reacts and then compare the di�erent stationary
states. Six policy options are tested in the next few pages, namely:

42In contrast, the huge presence of credit constraints makes long-term investments pro-cyclical. For further de-
tail, see Aghion et al. (2010, 2012).

43Still, for further detail, check Stock-Watson (1999).
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• a decrease in the exogenous coe�cient of the wage equation, w0;

• an increase in the exogenous coe�cient of the wage equation, w1;

• a cut in the interest rate on loans, rl ;

• a cut in the interest rate on deposits, rh ;

• an increase in the meetings per unit of time,meet;

• an increase in the parameter of the threshold function λ, ε.

The �rst and the third policies are the most important, since they concern
to the role played by the functional distribution of income and the interest rate.
The second and fourth policies help check if the model works as expected and
help us con�rm previous results. Finally, the last two are about an enlargement
of innovation and imitation possibilities.44

6.1 The role of income distribution
The reason to test the role exerted by wages lies in the general disagreement found
in the literature.45 On the one hand, we can argue that high wages squeeze pro�ts
and reduce investments, while keeping them in check frees resources and helps
increase output and employment. On the other hand, high wages foster aggre-
gate demand, enhancing investment outlets and providing incentive for a dy-
namic mechanization of the productive process. Positive e�ects are then re�ected
on higher pro�ts.
The parameterw0 can be seen as the balance of the social con�ict between work-
ers and entrepreneurs in the economy as a whole. In contrast, w1 allows for the
endogenization of the wage rate and represents the in�uence exerted by the un-
employment rate of precedent period. Fig. IX displays the results of a social com-
promise more favourable to capitalists, hence a lower w0. If compared to the
baseline scenario, lower wages result in worse economic performances. Indeed,
wages sustain consumption and, indirectly, investments. A lower aggregate de-
mand reduces capitalist’s incentive to invest either on capital stock or on inno-
vation activity at the micro-economic level. The reason lies in the fact that �rms
try to adjust the capital stock to reach a normal capital-output ratio (see eq. 3).
If target output declines, so does target capital and �rms start disinvesting. On
the same line, the decrease in sales, on the one hand, and the concomitant smaller
discrepancy between the normal and the actual pro�t rate, on the other hand, do
not provide the incentive to perform R&D and save labour. Firms will �nd more
convenient to adapt the productive process to less capital-intensive techniques.

44A caveat for the reader: Fig. IX through XIV exhibit policy results in values relative to the baseline surrounded
by the standard deviation, as common to the literature.

45Check Stockhammer (2017) and Onaran-Galanis (2012) for further detail.
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The result will be a worse general economic performance on aggregate.46

The same holds in Fig. X from an increase of w1: as in eq. 14, that policy is an-
other way to shifting income toward pro�ts. Although results are qualitatively
similar to the above, the impact of this change is very tiny, if compared to the
former.
In conclusion, we trace out from the �rst set of policy experiments the posi-
tive in�uence of higher wages in triggering a process of economic development
and innovation achievements. To put things di�erently, the improvement of
labour market regulation, the centralization of the industrial relation system or
other pro-worker measures help achieve better results in terms of long-run per-
formances, such as lower unemployment rates or higher capital accumulation
and productivity. This is line with Allen (2009, 2011) and Dosi et al. (2018).

6.2 The role of interest rates
The economic literature always asked whether, and how, the interest rate spurs
the economic activity. The general belief is that a cut in the rate of interest stim-
ulates the expansion of production since capitalists are less burdened by the ser-
vice of debt. Fig. XI shows the e�ect of a decrease in the rate of interest on loans
applied to �rms, rl . As we can see, the result is interesting. A lower service of
debt increases the amount of pro�ts in capitalists’ pockets; that translates into
higher consumption levels out of capitalist income, which contribute to sus-
taining aggregate demand. Investments in capital stock will rise accordingly at
the micro-economic level, since the entrepreneurs will adjust the capital stock
to ful�ll a higher target capital requirement. Nevertheless, we notice a di�er-
ent pattern for the innovative search and for productivity. The decrease in the
interest rate on loans raises the pro�t rate of the individual �rm, so it eases the
entrepreneur to reach a normal pro�t rate. Facing lower competitive pressures,
the capitalist reduces her innovative investment and labour productivity will be
lower than in the baseline scenario. To put that di�erently, we have a disentan-
glement: although the economic activity stands in higher levels of aggregate pro-
duction and employment, the innovative rate at �rm level is not encouraged since
entrepreneurs prefer adapting production to less capital-intensive techniques.47

In contrast, Fig. XII displays the e�ect of a cut in the interest rate on money de-
posits, rh. It is easy to see that our variables of interest are a�ected in no way.
Lower interest rates on savings diminish the load of interests paid to households

46The shift toward less capital intensive techniques could have resulted in higher employment rates. However,
the negative e�ect of low wages more than compensated that positive e�ect, as clear in the bottom-left panel of
Fig. IX.

47We should however say that the reduction in the innovative search is quantitatively little, albeit qualitatively
important.
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and increase bank pro�ts accordingly. The outcome is a reduction in the house-
holds’ disposable income. However, on the other hand, we assumed that bank-
ing pro�ts are fully distributed to households according to their wealth share.
Moreover, we posited in eq. 19 that the marginal propensity to consume out of
interest payments and banking pro�ts is the same, α3. Therefore, what comes
out of door, as interests, falls through the window, as pro�ts. The economic
system performs as nothing happened.

6.3 Experiments on the innovation possibilities
The last set of experiments consists of loosening the barriers to innovation and
imitation. The economic theory spent a lot of e�ort to judge whether the pro-
tection of intellectual property rights is a vehicle, or not, for further innovation
attainments, coming to heterogeneous conclusions. Our simple setting does not
allow for very complex analyses, but it could nonetheless provide some insights.
In what follows we test an increase in the maximum number of meetings per
unit of time,meet, and an increase of a parameter in the threshold function λ, ε.
Both of them may a�ect the innovation and the imitation rates in the economy,
increasing the �ow of ideas at the meso-economic level.
Fig. XIII is about an increase in the parametermeet. In Section IV we described
it as the measure of the network size around the single capitalist. More meetings
per unit of time consist of more potential competitors from which to imitate
and, at the same time, more exposure toward competitor’s imitation. However,
the �rst hypothesis seems prevailing: the higher capability to imitate raises labour
productivity at �rm level and, according to eqs. 8 and 31, pro�ts. More pro�ts,
more spending out of capitalist income and hence more sales. Further achieve-
ments in labour productivity are then possible through eq. 23. The new station-
ary state is higher than the baseline. However, the positive e�ects are evident in
the very long run only, while in the short-to-medium run results are very uncer-
tain, because of the increased volatility around the average trends. Furthermore
the impact on the unemployment rate is doubtful in the long term too.
Something similar occurs through a slight increase in ε. In eq. 23 it represents the
speed with which the logistic function λ converges to 1. We recall that λ is the
probability to innovate and imitate according to the level of R&D outlays. The
greater ε, the greater λ, the greater the labour productivity and the �rm’s pro�ts.
The economy gravitates around higher stationary states as in Fig. XIV. Anyway,
the positive outcomes, if any, are circumscribed to the very long period.
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7 Conclusions
The aim of Part I was to set Secular Stagnation into the agent-based perspective
and to provide some insights on the matters a�ecting the US economy since the
end of the Golden Age of capitalism (1950-1973). Crucial features of the Amer-
ican economy are the very remarkable slowdown in growth of federal R&D ex-
penditures and the redirection, by many leading �rms, of resources and attention
from more exploratory scienti�c research towards more commercially-oriented
projects (Arora et al., 2018). They accompany the mounting income inequality
and the decreasing productivity growth noticeable since 1973.

We developed a simple agent-based SFC model for a one-good two-class closed
economy without government sector. The distribution of income between wages
and pro�ts is pivotal to determine the intensity of R&D activity within the eco-
nomic system. Though the very simple framework, the model shows that dis-
tributions of income more favourable to wages, the improvement of the social
protection system, the centralization of the collective bargaining structure or any
other pro-labour policy result in better economic performances on aggregate,
since production, capital accumulation and labour productivity would gravitate
around higher stationary states. The American economy experienced a strong
weakening of all these institutions in the last decades and that can help give a
justi�cation for the problem of Secular Stagnation as we de�ne it. Obviously,
we admit that this is not the only valid reason for the long-run tendency of pro-
ductivity growth to fall. Non-technological motives, like lower top marginal tax
rates, increased low-skill immigration, rising trade with China and low-cost man-
ufacturing countries or the rise of superstar �rms (Autor et al., 2020) are equally
plausible. We tested also the role exerted by the rate of interest and the loosen-
ing of barriers to innovation and imitation. On the one hand, the decrease in
the interest rate leads to particular results: it helps increase aggregate production
and employment levels but impacts negatively on labour productivity, since the
entrepreneurs reach more easily a normal pro�t rate and prefer organizing the
production process to less capital-intensive techniques. On the other hand, loos-
ening the barriers to the interaction among �rms and increasing the possibility
to exchange ideas through imitation allow for further innovation and better eco-
nomic performances as a whole, but the e�ect is circumscribed to the long run
only.
To conclude, we are aware of the limitations of the model. Results in the Appen-
dices, obtained after a re�nement of the model, suggest to direct future research
in the analysis of �rms’ size distribution, since the evidence of �rms’ size polariza-
tion. As in Bowles (2009): “An adeguate theory must illuminate the process by
which group structure emerges in a population of individuals, how the bound-
aries among the resulting higher-level entities are maintained, and how they pass
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out of existence”. Moreover, the model cannot deal with growth questions yet.
We promise therefore we would improve the model in future research to address
these topics, namely in Part II.
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A Tables and Figures

Table I. Average wage share and average growth rates for labour productivity and TFP

Time - Variable Adjusted wage share Labour Productivity TFP

1950 − 73 0.674 0.027 0.017
1973 − 95 0.656 0.017 0.006
1995 − 07 0.642 0.026 0.012
2007 − 19 0.613 0.015 0.006

Source: author’s own calculations on Ameco and BLS data. Data on wage share are available since 1960. We
applied the HP-�lter to focus on the trend component only.

Table II. Average growth rates in US R&D expenditures by source

Time - Variable Federal Other - Gov’t Industry Non-pro�ts University Total

1953 − 73 0.028 0.032 0.027 0.035 0.036 0.028
1973 − 95 0.004 0.014 0.022 0.023 0.028 0.014
1995 − 07 0.008 0.016 0.016 0.030 0.023 0.014
2007 − 17 −0.001 0.005 0.014 0.021 0.019 0.010

Source: author’s own calculations on AAAS data. Data are available since 1953 for each variable. We applied the
HP-�lter to focus on the trend component only.

Table III. Average growth rates in US Federal R&D expenditures by function

Time - Variable Defense Energy General Science Health Natural Resources Non-defense Other Space

1953 − 73 0.027 0.066 0.043 0.065 0.042 0.062 0.046 0.082
1973 − 95 0.008 0.003 0.005 0.018 0.005 0.002 −0.001 −0.011
1995 − 07 0.012 −0.024 0.023 0.025 −0.004 0.013 0.003 −0.001
2007 − 18 −0.020 0.019 0.006 0.001 0.002 0.002 −0.004 0.002

Source: author’s own calculations on AAAS data. Data are available since 1953 for each variable. We applied the
HP-�lter to focus on the trend component only.
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Table IV. R&D shares, I

Time - Variable R&D as %
of GDP

Private R&D as %
of Fixed Investments

Federal R&D
as % of Discretionary Outlays

Federal R&D
as % of Total Outlays

1950 − 73 0.022 0.078 0.144 0.092
1973 − 95 0.026 0.104 0.117 0.052
1995 − 07 0.027 0.137 0.124 0.045
2007 − 18 0.029 0.155 0.109 0.038

Source: author’s own calculations on AAAS and BEA data. Data are available since 1962 for variables referred
to Federal R&D. We applied the HP-�lter to focus on the trend component only.

Table V. R&D shares, II

Time - Variable Defense
as % of Defense Outlays

Non-defense
as % of Total Budget

Non-defense
as % of Non-defense Outlays

1962 − 73 0.119 0.041 0.197
1973 − 95 0.120 0.022 0.114
1995 − 07 0.141 0.019 0.107
2007 − 18 0.116 0.017 0.103

Source: author’s own calculations on AAAS data

Table VI. Ordinary correlation among some variables

Ordinary Correlation | Adjusted Wage Share Labour Productivity TFP Federal Industry Non-pro�ts Other - Gov’t Universities Total

Adjusted Wage Share 1

Labour Productivity 0.354*** 1

TFP 0.482*** 0.940*** 1

Federal 0.319*** 0.294*** 0.172 1

Industry 0.512*** −0.349*** −0.123 0.185 1

Non-pro�ts −0.040 0.174 0.054 0.409*** 0.196 1

Other - Gov’t 0.555*** 0.445*** 0.457*** 0.602*** 0.417*** 0.680*** 1

Universities 0.702*** 0.286** 0.475*** 0.496*** 0.710*** 0.221 0.770*** 1

Total 0.158 −0.207 −0.205 0.739*** 0.655*** 0.564*** 0.522*** 0.538*** 1

Note: author’s own calculations. Signi�cance: *** 1% threshold; ** 5% threshold; no star no signi�cance.
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Table VII. Balance sheet matrix of the model

Households Production �rms Banks Σ

Money deposits +M −M 0
Loans −L +L 0
Fixed capital +K +K
Balance (net worth) −Vh 0 0 −Vh
Σ 0 0 0 0

Table VIII. Transactions-�ow matrix

Production �rms Bank
Households Current Capital Current Capital Σ

Consumption −C +C 0
Investment +I −I 0
[Production] [Y ]
Wages +WB −WB 0
Entrepreneurial pro�ts +Fd −Ff +Fi 0
Bank pro�ts +Fb −Fb 0
Depreciation allowances −AF +AF 0
Interests on loans −rl · L−1 +rl · L−1 0
Interests on deposits +rh ·M−1 −rh ·M−1 0
Change in loans +∆L −∆L 0
Change in deposits −∆M +∆M 0
Σ 0 0 0 0 0 0
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Table IX. Time span, number of agents, parameter setting and exogenous variables

Notation Description Value

Time Time span 450
MC Monte Carlo runs 100
F Firms 100
Ns Workers-Consumers 500
α0 Autonomous consumption 0.001
α1 Worker’s marginal propensity to consume out of income [0.75; 0.9]
α2 Capitalist’s marginal propensity to consume out of income [0.5; 0.7]
α3 Marginal propensity to consume out of wealth [0; 0.1]
a0 Labour-productivity initial value 1
a1 Coe�cient in the productivity equation 0.75
δ Capital depreciation 0.05
ε Parameter in the threshold function 0.05
φ Inverse normal capital-output ratio 1
i0 Autonomous investment 0.8
i1 Partial-adjustment coe�cient [0.15; 0.2]
kappa Output-capital ratio 1
µ0 Coe�cient in the mark-up equation 0.075
meet Meetings per unit of time 5
p̄ Price constant 1
ψ0 Coe�cient in the price expectations function 0
ψ1 Coe�cient in the price expectations function 0.01
q Share of capitalist wealth re-invested 0.0027
ϱ Normal pro�t rate 0.05
rl Interest rate on loans 0.0075
rh Interest rate on deposits 0.0025
ϑ0 Coe�cient in the R&D investment function [0.007; 0.008]
ϑ1 Coe�cient in the R&D investment function 0.15
v Coe�cient in the mark-up function 0.02
w0 Coe�cient in the wage equation 0.7
w1 Coe�cient in the wage equation 0.005
ζ1 Stochastic component from a uniform distribution [0; 1]
ζ2 Stochastic component from a uniform distribution [0; 1]

Note: shaded lines denote variables whose value di�ers between agents.
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Figure I. US adjusted wage share and productivity growth rates, 1950 − 2018. Left axis refers
to productivity growth rates, right axis to the wage share. Shaded areas indicate major crises.
Source: Ameco and BLS data.
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Figure II. US R&D expenditures, 1953−2018. Shaded areas indicate major crises. Source: AAAS
data.
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Figure III. Flow diagram of the model. Arrows point from paying sectors to receiving sectors.
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Figure IV. Consistency check on selected simulation: deposits equal loans every period.
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Figure V. Baseline model: levels in log terms.
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Figure VI. Cyclical components of simulated time series for some aggregate variables.
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Figure VII. Baseline model: auto-correlations.
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Figure VIII. Baseline model: cross-correlations with respect to aggregate output.
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Figure IX. Policy experiment: a decrease in the parameter w0. Values relative to the baseline
surrounded by the standard deviation.
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Figure X. Policy experiment: an increase in the parameter w1. Values relative to the baseline
surrounded by the standard deviation.
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Figure XI. Policy experiment: a decrease in the rate of interest rl . Values relative to the baseline
surrounded by the standard deviation.
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Figure XII. Policy experiment: a decrease in the rate of interest rh. Values relative to the baseline
surrounded by the standard deviation.

49



Figure XIII. Policy experiment: an increase in the parametermeet. Values relative to the baseline
surrounded by the standard deviation.
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Figure XIV. Policy experiment: an increase in the parameter ε. Values relative to the baseline
surrounded by the standard deviation.
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B More on the model . . .
B.1 Notes on the matching process
This subsection provides a few notes on the matching process between �rms and
workers-consumers, and how it is possible to get the demand faced by each �rm.
The �rst step of our procedure creates a F ×Ns matrix, called fwnet . It represents
the �rms-workers network. The cells take value 1 if a link between a �rm and
a worker is established and 0 otherwise. We sample random cells and set them
equal to 1: precisely, every row will count a number of 1s equal to the labour de-
manded by the single �rm. For instance, if the �rst row of the network contains
ten 1s, then the employment in the �rst �rm amounts to ten workers, and so
on.48 The procedure allows for the establishment of a simple random matching,
repeated across time.49

Let us deal with the formation of the demand schedule.50 We discern from each
period the wage vector w′r = [wr,1, . . . , wr,i, . . . , wr,F ], being wr,i the wage paid
by the i-th �rm. We can transform the wage vector in a F × F diagonal matrix as
below:

w′r → wr,diag =


wr,1 . . . 0
... wr,i

...
0 . . . wr,F


The approach allows to determine the F ×Ns matrix of disposable incomes

ydh referred to each worker for every period:

wr,diag×fwnet =


wr,1 . . . 0
... wr,i

...
0 . . . wr,F

×


1 0 . . . 1
... 1 0

...
0 0 . . . 1

 =

wr,1 0 . . . wr,1
... wr,i 0

...
0 0 . . . wr,F


wr,diag × fwnet = ydh

We may imagine a F × Ns matrix as something observed from the point of
view of the �rms. Its Ns × F transpose matrix is the same object looked from
the point of view of the workers. Why is the reversal perspective useful? If every
worker were assigned a random marginal propensity to consume out of income,
we could adopt the same diagonalization as above to derive the consumption
demand out disposable income, cydh. In particular, the transpose matrix makes

48To be precise, it amounts to nine workers and one manager, the entrepreneur.
49To avoid the matching be invariant across simulations, we limit to de�ne the network inside the for-loop.

However, capitalists do not change over time.
50We do not consider �rms’ and bank’s pro�ts or interest payments in what follows to streamline the discussion.

Anyway, the same argument holds as well.
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clearer that the propensity to consume varies between workers but not with re-
spect to the single �rm: that is, if the j-th worker is supposed to have a marginal
propensity to consume equal to 0.6, then this value is the same regardless of the
�rm to which the agent decides to consume. Formally we have:

α′1 =
[
α11, . . . , α1i, . . . , α1Ns

]
→ α1,diag =


α11 . . . 0
... αi1

...
0 . . . α1Ns


α1,diag × ydhT =


α11wr,1 . . . 0

0 α1iwr,i 0
... 0

...
α1Nswr,1 . . . α1Fwr,F

 = cydh

We repeat the same procedure to obtain the consumption out of wealth and
the total consumption function c. Updating every time the fwnet network allows
that each agent works potentially for every �rm during the simulation span, and
then c represents a Ns × F matrix with the amount spent by the single agents
in consumption goods, hence a full demand schedule. Transposing and row-
aggregating the consumption matrix c return the amount of consumption de-
mand faced by the single enterprise, cf .51

B.2 Re�nements and related experiments
This subsection provides a re�nement of the baseline setting. The reason lies in
that the old framework did not assign to mark-up and market shares any interest-
ing role. Moreover, as noted in the subsection above, consumer’s demand origi-
nated from the �rms-workers network. In what follows, we amend the model in
two ways: �rstly, mark-ups are not determined by but contribute to determine
the selling price and, second, we create a new matching process between �rms
and consumers in tune with Riccetti et al. (2015) and Caiani et al. (2016a).
Eqs. 30 through 32 assumed that �rms were essentially price-taker and invested
in R&D activity to earn extra-pro�ts and a higher mark-up. Moreover, the mar-
ket share was determined as a residual and either it or the mark-up did enter or
in�uence the dynamic of the model in no way. We shall reverse that assumption
and let �rms set the price as a mark-up over unit labour cost:

p =
(
1 + µ

)
·
wr
a

(39)

51This overall procedure is very little time-consuming since it requires no for-loops at all. Every operation is
performed through the help of matrix algebra.
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The mark-up is set by the entrepreneurs according to the market-share dif-
ferential:

µ = µ0 + v · (σm,−1 − σ̄) (40)

where µ0 and v are constant while (σm,−1 − σ̄−1) indicates that the mark-up
increases when the market share is above the average market share and decreases
in the opposite case.52

The matching process re-adapts that in Ricetti et al. (2015) and Caiani et al.
(2016a). Agents meet on the (consumption) good market and act following the
same protocol: potential consumers observe a subset of prices from a restricted
and random set of suppliers, re�ecting their imperfect information. They choose
the best seller according to the lowest selling price. Each period agents have the
opportunity to switch to another supplier with a certain probability, the latter
depending on the price di�erential:

Prob =

{
1 − eχ1·

pnew−pold
pnew if pnew < pold

0 otherwise
(41)

Eq. 41 says that the larger the price di�erential between the old and the new
supplier, the higher the probability to switch to the new. The assumption con-
siders the empirical fact that consumers establish a durable relationship based on
trust and reciprocity to solve problems from asymmetric information.53

The corpus of equations is the same as above, with the notable exception rep-
resented by eqs. 39 and 40, which replace eqs. 30 and 31. Fig. XV displays the
convergence path of the extended version of the model.54 We notice neither qual-
itative nor quantitative signi�cant variation with respect to the baseline setting:
all the variables of interest approach to the stationary state after few periods and
keep swaying around it. In Fig. XVI we report to the consistency check to show
that, even in this case, accounting requirements have been fully respected. How-
ever, we must point out a remarkable feature: although the aggregate results are
not very di�erent from the original setup, the dynamic at the micro- and meso-
economic level is quite di�erent. A deep understanding of the model shows an
interesting polarization in terms of �rm’s size and economic performances. In
the baseline setting all this did not happen. These results establish once again
the importance to analyze economic systems with micro-heterogeneity, as in the
AB framework. Focusing on the aggregate perspective only, indeed, would allow
for a partial and incomplete analysis of an economy.55

52The assumption resembles and simpli�es what found in Dosi et al. (2010).
53The literature on behavioural economics is endless. We suggest Bowles (2009).
54As before, we focus on the trend component of our arti�cial time series, obtained through the application of

the Hodrick-Prescott �lter.
55We leave the study of the polarization issue to future research.
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We decide to carry out again three major experiments, to use as a robustness
check for the above. In other terms, we want to see the e�ects of a reduction in
the wage coe�cient w0, a decrease in the interest rate on loans rl and, �nally, an
increase in the number of competitors observed by the single entrepreneur, rep-
resented by the parametermeet. Results are exhibited in Fig. XVII through XIX.
A cut in the exogenous coe�cient w0 represents a shift of income from wages to
pro�ts. Results in Fig. XVII tend to mirror what we got in Fig. IX. Apart the
obvious decline of the wage share, we witness a progressive worsening in the over-
all performance, since the economic system approaches to and gravitates around
lower stationary states.56

Fig. XVIII is about the e�ects of a decrease in the interest rate on loans. The
results tendo not to be very di�erent on average from what obtained in Fig. XI,
even if the magnitude of the e�ect is smaller than in the corresponding experi-
ment above. As expected, a lower service of debt increases the entrepreneurial
pro�ts and that contribute to sustaining demand through consumption. It in-
duces entrepreneurs to enlarge their investments in capital stock, but not in in-
novative search. As above indeed, the lower rate of interest helps �rm to adjust
quickly the actual rate of pro�t to the normal rate, so subtracting an important
motive for innovation. The level of labour productivity is then lower than in
the re�ned baseline scenario. Anyhow, the decrease in the innovation rate does
not impede that aggregate production, its components and the employment rate
gravitate around higher stationary states.
Eventually, we loosen the barriers to innovation and imitation in Fig. XIX through
the increase in the parametermeet. Former results are once again con�rmed, the
little policy impact notwithstanding. The overall surge in most economic per-
formances we witness, if any, is limited to the very long period. Each variable, in
fact, keeps swaying around the baseline values. This is particularly true for the
unemployment rate and for labour productivity. We can explain the limited im-
pact of that loosening through the observation that the new matching process
allows for a polarization in �rms’ size distribution: in other terms, there might
be just few highly innovative �rms and many smaller and little productive �rms,
which have got a lower business size and are not incentivized to perform R&D.
It calls for deeper future research.

56In particular, the low wage and the low-demand economy do not provide the entrepreneurs with enough in-
centives to carry out innovative research projects. As explained by Allen (2009) with respect to the British Industrial
Revolution, high wage sustain the demand for new and labour-saving technologies.

55



Figure XV. Re�ned model: levels in log terms.
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Figure XVI. Consistency check on selected simulation for the re�ned model: deposits equal
loans every period.
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Figure XVII. Policy experiment on the re�ned model: a decrease in the parameter w0. Values
relative to the modi�ed baseline surrounded by the standard deviation.
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Figure XVIII. Policy experiment on the re�ned model: a decrease in the interest rate rl . Values
relative to the modi�ed baseline surrounded by the standard deviation.
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Figure XIX. Policy experiment on the re�ned model: a decrease in the parameter meet. Values
relative to the modi�ed baseline surrounded by the standard deviation.
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