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Chapter 1

Introduction

T his thesis is composed by three essays aimed at analyzing the interplay between
technical change, long-run economic growth and functional income distribution,

by focusing in particular on the possible explanations accounting for the persistent
declining pattern of aggregate wage share observed during the last decades in many
advanced economies. From a methodological perspective, I analyze this topic with
the Complex Adaptive System approach, and in particular by implementing two
Agent Based-Stock-Flow Consistent (AB-SFC) models in Chapter 2 and Chapter 3,
whereas in Chapter 4 I propose an analytical two-sector Kaleckian model.
In Chapter 21 I present a model wherein the classical idea about the so-called directed
and induced technical change (ITC) has been introduced within a Keynesian demand-
side and evolutionary endogenous growth model. The ITC process is analyzed within
a closed-economy AB-SFC model, wherein credit-constrained heterogeneous firms
choose both the intensity and the direction of the innovation towards a labor- or
capital-saving choice of technique. In the long-run, the model reproduces the so-
called ‘Kaldor stylized facts’ (i.e. with a purely labor-saving technical change),
however during the transitional phase the model shows a labor-saving/capital-using
innovation pattern, as the aggregate output-capital ratio decreases until it stabilizes
in the long-run, as well as declining labor share for long time periods and we can
ascribe these evidences mainly to the directed technical change process and to its
detrimental effect upon the aggregate demand of the economy. In order to stress the
effective role of the innovation bias on the model dynamics, I compare the baseline
scenario with a ‘counterfactual’ scenario wherein a ‘neutral’ technical progress is at
work.

1A version of the model presented in this chapter has been already published as Fanti L. (2018)
‘An AB-SFC Model of Induced Technical Change along Classical and Keynesian Lines’ , DSSE
Papers Series 3/2018, Department Social Sciences and Economics (DSSE).
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In Chapter 32 I propose a multi-country extension of the model presented in Chapter 2.
Building on Caiani et al. (2017) and Caiani et al. (2017a), the model is aimed at
analyzing the role of biased technical change process on long-run economic growth,
distributive shares and employment dynamics within an artificial monetary union
wherein a given number of countries interact on different markets (i.e. tradable goods,
credit, deposits and bonds). The model is able to confirm the results obtained with
its closed-economy version, that is the emergence of a persistent declining pattern
of aggregate wage share. Furthermore, the two-sector specification also allows us
to analyze different pattern of sectoral wage shares, due to different intensities and
directions of the innovation effort and different ‘capital-deepening’ between sectors,
leading to a shift of the employment share from tradable to non-tradable sector,
whereas the multi-country modeling framework shows the emergence of persistent
growth and technological gaps across countries belonging to our artificial monetary
union.
In Chapter 43 I look at structural change, and in particular at the shrinking size
of manufacturing in favor of the service sector, as one additional source of decline
in the wage share. To the purpose, I build on Dutt (1988) to develop a two-sector
Kaleckian model of growth and distribution, where the economy consists of the
service and manufacturing sectors. The service good is only used for consumption
while the manufacturing good is used both for consumption and accumulation of
the capital stock. I assume that structural change is exogenous as it arises from a
shift in consumers’ preferences. I show that, when mark-ups are relatively higher
in the service sector, a shift in the sectoral composition of demand in favor of the
service sector good generates a rise in the profit share. The unique (non-trivial)
steady state is asymptotically stable.

2The model presented in this chapter is part of a joint research project with Ermanno Catullo
and Mauro Gallegati.

3The model presented in this chapter is part of a joint research project with Elton Beqiraj and
Luca Zamparelli.
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Chapter 2

‘Kaldor Facts’ and the Decline
of Wage Share: an Agent
Based-Stock Flow Consistent
Model of Induced Technical
Change along Classical and
Keynesian Lines

2.1 Introduction

Since the inception of classical political economy the effect of technological
progress upon long-run economic growth and the distribution of income among social
classes represents a crucial question. For many years the bearings for modern theory
of economic growth and distribution have been the empirical regularities known as
‘Kaldor stylized facts’ (Kaldor 1957), and in particular the constancy of aggregate
output-capital ratio and of distributive shares.
However, over the last few decades we have observed a persistent decline in the
wage share together with moderate growth of real wages (especially compared to
the pace of labor productivity growth) and different pattern of output-capital ratio
in advanced economies.
The social and economic consequences of declining labor share, growing capital-
output ratio1 and different pattern of the rate of profit have been brought to the

1See Stiglitz (2016) for a detailed discussion about the definition of capital-output ratio adopted
by Piketty and its relation with the Kaldor facts.
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center of economic debate by Piketty’s book (2014) and his analysis about inequal-
ities and capital concentration in a weak growth scenario in advanced economies.
The declining pattern of aggregate wage share is nowadays at the core of economic
and political economy debate about the interplay among technological change, wage-
bargaining, institutional factors and distributive shares (see for example Piketty
2014, Stiglitz 2012), so as to lead many economists to highlight the evidence for
‘new stylized fact’ (Stiglitz 2016 and Jones 2015).
The Organisation for Economic Co-operation and Development (OECD 2012 and
OECD 2015) and the International Monetary Fund (IMF 2017) provide a detailed
analysis of key factors proposed in literature as the main drivers of falling labor
share during the last decades and special attention has been devoted to the excessive
labor-saving technical change and to the discrepancies between productivity growth
and real wages pattern, especially within the European Monetary Union and the US.
Within the economic literature, different explanations have been proposed in order
to account for the evidence of a declining labor share mainly through neoclassical
and classical ‘technology-based’ or Post-keynesian ‘demand-driven’ lenses. From a
Post-keynesian perspective, the increasing role played by globalization and financial-
ization in advanced economies have been identified as the main factors accounting
for the declining wage share (Stockhammer and Lavoie 2012 and Stockhammer
2013), whereas within the neoclassical stream of literature both theoretical and
empirical contributions mainly rely on the hypothesis of different values of elasticity
of substitution between production input (labor and capital).
Also from an empirical perspective, many economists within the neoclassical stream
of literature try to account for the role of technical change and its direction in affect-
ing the declining labor share (Bentolila 2003, Bassanini 2012, Hutchinson and Persyn
2012, Karabarbounis and Neiman 2014). However, all of these contributions have
been focused on the estimation of an elasticity of substitution between production
inputs greater than one as the sole explanation of an increasing ‘capital deepening’
affecting in turns the labor share.
During the nineties, Acemoglu proposes a revival of the so-called induced (ITC) and
directed technical change hypothesis, stemming from Hicks (1932), by implementing
an explicit direction of technical change, i.e. biased towards skilled or unskilled labor
(Acemoglu 1998) or towards labor or capital input (Acemoglu 2002 and Acemoglu
2003), in order to explain the dynamics of wages and labor share in the US and
European countries. Acemoglu proposes an endogenous growth model, similar to
the monopolistic competition models implemented by Romer (1989), Grossman and
Helpman (1991) and Howitt and Aghion (1998), by combining the assumption of
elasticity of substitution less than one with the endogenous bias of technical change
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towards labor or capital productivity improvement as the theoretical explanation
for labor share fluctuations in the medium-run, whereas in the long-run the model
exhibits constant distributive shares in line with the ‘Kaldor Facts’.
On similar grounds, in order to account for fluctuations in distributive shares Jones
(2003) presents a growth model implementing a production function with different
values of the elasticity of substitution for short and the long-run that is, respectively,
less than and equal to one.
Before Acemoglu, the ITC hypothesis has been developed along neoclassical lines dur-
ing the sixties by Kennedy (1964), who proposes a growth model with the so-called
‘Invention Possibility Frontier’ (IPF) in order to represent the trade-off between
improvements in labor or capital productivity, and then by Samuelson (1965) and
Drandakis and Phepls (1966).
Moreover, from quite distant theoretical perspectives, the puzzling question about
the interplay between technical change, growth and functional distribution have been
also addressed along purely classical (Van Der Ploeg 1987, Foley and Michl 1999,
Foley 2003, Foley 2003 and Zamparelli 2015) or classical/evolutionary (Dumenil and
Levy 2010) lines by implementing the ITC approach.
Notwithstanding, if we accept the idea of directed input-saving technical change
process induced by different paces of growth for wages and labor productivity
(so-called ‘Habbakkuk Hypothesis’2) as one of the main explanation for declining
labor share in advanced economies, an interesting puzzling question remains why
the moderate growth of wages in the early eighties could have not reversed the
labor-saving trend of technical change pattern. Blanchard (1997), for example,
explained this phenomenon with weaker bargaining power of workers and with lagged
factor substitution process triggered by the ‘wage push shock’ after the seventies,
for example within many European countries.
Recently, Stiglitz (2015) and Stiglitz and Greenwald (2015) also propose a model with
directed technical change by using the Kennedy’s IPF in order to show the impact of
different values of the elasticity of substitution between labor and capital input upon
long-run growth, distributive shares and unemployment. Stiglitz highlights how, in
a fixed coefficient scenario (the case analyzed within the present model), excessive
labor-saving technical change may have relevant negative effects upon functional
income distribution and may also reflect in excessively high levels of unemployment.
The contributions illustrated so far, are built upon a ‘supply-side’ and purely
technological-based approach to growth and distribution. Nevertheless, a ‘demand-

2In the early sixties, some contributions in the field of economic history (Salter 1962 and
Habakkuk 1962) suggest the relevance of ’labor scarcity’ as a key element accounting for the induced
labor-saving technical change, especially in Great Britain and United States in the nineteenth
century.
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side’ Keynesian approach has been increasingly developed by many scholars, in order
to account for the effects of aggregate demand on the dynamics of real and financial
side of a monetary production economy. On this ground, a relatively new and promis-
ing literature implementing macroeconomic models with strong interdependence
between demand- and supply-side and real and financial side of the economy comes
from the Complex Adaptive System approach applied to economics, stemming from
Arthur (1997), Kirman (2010), and Delli Gatti et al. (2007). Thus, the so-called
‘Keynes + Schumpeter ’ (K+S) class of models (Dosi et al. 2010, Napoletano et
al. 2012, Dosi et al. 2017), the Eurace@Unibi AB-SFC models (Dawid et al. 2012)
and the Agent-Based Stock-Flow Consistent (AB-SFC) models (Caiani et al. 2016,
Caiani et al. 2017, Caiani et al. 2018, Caiani et al. 2018a), concentrate the analysis
upon the interplay among the evolutionary endogenous growth process3, income and
wealth distribution, aggregate demand and credit and financial issues. Following
this stream of literature I try to exploit some insight provided by the classical inter-
pretation of the ITC hypothesis by introducing it into a Keynesian demand-side and
evolutionary endogenous growth model in order to suggest a possible explanation for
some evidence about growth and distribution, such as persistent fluctuations of the
labor share. The main goal is the analysis of the interplay among technical change,
long-run economic growth and functional income distribution without recurring to
any distinction between short-run (Keynesian) and long-run (classical) framework4

as well as the investigation of the interplay between the directed and biased technical
change process and the demand-side of our artificial economy.
The present model is mainly built upon the (post-) Keynesian AB-SFC models
implemented by Caiani et al. (2016), Caiani et al. (2018), Caiani et al. (2018a).
In particular, a capital-good sector has been introduced and the household sector
has been divided into workers and capitalist agents within the main framework
implemented by Caiani et al. (2018a). The AB-SFC approach stems from the
‘benchmark’ model implemented by Caiani et al. (2016) and aims to integrate the
Agent-Based tradition developed upon the decentralized matching protocols for
interactions among heterogeneous agents (Riccetti et al. 2015) with the Stock-Flow
Consistent macro modeling approach stemming by Godley and Lavoie (2009), thus
allowing us to explicitly taking into account real- and financial-side stock and flow
variables and the supply- and demand-side of our artificial economy.

3See also Dawid (2006) for a detailed discussion on Agent-Based Modeling approach applied to
economics of innovation and technical change.

4For example, a ‘traverse’ model has been proposed by Dumenil and Levy (1999), where two
different investment behaviors are implemented depending on the time horizon: a Keynesian
investment function in the short-run and a classical investment function in the long-run. Dosi et
al. (2013) also propose an interesting analysis of classical and Keynesian accumulation regimes as
different roots of business fluctuations.
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The evolutionary technical change process has been modeled by following the two
steps procedure stemming from the ‘K+S’ models (Dosi et al. 2010), although this
process takes place within the consumption-good sector (i.e. with ‘disembodied’ tech-
nical change). Furthermore, I introduce within this framework a classical-fashioned
directed technical change as the heterogeneous consumption-good firms choose both
the intensity and the direction of the innovation towards a labor- or capital-saving
choice of technique, and as they decide to adopt the new production technique
depending on a classical profitability criterion (Okishio 1961, Shaikh 1978, Nakatani
1979, Shaikh 1999, Park 2001 and Shaikh 2016).
This modeling framework allows us to enrich the analysis of non-neutral technical
change and its effects upon key macroeconomic variables. Indeed, many traditional
directed innovation models adopt the IPF á-la-Kennedy in order to analyze the
trade-off between labor or capital productivity improvements, whereas the Agent-
Based approach allows us to let the ‘innovation bias’ be an emergent property
of the evolutionary technical change process engaged by consumption-good firms.
Thus by introducing the classical-fashioned directed innovation mechanism and the
profitability criterion for the choice of new techniques within the well-established
tradition of evolutionary demand-driven endogenous growth we are bridging two
different theoretical traditions: the directed technical change process implemented in
many purely ‘supply-side’ growth models and the localized evolutionary innovation
mechanism implemented within many recent (post-) Keynesian endogenous growth
models5. Moreover, the AB approach also allows us to present a richer dynamics for
the pattern of long-run growth, productivity and functional distribution in the light
of both ‘Kaldor facts’ and ‘new’ evidences, such as the persistent declining pattern of
the labor share. On similar grounds, Delli Gatti et al. (2006) also propose a ‘supply
side’ Agent-Based model wherein the interplay among R&D investment, labor-saving
technical change, capital accumulation, wage-profit dynamics and financial factors
have been analyzed in order to reproduce Kaldor facts and Goodwin-like growth
cycles. In line with their long-run findings the present model, enriched by explicitly
modeling the demand-side of the economy, is able to reproduce the ‘Kaldor facts’
(i.e. with purely labor-saving technical change). However, during the transitional
phase the model presents a labor-saving/capital-using innovation pattern, as the
aggregate output-capital ratio decreases until it stabilizes in the long-run, as well as
declining labor share for long time periods. We can ascribe these findings to the
directed and biased technical change process and in order to stress the effective role

5Acemoglu (2015) recently highlights some connection between the localized technical change
framework, stemming by the Atkinson and Stiglitz ‘new view’ (Atkinson and Stiglitz 1969), the
ITC hypothesis and the directed and biased innovation framework. Dosi et al. (2016) also propose a
discussion about the Atkinson and Stiglitz approach by analyzing it through ‘Schumpeterian’ lenses,
thus from a theoretical perspective much closer to the one embraced in the present contribution.
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of the innovation bias, the baseline scenario has been compared with a counterfactual
scenario wherein a neutral technical progress is at work.

2.2 The Model

The model is populated by K firms producing a homogeneous capital good, only
using labor input, and C consumption firms producing a homogeneous final good
over two inputs (labor and capital). Consumption-good firms also innovate their
production process in order to save the (relatively) expensive production input and
try to obtain some profitability gain (Dumenil and Levy 2010, Foley and Michl 1999,
Foley 2003, Zamparelli 2015, Stiglitz 2015).
Household sector is composed by two classes of agents: workers and capitalists.
Workers sell their labor force to the capital and consumption firms and capitalists
represent the equity investors (i.e. the firms and banks’ equity owners) receiving
their income in the form of dividends. All the agents within the household sector
consume their income on the final good market and they save the residual amount
(in the form of bank deposits or equity investment as capitalists agents).
Commercial banks offer deposit accounts to households and firms and endogenously
create private money by providing loans to the consumption firms.
Our artificial economy also has a government and a central bank (see subsections
3.2.6 and 3.2.7). As in Caiani et al. (2017) we have an endogenous entry/exit
process. Thus, the simulation model starts with no firms and banks and they are
progressively created during the simulation by means of investment out of capitalists’
savings.
As in the SIM model, the simplest SFC model implemented by Godley and Lavoie
(2009), everything starts with government public expenditure, in the form of lump-
sum transfers distributed across workers and capitalists. This transfers are initially
saved by households, and then begun to be invested by capitalist agents for the
creation of new firms (primarily) and eventually new banks. After that the produc-
tion starts and then possibly also the demand for loans by consumption firms to
commercial banks.
Each period the heterogeneous agents directly interact on each market by means of
decentralized matching protocols (Riccetti et al. 2015 and Caiani et al. 2016). The
demand-side agents observe a random subset of suppliers, whose size is given by a
fixed parameter measuring the degree of imperfect information.
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2.2.1 The Simulation Schedule

1. Capital-good firms decide the wage to be offered and the selling price for their
production;

2. Consumption firms determine the production planning by deciding the desired
quantity of output, the desired quantity of labor input, wages, selling prices,
the desired amount of resources to be invested in R&D and, eventually, the
demand for loans;

3. Commercial banks and consumption-firms interact on the credit market;

4. Consumption-good firms decide the accumulation plan by computing the
desired growth rate of production capacity (and hence the desired quantity of
capital goods);

5. Capital and consumption firms interact with workers on the labor market;

6. Capital firms interact with consumption firms in the capital goods market;

7. Workers receive their wages and are employed for production and R&D activi-
ties. Capitalist agents receive dividends generated in the previous period;

8. Consumption-good firms undertake the innovation process and compare the
new random technique with the one inherited from the previous period. Then
they produce the final good;

9. Government decides the tax-rate and the public expenditure planning;

10. Bonds are issued by Government and then purchased by commercial banks on
the bonds market. The residual amount of bonds, not purchased by private
banks, is absorbed by the Central Bank;

11. Households pay taxes on their income and receive the tax-exempt transfers by
the Government. Then, they compute the desired consumption and interact
with the consumption-good firms;

12. Firms compute their profits and net worth and the taxes to be paid in the
next period. Consumption firms also compute the dividends to be distributed
in the next period to the equity investors (capitalists);

13. Entry/exit process. Capitalists invest and eventually create new firms and
banks.



10

2. ‘Kaldor Facts’ and the Decline of Wage Share: an Agent Based-Stock Flow
Consistent Model of Induced Technical Change along Classical and Keynesian

Lines

2.2.2 Capital-good Firms

We have k = 1, . . . ,K firms (capital sector) producing each period a certain
quantity of intermediate capital goods, yKk,t, depending on the demand requested by
the consumption-good firms as capital input. Thus we have

yKk,t = akN
D
k,t (2.1)

with aK indicating the (constant) labor productivity for workers employed in the
capital production process and ND

k,t indicating the desired quantity of labor needed
in order to produce the capital output.
Thus, they demand a certain quantity of labor input as follows

ND
k,t =

yKk,t
aK

(2.2)

and decide the quantity of capital output to be produced, yKk,t, depending on the
desired quantity requested by the consumption goods firms,

yKk,t = yKDc,t . (2.3)

Capital firms adopt an adaptive wage rule depending on the wage offered in the
previous period and on the difference between labor demanded and labor actually
employed in the previous period (Caiani et al. 2018), as follows:

wk,t =

wk,t−1(1− U [0, δ]), if ND
k,t−1 −Nk,t−1 = 0 with Pr(ut) = 1− eutv

wk,t−1(1 + U [0, δ]), if ND
k,t−1 −Nk,t−1 > 0

(2.4)

If firms were not satisfied, that is labor demanded is greater than the employed
one in t−1, they have a positive probability Pr(ut) of downward revising the offered
wage. This probability is inversely related to the level of unemployment in the
economy ut, with a positive (fixed) parameter v indicating the strength of their
relation (the lower v the higher the probability of reducing the wages).

Then, the capital firms adopt this simple pricing rule

pk,t = (1 + µk)
wk,t
ak

(2.5)

with a fixed mark-up over the unit labor costs.
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2.2.3 Consumption-good Firms

Production, Prices and Wages

We have c = 1, . . . , C heterogeneous firms producing a homogeneous consumption
good over two inputs (labor and capital) assuming a fixed coefficient Leontief
production function, as follows

yc,t = min{uc,tϕkc,tyKc,t;ϕlc,tNc,t} (2.6)

with uc,t indicating the degree of capacity utilization, ϕkc,t and ϕlc,t being,
respectively, the capital and labor productivity, whereas yKc,t and Nc,t are the capital
and labor input. Consumption-good firms may improve the inputs’ productivity
(ϕkc,t and ϕlc,t) by means of the R&D activity, and they adopt a new production
technique depending on a profitability criterion, that is if the expected profit rate
related to new innovation is greater than the actual one (see subsection 3.2.3). Once
the firm has chosen the production technique, it can compute the desired output
and the desired quantity of labor (for simplicity, hereafter we refer again to t and
t− 1 as the actual and previous period) given, respectively, by

yc,t = uc,tϕKc,ty
KD
c,t = ϕlc,tN

D
c,t (2.7)

and

ND
c,t = uDc,ty

K
c,t

ϕkc,t
ϕlc,t

. (2.8)

Each period, consumption firms adaptively revise prices and their expectations
about selling, as follows:

if yc,t ≥ yec,t−1 :

y
e
c,t = yec,t−1(1 + U [0, δ])

pc,t = pc,t−1(1 + U [0, δ])
(2.9)

if yc,t ≤ yec,t−1and ytotc,t−1 > yc,t−1 :

y
e
c,t = yec,t−1(1− U [0, δ])

pc,t = pc,t−1(1− U [0, δ])
(2.10)

if yc,t ≤ yec,t−1and ytotc,t−1 = yc,t−1 :

y
e
c,t = yec,t−1

pc,t = pc,t−1
(2.11)
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where yc,t−1 indicates the output sold in the previous period and ytotc,t = yc,t−1 +invc,t.
The desired output can be computed as yDc,t = yec,t(1 + θ)− invc,t6.
Moreover, the selling price cannot be less than the unit labor costs7.

Finally, also consumption firms adopt an adaptive wage rule, as follows:

wc,t =

wc,t−1(1− U [0, δ]), if ND
c,t−1 −Nc,t−1 = 0 with Pr(ut) = 1− eutv

wc,t−1(1 + U [0, δ]), if ND
c,t−1 −Nc,t−1 > 0

(2.12)

Innovation

Each period firms C undertake an evolutionary innovation process and they
decide to adopt the new random technology only by comparing its expected profit
rate with the actual one (Okishio 1961, Shaikh 1978, Nakatani 1979, Shaikh 1999,
Park 2001 Shaikh 2016).
The innovation process starts after the decision about the desired investment in
the R&D activity, which is a (fixed) share γ of the expenditure for workers. Thus,
since R&D activity is made by workers also employed in production activities, R&D
investment depends in turns on production planning and on sales expectations (as
in Caiani et al. 2018):

IND
c,t = γwc,tN

D
c,t. (2.13)

Then, the innovation process takes place in two steps as in the ‘K+S’ tradition
Dosi et al. 2010). In a first step, firms compute a Bernoulli experiment in order to
determine whether the R&D activity has been successful, so we have:

PrINt = 1− e−νINc,t (2.14)

and this probability is affected by the amount of resources invested in innovation.
Then, we have a second step were the new production technique is obtained with
two random draws for the growth rate of capital and labor productivity, as follows:

ϕ+
kc,t+1 = ϕkc,t(1 + ϕ̂k) (2.15)

and
ϕ+
lc,t+1 = ϕlc,t(1 + ϕ̂l) (2.16)

6The desired quantities (here of labor and output) could be lower then the effective ones, so we
could have that ND

c,t ≥ Nc,t and yDc,t ≥ yc,t.
The desired quantity of (fixed) capital stock is computed depending on the accumulation decision
(see subsection 3.2.3).

7That is pc,t < (1 + µc)( wc,t

ϕlc,t
) with µc indicating a (fixed) mark-up over the unit labor costs.
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with ϕ̂k ∼ U [−δ, δ] and ϕ̂l ∼ U [−δ, δ].
Thus, we have a symmetric support for the random draws of labor and capital
productivity improvements. This allows us to let the innovation bias emerge without
imposing any analytical trade-off between a labor or capital productivity improve-
ment, i.e. without imposing an ‘Invention Possibility Frontier’ á-la-Kennedy.
As stated above, the adoption of the new technique depends on a profitability
criterion, i.e. it is adopted only if

r+
c,t+1 > rc,t. (2.17)

The profit rate is given by the ratio between the firm’s profit8 and the stock of
capital, as follows:

Π∗c,t
Kc,t

≡ rc,t =
pc,tyc,t − wc,tNc,t − pkc,tyKc,t − INc,t − ilc,tLc,t

pkc,ty
K
c,t

(2.18)

with pc,tyc,t indicating the revenues obtained by selling production in the previous
period, wc,tNc,t and pkc,ty

K
c,t indicating, respectively, the costs of the production

factors and ilc,tLc,t being the repayment for loans obtained before production process
(see subsection 3.2.3).
After some substitution we obtain the profit rate inherited from t and the potential
profit rate expected from the adoption of the new random technique (ϕ+

kc, ϕ
+
lc) in

t+ 1, as follows

rc,t =
uc,tϕkc,t[pc,t − wc,t

ϕlc,t
(1 + γ)]

pkc,t
− 1−

ilc,tLc,t

pkc,ty
K
c,t

(2.19)

and

r+
c,t+1 =

uDc,t+1ϕ
+
kc[pc,t −

wc,t
ϕ+
lc

(1 + γ)]

pkc,t
− 1−

ilc,tLc,t

pkc,ty
K
c,t

(2.20)

with wc,t
ϕlc,t

= ωc,t, wc,t
ϕ+
l

= ω+
c,t+1 indicating, respectively, the wage share of c

without and with the adoption of the new production technique. Thus, firms
compare (eq. 2.17) the ‘old’ and the ‘transient’ profit rate within a ‘real competition’
framework (Shaikh 1999, Park 2001 and Shaikh 2016).

Consumption-good firms presenting productivity gaps with respect to the sectoral
average (Φx) may try to catch-up by imitating the leading competitors, as follows:

ϕxc,t+1 = ϕxc,t + U [0,Φx,t − ϕxc,t] if ϕxc,t < Φx,t (2.21)
8As in Caiani et al. (2016) and Caiani et al. (2018), we refer to Π∗

c,t as the Operating Cash Flow,
that is the firm’s profit excluding the variation of the inventories (see subsection 3.2.3).
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with x = {l, k}.

Investment and Capital Accumulation

Consumption firms compute each period their desired rate of growth of productive
capacity depending on their profitability and their capacity utilization compared to
their ‘normal’ rates (as in Caiani et al. 2016, Caiani et al. 2018), as follows

gDc,t = δ1
rc,t−1 − r

r
+ δ2

uDc,t − u
u

(2.22)

with δ1 and δ2 representing, respectively, the investments’ sensitivity to the profit
rate and to the capacity utilization, and uDc,t is the desired capacity utilization9, and
r and u indicating, respectively, the ‘normal’ profit rate and capacity utilization
rate10. Thus we have both a classical and a Kaleckian engine for the investment
decision undertaken by consumption firms depending, respectively, on the weight
given to the profit rate and on the weight given to the desired degree of capacity
utilization.
After the accumulation decision, c computes the desired nominal investment, iDc,t, as
the number of capital units needed due to the obsolescence of capital (given a fixed
depreciation rate δ and a given life span for machines) and/or fill the possible gap
between the current and the desired capacity. Then, the desired real investment will
be IDc,t = iDc,tpkc,t.

Financing Demand, Profits and Net Worth

Each consumption-good firm may finance its production activity by means of
internal funds, that is its net worth Ac,t, and/or, if necessary, by means of external
funds, that is a desired quantity of loans11, LDc,t, with an interest rate ilc,t (see
subsection 3.2.5).
The demand for loans requested to the banking sector depends on the cost of the
desired quantity of productive inputs and on the disposable internal funds, as follows

LDc,t =

wc,tN
D
c,t + pkc,ty

KD
c,t −Ac,t, if wc,tND

c,t + pkc,ty
KD
c,t > Ac,t

0, otherwise.
(2.23)

9Depending on the desired output yDc,t, that is uDc,t = min(1, yD
c,t

yK
c,t
ϕkc,t

).
10Assumed to be constant and equal across firms. Caiani et al. (2018) and Caiani et al. (2018a)

calibrate the values for these ‘normal’ rates by computing the steady-state solution of the aggregate
model preceding the simulation.

11For simplicity, we assume that each loans lasts only one period.
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The desired quantity of loans could differ from the effective amount obtained,
that is we could have LDc,t ≥ Lc,d, due to an unsatisfactory amount of loans to be
supplied by the banks or due to an individual credit rationing (as production activity
has the priority on the R&D expenditure).
Firms’ profits are given by the difference between revenues and expenditure:

Πc,t = pc,tyc,t + ∆INVc,t − wc,tNc,t − pkc,tyKc,t − INc,t − ilc,tLc,t. (2.24)

where ∆INVc,t indicates the variation of inventories, and firms’ net worth evolves
according to the following law of motion:

NWc,t = NWc,t−1 + Π∗c,t−1 − T πc,t −DIVc,t. (2.25)

When the operating cash flows are positive (Π∗c,t−1 > 0), firms pay taxes on
their profits (T πc,t) and distribute dividends (DIVc,t) to equity owners (capitalists),
as follows

T πc,t =

τtΠ
∗
c,t, if Π∗c,t > 0

0, otherwise.
(2.26)

and

DIVc,t =

ρ(Π∗c,t − T πc,t), if Π∗c,t > 0

0, otherwise.
(2.27)

with τt indicating the tax-rate decided by the government (see subsection 3.2.7).

2.2.4 Households

We have h = 1, . . . ,H households (workers and capitalists) consuming their
income on the consumption goods market, saving in the form of bank deposits and
paying taxes over their income. Only workers sell their labor force to consumption-
and capital-good firms, whereas capitalists only own firms and banks receiving
dividends as a share of their profits.

Workers

Workers update each period their reservation wage depending on their occupa-
tional status, as follows
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ww,t =

ww,t−1(1 + U [0, δ]), if employed in t− 1 with Pr(ut)

ww,t−1(1− U [0, δ]), if unemployed in t− 1
(2.28)

with Pr(ut) indicating a positive probability of increasing the wage claims (as
for consumption firms).
Workers gross income is given by

yw,t = ww,t + idb,tDw,t + TFt (2.29)

with idb,tDw,t indicating the interest rate gained from bank deposits12 and TFt
representing the tax-exempt transfer received by government13.

Capitalists

Capitalists gross income is given by

ym,t = DIVm,t + idb,tDm,t (2.30)

with DIVm,t indicating the dividends received by the firms/banks they own and
idb,tDm,t being the interests on their deposits.
Capitalists may save their wealth (NWm,t) either as deposit accounts Dm,t or as
investment in firms/banks’ equity Am,t. The choice between these two assets depends
on a certain degree of liquidity preference (LPm,t) 14.

Thus, capitalists compute the desired level of wealth depending on their disposable
income and the desired consumption, as follows

NWD
m,t = NWm,t−1 + yDISPm,t − CDm,t (2.31)

then they obtain the desired level of deposits and equity as

DD
m,t = NWD

m,t − (ADm,t −Am,t−1) (2.32)

and
12For simplicity we assume the same interest rate offered by the banking sector.
13These transfers represent the public expenditure in this model, as in Caiani et al. (2017), see

subsection 3.2.7.
14See Caiani et al. (2017), for a detailed description of how capitalists compute their liquidity

preference. In the original model, the household sector is not composed by both workers and
capitalists so households as a whole act as consumers, workers and equity owners. On the contrary,
in the present model only capitalist agents may invest in equity asset.
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ADm,t = max{Am,t−1, (1− LPm,t)NWD
m,t} (2.33)

with ADm,t−Am,t−1 indicating the desired investment in equity, which is bounded
to be non-negative (Caiani et al. 2017).
As for the other desired variables in the model, we could also have that CDh,t > Ch,t

(with h = m,w), and in the case of capitalist agents this means thatNWD
m,t < NWm,t.

In this case deposits act as a buffer stock variable with Am,t remaining at the planned
level.

The disposable income for a generic agent within the household sector (worker
or capitalist) is given by

yDISPh,t = (1− τt)yh,t (2.34)

with h = w,m and τt indicating the tax-rate in the current period.
Each period, households also decide the desired quantity of consumption depending
on their current disposable income and their wealth (i.e. bank deposits), as follows

CDh,t = α1hy
DISP
h,t + α2hDh,t (2.35)

with 0 < α1h < 1 and 0 < α2h < 1 and αw > αm.
Thus, the desired savings are

SDh,t = yDISPh,t − CDh,t (2.36)

2.2.5 Banks

We leave the banking sector functioning as well as the Government and the
Central Bank behavior exactly as in Caiani et al. (2017). Thus, we have b = 1, . . . , B
banks collecting deposits from households and firms (i.e. capitalists’ deposits),
offering an interest rate idb,t (which is a constant fraction of the discount rate it fixed
by the central bank), they endogenously create means of payment by providing
credit to consumption-good firms and they may purchase government bonds.
The probability of receiving credit by banks depends on the firms’ leverage

Pr(Lc,t) = e
−ι

LD
i,t

Ai,t (2.37)

ilc,t = χ
LDc,t
Ac,t

+ it (2.38)



18

2. ‘Kaldor Facts’ and the Decline of Wage Share: an Agent Based-Stock Flow
Consistent Model of Induced Technical Change along Classical and Keynesian

Lines

with it indicating the discount rate fixed by central bank.
The desired supply of loans depends on banks’ net worth

LSDb,t = µ1Ab,t (2.39)

and the maximum amount that a bank may provide to each firm is a maximum
share of its supply (ζLSDb,t ).
Commercial banks have a minimum amount of reserves to be held by the Central
Bank as a proportion of their deposits

Rminb,t = µ2Db,t (2.40)

receiving a fixed interest rate ires.
Then, banks may also spend the remaining amount of liquidity by purchasing
government bonds Bb,t, yielding an interest rate ibt 15.
Thus, banks’ profit is given by

Πb,t =
∑C

c=1
ic,tLc,b,t + ibtBb,t + iresRb,t −BDc,b,t − idtDb,t − itLcbb,t (2.41)

with BDc,b,t indicating the ‘bad debt’, that is the non performing loans due to
firms’ defaults.
Also banks’ profits are subject to taxation, and then net profit are eventually
distributed to the equity owners as for firms (see equations 2.26 and 2.27).

2.2.6 Central Bank

We have a central bank offering cash advances (CAt) requested by commercial
banks, holding their reserves (RCB,t), and eventually purchasing the residual amount
of government bonds (BCB,t).
Central bank also computes its profits and we assume that they are automatically
distributed to government, so we have

ΠCB,t = ibtBCB,t + itCAt − iresRCB,t. (2.42)

2.2.7 Government

Government receives taxes from household sector (capitalists and workers) and
from firms and banks, thus

15As in Caiani et al. (2017) banks randomly access the bond market with a probability of purchase
them, depending on the riskiness of the economy (i.e. the debt-on-GDP ratio): Pr(bt) = e

−ιBt
Yt .
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Tt =
∑H

h=1
τT yh,t +

∑C

c,π∗>0
τT πc,t−1 +

∑B

b,π>0
T πb,t−1. (2.43)

Government public expenditure Gt is represented by tax-exempt transfers to
households (TFt).
In each period, government may has a budget surplus SURt or deficit DEFt, so we
have

DEFt = Gt + ibt−1Bt−1 − Tt (2.44)

with public debt defined as

Bt = Bt−1 +DEFt − SURt−1. (2.45)

Finally, the interest rate on public bonds depends on the debt-on-GDP ratio and
on the central bank’s discount rate, as follows:

ibt = χb
Bt
Yt

+ it (2.46)

2.3 Simulation Results

The model has been ran for 1000 periods (each period corresponds to a quarter,
thus we have a time-span of 250 years) and for 50 Monte Carlo simulations following
a baseline calibration (see Table 3.5). Following Dosi et al. (2010) and Caiani et
al. (2016) I check for the validity of the model by means of a minimum empirical
validation. The model is indeed able to reproduce a collection of macroeconomic
stylized facts as his ancestors (Caiani et al. 2016, Caiani et al. 2017 and Caiani et al.
2018).

Figure 2.1 shows the cross-correlation functions related to cyclical component
of some key macroeconomic variable. The position of the peak in each figure,
that is to the left, centered or to the right, indicates whether the variable is,
respectively, lagged, coincident or leading with respect to the other one. Cross-
correlation functions of real consumption, public expenditure and wages with real
GDP show that these variable are coincident and strongly pro-cyclical, whereas
real investment, unemployment and public expenditure-GDP ratio are coincident
and counter-cyclical. The cross-correlation of private saving with firms’ wage share
provides evidences for lower workers’ propensity to consume. Moreover, cross-
correlation between labor productivity and, respectively, real output and wages
show that both a Kaldorian/Smithian and a Ricardian16 mechanism boosts labor

16For a detailed discussion about the so-called ‘Smith’ and ‘Ricardo effect’ in shaping technical
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productivity dynamics within the present model.
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Figure 2.1. Average cross-correlations (across 50 Monte Carlo) of labor productivity,
consumption, investment, unemployment, public expenditure, public expenditure-GDP
ratio and wage with real GDP, average cross-correlations of labor productivity with
wage, and of wage share with private saving.

Figures 3.3 and 3.4 represent the model dynamics showing the trend component
of the artificial time series related to some key macroeconomic variables across 50
Monte Carlo runs. As we can see the model shows self-sustained endogenous growth
process, with exponential growth of real-GDP, real consumption and aggregate labor
productivity (Y/L), which follows the pattern of real-GDP (so-called ‘Kaldor effect’
or ‘Smith effect’). Indeed, the analysis of the interplay among technical change
and capital accumulation processes together with the pattern of wages and labor
productivity is pivotal to understand the dynamics of our model at both micro and
macroeconomic level. The model endogenously reproduces persistent fluctuations
of aggregate wage share (i.e. total labor costs over total output or aggregate real
wage-labor productivity ratio) due to different paces of the growth of wages and

progress dynamics in capitalist economies see Sylos Labini (1983).
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labor productivity (fig. 3.4). Thus, by definition we have that when real wages
grow slower (faster) than labor productivity the wage share decreases (increases).
However these fluctuations are driven by the predominance of two different economic
forces during the technical change process.
On the one hand, firms are encouraged to improve their inputs’ productivity by
means of R&D investment, and thus by hiring workers for innovation and production
activities, in order to increase their selling and conquer greater market shares.
Therefore higher levels of R&D investments result in higher probability of innovating
(eq. 2.14) so that more productive firms can also reduce their selling prices and
improve their competitiveness as long as they achieve higher levels of productivity and
greater market performances compared to their competitors. From a macroeconomic
point of view these phases of ‘virtuous circles’ triggered by innovation and production
processes driven in turn by greater sales expectations (that is by real consumption
and aggregate demand) also improve aggregate employment dynamics creating
positive feedback mechanisms for the overall economy. Of course some firms may
suffer from productivity gaps and may have difficulties to sell production output
and thus to increase their profit margins, however they may also try to catch up
with leading firms by imitating their production technique (eq. 2.21). All in all, the
Schumpeterian evolutionary dynamics may lead more productive firms to survive
whereas less productive ones may go bankrupt due to less willingness to grant credit
by commercial banks (see in fig. 2.5 the dynamics of credit and firms survival) and
due to difficulties to sell their product with an excessive stockpiling process.
Nevertheless, on the other hand firms also increasingly accumulate capital stock due
to technological progress progressively improving labor productivity (to a greater
extent than the improvement of capital productivity as shown in fig. 2.4), so that
a greater amount of output can be produced by using less workers, as shown in
fig. 3.4 with exponential growth of aggregate output-labor ratio as well as increasing
‘capital-deepening’ 17 (fig. 2.7).
The predominance of these two opposite forces, that is virtuous innovative cycles and
excessive labor-saving innovation pattern, also affects wage dynamics. Indeed more
productive firms achieving greater market shares with higher levels of profitability and
larger size in terms of internal financing and net worth are able to hire more workers
for R&D and production activities, however on the other hand an excessive labor-
saving pattern of technical change may lead to higher levels of unemployment thus
weakening the bargaining power of workers as their wage claims are negatively affected

17In this respect, we also compare our findings with the results provided by the ABM implemented
by Delli Gatti et al. (2006) where they analyze the interplay between R&D investment, labor-saving
technical change, capital accumulation, wage-profit dynamics and financial factors in order to shade
a light on ‘Kaldor facts’ and Goodwin-like growth cycles.
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by higher levels of unemployment (eq. 2.28). This negative feedback mechanism
may be further exacerbated when capital-good firms fail to absorb the workers fired
by consumption-firms. Indeed, the increasing accumulation process of capital stock
engaged by consumption-firms generate growing capital demand that cannot be
continuously fulfilled given our assumption of fixed labor productivity for capital
firms (i.e. we have capital shortage), thus capital-good firms try to hire an increasing
amount of workers trying to satisfy the requested demand of capital goods18.
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Figure 2.2. Average trend across 50 Monte Carlo runs of real GDP and (real) consumption
from time period 100 to 1000.

Moreover, as stated above firms do not innovate to the same extent in order
to gain labor- or capital-productivity improvements, i.e. we have a directed and
biased technical progress. Indeed, the pattern of the difference between average
labor and capital productivity (ϕlt − ϕkt) shows (fig. 2.4) how the ‘innovation bias‘
endogenously emerges from the choice of techniques made by consumption firms,
depending in turn on a classical profitability criterion (equation 2.17), by means of
different random draws from a symmetric support (equations 2.14 and 2.15) without
imposing any ‘Innovation Possibility Frontier’ á-la-Kennedy.

18See Vivarelli (2015) Calvino and Virgillito (2018) for a detailed survey about different ‘compen-
sation’ mechanisms proposed in literature in order to explain the interplay between innovation and
employment.
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Figure 2.3. Average trend across 50 Monte Carlo runs of average labor productivity,
average real wages, wage share for consumption-good firms and rate of unemployment
from time period 100 to 1000.
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Figure 2.4. Percentage difference between average labor productivity and capital pro-
ductivity, i.e. the difference between the inputs’ productivity chosen from the random
draws depending on the profitability criterion. Continuous and dashed lines indicate,
respectively, average trend and trend of standard deviation across 50 Monte Carlo
simulations (from time period 100 to 1000).

As pointed out by Stiglitz (2015) and Stiglitz and Greenwald (2015), a ‘learning-to-
learn’ process is at work, that is the factor-biased technical change process may feed
upon itself as firms become more skilled at learning how to save the labor input.

In order to corroborate the hypothesis about the emergence of the innovation bias
from the stochastic evolutionary technical change process, I investigate what happens
in a ‘counterfactual’ scenario with ‘neutral’technical change (i.e. Hicks-neutral), that
is with the same random draw for the growth rate of labor and capital productivity
(ϕ̂l = ϕ̂k). Figure 2.5 shows average trend across 50 Monte Carlo runs for the
artificial time series related to the baseline and the ‘counterfactual’ scenario. The
artificial time series have been detrended by means of the Hodrick-Prescott filter
and continuous and dashed lines indicate, respectively, average trends and trends
standard deviations across the Monte Carlo runs. As we can see, in the ‘innovation
bias scenario’ the direction of the choice of techniques towards an ‘excessive’ labor-
saving technical change overall negatively affects the macroeconomic environment in
our economy by weakening real-GDP and real consumption growth as a persistent
slowdown of wages with respect to labor productivity (i.e. exacerbating faster growth
of labor productivity with respect to wage growth) also reflects in contractions of
the purchase power for workers, that is the class of households’ agents with higher
propensity to consume, leading to contractions of aggregate demand. Within the
neutral innovation scenario firms almost indiscriminately choose improvement of
both production input (labor and capital) without directing the innovation effort
towards the input exerting higher pressure upon firms’ cost structure (i.e. labor
input). Hence, the neutral innovation hypothesis should not allows us to analyze
the endogenous emergence of fluctuations in the labor share together with relatively
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higher levels of unemployment. Thus, the ‘innovation bias’ scenario allows us to
provide a possible explanation for the endogenous emergence of persistent negative
pattern of distributive shares as a consequence of ‘non-neutral’ technical progress.
As stated above, in the long-run the model is also able to reproduce the so-called
‘Kaldor Stylized Facts’, thus, we have (fig. 2.7) increasing growth of output-labor
ratio (i.e. the aggregated labor productivity), real wages (fig. 3.3) and growing
capital-labor ratio (i.e. the ‘capital deepening’) (fig. 2.7). According to the Kaldor
facts, we also have roughly constant: distributive shares, average profit rate and
output-capital ratio (i.e. the aggregated capital productivity) as shown in fig. 2.7.
However, these are solely long-run phenomena. During the overall simulation, these
variables show a richer dynamics. The average firms’ profit rate shows decreasing
pattern for long time periods until it stabilizes around its ‘normal’ value. Indeed
the rate of profit it is crucial either for firms’ choice of technique and for their
investment planning. Indeed, according to eq. 2.17 consumption firms discriminate
among different productivity improvements depending on the expected profitability
associated to new random techniques by trying to gain higher profitability due to
an input-saving innovation process. However, many economic factors may lead to a
‘fallacy of coordination’ underling the aggregate pattern of the profit rate due to the
relevant feedback mechanisms among technical change, wages, capital accumulation
and the profit rate. For example, firms are profit-oriented and increasingly try to
improve labor productivity by means of R&D activities in order to reduce the quantity
of workers needed to expand their production and to improve the profit margins.
However, as discussed above, an excessive labor-saving trajectory of technical change
may be detrimental for the dynamics of wage as both firms and workers have a
certain probability of reducing the offered and requested wage depending on the
unemployment level in our economy (eq.2.12 and eq. 2.28). On the one hand the
weaker dynamics of wages increases firms’ profit margins though a reduction in
the labor cost, but on the other hand it reduces the purchase power of the class
with higher propensity to consume (that is, workers) thus weakening the aggregate
demand. A contraction of the aggregate consumption may lead a greater number
of consumption-good firms to suffer from weaker selling performances and lower
revenues thus reducing in turns internal financing capacity and inducing higher
loans demand to commercial banks (whose willingness to accord loan requests
depends in turns on firms leverage and thus on firms’ net worth). Moreover the
ongoing capital accumulation process boosts the growth of firms capital stocks so
to further deteriorate profit margins and thus the rate of profit. Then, we also
observe decreasing output-capital ratio for the overall simulation until it stabilizes
in the long-run, providing support for purely labor-augmenting technical change (i.e.
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Harrod-neutral) in the long-run but for labor-saving/capital-using technical change
in the short- and medium-run. This trend is driven either by the accumulation of
capital stock and by the faster growth of capital prices with respect to the inflation
of consumption-good prices. Indeed, consumption firms may reduce their selling
prices due to increasing productivity gains whereas in our model capital firms cannot
undertake innovation activity in order to improve their production process and they
are more constrained in reducing the price of capital goods for competitiveness
purposes. Finally, as discussed above we observe fluctuations of the labor share,
and particularly a falling trend for long time periods due to the innovation bias
towards an excessive labor-saving technical change (fig. 2.5 and 2.6). Thus we can
conclude that the magnitude of firms’ capital accumulation process together with
the direction of biased technical change if not offset by means of strong ‘wage-push’
forces (see section 2.4) may lead to worse macroeconomic performances compared to
the outcome obtained within the neutral innovation scenario.
We ought to highlight that in this model we focus our analysis on the effect of a
‘non-neutral’ technical change process upon long-run growth and functional income
distribution, and that we are analyzing only process innovation. Thus, a more
sophisticated model wherein we also consider product innovation and a segmented
labor market, depending on different skills and/or different income-classes, would
allows us to deeper analyze the interplay among technical change, growth, distributive
shares and employment as we can consider, for example, the effects of different wage
regimes upon different classes of workers. This is the case in Caiani et al. (2018)
and Caiani et al. (2018a) wherein the effects of an excessive labor-saving technical
change are considered not detrimental for growth and employment (or, rectius,
wherein these effects are offset by a greater propensity to consume of lower-income
workers) and where higher levels of unemployment are explained as a consequence of
growing income and wealth inequalities. However, a quite general dynamics has been
presented for our artificial economy triggered by an excessive labor-saving technical
change process which reproduces realistic patterns highlighted in theoretical and
empirical contributions.

2.4 Sensitivity Analysis

A sensitivity analysis has been performed on the fiscal target for government’s
adaptive decisions about public expenditure and taxation (fig. 2.8), and on the initial
wage offered by new created consumption firms during the simulation (fig. 2.11).
As in Caiani et al. (2017), I implement a fiscal policy experiment, in order to assess
whether restrictive (i.e. ‘austerity’ policies) or expansionary fiscal policies, have
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Figure 2.5. Average trend (continuous lines) and trend of standard deviations (dashed
lines) across 50 Monte Carlo simulations from time period 100 to 1000. I analyze two
different scenarios: the ’baseline’ scenario (black line) and a ‘counterfactual’ scenario
wherein I implement a ‘neutral’ technical change process (red line).
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2. ‘Kaldor Facts’ and the Decline of Wage Share: an Agent Based-Stock Flow
Consistent Model of Induced Technical Change along Classical and Keynesian
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Figure 2.6. Average trend (continuous lines) and trend of standard deviations (dashed
lines) across 50 Monte Carlo simulations from time period 100 to 1000. I analyze two
different scenarios: the ’baseline’ scenario (black line) and a ‘counterfactual’ scenario
wherein I implement a ‘neutral’ technical change process (red line).
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Figure 2.7. Trend component (obtained by means of Hodrick-Prescott filter) of aggregate
output-labor ratio (Y/L), capital-labor ratio (K/L), average profit rate and output-capital
ratio (Y/K) for a single simulation run from time period 500 to 1000.
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some effect on long-run growth, productivity, distributive shares and unemployment,
besides affecting the overall macroeconomic performance of our economy19. The
fiscal policy experiment has been performed for different values of the maximum
deficit/GDP ratio (dmax) representing the target for the adaptive decisions about
public expenditure planning and tax rate revision by the government. This target is
initially set to dmax = 0.03 (i.e. ‘Maastricht constraint’ ) in the ‘baseline ’ and then
we change its value at period t = 500. The government follows an adaptive behavior
rule in order to adjust the public expenditure and the tax rate20, as follows:

if dt ≥ dmaxand GDt ≤ Gt−1 :

Gt = Gt−1(1− U [0, δ])

τt+1 = τt(1 + U [0, δ])
(2.47)

if dt ≥ dmaxand GDt > Gt−1 :

Gt = Gt−1

τt+1 = τt(1 + U [0, δ])
(2.48)

if dt < dmaxand GDt ≤ Gt−1 :

Gt = Gt−1(1− U [0, δ])

τt+1 = τt(1− U [0, δ])
(2.49)

if dt < dmaxand GDt > Gt−1 :

Gt = Gt−1(1 + U [0, δ])

τt+1 = τt
(2.50)

thus we define the fiscal policy as a revision of public expenditure and tax rate
depending on the maximum fiscal target (dmax).

Figures 2.8, 2.9 and 2.10 show the average trend across 25 Monte Carlo
simulations of real-GDP, labor productivity, capital and consumption-good prices,
wages, real consumption and investment, number of consumption firms, credit-
GDP ratio, R&D expenditure-GDP ratio, labor share and unemployment rate for
different values of the maximum deficit/GDP ratio. The baseline scenario (black
line) corresponds to dmax = 0.03 (i.e. the value imposed by the Maastricht Treaty),
the restrictive scenarios are investigated with dmax = 0.025 (orange line), with
dmax = 0.02 (red line) and dmax = 0.015 (red line), whereas the expansionary
scenarios correspond to dmax = 0.035 (light blue line) and dmax = 0.04 (blue line).
As we can see, a restrictive (expansionary) fiscal policy exerts negative (positive)
long-run effect upon growth and distribution in our artificial economy. In line with
the results provided by Caiani et al. (2017), we find that an expansionary (restrictive)
fiscal policy positively (negatively) affects the macroeconomic performance of our

19 Dawid et al. (2017) also propose a multi regional AB-SFC about the effects of fiscal transfers
in a monetary union.

20See Caiani et al. (2017) for a detailed discussion of this adaptive fiscal rule and the effects of
different fiscal target scenarios in a multicountry monetary union model.
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economy showing stronger (weaker) growth patterns of real-GDP, labor productivity,
consumption and investment, as well as an improvement of consumption- and capital-
good prices and wages dynamics. A virtuous (viscous) dynamics of growth and
productivity also reflects on credit dynamics as firms with greater profit margins can
successfully apply for bank loans in order to expand their production and innovation
activities (see the pattern of innovation expenditure over GDP ratio), and on the
‘Schumpeterian’ competitive race among firms showing a greater number of firms
surviving under the two expansionary scenarios (the opposite occurs under the
restrictive scenarios). Furthermore, the positive effect exerted by an expansionary
fiscal target also reflects in higher labor share and lower unemployment rate. Thus we
can say that the detrimental effects exerted of the innovation bias upon growth and
distribution in our economy can be offset by an expansionary Keynesian fiscal policy.
Furthermore, as stated above, the sensitivity analysis has been also performed on the
initial wage (w0) offered by firms and then revised during the simulation following the
adaptive rule (eq. 2.12) described in section 3.2.3. As discussed in section 3.3, within
our artificial economy the magnitude of firms’ capital accumulation process together
with the direction of biased technical change may lead to worse macroeconomic
performances compared to the outcome obtained within the neutral innovation
scenario, thus we analyze the effect of an increase in the initial wage offered by new
firms during the endogenous entry/exit process21. As we can see in figure 2.11, the
so-called ‘paradox of costs’ (Kalecki 1971) holds in our economy. Thus, an increase
in the initial wage offered by firms gives a positive stimulus to the dynamics of
growth and labor productivity through the positive effect of the aggregate demand,
that is due to an increase in the purchase power of workers reflecting in turns in
greater aggregate consumption.

21See Caiani et al. (2017) for a detailed description.
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Figure 2.8. Average trends (continuous lines) and trends standard deviations (dashed
lines) across 25 Monte Carlo simulations. We have the ’baseline’ scenario (black
line) with dmax = 0.03 and then three restrictive (‘austerity’ ) scenario with dmax =
{0.025; 0.02; 0.015} (respectively, red, yellow and light blue line) and two expansionary
scenarios with dmax = {0.035; 0.04} (respectively, blue and pink line).
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Figure 2.9. Average trends (continuous lines) and trends standard deviations (dashed
lines) across 25 Monte Carlo simulations. We have the ’baseline’ scenario (black
line) with dmax = 0.03 and then three restrictive (‘austerity’ ) scenario with dmax =
{0.025; 0.02; 0.015} (respectively, red, yellow and light blue line) and two expansionary
scenarios with dmax = {0.035; 0.04} (respectively, blue and pink line).
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2. ‘Kaldor Facts’ and the Decline of Wage Share: an Agent Based-Stock Flow
Consistent Model of Induced Technical Change along Classical and Keynesian
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Figure 2.10. Average trends (continuous lines) and trends standard deviations (dashed
lines) across 25 Monte Carlo simulations. We have the ’baseline’ scenario (black
line) with dmax = 0.03 and then three restrictive (‘austerity’ ) scenario with dmax =
{0.025; 0.02; 0.015} (respectively, red, yellow and light blue line) and two expansionary
scenarios with dmax = {0.035; 0.04} (respectively, blue and pink line).
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Figure 2.11. Average trends (continuous lines) and trends standard deviations (dashed
lines) across 25 Monte Carlo simulations.We compare the baseline scenario (black line)
with different scenarios representing the pattern of real output, consumption, aggregate
labor productivity and real wages with progressively higher values of initial wage (w0).
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2.5 Conclusions

The main strength of the present contribution concerns the integration of a
classical-fashioned induced and directed innovation process within a Keynesian
demand-led and evolutionary endogenous growth model. The AB-SFC macro
modeling approach allows us to analyze the ‘innovation bias’ as an emergent property
of the technical change process engaged by heterogeneous consumption-good firms
choosing both the intensity and the direction of the innovation towards a labor- or
capital-saving choice of technique.
In the long-run the model reproduces the so-called ‘Kaldor Stylized Facts’ (i.e. we
have a purely labor-saving technical change), however during the transitional phases
the model shows a labor-saving/capital using innovation pattern as the aggregate
output-capital ratio decreases until it stabilizes in the long-run. Moreover, the model
reproduces endogenous fluctuations of labor share with a declining pattern for long
time periods and we can ascribe this evidence to the directed and biased technical
change process. Indeed, the comparison between the baseline scenario with the
‘counterfactual’ scenario wherein a ‘neutral’ technical progress is at work, confirms
our hypothesis showing weaker growth of both real-GDP and real consumption
within the ‘innovation bias’ scenario as well as persistent downswings in labor share
and relatively higher unemployment rate with respect to the ‘neutral innovation’
scenario. Of course, this is just a first step towards the analysis of the interplay
among biased technological change, employment, growth and income distribution.
Indeed, there are many aspects that should be further investigated starting from
this model. For instance, the analysis of technical progress implemented within
the present model exclusively considers process innovation in a closed-economy
model, whereas further investigations could also concern product innovation and
competitiveness gaps between two (or even more) countries. Such an approach
would allows us to analyze, for instance, the non-convergence issues affecting the
core-periphery asymmetrical structure of the European Monetary Union (EMU).
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2.6 Appendix: Baseline Calibration

Symbol Description Value
W Number of workers 1500
M Number of capitalists 100
Ψ Matching Parameter 10
A0 Firms’ initial net worth 10
u Wage revision probability parameter 2.0
ϕl0 Initial labor productivity (consumption firms) 1.0
ϕk0 Initial capital productivity (consumption firms) 1.0
aK Labor productivity (capital firms) 2.0
w0 Initial wage 1.0
p0 Initial consumption-good price 1.0
δ Adaptive parameter 0.03
ρ Share of dividends distributed 0.95
γ Share of R&D expenditure 0.03
ν R&D success probability parameter 1.0
µc,0 Consumption firms’ initial mark-up 0.2
µk,0 Capital firms’ initial mark-up 0.04
θ Inventories share parameter 0.2
κ Capital goods duration 20
δ1 Investment function profit rate weight 0.025
δ2 Investment function capacity utilization weight 0.025
r ’Normal’ profit rate 0.045
u ’Normal’ rate of capacity utilization 0.9
α1w Workers’ propensity to consume out of income 0.95
α2w Workers’ propensity to consume out of wealth 0.35
α1m Capitalists’ propensity to consume out of income 0.65
α2m Capitalists’ propensity to consume out of wealth 0.15
η Banks-firms minimum proportion 0.03
σ Banks’ minimum dimension relative to firms 4.0
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Symbol Description Value
µ1 Total credit supply parameter 20.0
µ2 Minimal reserve requirement parameter 0.1
χ Loan interest parameter 0.003
ιl Loans’ probability parameter 0.2
ιb Bonds’ probability parameter 0.1
τ0 Initial tax rate 0.4
G0 Initial public expenditure 0.4
ires Interest paid on banks’ reserves 0.001
ib0 Initial interest rate on bonds 0.001
ζ Deposit interest-discount rate ratio 0.1
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Chapter 3

Technological Gaps and
Distributive Shares in a
Monetary Union: a
Multi-Country Agent
Based-Stock Flow Consistent
Model

3.1 Introduction

The persistent declining pattern of aggregate wage share in advanced and de-
veloping countries has been identified as one of the main new stylized facts1 about
growth and distribution during the last decades. This evidence results in sharp
contrast with the so-called ‘Kaldor facts’ (Kaldor 1957) claiming for the long-run
constancy of distributive shares and capital-output ratio2.
On this ground, after the sovereign debt crisis broke out in 2010 within the Eurozone,
the different paces of wages and labor productivity growth (i.e. the relative Unit
Labor Cost, ULC) across the member countries of the European Monetary Union
(EMU) have been taken as the point of reference in order to build up a common eco-
nomic narrative about the determinants of current account imbalances between ‘core’

1See Stiglitz (2016), Jones (2015) about new stylized facts concerning growth, distribution and
global inequality.

2The other ‘Kaldor facts’ are: exponential growth of aggregate labor productivity and real wages,
increasing capital-labor ratio (i.e. the so-called ‘capital deepening’) and roughly stable long-run
pattern for the average rate of profit.
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(mainly Germany) and ‘periphery’ (Italy, Spain, Portugal, Ireland and Greece) coun-
tries so to purpose possible economic policies which were capable of restoring public
finance sustainability (by complying euro convergence criteria, i.e. the so-called
‘Maastricht criteria’) as well as countries competitiveness (Giavazzi and Spaventa
2011, Jaumotte and Sodsriwiboon 2010). From this ‘supply-side’ interpretation
of the persistent non-convergence between high-competitive and low-competitive
countries mainly follow the so-called ‘expansionary austerity’ (Giavazzi and Pagano
1990, and Reinhart and Rogoff 2010) and ‘structural reforms’ 3 prescriptions for
peripheral countries presenting higher and persistent public and external deficits.
The export-led growth strategy should have led low-competitive countries to catch-
up with Germany and ‘core’ countries through the internal devaluation of wages
(Stockhammer et al. 2014). However, this strategy has deeply exacerbated the effects
of the crisis upon the asymmetric structure of EMU, characterized by an endogenous
tendency of its member countries to diverge in terms of economic performance, by
dampening the possibility for peripheral countries of investing in industrial and
technological policies and in stimulating aggregate demand and economic growth
(Storm and Naastepad 2015a).
Therefore, the austerity policies have permanently compromised the economic per-
formance of peripheral countries by weakening their production capacity, the labor
market structure and the ability of firms to innovate as well as the aggregate demand
by dampening consumption and investment (IMF 2012, De Grauwe and Ji 2013,
Caiani et al. 2017).
Moreover, there is no clear empirical evidence about the interplay between the
output growth and the ULCs growth, as highlighted by the so-called ‘Kaldor para-
dox’ (Kaldor 1978) claiming for the predominance of non-price factors (for example
product differentiation) during the competitive process among countries in terms of
market shares and economic growth (Felipe and Kumar 2014).
Thus, following a ‘demand-side’ approach many scholars, especially within the Post-
Keynesian tradition, have strongly criticized not only the economic and political
consequences of austerity prescriptions but also the interpretation of persistent
imbalances among European countries as a consequence of excessive public debt and
labor market rigidity together with competitiveness-gaps due to excessively high
wage shares, that is higher wages growth rates with respect to labor productivity
growth, in low-competitive countries (Landesmann et al. 2015, Storm and Naastepad
2015).
For example, Stockhammer et al. (2008) propose a post-Kaleckian macroeconomic

3Structural reforms mainly concern labor markets reforms for low-competitive peripheral countries.
See, for example, the so-called ‘Jobs Act’ and ‘Loi Travail’ adopted, respectively, in Italy and France
as the only way to enhance firms and country competitiveness.
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model by estimating different effects of an increase in the wage share upon the
components of aggregate demand and Onaran and Obst (2016) recently present
a multi-country demand-led growth model for the EU15 in order to stress how a
decrease in the wage share negatively effects economic growth of EMU as a whole
also providing empirical support for a wage-coordination strategy.
From a theoretical point of view, different explanations have been proposed within
the economic literature for the declining pattern of aggregate wage share (OECD
2012, 2015 and IMF 2017), so that we can distinguish mainly between neoclassical
(and classical) ‘technological-based’ and post-Keynesian heterodox ‘demand-side’
explanations. The latter, focuses on the central role played by the effect of globaliza-
tion and financialization (Stockhammer and Lavoie 2012 and Stockhammer 2013),
whereas the ‘supply-side’ and ‘technological-based’ explanation mainly relies on the
estimation of different values of the elasticity of substitution between production
inputs (capital and labor). On this ground, Bentolila (2003), Bassanini (2012),
Hutchinson and Persyn (2012) and Karabarbounis and Neiman (2014) trace back the
increasing pattern of aggregate ‘capital deepening’ , affecting in turn the distributive
shares, to the estimation of the elasticity of substitution greater than one, whereas
Acemoglu (1998, 2002, 2003) proposes a model with endogenous directed and input-
or skill-biased technical change together with an elasticity of substitution less than
one in order to explain different distributive patterns observed during the last decades
in US and European countries.
Moreover, some empirical and theoretical contributions also investigate the role
played by the sectoral shift (from manufacturing to service sectors) in US and in
European countries upon the dynamics of aggregate and sectoral wage shares (De
Serres et al. 2002).
Following a two-sector approach, these contributions highlight how the long-run
constancy of aggregate distributive shares, claimed by the standard ‘Kaldor facts’ ,
may be consistent with different patterns of sectoral wage shares (Kutznets 1957),
so to have aggregate long-run ‘balanced’ growth and ‘unbalanced’ growth at sectoral
level.
On this ground, Acemoglu and Guerrieri (2008) present a model of unbalanced
growth based on different factor proportions and different values of the capital
deepening across sectors where they propose a ‘supply-side’ explanation4, mainly
based on the so-called ‘Baumol-Bowen effect’ 5, for the slower growth of output and

4Another approach focuses the attention on the ‘demand-side’ , that is on the effects of different
consumption compositions (Engel’s law) on unbalanced growth patterns. Matsuyama (2008) provides
a detailed literature review on this approach.

5We have the so-called ‘Baumol-Bowen effect’ (Baumol 1967) when the faster growth of pro-
ductivity within the manufacturing sectors triggers the growth of wages while the slowdown of
productivity within the service sectors cannot offset this raise of costs. This leads to an increase in
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the faster growth of employment within those sectors characterized by lower capital
intensity (i.e. service sectors) in the US.
Ngai and Pissarides (2007) propose a multisector general equilibrium model where
the structural change leading to sectoral labor reallocation and balanced aggregate
growth is due to different ‘Total Factor Productivities’ (TFP) across sectors.
Recently, Zuleta and Young (2013) try to exploit the induced technical change (ITC)
hypothesis in order to account for the different patterns of aggregate and sectoral
wage shares by implementing two different production functions for service (Leontief
function) and manufacturing (Cobb-Douglas function) sectors. In line with the results
presented by Acemoglu and Guerrieri (2008) and Ngai and Pissarides (2007), they
show how an increasingly labor-saving technical change within the manufacturing
sector leads to the reallocation of the labor input towards the service sector.
Beside these ‘supply-side’ and ‘technological-based’ macroeconomic models a rela-
tively new and promising stream of literature investigating the interplay between
innovation process, economic growth, income distribution and aggregate demand
comes from the Complex Adaptive System approach applied to economic systems,
mainly through the Agent-Based Computation Models (ABM) (Arthur 1997, Kirman
2010 and Delli Gatti et al. 2007). Following this methodological approach, the
so-called ‘Keynes + Schumpeter ’ (K+S) class of models (Dosi et al. 2010, 2013, 2017)
deeply investigate the interplay between Schumpeterian evolutionary innovation
processes and Keynesian aggregate demand in advanced capitalist economies (Dosi et
al. 2017). Moreover, many recent contributions in this field try to extend the analysis
within a multi-country framework so to exploit the AB bottom-up approach in order
to analyze the micro, meso and macroeconomic issues related to the interaction
among different countries. On this ground, Dosi et al. (2017) recently propose a
multi-country extension of the K+S model in order to analyze the global divergence
between different countries characterized by persistent growth and productivity gaps
by analyzing the interplay between firms’ evolutionary innovation process, industrial
dynamics, macroeconomic growth and productivity patterns.
On similar grounds building on the Eurace@Unibi model Dawid et al. (2012), Dawid
et al. (2017) propose a multi-country AB model by investigating the effects of fiscal
transfers within the EMU highlighting how they may revert the persistent divergence
between ‘core’and ‘periphery’countries.
Furthermore, building on the Agent-Based Stock-Flow Consistent (AB-SFC) macroe-
conomic benchmark model (Caiani et al. 2016) and its extensions (Caiani et al. 2018
and Caiani et al. 2018a), Caiani et al. (2017) and Caiani et al. (2017a) recently
investigate the effect of, respectively, different fiscal targets and wage regimes within

the relative prices of service goods with respect to manufacturing goods.
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the EMU by implementing a multicountry AB-SFC model. In particular, Caiani et
al. (2017) analyze the negative effects of austerity policies, in the form of restrictive
fiscal targets (i.e. the ‘Maastricht criteria’ ), on the macroeconomic performance
of different countries belonging to an artificial monetary union, whereas Caiani
et al. (2017a) investigate the effect of different wage regimes by implementing an
expansionary or a restrictive wage policy either in a single country and in the
artificial monetary union as a whole, drawing attention to the positive effects that a
wage-coordination strategy may have for the recovery of the EMU.
Built upon these two contributions, we propose a multi-country extension of the
AB-SFC model of induced and directed technical change presented in Chapter 2. The
model is aimed at analyzing the role of the induced and directed technical change
process, biased towards an excessive labor-saving choice of techniques and emerging
from the evolutionary innovation process engaged by (tradable and non-tradable)6

consumption firms, upon distributive patterns, long-run growth and employment
within an artificial monetary union.
As for the model presented in Chapter 2, this is an attempt to bridge7 the evolu-
tionary and Schumpeterian approach to innovation dynamics as a localized process
(Dosi and Virgillito 2016) with the classical interpretation of the induced8, directed
and biased technical change.
Moreover, as within his ancestor models (Caiani et al. 2016, Caiani et al. 2018
and Caiani et al. 2017) we explicitly take into account the interplay between the
supply-side and the demand-side of our artificial economy by analyzing the feedback
mechanisms between the ‘innovation bias’ and the dynamics of employment and
aggregate demand. The model is able to confirm the main findings presented in its
closed-economy version, that is the persistent declining pattern of aggregate wage
share as a result of the interplay between the directed and biased innovation process,
the dynamics of aggregate demand and the strength of workers bargaining power
which is negatively affected by higher levels of aggregate unemployment exacerbated
in turns by the excessive labor-saving technical change. Furthermore the two-sector
specification also allows us to analyze different patterns of sectoral (tradable and
non-tradable) wage shares, by highlighting how the faster capital-deepening within

6Thus, if we compare tradable sector with manufacturing sector and non-tradable sector with
service sector, the present model overcomes the assumption made by Zuleta and Young (2013)
about two different specifications of the production function between the two sectors and explicitly
considers the innovation process and the adoption of different production techniques for both sectors.

7Acemoglu 2015 provides a detailed discussion about possible theoretical links between the
localized innovation process (Atkinson and Stiglitz 1969) and the induced and directed innovation
hypothesis.

8The ITC hypothesis stems from Hicks (1932) and has been then developed along neoclassical
(Kennedy 1964, Samuelson 1965, Drandakis and Phepls 1966 and Young 2004), classical (Van
Der Ploeg 1987, Foley and Michl 1999, Foley 2003,? and Zamparelli 2015), classical/evolutionary
(Dumenil and Levy 2010) and Keynesian (Stiglitz 2015 and Stiglitz and Greenwald 2015) lines.



44
3. Technological Gaps and Distributive Shares in a Monetary Union: a

Multi-Country Agent Based-Stock Flow Consistent Model

the tradable sector, due to the larger adoption of labor-saving innovations with
respect to non-tradable sector, leads to a stronger declining pattern of the wage share
for the tradable sector as well as a shift of the employment share from tradable to
non-tradable sector. Moreover, the multi-country framework enables us to show how
countries tend to orient their innovation effort on tradable sector, with faster labor
productivity growth for tradable-good firms with respect to non tradable-good firms
(Bernard et al. 2003, Bernard et al. 2007), and how the adoption of new production
techniques and the endogenous ‘innovation bias’ affects the emergence of persistent
growth and productivity gaps among countries with a consequent club formation
between high- and low-performing countries (Zeira 1998).

3.2 The Model

As stated above, I propose a multi-country extension of the model presented
in Chapter 2 by describing an artificial monetary union composed by Z countries
populated by different economic agents (as in Caiani et al. 2017 and Caiani et
al. 2017a). We have a capital-good sector composed by K firms producing a
homogeneous capital good by using only the labor input, whereas the consumption-
good sector is composed by CNT non-tradable good firms and CT tradable good
firms, producing a homogeneous consumption good over labor and capital input.
Consumption-good firms try to innovate their production process by choosing both
the intensity, that is the amount of resources to be invested in R&D activities,
and the direction of the innovation process between labor or capital productivity
improvements (Kennedy 1964, Acemoglu 2003, Van Der Ploeg 1987, Foley and Michl
1999 and Stiglitz and Greenwald 2015) and they discriminate among new production
techniques depending on a classical profitability criterion (Okishio 1961 and Shaikh
2016). Consumption firms may also rely on both internal (i.e. their net worth) or
external funds by applying for bank loans.
Thus we have B banks collecting deposits from firms and households, providing
credit to consumption firms and purchasing government bills.
The household sector is composed by W workers, selling their labor force to capital
and consumption firms, and M capitalist agents representing the equity investors
and thus receiving dividends from the firms and banks they own. Workers and
capitalists consume their income on tradable and non-tradable good markets with
different propensities to consume. Each country has a government and a Central
Bank. Government collects taxes from firms, banks and households and provides
tax-exempt transfers to households, which is the public expenditure in our model
(Caiani et al. 2017 and Caiani et al. 2017a). The desired level of public expenditure
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and the desired tax rate are adaptively adjusted each period depending on a given
fiscal target representing the ‘Maastricht criterion’ (Caiani et al. 2017 and Caiani et
al. 2017a).
National Central Banks collect banks’ reserves, accommodate their requests for cash
advances and purchase the residual amount of bonds by governments (residual with
respect to the quantity of bonds purchased by private banks).
Then, as in Caiani et al. (2017) and Caiani et al. (2017a), we have a Union Central
Bank setting the discount rate on cash advances9 by means of a ‘Taylor Rule’ .
As in Caiani et al. (2017), Caiani et al. (2017a) and Chapter 2, the entry/exit process
of (capital- and consumption-good) firms and banks takes place endogenously through
capitalists’ equity investment. Thus, as in the SIM Model, that is the simplest Stock-
Flow Consistent (SFC) model presented by Godley and Lavoie (2009), everything
starts with public expenditure (i.e. the lump-sum transfers to households). Then,
capitalist agents decide to invest in the creation of new firms, primarily within the
capital sector, then within the consumption sector10 and, eventually, they can invest
in the creation of new commercial banks.
International transactions among agents populating different countries take place on
different markets: consumers interact with tradable firms on tradable-good market,
consumption-good firms interact with commercial banks on credit market, firms and
consumers interact with commercial banks on deposit market and private banks
interact with governments on bond market.
As in Riccetti et al. (2015) the heterogeneous agents interacting within each market
by means of decentralized matching protocols. Each period, the demand-side agents
observe a random subset of supplier, whose size depends on a (fixed) parameter Ψ
indicating the degree of imperfect information, and they choose the cheapest one
until the list of supplier is empty or the desired quantity has been satisfied.

3.2.1 The Simulation Schedule

The simulation schedule is the same presented in Chapter 2 with the addition of
tradable-good firms and Union Central Bank activities.

1. Capital-good firms decide the wage to be offered and the selling price for their
production;

2. Consumption firms determine the production planning by deciding the desired
quantity of output, the desired quantity of labor input, wages, selling prices,

9Requested by private banks on order to fulfill mandatory liquidity constraints.
10Tradable good firms are created as a fixed share of the number of non-tradable good firms.
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the desired amount of resources to be invested in R&D and, eventually, the
demand for loans;

3. Commercial banks and consumption-firms interact on the credit market;

4. Consumption-good firms decide the accumulation plan by computing the
desired growth rate of production capacity (and hence the desired quantity of
capital goods);

5. Capital and consumption firms interact with workers on the labor market;

6. Capital firms interact with tradable and non-tradable firms on the capital
goods market;

7. Workers receive their wages and are employed for production and R&D activi-
ties. Capitalist agents receive dividends generated in the previous period;

8. Consumption-good firms undertake the innovation process and compare the
new random technique with the one inherited from the previous period. Then
they produce the final good;

9. Governments decide the tax-rate and the public expenditure planning;

10. Bonds are issued by national Governments of each member country and then
purchased by national and foreign commercial banks on the bonds market.
The residual amount of bonds, not purchased by private banks, is absorbed by
the National Central Banks;

11. Households pay taxes on their income and receive the tax-exempt transfers by
the Government. Then, they compute the desired consumption and interact
with tradable and non-tradable consumption-good firms;

12. Firms compute their profits and net worth and the taxes to be paid in the
next period. Consumption firms also compute the dividends to be distributed
in the next period to the equity investors (capitalists);

13. Union Central Bank sets the common discount rate for the artificial monetary
union;

14. Entry/exit process. Capitalists invest and eventually create new firms and
banks.
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3.2.2 Capital-good Firms

The capital-good sector is populated by k = 1, . . . ,K firms producing a homoge-
neous capital good, yKk,t, for tradable and non-tradable consumption-good firms only
by means of labor input. Thus we have

yKk,t = akN
D
k,t (3.1)

with aK indicating the (constant) labor productivity for workers employed in the
capital production process and ND

k,t indicating the desired quantity of labor needed
in order to produce the capital output.
They compute the demand for labor input as follows

ND
k,t =

yKk,t
aK

(3.2)

and decide the quantity of capital output to be produced, yKk,t, depending on the
desired quantity requested by the consumption-good firms,

yKk,t = yKDc,t . (3.3)

Each period, capital-good firms adaptively revise the wage offered in the previous
period depending on the difference between the desired quantity of workers and the
quantity of workers effectively hired (Caiani et al. 2017), as follows:

wk,t =

wk,t−1(1− U [0, δ]), if ND
k,t−1 −Nk,t−1 = 0 with Pr(ut) = 1− eutv

wk,t−1(1 + U [0, δ]), if ND
k,t−1 −Nk,t−1 > 0

(3.4)

If the desired quantity of workers in t− 1 has been fulfilled, capital firms have a
positive probability, Pr(ut), of downward revising the offered wage. This probability
is inversely related to the aggregate level of unemployment ut, with a positive (fixed)
parameter v indicating the strength of the relation, i.e. the lower v the higher the
probability of reducing the offered wage.

Then, capital firms adopt a simple pricing rule

pk,t = (1 + µk)
wk,t
ak

(3.5)

with a fixed mark-up, µk, over the unit labor costs.
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3.2.3 Consumption-good Firms

Production, Prices and Wages

The consumption-good sector is composed by CNT firms and CT firms producing,
respectively, a homogeneous non-tradable and tradable good over two inputs (labor
and capital). We model the production process with a fixed coefficient Leontief
production function, as follows

yc,t = min{uc,tϕkc,tyKc,t;ϕlc,tNc,t} (3.6)

where uc,t indicates the degree of capacity utilization, ϕkc,t and ϕlc,t are, re-
spectively, capital and labor input productivity, whereas yKc,t and Nc,t represent the
quantity of capital and labor input. Consumption firms may improve their input
productivity (ϕkc,t and ϕlc,t) by means of R&D activities and they discriminate
among new production techniques depending on a profitability criterion, that is by
adopting them only if the expected profit rate related to new innovations is greater
than the actual one (see subsection 3.2.3).
Once the firm has chosen the production technique, it can compute the desired
output and the desired quantity of labor11 given, respectively, by

yc,t = uc,tϕKc,ty
KD
c,t = ϕlc,tN

D
c,t (3.7)

and

ND
c,t = uDc,ty

K
c,t

ϕkc,t
ϕlc,t

. (3.8)

The desired quantity of output, yDc,t, depends on sales expectations, yec,t, and on
the level of inventories inherited from the previous period, invc,t12, as follows:

yDc,t = yec,t(1 + θ)− invc,t. (3.9)

Then, each period consumption firms adaptively revise prices and sales expecta-
tions, as follows:

if yc,t ≥ yec,t−1 :

y
e
c,t = yec,t−1(1 + U [0, δ])

pc,t = pc,t−1(1 + U [0, δ])
(3.10)

11These desired quantities could be lower then the effective ones, so we could have that ND
c,t ≥ Nc,t

and/or yDc,t ≥ yc,t.
12Firms decide th equantity of inventories to be accumulated as a share, θ, of expected sales.

Thus inventories represent a buffer stock within our SFC framework (Steindl 1952 and Lavoie 1992).
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if yc,t ≤ yec,t−1and ytotc,t−1 > yc,t−1 :

y
e
c,t = yec,t−1(1− U [0, δ])

pc,t = pc,t−1(1− U [0, δ])
(3.11)

if yc,t ≤ yec,t−1and ytotc,t−1 = yc,t−1 :

y
e
c,t = yec,t−1

pc,t = pc,t−1
(3.12)

where yc,t−1 represents the output sold in t− 1 and ytotc,t = yc,t−1 + invc,t.
The desired quantity of (fixed) capital stock is computed depending on the

accumulation decision (see subsection 3.2.3).
Moreover, the selling price cannot be less than the unit labor costs13.

Then, as described for capital firms in section 3.2.2, consumption firms adopt an
adaptive wage rule, as follows:

wc,t =

wc,t−1(1− U [0, δ]), if ND
c,t−1 −Nc,t−1 = 0 with Pr(ut) = 1− eutv

wc,t−1(1 + U [0, δ]), if ND
c,t−1 −Nc,t−1 > 0

(3.13)

Innovation

Each period firms C producing tradable or non-tradable consumption goods,
undertake an evolutionary innovation process in order to improve their input pro-
ductivity. As in Chapter 2, they choose both the intensity, that is the amount
of resources to be invested in R&D activities, and the direction of the innovation
process towards labor or capital productivity improvements. Moreover, they decide
to adopt the new random technique by comparing its expected profit rate with
the actual one, that is by following a classical profitability criterion (Okishio 1961,
Shaikh 1978, Nakatani 1979, Shaikh 1999, Park 2001 Shaikh 2016).
Once firm has decided the size of investment in R&D activity, represented by a
(fixed) share γ of the expected wage bill14, as follows:

IND
c,t = γwc,tN

D
c,t (3.14)

then, the innovation process takes place in two steps as in the well established
‘K+S’ tradition Dosi et al. 2010). First, firms compute a Bernoulli experiment in
order to determine whether the R&D activity has been successful. For non-tradable
firms we have:

13That is, pc,t < (1 + µc)( wc,t

ϕlc,t
), with µc indicating a (fixed) mark-up over the unit labor costs.

14Since R&D activity is made by workers also employed in production activities, R&D investment
depends in turns on production planning and on sales expectations (as in Caiani et al. 2017 and
Caiani et al. 2017a).
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PrNTINt = 1− e
−νINc,t

ΦNT
t

PNT
t (3.15)

where the probability of success, PrNTINt , is directly affected by the amount of
resources invested in the innovation activity, ΦNT

t represents the national average
labor productivity of non-tradable firms and PNTt is the average domestic price level
of non-tradable goods (Caiani et al. 2017). For tradable firms we have:

PrTINt = 1− e
−νINc,t
ΦT
t
PT
t . (3.16)

with ΦT
t representing the average labor productivity of tradable firms and PNTt

is the average level of tradable goods within the Monetary Union. Then, we have a
second step where new production technique is obtained by computing two different
random draws respectively for the growth rate of capital and for the growth rate of
labor productivity, as follows:

ϕ+
kc,t+1 = ϕkc,t(1 + ϕ̂k) (3.17)

and
ϕ+
lc,t+1 = ϕlc,t(1 + ϕ̂l) (3.18)

with ϕ̂k ∼ U [−δ, δ] and ϕ̂l ∼ U [−δ, δ].
Thus, we have a symmetric support for the random draws of labor and capital
productivity improvements. This allows us to let the ‘innovation bias’ emerge
from the evolutionary innovation process with no imposition of analytical trade-
offs between labor or capital productivity improvements, i.e. without an explicit
‘Invention Possibility Frontier’ á-la-Kennedy.
As stated above, the adoption of new production techniques depends on a classical
profitability criterion, i.e. the adoption takes place only if:

r+
c,t+1 > rc,t. (3.19)

The profit rate is given by the ratio between firm’s profit15 and the capital stock,
as follows:

Π∗c,t
Kc,t

≡ rc,t =
pc,tyc,t − wc,tNc,t − pkc,tyKc,t − INc,t − ilc,tLc,t

pkc,ty
K
c,t

(3.20)

with pc,tyc,t representing revenues obtained from sales in the previous period,
wc,tNc,t and pkc,tyKc,t indicate, respectively, production inputs costs and ilc,tLc,t is the

15As in Caiani et al. (2016) and Caiani et al. (2018), we refer to Π∗
c,t as the Operating Cash Flow,

that is the firm’s profit excluding the variation of the inventories (see subsection 3.2.3).
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repayment for loans obtained in t− 1 (see subsection 3.2.3).
After some substitution we obtain the profit rate inherited from t and the potential
profit rate expected from the adoption of the new random technique (ϕ+

kc, ϕ
+
lc) in

t+ 1, as follows

rc,t =
uc,tϕkc,t[pc,t − wc,t

ϕlc,t
(1 + γ)]

pkc,t
− 1−

ilc,tLc,t

pkc,ty
K
c,t

(3.21)

and

r+
c,t+1 =

uDc,t+1ϕ
+
kc[pc,t −

wc,t
ϕ+
lc

(1 + γ)]

pkc,t
− 1−

ilc,tLc,t

pkc,ty
K
c,t

. (3.22)

Thus, firms compare (eq. 2.17) the old and the ‘transient’ profit rate within a
‘real competition’ framework (Shaikh 1999, Park 2001 and Shaikh 2016).

Moreover, both tradable and non-tradable firms presenting productivity gaps
with respect to the sectoral average (Φx) may try to catch-up by imitating the
leading competitors, as follows:

ϕxc,t+1 = ϕxc,t + U [0,ΦNT
x,t − ϕxc,t] if ϕxc,t < ΦNT

x,t (3.23)

ϕxc,t+1 = ϕxc,t + U [0,ΦT
x,t − ϕxc,t] if ϕxc,t < ΦT

x,t (3.24)

with x = {l, k}.

Investment and Capital Accumulation

Each period, consumption-good firms compute their desired rate of growth of
production capacity depending on their profitability and on their desired degree of
capacity utilization by comparing them to the (exogenous) ‘normal’ rates for the
overall economy (as in Caiani et al. 2016, Caiani et al. 2018), as follows:

gDc,t = δ1
rc,t−1 − r

r
+ δ2

uDc,t − u
u

(3.25)

with δ1 and δ2 indicate, respectively, the sensitivity of investment to the profit
rate and to the desired degree of capacity utilization, uDc,t16, and r and u represent,
respectively, the ‘normal’ profit rate and capacity utilization rate17. Thus we have
both a ‘classical’ and a ‘Kaleckian’ engine shaping the investment decision undertaken

16Depending on the desired output yDc,t, that is uDc,t = min(1, yD
c,t

yK
c,t
ϕkc,t

).
17Assumed to be constant and equal across firms. Caiani et al. (2018) and Caiani et al. (2017)

calibrate the values for these ‘normal’ rates by computing the steady-state solution of the aggregate
model preceding the simulation.
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by consumption firms depending, respectively, on the weight given to the profit rate
and on the weight given to the desired degree of capacity utilization.
After the accumulation decision, c computes the desired nominal investment, iDc,t, as
the additional capital stock needed due to the obsolescence of capital (given a fixed
depreciation rate δ and a given life span for machineries, see 3.5) and/or in order to
fill the possible gap between the current and the desired production capacity. Then,
the desired real investment will be IDc,t = iDc,tpkc,t.

Financing Demand, Profits and Net Worth

In order to finance their production activity, consumption firms may rely on
internal funds, that is the disposable net worth Ac,t, and/or, if necessary, on external
funds, that is a certain desired quantity of loans18, LDc,t, by paying an interest rate
ilc,t (see subsection 3.2.5).
The desired demand for loans to the banking sector depends on the cost of the
desired quantity of productive inputs and on the disposable internal funds, as follows:

LDc,t =

wc,tN
D
c,t + pkc,ty

KD
c,t −Ac,t, if wc,tND

c,t + pkc,ty
KD
c,t > Ac,t

0, otherwise.
(3.26)

and it could differ from the amount of loans effectively obtained, that is we could
have LDc,t ≥ Lc,d, due to an unsatisfactory amount of loans to be supplied by the
commercial banks or due to an individual credit rationing (as production activity
has the priority on the R&D expenditure).
Firms’ profits are given by the difference between revenues and expenditure:

Πc,t = pc,tyc,t + ∆INVc,t − wc,tNc,t − pkc,tyKc,t − INc,t − ilc,tLc,t. (3.27)

where ∆INVc,t indicates the variation of inventories, and firms’ net worth evolves
according to the following law of motion:

NWc,t = NWc,t−1 + Π∗c,t−1 − T πc,t −DIVc,t. (3.28)

When the operating cash flows are positive (Π∗c,t−1 > 0), firms pay taxes on
their profits (T πc,t) and distribute dividends (DIVc,t) to equity owners (capitalists),
as follows

18For simplicity, we assume that each loans lasts only one period.
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T πc,t =

τtΠ
∗
c,t, if Π∗c,t > 0

0, otherwise.
(3.29)

and

DIVc,t =

ρ(Π∗c,t − T πc,t), if Π∗c,t > 0

0, otherwise.
(3.30)

with τt indicating the tax-rate decided by the government (see subsection 3.2.7).

3.2.4 Households

We have h = 1, . . . ,H households divided into two different types of agents, that
is w = 1, . . . ,W workers and m = 1, . . . ,M capitalists, consuming their income
on consumption goods market, saving in the form of bank deposits and paying
taxes over their income. Workers sell their labor force to (tradable or non-tradable)
consumption- and capital-good firms, whereas capitalists only own firms and banks
by receiving dividends as a share of their profits.

Workers

Each period, workers revise their reservation wage as the mirror process of wage
determination taking place for capital and consumption firms (see 3.4 and 3.13),
depending on their occupational status in t− 1, as follows

ww,t =

ww,t−1(1 + U [0, δ]), if employed in t− 1 with Pr(ut)

ww,t−1(1− U [0, δ]), if unemployed in t− 1
(3.31)

with Pr(ut) indicating a positive probability of increasing the wage claims if
they were occupied in the previous period depending on the aggregate level on
unemployment.
Workers gross income is given by

yw,t = ww,t + idb,tDw,t + TFt (3.32)

with idb,tDw,t indicating the interest rate obtained from bank deposits19 and TFt
representing the tax-exempt transfer received by government.

19For simplicity we assume the same interest rate offered by the banking sector.
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Capitalists

Capitalists gross income is given by

ym,t = DIVm,t + idb,tDm,t (3.33)

with DIVm,t indicating the dividends received by the firms/banks they own and
idb,tDm,t being the interests on their deposits.
Capitalists may save their wealth (NWm,t) either as deposit accounts Dm,t or as
investment in firms/banks’ equity Am,t. The choice between these two assets depends
on a certain degree of liquidity preference (LPm,t) 20. Thus, capitalists compute
the desired level of wealth depending on their disposable income and the desired
consumption, as follows

NWD
m,t = NWm,t−1 + yDISPm,t − CDm,t (3.34)

then they obtain the desired level of deposits and equity as

DD
m,t = NWD

m,t − (ADm,t −Am,t−1) (3.35)

and

ADm,t = max{Am,t−1, (1− LPm,t)NWD
m,t} (3.36)

with ADm,t−Am,t−1 indicating the desired investment in equity, which is bounded
to be non-negative (Caiani et al. 2017).
As for the other desired variables in the model, we may also have CDh,t > Ch,t (with
h = m,w), and for capitalist agents this means that NWD

m,t < NWm,t. In this case
deposits act as a buffer stock variable with Am,t remaining at the planned level.

The disposable income for a generic agent within the household sector (worker
or capitalist) is given by

yDISPh,t = (1− τt)yh,t (3.37)

with h = w,m and τt indicating the tax-rate in the current period.
Each period, households also decide the desired quantity of consumption depend-

ing on their current disposable income and on their wealth (i.e. bank deposits), as
20See Caiani et al. (2017), for a detailed description related to how capitalists compute their

liquidity preference. In the ancestor model (Caiani et al. 2017), the household sector is not divided
into workers and capitalist agents so that households as a whole act as consumers, workers and
equity owners. On the contrary, within the present model only capitalist agents may invest in equity
asset.
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follows

CDh,t = α1hy
DISP
h,t + α2hDh,t (3.38)

with 0 < α1h < 1 and 0 < α2h < 1 and αw > αm. Thus, the desired savings are

SDh,t = yDISPh,t − CDh,t (3.39)

.

Consumers also decide whether to purchase tradable goods, CDTh,t , and non-
tradable goods, CDNTh,t , respectively, as fixed proportions cT and 1− cT of CDh,t, as
follows:

CDTh,t = cTCDh,t (3.40)

CDNTh,t = (1− cT )CDh,t. (3.41)

Moreover, as in Caiani et al. (2017) and Caiani et al. (2017a), we introduce a
locational specification of consumers’ preferences and firms’ product varieties á-la-
Hotelling (Hotelling 1929 and Salop 1979) by assuming that varieties and preferences
are randomly located on a circle with diameter equal to one.

3.2.5 Banks

We leave the banking sector functioning as well as, Governments, national Central
Banks and Union Central Bank behavior exactly as in Caiani et al. (2017) and Caiani
et al. (2017a). Thus, we have b = 1, . . . , B commercial banks collecting deposits from
households and firms (i.e. capitalists’ deposits), offering an interest rate idb,t (which
is a constant fraction of the discount rate it fixed by the Union Central Bank), and
endogenously creating means of payment by providing credit to consumption-good
firms. Moreover, banks may also purchase bonds issued by any z country member
belonging to the artificial Monetary Union.
The probability of receiving credit by banks depends on firms’ leverage, as follows:

Pr(Lc,t) = e
−ι

LD
i,t

Ai,t (3.42)

ilc,t = χ
LDc,t
Ac,t

+ it (3.43)
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with it indicating the discount rate fixed by the Union Central Bank.
The desired supply of loans depends on banks’ net worth:

LSDb,t = µ1Ab,t (3.44)

and the maximum amount that a bank may provide to each firm is represented
by a maximum share of its supply (ζLSDb,t ).
Commercial banks have a minimum amount of reserves to be held by the national
Central Bank as a proportion of their deposits

Rminb,t = µ2Db,t (3.45)

by receiving a fixed interest rate ires.
Then, banks may also spend the remaining amount of liquidity by purchasing
governments’ bonds Bbz,t, yielding an interest rate ibz,t 21.
Thus, banks’ profit is given by

Πb,t =
∑Cz,t

c=1
ic,tLc,b,t +

∑Z

z=1
ibz,tBbz,t + iresRb,t −BDc,b,t − idtDb,t − itLcbb,t (3.46)

with BDc,b,t indicating the ‘bad debt’, that is the non performing loans due to
firms’ default.
Also banks’ profits are subject to taxation, and then net profit are eventually
distributed to the equity owners as for firms (see equations 3.4 and 3.13).

3.2.6 Central Banks

National Central Banks of the z country members provide cash advances (CACBz,t)
requested by commercial banks, collect their reserves (RCBz,t), and eventually pur-
chase the residual amount of governments’ bonds (BCBz,t).
Central Banks also compute their profits and we assume that they are automatically
distributed to national governments, so to have:

ΠCBz,t = ibz,tBCBz,t + itCAz,t − iresRCBz, t. (3.47)

Moreover, as in Caiani et al. (2017) and Caiani et al. (2017a), we have a National
Central Bank setting the common discount rate following a Taylor rule, that is
depending on the average level of inflation across country members belonging to our
artificial monetary union:

21As in Caiani et al. (2017) banks randomly access the bond market with a probability of purchase
them, depending on the riskiness of the economy (i.e. the debt-on-GDP ratio): Pr(bt) = e

−ιBt
Yt .
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it = i(1− ξ) + ξ rt−1 + (1− ξ) ξ∆ P (∆ Pt−1 −∆ P ). (3.48)

3.2.7 Governments

Each Government receives taxes from household sector (capitalists and workers)
and from firms and commercial banks, thus

Tz,t =
∑Hz

h=1
τz,tT

y
h,t +

∑Cz

c,π∗>0
τz,tT

π
c,t−1 +

∑Bz

b,π>0
τz,tT

π
b,t−1. (3.49)

Government public expenditure Gz,t is represented by lump-sum tax-exempt
transfers to household sector (TFz,t).
Each period, government may achieve a budget surplus SURz,t or deficit DEFz,t,
so we have

DEFz,t = Gz,t + ibz,t−1Bz,t−1 − Tz,t (3.50)

with public debt defined as follows:

Bz,t = Bz,t−1 +DEFz,t − SURz,t−1. (3.51)

Then, the interest rate on each country member public bonds depends on the
country debt-on-GDP ratio and on the discount rate set by the Union Central Bank,
as follows:

ibz,t = χb
Bz,t
Yk,t

+ it. (3.52)

Moreover, as in Caiani et al. (2017) and Caiani et al. (2017a), each period
national governments adaptively revise their level of public expenditure, Gz,t, and
their tax rate, τz,t+1, depending on a given fiscal target, dmax , representing the
so-called ‘Maastricht criterion’ related to the maximum deficit-GDP ratio allowed
for each country member, as follows:

if dz,t ≥ dmaxand GDz,t ≤ Gz,t−1 :

Gz,t = Gz,t−1(1− U [0, δ]

τz,t+1 = τz,t(1 + U [0, δ])
(3.53)

if dz,t ≥ dmaxand GDz,t > Gz,t−1 :

Gz,t = Gz,t−1

τz,t+1 = τz,t(1 + U [0, δ])
(3.54)
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if dz,t < dmaxand GDz,t ≤ Gz,t−1 :

Gz,t = Gz,t−1(1− U [0, δ]

τz,t+1 = τz,t(1− U [0, δ])
(3.55)

if dz,t < dmaxand GDz,t > Gz,t−1 :

Gz,t = Gz,t−1(1 + U [0, δ]

τz,t+1 = τz,t
(3.56)

whereGDz,t andGz,t−1 indicate, respectively, the desired level of public expenditure
and the effective public expenditure in t− 1 for country z.

3.3 Simulation Results

We run the model for 1000 time periods22 following a baseline calibration for
the parameters (see Table 3.5). Moreover the baseline scenario has been run under
two different specifications concerning the number of countries belonging to our
artificial monetary union, that is under a two-country and a six-country scenario, as
a robustness check for the dynamics of the model.
In order to check for the ability of the model to reproduce some macroeconomic
stylized facts, we follow Dosi et al. (2010) and Caiani et al. (2016) by presenting
a minimum empirical validation. Figure fig. 3.1 and 3.2 show the cross-correlation
functions between the cyclical components of some key macroeconomic variable
across 50 Monte Carlo runs, respectively, under the two countries and the six
countries specification. As we can see, under both specifications we have that ag-
gregate consumption, export and import are coincident23 and strongly pro-cyclical
whereas aggregate unemployment and public expenditure-GDP ratio are strongly
counter-cyclical. These results confirm the results presented in Chapter 2 as well as
the cross-correlations of aggregate export and import with respect to real output
presented within its multi-country ancestor model (Caiani et al. 2017).
As we can see in figure 3.3, the model is able to reproduce a self-sustained endogenous
growth process, with an exponential real growth pattern of both GDP and con-
sumption and with persistent cyclical fluctuations characterized by boom-and-bust
episodes during the overall simulation, due to the out-of-equilibrium dynamics of
the model and the interplay between real and financial variables shaped by the

22Each time periods corresponds to a quarter, so that we have a time span of 250 years for our
simulation.

23The left, centered or right position of the peak within the cross-correlation plots indicates
whether the variable is, respectively, lagged, coincident or leading with respect to the other variable.
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interactions among heterogeneous agents and countries within our artificial monetary
union.
The model also reproduces the standard ‘Kaldor Facts’ as we have exponential
growth of aggregate labor productivity, real wages (fig 3.4) and capital-labor ratio
(i.e. the so-called ‘capital-deepening’) as shown in fig. 3.5. However, as in the
closed-economy version of the model (Chapter 2), aggregate labor productivity and
real wages grow at different paces and this results in a persistent fluctuations of the
aggregate wage share (top panel in fig. 3.8).
As discussed in Chapter 2, this result is mainly driven by the predominance of
two different economic forces shaping the process of growth and technical change.
On the one hand, we have Schumpeterian ‘virtuous circles’ as (tradable and non-
tradable) consumption-good firms are increasingly encouraged to improve their
production techniques by investing in R&D and thus by hiring a greater amount of
workers for both production and innovation activities, in order to gain persistent
technological advantage over their competitors. On the other hand, we have a
strong counter-force as firms tend to adopt labor-saving (capital-using) production
techniques, so that they try to improve labor productivity (ϕl) to a greater ex-
tent than capital productivity (ϕk) (‘innovation bias’ ), thus also accelerating the
process of capital accumulation, as highlighted by the artificial time series of aggre-
gate output-labor ratio (Y/L) and capital-labor ratio (K/L) (fig. 3.4 and fig. 3.5).
The excessive labor-saving pattern of technical change also negatively affects the
unemployment rate24 (fig. 3.9), as firms can produce a larger amount of output
by using less workers, by further weakening the bargaining power of workers as it
is negatively affected by higher levels of aggregate unemployment (see equation 2.28).

Furthermore, the two-sector framework enables us to analyze these aggregate
macroeconomic variables at a sectoral level by analyzing how tradable and non-
tradable firms behave during the technical change process (fig. 3.7), leading to
different trends of sectoral wage shares (fig. 3.9), and how persistent growth and
productivity gaps among countries (fig. 3.12 and 3.13) emerge due to different eco-
nomic patterns between the two sectors and to the complex interactions between
the supply and demand-side of the economy.
In line with the results presented by Caiani et al. (2017) and with a consolidated

24Within the present model we are not able to analyze the strength or the triggering of the
so-called ‘compensation mechanisms’ identified within the economic literature analyzing the complex
nexus between innovation and employment (Vivarelli 2015, Calvino and Virgillito 2018) . As
discussed in Chapter 2, within the presented model the labor-saving profile of innovations adopted
by consumption firms may be mitigated for example when capital-good firms try to hire a greater
amount of workers in order to fulfill the increasing demand of machines coming from the consumption-
good sector. However, as we will discuss, the two-sector framework here also enables us to analyze
different patterns of the employment shares between tradable and non-tradable sectors.
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Figure 3.1. Average cross-correlations (across 50 Monte Carlo) of aggregate labor produc-
tivity, consumption, unemployment, public expenditure-GDP ratio, import and export
with real GDP under the two countries specification.

empirical evidence about international trade (Bernard et al. 2003, Bernard et al.
2007), figure 3.6 shows how labor productivity grows faster for tradable firms with
respect to non-tradable firms.
At a country level, the greater performance of tradable sector, leading to growing
export flows absorbed by the demand for tradable-goods of the foreign consumers,
also reflects in a relatively lower aggregate wage share within the high-performing
countries (in terms of growth and productivity) with respect to low-performing
countries (fig.3.8 and 3.9).

At a sectoral level, we can observe different patterns of the wage shares emerging
from the simulation with a persistent declining trend of the wage share within the
tradable good sector and an increasing, even if persistently fluctuating, trend within
the non-tradable sector (fig.3.9).
We ascribe this result to the faster growth of ‘capital-deepening’ (i.e. the capital-
labor ratio) within the tradable sector (fig. 3.10), due to the relatively larger adoption
of increasingly labor-saving innovations made by tradable firms with respect to non-
tradable firms. Moreover, this process leads to an endogenous structural change25

characterized by the sectoral shift of the employment from tradable to non-tradable

25Dosi et al. (2017) propose a more sophisticated analysis of structural change, as they implement
a multi-sector model with different industries, also accounting for the emergence of persistent
technological and growth divergences among countries within their AB multi-country model.
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Figure 3.2. Average cross-correlations (across 50 Monte Carlo) of aggregate labor produc-
tivity, consumption, unemployment, public expenditure-GDP ratio, import and export
with real GDP under the six countries specification.

sector with a persistent increase (decrease) of the non-tradable (tradable) sector
employment share (fig. 3.11). This results are consistent with both theoretical
(Acemoglu and Guerrieri 2008, Ngai and Pissarides 2007, Zuleta and Young 2013)
and empirical (De Serres et al. 2002) contributions analyzing the different patterns of
aggregate and sectoral wage shares from purely supply-side and technological-based
perspectives, however our modeling framework also enable us to overcome some
restrictive assumption, such as the possibility of innovation process only for one
sector or the assumption of different production functions for each sector.
Moreover, our modeling framework is able to explicitly account for the effects of the
interplay between the supply and demand-side of the economy as well as for the
interaction between the real and financial side variables within and across a certain
number of countries belonging to an artificial monetary union. Indeed, figures 3.12
and 3.13 show the percentage deviation of some macroeconomic variables for each
country with respect to the cross-country average. As we can see, persistent growth,
productivity and wage gaps among countries emerge from the simulation, leading
to a club formation process between high- and low-performing countries. This
divergence of the macroeconomic performance of different countries is driven by the
interaction between the Schumpeterian innovation and imitation process and the
competitive dynamics, characterized by an endogenous entry-exit process (Caiani et
al. 2017), among heterogeneous credit-constrained firms and theKeynesian/Kaldorian
dynamics of aggregate demand.
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As discussed for example in Zeira (1998), different patterns of the induced and
directed technical change process across countries have a strong impact on the
persistent growth and productivity gaps across countries. Moreover, within the
present model this process is driven by the choice made by consumption-good firms
about both the intensity and the direction of the innovation effort, so that the
innovation process is triggered not only by the input costs (as in the standard
classical and neoclassical ITC models) but also by the amount of resources invested
in R&D activities affected in turns by the firms sales expectations (Dosi et al. 2010).
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Figure 3.3. Artificial time series from time 100 to 1000 related to average real GDP and
real consumption under the two baseline specifications, i.e. with two (left) and six (right)
countries.
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Figure 3.4. Artificial time series from time 100 to 1000 related to aggregate labor produc-
tivity and real wage under the two baseline specifications, i.e. with two (left) and six
(right) countries.
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Figure 3.5. Artificial time series from time 100 to 1000 related to aggregate capital-labro
ratio under the two baseline specifications, i.e. with two (left) and six (right) countries.
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Figure 3.6. Artificial time series from time 100 to 1000 related to average labor productivity
within tradable and non-tradable sector under the two baseline specifications, i.e. with
two (left) and six (right) countries.
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Figure 3.7. Artificial time series from time 100 to 1000 related to average real wage within
tradable and non-tradable sector, under the two baseline specifications, i.e. with two
(left) and six (right) countries.
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Figure 3.8. Artificial time series from time 100 to 1000 related to aggregate and non-
tradable wage shares (computed as the ratio between real wage and labor productivity)
under the two baseline specifications, i.e. with two (left) and six (right) countries.



3.3 Simulation Results 69

0 200 400 600 800

0.
60

0.
65

0.
70

0.
75

0.
80

Wage Share Tradable

time

wa
ge

 s
ha

re
 tr

ad
ab

le

0 200 400 600 800

0.
55

0.
60

0.
65

0.
70

0.
75

0.
80

Wage Share Tradable

time

wa
ge

 s
ha

re
 tr

ad
ab

le

0 200 400 600 8000.
05

0.
10

0.
15

0.
20

0.
25

Unemployment

time

un
em

pl
oy
m
en
t

0 200 400 600 8000.
05

0.
10

0.
15

0.
20

0.
25

Unemployment

time

un
em

pl
oy
m
en
t

Figure 3.9. Artificial time series from time 100 to 1000 related to tradable wage share
(computed as the ratio between real wage and labor productivity) and unemployment
rate, under the two baseline specifications, i.e. with two (left) and six (right) countries.
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Figure 3.10. Artificial time series from time 100 to 1000 related to average labor produc-
tivity within tradable and non-tradable sector and average real wage within tradable
and non-tradable sector, under the two baseline specifications, i.e. with two (left) and
six (right) countries.
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Figure 3.11. Artificial time series from time 100 to 1000 related to average labor produc-
tivity within tradable and non-tradable sector and average real wage within tradable
and non-tradable sector, under the two baseline specifications, i.e. with two (left) and
six (right) countries.
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Figure 3.12. Artificial time series from time 100 to 1000 related to the percentage deviation
with respect to the countries average of aggregate real output and labor productivity
(within non-tradable sector) under the two baseline specifications, i.e. with two (left)
and six (right) countries.
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Figure 3.13. Artificial time series from time 100 to 1000 related to the percentage deviation
with respect to the countries average of aggregate labor productivity (within tradable
sector) and real wage under the two baseline specifications, i.e. with two (left) and six
(right) countries.
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3.4 Conclusions

Building on Caiani et al. (2017) and Caiani et al. (2017a), we present a multi-
country Agent Based-Stock Flow Consistent (AB-SFC) model aimed at analyzing
the effect of induced and directed technical change upon economic growth, functional
income distribution and employment within an artificial monetary union. The
simulation results show the emergence of persistent fluctuations of the aggregate
wage share as in the closed-economy version presented in the first chapter. Moreover
the two-sector specification, distinguishing between tradable and non-tradable firms,
also enables us to discuss different trends of aggregate and sectoral wage shares. In
particular, we observe from the artificial data an increasing trend of the wage share
within the non-tradable sector and a persistent declining pattern of the wage share
within the tradable sector.
These findings are mainly caused by the faster growth of capital-deepening within
the tradable sector, due to the relatively larger adoption of labor-saving innovations
by tradable firms, also leading to a sectoral shift of the employment from tradable
to non-tradable sector with an increase (decrease) of the non-tradable (tradable)
employment share. Furthermore, the model also shows the endogenous emergence of
persistent technological and growth gaps among countries leading to club formations
between high- and low-competitive countries.
However, many aspects related to the complex interplay between technical change,
growth and distributive shares in a multi-country modeling framework should be
further investigated by means of the present model.
First of all, some key parameter should be subjected to sensitivity analyses in order
to check for the causal relation between relevant variables driving the economic phe-
nomena here discussed. Then, we should account for the role of product innovations,
following both a Schumpeterian and evolutionary microeconomic perspective and a
Kaldorian macroeconomic perspective, given that we are only considering product
innovations and disembodied technical change. Thus, an interesting extension of the
present model should be focused on the analysis of the effect of product differen-
tiation upon structural change and different growth and technological trajectories
among countries.
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3.5 Appendix: Baseline Calibration

Symbol Description Value
Z Number of countries 2, 6
W Number of workers 2000
M Number of capitalists 100
Ψ Matching parameter 10
cT Share of tradable firms 0.4
A0 Firms’ initial net worth 10
u Wage revision probability parameter 0.8
ϕl0 Initial labor productivity (consumption firms) 1.0
ϕk0 Initial capital productivity (consumption firms) 1.0
aK Labor productivity (capital firms) 2.0
w0 Initial wage 1.0
p0 Initial consumption-good price 1.0
δ Adaptive parameter 0.03
ρ Share of dividends distributed 0.95
γ Share of R&D expenditure 0.03
ν R&D success probability parameter 0.8
µc,0 Consumption firms’ initial mark-up 0.25
µk,0 Capital firms’ initial mark-up 0.045
θ Inventories share parameter 0.2
κ Capital goods duration 20
δ1 Investment function profit rate weight 0.25
δ2 Investment function capacity utilization weight 0.25
r ’Normal’ profit rate 0.045
u ’Normal’ rate of capacity utilization 0.9
β Hotelling’s circle parameter 1.5
α1w Workers’ propensity to consume out of income 0.95
α2w Workers’ propensity to consume out of wealth 0.35
α1m Capitalists’ propensity to consume out of income 0.65
α2m Capitalists’ propensity to consume out of wealth 0.15
η Banks-firms minimum proportion 0.03
σ Banks’ minimum dimension relative to firms 4.0
µ1 Total credit supply parameter 20.0
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Multi-Country Agent Based-Stock Flow Consistent Model

Symbol Description Value
µ2 Minimal reserve requirement parameter 0.1
χ Loan interest parameter 0.003
ιl Loans’ probability parameter 0.2
ιb Bonds’ probability parameter 0.1
τ0 Initial tax rate 0.4
G0 Initial public expenditure 0.4
ires Interest paid on banks’ reserves 0.001
ib0 Initial interest rate on bonds 0.001
ζ Deposit interest-discount rate ratio 0.1
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Chapter 4

Structural Change and the
Wage Share: a Two-Sector
Kaleckian Model

4.1 Introduction

At the onset of modern growth theory, Kaldor (1961) suggested that long-run
stability of factors income shares is one of the main ’stylized facts’ of market
economies. Yet, recent contributions (Jayadev , 2007; Karabarbounis and Neiman,
2014; OECD, 2015) have shown that the labor share has declined over the past
three decades in both developed and developing countries. While the possibility of
short- and medium-run fluctuations in factors shares has long been acknowledged
(Bentolila, 2003; Young, 2004), the prolonged decline in labor share seems to point
to either a long-run negative trend in the labor share or a shift to a lower steady
state wage share as more plausible descriptions of the evidence.

Several explanations for such a trend have been put forward and investigated
both from theoretical and empirical standpoints. Economists working within the
neoclassical framework have emphasized the importance of the shape of production
function and the nature of technical change in determining factors shares trends.
As is well known, a unitary elasticity of substitution (σ) between capital and labor,
that is a Cobb-Douglas production function, necessarily implies constant factors
shares. There are two possibilities to obtain a fall in the labor share: either capital
deepening (in efficiency terms) when labor and capital are substitutes (σ > 1), or a
reduction in the capital-labor ratio when the elasticity of substitution is less than one.
Piketty and Zucman (2014) and Karabarbounis and Neiman (2014) support the
first mechanism; but while Piketty and Zucman (2014) attributes capital deepening
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to negative shocks to the (exogenous) growth rate, Karabarbounis and Neiman
(2014) find its determinant in the decline of the price of investment goods relative to
consumption goods. Acemoglu (2003) analyzes the second possibility in the context
of induced technical change, though he only applies it to deviations from the stable
steady state wage share.

Other researchers (Berthold et al., 2002; Bental and Demougin , 2010; Checchi
and García-Peñalosa , 2010) have investigated the relation between changes in labor
market institutions and the labor share trend. Checchi and García-Peñalosa (2010),
in particular, show that a reduction in unions’ bargaining power might have played
a role in reducing the share of income accruing to workers.

Multiple elements of globalization have also been singled out as factors behind
the falling labor share. They range from trade (Brock and Dobbelaere , 2006; Doan
and Wan , 2017), to offshoring (Elsby et al. , 2013), to capital account openess
(Jayadev , 2007).

Finally, economists working withing the Post-Keynesian tradition (Dünhaupt ,
2017; Stockhammer , 2017) have looked at the increasing size of the financial sector
as an additional determinant of the decline in the wage share.

Relatively little attention, on the other hand, has been paid to the possible
influence of structural change on functional income distribution. De Serres et al.
(2001) show that changes in the sectoral structure of the economy help explaining the
trend decline in the aggregate wage share observed in five European countries and
in the US over the 1980s and 1990s. From a theoretical point of view, a recent paper
by Alvarez-Cuadrado et al. (2018) explains the decline in the labor share in a two
sector neoclassical growth model, where sectoral differences in productivities growth
and factors’ elasticities of substitution, and non-homotethic preferences produce an
endogenous rise in the service sector relative to manufacturing. Their quantitative
analysis shows that within-industries income shares dynamics rather than changes in
the sectoral composition of output is mostly responsible for the fall in the aggregate
wage share.

In this paper, we investigate the relation between structural change and functional
income distribution within the Kaleckian theory of growth and distribution. We build
on Dutt (1988) and Dutt (1990) to develop a two-sector Kaleckian model of growth
and distribution, where the economy consists of the service and manufacturing
sectors. The service good is only used for consumption while the manufacturing good
is used both for consumption and the accumulation of capital stock. We assume that
structural change is exogenous as it arises from shifts in consumers’ preferences and
in the saving rate. We study two versions of the model, with and without profit rates
equalization across sector. Under both specifications we show that, when mark-ups
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are relatively higher in the service sector, a shift in the sectoral composition of
demand in favor of the service sector generates a rise in the steady state profit
share. The unique (non-trivial) steady state equilibrium is asymptotically stable.
The crucial assumption that mark-ups are relatively higher in the service sector is
motivated by recent empirical evidence. In particular, consistently with the results
presented by Alvarez-Cuadrado et al. (2018), the analysis of aggregate and sectoral
wage shares data from 1977 to 2010 for the US (fig. 4.1) shows that the labor share
in the manufacturing sector is consistently higher than in the service sector.
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Figure 4.1. Authors’ elaboration from 2012 EU-Klems data. The wage share is computed as
the ratio between total labor compensation and total value added for the total industries
(green line), manufacturing (blue line) and service (red line) sector.

Furthermore, figure 4.2 shows how, during the same period, we observe an
increase (decrease) of the service (manufacturing) sector value added over the total
value added in the US.
While seminal contributions by Dutt (1988, 1990); Park (1995); Dutt (1997);
Lavoie and Ramirez-Gaston (1997); Franke (2000) laid the foundations of the
two-sectors Keynesian-Kaleckian model growth and distribution, recent papers have
generalized the model to investigate additional issues. Nishi (2018) analyzes the
effects of introducing sectoral endogenous labor productivity growth on cyclical
demand, growth and distribution. Fujita (2018) explores how changes in sectoral
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mark-ups affect sectoral and aggregate capacity utilization and capital accumulation.
Murakami (2018) studies the effect of sectoral interactions on business cycles in a
Keynesian model, without focusing on income distribution. None of these recent
contributions, however, consider the role that changes in demand composition may
produce on income distribution.

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

Sectoral Value Added/Total Value Added US

VA_man/VA_tot VA_serv/VA_tot

Figure 4.2. Authors’ elaboration from 2012 EU-Klems data. The blue line indicates the
share of manufacturing sector value added over the total value added whereas the red
line indicates the share of service sector value added over the total value added.

The rest of the paper is organized as follows. Section 2 develops the model and
states the theoretical results; Section 3 offer some concluding remarks while proofs
of the propositions can be found in Section 4.
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4.2 The Model

4.2.1 Production and technology

The economy consists of the service good (s) and the manufacturing good (m).
Output in both sectors (Xi) is produced through a sector-specific Leontief production
function:

Xi = min[uiBiKi, AiLi], i = s,m (4.1)

where B and A are capital and labor productivities, K is the capital stock, L is
employment, and u is the degree of capacity utilization. We assume no depreciation
of capital. Profit maximization ensures:

Xi = uiBiKi = AiLi. (4.2)

4.2.2 Society and preferences

There are two classes in society. Workers supply labor services and receive the
wage rate w, uniform across sectors. They consume their whole income. Capitalists
earn profits on the capital stock they own. Their propensity to save is s > 0.1

Workers and capitalists share the same preferences, which are defined over the two
goods. We assume that individual utility of agent j is:

Uj(cs, cm) = min[cs, αcm],

where ci is consumption of good i, and α > 0. The fixed coefficient structure
of preferences implies cs = αcm. The same fixed proportion carries over to total
demand:

Cs ≡
∑
j

cs =
∑
j

αcm = α
∑

j
cm ≡ αCm. (4.3)

4.2.3 Mark-up prices

In line with the original Kaleckian literature, we assume that firms set prices by
charging a constant mark-up (zi) over unit labor cost. Mark-ups are sector specific
and our crucial hypothesis is that they are relatively higher in the service sector, as
this sector is less open to competition. If we let pi be the price of good i, and we
choose the service sector good as the numerarie we have ps = 1 = (1 + zs)w/As and
pm ≡ p = (1 + zm)w/Am, with zs > zm. Accordingly

1We denote by s both the service sector and the saving rate. Given context no ambiguity should
arise.
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w = As
1 + zs

, (4.4)

p = 1 + zm
1 + zs

As
Am

. (4.5)

4.2.4 Value added distribution

In each sector, value added is distributed as wages and profits to labor and
capital employed in production. If we let ri be the interest rate in sector i we have
piXi = wLi + ripmKi, which, after using (4.2), (4.4), (4.5) and rearranging, yields

rs = zs
1 + zm

Am
As

usBs, (4.6)

and
rm = zm

1 + zm
umBm. (4.7)

4.2.5 Output uses

The service good is only used for consumption so that Xs = Cs. In what follows,
it will be useful to distinguish consumption depending on its income source. We
denote consumption out of wages as Cwi , and consumption out of profits as Cπi , so
that

Xs = Cs = Cws + Cπs . (4.8)

Manufacturing output, on the contrary is used both for consumption and for invest-
ment (I) in the service and in the manufacturing sectors:

Xm = Cm + I. (4.9)

4.2.6 Balanced growth under alternative closures

The discussion between Park (1995) and Dutt (1997) on the risk of overdetermi-
nation in the Kaleckian two sector growth model clarified that there are two possible
consistent specifications of the model. In the first one, there is no sectoral capital
mobility in the short run, so that Ks and Km are given; we can specify sectoral
growth rates, and profit rates will not be equalized unless by a fluke. The second
version of the model assumes that the stock of capital moves between sectors to
equate sectoral profit rates in the short run; in this framework, since the sectoral
capital stocks are not state variables we can only specify the aggregate growth rate,
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rather than the sectoral ones.2 We analyze the two specifications of the model in
turn, and we show that the qualitative results on income distribution and structural
change are independent of the model closure.

The model without profit rates equalization

Since workers do not save, the whole wage fund is spent as consumption out of
wages. Using (4.3) and (4.2) we have

Cwm + Cws = Cws /α+ Cws = w(Ls + Lm) = w

(
usBsKs

As
+ umBmKm

Am

)
.

Hence, factorizing Cws and substituting for the wage rate from (4.4) yields

Cws = α

1 + α

As
1 + zs

(
usBsKs

As
+ umBmKm

Am

)
= α

1 + α

1
1 + zs

(usBsKs + γumBmKm) ,
(4.10)

where γ ≡ As/Am.
On the other hand, capitalists’ propensity to consume out of profits (Π) is (1−s).

Accordingly

Cπm + Cπs = Cπs /α+ Cπs = (1− s) (rmpKm + rspKs) ,

which, using (4.5),(4.6) and (4.7) implies

Cπs = α

1 + α

1− s
1 + zs

(zsusBsKs + zmγumBmKm) .

Once we know consumption out of wages and profits in the service sector we can
use equation (4.8) to find

Xs = α

1 + α

1
1 + zs

(usBsKs(1 + (1− s)zs) + γumBmKm(1 + (1− s)zm)) .

Define δ ≡ Ks/K ∈ [0, 1] as the share of the capital stock employed in the service
sector, to be determined in equilibrium. Dividing both sides of the previous equation
by K and rearranging yields

δusBs = (1− δ)umBmγ
α(1 + (1− s)zm)
1 + zs(1 + αs) ≡ (1− δ)umBmγΓ(α, s). (4.11)

2A variant of this version of the model assumes that profit rates equalization is a slow process.
Sectoral capital stocks are given and sectoral investment depends on the profit rates differential.
We explore this variant in the stability analysis.
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It is easy to show that Γ is a positive function of α and negative of s, when zs > zm.

Let us now turn to the equilibrium in the manufacturing sector. If we let gi be
the growth rate of sector i, under the assumption of no sectoral capital mobility,
equation (4.9) becomes Xm = Cs/α+ gmKm+ gsKs = Xs/α+ gmKm+ gsKs, where
we used (4.3). Using factors demand found in (4.2), and dividing both sides by K,
the previous condition becomes

umBm(1− δ) = usBsδ/α+ gm(1− δ) + gsδ. (4.12)

The Kaleckian tradition posits that investment depends on utilization of capacity
as a measure of aggregate demand. In our case, the actual growth rate of capital in
each sector (gi) is a function of the sector’s degree of capacity utilization:

gm = gm(um), (4.13)

and

gs = gs(us). (4.14)

Finally, balanced growth requires that sectoral growth rates be equalized

gm = gs. (4.15)

We have a consistent system of five equations, (4.11),(4.12),(4.13),(4.14) and
(4.15), in the five unknowns δ, um, us, gm, gs. Our focus is on income distribution.
The profit share π is the ratio between the value of total profits and value added.
We can use (4.2), (4.5), (4.6), (4.7), (4.11) to calculate its equilibrium value

π∗ = rspKs + rmpKm

Xs + pXm
= p

rsδ + rm(1− δ)
δusBs + (1− δ)pumBm

=

p

1 + zm

usδ/γ + zmum(1− δ)
δusBs + (1− δ)pumBm

= zsΓ(α, s) + zm
(1 + zs)Γ(α, s) + (1 + zm) . (4.16)

Inspection of (4.16) shows that π∗ is economically meaningful being bounded
between zero and one. It is a function of the sectoral mark-ups, consumers’ preferences
between the two consumption goods, and the saving rate.

We are now in a position to state:

Proposition 1. an increase in consumption demand of the service good relative to
the manufacturing good (a rise in α) raises the equilibrium profit share.

Proof. See the Appendix.
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Proposition 2. a decrease in the saving rate raises the equilibrium profit share.

Proof. See the Appendix.

In both Proposition 1 and 2 the rise in the profit share follows the increase in Γ
due to shocks to α and s. In order to understand the economic meaning of an increase
in Γ we can re-write equation (4.11) as Xs/(Xmγ) = Ls/Lm = Γ(α, s). When Γ rises,
employment in the service sector rises relative to the manufacturing one. Given labor
producitivities and sectoral mark-ups, the change in relative employment carries
over into relative sectoral value added. Therefore, the increase in the profit share
depends on the change in the composition of production in favor of the sector with
higher mark-up, which can be caused either by a change in consumers’ preferences
or by a reduction in the saving rate. Contrary to the standard one sector Kaleckian
growth model, the profit share depends on savings.

The model with profit rates equalization

In the second version of the model, sectoral capital stocks are not state variables
since capital adjusts in the short run to ensure profit rates equalization. Accordingly,
there are no sectoral growth rates and we need to replace equation (4.12) with

umBm(1− δ) = usBsδ/α+ g. (4.17)

Equation (4.11) is not affected by the new closure, whereas we need to drop
(4.13) and (4.14) and replace them with a single equation for the growth rate of
capital. We assume it depends on the degree of capacity utilization in both sectors:

g = g(us,um). (4.18)

Next, we impose the equalization of profit rates across sectors, so that rs = rm.

Using (4.6) and (4.7), the equalization yields:

us = As
Am

zm
zs

Bm
Bs

um. (4.19)

We now have a consistent system of four equations, (4.11),(4.17),(4.18) and (4.19),
in the four unknowns δ, um, us, g. In particular, use (4.19) into (4.11) to find

δ∗ = Γ(α, s)
Γ(α, s) + zm/zs

. (4.20)

Let us now turn to the profit share:

π∗ = rspKs + rmpKm

Xs + pXm
= rp

δusBs + (1− δ)pumBm
=
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= zm
(1− δ) ((1 + zs) Γ(α, s) + 1 + zm) = zsΓ(α, s) + zm

(1 + zs)Γ(α, s) + (1 + zm) , (4.21)

where we used the equalization of profit rates, (4.2), (4.5), (4.6), (4.7), (4.11), and
(4.20). Equations (4.13) and (4.21) show that the final expression for the profit
share is the same irrespective of the model closure; therefore, a shift of consumers’
preferences in favor of the service sector and a decrease in the saving rate bring
about an increase in the profit share, whether we assume profit rates equalization or
not.

4.2.7 Stability

We now turn to the stability analysis of the balanced growth path. In the
model with profit rate equalization, however, the adjustment to the balanced growth
equilibrium is instantaneous and there is no transitional dynamics. In order to
introduce a dynamic adjustment in this version of the model, we assume that
sectoral profit rates are different in the short run, but changes in sectoral investment
bring about profit rates equalization in the long run. This is the process known as
’classical competition’. After this modification, the dynamics of the economy in both
models is described by the slow adjustment in the the allocation of capital between
sectors. To the purpose, we derive a differential equation for δ, the share of capital
employed in the service sector. Given the definition of δ, taking time derivative and
rearranging yields

δ̇ = δ(1− δ)(gs − gm). (4.22)

The model without profit rate equalization

In order to study the dynamic behavior of δ, we start by assuming explicit
functional forms for sectoral growth rates. Equations (4.13) and (4.14) become

gs = ϑ0 + ϑ1us (4.23)

and

gm = β0 + β1um. (4.24)

We can use the two previous equations together with (4.11) and (4.12) to solve
for utilization rates as functions of δ :

us(δ) = γΓ(α, s)
BsΘ

(
β0

1− δ
δ

+ ϑ0

)
(4.25)
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and

um(δ) =
(
β0 + ϑ0

δ

1− δ

)
/Θ, (4.26)

where Θ = [1− (β1 + γΓ(α, s)(ϑ1/Bs + 1/α))]. Notice that economically mean-
ingful (positive) solutions for um and us requireΘ > 0, that is (β1 + γΓ(α, s)(ϑ1/Bs + 1/α)) <
1. This condition is the equivalent of the standard Keynesian ’stability’ condition
in one-sector Kaleckain growth models, which states that investment need be less
responsive than saving to economic activity. β1 and ϑ1 represent how sectoral
invesment reacts to capacity utilization; the role of saving is captured by Γ(α, s),
which is a negative function of the saving rate.

We can rewrite (4.22) as

δ̇ = δ(1− δ) [gs(δ)− gm(δ)] ,

and state

Proposition 3. The system has two locally unstable trivial steady states at δ = 0
and δ = 1. The system has one non-trivial steady state δ∗, which is asymptotically
stable for δ ∈ (0, 1).

Proof. see the Appendix.

Proposition 3 shows that if the intial condition of the system is such that both
sector exist, the economy will converge towards the non- trivial steady state. If,
on the other hand, the economy consists of only one sector at the beginning of
time, the two-sector structure will never appear. Notice, however, that δ = 1
does not have economic meaning because there cannot be accumulation of capital
without production of the manufacturing good. When δ = 0, we are back to the
standard one-sector model, where the only output is used for both consumption and
investment.

The model with profit rates equalization

In order to introduce a dynamic adjustment in this version of the model, we
assume that profit rates equalization is not instantaneous. Sectoral profit rates are
different in the short run, but changes in sectoral investment bring about profit rates
equalization in the long run. We follow Dutt (1997) in assuming that the difference
in sectoral growth rates depends on the profit rates differential

gs − gm = λ(rs − rm), λ > 0. (4.27)
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On the other hand, firms choose the total rate of invesment based on the average
degree of capacity utilization in the economy ū. Assuming a linear form for the
investment function we have:

g = g(ū) = µ0 + µ1ū, (4.28)

where
ū = Xs + pXm

pK
= 1 + zm

1 + zs

usδBs
γ

+ um(1− δ)Bm.

We can now use (4.11), (4.17), (4.6), (4.7) and (4.28) to solve for sectoral profit
rates as functions of δ :

rs(δ) = zs
1 + zm

1
γ
Bsus(δ) = zs

1 + zm

µ0
Ψ

1
δ
, (4.29)

and

rm(δ) = zm
1 + zm

Bmum(δ) = zm
1 + zm

µ0
Ψ

1
1− δ , (4.30)

where Ψ =
[
1− γΓ(α, s)/α− µ1

(
1 + 1+zm

1+zs Γ(α, s)
)]
. Economically meaningful

(positive) solutions for rm and rs require Ψ > 0. Similarly to the previous case, we
can interpret it as the equivalent of the standard Keynesian ’stability’ condition in
one-sector Kaleckian growth models. Using the latest results and (4.27) in (4.22)
we find

δ̇ = λδ(1− δ) [rs(δ)− rm(δ).] (4.31)

We can state

Proposition 4. The system has two locally unstable trivial steady states at δ = 0
and δ = 1. The non trivial steady state δ∗ = Γ(α,s)

Γ(α,s)+zm/zs is asymptotically stable
over δ ∈ (0, 1).

Proof. See the Appendix.

Similarly to the comparative dynamics results found in Proposition 1 and 2, the
comparison between Proposition 3 and 4 show that the stability properties of the
model are independent of the model closure.

4.3 Conclusions

Evidence on the process of structural change shows that the share of the service
sector in the total economy tends to rise as countries become richer (Herrendorf
et al. , 2014). Since, as documented in Alvarez-Cuadrado et al. (2018), the wage
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share in the service sector is relatively low, growth and structural tranformation in
mature economies necessarily bring about a reduction in the aggregate wage share,
absent mitigating factors. As a consequence, changes in the composition of output
and employment across sectors should be taken into account when investigating the
ongoing negative trend in the wage share in most industrialized countries.

This paper has adopted the Kaleckian two-sector growth model of growth and
distribution to analyze this process. We have shown that there is one (non trivial)
unique asymptotically stable balanced growth path. The steady state functional
income distribution depends on the composition of output, which, in turn, changes
with consumers’ preferences over the two consumption goods and with the saving
rate. When the size of the service sector rises the profit share increases.

4.4 Appendix

4.4.1 Proof of Proposition 1

dπ∗

dα
= (zs − zm)Γ′α(α, s)

((1 + zs)Γ(α, s) + (1 + zm)γ)2 > 0,

since zs > z and Γ′α(α, s) = α(1+(1−s)zm)(1+zs)
(1+zs(1+αs))2 > 0.

4.4.2 Proof of Proposition 2

dπ∗

ds
= (zs − zm)Γ′s(α, s)

((1 + zs)Γ(α, s) + (1 + zm)γ)2 < 0,

since zs > z and Γ′s(α, s) = −α(zm+αzs+zmzs(1+α))
(1+zs(1+αs))2 < 0.

4.4.3 Proof of Proposition 3

Let us start with the two trivial steady state. Inspection of (4.22) shows
that δ̇ = 0 at δ = 0, and δ = 1. Turning to stability, we have ḋδ

dδ = (1 −
δ) [gs(δ)− gm(δ)] − δ [gs(δ)− gm(δ)] + δ(1 − δ) [g′s(δ)− g′m(δ)] . At δ = 0, gs(0)
is not defined but limδ→0

ḋδ
dδ = limδ→0 [gs(δ)− gm(δ)] → ∞ > 0, so that the

first trivial steady state is locally unstable. At δ = 1, gm(1) is not defined but
limδ→1

ḋδ
dδ = limδ→1 − [gs(δ)− gm(δ)] → ∞ > 0, so that the second trivial steady

state is locally unstable.Let us now to turn to prove the existence and stability of
the non-trivial steady state. Plug 4.25 and (4.26) into (4.22) to find

δ̇ = δ(1− δ)
[
ϑ0 + ϑ1

γΓ(α,s)
BsΘ

(
β0

1−δ
δ + ϑ0

)
− β0 − β1

(
β0 + ϑ0

δ
1−δ

)
/Θ
]

= δ(1− δ)
[
ϑ0 − β0 + ϑ1

γΓ(α,s)
BsΘ

ϑ0 − β1β0/Θ
]
+(1− δ)2ϑ1

γΓ(α,s)
BsΘ

β0 − δ2β1ϑ0/Θ
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= δ2(K2 −K1 −K3) + δ(K1 − 2K2) +K2, where K1 = ϑ0 − β0 + ϑ1
γΓ(α,s)
BsΘ

ϑ0 −
β1β0/Θ, K2 = ϑ1

γΓ(α,s)
BsΘ

β0, and K3 = β1ϑ0/Θ. Therefore δ̇(δ) is a quadratic function.
As a first step, notice that δ̇(0) = K2 > 0, and δ̇(1) = −K3 < 0. Since δ̇ is continuous,
over the domain δ ∈ [0, 1], it must cross the horizontal axis from above at least once
in order to move from positive to negative values, according to Bolzano’s theorem
for continuous functions defined over a compact set. In principle, there could be a
second root since the function is quadratic, but that cannot be the case or there
would need to be a third real root for the function to approach a negative value
as δ → 1. Therefore, for δ ∈ (0, 1) there can only be one steady state δ∗. It is
asymptoticall stable as δ̇ < 0 for δ > δ∗ and δ̇ > 0 for δ < δ∗.

4.4.4 Proof of proposition 4

The analysis of two trivial steady states is analogous to the proof of proposition
3. Inspection of (4.31) shows that δ̇ = 0 at δ = 0 and δ = 1. Turning to stability, we
have ḋδ

dδ = λ(1−δ) [rs(δ)− rm(δ)]−λδ [rs(δ)− rm(δ)]+λδ(1−δ) [r′s(δ)− r′m(δ)] . At
δ = 0, rs(0) is not defined but limδ→0

ḋδ
dδ = limδ→0 [rs(δ)− rm(δ)]→∞ > 0, so that

the first trivial steady state is locally unstable. At δ = 1, rm(1) is not defined but
limδ→1

ḋδ
dδ = limδ→1 − [rs(δ)− rm(δ)] → ∞ > 0, so that the second trivial steady

state is locally unstable.
Let us now to turn to prove stability of the non-trivial steady state. ∀δ ∈ (0, 1) we

have dδ̇/dδ = − λ
1+zm

µ0
Ψ δ(1−δ)

(
zs

Γ(α,s)
α

1
δ2 −+z 1

(1−δ)2

)
< 0. Hence δ∗ = Γ(α,s)

Γ(α,s)+zm/zs
is asymptotically stable over ∀δ ∈ (0, 1).
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Chapter 5

Conclusions

The three essays presented in this thesis aim to explore different causes shaping
the persistent declining pattern of aggregate wage share observed during the last
decades in many advanced and developing countries. This evidence results in sharp
contrast with the standard ‘Kaldor facts’ about growth and distribution and different
theoretical explanations have been proposed within the economic literature following
different perspectives. In Chapter 2 and Chapter 3 I analyze the role of induced
and directed innovations, biased towards the adoption of excessive labor-saving
production techniques, upon long-run growth and functional income distribution
by implementing a closed-economy (Chapter 2) and a multi-country (Chapter 3)
Agent Based-Stock Flow Consistent (SFC) model following a Schumpeterian and
Keynesian theoretical approach.
The AB-SFC modeling approach enables us to analyze the innovation bias as
an emergent property from the evolutionary technical change process engaged by
heterogeneous consumption-good firms choosing both the intensity and the direction
of innovations towards labor- or capital-saving production techniques. In both
simulation models a persistent declining pattern of aggregate wage share emerges.
This result is mainly driven by the complex interaction between biased innovation
process, the dynamics of aggregate demand and the strength of workers bargaining
power, which is negatively affected by higher levels of aggregate unemployment
exacerbated in turns by the adoption of excessive labor-saving technical change.
Moreover, the two-sector model specification presented in Chapter 3 also allows for
the possibility of analyzing different patterns of sectoral (tradable and non-tradable)
wage shares. In particular, the simulation results highlight how the faster capital-
deepening within the tradable sector, due to the larger adoption of labor-saving
innovations with respect to non-tradable sector, leads to a stronger declining pattern
of the wage share for the tradable sector as well as a shift of the employment share
from tradable to non-tradable sector. In additon, the multi-country framework
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sheds a light on the emergence of persistent growth and productivity gaps among
countries, with a consequent club formation between high- and low-performing
countries, and shows how countries tend to orient their innovation effort on tradable
sector consistently with a well-consolidated empirical evidence about international
trade. In Chapter 4 I focus the attention on structural change as another important
economic force driving the pattern of wage share. To the purpose I implement a
two-sector Kaleckian analytical growth model in order to show how the sectoral
shift of output and employment composition from manufacturing to service sector is
also able to account for the persistent declining trend in the wage share in advanced
capitalist economies. Focusing on the effects caused by different mark-ups values
across sectors upon the composition of demand, this result is consistent with the
simulations presented in Chapter 3 wherein the sectoral shift in the employment
composition is endogenously driven by the relatively faster capital-deepening and
the excessive innovation bias within the tradable sector with respect to non-tradable
sector.
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