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ABSTRACT

Theoretical models of the Kuznets Curve have been purely analytical with little contribu-
tion towards an understanding of the timing of the process and the presence of additional
mechanisms affecting its timing. This paper proposes an agent-based version of Acemoglu
and Robinson’s model of the Kuznets Curve. In extending their analytical framework we
include heterogeneity of agents’ income and a mating mechanism that together represent
elements of social mobility. These two simple changes proved to be enough to shed light
on the length and timing before high inequality implies regime change. Thus, this work
may contribute to an effective empirical assessment of the Kuznets curve as it explicitly

considers the time dimension of the process and the effects of considering social dynamics.

Keywords: Kuznets curve; agent-based model; inequality; institutions.
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1 INTRODUCTION

In 1955 Simon Kuznets hypothesized that there exists an inverse U-shaped pattern
in long-run processes of economic development (Kuznets, 1955); that is, economic
inequality increases as an economy develops, before decreasing after a certain level of
income is reached. Although the hypothesis has been subjected to extensive examination,
there remain many open questions in relation to this theory. In particular, these
questions relate to: 7) evidence for the theory’s empirical validity; 77) theory explaining

why the curve arises; and 777) shape and onset of the curve in different countries.

In their 2002 paper, Acemoglu and Robinson (2002) (AR) offer a political
economy theory of the Kuznets Curve. They propose that “capitalist industrialization tends
to increase inequality, but this inequality contains the seeds of its own destruction,
because it induces a change in the political regime toward a more redistributive system”
(Acemoglu and Robinson, 2002, p. 184). In contrast to other theories, which propose
for example that the curve results from the move from agricultural to industrial economies
(Lindert, 1986), or technological change increasing wages (Tam, 2008). They argue instead
that political factors and institutional change are crucial. They model redistribution and the
associated reduction in inequality as a process where poor agents force political instability
and the political elites extend redistribution through taxation to avoid a revolution. Society,

therefore, moves from an autocratic to a democratic regime.

However, they do not consider the dynamics of the Kuznets Curve explicitly. In
this paper, we take their paper as a starting point and formalize their interpretation of
the Kuznets Curve in an agent-based model. This allows us to explore the effects of re-
laxing some of the assumptions made on the shape and onset of the Kuznets curve and
to consider the time dimension explicitly. Specifically, we extend the model to include
heterogeneity in the agents (both poor and rich) by allowing for an income distribu-
tion, and we include also a mating mechanism that allows mobility between the two

classes, rich and poor, via the social institution of marriage.

The paper is structured as follows. In section 2 we present an overview of the
current literature highlighting gaps in the theory, and consider the discussion related
to the existing empirical evidence on the Kuznets Curve. In section 3 we develop the

model, showing both the features that we reproduce and those we introduce as novel.
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Section 4 covers assumptions and special cases. Section 5 describes the implementation
of the agent-based model. Section 6 presents the parameterization, a brief sensitivity

analysis and the results. We conclude the paper in section 7.

2 LITERATURE SURVEY

The concept of the Kuznets’s Curve goes back to the work of (Kuznets, 1955) who
studied the relationship between economic growth and income inequality. He used
time series data for England, the United States and Germany and formulated some

stylized facts about the dynamics of growth and inequality in these countries.

He identified increasing inequality in England for the period of 1780-1850 and
a shrinking from the last quarter of the 19th century, and the same dynamics for the
United States and Germany, with an increasing inequality for the period between 1840
to 1890 and a shrinking after the First World War. He expected the then underdevelo-
ped countries to follow a similar pattern. He was, however, skeptical of the quality of his
data set and pointed out that “the results [can be] considered as preliminary informed

guesses” (Kuznets, 1955, p. 4).!

When providing a theoretical explanation for the income dynamics, he mentio-
ned the importance of political interference, which is expected to become more pro-
nounced at later stages of development (Kuznets, 1955, p. 18). The major mechanism
for him was, however, that more and more people move from the countryside to the
cities and move from the agricultural to the industrial sector. The result would be an
increase of the income share of the poorest in the cities, which is also related to their
increased political influence. Since the theory was first proposed, there has been an ex-
tensive body of literature assessing the validity of the hypothesis. The contributions can
be grouped into theoretical assessments and empirical studies. We will give an overview
over both branches while emphasizing that the latter body of literature is much larger

than the first one.

1. "The paper is perhaps 5 per cent empirical information presented and 95 per cent speculation, some of it possibly tainted
by wishful thinking” (Kuznets, 1955, p. 26).
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2.1 Theoretical contributions

The motivation for theoretical models yielding a Kuznets relationship is the belief that
empirical regularities as such (if they exist) can only be interesting to the extent that “they
can be viewed as providing some clues to the mechanisms through which the development
process affects the degree of inequality” (Ahluwalia, 1976b, p. 338). If such deeper mechanisms
could be identified, reasonable policy advice could be derived from the observations, a goal

that has been articulated throughout the entire literature on inequality.

The first important theoretical contribution is the paper of Lewis (1954) in which
he coined the idea of dualistic development, i.e. the coexistence of two sectors with
important differences in at least one relevant dimension, mostly productivity. In this
paper, the author used the example of a capitalist and a subsistence sector and as capital
is only used in the first sector, it has a higher output per head and higher wages. If more
capital is produced, more workers move from the subsistence to the capitalist sector
and their income rises. Kuznets idea of the population shift from agricultural to urban
employment was certainly inspired by this paper. The dualistic development models
were further extended and refined in further papers by Ranis and Fei (1961), Harris
and Todaro (1970), and Anand and Kanbur (1993).

An important step was the work of Robinson (1976) who provided a more formal
two-sector model that deals with the inequality dynamics explicitly and considers
different income distributions in the sectors and a shift of the relative population of
one sector. He showed that such a setting will frequently produce a Kuznets pattern.
These theoretical considerations have been used to justify a great set of policy measures
(Ahluwalia, Carter and Chenery, 1979). AR, while building on previous work in the
political science literature are the first who propose a political economy explanation for

the Kuznets curve.?

2.2 Empirical contributions

The empirical assessment of the Kuznets curve has been characterized mainly by discussions
about the quality of data and the choice of estimation techniques. It was Kuznets himself

who pointed to the high requirements on data in order to assess his hypothesis in a serious

2. The empirical relevance of the political factors for the dynamics of inequality has been pointed out, e.g. by Tam (2008).
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manner. Although Kuznets himself used time series data for the formulation of his theory,
the vast majority of empirical work until recently has focused on cross-sectional data
(e.g. Aldeman and Morris, 1973; Paukert, 1973; Robinson, 1976; Ahluwalia, 1976a),
simply because other data was not available (Ahluwalia, 1976b, p. 307).

The most famous papers of the early era concluded with support for the Kuznets
relationship and triggered a huge policy debate (Ahluwalia, 1976b). Later, Anand and
Kanbur (1993) took these papers as a starting point for their critique of the Kuznets concept
and highlighted the insufficient data and the lack of consensus about the adequa-
te estimation techniques. Until 1998, studies used exclusively cross-sectional data and
the resulting evidence was mixed, with a tendency to be negative (Fields, 2001; Piket-
ty, 2006). However, the overall explanatory power of these cross-sectional studies has
frequently been questioned. The Kuznets hypothesis is about how inequality develops
within one country, not how it develop across countries, what is tested if one relies on

cross sectional data.

In 1996, Deininger and Squire (DS) were the first who provided a panel data
set that allowed the consideration of country specific effects (Deininger and Squire,
1996). After the release of this first panel data set, a new wave of empirical studies
about the Kuznets Curve emerged. While DS find a statistically significant Kuznets-like
relationship for a pooled regression, they reject the presence of the Kuznets Curve when
they use fixed effects estimation. Only 10 per cent of the countries in their sample
followed a Kuznets process. Almost the same number of countries followed the exact
opposite while the rest did not show any significant relationship between growth and
inequality. Savvides and Stengos (2000) using a threshold regression model did not find
evidence for the Kuznets relationship (or any other well-defined relation) either and
Higgins and Williamson (1999) found evidence for the curve only if they controlled for
demographic and globalization effects.” Many authors used the data set to argue for the
importance of additional mechanisms such aspolicies and openness, thereby rejecting
the idea of an unconditional relationship and explaining the resulting differences across
countries (Schultz, 1998). Later, the data set provided by DS received heavy critique
for including inconsistent inequality measures and providing in-accurate time series
(Atkinson and Brandolini, 2001). After this, almost no study was published using the

3. This is somewhat contrary to the usual interpretation that the Kuznets Curve describes an unconditioned relationship.
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original data set any more. In contrast to earlier praxis, some non-parametric studies
were conducted using a refined version of the DS data set, finding mixed evidence.
Another issue not adequately dealt with in the empirical literature is the time period
over which the Kuznets Curve develops: The existing theoretical contributions do not
make concrete statements about the time horizon of the Kuznets curve. Because of data

scarcity most studies assessed a time span of at most 40 years.*

We conclude that the evidence for the Kuznets curve is very mixed. While the
evidence from cross-sectional studies cannot be trusted, more recent studies suggest that
Kuznets patterns can be observed in some individual countries, which suggests an important
role for country and region specific influences. There has never been a trustworthy study
considering the Kuznets curve over more than 60 years, and considerations about data

quality and adequate estimation techniques are not yet fully resolved.

3 THE THEORETICAL MODEL

3.1 Environment

As in the original model (Acemoglu and Robinson, 2002) we consider an infinite-
-horizon non-overlapping generation model in which parents invest in their offspring’s
education. In the benchmark model, a discrete population of NV agents is divided in two
groups Ny and Ny, respectively, the total number of rich and poor agents in period
t. In every period, every agent in the population meets another agent, which might
or not be from the same social class, and they beget two children. It is assumed that

1/2 < NP/ (NP + Nj) < 1so0 that rich agents are a minority elite in the beginning.
Political power is initially concentrated in the hands of the elite, where decisions will be
taken by the median voter of the rich agents.

There is a unique consumption good y with price normalized to 1 and a unique
asset h. At t = 0 each agent i has human capital hy’ or hjy" indexed with p for poor
agents and with 7 for rich agents. Note that we allow heterogeneity of individual capital

4. A noteworthy exception is Lindert (1986) who considered the period between 1670 and 1911 in England using data
about landownership, debts, probated wealth and occupation. He concluded with an affirmative result for the Kuznets curve
but the quality of the data is subject to severe criticism.

11
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endowment. The distinction between rich and poor depends solely on their capacity to

invest, represented by , in the education of their children e, 1.

The final good is produced by each agent using a linear technology. Individuals
can choose to allocate their capital between the formal sector, using a market technology
yi™ = Ahi™, and the informal sector yi* = BhiP, where h{™ is the amount of
capital used in the formal sector or market production by agent i in period t and A
is the amount of capital he devotes to informal production. In the model A > B, so
production in the formal sector is always more productive. Production in the informal
sector has the advantage of being untaxed. The relation between A and B will determine

the maximum possible tax.

Aside from the heterogeneity of the agents, this formalization is the same as that
of AR (Acemoglu and Robinson, 2002).

3.2 Mating

The mating mechanism is not included in the original paper. We consider two agents
in the population 4, 7 € {r,p} who select each other in order to form a family.
We denote the total probability of an agent 7 mating another agent j as Ptij . If mating
is perfectly random, for a large /V the probability of a poor agent mating with a poor
agent is Ay = N7/ (N} + N/ ). If mating is perfectly assortative the probability of a
poor agent mating with a poor agent is unity. We define such probability as:

Ptpp =A+a(l-A)=a+ 11 —a)

where is a measure of assortativity. Hence, when o = 0, random mating results,
while for @ = 1, mating is perfectly assortative. Following the same logic, given
1— M\t = N7/ (N} + NT), the probability of a rich agent mating with a rich agent is
simply given by P/ = (1 — X)) +ads =1 — M (1 — ).

The remaining probabilities are easily computed as P/" = (1 —a)(1 — )\;) and
P{? = (1 — a)\:. o is then our inter-class mating parameter (assortativity).

12
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In every period 7 the expected number of poor agents that mate outside their
class is N PP" = Nf[1 — (a+ A(1 — a))]. The expected number of rich agents
that mate outside their class is Ng"ng = NPT — (1= A(1 — @))]. It is easy to see
that expected values match.

N[ = (a4 A1 = a))] = N1 = (1 = A(1 = a))]
/\tN(l — Oi)(l — )‘t) = (1 — /\t)N/\t(l — (1‘)

3.3 The consumption-investment decision

When two agents mate they become a family, for which the total amount of wealth or
final good is the sum of the individual. For family z, made up of agents 7 and j,

vl =yt + vl

where for a generic agent 7, y! = yi™ + 1i%; for production in both the formal 7 and

informal & sectors.

We assume that both parents are altruistic towards their children, regardless their
social origin. Accordingly, the decision about how much of the final good to consume
and how much to invest on the children education is jointly taken between the two
members of the family, E? 41 following preferences,

o [l ifag; > 2
=0 i agr <2

where 7 € (0.1),% ¢f is the joint consumption of the parents in period t, and €7 ; is the
investment in children education. These preferences imply an investment rate equal to y.
We assume that parents invest the same in both children, and so the utility function
implies that a family will invest in education if and only if the amount they can de-
dicate to this is larger than 2 (1 for each of the children).

5. The altruistic assumption allows us to not define a specific parameter for each single agent type, at least for the purpose
of this article.

13
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h§+1 = max{1; Z(€§+1/2)5}

For each new child, 4, his human capital is given by

hE | = 1;Z(ez,,/2)°
t+1 = max{l; Z(ef,/2)"}

with Z > 1 and B < 1. This guarantees that accumulation of capital does not conti-
nue indefinitely. Notice also that the equations above guarantees that the minimum

amount of capital is 1.

3.4 Taxes and transfers

No matter how forward-looking the parents would be for their children, their invest-
ment decision depends on the tax regime. We assume that taxes cannot be made
person-specific and so they are proportional to the amount of market-produced good.
However, we have introduced the family unit as the agent performing the investment

and voting decisions, then, for every family, post-tax total income is simply:
i = (1= 1) AR{™ + T, + i
which simplifies to:

77 = (1 — 1) ARZ™ + T,

if both parents produce all of their goods in the formal sector. This will be the case in
equilibrium. 7¢ is the tax rate and 7, the transfer in each period, is just given by:

N ;
N

14




Discussion
Paper

Social Institutions and Economic Inequality: modeling the onset of the Kuznets curve

The government’s budget constraint is given by NT; = tAH™, where
H =322 hi™ is the total production in the formal sector of the economy. Initially
the tax rate will be set by the median voter among rich agents. However, poor agents
can overthrow the existing government and take over the capital stock at any period t.
We assume that a revolution would be triggered when more than half of the population
are materially better off than under the government of the rich elite. If it is trigge-
red, a revolution always succeeds, with a proportion 1 - p of the capital stock being
destroyed, and the remaining of it being shared equally among the whole population.®
Therefore, p indicates how costly the revolution would be. Hence, if there is a revolu-

tion at period #, each family receives

z

.,'JA.H]E
Ye = —

N

in every future period. For simplicity, we assume that when deciding whether agents prefer
a revolution to take place, parents only think about their current period endowment of
final good, and not about their offspring’s.”

For the median rich agent it will always be preferable to extent the franchise
and open the regime to democracy than to let the revolution happen (see section 4).
Hence, if the revolution constraint binds at any given period, the elite will introduce
democracy, allowing the whole population to vote. The equilibrium tax rate in the first

democratic period will be

A-B
A

7=

the maximum tax level which does not imply agents allocating their capital to production

in the informal level. The timing of the model in each period is as follows:

6. AR assume capital to be shared only between the poor. Thanks to our implementation with a continuous distribution of
income we can consider the more realistic case in which every agent in society gets the same.

7. They do not take into account the probability of their children marrying a richer agent who will increase their family
income and investment, they just consider the utility of the family in the current period.

15
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* parents die and the new generation receive education bequests. Upon receiving
the bequest, the new generation makes a marriage decision. Social mobility can
be improved by marriage;

* the median voter among the rich agents sees everybody’s capital endowment and
finds out if a revolution is optimal for half of the population or more, in which
case he will choose to extend the franchise and open the regime to democracy;

* if the franchise has been extended, family, composed by the two parents, decide
if they prefer to vote and select the optimal tax level or to support a revolution,
which never happens in equilibrium;

* cach family allocates his capital stock between the formal and the informal sector,
and the implied production between consumption and bequest levels.

In each period inequality is measured by the Gini index, computed over the

wealth distribution of all families.

4 ANALYSIS

In this section we comment on the model assumptions and the case we choose for

the simulation.

4.1 Model Assumptions

For the assumptions of the model the reader is referred to AR (Acemoglu and
Robinson, 2002). The main assumptions we keep are: the zero bequest assumption,
the steady state assumption, the fact that the median rich agent prefers democracy to
revolution, and initial conditions which ensure that rich agents who marry other
rich agents are able to accumulate capital when there are not taxes. These conditions
imply that poor agents cannot accumulate wealth even in the absence of taxes, while
economic growth exists in the economy because rich agents start with less than
steady state human capital, and are able to accumulate wealth until they reach the

steady state level.
Assumption 1 (Zero bequest assumption): 2YA < 2. When there is no tax-ation

(t,= T =0) a family z with a minimum level of capital (h} = 2) leaves no education

to their offspring. This implies that without taxation, the human capital for each of
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the children from family z, A}, = 1, and so individuals who are born from a poor

family,® will be poor themselves.

Assumption 2 (Steady state assumption): (YB)P Z > 1. When there is no taxa-
tion and the return on capital is B, we assume that when accumulation of capital
takes place, a steady state s > 1 can be reached. This condition allows accumula-
tion by the rich in the absence of taxation (under autocracy or in a democracy with
equilibrium tax equal to 0) and ensures that taxation will never be high enough to

stop accumulation.

Assumption 3 (median rich agent prefers democracy to revolution): This is guaranteed
by the condition 'M—Nt < Qf, where 7 denotes the median voter among the rich
agentsand §] = (1 —7;) Ah¥™ is his after tax income under democracy. This condition
means that the median rich voter always prefers democracy (with the taxes implied) than

a revolution, and is guaranteed by a low enough p.

Assumption 4 (Initial conditions). To ensure that rich agents who marry other
rich agents accumulate capital when there are no taxes, we assume h‘0 < h‘SS for all rich

agents r and Y95 = YA > 1, or equivalently:
T T —1
h'sg > hy > (vA)

where h'; is the steady-state value of rich agents” human capital. This condition ensures
that there will exist economic growth, as rich agents start with less than steady-state
human capital.’® It also guarantees that rich agents, when marrying other rich agents,

are able to leave a positive bequest to their offspring.

8. We consider a poor family to be one which does not have enough resources to invest in offspring education given the
preferences in the model.

9. Since we are assuming that the family income is equally divided between the parents, their voting decision will be the same
and it will reflect the maximization problem. Namely, even in the case in which the two parents have different social classes of
origin, in the context of the family they are going to vote for the same policy that will benefit their total family income.

10. Unless inter-class marriages are very high and most of the families between a rich and a poor agent become poor after
joining their wealth.

17
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4.2 Analysis

Case a) Autocracy and the rich accumulate: Since in our model poor agents cannot

accumulate (unless they mate with a rich enough agent), and rich agents do
(unless they mate with a poor agent and they are not rich enough), for high
enough o, i.e. low enough inter-class mating, inequality will increase during
the first periods, before rich agents’ capital reaches the steady state level. The
franchise will be extended when wealth under autocracy becomes lower for
at least half of the population than what they would get after a revolution.
Increasing inter-class mating has two effects: On the one side it increases
economic growth, on the other it decreases inequality. Therefore, the follo-
wing scenarios are possible: When a rich agent and a poor agent together
create a rich family, the case chosen for our experiment, inter-class ma-
ting decreases social inequality and increases economic growth. Then, the
effects of introducing inter-class mating (o < 1) in an environment in whi-

ch the franchise would be extended at a certain period # = 4 will be either:

1) To modify the time for a revolution to be optimal for at least half of the
population, depending on whether the growth or the inequality effect
dominates. Our simulations suggest a domination of the growth effect,
by increasing the number of families which are able to accumulate
wealth, increasing inter-class mating increases total wealth in the auto-
cratic regime, making the revolution optimal for the poor proportion

of the population earlier in time.

2) If inter-class mating is high enough, it might prevent the revolution
constraint from ever being triggered. Since we are assuming the me-
dian voter of the rich takes the political decisions, democracy arrives

just because all agents become rich at some point.

Case b) A rich agent and a poor agent together create a poor family: In this case

18
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1) To delay the time for a revolution to be optimal for at least half of
the population, as now inequality increases more slowly. There are less

rich agents getting richer in every period.

2) If inter-class mating is high enough, a revolution will never happen
because with an impoverished population total market production
Y7 might become too small as for a revolution to be ever profitable.
If there are not enough rich, sharing a fraction of an economy in which

virtually every producer is poor is never optimal.
Case ¢) A poor agent and a rich agent might create a poor family or a rich family:

If some inter-class mating will result in poor families and others in rich families,
decreasing o will imply decreasing inequality and so delay the time for the franchise to
be extended (if it ever happens). The effect on growth will depend on which kind of

mating dominates.

4.3 Democracy

When democracy is trivially reached because everybody becomes rich or because everybo-
dy becomes poor, then there will be no taxes, and consequently no political decision
is taken. If democracy is reached through a revolution, the median voter will choose
the maximum possible tax rate in the first democratic period. After this, inter-class
mating and redistributive taxes will decrease inequality. At some point, it might occur
that the median voter is not interested in positive taxes anymore. Formally, he chooses

T as to optimize:

Y5
N

7™ € Argmax (1 — 7¢)Ah" +

So the optimal tax level is simply given by:

m 0 if Ah]"® > —K?
T =
—(A;B) if otherwise

19
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In the next section, we consider the implementation of the theoretical model as

an agent-based model.

5 MODEL IMPLEMENTATION

The model was implemented as a discrete-time, agent-based model written in Python.
The code is available at github.!" The simulation began by initializing 1,000 agents with
a wealth distribution according to a Lorenz curve where 6 = 0.82. The simulation was
executed for 200 timesteps. Agents were considered rich if their initial wealth was above
the poverty line 1/( yA)). After the initialization, the simulation was executed in the

following manner:
1) Agents were paired and mated dependent on the assortative pairing parameter.
2) Each pair of agents begat two successive, “children” agents.
3) Wealth of each child is an average of their parents individual wealth (z.+7).

4) Each agent calculates post-tax income as (1 - 1)Aw + r where w is wealth and

r is the transfer.
5) Each agent computes its savings as savings rate time post tax income.
6) A regime choice is made. If the richest poor agents potential income under
democracy (tAH; /N, is greater than its current post-tax income, the democra
Cy (1 t P g Cy

is set and democracy continues through the execution.

7) If democracy is the current regime, the median agent, sorted by wealth, sets the tax

rate. The rate is zero if this agent has above average wealth or (4 - B) / A otherwise.

8) Transfers are calculated as r = tA H/ N.

11. PEKC model, available at: <http://jegentile.github.io>.
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In assortative mating, agents were paired based on the assortative parameter and a
new generation was generated where two “parents” begat two “children”. The chil-
dren wealth were set as the average between their parent’s savings. Each agent is classi-
fied as rich or poor depending on their wealth relative to the poverty line.

In one-to-one mating, each agent generates a “child” and its savings are

passed down.
This generation is processed just as in steps 1-8.

The number of agents and the initial proportion of rich agents is given as an
exogenous parameter. The model initializes heterogeneous agents according to a Lorenz
curve whose parameters are specified according to empirical evidence. We then classify
the new agents using a poverty line which is given by 1

vA

Each round all agents get updated: No wealth smaller than unity is allowed
and at the beginning , gross income in calculated for every single agent as the pro-
duct of formal sector productivity times individual human capital. Post tax income
is then given by subtracting taxes paid and adding the transfers received by the
state. Then those agents who have enough capital save according to the exogenous

saving rate.

After the agents are updated, overall inequality is calculated and we check whether
the revolution constraint is binding and a regime shift happens. Then the median voter

sets the tax rate. The transfer for every agent is calculated accordingly.

Because our model considers the heterogeneity of all agents, we are able to scrutinize
the extension proposed by Acemoglu and Robinson (2002, p. 197), namely heterogeneity
among the rich.

Recall that one time step represents one generation. Therefore, at the end of each

round, a new generation of agents is initialized. The wealth of the new agents depends on

the mating mechanism under consideration.
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6 RESULTS AND DISCUSSION

6.1 Parameterization and sensitivity analysis

Where possible, we use empirical data to inform the model parameterization. Some
parameters are derived from the same equations as given in AR, the remaining parameters
were set explicitly. Table 1 shows the origin of the parameters and values used in the

baseline scenario. In all runs /V = 1,000.

TABLE 1
Parameter values

Parameter Baseline origin

Gini Coefficient 0.10 Informed by data (World Bank, 2014)
&: Lorenze curve parameter 0.82 Derived from other parameters

A: % of poor 0.99  Model initial condition

I: Threshold agent 990 Derived from other parameters
H_:Threshold agent (90th percentile) 1.87  Derived from other parameters

A: Parameter on modern sector production function 2.67 Derived from other parameters

B: Parameter on informal sector production function 2.13 Derived from other parameters

v: Savings rate 0.20 Informed by data (World Bank, 2014)
Z: Parameter on offspring human capital function 3.37  Setasinitial condition

B: Exponent on offspring human capital function 0.75  Setas initial condition

p: Proportion of economy remaining after revolution 0.85  Setasinitial condition

7. Tax rate 0.20 Informed by data (World Bank, 2014)

Given the constraints and conditions of the model, the set of parameters that can

be subject to sensitivity analysis are:

* initial inequality and productivity;
* savings and productivity; and

* size of damage imposed by change of regime.
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For the sensitivity analysis we will consider the case of assortative mating and
how parameters other than a influence the results. Both the initial inequality and the
share of savings imposed to the economy determine the productivity in the formal
sector. Derived from that, the equations provide the productivity on the informal sec-
tor. For § close to 1 and derived productivity much higher than empirically observed,
inequality rises for all values of a. Typically, for variations in § between 0.3 and 0.9,
we observe increase in inequality, followed by a decrease to zero. If we vary the level
of savings in the society, going from 10 % to 30 %, not much change in the behavior
of inequality is observed. For values of o from 0.2 to 0.9 one can see an increase in
inequality, followed by a slow decrease before there are no more poor agents in the

simulation.

The model also allows for a variation in the size of the economy that is left
after a revolution. We varied p from 0.4 to 0.95. Results vary little with most distri-
butions showing an increase in inequality followed by a short decrease before simu-
lation is stopped with no more poor agents. Finally, we studied a set of parameters
that resemble those of the United Kingdom and Germany.

The sensitivity analysis showed that the model is robust to transformations
in the parameters as long as they are within the constraints and conditions impo-

sed by the construction of the model itself.

6.2 Results

Graph 1 presents the results associated with the baseline parameterization. For alter-
native values of o, we plot the time series of income inequality and poverty. Income
inequality is measured by the Gini coefficient and poverty is captured by the number
of poor agents. Recall that o = 0 corresponds to perfectly random mating, a = 1
corresponds to perfectly assortative mating, and a unit of time corresponds to a
generation. Three interesting conclusions emerge from graph 1: higher assortativity
in mating is associated with: 7) a later onset of the Kuznets curve; 77) greater inequality;

and 7ii) an increased persistence of poverty.

23




Brasilia, March 2015
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Results
Avg Num Poor  Assortative
| o0 B
0.6/ | 2000 [Wos
- B 000 M.
8 0.5 B e000 | I
2 - 800.0 . 04
3 0.4+ - 902.0 . 05
—E . 08
1G]
g’ . 07
g 0.3 M.
2 N
0.2 . 082
. 08s
oar
0.1 .
. One-To-One
0.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Time

The graph shows the evolution of the Gini coeflicient for o = 0 to o0 = 1 (i.e. from
random to perfectly assortative mating). The width of the line is proportional to the
number of poor agents at a given time step.

Regarding the first conclusion, we see that for o = 1 the turning point occurs
at ¢t = 8 whereas for a = 0 the turning point occurs at # = 2. Taking into account all
intermediate values of o reveals that the turning point increases monotonically with
assortativity in mating. The second conclusion follows immediately from the first: for
those values of o that correspond to a later onset of the Kuznets Curve we see that
higher levels of inequality are obtained. Specifically, we see that for a = 1 peak ine-
quality nearly reaches 0.70 whereas for a = 0 peak inequality remains relatively low
at approximately 0.25. Analogous to the first conclusion, it is then evident that peak
inequality increases monotonically in the assortativity of mating. With respect to the
third conclusion, it is evident that for greater values of a poverty appears more persis-
tent. That is, for a = 1 a non-negligible quantity of agents remain impoverished until
t = 23 whereas for o = 0 poverty is nearly completely eradicated by # = 2. Thus, in
examining all intermediate values of o we see that the third conclusion echoes that
of the first and second: we see yet another monotonic relationship as the duration of
poverty is increasing in o. Regarding intuition, first consider the case where a = 1.
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In this scenario, marriage induces no social mobility and redistribution can only oc-
cur with taxation under democracy. For a given parameterization, the revolution
constraint dictates that the franchise will be extended when the expected income after a
revolution is higher for the median family to what it gets under the current government
of the rich elite is sufficiently greater than the wealth of the wealthiest poor agent. The
model outcomes for o = 1 thus depend primarily on the growth rate of the economy.
When a = 0, social mobility manifests through interclass marriage, which exerts influence
on the transition to democracy. From graph 1, we see that this case is characterized by an
immediate reduction in the number of poor agents, which exerts upward pressure on
per capita wealth through both decreasing /7 and increasing H. This phenomenon
leads to a more rapid transition to democracy and thus the earlier onset of the Kuznets
curve. For 0 < o < 1 we observe that the higher a, the longer the Kuznets process lasts.

7 CONCLUSION

In this paper we present two major contributions to the debate around the theory of
the Kuznets Curve. The first is of theoretical interest. Although we have only considered
our baseline parameterization, while sensitivity analysis and calibration with real data
are crucial next steps, our simulations show that social institutions (namely, interclass
marriage) appear to play an important role in the timing or onset of the Kuznets Curve.
Such social institutions may thus represent a crucial source of omitted variable bias in the
existing empirical and theoretical work on the Kuznets Curve and future research may
benefit from its consideration. We were also able to provide insights about the dynamics
of the Kuznets relationship. Our model illustrates the possible variation in timing of
the Kuznets Curve and is more explicit about the time span in which the relationship
operates, namely up to 24 generations. If the model is calibrated to empirical data, such
a consideration can help derive the time horizon to be considered in empirical studies
and can thus help to bring more clarity to the empirical assessment of the hypothesis.

The second contribution is of a methodological kind. Our model takes a purely
analytical model as a starting point, replicates the behavior of this model in an agent-
-based simulation, and then relaxes some of the assumptions required to keep the original
model tractable. So it allows the consideration of the dynamics explicitly. While there are

12. Hp is the aggregate human capital across poor agents.
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only a few models of this kind (e.g. Albin and Foley, 1992; Gintis, 2007 for the standard
general equilibrium model), our model illustrates the usefulness of this approach.
The rigor of the previous analytical model is sustained, but in our approach we are able
to go beyond its application and assess its sensitivity to the rigid assumptions previously
made through the introduction of marriage and capital heterogeneity across agents of the
same type. Our agent-based model will allow for further exploration of the factors affec-
ting the timing and onset of the Kuznets Curve, and can also be applied to understand
economic inequality in different countries with different levels of social mobility.
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