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Abstract: Recent empirical papers (Barro, 2000; Banerjee and Dufflo, 2003; Forbes, 2000;
Panizza, 2002 and V oitchovsky, 2005 ) have highlighted the negative relationship between the growth
rate of per capita Gdp and the level of equality in developed economies. In this paper we design

an endogenous model to explain how an increase in the level of income inequality may have a positive
effect on economic growth. We include equality as an argument that increases the utility of the agents:
alarger degree of equality in society may be optimal from the point of view of the utility of consumers,
but it entails lower growth. Hence, in order to evaluate more in deph the behaviour of the model

we conduct an extensive Monte Carlo experiment. This procedure simulates different settings to obtain
the distribution of the growth rate and the parameter values. The growth rate predicted lies within
plausible values and come up with results that are also stochastic in nature. Numerical implementation
of the proposed approach isillustrated on a sample test system. Finally, we speculate on the economic
implications of these results and discuss the misleading interpretation arising from the adoption of some

political economy considerations against inequality.
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1. Introduction.

The presence of large degrees of inequality wightountry or across countries
has always been a cause of concern for researgidicsymakers, and ample sectors of
the society. In addition, according to the U.N tis Human Development Report, the
last decades have been affected by divergencesowerty and inequality across
countries. Dollar and Kraay (2002) examine a sample of depiel countries that have
grown rapidly in the last decades and concludedghawth has reduced poverty but has
not altered the relative distribution of income edmgse growth has improved the
standard of living of all the population-. The chas in poverty do not necessarily alter
the degree of inequality in a particular countrplléwing these findings, it is not
strange that an abundant literature on the issueegfuality has flourished in recent
years. Part of these studies have been elaboratbd whe framework of the New
Growth Theory, since it seems plausible to believe link between inequality and
growth. In effect, investigators have been analyzumether a faster growth rate entails
a more even distribution of income within a counbryacross countries or, instead, it
increases inequality because the gains from grewatreceived only by a small fraction
of the population, either pertaining to a particulation or to a group of countries of the
world. The reverse link has also been explored,nm®Bans of formulating a basic
question: is inequality harmful for economic growvath instead, more unequal societies

tend to grow faster?

Regarding the first issue, Kuznets (1955), in assitaal paper, asserted that
inequality first increases and later decreases ndurthe process of economic
development, that is, the explanation of the Kuzreirve. This hypothesis has been
tested extensivefy Recent papers that find support for the Kuznefgsothesis are
Eusufzai (1997) and Savvides and Stengos (2000x0B&000) also reports some
findings that lead him to conclude that the Kuzreetwe is a well-established empirical

regularity.

! Inequality and poverty are not the same. Thiestant may seen trivial, but these terms are often
confused especially by the non-specialists. Faseudsion of differences between concepts seelSala-
Martin (2002).

2 For a revision see Bruno et al. (1998).



Nonetheless, a new paper by Sala-i-Martin (200%jitpdhat global income
inequality has been reduced between 1980-1998.hén paper there is a careful
distinction and observation between within counimgquality and across country
inequality. The author confirms that within countiyequality in several countries
(USA, UK, Australia and China) has increased. Hosvewacross countries differences
in per capita income have narrowed remarkably, @aje due to the dramatic
improvement in living conditions in China and Indiaffsetting the within countries
effect. Dollar and Kraay (2002) claim that growthshnot clearly increased inequality
for a sample of 80 countries over four decadegesthe income of the poor rises one-

for one with the overall growth.

As we can tentatively conclude examining the liiema (further revision in
section 2) the link from growth to inequality i$,l@ast, controversial. Nevertheless, this
brief comment on the link from growth to inequalégemed adequate in order to center
the issue of this paper; the paper will focus ia #econd aspect, i.e. the impact that

inequality may exert on economic growth.

This topic has been covered in a number of rectmies, but mostly in the
context of political economic models. Some of theitt be commented below. Here,
we want to assess the issue form the point of westandard growth models. Hence,
this paper designs an endogenous growth model,hwdiicounts for the relationship
between economic growth and equality. The modetredd Barro (1990) in one main
feature: the inclusion of a variable of welfare,iethis used as a proxy for equality.
Government resources are allocated to infrastraauad to social services (welfare). As
the share of Government spending that is allocttedelfare increases, a crowding out
effect occurs due to fewer resources allocated nfoastructure, which decrease
production. Welfare spending is needed in societgabse it is included in the utility
function. This paper provides a possible explamatama recently discovered empirical
fact: in rich countries, there is a negative catieh between equality and economic
growth (Barro, 2000; Forbes2000 and Bengoa and Sanchez-Robles 2005).
Additionally, once the model has been developedctarey out a calibration exercise to
know which parameter values better fit the evideN¢e use Monte Carlo techniques to



predict the distribution of the variables of thedab Our model forecasts a growth rate
that lies within the quantitative features foundethe empirical studies.

The paper is organized as follows: section 2 mtgwadhe paper by presenting
the links from inequality to grow. Section 3 desgan endogenous growth model that
accounts for the negative impact that equality reggrt on growth. In section 4 the
model is tested to obtain its behaviour under diffié assumptions and the results are

discussed. Section 5 offers some conclusions aggests further research.
2. The links from inequality to growth.

As it was stated briefly in the introduction, theks between inequality and
growth are rather complex. There is no consenstukdrtheoretical literature or in the
empirical studies about how a country’s level ofomme inequality predicts its
subsequent rate of economic growth. The sign ottmeelation between both variables
Is also unclear. We can find analyses, at the gimat and the empirical level, posing
either a positive or a negative link from inequalid growth. The theories examining
the relationship between income distribution anolgh may be classified in two large
group$. The first category comprises the set of contiting that predict a positive link
from inequality to growth; this hypothesis may Ibaced back to Keynes (1920) and
was later on pursued by Kaldor (1956), Bourguigri®881), Benabou (1996b) and
Galor and Tsiddon (1997). On the other side, in,twe may classify the theories that
sustain a negative impact of inequality on growdHofving the market imperfection
argument (Banerjee and Newman, 1993; Perotti, 1888ion and Bolton, 1997) or the
political instability and socio-political unrest @ina and Perotti, 1996; Benhabib and
Rustichini, 1996; Aghion, Caroli and Garcia-PefiaJo$999; Aghion, Banerjee and
Piketty 1999).

In the context opolitical economy models, there are a large number of papers
that explore the relationship between the varialaleslyzing the behavior of voters.
More unequal societiésin which the mean income is higher than the nrediaill

favor more redistribution and this process will anhslower growth. (Dolmas and

% For thorough surveys see Benabou 1996b and Aghialn 1999.

“ There is an interesting exception to this claine: $o-called POUM hypothesis. If poor people apdits
large future rents, they may oppose redistributior. a discussion and presentation of some evidence
see Benabou and Ok (1998).



Huffman, 1997 and Milanovic, 2000). In other wor@se-tax inequality will increase
the demand for redistribution, and these pressmiaaslead the policymakers to design
a complex interplay of taxes and transfers thatmately, could distort the economy

and reduce growth (Barro, 2000)

As it was said above, the empirical evidence ontlhdremore equal countries
tend to grow faster or slower is somehow contraaerdhe widespread belief in the
90s — backed up by some of the papers mentionedealamong others - was that
inequality was harmful for growth. This idea, howevwas challenged recently by
some influential papers, Forbes (2000), Barro (2@d@ Voitchovsky (2005).

Forbes (2000) featured the current belief that imeanequality has a negative
relationship with economic growth. She found, uspagel estimation with an improved
data set on income inequality, that an increastheénlevel of income inequality have
positive effects on subsequent economic growthhe ghort and medium term. This
relationship is robust to the use of alternativedeispecifications, across samples and

variable definitions.

Barro (2000) analysed the different behavior betweguality and growth
depending on the stage of country development.ofirast that, he divided the group
of countries in two sub-samples. For the low-incogneup the connection between
inequality and growth is negative. However, in thigh-income sub-sample the link
turns out to be positive -for developed countriasirecrease in the level of inequality

has a positive correlation with growth-.

A new empirical study developed by Voitchovsky (2P0dnvestigates the
importance of the shape of the income distribuéiera determinant of economic growth
in a panel of 25 countries. The study suggests itiejuality at the top end of the
distribution is positively associated with growtlm other words, at the top of
distribution rich individuals represent the mairus®e of savings in the economy and
large investors might also be able to spread thle of their investment and could

® There are also contributions that pose that thEaanof inequality on growth can change over tim@&a
country develops. Galor and Moav (2002) claim thatearly stages of development, inequality may be
positively correlated with the rate of growth, snthe drive engine of growth at that point is pbgbi
capital accumulation. In turn, this kind of investmh will typically be accomplished by those fraasoof

the population that enjoy a higher propensity teesé ater on, though, growth may rest on humantahpi
accumulation, which is instead favored by a ladggree of equality.



receive a higher rate of return. According with #@gthor, these factors imply that
higher inequality at the top end of the distribotimay promote economic growth, as it

boosts funds available and investment.

Finally, Bengoa and Sanchez-Robles (2005) contribute texising empirical
evidence by presenting additional results. Twoedght samples were explored over the
last three decades using Arellano and Bond tecknapplied to panel data. For the
medium income nations, the relationship betweenaldguand growth seems to be
hump shaped. In the second sample, made up byiriegime nations the connection is
unambiguously negative, more equality is detrimieimiagrowth. Our empirical results
suggest that the impact of equality on growth maydifferent at various stages of
development.

One possible explanation, for these results, i$ tharich economies, more
equality may damage growth since it desincentivétiesundertaking of risky projects
by individuals. In addition, the social paymentsoypded by the State to reduce
inequality decrease the amount of resources thataamilable for investment in
productive capital, thus affecting growth negatywehnother possible implication is
that political instability is more common in LDCsain in advanced countries, and it is
also generally true that financial and insuranceketa are fairly developed in rich
countries, so the credit constrains problems vélhiore severe in the first group than in
the second. In most LDC countries, therefore, ityrba true that equality enhances
growth.

However, the argument is not that clear for dewvetbgountries, since their
inhabitants already enjoy reasonable levels ofavelnd social stability. In these last
instances, the government intervention intendethd¢cease equality in the population
may have perverse effects, because the distomimaduced by the taxes that finance
social programs could damage efficiency. In otherds, the crowding out effect

exerted by the need to finance large expensesialsactivities may jeopardize growth.

Following these arguments, this study providesemititical explanation to this
last empirical finding (that could seem, at firgjtg, counterintuitive): i.e. more equality
entails a lower rate of growth in countries thawénaachieved a certain level of

development.



In order to offer a quantitative documentation thadtiress for this fadEigure 1
provide some information obtained when looking atsample of 20 developed
countrie§. Figure 1 shows the connection between the (Idgj iBdex in the middle of
seventies, and the growth rate of per capita GDEr de years 1978-2002. The
connection between the Gini index at the beginwihthe period and the growth rate is
clearly positive. The graphic suggests a positioenection between higher levels of

inequality (as captured by the Gini indexes) aredrtie of growth of per capita GDP.

Figure 2.Inequality and growth,developed countries1978-2002

0.05

0.045 - *

=4
o
=

=4
o
@
a

=4
o
@

0.025

per capita growth rate

o
o
=
3}

0.01 'Y

0.005 -

135 14 1.45 15 155 16 1.65

Log of Gini index

Source: Deininger and Squire and World B.

Table 1 reports the value of the index for 20 depetl countries in the sample,
together with some summary statistics. The meanevafl the Gini index for the 20
countries considered is 33.16. As it was to be ebguk this average is below the one
reported for other samples made up of both develapel developing countries (Barro,
2000; Forbes, 2000). The country exhibiting theydst level of inequality is France,
while the lowest value is attained in UK. USA igghktly above the average. Nordic

countries (with the exception of Norway) have lowain average levels of inequality,

®Australia, Austria, Belgium, Canada, Denmark, FidlaFrance, Germany, Greece, ltaly, Netherlands,
New Zealand, Norway, Portugal, Spain, Sweden, &nédnd, UK and USA.



according to Table 1. The reverse phenomenon ierebsd in the Mediterranean
countries and Ireland.

Table 1. Giniindexes in the mid seventies, developed courgs
Australia 34.33 Italy 39.00
Austria 31.20 Netherlands 28.60
Belgium 28.25 New Zealand 30.04
Canada 31.62 Norway 37.30
Denmark 31.00 Portugal 40.58
Finland 30.45 Spain 37.11
France 43.00 Sweden 27.31
Germany 30.62 Switzerland 31.22
Greece 35.11 UK 23.30
Ireland 38.69 USA 34.42

Mean 33.16

Standard deviation 4.98

Maximum 43.00

Minimum 23.3
Source: DS data basis and own elaboration

The empirical results provided by recent paperdicarthe intuition obtained
from the Figure. The Gini index displays a positogrelation with the rate of growth
in these studies (Forbes, 2000; Barro 2000; andy@&erand Sanchez-Robles, 2005)
employing different econometric techniques. The mitage of the coefficient for the
sub-sample of high-income countries (around 0.@%is rather similar in all the
econometric estimations. Of course, it is plausitbiat a new econometric analysis
would be necessary in order to derive more conmhssi The debate continues in the
empirical literature because it seems that theceféé income inequality on growth
depend on the econometric method and the datadsesl. Although, according to
some empirical evidence and, mostly for developedntries, inequality may be

positively correlated with growth.



In this paper, we intend to provide some theorktizckground to previous
econometric results. This kind of link was detecitedamples made up of developed
countries; therefore, it would not be perhaps andatrategy to base the model on the
assumption that different levels of income withincuntry diverge in their saving rates.
As Galor and Moav (2002) point out, these diffeem¢end to disappear over time
inasmuch as countries develop. The other altermativ base the study on the crowding
out effects of social expenditure— looks like a enpromising avenue for constructing

this type of models

In this regard, one line that can be pursued tottsider equality as an argument
in the utility function of consumers. This proceeldras not been used much, to our
knowledgé, yet is appealing for several reasons. Firstravioles a rational explanation
for the existence of mechanisms that reduce indggualit also diminish the rate of
growth. One could ask how it is possible that raicagents would choose this sort of
policies. By entering equality in the utility fumah the answer is straightforward: for
some nations it can be indeed optimal to grow begshave smaller income disparities
because in this way they attain a larger leveltoitynand of total welfare. Thus, for
example, the large Welfare States (in comparisdd3p that many European countries
keep become justified even from the point of vidve@nomic rationality.

Second, this procedure has not been widely explbyethe literature on fiscal
policy and growth. This literature has dealt exiesly with the issue of public
expenditure, starting with the seminal contributioh Barro (1990). The modeling
strategy adopted by most papers is to consideriquddpenditure (for example,
infrastructure) as a productive input that entBesgroduction function of the economy
together with private capital and (possibly) labdowever, not all categories of public
expenditure are productiv@ricto sensu. In other words, public expenditure does not
affect the economy exclusively via the productiandtion. Sometimes it increases the
utility of consumers without having a clear effemt productivity. Examples are

national parks, the maintenance and free accdssaches or the subsidized entrance to

" The lack of incentives to work brought about by tnerous systems of Social Security — for inganc
large unemployment benefits - is also an imporfaiht, which should not be dismissed as a potential
explanation of the negative connection between laguand growth. We neglect this effect here,
however, and leave it for future research, becdalnsemodel presented in this paper does not include
labor-leisure decisions for simplicity.

8 One exception is Olszewski and Rosenthal (2004).



museums. And the fact that a particular type oflipuéxpenditure is not productive
does not mean necessarily that it should not beighed.

These reasons seem compelling enough to try teeasldhis issue with a model
that captures equality differently from other madele. entering the preference for

equality into the utility function. This exerciselMbe described next.
3. The Endogenous Growth Model with Equality.

Next we shall present an endogenous model thatdstéo capture the kind of
crowding out considerations alluded to before anditpultimately, in a very simple
way, a negative relationship between equality aravth. The basic intuition is that
social security payments intended to provide etuabr other categories of non-
productive public expenditure- have to be financadg this diverts resources from
other activities. The main conclusion of the modelild match rather well the current
statu quo in most western countries as far as this probkemroncerned. They could as
well provide theoretical support for the recent @mal results mentioned above that

document a negative impact of equality on growth.

The model is based upon the seminal contributioBarfo (1990). The basic
assumptions of the model will be described firat] aext we shall proceed to obtain an
expression for the rate of growth of the economy.

3.1. Assumptions.
3.1.1. Preferences.

Households maximize the present discounted valdetofe utility from now to
infinity. The utility function is basically of thetandard CRRA type, common in models
of economic growth, but we introduce a new term$ $hay be considered as a proxy of
equality, as brought about by public programs offave. Therefore it may include
pensions and other kind of social benefits. Thennnaiionale for taking the latter as a
proxy for the former is as follows: if the resousagevoted to these kinds of programs
are large, then the degree of equality will inceeasthe society. Alternatively, S may
also reflect other categories of public expendimat do not have impact on production
but increase the utility of agents (For example, plablic maintenance of museums and

its direct consequence, the low price chargeddiors).



The utility function is Cobb Douglas in the two angents, consumption, C and
a publicly provided public good, S, and concavdath. An analogous utility function
has been used by Olszewski and Rosenthal (2004iceNthat people in this country
have a clear preference for equality. In turn, tpreference for equality can be
attributed to the fact that more egalitarian saoegeenjoy lower sociopolitical unrest,
higher levels of personal safety or just to pddti@and ideological reasons. In this
economy the agents do care about issues that lateddo the provisions of public
services and the amount of transfers they receom the State, and ultimately to the

level of equality in society.

Notice that State payments increase utility nataloge they allow the agent to
consume more (in this case the model would imp#t tie is getting back what he is
paying out of taxes to increase consumption, ando8ld be tantamount to C) but
rather because they are a proxy of equality: thentagepresented in the model is
happier if a larger degree of equality (as caputlg a higher value of S) is present in

the society.

Another important caveat is in order here. It cobédargued that a model that
refers to equality should allow for heterogeneogisnés, and make explicit the income
distribution prevailing in the economy. Fortunatetlere is an interesting result by
Caselli and Ventura (2000) that is relevant for @nalysis carried out here. Caselli and
Ventura (2000) show that the methodological expoessf the representative agent
provides valid results if the utility function imothetic, as it is the case in this model.
This assumption does not rule the possibility afrdg’ heterogeneity; it means, rather,
that the aggregation of all consuméehaves as the average consumer. Therefore the
modeling device of a representative agent can bd us this framework, simplifying
greatly the subsequent theoretical apparatus withtbecting the main conclusions. On
the other hand, the fact that preferences are Hwethot there are not market
imperfections and taxes are proportional (as wd sde below) ensures that the
representative agent assumption can be used inc#éisé without altering the basic

features of the model.

° We are indebted to Ronald Benabou for pointirmuit



The relative weight of both arguments in the wtiliinction, as captured by

parametef need not be the same.

The rest of the parameters are the standard ie tiypss of settingsg is the rate
of time preference and represents the intertemporal elasticity of subttih among
periods. There is no population growth in this exog for simplicity and we normalize
initial population to 1. Hence the analysis in aggte and in per capita terms is the

same. We have already suppressed the argumeatdento alleviate notation.

u()=jre ?'u(c,s)dt (1)

u(c,s)= (Cﬂsll_i);_a_l (2)

3.1.2. Technology.

Output Y is composed of one sort of final good,iclhis sold in competitive
markets. Two inputs enter in the production functad the economy: private capital K
and public expenditure G. Some caveats are in dreier. First, (and as in Barro, 1990)
there is no labor in the production function fanplicity. This assumption is harmless,
though, as long as we think of private capital asaggregate of physical and human
capital. G encompasses infrastructure, underste@dl &inds of public expenditure that
have a positive impact in the productivity of ptivacapital. Second, G is considered
here a flow rather than a stock. This point is alswcuous: if we assume that public
investment is proportional to the public stock apital, then the analysis will be similar
in both cases. Infrastructure in this model is Blijoly provided rival good, not subject

to congestion for simplicity.

Therefore the production function can be writtere@sation (3).

1% For models that deal explicitly with congestioae 8arro and Sala-i-Martin, 1992b.



Y= AKG"™ (3)
O<a<l1

Notice that the production function is also concavéoth inputs. Nonetheless,
since it exhibits constant returns to scale in ld @ntogether, it will be able to display
endogenous growth. In other words, it is an AK tioig in which capital is understood
as a composite of private and publicly provideddgpA is an index of efficiency in a
broad sense: i.e. it can include not only technickdgrogresstricto sensu but also the
quality of institutions, the lack of distortiond)et degree of financial efficiency, and
other variables that are not captured already bythvision of infrastructure.

3.1.3. Dynamics of Private Capital.

Output net of taxes (to which we shall refer belasv)devoted to saving and
consumption. As it is usual in this type of setfitige law of motion of private capital K
represents net investment as the difference betweess investment and break-even

investment.

K=@1-7)Y-C-XK (4)

In which T is the constant tax rate, included in the equdioneasons that will

be apparent below, ardds the rate of depreciation of private capital.
3.1.4 Public Sector Behavior.

The government finances public expenditure outagk$. We are assuming a
balanced budget, which is a reasonable assumptidhei long run, following Barro
(1990), and no capital inflows from abroad. Pub&zpenditure is devoted to
infrastructure and social security payments, inr@egrtion given by the parametgr
More in particular, the government behavior candbscribed by the following set of

equations:



G+S=1Y (5)
G=uryY
S=(1- u)ry

It is reasonable to assume that the parameteil be linked to the preferences
of the individuals, at least in democracfesin particular, higher preferences for
equality in the individuals (higher 3} will induce the policymakers to devote more

resources to social expenditure, resulting in déig1y). In the more general case,

u=f@with f > 0 .

Now, perhaps, it is easy to grasp the intuitioniteérequations 4 and 5. Total
output is devoted to consumption and saving. Howetlee agents are only able to
channel to private investment the quantity of paidun that is left over after taxes are
paid. This explains the term }-in equation 4. In turn, the revenues collectedhsy

government are allocated to public expenditureoith lcategories, G and S.
3.2. Discussion of The Model.
3.2.1. The Competitive Solution.

As it shall be detailed below, there is an extetyah this model, and therefore
the market planner solution is not Pareto optinaakocial planner’s outcome being
superior. We shall compute the market solutionc&iimdividuals own the firms in this
economy and there is an only asset (capital), sglthe model in a simplified way, (the
so-called producing-families approach) is identitmlbuild the general equilibrium
setting. For simplicity we shall follow the firstrqredure, applying optimal control

theory in the usual fashion in order to obtainrtte of growth of the relevant variables.

Individuals maximize (1) subject to the budget ¢mis given by (4). C and K

1t is beyond the scope of this paper to fully eyettize the parametar, and, although no doubt
interesting, it is not crucial for the basic resudf this model. For a contribution that treats tisisue in
detail see Olszewski and Rosenthal (2004).



are the control and state variables, respectivielythis problem. We can set up the
present value Hamiltonian and compute the firsteombnditions. If we suppose, as
usual, that the economy has at the starting paimtesamount of both sorts of capital,
and if we add the usual transversality conditioNC), the dynamics of the economy

over time will be described by the following systefnon linear differential equations

with a boundary condition (eq. 6 below).

(cﬁsl‘ﬁjl_a 1
H=e A + A[a-1)Y-c-0sK]
1-0

He=0 = ergcrlio)iglealis) oy (g
Hk =-A = A[[t-7)MPK - 6] =~

TVC limy o AK =0

Where MPK is the marginal productivity of privatapital.

Standard procedures in the analysis of this kinchoflels — i.e. taking logs and
derivatives and substituting the ratio G/K by i@lue as described by equation 5 —

allow to come up with a closed form solution foe tlate of growth of the economy.

¢ merket 1 1 1-a
: :k,g(l_a){(l—r)A“a(,ur)a -d-p| (7)

This model is of the AK type, as it was said aboaed hence all relevant
variables in this economy grow at the same rate §f@roof see Barro and Sala-i-
Martin, 1998), given by eq. 7. The interpretatisrthe usual in this kind of models: i.e.

the economy will grow overtime whenever the (aftex) marginal productivity of



private capital, net of depreciation, exceeds #te of time preference. The larger the
willingness to smooth consumption (as captured targero), the smaller the rate of
growth. Since the production function is homogerseot degree one in K, G, the
driving force of this economy is the interplay beem K and G. Intuitively, investment
in K entails higher G via the balanced budget agdiom, (and also higher S) and
therefore larger levels of Y. The lack of diminispireturns in K, G, considered
together prevents growth from stopping, and desiverdogenous positive growth in the
steady state (in fact, as it is well known, thesmdats lack transitional dynamics and
describe an economy that is always at the steadg)stHHowever, if the society requests
a large amount of public revenues to be devotesbtmal security (in other words, |if

is smaller), holding constant, the rate of growth will be smaller. Eiere equation 7
posits a negative connection between the degreeqaélity in this economy (as
captured by a large S due to a lifileand the rate of growth. Notice that despite this
negative connection between S and growth, agentshati choose a corner solution
with no S and maximum growth because this solutimuld not be optimal from the
point of view of utility. In other words, utilitysimaximized in the model (provided that

the optimal control problem is solved properly) m¥leough growth is not maximized.

The relationship between the size of the governjreenmeasured by and the

rate of growth, is still quadratic, as in Barro 909 and in Sala-i-Martin (1997).
4. The Monte Carlo Simulations.

We have pursued a calibration exercise in ordegxiglore more in depth the
behavior of the model. Traditional calibration pedares use only a limited — and
typically discrete - number of parameter valuest&si the model within a wider range
of parameter values and check its robustness we dyated for a different strategy: we
have assumed that the parameters follow (normabpatility functions rather than
discrete values. Next, we have applied Monte Citbiniques to simulate the model.
This procedure, as far as we know, is widespreaathier areas of economics, such as

finance, but has not been commonly used to tesetkimds of models.



Table 2 summarizes the baseline case. For therefiffeparameters, we have
chosen values of the mean that are in line witBeghtommonly used in the literature (A
0.7,a 0.7, 0.7,50.05,p 0.08) Figure 2 shows the distribution of the gtowdte of
the economy. Basic statistics are reported alsdaile 2. The growth rate may vary
between -0.05 and 0.15 the mean value is 0.01.gfbeth rate is negative for this
scenario in the 20% of the cases. Figure 2, alsglais a sensitivity chart. It shows the
contribution of the various parameters to the var@aof the growth rate. We can see
thata is the parameter that impacts most in the vartgtof the growth rate, since it is
responsible of 78% of the variance of growth. Timpact of A is 20.1%, whereas the

effect ofp, & and is negative and of 1%, 0.6% and 0.3% of magnitude.

Table 2. Forecast and Assumptions. Sensitivity angis.

Growth
VARIABLES Rate A 0] o) a B
Mean 0.01 0.70 0.08 0.05 0.7 0.7
Standard Dev. 0.03 0.10 0.01 0.01 0.07 0.07
Selected range -0.05, 0.1 0.4 0.060.1] 0.030.07 0.4-0.9 0.4-0.9

Note: The parameters follow a normal distribution

Figure 2. Simulation Result 1 and Sensitivity Chart Growth Rate.
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Next, we have allowed for a larger value of A. Whemassume a N(1,0.1), the
growth rate varies between —0.04 and 0.23. Itsaameevalue is now 0.06, growth being
positive from the 19 percentile. Sensitivity values change slightlyt fouders of

magnitude are basically the same as in the fist ¢see figure 3).




Figure 3. Simulation Result 2 and Sensitivity Chart Growth Rate.
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Figure 4 shows that if we allowto vary as well following a normal distribution
with mean 0.7 and standard deviation 0.08, theameegrowth rate becomes 0.05. The

impact ofp in its variance is 2.2% he following step has been to compute the optimal

tax rate that maximizes growth in this last scemamnd the decision variable value is

0.32. This result fix the average tax rate appiechany developed countries.

Figure 4. Simulation Result 3 and Sensitivity Chart Growth Rate.
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Once we have the optimal value of the decisionaéei using the standard

parameters, what it is interesting to know is howhange in the paramet@r (that




accounts for the individual's preference of eqyaléffects the tax rate and the growth
rate of the economy? If we apply an increase inptieéerence for equality (higherf)-
reducing from 0.7 to 0.5 -distributed as it is showed irb[Ea3- the optimal decision
variable ) is 0.28. The simulation procedure predicts anayergrowth rate of 0.01.
This result makes sense: if the preference foratg@aods increases in the economy (as
suggested by a lowd}) then the tax rate necessary to maximize growgeements a
slightly reduction. The consequences are a decrgasifect over productive public
expenditure (G) in favor of equality (S) and a sgaeduction of the per capita growth

rate (see Table 3).

Table 3. Forecast, Decision Variable and Assumptian Sensitivity analysis.

Growth Decision
Rate :
Mean 0.01 0.28 0.y 0.04 0.05 0.7 0.5
Standard Dev. 0.03 0.10 0.01 0.01 0.07 0.07
Selected range/variable
bounds -0.06, 0.1 0.2-0.4( 0.6-1 0.060.1 0.030.07 0.4-0.9 0.2-0.7

Note: The parameters follow a normal distribution

We can observe these results, clearly, in the EigurWhen the individual’s

preference for social goods increases, the groatehdistribution moves to the left.

Figure 5. Simulation Result 5: Growth Rate.
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Finally, Figure 6 shows the link between the degreequality in the economy
(proxied by S) and the rate of growth, for a comsta of 0.3 (common in many
European countries). Notice that the connectiomanotonically decreasing. More
resources devoted to promote equality exert a draywlt effect in all the domain of S,
because this variable does not enter in the pramudétinction (but only in the utility

function).

Fgure 6. Equality and gromh
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5. Policy Implications And Concluding Remarks.

This paper has designed a simple model of publtevzigc and growth that
intends to provide a theoretical background fouazping empirical regularity observed
in the data: i.e. the negative connection betwegmalgy and growth which is found for
developed countries. The basic idea underlying rtieglel is that social payments,
intended to reduce inequality, reduce the amounesburces that the government is
able to devote to investment in productive capibal.particular, the rate of growth
depends positively on the fraction of public exgame devoted to infrastructure (up to
a certain point) and negatively on the amount sbueces absorbed by social programs.
The model can be understood in a broad sense, Ipeogieling a simple explanation to

for an empirical regularity documented in the httewe: the negative link between



public consumption and growth. It also helps explahy it can be optimal for some
country to choose a larger level of equality atabst of lower growth.

The results of the simulations reported in thisgpawith different parameters
values, fix well with the reality observed in madgveloped countries. The model
fitness establishes that, with an optimal tax at®und 0.3, a preference for equality
with a higher share of government expenditure des/td satisfy individual's equality
preference, could exert a crowding-out effect. Tdsult predicts a decreasing effect in

the growth rate of GDP per capita.

Of course, this is a positive implication of the deb We are not posing the
question of whether societies should devote moress resources to social programs.
However, governments and voters — especially iroeein countries — should be aware
of this intertemporal trade-off between high levetggrowth, high levels of per capita
income and a large degree of equality in the pdjmiaThis is particularly interesting
concerning the recent discussion about heavy veeffigstems in Europe, with particular

relevance in a period of quite slow growth in thesentries.

Finally, this study suggests the need for a furtberdy of the differences
between poor and rich nations that lead to inveetsionships between equality and
economic growth in these two groups. Additionaltyis necessary to carry out more
empirical work that investigates how these two alales and their determinants are

interconnected.
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APPENDIX. The social planner’s solution

The social planner maximizes the same utility fiore that the individuals do.
He can choose G and S optimally, and thereforés bebject to the resources
constraint given by (4’). In addition, he expligitkes into account the balanced
budget assumption. In terms of the analysis oftbdel, this implies that he plugs the
balanced budget condition into the law of motiopovate capital. The control
variables for his problem are C, G and S. The kstaciable is again K. Taking the
first order conditions for this new problem (we kinat rewrite the first order
consumption for C again, since is the same asaimtéirkets’ solution) and proceeding
along the same lines as before, we get expressiontiich entails a larger rate of

growth sincen<1 by assumption.
K=Y-C-G-S-0K (4)
H,=0= AK“(l-a)G™“ =1 (8)

H,=0= e Pt Cﬁ(l—ff)(l_ 'B)S(l—ﬂ)(l—ﬂ)‘l =1
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