N
N

N

HAL

open science

An agent-based model of trickle-up growth and income
inequality

Elisa Palagi, Mauro Napoletano, Andrea Roventini, Jean-Luc Gaffard

» To cite this version:

Elisa Palagi, Mauro Napoletano, Andrea Roventini, Jean-Luc Gaffard. An agent-based model of
trickle-up growth and income inequality: GREDEG Working Papers Series. 2022. halshs-03509091

HAL Id: halshs-03509091
https://shs.hal.science/halshs-03509091

Preprint submitted on 4 Jan 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - ShareAlike 4.0 International License


https://shs.hal.science/halshs-03509091
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
https://hal.archives-ouvertes.fr

. .

UNIVERSITE :#5%-
COTE D’AZUR %=

4 -h.&

TN

Groupe de recherche en Droit, Economie et Gestion

Gredeg

AN AGENT-BASED MODEL OF TRICKLE-UP
GROWTH AND INCOME INEQUALITY

Documents de travail GREDEG
GREDEG Working Papers Series

ELISA PALAGI
MAURO NAPOLETANO
ANDREA ROVENTINI
JEAN-LuC GAFFARD

GREDEG WP No. 2021-29

https://ideas.repec.org/s/gre/wpaper.htmi

Les opinions exprimées dans la série des Documents de travail GREDEG sont celles des auteurs et ne reflelent pas nécessairement celles de I’institution.
Les documents n’ont pas été soumis a un rapport formel et sont donc inclus dans cette série pour obtenir des commentaires et encourager la discussion.
Les droits sur les documents appartiennent aux auteurs.

The views expressed in the GREDEG Working Paper Series are those of the author(s) and do not necessarily reflect those of the institution. The Working
Papers have not undergone formal review and approval. Such papers are included in this series to elicit feedback and to encourage debate. Copyright belongs
to the author(s).



An agent-based model of trickle-up growth and income

inequality

Elisa Palagi* Mauro Napoletano! Andrea Roventini?

Jean-Luc Gaffard®

June 23, 2021

Abstract

We build an agent-based model to study how coordination failures, credit con-
straints and unequal access to investment opportunities affect inequality and aggre-
gate income dynamics. The economy is populated by households who can invest in
alternative projects associated with different productivity growth rates. Access to
investment projects also depends on credit availability. The income of each house-
hold is determined by the output of the project but also by aggregate demand
conditions. We show that aggregate dynamics is affected by income distribution.
Moreover, we show that the model features a trickle-up growth dynamics. Redis-
tribution towards poorer households raises aggregate demand and is beneficial for
the income growth of all agents in the economy. Extensive numerical simulations
show that our model is able to reproduce several stylized facts concerning income
inequality and social mobility. Finally, we test the impact of redistributive fiscal
policies, showing that fiscal policies facilitating access to investment opportunities
by poor households have the largest impact in terms of raising long-run aggregate
income and decreasing income inequality. Moreover, policy timing is important:
fiscal policies that are implemented too late may have no significant effects on in-
equality.
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1 Introduction

In this work we develop a model to study the interactions among inequality, credit con-
straints and consumption and their impact on the evolution of income distribution, social
mobility and output dynamics.

Inequality is nowadays one of major concerns for society and it is increasingly studied
in economics. Several studies find that inequality may hurt growth or the duration of
growth spells (Ostry et al., 2011, Halter et al., 2014, Ostry et al., 2014, Cingano, 2014,
Berg et al., 2018). There is also evidence that inequality is a factor influencing the
emergence of crises, as the works by Fitoussi et al. (2011), Stiglitz (2012), Morelli and
Atkinson (2015), Perugini et al. (2015) and Rajan (2018) suggests. Finally, inequality
prevents a vast part of the population to appropriate the gains from economic growth
(Lakner and Milanovic, 2013, Milanovic, 2016, Piketty et al., 2017), and it hampers social
mobility (Corak, 2013, Brunori et al., 2013, Chetty et al., 2014, Giiell et al., 2018).

One of the key mechanisms through which inequality can negatively affect aggregate
dynamics is aggregate consumption. Empirical works show that households’ propensity
to save is an increasing function of households’ income (Dynan et al., 2004, Bozio et al.,
2011, Murugasu et al., 2013, Jappelli and Pistaferri, 2014, Carvalho and Rezai, 2015,
Bunn et al., 2018, Spéath and Schmid, 2018). Accordingly, higher income inequality can
decrease aggregate consumption and aggregate demand, as found by Pressman (1997) and
Brown (2004) in the United States in the periods 1978-2000 and 1967-1983 respectively.
Such an effect can be mitigated by increasing household indebtedness, as it has happened
in several countries in the last decades (see e.g. Mian et al., 2020). At the same time,
increasing levels of debt can trigger major crises as the Great Recession.!

We link these different streams of literature by developing a minimalist agent-based

model® (Gaffard et al., 2012, Dosi and Roventini, 2017, Dawid and Gatti, 2018, Dosi and

Furthermore, Krueger et al. (2016) show that poorer households cut expenditure rates more than
rich ones after a recession, providing further evidence for higher marginal propensities to consume at the
bottom of the income and wealth distribution, and for the vulnerability of an economy characterized by
high inequality.

2The mechanisms generating inequality and the interrelations between the distribution of income and
macroeconomic performance have indeed also been investigated in a number of agent-based models (Ciarli
et al., 2012, Dosi et al., 2013, Russo et al., 2016, Dosi et al., 2017b,a, Palagi et al., 2017, Russo, 2017,



Roventini, 2019), where households can have asymmetric access to investment opportuni-
ties and credit and whose income dynamics can also be affected by demand externalities
(Blanchard and Kiyotaki, 1987). Our model is populated by heterogeneous dynasties of
households/entrepreneurs which employ labor in a project whose output is affected by
idiosyncratic labor-using productivity shocks. Projects differ in the expected value of
idiosyncratic shocks, and access to projects with higher expected productivity growth is
subject to a fixed investment cost, which mimic e.g. education or an insurance. The
product of a project is an intermediate good that is traded with “retailers” (see Bernanke
et al., 1999), which in turn produce a consumption good. Retailers’ expected demand
fixes the production of the final good and the price they pay for the intermediate input.
The latter determines - together with the output of the project - households’ income.
Households in our model face binding financial constraints in investment, that impede
access to more productive investment projects, as well as in consumption (in line with
Banerjee and Newman, 1993, Galor and Zeira, 1993, Aghion and Bolton, 1997, Piketty,
1997, Aghion et al., 1999). In this context, higher inequality implies - coeteris paribus -
that the potential aggregate growth rate of the economy is lower. In addition, we introduce
the possibility that inequality affects aggregate income through effective demand (Keynes,
1936, Clower and Leijonhufvud, 1975). In particular, higher inequality may result in a
higher fraction of households who consume less either because of low income expectations
or because of binding financial constraints. This may map in a lower level of expected
consumption demand and in lower income levels for all households in the economy. The
introduction of the above effective demand channel constitutes a novelty with respect to
previous theoretical works on inequality and growth, as it implies that inequality may not
only impact on the income potential of an economy, but also on the coordination between
demand and supply. In that respect, our work is linked to the seminal works highlighting

the role played by income distribution in ensuring “natural growth” (see Kaldor, 1955,

Cardaci, 2018, Caiani et al., 2019, Cardaci and Saraceno, 2019, Botta et al., 2019). In these works higher
levels of either personal or functional income inequality generally worsen macroeconomic conditions. Some
of the channels considered in those models include the presence of demand-led growth regimes, flexible
and productivity-deteriorating labor markets and the presence of financial markets that in the long run
reveal being unsustainable for households and the economy. In these studies progressive taxation schemes
are generally found as being the best policy response to increasing inequality.



Pasinetti, 1962), i.e. growth where all production factors are fully employed. However,
differently from those works (and in line with modern growth analyses), the natural growth
rate is not exogenous in our model, being in particular affected by income inequality as
well. Moreover, demand does not stem from pre-defined “classes” of agents. Agents’
heterogeneity is endogenous in our model and it is determined by access to investment
opportunities (which depends also on financial conditions), as well as by the aggregate
state of the economy.

We first characterize analytically the conditions for natural growth in the model. We
first show that average propensity to consume is decreasing with income, and that natural
growth requires that poorer households, who have a high average propensity to consume,
can command a higher share of total income. Second, we derive the laws of motion for
household income dynamics. We find that our model predicts that a household’s income
dynamics follows a Gibrat process (Gibrat, 1931), characterized by rising dispersion in
incomes over time.® However, households’ income growth rate depends on the state of the
economy, and when the aggregate demand is below potential output, it can be represented
as a replicator dynamics with a homogeneous forcing term represented by the growth rate
of aggregate demand. This result ( together with the positive impact of low-income
households’ consumption on aggregate demand growth) implies that our model displays
a trickle-up growth mechanics. Redistributing income towards the poorest does not only
raise aggregate growth. It is also beneficial for the income growth of all households in the
economy independently of their initial income levels.

Finally, we carry out extensive numerical simulations in order to test the ability of the
model to reproduce the main stylized facts about income inequality and social mobility,
and to investigate the impact of a broad array of redistributive fiscal policies. We find

that the model is able to jointly reproduce the main stylized facts about inequality, e.g.

3A recent stream of research (see e.g. Stiglitz, 2015, Gabaix et al., 2016) has also employed simple
stochastic models to explain the speed at which inequality arises. These stochastic theories of earnings
distribution build on the seminal contributions of Gibrat (1931) and Champernowne (1953) and focus
on how different types of shocks and production technologies may have different consequences for the
evolution of inequality over time. In particular, Gabaix et al. (2016), modifies the standard Gibrat’s
model to include (i) the presence of some high-growth types and (ii) scale dependence of the growth rate
distribution with shocks that disproportionately affect high income agents.



realistic levels of concentration, income growth patterns resembling the upper part of the
Elephant curve (Milanovic, 2016) and the Great Gatsby curve (Corak, 2013). In addition,
in presence of progressive taxation, we find that a redistributive fiscal policy providing an
investment subsidy (for e.g. education) is the most effective in raising aggregate growth
and in curbing market-generated inequality, whereas an income-subsidy policy achieves
the strongest decrease in disposable income inequality. We also show that the timing of
implementation of those policies is essential: too late interventions are not able to achieve
significant reductions in inequality.

The remainder of the paper is organized as follows. In Section 2 we present our
model in details. Section 3 studies analytically some key micro and macro properties of
the model. Section 4 presents the results of numerical simulations. Finally, Section 5

concludes.

2 The model

We consider a closed economy with a constant population N of heterogeneous dynasties
of risk-neutral households/entrepreneurs in a discrete time horizon wherein every time
step corresponds to a generation. There are homogeneous intermediate and consumption
goods. At each time step, households inherit a wealth endowment from the previous
generation and produce a homogeneous intermediate good. Production depends on labor-
using technological progress, which is a random variable depending on a costly investment
by the household. The intermediate good is then purchased by “retailers” (Bernanke et al.,
1999) who convert it into a final good available for consumption. The price paid by a
retailer for the intermediate input depends on its expected demand for the final good.
Households set their desired consumption level on the basis of a simple behavioural rule
that features income expectations, as well as social interaction effects. Investment and
consumption levels can be constrained by the availability of external bank credit and thus
be lower than desired ones. In what follows, we accurately describe each component of

the model.



2.1 Production and technological progress

Each household inherits a stock of wealth W;;, and employs its labor L; to produce a non-

storable homogeneous intermediate good employing a constant return to scale technology:

Qit - AitLita (1)

where A;; > 1 is the average productivity of labor. Without loss of generality we assume
that Li; = 1 Vi,t. Moreover, we assume the presence of Harrod-neutral labor-augmenting
technological progress. Thus, labor efficiency in producing the intermediate good evolves
according to:

Ay = Ai—1 (14 vir). (2)

The rate of technological progress v;; is a household-idiosyncratic random variable drawn
from a Normal distribution v;; ~ N(u, o), with p;, 0 > 0. The mean of such a distri-
bution is affected by a costly investment undertaken by the household. More precisely,
the expected value of the technical change random shock ~;; is o if the household pays
a fixed cost I, and it is equal to p; otherwise. Naturally, po > p1. The assumption that
the expected productivity of a project depends on a fixed cost is in line with previous
works on inequality and growth with financial market imperfections (see e.g. Galor and
Zeira, 1993, Banerjee and Newman, 1993, Aghion and Bolton, 1997). Typically, the fixed
cost can be interpreted as e.g. investment in education or as an insurance against adverse
shocks which may affect the output of the project.

At each period t, the output produced by households cannot be consumed but it
must be traded. This introduces the motivation for market exchange and the possible
emergence of coordination problems, as demand for consumption can be different from
the level of potential output in the economy (see Clower and Leijonhufvud, 1975, Diamond,
1982, Howitt and Clower, 2000, for models embodying a similar idea). More specifically,
entrepreneurs sell their output to retailers at a relative price pg. Retailers then transform

the intermediate good into a homogeneous perishable final good Y; employing a constant



returns to scale technology. Such a good also represents the numéraire in the economy

and it is sold to household for consumption at a price pc, equal to 1 for simplicity. .

2.2 Consumption decisions

Households consume and leave a bequest to their heirs (as in Galor and Zeira, 1993,
Aghion and Bolton, 1997, Piketty, 1997). Desired consumption expenditure, Z;;, of each

generation of households depends on both expected income and consumption patterns in

the reference group (C%°*), and it is set according to the following habit formation rule:

Zy = e(0CT " + (1 - 5>thE) + ki (3)

where Y;F is the household’s expected income; 6, ¢ € (0, 1); k;; is a random variable drawn
from a Normal distribution k;; ~ N(ux,ok). We assume adaptive income expectations,
so that expected income is equal to the past one V¥ = Y;;, ;. Moreover, €(1 — §) is the
average propensity to consume out of expected income (in line with Keynes, 1936), with §
capturing the weight of the income component in the consumption decision rule. The term
ki is an idiosyncratic stochastic shock capturing random heterogeneity in consumption
behavior, which is neither related to other households’ actions, nor to expected income.
Finally, households’ consumption choices are also shaped by the social environment
in which they live, via the mean consumption of a household-specific group of reference
C9°®. The term ¢ € (0,1) is the average propensity to consume out of the weighted
average between the household’s income and the average consumption in the reference
group. The influence of social effects in consumption is in line with a burgeoning liter-
ature viewing consumption as shaped collectively by individuals belonging to a specific
socioeconomic environment. This goes under the label of conspicuous consumption as
theorised by Veblen (1899), according to whom consumers are also status seekers and em-

ulators of consumption behaviors of individuals situated at higher points in the hierarchy.

Such a social view of consumption is also embedded in theories on relative income and

4Like in (Bernanke et al., 1999) a retailer slightly modifies the good it purchases (for instance, paint
the product of a different color, or add a brand). These modifications are done at no resource cost and
the modified goods are the consumption goods.



“keeping up with the Joneses” behavior (Duesenberry et al., 1949) theorizing that what
counts is one’s economic situation with respect to others’. Empirical evidence has also
found support for the centrality of the social dimension in consumption, see e.g. Guven

and Sgrensen (2012) and Bertrand and Morse (2016).°

2.3 Credit and household wealth

Planned total expenditures of household i, T'F;; include the consumption expenditure Z;

and the fixed investment cost I:

TEy = Zit + ¢l (4)

where ¢;; is a variable taking value 1 if the household decides to pay the fixed cost I and 0
otherwise. In appendix A.1, we show that, under quite general conditions on the expected
value of the labor-efficiency shocks, risk-neutral households always have the incentive to
undertake the fixed investment, so that ¢;; =1 Vi, t.

Households finance their planned expenditures with the wealth W;; inherited from the
previous generation, and, if it is not sufficient, with credit. More precisely, in the model
agents are divided between savers and borrowers. If Z;; + I < W, then the household is a
saver, who is able to pay the fixed cost, to attain a consumption level equal to the desired
one, and to deposits the possible savings in a bank which pays a return r° on deposits. In
contrast, households for whom Z;; + I > W, are borrowers who must rely on the credit
provided by the bank to finance their planned expenditure. The credit demand, C'D;;, of
a borrower is equal to:

CDy=Zy+1-Wy (5)

The bank provides credit up to a limit that depends on the borrower’s initial wealth®

5For previous agent-based models including this social dimension of consumption see Aversi et al.
(1999), Axtell (2006), Guerini et al. (2018), Cardaci and Saraceno (2019), Botta et al. (2019) and Rengs
and Scholz-Wéckerle (2019).

6This is in line with models with credit rationing based on either non-observability of labor input, i.e.
moral hazard (Aghion and Bolton, 1997, Piketty, 1997, Aghion et al., 1999), physical output (Banerjee
and Newman, 1993, Galor and Zeira, 1993), or individual ability (Jaffee and Stiglitz, 1990).



L7 = pW (6)

where [[7** is the maximum credit available for the entrepreneur ¢, and p > 0 is the loan-
to-value ratio. Clearly if Z;; + I — Wy > 17" the above credit constraint is binding and
the borrower is unable to fully realize her desired investment and consumption plans.”
At the end of each period, loans are paid back and savings are fully remunerated. The
bank sets the interest rate on loans, r*, by applying a mark-up u® on the baseline interest
rate r fixed by the central bank (0 < u® < 1). Likewise, the interest rate paid on savings,
r®, is determined by applying a mark-down p* on the baseline interest rate (0 < p® < 1).
The terms r, u” and p® are constant. Therefore, interest rates on loans and deposits are

respectively equal to:

=14 ) g
r*=r(l—pu’). (8)

Bank profits are distributed to a homogeneous class of agents (the “bankers”) who
entirely consume their income. Bank profits also represent a buffer against bad loans
in the model and they are distributed for consumption only when the bank’s net worth
is high enough. Appendix A.2 presents further details about the mechanics of bank’s
balance sheet and the determination of total credit supply.

We can now determine the end-of-period wealth of a household 7. If the household is
a saver, it is equal to

Witpr =Y+ (Wi — Zy — I)(1 +17), 9)

where Y, is the income at the end of the period (see Section 2.4 below). If the household

is a borrower and it is not credit constrained, en-of-period wealth corresponds to:

Wirn =Y+ Wi — Zy — I)(1 + Tb)- (10)

“"We assume that in such a case borrowers first satisfy their basic consumption needs, postponing their
investment.



Finally, the end-of-period wealth of a credit-constrained household is equal to:

Wits1 = Yie + Wi (1 — p)(1 4 1P). (11)

Households who have a positive end-of-period wealth leave it as a bequest to their heirs.
Such a level of wealth then constitutes the initial wealth endowment of the next generation
in a dynasty.

At the opposite, households with negative end-of-period wealth go bankrupt. In this
case, the next generation has no wealth.®

Figure 1 outlines the timing of activities performed by each generation in the model.

A TYPICAL TIME STEP FOR A HOUSEHOLD

Asks Sells good to the
for retailer. Her income is  The household The
credit determined pays taxes household
leaves a
bequest,
{ { if any
household
starts with
a bequest, Works and Consumption Pays back
if any invests on takes place debt, receives
her project interests on

savings

Figure 1: Timing of decisions of a household within a generation.

2.4 The determination of aggregate and household incomes

Households’ investment and consumption levels are fully determined once the bank’s credit

is allotted. Aggregate demand for the final good in the economy is defined as the sum of

8If there is debt, it negatively affects the bank’s balance sheet. See also appendix A.2 for more details.
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households’ consumption and of consumption of the bankers:
N
ADt:ZC’it—i_ﬂ-fa (12)
i=1

where Cj; is the level of household’s i consumption and =¥ are distributed bank profits.’
Notice that the household’s actual consumption Cj; can be lower than desired consumption
Z; depending on whether the household is credit-constrained or not.

In line with the principle of effective demand (Keynes, 1936), we assume that retailers
set the level of output to produce, Y;, on the basis of expected aggregate demand. Aggre-
gate demand can be lower than the notional supply of intermediate output Q; = ). Q.
In this typical Keynesian scenario, aggregate output will be equal to aggregate demand
AD; and the excess production of intermediate goods is lost. At the other extreme, aggre-
gate demand can be equal or higher than the notional supply of the intermediate output
Q:. In this scenario, aggregate output will be constrained by the supply of intermediate
output produced by households, which sets also the potential output for the economy.

More formally, aggregate output is determined according to the following equation:

Gaps between aggregate demand and potential output map into different relative prices
of the intermediate output pg, which in turn affect households’ income. We assume that
retailers operate in a perfectly competitive environment at zero profits. These assump-
tions, combined with the hypothesis of constant returns to scale in final good production,
implies that aggregate output is fully distributed among the factors that have contributed

to their production, i.e.:

N N 0,
Yi = poQit = po@: Y | ta- (14)
i=1 i=1 ©t

As Zfil %: = 1, we obtain that the relative price of the intermediate input pg is simply

9In fact, bankers are like rentiers in our model. They do not contribute directly to the production
of the final output and they extract their income, through interests, from households. For this reason,
bankers’ consumption also corresponds to an autonomous injection in the circular flow that determines
aggregate income in our economy. More on that in Section 3.1 below.

11



equal to:'”

Y,
Pe=7o (15)

Thus, a level of aggregate demand below potential output (AD; < @) will result into a
lower relative price paid by retailers to households to purchase their production of the
intermediate input. Household income is thus equal to poQ;. Combining Eq. 15 with

13, one gets that household income will be equal to:

_ Qa

Y;_
Qs

AD;, (16)

whenever the aggregate demand constraint is binding, i.e. when AD, < @;. A household’s

income is instead equal to ();; when notional supply is fully purchased, i.e. when AD; >

o

3 Analytical micro and macro properties of the model

We begin our study of the model developed in the previous sections by investigating
analytically some of its properties at the micro and macro levels. We first show, in
Section 3.1 how income distribution introduces constraints on aggregate output growth
both from supply and demand side. In particular, we show the key role of households’
average propensity to consume in ensuring that the economy follows a growth trajectory
where all resources are fully employed. Next, in Section 3.2, we focus on the micro-
dynamics of individual incomes, and we show how household income growth depends on

the state of the economy.

3.1 Income distribution and aggregate dynamics

The maximum amount of output that can be produced in the model is determined by the

supply of intermediate output, which in turn is affected by the investments undertaken

10 Alternatively, we could assume that retailers have some market power. This would just complicate the
algebra without affecting the results. Indeed, in the case where retailers operate in imperfect competition
Equation (14) becomes (1 — p)Y = Zivzl poQRi where p is the retailers’ mark-up rate (which also
corresponds to their profit share). In such a case the price of intermediate input is equal to pg = %(1—@.

12



by households, mimicking e.g. the role of education. Some agents have to borrow to
pay the fixed cost necessary to obtain higher expected returns. Borrowers who are credit
constrained will be unable to pay the fixed cost I, and will thus experience a lower
expected increase in production. It follows that, in this case, the potential growth rate of
the economy will be lower.

More formally, denote by N2E/N (NLEF/N) the share of agents who are (not) able
to pay the fixed cost in period ¢ and thus have access to the distribution of productivity
shocks with the higher (lower) mean py (p1). The growth rate of potential output in
expected terms, E(gY), is then equal to:

NHE NLE
B(g)) = =2+ — . (17)

LE

HE
Given that va =1- va we can write the last equation as

NLE
E(g) = p2 + ;v (11 — pa2)- (18)

As p1 < pg, it follows that the potential growth rate of the economy will be lower when
the share of agents not able to pay the fixed investment [ is higher. The growth rate of
potential output in our model (with fixed population and labor-using technical change)
corresponds to the natural growth rate in the seminal works of Harrod (1939), Domar
(1946) and Solow (1956). However, differently from those works, the natural growth
rate is endogenous in our model, as it depends on the share of agents in the population
undertaking the fixed investment I, and it is thus affected by the financial constraints
discussed in Section 2.3. Moreover, aggregate growth can be lower than the natural
one due to the constraints stemming from the demand side of the economy, i.e., when
AD,; < @,. In this case, the growth rate of the economy corresponds to that of aggregate
consumption.

The demand constraint can be linked to income distribution. Indeed, if one assumes

that all households in the economy are able to satisfy their desired consumption plans,

13



the condition for natural growth can be written as:

N
Y Zy+ml=Q (19)

i=1

where Z;; is household desired consumption determined by Equation (3). By dividing
both sides of the above inequality by @); and then by multiplying and dividing all terms

in the summation by household’s potential income @Q);; we get:

Z ezt Qi z 1 (20)

where 6;; is household’s i desired average propensity to consume out of potential income

O = Zit ) Qut and is the average propensity to consume of bankers. In line with Kaldor
(1955), the inequality in (20) states that natural growth requires that households with the
relatively higher average propensity to consume also hold a corresponding higher share of
potential income.

The consequences of the condition in (19) are well captured by the special case where
households are split into two homogeneous groups, respectively high-propensity (hp) and
low-propensity (Ip) consumers. Denote respectively by 6" and by 6 the average propen-
sity to consume out of potential income of these two groups (with 6" > §'?) and by
B and B their respective income shares. Note that as only households contribute to
output production in the model, the latter income shares are such that g% = 1 — gh».

The condition (20) for natural growth in this simple two-groups case boils down to:

b
(01 — 0P\B" 1 g + % > 1. (21)

As the expression on the left hand side is an increasing function of the income share of

high-propensity consumers as long as 0? P> Gip , natural growth requires that ﬁth P satisfies:

_gip_”_f
hp > — 0 Q. 29
v g (22)

14



Given that households’ income shares cannot be higher than 1, the right hand side of the

latter inequality must be lower than 1, thus requiring that:

b
T

Q-

o >1— (23)

Taken together, the last two inequalities help to better understand the conditions for
natural growth in our model. Condition (22) states that natural growth requires that
households with a high average propensity to consume also receive a high share of potential
income. As shown in Section 2.1, these shares depend on the efficiency of households in
producing the intermediate input, which in turn is determined by their ability to pay the
fixed investment required to get the higher expected productivity gains. It follows that
credit constraints that impair some households to access better investment opportunities
not only result into a lower natural growth rate, but they also prevent the economy to
generate enough aggregate demand to absorb the supply of intermediate input. As a
consequence, the aggregate output growth rate will systematically be below the natural
one.

Furthermore, the inequality in (23) shows that in order to achieve natural growth, a
high share of the income received by high-propensity households needs to be devoted to
consumption. We can study how average propensity changes as a function of potential
income by using the behavioral rule for desired consumption in Eq. (3). The expected

household desired average propensity to consume is equal to:

7%‘7'0;4) } ot
E(0;) = ed—2— +¢€(1 — )2, 24
( t) ‘ Qit 6( ) Qit ( )

In the special case where households expect their income to be equal to potential one (i.e.

YE = Qu), the above expression boils down to:

~group

E(6;) = eéﬁ +(1—94). (25)

Thus, for given levels of socially desired consumption C%°* and expected income Y%,
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households with a lower (higher) level of potential income will have a higher (lower)
average propensity to consume. It follows that, in line with traditional Keynesian analyses,
redistributing income towards poorer households has the effect of increasing aggregate
demand and — when condition (19) is also fulfilled — it allows to attain natural growth.
Equation (24) also highlights a final effect of credit constraints in the model. Indeed,
credit constraints binding consumption expenditures of poor households also decrease the
average propensity to consume of these households and thus aggregate demand.

The above conclusions are conditional on given levels of socially desired consumption
C9P and expected income Y;F. A decrease in one of these two variables will result in
a fall of households’ average propensity to consume. In other words, the expression in
(24) also indicates that the average propensity to consume of poor households groups can
be low if they expect their incomes to be much lower than the potential or if they imi-
tate reference groups with low consumption standards. In particular, as households form
income expectations on the basis of observed past income levels (see Section 2.2), pro-

longed periods of below-potential output will depress income expectations, thus lowering

the average propensities to consume of poor households.

3.2 The dynamics of household incomes

After having characterized aggregate income dynamics, we can zoom at the micro level
to characterize household income dynamics. Such dynamics will be different according to
whether the economy is on its natural growth trajectory or not.

Let’s start with the case where the economy grows at the natural rate and aggregate
demand is thus equal to potential output (or higher). In this situation, household income is
at the potential level, which corresponds to the household’s production of the intermediate
input, i.e. Py = 1. Equations (1) and (2) together with the assumption that L;; =1 Vi,t

imply that the law of motion of a household’s potential income (in logs) is:

Qit = Qit—1 + Vit (26)
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with ¢;; = log(Qy). The equation implies that the household income growth rate is equal
to the labor efficiency shock 7;;. In turns, household incomes evolve according to a Gibrat
process (Gibrat, 1931), which implies a rising dispersion in income levels as time goes
by. In this respect, our model differs from previous theories of income distribution which
assume decreasing marginal productivity in factor use and imply convergence in income
levels unless some frictions are at work.'!

At the same time, the process driving potential income growth in our model departs
in some relevant ways from the standard Gibrat one. The latter process assumes that the
growth rate of income is independent from past income, whereas in the model, expected
income growth rate is a function of past income, which affects the ability of a household
to finance the fixed investment [ (see Section 2.3). In particular, the expected growth rate
of potential income E(7;;) takes the value ps or p; according to whether a household has
been able to pay the fixed cost (through credit or her own wealth) or not (due to credit
rationing). It follows that credit constraints amplify the income asymmetries already
embedded in the Gibrat process.

When the economy is away from the natural growth path, and thus aggregate demand
is below potential output, household income is given by the expression in Equation (16),
which can be written as:

_ Qa

Y, = i Ap,. 27
(7 2

where aggregate potential output Q; is replaced with NQ;, where N is the (fixed) pop-
ulation of households and @ is average household production. Considering the same

equation at time ¢t — 1, dividing Y;; by Yj;_1, and taking logs we get:

Yie = Ye1 + [(Yit — V) + 9ap,) (28)

which shows that household income follows a Gibrat process also when the economy is

HFor instance, Stiglitz (2015) shows how the basic Solow model generalized to heterogeneous dynastic
families would imply convergence in incomes. Stiglitz (2015) then presents several extensions, such as
random or variable returns to capital, in order to explain income and wealth inequality, still always
keeping the assumption of decreasing returns. Differently from Piketty (1997), who needs to add credit
constraints to the standard Solow model in order to generate persistent inequality (in this case the focus
is on wealth), imperfect capital markets are not necessary for us.
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away from the natural growth path. Differently from Equation (26), the income growth
rate is now a function of the growth rates of household’s production ~;;, average production

Y, and aggregate demand gap,:

9y, = (fylt - 7t> + JAD;- (29)

Equations (28) and 29 show that - away from natural growth - household income dynamics

2 corresponding

can thus be characterized by a replicator dynamics with a forcing term
to aggregate demand growth: the income of households who are less productive than the
average grows less than aggregate demand, while the opposite occurs for more productive
households. The equation also shows that an increase in aggregate demand, which stems
from consumption growth, will result into higher incomes for all agents. It follows that
an increase in consumption by one household will generate a positive demand externality
(Blanchard and Kiyotaki, 1987) on all other households in the economy. As the average
propensity to consume is higher among poor households (see Equation 24), our model thus

features a trickle-up income dynamics, where redistribution towards the poor is beneficial

for the growth of income of all agents in the economy.!?

4 Simulation results

After having characterized analytically the properties of aggregate and household income
dynamics in the model, we now turn to a full-fledged investigation of its properties by
employing Monte Carlo simulations (see Fagiolo and Roventini, 2017, Fagiolo et al., 2019,
for a discussion of empirical validation and policy analysis in agent-based models).

The simulations analyses we perform have two objectives. First, we explore the ability

of the model to match the main stylized facts about growth and income inequality and

12For a discussion of the replicator dynamics and its properties see Dosi et al. (2017a).

13Note that income shares are not directly affected by the fact that the economy grows at the natural
rate or not. Indeed, household’s income share is always be equal to its share in the production of the
intermediate input Q;;/Q:, regardless of the state of the economy. However, income shares are indirectly
affected by the state of the economy, as households’ income growth contributes to determining the end-
of-period wealth of each generation, and thus the possibilities of financing the fixed investment cost of
their offsprings.
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to study how such regularities are related to key properties of our model (cf. Section
4.1). The second objective is to understand the possible impact of different types of fiscal
policies in moderating income inequality and in promoting aggregate growth (see Section
4.2). Given the importance of credit in our model, we compare simulations both in a
scenarios with credit constraints (cf. Eq. 6) and in one without limit to credit.

All results refer to a sample of 50 independent Monte Carlo runs (MC henceforth).
The values of the model’s parameters used in the simulations are reported in Table 6
in Appendix B. As far as initial conditions are concerned, we assume a quite egalitarian
economy: we draw initial potential incomes randomly in order to get an initial Gini coef-
ficient of around 0.1.'* Further details about initial conditions can be found in Appendix

B.

4.1 Empirical validation

Figure 2 shows the densities (pooled across 50 Monte Carlo runs) of the logarithm of
household incomes for the final period (7" = 5000) in the two scenarios with and without
credit constraints.'® The comparison of the two distributions clearly indicates that the
introduction of credit constraints generates a more dispersed income distribution in the
long-run. In addition, the distribution is also bi-modal, which implies the existence of
two clusters of households whose income in the long-run are dispersed across two different
means (see Quah, 1996, for more discussion about the consequences of bi-modality in
the distribution of long-run incomes). The lower mode is composed by households that
are left behind due to credit constraints and unequal access to opportunities. Indeed, in
presence of credit constraints, some households are unable to finance the investment cost
required to get higher expected productivity growth and so they draw their shocks from

a distribution with a lower mean.

14This value for the Gini coefficient represents a very low level of inequality, hardly observable in real
world data, even in the most egalitarian countries.

15Tn line with the literature, we do not consider the transient phase in our analysis (averages will be
calculated over the last 500 periods, i.e. 4500-5000). Agent-based models are typically characterised by a
transient phase that precedes the long-run statistical equilibria and/or emergent properties of aggregate
dynamics, that is when the behavior of the process becomes sufficiently stable (Fagiolo and Roventini,
2017).
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Figure 2: Kernel density estimation for log incomes in the final period for the scenario

with credit constraints vs. the scenario without credit constraints, 50 MC pooled.

The qualitative insights provided by Figure 2 are confirmed by the comparison of the
average degree of inequality that emerges in the two scenarios, captured both by the mean
Gini coefficient and the mean share of income accruing to the Top 10% of households.
Table 1 shows that the introduction of credit constraints brings a statistically significant
increase in both measures together with a small but statistically significant fall in the level
of long-run aggregate income (in line with the results discussed in Section 3.1). Indeed,
binding credit constraints imply a lower average propensity to consume and can thus
result into an aggregate growth rate lower than the natural level. The results in Table 1
also suggest that our model generates an inverse relation between income inequality and
aggregate growth.'o

Further elements about the inequality dynamics emerging in our model are provided
by the mean income growth of dynasties at different percentiles of the income distribution,

also called growth incidence curves (cf. Figure 3). In line with the previous findings, we

6Furthermore, we also test the effects of changes in some key parameters. A lower standard deviation
in the distributions of labor efficiency shocks and a lower distance between means of the distributions of
shocks decrease inequality, while leaving unaltered or slightly increasing aggregate income. Moreover, a
higher investment cost increases income dispersion while worsening macroeconomic conditions. Results
might be provided upon request.
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Scenario Y Gini Top 10%

No credit constraints 1 1 1
With credit constraints 0.977** 1.220** 1.136**

Table 1: Aggregate income and inequality indicators in scenarios without and with credit
constraints. Statistics are mean values over the last 500 periods and over 50 MC repeti-

tions. Significant difference wrt. baseline at 1% (**) and 5% level (*).

observe that the income growth at different percentiles of the income distribution is more
balanced in the scenario with no credit constraints (see left panel in Figure 3), whereas
growth rates are much more polarised when imperfect capital markets are present (cf.
right panel in Figure 3).!” The shape of these curves is reminiscent of the upper part of
the Elephant curve (Lakner and Milanovic, 2013, Milanovic, 2016), which shows that in
the period 1988-2008, in rich countries, households belonging to lower percentiles in the
income distribution grew at a much lower rate than those belonging to the upper ones.
In addition, our results are also in line with evidence presented by Piketty et al. (2017),
showing growth rates of incomes at different percentiles of the income distribution for US
households.

Credit constraints do not only influence income inequality within generation, but also
between generations, as they induce lower income growth both at the individual and
aggregate levels. Figure 4 captures the degree of social mobility emerging in our model by
showing quartile transition probabilities for households’ incomes in different generations,
i.e. the probabilities p;; of a household of ending up in state j if its dynasty started in
state i. These are based on transition probability matrices (see Table 2), commonly used

in the literature (see e.g. Corak and Heisz, 1999, Mazumder, 2005).'8

"In addition, the scenario with credit constraints also generates a Pareto tail in the distribution of
incomes. By using the procedure presented in Clauset et al. (2009) we find that the top 0.2 percent of
incomes are Pareto distributed with an estimated « coefficient which is equal to 5.0185. The presence
of a Pareto upper tail in the distribution of incomes is in line with empirical evidence (see e.g. Clementi
and Gallegati, 2005, Jenkins, 2017).

18These probabilities are computed by counting the number of observations that experienced a given
transition to another (or the same) state. Norris (1998) shows that this corresponds to the maximum
likelihood estimators of true probabilities. To make it clearer, entry (1, 1), and hence the height of bar
(1,1), shows the percentage of dynasties who were in the bottom 25% of the income distribution at the
initial period and that find themselves in the bottom 25% of the distribution also in the last period.
Entry (1,2), and the height of bar (1,2), shows the percentage of dynasties who were in the bottom 25%
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Figure 3: Percentile income growth (50 MC averages). Since we exclude the transient,
growth over the first 100 periods in the figure is actually referring to period 4501-4600

(analogous for other subperiods).

In line with previous works (see e.g. Becker and Tomes, 1979, 1986, Caucutt and
Lochner, 2020), Figure 4 and Table 2 indicates that credit constraints considerably reduce
social mobility: the mean persistence — defined as the average value the matrix displays
on the main diagonal — in the scenario with credit constraints is significantly higher
than in the case when they are not present. Lower social mobility also results in lower
aggregate output and higher income inequality, in line with the empirical evidence (Corak,
2013, Giiell et al., 2018). Finally, the transition probabilities of the extreme entries in the
matrix, i.e. entries and bars (1,1) and (4,4), are higher than those in the middle, pointing
out that social mobility is higher for households in central parts of the distribution, again
in line with empirical findings (Corak and Heisz, 1999, Mazumder, 2005, OECD, 2018).

In fact, the negative association between income inequality and intergenerational mo-
bility is a well known stylized fact, the so called Great Gatsby curve (Krueger, 2012,
Corak, 2013), which is a genuine emergent property generated by the model. As visible
in Figure 5, scenarios with higher investment costs, which thus entail higher costs for

accessing better opportunities, tend to be associated to greater social immobility, again

of the income distribution at the initial period who find themselves in the 2nd quartile of the distribution
in the final period.
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Figure 4: Graphical representation of income transition matrices from t = 4500 to t = 5000
(50 MC averages). Income distribution divided into 4 quartiles. Each bar represents the

probability of a household of ending up in quartile j if its dynasty started in quartile 7.

measured by mean persistence on the diagonal of the income transition matrix, and to
greater inequality levels.

Finally, the model is able to generate inequality levels that are reasonably in line
with empirical evidence. For this purpose, we take the credit constraints scenario as the
benchmark. Table 3 shows that Monte Carlo average values of Gini coefficients computed
on households’ incomes at the final time step of the simulation is 0.60, which is exactly
equal to that in the United States for the latest available observation estimated by the
World Inequality Database (Alvaredo et al., 2018). Our Top 10% income share resulting
from the benchmark simulation — 39.4% of total income — is lower than the U.S. one,
one of the highest among the developed countries, but in tune with those of other OECD
countries.'” Moreover, in line with empirical observations, our model delivers income
shares accruing to the bottom 50% in the income distribution that are very low, but not

far from US ones (see the comparison in Table 3).

9For instance, in 2014, in France and Germany top income share are respectively equal to is 33% and
34%, while in Canada in 2010 it corresponds to 41% (Source: WID, Alvaredo et al. 2018).
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1 2 3 4 1 2 3 4
1] 09016  0.0983  0.00008 0 1] 0.9583  0.0417 0 0
(0.0021) (0.0021) (0.0001) (0.0011) (0.0011)
2| 0.0981 0.7377  0.1624  0.0018 2| 0.0417  0.8386  0.1194  0.0003
(0.0021) (0.0026) (0.0023) (0.0004) (0.0011) (0.0027) (0.0024) (0.0002)
3 | 0.0003 0.163 0.6889  0.1478 3 0 0.1194  0.7514  0.1293
(0.0002) (0.0023) (0.0033) (0.0022) (0.0024) (0.0029) (0.0019)
4 0 0.001 0.1486  0.8503 4 0 0.0003  0.1293  0.8704
(0.0003) (0.0023) (0.0022) (0.0002)  (0.002)  (0.002)
(a) No credit constraints (b) With credit constraints

Table 2: Transition matrices for scenario without credit constraints (a) and for scenario
with credit constraints (b) from t = 4500 to t = 5000. MC standard errors in brackets.

Income distribution divided into 4 quartiles.

Gini Top 10% Bottom 50%
Model-Generated 0.60 39.4% 8.4%
United States 0.60 A7.0% 12.6%

Table 3: Inequality statistics comparison between our model benchmark scenario (with
credit constraints) and empirically-observed values for the USA. Source for USA data:

WID. Equal-split adults pre-tax national income.

4.2 Fiscal policy experiments

After testing the ability of the model in reproducing empirical evidence on income inequal-
ity, we now turn to a battery of experiments on different fiscal policies in order to study
their impact on income distribution, intra-generational distribution of resources and, more
generally, on economic dynamics. All experiments are performed under balanced-budget
rules.

We first consider a policy where the government collects taxes from households in
order to finance the purchase of the final good. The aggregate demand equation (12) is
modified so that:

N
AD, =) Ciy+m + G (30)

i=1

where G, is government final consumption. The latter is equal to collected taxes on income
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Figure 5: The Great Gatsby curve for scenarios with different levels of the investment cost.
Initial Gini at the beginning of the period under analysis (4500-5000) and mean persistence

on the transition probability matrix diagonal (built from t = 4500 to t = 5000).

T,
N
Gy=T,=> 7(Ya)Ya, (31)
=1

where 7(Y};) is the income tax rate.”” We consider two different types of tax policy: one
with proportional tax and one with progressive taxation. With a proportional tax scheme
7(Yy) = 7 with 7 € [0,1] Vi, t. In the simulation experiments, we set 7 = 10%. With a
progressive taxation, the tax rate increases with gross household income 7/(Y;;) > 0. More
precisely, we simply divide the population in four income quartiles, and we set increasing
tax rates, namely 1%, 5%, 10% and 15%.

The first three lines of Table 4 show the impact of such fiscal policies on aggregate
product, pre-tax and post-tax and transfers income inequality (proxied by Gini indexes),
and compare them to the benchmark scenario without government interventions but with
credit constraints. Balanced-budget government consumption has always a significant
positive impact on long-run aggregate income under both taxation schemes. However,

government consumption financed with a proportional tax scheme has no significant im-

20Clearly, in presence of taxation, household disposable income is (1 — 7(Yit))Yit = (1 — 7(Yit))poQit-
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pact on income inequality. In contrast, a progressive tax scheme reduces both the pre-
and post-tax Gini indexes vis-a-vis the benchmark scenario.

The positive and significant impact on long-run income under balanced-budget con-
ditions indicates that government consumption has a crowding-in effect on on aggregate
expenditure. Indeed, by increasing aggregate demand, government consumption con-
tributes to increase the relative price of the intermediate input and thus the incomes of
all households in the economy. Under adaptive income expectations, the higher income of
the current generation then maps into higher average propensities to consume of future
generations (see Eq. (24) in Section 3.1).

Moreover, higher incomes also result into higher wealth levels for the next generations,
thus contributing to lessen financial constraints, especially for poor households, which can
now invest more in the technology (e.g., education) delivering higher productiivty shocks.
At the same time, Equation (28) makes clear that - when aggregate output is below
potential - the effects of an increase in aggregate demand will spread equally across the
different households within a generation. It follows that most redistributive effects do not
stem from the rise in aggregate demand, but from the taxation scheme. This explains
why the proportional taxation scheme has a weak redistributive effect, while the opposite
holds for progressive taxation (cf. Table 4).

Finally, the progressive taxation scheme significantly lowers both pre- and post-tax
income inequality, in line with Roine et al. (2009), Piketty et al. (2014), Dabla-Norris
et al. (2015) and Jaumotte and Osorio Buitron (2020). The reason is that such a taxation
scheme collects more taxes which translates in higher levels of government consumption,
thus boosting income. From an inter-generational perspective, progressive taxation allows
a larger share of poor dynasties to finance the fixed investment cost and so to catch up

the income levels of wealthier families.?!

21Clearly, the fact that a larger share of households is able to pay the fixed cost has also a beneficial
effect on the natural growth rate and it increases potential income in the long-run. This last effect is
much stronger when the government expenditure is explicitly targeted to finance the investment cost of
poor households as we discuss below.

22Emerging values of Gini coefficients are realistic and are ranging between 0.4400 and 0.5943 for
market income, between 0.3560 and 0.5943 for net disposable income, with the upper bound being equal
because related to the benchmark scenario with no redistributive policy. All values are available upon
request.
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Policy Scenario Y Pre-tax Gini Post-tax Gini

Benchmark scenario 1 1 1

Govt. consumption with proportional tax 1.011%** 0.9914 0.9914
Govt. consumption with progressive tax 1.025%* 0.9186** 0.8918**
Income subsidy with progressive tax 1.031°%* 0.8225%* 0.5990**
Investment subsidy with progressive tax 1.036%* 0.7404** 0.6999**
Govt. consumption with high top progressive tax 1.040** 0.8582** 0.7676**
Income subsidy with high top progressive tax 1.036** 0.7914** 0.4028**
Investment subsidy with high top progressive tax 1.050%* 0.7321** 0.6221**

Table 4: Aggregate income and inequality indicators in different policy scenarios. Statis-
tics are mean values over the last 500 periods and over 50 MC repetitions. All statistics
are reported in relation to benchmark scenario. Significance difference wrt. benchmark
at 1% (**) and 5% level (*). In the last six scenarios post-tax (and transfers) Gini is also

significantly different from pre-tax Gini.?*

Let us now consider two other types of fiscal policy experiments. More precisely, in the
third policy scenario, we keep the progressive taxation scheme, but we assume that the
collected resources are used to finance a lump-sum income subsidy s(Y;;) for the poorer
households, i.e. those below the median. The subsidy s(Yi) is equal to T;/n, and it is
distributed to households whose market income is lower or equal to the 50th percentile of
the income distribution, with n, being the number of households below the ¢ percentile.??
In the fourth and final policy scenario, we further assume that the subsidy is directed
to finance the fixed investment cost (e.g. education) required to access to the project
with higher expected returns. More precisely, in this policy scenario we assume that all
households whose income is below the median receive an investment subsidy, sufficient to
cover the cost 1.4

The 4th and 5th row in Table 4 report the results of the last two policy scenarios. Both
policies raise long-run aggregate income much more than to government consumption, and
they effectively reduce inequality. In particular, the income subsidy policy achieves the

strongest decrease in the post-tax Gini, whereas the investment subsidy policy produces

3Disposable income will thus be equal to (1—7(Yj¢))poQit+5(Yi:) for households whose market income
is lower or equal to the ¢ percentile of the income distribution and it will be equal to (1 — 7(Y;))po Qi
for the remaining households.

24In case public resources are not enough to finance the investment cost for all agents below the median,
the government distributes the subsidy solely to the poorest within this group, i.e. the bottom 25%.
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the strongest decrease in the pre-tax Gini. The stronger impact on aggregate output
is explained by the fact that, differently from government consumption, both subsidy
policies target the households with low incomes, which have higher average propensity to
consume and are more likely to be credit rationed. Furthermore, differently from a sheer
income subsidy, the investment subsidy focuses on the main reason of income differences
in our model, i.e. the asymmetric access to investment projects (or education) delivering
higher labor productivity gains. It follows that such a policy will have not only a beneficial
effect on the natural growth rate (and thus on the long-run level of income), but it will
also reduce market-generated income inequality.

So far we have considered scenarios where policies were active since the beginning
of the simulation, i.e. starting from a situation where the income distribution is fairly
egalitarian. In the final battery of policy simulation experiments, we introduce the policy
at different time steps, namely ¢, and #, with t;, > t,.?> We then analyse whether the
policy measures decrease inequality once it has emerged. We exclude from our analysis the
proportional taxation regime, since, as expected, this was not effective even if introduced
from the start. Such policy experiments shed light on the role of timing and effectiveness
of policy responses, in particular with respect to inequality.?

The results of the foregoing experiments are reported in Table 5. We find that the
introduction of a progressive tax scheme that finances government consumption must be
timely in order to be effective in reducing inequality. In contrast, a progressive tax on in-
comes that finances income subsidies to the bottom of the income distribution significantly
decreases post-tax Gini inequality regardless of the time of implementation. Finally, a
policy entailing a progressive taxation scheme that subsidizes the investment cost is effec-
tive in reducing both pre- and post-tax Gini index only if it is timely introduced at time
t,. Similarly to the government consumption policy, there is a window of opportunity

that has to be caught, and after ¢, the investment subsidy policy is no longer effective in

25In this exercise ¢, corresponds to 20% of the total simulation time span and ¢, to 95%.

26This analysis enters in the discussion about the policy inertia, which has been characteristic of the
Eurozone, as opposed to the US, in which policy reactions have typically been more timely and bold.
This difference in the timing of policy responses also explains why the effects of the Great Recession
have been in some aspects less dramatic in the US than in the Eurozone, as documented by Fitoussi and
Saraceno (2010).
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Policy Scenario Y Pre-tax Gini Post-tax Gini

Benchmark Scenario 1 1 1

Govt. consumption with progressive tax from t, 1.010** 1.012* 0.992
Govt. consumption with progressive tax from ¢, 1.004** 1.010* 1.000
Income subsidy with progressive tax from ¢, 1.008%** 1.007 0.754%**
Income subsidy with progressive tax from ¢, 1.004** 1.003 0.876**
Investment subsidy with progressive tax from ¢, 1.019** 0.830** 0.793**
Investment subsidy with progressive tax from ¢, 1.004** 1.005 0.995

Table 5: Aggregate income and inequality indicators in different policy scenarios with
varying timing. Statistics are mean values over the last 500 periods and over 50 MC
repetitions. All statistics are reported in relation to benchmark scenario. Significance

difference wrt. benchmark at 1% (**) and 5% level (*). *

reducing inequality.’” This outcome is explained by the cumulative character of household
income dynamics in our model, where the income growth is proportional to that of the
previous generation (cf. Section 3.2). Clearly, this implies that income asymmetries and
inequality will widen over time and policy ought to be introduced as soon as possible to
be effective. Finally, policies always improve long-run aggregate income no matter when

they are introduced, but they have a stronger impact if they are introduced earlier.

5 Concluding remarks

We have developed a minimalist model to study how inequality can endogenously emerge
in a world characterised by credit constraints and coordination failures, and how such
disparities trigger lower social mobility and lower aggregate economic activity. A novel
feature of our model is that household income dynamics is not only affected by supply-side
constraints implying asymmetric access to education investment opportunities, but it is
also constrained by the effective demand in the market for final goods.

The model shows that natural growth — i.e. a growth process implying that all pro-

27If after ¢, we combine the investment subsidy policy with progressive taxation with a higher top tax
(of 30% instead of 15%) on the richest 25% of households we obtain only a slight reduction in Post-tax
Gini (of 2%), but not in Pre-tax Gini.

Z8Emerging values of Gini coefficients are realistic and are ranging between 0.4933 and 0.5943 for
market income, between 0.4481 and 0.5943 for net disposable income, with the upper bound being equal
because related to the benchmark scenario with no redistributive policy. All values are available upon
request.
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duction factors are fully employed — can be achieved only if income is appropriately
redistributed towards the poorer households, which have high average propensity to con-
sume. Moreover, as income dynamics depends on the state of the economy, redistributing
income towards the poor does not only create the conditions for natural growth, but it
also triggers a positive consumption externality which positively affects the income growth
of all households.

Simulation results show that our model is able to jointly match several stylized facts
on income inequality and social mobility by endogenously generating realistic levels of
concentration, by producing income growth patterns that resemble the upper part of the
Elephant curve (Milanovic, 2016), and by replicating the Great Gatsby curve (Corak,
2013). We have also tested the impact of several balanced-budget redistributive fiscal
policies. Our policy experiments suggest that progressive taxation regimes reduce in-
equality and increase aggregate income and this is even more so when the progressivity
of the tax scheme is coupled with subsidies targeting low-income households. Moreover,
the timing of policy is relevant: fiscal policies that are implemented too late may have no
significant effects on inequality.

Overall, our results dismiss the trickle-down narrative. Higher inequality does not
boost social mobility. On the contrary, it hampers aggregate and personal income growth.
Redistributing income towards the poor and facilitating their access to consumption and
investment financing has instead the opposite effect of raising income growth which then
also trickles up to wealthier strands of the society.

The model could be extended in two directions. First, one could introduce capital
accumulation, which would then allow one to study also the dynamics of wealth inequality,
e.g. along the lines proposed in Piketty (2014). Second, the introduction of imperfect
competition in the goods markets would allow to analyze how market concentration may

impact on the evolution of income inequality over time.
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Appendix
A Model

A.1 Household investment decisions

As indicated by Equation (4) planned expenditures of a household depend on the decision to
pay the fixed investment cost I or not. However, under quite general conditions on the expected
value of the labor efficiency shocks, a risk-neutral household will always have the incentive
to undertake the fixed investment in our model. This can be shown in an expected utility
framework. More precisely, following the works by Galor and Zeira (1993), Aghion and Bolton
(1997) and Piketty (1997) let denote by U(Cis, Wirt+1) the utility of a household, which is an
increasing function of actual consumption Cj; (which can be different from desired consumption
as we saw in the paper) and of the bequest Wi 1.

Moreover, denote by I/VZ{f 1 household ¢’s end-of-period wealth if the household pays the fixed
investment, and by sztv +I1 her end-of-period wealth if she does not pay such a cost.

Household ¢ will pay the fixed investment if the expected utility from paying the fixed
investment is higher, that is:

EU (Cit, Wigs1) = BU(Car, Witly) (32)

The assumption of risk-neutrality implies that the utility function U(Cj;, Wiz41) is linear.?’
Accordingly, condition (32) can be restated as:

U(Cit, EWits1)) 2 U(Car, EOWRLY)) (33)

which indicates that a household will undertake the fixed investment if it returns a higher end-
of-period wealth in expected terms.

The level of expected wealth will be different depending on whether the household is a
borrower or a saver. Let’s start with borrowers first. Recall that the income of a household
(without taxes) is equal to pgQi:. The expected end-of-period wealth of a borrower who pays
the fixed investment cost is:

EWii1) = A1 (1 + p2) + (Wi — Ciy — (1 + 1) (34)
and it is instead equal to:
EWHL) = A1 (14 1) + (Wi — Ci)(1 +17) (35)

without investment. The expected wealth of a borrower will be higher with the fixed investment
if:

I
P2 — p1 = A, (147" (36)

given that A;; 1 > 1 Vt it follows that a sufficient condition to provide the incentive to
undertake the fixed investment is:

po—py > I (1+7%) (37)

The above condition is also sufficient to provide the incentive to savers to undertake the

29 Assuming that households are risk averse would have not changed the final results. This is because
we assumed that the distributions of the labor efficiency shocks have the same standard deviation. Thus,
the two alternatives (investment or not investment) have the same certainty equivalent.
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fixed investment. Indeed, a saver will undertake the investment if:

(1479 (38)

S I
M2 — p1 =2
A1

Given that 7* > r* condition (37) is also sufficient to provide savers the incentive to undertake
the fixed investment.

A.2 The bank balance sheet
The representative bank’s total credit supply, T'S; is:

N
TS, =Y I, (39)
i=1

where the actual loan, [}, granted to a borrower ¢ by the bank is given by the minimum between

the maximux allotable credit [[}** (see Equation (6)) and credit demand CDj (cf. Equation
(5))-
1actual — pmin {17 'maz(CD;,0)}. (40)

We assume an endogenous money framework (see e.g. Lavoie, 2003, McLeay et al., 2014).
Thus, the bank opens up a new deposit whenever it grants a new loan to a borrower. Bank
liabilities, LtB , are defined as the difference between the bank’s assets (the credit supply, T'S)
and its net worth, EF:

LB =TS, — EP (41)

Bank’s profits 7TtB are equal to:

8 =r(1+ p))TS; — r(1 — pu*) Dy (42)

where D, are savers’ deposits. Notice that only savers’ deposits are remunerated. The deposits
open as a part of the lending activity give no remuneration (and they thus have a cost of zero
for the bank).

Whenever a borrower goes bankrupt, her bad debt, BD;;, negatively affects the bank’s net
worth.

We assume that there is a target level of net worth EF such that if EP > EP bank profits are
distributed to a homogeneous class of agents, the bankers, who entirely consume their income.
If instead EP < EP then the bank does not distribute the profits. The law of motion for the
bank’s net-worth is thus:

B~ { EB, - N BDy, if B > EP (43)

Ef +7f —%L,BDy, if EF <EP
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B Parameter values and initial conditions in simula-
tion analyses

Table (6) below all parameters used to obtain the simulation results discussed in Section 4.

Description Symbol  Value
Montecarlo replications MC 50
Time sample T 5000
Number of agents N 1000
Expected value of low productivity project distribution 5 0.01
Expected value of high productivity project distribution [bo 0.011
Standard deviation of project distributions o 0.0115
Weight for social component in consumption rule ) 0.05
Coefficient consumption rule € 0.9
Expected value of idiosyncratic constant consumption rule ke 30
St. dev. of idiosyncratic constant consumption rule Ok 15
Sample of consumption friends size n 50
Loan-to-value ratio p 0.5
Investment cost I 1
Central bank interest rate r 0.01
Lending rate mark-up J 0.5
Deposit mark-down s 0.1
Bottom % threshold for eligibility for subsidy q 50
Proportional tax rate Tprop 0.1
Progressive tax rates Tprogl 0.01
Tprog2 0.05
Tprog3 0.1
Tprogd 0.15

Table 6: Parameters

All simulation results are averages over 50 independent Monte-Carlo iterations. Each iter-
ation is composed of 5000 time steps. To focus only on the long-run statistical properties we
compute averages by considering only the last 500 periods of each iteration. In fact, in the
analysis we start considering periods just after the transient phase is concluded, in line with the
agent-based methodology guidelines (Fagiolo and Roventini, 2017).

For initializing our simulations we assume a quite egalitarian economy. We draw initial po-
tential incomes randomly in order to get an initial Gini coefficient of around 0.1. A household’s
initial wealth is initialized as equal to the household’s potential income. Moreover, initial con-
sumption is equal to the household’s desired consumption and the first productivity shocks are
drawn from the same low-productivity distribution for all households, with expected value equal
to p1. In the initial conditions the economy starts in a situation of equality between actual and
potential income.

At the beginning of the simulation we also randomly draw the group of reference in consump-
tion decisions, which is household-specific. In our baseline exercises C% /" will be calculated
on 50 agents for each household and the network of social relations will be kept fixed from the
beginning throughout the simulation.
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