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Abstract

This PhD thesis gathers three essays on income inequality and fiscal policy. Chapter 2,
“Inequality and the Size of Government”, written with Andrew Pickering and Paulo Santos
Monteiro, revisits Meltzer and Richard (1981) but with the twist that income inequality is
induced by differences in capital income as well as differences in labor productivity. When
capital income is difficult to tax, as often observed, then greater capital income inequality
leads to reduced demands for tax as the poor cannot effectuate redistribution. Using OECD
data, government size and capital income inequality (proxied by the top 1 percent income
share) are found to be negatively related in both fixed effects and instrumental variable

regressions.

Chapter 3, “Inequality and Growth in the Twenty-First Century”, builds on chapter 2 to
investigate how economic growth is affected by inequality in an endogenous growth model.
The benchmark is Persson and Tabellini (1994), who argue that productivity-induced income
inequality leads to lower growth as distortionary taxes increase and harm capital accumulation.
However, if income inequality stems from differences in capital, then labor tax rates fall,
leading to higher growth. Based on OECD data, the chapter shows that an increase in capital

income inequality has a significant positive relationship with subsequent economic growth.

Chapter 4, “Demography and the Composition of Taxes”, analyzes the impact of population
aging on the composition of taxes in an overlapping generations model. When the median
voter is of working age, then population aging increases the demand for expenditure taxes
rather than income taxes in order to increase the tax burden on the retired population.
Consistent with the theory, international panel data exhibit a robust negative correlation
between the extent of taxes on income relative to expenditure, and the fraction of the retired

population.
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Chapter 1

Introduction

Rising inequality in many developed countries has received renewed interest among policy-
makers, academics, and the general public over the last decade, as shown by the attention
generated by an academic book by Piketty (2014). Following up on Kuznets’ (1953) pio-
neering study, a number of authors (Alvaredo et al., 2011-2018) have constructed long-run
series of top income shares to measure income inequality. For example, estimates from the
World Wealth and Income Database find that income concentration is high and growing in
the United States: the richest 1 percent of households earned 20 percent of total income
in 2015, up from 11 percent in 1978, while the bottom 50 percent experienced a complete
collapse, from 20 percent to 12 percent of total income (Piketty et al., 2018). In contrast,
and in spite of a similar trend, the top 1 percent share remains smaller than the bottom 50
percent in China but approaching the US level in 2015 (Piketty et al., 2017), and even less so

in France as a typical representative of the West European pattern (Garbinti et al., 2017).

Despite the global resurgence of income inequality, there is still much doubt and debate
as to whether such inequality is desirable. This debate is not a new phenomenon, often
highly contested, and in recent years has fallen under the category of ‘redistribution and
growth’ debate. However, the seminal paper by Meltzer and Richard (1981), building on
earlier research by Romer (1975) and Roberts (1977), offers a sanguine prediction: greater

before-tax income inequality implies divergence between mean and median income and
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so, under universal suffrage, leads to increased redistribution. Democracy thus provides a
corrective to increased inequality. However, evidence supporting the Meltzer and Richard
(1981) hypothesis is generally weak. Perotti (1996), Benabou (1996), Persson and Tabellini
(2003), and Shelton (2007) all find an insignificant or even negative relationship between the

size of government and the degree of inequality.

Much of the following literature has focused on the impact of income inequality on economic
growth, typically based on Meltzer and Richard (1981). One important benchmark is
an endogenous growth model by Persson and Tabellini (1994), who argue that if in a
society the political decisions regarding redistribution generate economic policies that tax
investment, then inequality should harm growth as it increases redistributive tax pressures.
Empirical support for this hypothesis is generally weak. For example, Forbes (2000) finds
that an increase in the level of income inequality in a country has a positive and significant
relationship with subsequent growth rates in the short and medium term, by controlling for

country-specific effects and period effects.

This thesis seeks to contribute to both the theoretical and empirical literature on the sources
of income inequality. In the original mechanism (Meltzer and Richard, 1981; Persson and
Tabellini, 1994), labor is the sole channel of income and the rich have higher income by
means of higher productivity (individual-specific skills, in other words). Nevertheless, in
reality, labor is not the sole channel of income for the rich, as widely observed (see Piketty
et al., 2018), and moreover, the labor share of income has consistently declined in recent
years (see Azmat et al., 2012; Karabarbounis and Neiman, 2013). Indeed, Piketty (2014)
links increasing inequality to the declining labor share: if the rate of return on capital is
greater than the rate of economic growth, then the capital share increases, and if ownership
is highly concentrated within a small number of groups, then inequality inexorably rises.
Furthermore, capital income has recently become more unequal as well as more important.
Kaymak and Poschke (2016), and Saez and Zucman (2016) document considerable rises in
the concentration of wealth in the US over the past 50 years. Hence the current inequality-

redistribution and inequality-growth literature has one crucial omission: through focusing on
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the impacts of inequality and using the often assumed (aggregate) inequality solely induced
by differences in labor productivity, the analysis is lacking a comprehensive consideration of

capital income inequality.

Chapter 2 of this thesis attempts to address this omission through constructing a median
voter model with the distinction that income inequality is engendered from differences in
capital income as well as differences in labor productivity. The chapter, therefore, asks
how inequality stemming from capital income affects government size. The key issue is
that labor income is taxable, whilst income from capital is harder to tax. Evidence abounds
of tax evasion or avoidance in the case of the latter (perhaps also due to capital mobility
and international tax competition). It is harder to escape from PAYE. Like labor income,
individuals differ in their endowment of capital, with a right skewed distribution of capital
income. The majority of individuals, endowed with limited (or zero) assets or wealth, are
compelled to supply labor for their income, which is taxed. On the other hand, those paid
in capital income are to a meaningful extent able to avoid the same tax obligation, then the
capital-rich are relatively less exposed to taxation. When income differences are induced
by capital income, the capacity of the median voter to redistribute through the tax system is
restricted as the capital-rich supply less (taxable) labor. If capital income inequality rises
such that the capital-rich supply less labor, then the demand for tax on labor declines as the
capital-poor (median voter) cannot expropriate the rich. The original Meltzer and Richard
(1981) hypothesis therefore gets reversed: increased inequality in capital income leads to

smaller government.

The relationship between the size of government and inequality is investigated empirically
using a panel of OECD countries in Chapter 2, including a measure of capital income
inequality as an additional explanatory variable. Due to limited availability of direct measures
of capital income inequality, in the empirical analysis this is proxied by the top 1 percent total
income share, taken from the World Wealth and Income Database. A theoretical justification
for this proxy is Piketty (2014), in which capital is disproportionately owned by a small

number of groups. In this analysis rising capital income with fixed capital ownership results
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in larger top income share. Certainly as in Piketty et al. (2017), capital income is an important
component of the income of the top 1 percent. The empirical work also separately employs
specific measures of productivity-induced labor income inequality as distinct from capital
income inequality. These two measures are both empirically and conceptually distinct from
one another. Consistent with the theory, the size of government is negatively associated with
capital income inequality. The negative relationship holds up when the lagged dependent
variable is controlled for, and also when capital income inequality is instrumented with
measures of technological progress and capital market access. Moreover, controlling for
capital income inequality yields a positive and significant relationship between government
size and labor income inequality, consistent with Meltzer and Richard (1981) and in contrast

to the voluminous empirical work testing their hypothesis.

Chapter 3, building on Chapter 2, analyzes how economic growth is affected by inequality in
an endogenous growth model. The benchmark is Persson and Tabellini (1994), who argue
that productivity-induced income inequality leads to lower growth as distortionary taxes
increase and harm capital accumulation. When income differences are generated by capital
income, the ability of the median voter to redistribute through taxation is constrained, while
such redistributive policies are financed by distortionary taxes, in principle, affecting capital
accumulation and growth-promoting activities. If capital income inequality increases (and it
is the rich who enjoy capital income) such that labor tax rates fall, then the subsequent rate of
economic growth increases because distortionary taxes fall and investment is facilitated. In
direct contrast to Persson and Tabellini (1994), increased inequality in capital income leads

to higher economic growth.

The relationship between inequality and growth is tested in a panel of OECD countries in
Chapter 3, augmenting the work of Forbes (2000) to include capital income inequality as an
additional explanatory variable. Consistent with the theory, growth is found to be positively
associated with capital income inequality in the short and medium term. The estimated
relationship is sizable: a one standard deviation increase in capital income inequality is

statistically correlated with a 0.9 percent increase in average annual growth over the next five
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years. The positive relationship survives in a variety of econometric specifications, including
when difference and system generalized method of moments techniques are used to address
potential endogeneity problems. Moreover, once capital income inequality is controlled
for, the impact of labor income inequality becomes negative, consistent with Persson and

Tabellini (1994) and in contrast to the empirical work of Forbes (2000) for instance.

A separate strand of recent research instead focuses on the effect of population aging on
fiscal policy, again related to Meltzer and Richard (1981). Razin et al. (2002) theorize that
increases in the dependency ratio lead to lower labor tax rates and a fall in the generosity
of social transfers in democracies. Government redistributes funds emanating from labor
income taxes to both workers and retirees, and under democracy the equilibrium tax rate
is that preferred by the median voter. An increasing dependency ratio implies a decline
in the population growth rate, and lowers income taxes and transfers because the median
voter is a worker who increasingly dislikes redistributing as the retired population increases.
Empirical evidence generally has not supported this hypothesis that focuses only on income
taxes. Disney (2007), Sanz and Velazquez (2007), and Shelton (2008) all find a positive

relationship between population aging and the size of the welfare state.

Hence, this thesis also seeks to contribute to both the theoretical and empirical political
economy literature on the composition of taxes. This idea is motivated by recent rises in
taxes on goods and services and concurrent population aging, whilst income taxes are the
only source of revenue in the original Razin et al. (2002) hypothesis. Revenue sources
outside of income taxes are thus empirically becoming increasingly important components
of total revenue (e.g. expenditure taxes account for approximately 30 percent as a share of
the total tax revenue in the United Kingdom in recent decades). This is potentially a paradox
as it might have been expected that countries with larger numbers of retirees would have
higher income taxes and lower expenditure taxes, reflecting the increased political clout of

the retired population who presumably would prefer income taxes.

Chapter 4 of this thesis analyzes the effect of population aging on the composition of taxes

in a political-economy model. In an overlapping generations model, taxes are levied on
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both income and expenditure, which finance redistribution to both the working and retired
population, with a balanced budget period by period. Income taxes are paid solely by workers,
whist expenditure taxes are paid by both generations. As in Razin et al. (2002) the choice of
the median voter is the unique Condorcet winner. When the median voter is of working age
(as widely observed), then population aging increases the demand for expenditure rather than
income taxes in order to increase the tax burden on the retired population. An unambiguous
finding in this chapter is that the composition of taxes, defined as the extent to which taxes
are levied on income relative to expenditure, theoretically always declines with the share of

retirees.

The relationship between population aging and the extent of taxes on income relative to
taxes on expenditure is investigated empirically using international panel data in Chapter 4.
Following Pickering and Rajput (2018) the dependent variable is constructed by the ratio
of taxes on income, profits and capital gains to taxes on goods and services, and the key
demography measure is the percentage of the population over the age of 65, taken from the
World Development Indicators database. Consistent with the theory, the extent of taxes on
income relative to expenditure is found to be negatively associated with the fraction of the
retired population. The estimated relationship is sizable: a one standard deviation rise in the
fraction of the retired population is statistically associated with a fall of 0.63 in the ratio of
income to expenditure taxes, holding all else equal. This relationship holds more strongly in

stronger democracies.

In summary, Chapter 2 provides a theoretical and empirical investigation on how the size
of government changes with capital income inequality. Chapter 3, building on Chapter 2,
theoretically and empirically analyzes how inequality stemming from capital income affects
growth. Chapter 4 investigates how population aging changes the demand for expenditure

rather than income taxes, both theoretically and empirically. Chapter 5 concludes.



Chapter 2

Inequality and the Size of Government

2.1 Introduction

Neoclassical models of democracy, as articulated by Meltzer and Richard (1981),' offer a
sanguine prediction: greater before-tax income inequality implies divergence between mean
and median income and so, under universal suffrage, raises redistribution. Democracy, in
principle, thus provides a corrective to increased inequality, and we should expect increased

ex-ante inequality to lead to an increase in redistribution.

However, evidence supporting the Meltzer and Richard (1981) hypothesis is generally
weak. For example, the United States and other Anglo-Saxon countries have greater income
inequality but lower public sector spending as a share of total GDP, while Scandinavian
countries have relatively equal income distributions and a larger government spending share.
Perotti (1996), Benabou (1996), Bassett et al. (1999) and Persson and Tabellini (2003) all
find an insignificant or even negative link between the size of government and the degree of

inequality.”

In response to this puzzle, new theoretical work has proposed mechanisms through which

greater inequality levels can coexist with smaller government under democracy. For instance,

'Romer (1975) and Roberts (1977) are important antecedents.
2More recent empirical literature (Mello and Tiongson, 2006; Shelton, 2007; and Muinelo-Gallo and
Roca-Sagales, 2013) is also unsupportive.
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Benabou (2000) identifies a functional role for the government to provide insurance (which
implies redistribution) under capital market imperfections. The capacity for society to reach
consensus on this role increases as the income distribution becomes more equal and risks
become aligned and so government grows with equality. However, this type of mechanism
also implies that government size should be positively correlated with economic growth
and the evidence relating to the so-called ‘Armey curve’ surveyed by Bergh and Henrekson

(2011) if anything points to a negative relationship, at least for high income countries.>

The approach taken in this chapter instead revisits Meltzer and Richard (1981) more closely.
In the original mechanism, labor is the only source of income and the rich earn more by
dint of higher productivity. However, labor is not the only source of income for the rich
and, moreover, the labor share of income has declined in recent years (see Azmat et al.,
2012; Karabarbounis and Neiman, 2013). Indeed, Piketty (2014) links rising inequality to
the declining labor share: if the return to capital exceeds the rate of economic growth, then
the capital share grows, and if ownership is concentrated within a small number of dynasties,
then inequality inexorably increases. Furthermore, capital income has become more unequal
as well as more important. Kaymak and Poschke (2016) document considerable increases in

the concentration of wealth in the US over the past 50 years.

Hence we instead ask how inequality stemming from capital income affects government size.
Individuals differ in their capital endowment, with a right skewed capital income distribution.
The majority of individuals are endowed with limited (or zero) assets or wealth and so are
compelled to supply labor for their income, which is taxed. In contrast, if capital-income is
not taxed then the capital-rich are relatively less exposed to taxation. In direct contrast to
Meltzer and Richard (1981), the key result is that increased inequality in capital income leads

to smaller government. When income differences are driven by capital income, the capacity

30ther mechanisms are proposed by Persson (1995) and Rodriguez (2004). In the former, utility depends
on relative consumption. In this model there is increasingly a problem of excessive labor supply in more equal
societies and taxes work to increase utility by reducing labor. As in Benabou (2000), greater equality increases
the capacity for agreement to tax, which again solves a market failure. Taxes work to eliminate the negative
externalities associated with individual labor supply. Rodriguez (2004) instead models the political power of
the rich as increasing with inequality, thereby reducing their obligation to pay tax. The democratic constraint is
therefore undermined.
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of the median voter to redistribute through the tax system is reduced because the capital-rich
supply less (taxable) labor. If capital income inequality increases such that the capital-rich
supply less labor, then the preferred labor income tax rate falls because the (capital-poor)
median voter cannot effectuate redistribution. Our work is related to Krusell and Rios-Rull
(1999), who study a version of Meltzer and Richard’s model that includes inequality not only
in labor income but also in wealth. However, we differ from Krusell and Rios-Rull (1999) as

we assume capital income cannot be taxed, for the reasons explained below.

The relationship between the size of government and inequality is investigated empirically
using a panel of fifteen OECD countries, including a measure of capital income inequality
as an additional explanatory variable. Direct measures of capital income inequality are not
widely available.* In the empirical work this is proxied by the top 1% total income share,
taken from the World Wealth and Income Database (WID).> A theoretical justification for
this approach is Piketty (2014), wherein capital is disproportionately owned by a small
number of dynasties. In this analysis the larger top income share stems from increasing
capital income with fixed capital ownership. Certainly capital income represents an important
component of the income of the top 1%. Frydman and Saks (2010) document the increasing
importance of stock options and long-term bonuses (also in the form of capital payments) in

the remuneration of executives in large publicly traded corporations in the US.

Examination of disaggregated capital income data for a subset of countries provides empirical
justification for this proxy. The WID contains non-wage (i.e. capital) income data for the
top 1% and the top 10% for Australia, Canada, France and the United States. We posit
that the higher the ratio of the share of non-wage income going to the top 1% relative to
the top 10% the more unequal the capital income distribution. Ideally given our theory
we would require that the numerator and denominator would respectively be the mean and

50th percentile non-wage income, but such data are not available. Nonetheless it seems

4Limited capital income data indicates that the rich do hide their income from capital, and in other words, it
is difficult to tax their capital income. This in turn implies the lack of capital income tax (and data) that the
median voter can effectuate, consistent with OECD evidence (extremely small size of capital income taxation),
as well as the lack of capital income inequality data.

>The 0.1% income share could alternatively be used, though the results are very similiar because the
correlation between the 0.1% and 1% income shares is around 0.98.
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Fig. 2.1 Capital Income Inequality Versus Top 1% Income Share

plausible that inequality between the top 1% and the top 10% would be correlated with the
theoretical ideal. Figure 2.1 plots this measure of capital income inequality together with the
top 1% income share for these countries. In all four cases there is a strong correspondence
between the direct measure of capital income inequality and the top income share, giving

some credence to using the latter to proxy for the former for the wider sample of countries.

The empirical analysis below also separately employs specific measures of productivity-
induced labor income inequality as distinct from capital income inequality. As we discuss
below the two measures are empirically as well as conceptually distinct from one another.
Consistent with our theory, the size of government is negatively associated with capital
income inequality. A one standard deviation increase in capital income inequality leads to
a reduction in the size of government of around 2.6% of GDP. The negative relationship
holds up when the lagged dependent variable is controlled for, and also when capital income

inequality is instrumented with measures of technological progress and capital market access.
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We also find that once capital income inequality is controlled for, then the impact of labor
income inequality becomes positive, consistent with Meltzer and Richard (1981) and in

contrast to the voluminous empirical work testing their hypothesis.

The next section theoretically analyzes how the size of government changes with capital

income inequality. Section 2.3 contains the empirical work, and section 2.4 concludes.

2.2 The Model

As in Meltzer and Richard (1981), individuals, indexed by i, have preferences defined
over consumption ¢; and leisure /;, represented by a strictly concave, continuous and twice-
differentiable utility function, u; (¢;,1;). Consumption and leisure are both normal goods.
Following the original, we first analyze the equilibrium behavior conditional on a given tax

policy and then address the tax policy choice itself.®

2.2.1 Economic Environment

Income may be derived from both labor and capital. All individuals possess a unit of time
to allocate to labor n;, or leisure /; = 1 — n;. Individual labor income y; = x;n; depends on
productivity, x;, as well as hours worked, and is taxed at a linear rate #. Capital income varies
exogenously across individuals and is denoted by R;.” Following Meltzer and Richard (1981),
consumption is also financed by lump-sum redistribution, r, common to all individuals,
hence:

ci=1—=t)xni+Ri+r. (2.1)

°In order to compare with the Meltzer and Richard (1981) model, we start with a static model and focus on
the tax policy choice generated by different sources of income inequality, rather than over-generation pension
wealth decision.

7Capital income analyzed throughout this chapter is the income with zero opportunity cost, such as rental
income. Housing price in large cities has consistently increased in recent years and has been accumulated as
high levels of housing wealth. Higher levels of housing wealth do lead to larger inequality in wealth, while it
cannot be taxed until it is sold (in the case of rental income, it can be claimed as smaller size or other items to
avoid tax).
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To clarify the argument, capital income is assumed to be untaxed.® In practice it is often more
difficult to raise taxes on capital than on labor. Capital is often highly mobile internationally,
whilst labor is not, and given this Diamond and Mirrlees (1971) show that small open
economies should not tax capital income. Whilst in practice capital income taxation rates
are positive, Gordon et al. (2004) observe they are lower than average labor income taxes in
most countries. Moreover, capital income taxation liability can be reduced or even avoided
altogether due to various loopholes including differential rates for different types of capital
income (thereby enabling arbitrage opportunities) and the fact that interest payments are
often tax-deductible. Indeed Gordon and Slemrod (1988), using US tax return data from
1983, estimated that the tax revenue loss from eliminating capital income taxation completely
would be zero, hence that the tax burden on capital was effectively non-existent. Conceivably
the perceived deadweight and/or capital flight losses from increasing capital income taxation

nullify it as an instrument.’ Thus we focus on the choice of the labor income tax.

Each individual chooses labor supply so as to maximize:
ui(ci,li):ui[(l—t)x,-ni—i—R,-—i—r,l—ni . (2.2)
The first-order condition is:
(1 —t)xue —u; =0, (2.3)

which determines the labor supply, n[(1 —¢)x, R, 7], for those who wish to work.!? Since

leisure is a normal good, we have that:

on (1 —1)xXuee — g
R- ) <0, (2.4)

8The results would all still stand if we instead modeled capital income taxation as fixed (and unresponsive
to inequality), as observed from OECD data. The difficulty to collect capital income tax also underpins this
argument. The rich are anti-tax: it could be easily observed that large companies always try to reclassify their
labor-capital income in order to find tax haven. In rich economies with low self-employment, tax evasion is
small on aggregate but high at the top, strong gradient within top 1% (Alstadsater et al., 2017).

9Deadweight loss as well as capital flight loss leads to a loss of function of capital income taxation, which
constraines the ability of median voter to influence over capital income tax rates.

10For simplicity (but without loss of generality) we henceforth assume that the joint distribution of x and R is
such that n; > 0 for all i, so that everyone supplies a strictly positive amount of market work.
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with D = [(1 —1)x]?ucc — 2 (1 — ) xue; + uy < 0, given the assumption that u is strictly

concave. Similarly, since consumption is a normal good we have that:

de _ l—l—@(l—l‘)x:—udx(l ;l)_”ll

25
IR IR >0, (23)

a condition which imposes additional restrictions on u.;. Hence, all else equal, people who

are relatively capital-rich supply less labor and enjoy higher consumption.

There are two sources of heterogeneity that determine differences in before-tax labor income.
Firstly productivity, as analyzed by Meltzer and Richard (1981), and secondly capital income
endowments. At the individual level increases in productivity will all else equal increase
labor income.!! On the other hand increases in capital income will all else equal reduce the
labor supply and, therefore, labor income. This underpins their proclivity towards taxation of

labor income.

Average labor income can thus be written by integrating:

y—:/:/:xn[ze,r,u_t)x]f(x,R)dde. 2.8)

where f (x,R) is the joint density function of x and R. Individual productivity and capital
endowments conceivably are correlated with each other to some extent: if, for example, high

productivity individuals simultaneously enjoy high capital income. Finally, the government’s

"Notice that, as in Meltzer and Richard (1981), the sign of

on  (1=t)uc+ (1=t xnuee — (1 — 1) nug
ox D 26)

is indeterminate. Hence, the labor supply could be backward bending as productivity increases. Still, pre-tax
labor income may never decline following an increase in productivity. To see this notice that, for any individual
earning positive labor income, we have

dy on

— —=pn+x—

dx dx @7
(1—1t)xue+nug (1 —1)x—uy] '

=— >0,
D

which must be positive given condition (2.5).
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balanced budget requirement (in per capita terms) is given by:

ty=r. (2.9)
Note that analogous to (2.4), we have:
an (1 —1)Xttee — Uy
— =— 0. 2.10
ar D < 2.10)

Hence for given productivity and capital income endowment, individual labor supply falls

with increased redistribution. Therefore:

dy [ [ dn
E_/o /O xS f (x,R) dxdR < 0, 2.11)

This establishes that the left-hand side of (2.9) is strictly decreasing with r. Moreover, 1y
is non-negative and bounded above by tx, where X is average productivity. In turn, the
right-hand side of (2.9) is strictly increasing with r. Thus, there is a unique value of r to

satisfy (2.9) for any t.

2.2.2 The Median Voter’s Choice of Tax Policy

We now turn to the policy-setting decision. Crucially, the median voter is still a Condorcet
winner even though the electorate is heterogeneous on two dimensions. The logic of this is
that the preferred tax rate remains a monotonic function of the labor income alone, regardless
of the underlying determinants of that labor income. Hence high labor income (whether
induced by either high productivity or low capital income) will engender aversion to taxes,
whilst low labor income (whether induced by low productivity or a generous capital income
inheritance) will engender support for tax-financed redistribution. Formally, the median
voter, m, is denoted as the owner of the median labor income. She sets taxes to maximize
utility subject to the budget constraint (2.2), the government budget constraint (2.9), and a

rational anticipation of how taxation will affect the incentives to supply labor in the economy.
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The first-order condition for the median voter with respect to the tax rate is:

pu
F—y" 41 (d_f> —0, (2.12)

where y" is the labor income of the median voter. Condition (2.12) yields the following

solution for the tax rate chosen by the median voter

t = m_1+nr
m—1+n,+mn;’

(2.13)

with 17, < 0 and n; > 0 the partial elasticities of average income (assumed constant, as in

Meltzer and Richard, 1981), and m = y/ ym 12

The key insight of Meltzer and Richard (1981) is that an increase in labor income inequality

raises taxation, since an increase in income inequality raises m and from (2.13) we have that

dt

— > 0. 2.14
am (2.14)

Finally, although we impose almost no restrictions on the joint distribution f (x,R), we wish
to guarantee that: i) the chosen tax rate is positive; and that ii) the individuals that are in the
top of the capital income distribution are never the decisive voter. Thus, in the sequel we

make the following two (empirically supported) assumptions:

Assumption 2.1. The joint distribution f (x,R) is such that the labor income distribution is

right-skewed. Thus, y" <y and the chosen tax rate is positive.
From (2.12) we see that Assumption 2.1 guarantees that the chosen tax rate is positive.

Assumption 2.2. The joint distribution f (x,R) is such that the set of individuals i € JZ with
capital income R; (the top . % of the capital income distribution) has productivity x; which

is sufficiently high so that y; = xin; > y™ for alli € ¢ .

2Details are available in the Appendix A.1.
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Fig. 2.2 Capital Income and Productivity Joint Distribution (Assumption 2.2)

Figure 2.2 illustrates the condition imposed by Assumption 2.2. The locus denoted y = y™
represents productivity and capital income pairs, (x,R), for which labor income y is equal
to the median voter’s labor income, y™. To the right of this locus, y > y™, since % > 0 and
% < 0. The dashed line denoted 2, _ 4, represents the (1 — %") %—quantile of the capital
income marginal density function.!> Assumption 2.2 is a condition requiring that the set . %~
of all individuals with capital income above 2(|_ 44, is located to the right of the locus

y = y™, as shown in Figure 2.2.14

3The size of the shaded area depends on the size of the set J# (if we choose a larger set .#, then the shaded
area will be larger). The position of this shaded area indicates initial levels of capital income that individuals in
the set %" have (and we will discuss below regarding to the consequence of increased capital income inequality).
We focus on the 99% percentile because in the empirical section that follows we use the income share of the
top 1% as our measure of capital income inequality.

14Consistent with Assumption 2.2, Atkinson and Lakner (2013) found that in the United States the tax units
at the top of the labor income distribution are more likely to also be at the top of the capital income distribution.
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2.2.3 Capital Income Inequality and Redistribution

We are interested in the consequences of higher capital income inequality. To study this
issue we consider an increase in the capital income earned by the individuals in the set
2 of all individuals with capital income above 2(|_ 4. This is represented in Figure
2.3: the individuals in the set . that correspond to the original individuals in the top % %
of the capital income distribution receive an exogenous increase in capital income; thus,
the set % shifts upwards in the space (x,R), but still satisfying the restriction imposed by
Assumption 2.2, that guarantees that the median voter does not belong to the members of
the set Z” (the new set is represented by the triangle above, in Figure 2.3). Notice that this
experiment constitutes an increase in capital income inequality, since we maintain the capital
income of all the other individuals unchanged and, hence, the capital income share of the
top # % is increased.'> Under a right-skewed labor income distribution y" < 7, and given
(2.13) above then r > 0. As with Meltzer and Richard (1981) demand for redistribution
stems from changes in the labor income distribution. However, the labor income distribution
may now change depending on the distribution of capital income as well as the productivity

distribution.

To see the consequences of higher capital income inequality, notice that all the individuals in
the set 2~ will choose to work less, because they enjoy an increase in their capital income
and leisure is a normal good. This will tend to lower the average labor income y, since we
have that

= p () F(A) + (1 p(H)F(~ ), (2.15)

where y(#") denotes the average labor income of the individuals in the set %, y(~ %)
denotes the average labor income of the individuals not in the set %", and p (%) is the

probability measure of the set of individuals .#". Notice that Assumption 2.2 guarantees that

() >y

31t is not, however, a mean preserving spread in capital income. But lowering the capital income of the
bottom Z(;_ )¢, capital income earners in order to preserve the mean capital income would only reinforce our
results.
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Fig. 2.3 Increase in Capital Income Inequality

On the other hand, the reduction in y implies that the individuals not in the set .#” will receive
fewer transfers and, therefore, work more. From Assumption 2.2, the individual earning
the median labor income is not in the set %" and, thus, y”* will increase. The upshot is that
m =y/y™ is decreased. Hence, the effect of the increase in capital income going to the
top capital-income recipients is to reduce the gap between taxable mean and median labor
income. Hence an increase in overall income inequality can coexist with a reduction in labor
income inequality. Since ;7; > 0, it follows that an increase in capital income inequality

unambiguously lowers the tax rate chosen.

Proposition 2.1. Suppose the top capital-income recipients are sufficiently productive that
they also earn labor income above the median labor income (Assumption 2.2), and consider
an increase in capital-income inequality represented by an increase in the capital income
earned by the top capital-income recipients. Then the labor income tax rate t falls as capital

income inequality rises.
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The proof of Proposition 2.1 is in Appendix A.2. In direct contrast to Meltzer and Richard
(1981) government size diminishes with increased capital income inequality. If inequality
increases such that the share of capital income going to the top income recipients increases,
then the preferred tax rate falls because the (capital) rich are supplying less taxable labor

income and hence the capacity of the median voter to redistribute is reduced.

The intuition here is that if capital income is highly concentrated within a small group of
top (capital) rich, then these top rich individuals who are also with high productivity work
less (and avoid being taxed their capital income through various ways). The aggregate tax
revenue generated from income from labor (which is hard to escape) will be smaller, and

therefore the aggregate level of redistribution is reduced.

The key issue is the extent to which the median voter can effectively redistribute through the
tax system. As discussed above there are good reasons to believe that taxation of relatively
mobile capital is considerably more difficult than taxation of labor income. If the rich are rich
primarily due to capital income, perhaps because of the rising capital share, and perhaps due
to successful reclassification of their income streams, then the capacity of the median voter
to redistribute is curtailed. Moreover if rising inequality translates into further reductions in

the supply of taxable labor then it follows that the demand for redistribution will fall.

2.3 Evidence

2.3.1 Data and Descriptive Statistics

The empirical analysis examines a panel of fifteen OECD countries over the period 1960-
2007.'® Following Pickering and Rockey (2011) and Facchini et al. (2017), the dependent

variable is total government outlays as a percentage share of GDP, extracted from the OECD

16Speciﬁcally the countries included are Australia, Canada, Denmark, Finland, France, Germany, Ireland,
Italy, Japan, the Netherlands, Norway, Spain, Sweden, the United Kingdom, and the United States. Current
data availability for the top income share precludes using other countries. The sample ends in 2007 due to the
substantial toll on government outlays in many countries following the global financial crisis.
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Economic Outlook database. Figure 2.4 depicts these data, showing all countries experienced
an upward trend in the earlier years followed by a period of stasis or even slight decline since

around 1990. Table 2.1 contains descriptive statistics of all the variables used in the analysis.

Figure 2.5 depicts the top income share data for all 15 countries. Note that the increases in
the top income share to some extent coincides with the reversal of the growth of government
noted above. Clearly there are interesting differences across the countries, for instance
stronger recent increases in the English-speaking countries as discussed by Piketty and Saez
(2006). The argument advanced in this chapter is the following: as the top income share
increases, the supply of taxable labor of the rich falls, and hence support for taxation of labor

income falls.

As noted above previous empirical literature has generally been unsupportive of the original
Meltzer and Richard (1981) hypothesis. If the mechanism put forward in the present chapter
is important, and capital-income inequality and productivity differences are correlated with
each other, then arguably previous analyses have suffered from an omitted variable bias. A
measure of productivity heterogeneity is thus also included in the empirical analysis. This
measure is taken from the University of Texas Inequality Project’s Estimated Household
Income Inequality data.!” These data (denoted by UTIP) use Theil’s T statistic - measured
across sectors within each country - to estimate wage inequality. Assuming competitive labor
markets, then wage inequality should be capturing underlying heterogeneity in productivity.'®
Figure 2.6 depicts these data, which also exhibit increases in recent years, varying across
countries. This measure is thus close to Meltzer and Richard (1981) original conception of

the driver of the demand for redistribution - productivity-based inequality.

17See Galbraith and Kum (2005).

18To utilize Theil’s T statistic - measured across sectors within each country - shows the evolution of
economic inequality. We can do this with many different data sets, including at the regional or provincial
level. With the UTIP data, we can review changes in global inequality both across countries and through time.
Nothing comparable can be done with previous data set (i.e. Deininger and Squire), for the measurements are
too sparse and too inconsistent.



Inequality and the Size of Government

21

The Size of Government 1960-2007

Fig. 2.4 The Size of Government, 1960-2007
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Table 2.1 Descriptive Statistics

obs mean std. dev. min max

OUTLAYS 720 41.50 10.14 12.8 72.4
TOPINC 617 7.89 2.44 349 1833

UTIP 625 34.61 325 2742 43.16
SHARE 548 67.97 6.03 4474  82.10
FP 622 57.73 1294 2796 82.46
In(y) 720  2.94 0.439 1.57 3.93
IDEO 683 0.043 0.117 -0.266  0.337

PROP1564 720 65.20 262 57.63 69.89
PROP65 720 12.79 2.84 573  21.02
TRADE 710 53.58 28.40 893 178.25

YGAP 720 0.026 1.34  -4.75 5.83
OIL_EX 720  4.60 12.05 0 7236
OIL_IM 720 15.06 15.86 0 7236
INTERNET 720 10091 22.50 0 87.76
KAOPEN 564 141 .22 -1.89 2.39

Notes: OUT LAY S denotes total government outlays as a percentage of
GDP - taken from the OECD Economic Outlook database. TOPINC is
the top 1% income share - taken from the WID. UTIP is the University
of Texas Inequality Project’s Estimated Household Income Inequality.
SHARE is the business sector labor share - taken from the OECD
database. F P is the female labor force as a percentage of the female
population between 15 and 64 - also taken from the OECD database.
y is real GDP per capita in $000s of 2005 prices - taken from the
Penn World Tables. IDEQO is ideology used in Pickering and Rockey
(2011). PROP1564 and PROP6S5 are respectively the proportion of
the population aged between 15 and 64, and 65 and above - taken
from WDI database. TRADE is the sum of exports and imports as a
percentage of GDP. Y GAP is the difference between the actual output
and its trend value in percentage - also taken from WDI database.
OIL_EX and OIL_IM are respectively the oil price times a dummy
variable equal to 1 if net exports of oil are positive; and the oil price
times a dummy variable equal to 1 if net exports of oil are negative -
taken from US Energy Information Administration. INTERNET is
the number of internet users per 100 people - also taken from WDI
database. KAOPEN is the Chinn and Ito (2006) index for financial
openness.
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UTIP Versus Top 1% Income Share
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Fig. 2.7 Labor Income Inequality and Capital Income Inequality, 1960-2007

A natural objection here is that the top income share will also be picking up productivity-
induced inequality. Inevitably there is a correlation between productivity inequality as
measured by UTIP and the income share of the top 1%, but this is somewhat weaker than
might be expected. Figure 2.7 depicts a scatter plot of the two series, exhibiting a correlation
coefficient of around 0.53. Hence there is meaningful separate information in the two series.
Our argument is that the top income share is especially informative about capital income
inequality rather than productivity-induced labor income inequality. The small sample of
countries depicted in Figure 2.1 discussed in the introduction lends some credence to this

argument.

The analysis includes control variables following Facchini et al. (2017). Controls include
the natural logarithm of GDP per capita in constant chained PPP US$ (In(y)), taken from the
Penn World Tables (e.g. see Ram, 1987). Ideology (denoted /DEO) and its interaction with
income (denoted INTERACT) as used in Pickering and Rockey (2011), are also included
as standard. Following Facchini et al. (2017) the labor share of income (denoted SHARE)



Inequality and the Size of Government 26

from the OECD database is also included to capture (falling) cost-push effects. Following
Kau and Rubin (2002) and Winer et al. (2008) female participation (F P) in the labor force is
also included. Further controls follow Persson and Tabellini (2003). Demographic effects
are encapsulated in the percentage of the population between 15 and 64 years of age and
the percentage over the age of 65 (denoted PROP1564 and PROP6S), taken from the World
Development Indicators (WDI) database. Following Rodrik (1998) the trade share (the sum
of exports and imports as a percentage of GDP, denoted TRADE) is also employed in the

regression analysis.”

Total government outlays in OECD countries vary counter-cyclically. There may also be
cyclical movements in inequality. To address this potential problem the regression analysis
employs the Persson and Tabellini (2003) cyclical control variables - the output gap (denoted
Y GAP) and oil price effects (depending on whether or not the country is a net oil-exporter
or importer, denoted OIL_EX and OIL_IM) are also included in the analysis when annual
data are used. To summarize, the frist approach to estimate the effect of inequality on total

government outlays is to consider the following econometric model:
OUTLAYS;; = BiTOPINC;;+ BUTIP,; + xi,l" + 04+ N Uiy (2.16)

where i represents each country and ¢ represents each time period, all control variables
analyzed above are included in the vector X;;, ; are country dummies, 7); are period

dummies, and u;; is the error term.

19The results would all still stand if we ideally incorporate polity variables as one further control variable.
The reason why we omit here is to easily compare with the template work by Facchini et al. (2017), and that
the sample countries we have are all with high democracy scores.
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2.3.2 Panel Estimation

Table 2.2 contains estimation results from fixed-effects panel regressions with total outlays as
a percentage of GDP as the dependent variable. Column la represents the current consensus,
augmenting the benchmark specification in Facchini et al. (2017) with productivity-induced
inequality (UTIP), and finding it to be highly insignificant. This insignificance coheres with
the findings in Perotti (1996), Persson and Tabellini (2003), Mello and Tiongson (2006), and
Shelton (2007). Column 1b further augments this specification with capital income inequality.
The estimated coefficient for capital income inequality is negative, with a p-value of 1.7%
and the estimated relationship is sizable: A one standard deviation increase in capital income
inequality is statistically associated with government size which is smaller by 2.63% of GDP,
consistent with the theoretical reasoning given here. It is also noteworthy that the coefficient
estimate for productivity-induced labor income inequality increases substantially, though is
still not statistically significant. Following Facchini et al. (2017) results are also presented (in
columns 2a and 2b) using five-year averages of the data, and the results essentially duplicate
those in column 1, establishing that the observed correlation is not caused by the cyclical

features in the data.

Column 3 of Table 2.2 contains Arellano-Bond dynamic panel estimation results extending
the specification used in column 2 to include the lagged dependent variable (L.OUT LAY S).
Here the negative relationship between government size and capital income inequality holds
up, and indeed the coefficient estimate pertaining to labor income inequality is now positive,
consistent with the Meltzer and Richard (1981) hypothesis, and significantly different from
zero at the 5% level. This evidence suggests that previous tests of the Meltzer and Richard

(1981) hypothesis were hampered by the conflation of capital and labor income inequality.
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Table 2.2 Panel Estimation Results with Fixed Effects

(1a) (1b) (2a) (2b) 3)
0.423%%%*
L.OUTLAYS (0.096)
-1.079** -1.134%** -0.632*
TOPINC (0.401) (0.367) (0.361)
UTIP 0.139 0.730 0.132 0.497 0.932%%*
(0.422) (0.460) (0.496) (0.408) 0.375)
skeksk koK skkeosk skekesk koksk
SHARE 0.473 0.364 0.695 0.522 0.696
(0.155) (0.127) (0.200) (0.163) (0.164)
Fp -0.064 -0.019 -0.055 -0.096 0.141
(0.188) (0.192) (0.221) (0.257) (0.112)
In(y) -7.484% -1.139 -6.217 2.342 -0.641
% (3.771) (3.786) (4.501) (4.222) (4.419)
IDEO -53.942%*%  -38.339 -58.428%* -34.991 -7.101
(22.948) (23.633) (23.033) (24.511) (19.769)
1.434 0.516 1.448%* 0.388 0.145
INTERACT (0.877) (0.918) (0.805) (0.863) (0.723)
0.593 0.239 0.885 0.549 0.168
PROP1564 (0.507) (0.503) (0.579) (0.591) (0.358)
1.967%*%* 1.102* 1.926%*%* 1.318%** 0.160
PROP65 (0.620) (0.609) (0.604) (0.572) (0.388)
-0.026 -0.046 -0.031 -0.087 -0.057
TRADE (0.047) (0.046) (0.054) (0.053) (0.065)
-0.682%*%*  -(.562%**
YGAP (0.158) (0.180)
0.031 0.003
OIL_EX (0.049) (0.036)
0.052 0.045*
OIL_IM (0.030) (0.024)
Obs 506 462 113 113 98
No. Countries 15 15 15 15 15
Data Annual Annual  5-year averages 5-year averages S5-year averages
R? (within) 0.42 0.48 0.41 0.47

Notes: Panel regressions of government outlays as a percentage share of GDP including fixed effects,
SHARE, FP, In(y), IDEO, INTERACT, PROP1564, PROP65, TRADE, YGAP, OIL_EX, OIL_IM as
control variables. Column (3) contains Arellano-Bond estimation with lagged values of both the predetermined
and endogenous variables as instruments. Robust standard errors are shown in parentheses. Standard errors
are clustered by country. *, ** and *** respectively denote significance levels at 10%, 5% and 1%.
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2.3.3 Instrumental Variables Estimation

The empirical analysis presented above establishes a robust negative statistical association
between government size and capital income inequality in the presence of a substantial set
of controls. However, these results do not establish causality, insofar that the movements
in capital income inequality may be endogenous to the size of government, or alternatively
both variables may co-move in response to an unobserved driver not accounted for in the
controls. What is required for identification is a source of exogenous variation in capital
income inequality. In this section we describe and deploy two potential instruments. An
advantage of using two independent instruments is that it enables an overidentification test
of the exclusion restriction that the instruments are not correlated with the error term in the

second stage regression.

The first instrument is the number of internet users in percentage of the total population
(INTERNET), encapsulating technological change.?? Skill-biased technological change has
been advanced as a (if not the) principle driver of rising inequality in general terms (for
example in Goldin and Katz, 2009). Conceivably this process has especially underpinned
increasing capital income inequality.”! Atkinson et al. (2011) indeed document that a large

part of the top income share derives from capital income.??

There are a number of channels through which advancing information technology could
increase capital income inequality. One, as noted above is simply the mechanism advanced
in Piketty (2014): if capital income rises with fixed ownership concentration, then capi-
tal inequality rises. Another stems from the observation that information technology is
‘weightless’ and in such circumstances the distinction between labor and capital income

becomes somewhat arbitrary. Thus one can equally describe Mark Zuckerberg as being an

20Taken from the WDI database.

2INote that any effect of technological change through labor income inequality, or the labor share, is closed
off due to these variables separately being included as controls in the analysis. It is still nonetheless possible
that technology is correlated with the error term in the second-stage regression (i.e. violating the exclusion
restriction), though the mechanism is not easy to see given the extensive set of controls. Moreover the exclusion
restriction is tested below using the Hausman over-identification test.

22For instance in their figure 3 capital gains, capital income and business income represent well over half of
the income of the top 0.1% in the US.
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extremely productive worker, or as having created a company with enormous capital value.
Relatedly, information technology plausibly has allowed many diverse activities to upscale
their operations, resulting in significant increases in profitability which has in no small part
been manifest in increased capital income for share owners or business partners. What is
relevant for the theory above is liability for labor, as distinct from capital, income taxation. In
particular in the case of new information technology, the new high earners face an interesting

problem of how to classify their income.

Plausibly, and indeed empirically as observed above in related situations, they (or their
accountants) will classify and organize their income so as to minimize taxation obligations.
Given that it is almost universally the case that top marginal labor income taxes are higher
than the (effective) top marginal capital income taxes, then income will likely be declared
as capital income. To summarize, new technology has resulted in enormous rewards for a
small number of people who have substantially registered these rewards in the form of capital

1income.

Our second instrument encapsulates exogenous variation in what we term as financial
inclusiveness. By definition capital income requires capital ownership, and historically
such ownership has not been widespread, even in the OECD. A necessary condition for
mass ownership of capital assets and equity in particular is an established level of financial
inclusion. A well developed financial system is one where it is easy, for all members of the
population, to acquire (and sell) different types of capital assets. When financial inclusion is
low, then conceivably at least some forms of asset ownership are not feasible for much of the
population, and likely those with low income. Following this line of reasoning we conjecture

that capital income inequality falls, conditionally, with financial inclusion.

The standard measure of financial inclusion is the ratio of stock market capitalization to GDP.
However there are two problems with using this measure as an instrument in the context of
our research objective. Firstly stock market capitalization is unlikely to be exogenous: a
large public sector by construction implies a small private sector, hence lower stock market

capitalization all else equal. Secondly, and more prosaically, the standard source for these
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data (the World Bank Global Financial Development Database) provides data only from 1989.
To uncover exogenous variation in financial inclusion we use the Chinn-Ito index for financial
openness (KAOPEN), an institutional measure that Chinn and Ito (2006) establish leads
to changes in financial development, and therefore financial inclusion once legal systems
and institutions are sufficiently developed (conditions which apply in the OECD). Notably
these authors rule out reverse causality from financial inclusion to financial openness hence
the Chinn-Ito index more plausibly satisfies the exogeneity requirement. To summarize the
argument: The Chinn and Ito (2006) index exogenously drives financial inclusion. Exogenous
increases in financial inclusion permit wider asset ownership thereby causing capital income
inequality to fall. Hence we posit that capital income inequality exogenously falls with

increases in the Chinn-Ito index.??

Table 2.3 contains the results of the IV estimation. Column 1 contains results using only the
INTERNET instrument, and column 2 contains results using only the KAOPEN instrument.
The first-stage coefficient estimates for both instruments exhibit signs as hypothesized.
Capital income inequality is estimated to (conditionally) increase with internet coverage, and
the hypothesis that this particular instrument is weak can be rejected given that the F-statistic
of the first stage regression exceeds 14. On the other hand capital income inequality is
estimated to conditionally fall with capital market openness. The F-stat in this instance
does not quite reach the threshold value of 10, but is not far off. Column 3 employs both
instruments, with the advantage that this enables application of the overidentification test.
The null hypothesis here is that the exclusion restriction is violated, and clearly the test
statistic does not indicate rejection of this hypothesis. This test result thus supports the

exclusion restriction that the instruments are not correlated with the second-stage error term.

Using the results from column 3, the coefficient estimate for TOPINC in the second stage

indicates that a one standard deviation increase in this variable all else equal causes a fall in

Z3Dabla-Norris et al. (2015) find that overall inequality actually increases with financial openness. The
mechanism discussed therein is skills-bias — financial openness productively adds especially to the highly-
skilled, thus increasing wage-inequality. It should be clear that this is a distinct hypothesis from ours, which
emphasizes access to capital markets. Note again that labor income inequality is controlled for in both the first
and second stages of the IV estimation. Hence the estimated effect of the Chinn-Ito index on capital income
inequality is already conditional on any effect it has on labor income inequality.
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the size of government of about 6% (i.e. using the data in Table 2.1 around 60% of a standard
deviation). Importantly the assumption that all else is equal here is strong: we have already
documented the positive correlation between TOPINC and labor income inequality (UTIP),
and indeed the coefficient estimate for the latter variable suggests an offsetting effect if both
types of inequality simulataneously increase. What is clear from these results is that the
effects of inequality in general terms are more complex than implied in the original Meltzer
and Richard (1981) model. Labor income inequality now positively affects government size -
consistent with Meltzer and Richard (1981). The top income share - which we interpret as a
proxy especially for capital income inequality - negatively affects the size of government.
This is consistent with the theoretical reasoning in this chapter. When it is difficult to tax

capital income, then those who rely on labor income become averse to labor income taxation.

Columns 4 and 5 contain estimation results using 5-year averages of the data. For these
regressions the lag of the top income share is used as an instrument, because INTERNET
and KAOPEN are not sufficiently strong in this setting, where much of the time variation
is averaged out. In column 4 TOPINC is again estimated to have a significantly negative
impact on government size, whilst labor income inequality (UTIP) remains positive and
statistically significant. The negative impact of TOPINC survives the addition of the lagged
dependent variable in column 5, though the impact of productivity-induced labor income

inequality is here reduced.

The concerns motivating IV estimation for capital income inequality (TOPINC) should also
apply to labor income inequality (UTIP). To address this, in Table 2.4 we instrument for
both TOPINC and UTIP by employing INTERNET, KAOPEN, the fifth lag of the top
income share, and the fifth lage of labor income inequality. In this specification the estimated
coefficient for TOPINC is again negative. The hypothesis that these instruments are weak
can be rejected given that the F-statistic of the first stage regression exceeds 23, and the
result of the overidentification test supports the exclusion restriction that the instruments are

not correlated with the second-stage error term.
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Table 2.4 Instrumental Variable Estimation Results

(D
-1.787%**
TOPINC (0.307)
0.628
vrip (0.409)
0.292%#:*
SHARE 0.077)
Obs 406
No. Countries 15
Method v
Data Annual

Instrument for TOPINC UTIP
0.348***  (),573%**

Ls.utip (0.040)  (0.043)
0.586%*%  -0.035
L3.TOPINC 042y (0.045)
0.002  0.018%%*
INTERNET (0.004)  (0.004)
0.065  -0.083
KAOPEN 0.067)  (0.073)
F 23.74
Py 0.475

Notes: IV is estimated by two-stage-least
squares. First stage coefficients are reported
below the named instruments in the Instru-
ments row. F is an F-statistic for the sta-
tistical significance of the instruments in the
first stage regression. p,2 is the p-value for
the Chi-squared test of overidentifying re-
strictions. In this method we instrument for
both TOPINC and UTIP using L5.TOPINC,
L5.UTIP, INTERNET, and KAOPEN. See
also notes for Table 2.2 for other details.
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2.4 Conclusion

This chapter analyzes how inequality in the capital income distribution affects the size of
government. Capital income is quite distinct from labor income. We define it as rental
income, and also model it as untaxed, hence redistribution is financed solely by taxation
applied to labor income, and voters have preferences over the tax rate based on their position
in the capital income distribution. Despite the fact that there are two underlying sources
of heterogeneity in the populations, the median voter is still the unique Condorcet winner

because tax preferences are monotonic in labor income.

The result relating taxation levels to capital income inequality is novel. In contrast to Meltzer
and Richard (1981) increased capital-income inequality now leads to smaller government.
Agents who are endowed with capital income are less averse to labor-income taxation. The
choice of labor income tax depends on the distribution of capital income: if the share of
capital income of the rich increases, then their taxable labor supply falls and the preferred tax

rate falls because the median voter has a reduced capacity to redistribute through taxation.

The relationship between the size of government and inequality is tested in a panel of
OECD countries, augmenting the analysis of Pickering and Rockey (2011) and Facchini et
al. (2017) to include capital income inequality as an additional explanatory variable. The
measure of capital income inequality in the analysis is the top 1% income share. Consistent
with the theory, government size is found to be negatively associated with capital income
inequality. Moreover controlling for the top income share renders a consistently positive
estimate for the impact of labor income inequality on government size, in line with the
original Meltzer and Richard (1981) hypothesis. The negative impact of capital income
inequality on government size survives a variety of econometric specifications, including
when capital income inequality is instrumented with variables encapsulating technology and

access to the capital market



Chapter 3

Inequality and Growth in the
Twenty-First Century

3.1 Introduction

Is inequality necessarily harmful for growth? One important benchmark is an endogenous
growth model by Persson and Tabellini (1994),! who embed the Meltzer and Richard
(1981) argument and argue that if in a society the political decisions regarding redistribution
generate economic policies that tax investment and constrain growth-promoting activities,

then inequality should harm growth because it increases redistributive tax pressures.

A substantial amount of evidence has attempted to test the impact of inequality on growth,
but the literature has not provided a satisfactory conclusion so far. For example, earlier cross-
country OLS studies (e.g. see Alesina and Rodrik, 1994; Persson and Tabellini, 1994; Perotti,
1996; and Deininger and Squire, 1998) all find negative consequence of higher inequality
for economic performance. However, estimation using panel data, for example assembled
by Deininger and Squire (1996), generally challenges the negative effect of inequality on
growth found in cross-country regressions. Barro (2000) finds little overall link between

income inequality and economic growth in a panel of countries, reporting a negative effect in

I Alesina and Rodrik (1994) and Bertola (1993) also provide similar anecdotes.
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poor countries and a positive effect in rich countries. Perhaps the most surprising result is
Forbes (2000). By controlling for country-specific effects and period effects, she finds that in
the short and medium-term, an increase in the level of income inequality in a country has a

positive and significant relationship with subsequent growth rates.>

In response to this puzzle, new theoretical literature has proposed mechanisms through which
greater levels of income inequality can promote economic growth. For instance, Galor and
Moav (2004) study the effect of inequality on growth along the process of development. In
the early stages of development, when physical capital accumulation is the prime engine of
growth, inequality stimulates growth as it channels resources towards individuals with more
incentive to save. The positive effect of inequality on growth is reversed when human capital
accumulation instead of physical capital is the primary engine for growth, where equality

alleviates constraints on human capital accumulation and therefore stimulates growth.’

The mechanism analyzed in this chapter instead revisits Persson and Tabellini (1994) more
closely. Their argument applies to income inequality stemming from differences in taxable
labor income. However, traditional supplied labor is not the only source of income, especially
for the rich, and moreover, the labor share of income has declined in recent years whilst
capital income has recently become more unequal as well as more important (see Piketty,
2014; Saez and Zucman, 2016). Chapter two, building upon Meltzer and Richard (1981),
links rising capital income inequality to declining redistribution: if inequality increases such
that the share of capital income going to the top capital-income recipients increases, then the
preferred tax rate falls because the (capital) rich are supplying less taxable labor income and

hence the capacity of the median voter to redistribute is reduced.

%Li and Zou (1998) also find the positive link by using an improved data set on income inequality again
compiled in Deininger and Squire (1996). More recent empirical work is that of Frank (2009), who, estimating
a dynamic panel data model but using regional data from different U.S. states, provides evidence that the
long-run relationship between inequality and growth in the United States is positive and in principle driven by
the upper end of the income distribution.

3Moreover, Foellmi and Zweimuller (2006) study an innovation-based growth model and identify that an
increasing unequal distribution of income affects the incentive to innovate through a price effect, where greater
inequality allows innovators to charge higher prices, and a market-size effect, with an opposite direction. It
turns out that the price effect always dominates the market-size effect, and thus increased inequality simulates
growth.
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Hence this chapter instead asks how inequality stemming from capital income affects eco-
nomic growth in an endogenous growth model. Following chapter two, the key issue is that
labor income is taxable, whilst income from capital is harder to tax. Evidence abounds of tax
evasion or avoidance in the case of the latter.* It is harder to escape from PAYE. Like labor
income, the capital income distribution is again right-skewed with the majority of individuals
endowed with limited (or zero) assets or wealth, compelled to supply labor for their income,
which is taxed. On the other hand, those paid in capital income are to a meaningful extent
able to avoid the same tax obligation, then the capital-rich are relatively less exposed to
taxation. Persson and Tabellini (1994) argue that productivity-induced income inequality
leads to lower growth as distortionary taxes increase and harm capital accumulation. When
income differences are generated by capital income, the ability of the median voter to re-
distribute through taxation is constrained, while such redistributive policies are financed
by distortionary taxes, in principle, affecting capital accumulation and growth-promoting
activities. If capital income inequality increases (and it is the rich who enjoy capital income)
such that labor tax rates fall, then the subsequent rate of economic growth increases because
distortionary taxes fall and investment is facilitated. In direct contrast to Persson and Tabellini

(1994), increased inequality in capital income leads to higher growth.

The relationship between inequality and growth is investigated empirically using a panel of
OECD countries, augmenting the analysis of Forbes (2000) to include a measure of capital
income inequality as an additional explanatory variable. As direct measures of capital income
inequality are not widely available, this is proxied by the top 1% total income share, taken
from the World Wealth and Income Database (WID).> Though previous literature implies that
countries undergoing faster income concentration should be suffering more from economic
problems, I show that since the early 1990s, the period commonly viewed as the beginning
of the adverse effects of inequality in much of the advanced world, there is no negative
association between inequality and GDP per capita. Figure 3.1 depicts a plot of the change

in GDP per capita and the top 1% total income share in OECD countries over 1960-2010.

4Some may argue that dividends are often taxed at source. Note that only cash dividends can be taxed while
the rich can reclassify it through different ways, or simply transform it to stock dividends to avoid being taxed.
3See also arguments as well as Figure 2.1 discussed in chapter two.
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The empirical analysis below also separately includes specific measures of productivity-
induced labor income inequality as distinct from capital income inequality. As discussed
in chapter two, the two measures are empirically as well as conceptually distinct from one
another. Consistent with the theory proposed, an increase in capital income inequality has
a positive and significant relationship with subsequent economic growth. A one standard
deviation increase in capital income inequality is statistically correlated with a 0.9% increase
in average annual growth over the next five years. The positive relationship holds up when
different sample sets or omitted variables are considered, and also when difference and system
generalized method of moments techniques are used to deal with potential endogeneity
problems. I also find that once capital income inequality is controlled for, then the impact of
labor income inequality becomes negative, consistent with Persson and Tabellini (1994) and

in contrast to the empirical work using aggregative measures of inequality.

This chapter is part of a small literature that attempts to get a better grasp of the empirical
picture with respect to the growth-inequality relationship. Earlier empirical contributions
include Voitchovsky (2005), Castello-Climent (2010), and Halter et al. (2014). The first-
mentioned paper questions previous empirical literature that uses aggregate indicators of
inequality (e.g. Gini coefficient) which may mask different impacts of the upper and bottom
part of the income distribution on growth. Castello-Climent (2010), consistent with Barro
(2000), states that the results of inequality are different for rich and poor countries, finding a
positive effect in the group of rich countries but a negative effect in the poor one.® Finally,
Halter et al. (2014), by contrast, examine this relationship in the time dimension rather than
the regional dimension (among rich and poor countries), and indeed find a positive effect in
the short term but a negative effect further in the future. None of these papers, however, links

inequality in the distribution of capital income to economic growth.

The next section theoretically analyzes how the rate of growth changes with capital income

inequality. Section 3.3 contains the empirical work, and section 3.4 concludes.

®Banerjee and Duflo (2003) revisit both Perotti (1996) and Barro (2000) specifications, and argue that the
growth rate is an inverted U-shaped function of changes in inequality. They believe that this non-linearity can
account for different estimates of the relationship between inequality and growth within previous research.
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3.2 The Model

This model revisits Persson and Tabellini (1994) to include labor income taxation instead
of wealth taxation. As in chapter two individuals differ in terms of their capital income
endowment as well as in terms of productivity. I study an overlapping generations model
with constant population, where individuals live for two periods. Individuals born in period
t, indexed by i, have preferences defined over consumption when young ¢, leisure when
young /*, and consumption when old d’, represented by a strictly concave, continuous, twice-
differentiable utility function v = U(c},;,d! ;). Consumption and leisure are both normal

goods. Following the original, I first analyze the equilibrium behavior conditional on a given

tax policy and then address the tax policy choice itself.

3.2.1 Economic Environment

Income may be derived from both labor and capital, and the stock of asset, k, accumulated on
average by the previous generation has a positive externality on the income of the newborn
generation as in Persson and Tabellini (1994). All individuals possess a unit of time to
allocate to labor n', or leisure I' = 1 — . Individual labor income y! = n’e'k; depends on
productivity, e, as well as hours worked, and is taxed at a linear rate 7. Capital income varies
exogenously across individuals and is denoted by R'k;, taxed at a linear rate ©. Following
Meltzer and Richard (1981), consumption is also financed by lump-sum redistribution, r,

common to all individuals, hence the budget constraints are:
k= —t)n'ek +r+(1— )Rk (3.1)

=Yk, (3.2)

where k' is the individual accumulation of asset, and 7 is the exogenous rate of return

on asset.” Individuals make decision between consumption and investment when young,

"Throughout the chapter I use superscripts to denote individual-specific variables and no superscripts to
denote average variables.
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financed by labor and capital income as well as lump-sum transfers, and benefit from the
return on that investment when old. Note that the stock of aggregate capital is accumulated
as average productivity of all individuals increases. With homothetic preferences, the ratio of

dt[{rl — D
c .

N)
t

consumption in the two periods is independent of wealth and labor income taxation,

Equivalently, every individual has the same ‘“‘saving rate”.

To clarify the argument, capital income taxation, Rk, , is assumed to be fixed in this model.?
The key issue is that labor income is taxable, whilst income from capital is harder to tax (or
at very low average rates). Evidence abounds of tax evasion or avoidance in the case of the
latter (perhaps also due to capital mobility and international tax competition). Those paid
in capital income are to a meaningful extent able to avoid the same tax obligation, then the
capital-rich are relatively less exposed to taxation. Indeed, Alstadsater et al. (2017) find that
tax evasion is extremely concentrated in Scandinavian countries, and specifically, in 2006
the richest 0.01% of households, with net assets of at least $40m, underpaid by over 30%.
Evidence from OECD data is also in support of that capital income taxation is fixed (and

unresponsive to inequality).” Thus this chapter focuses on the choice of the labor income tax.

Each individual chooses labor supply so as to maximize:

V;. = U |:’}/_+_LD <(1 — T,)nieikt —I—rt —I— (1 — ﬁt)Rikt> 5 1 —ni,

VD . _ (3.3)
) ((1 ek o+ (1— 0,)let>} .
The first-order condition is:
Y =)k Ue— U+ TP (1 = 5)elkyUy = 0 (3.4)
y+D y+D

8Note that in Persson and Tabellini (1994) labor income is assumed to be untaxed.
9For example, over recent decades, the ratios of capital income taxation to GDP in OECD countries have
been relatively constant around 2-3%.
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which determines the labor supply, n[(1 — 7;)e’, r;, RY], for those who wish to work.!? Since

leisure is a normal good, I have that

. azvi
on' IR
R~ ooy <P )
i (Gn)

given the assumption that v is strictly concave.'! Similarly, since consumption is a normal

good I have that:
80; ’ykt ani .
_— = l ) 1 — T l:| 9
JR"  y+D [ Forl e (3.6)
ok (1 w)ekUa+ (1= 5)ek Ua — Un N '

a condition which imposes additional restrictions on U.; and Uy;. Hence, all else equal,

people who are relatively capital-rich supply less labor and enjoy higher consumption.

There are two sources of heterogeneity that determine differences in before-tax labor income.
Firstly productivity, as analyzed by Meltzer and Richard (1981), and secondly capital income

endowments. At the individual level increases in productivity will all else equal increase

0Note again that k, is given due to accumulation by the previous generation. Further, for simplicity (but
without loss of generality) I henceforth assume that the joint distribution of e’ and R’ is such that n’ > 0 for all i,
so that everyone supplies a strictly positive amount of market work.

H1n detail, using (3.4), I have that

; 9%
an' _ dnidR!
ORI 9 (v
— 57 (55)
. D . ZD . D
B (W.LDY(] —T)e'kUec + (7/7;7[))2(] —1)e'kUga — }/_;,_LDUCI +2<;;7D)2(1 —T)e'kUeq — )ZTDUdZ -0
— M

—A ’
- v 12 i i
with 22 (54) = A= [ 15 (1= ek | Uee+Un+ | 755 (1 = 1)l | Uaa =275 (1= w)elk U +2[ 7251 -

.2 .
‘L',)e'k,} DUCd - 2;2_%(1 - Tt)elktUd[ <0.
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labor income.!? On the other hand increases in capital income will all else equal reduce the
labor supply and, therefore, labor income. This underpins their proclivity towards taxation of

labor income.

Average labor income can thus be written by integrating:
5 = ki / / e'n [(1 —1)e, r,,R"] f(e',R))de'dR (3.8)
0 Jo

where f(e!,R") is joint distribution function of ¢’ and R'. Individual productivity and capital
endowments conceivably are correlated with each other to some extent: if, for example, high
productivity individuals simultaneously enjoy high capital income. Finally, the government’s

balanced budget requirement (in per capita terms) is given by:
ﬁ[Rik[ + T[y[ = I. (39)

For the average individual, by use of (3.2) and (3.8) I can thus solve for the growth rate of k

_ k1 —ki
8t —kt
D[ I nl(1 = %), R f(¢ R)de'dR + | G-10
— —1
Y+D
where R is average capital income. Note that analogous to (3.5), I have:
. 9%y
an' #}
O _ __onwdn_ (3.11)
ary 9 (9)
dni \ dn'

IZNote that, as in Meltzer and Richard (1981), the sign of % is indeterminate, but for any individual with
positive labor income I have

dy! . on
56 ~H (e 55)
el [HLD(I — Tl)klUC + %(1 — T[)k[Ud:| +ni |:}/+LD(1 — Tt)eik[UC[ =+ %(1 — Tt)eik[Ud[ — U[[:|
=k A >0,
(.7

must be positive given condition (3.6).
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again given the assumption that v is strictly concave.!? Hence for given productivity and capi-
tal income endowment, individual labor supply falls with increased redistribution. Therefore:

3% i\ g0 1pi
o k,/ / e&r, (¢, R)de'dR! < 0. (3.12)

t

This establishes that the left-hand side of (3.9) is strictly decreasing with r.14 Moreover,
Ty is non-negative and bounded above by Te, where e is average productivity. In turn, the
right-hand side of (3.9) is strictly increasing with r. Thus, there is a unique value of r to

satisfy (3.9) for any 7.

3.2.2 The Median Voter’s Choice of Tax Policy

I now turn to the policy-setting decision. Crucially, the median voter is still a Condorcet
winner even though the electorate is heterogeneous on two dimensions. The logic of this is
that the preferred tax rate remains a monotonic function of the labor income alone, regardless
of the underlying determinants of that labor income. Hence high labor income (whether
induced by either high productivity or low capital income) will engender aversion to taxes,
whilst low labor income (whether induced by low productivity or a generous capital income
inheritance) will engender support for tax-financed redistribution. Formally, the median
labor income-earner, m, is the median voter. She sets taxes to maximize utility subject to
the budget constraints (3.1) and (3.2), the government budget constraint (3.9), and a rational

anticipation of how taxation will affect the incentives to supply labor in the economy. The

31n detail, using (3.4), I have that

9%

an'  Guan
art B 2 av{:
— 5 (G)

(PO = 0)ek U+ (75 (1= 0)ekiUga = 75U+ 255 (1 = 5)ekiUea = 25 Uan »
—A

14 A5 discussed above capital income taxation, %Rk, is fixed.
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first-order condition for the median voter with respect to the labor income tax rate is:

. dy
—y" — =0 3.13
Yt — Yy +Tlth ( )

where y™ is the labor income of the median voter. For a given ratio of mean to median
labor income, the political equilibrium 7 is constant over time, so that the time subscript 7 is
suppressed henceforth. Let 6 = 1 — 7 be the fraction of earned income retained. Condition

(3.13) yields the following solution for the tax rate chosen by the median voter

m_1+nr

T= , 3.14
m—1+n,+mng G19

with 1, < 0 and ng > 0 the partial elasticities of average income (assumed constant, as in

Meltzer and Richard, 1981), and labor income inequality m = 5 /y™.1>

The key insight of Meltzer and Richard (1981) is that an increase in labor income inequality

raises taxation, since an increase in income inequality raises m and from (3.14) I have that

d
oo (3.15)
dm

I am interested in the consequences of higher capital income inequality as in chapter two.
To study this issue I consider an increase in the capital income earned by the individuals in
the set .#~ of all individuals with capital income above D999,.1¢ The effect of the increase
in capital income going to the top capital-income recipients is to reduce the gap between
taxable mean and median labor income. Hence an increase in overall income inequality can
coexist with a reduction in labor income inequality. Since 3—;1 > 0, it follows that an increase

in capital income inequality unambiguously lowers the tax rate chosen.

Lemma 3.1. Suppose the top capital-income recipients are sufficiently productive that

they also earn labor income above the median labor income, and consider an increase in

SDetails are available in the Appendix B.1.
161 focus on the 99% percentile because in the empirical section that follows I use the income share of the
top 1% as our measure of capital income inequality.
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capital-income inequality represented by an increase in the capital income earned by the top
capital-income recipients. Then the labor income tax rate 7 falls as capital income inequality

rises.

The proof of Lemma 3.1 is in Appendix B.2. This indicates that government size diminishes
with increased capital income inequality, identical to Proposition 2.1 in chapter two. If
inequality increases such that the share of capital income going to the top income recipients
increases, then the preferred tax rate falls because the (capital) rich are supplying less taxable

labor income and hence the capacity of the median voter to redistribute is reduced.

The key issue is the extent to which the median voter can effectively redistribute through the
tax system. As discussed above there are good reasons to believe that taxation of relatively
mobile capital is considerably more difficult than taxation of labor income. If the rich are rich
primarily due to capital income, perhaps because of the rising capital share, and perhaps due
to successful reclassification of their income streams, then the capacity of the median voter
to redistribute is curtailed. Moreover if rising inequality translates into further reductions in

the supply of taxable labor then it follows that the demand for redistribution will fall.

3.2.3 Capital Income Inequality and Growth

I now turn to the effect of capital income inequality on economic growth via the channel of
redistribution. Combining (3.10) and the total derivative of y, I have Lemma 3.2.
Lemma 3.2. The growth rate falls as the labor income tax rate 7 rises, e.g.,

dg D d[f(;x’f(;”ein[(l —1)él,r,R'f(e',R))de'dR' +R
dt  y+D dt

<0. (3.16)

Thus all else equal, the higher is the labor income taxation, the lower is the growth rate.

Appendix B.3 contains more mathematical details.
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From the properties of the g and 7 functions derived above, I can obtain Lemma 3.3.

Lemma 3.3. A more unequal distribution of labor income decreases growth, e.g.,

dg _dgdr

_ds _ 1
dm _ dtdm ~ (3.17)

This indicates that productivity-induced income inequality leads to lower growth as distor-
tionary taxes increase and harm capital accumulation, which is identical in spirit to Persson
and Tabellini (1994).!7 Now consider the consequences of higher capital income inequality

and the mechanism analyzed above.

Proposition 3.1. Greater inequality in capital income leads to reduced demand for redistri-
bution and thus higher growth, if the top capital-income recipients are sufficiently productive

(Lemma 3.1).

In direct contrast to Persson and Tabellini (1994) economic growth increases with increased
capital income inequality. When income differences are driven by capital income, the
capacity of the median voter to redistribute through taxation is reduced since the capital-
rich supply less (taxable) labor.!® Such redistributive policies, financed by distortionary
taxes, in principle, affect capital accumulation and growth-promoting activities which in
turn is actually detrimental to growth. If capital income inequality increases (and it is
the rich who enjoy capital income) such that the labor income tax rate chosen by the
median voter falls as the (capital-poor) median voter cannot effectuate redistribution, then it
generates smaller size of redistributive policies that are financed by less distortionary taxes.
If declining distortionary taxes translate into further less restriction on aggregate capital
accumulation (and less redistributive tax pressures), then the original Persson and Tabellini

(1994) hypothesis gets reversed and it follows that subsequent economic growth will increase.

17 Appendix B.4 analyzes how growth changes with labor income inequality without imposing capital income
endowments.

18 Analogous to Assumption 2.2, the condition that the top capital-income recipients are sufficiently productive
indicates that the individuals that are in the top of the capital income distribution are never the decisive voter.
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3.3 Evidence

3.3.1 Data and Econometric Specification

The empirical analysis examines a panel of OECD countries over the period 1965-2010.1°
Following Perotti (1996), the dependent variable is the average rate of growth of income per
capita per five-year period as yearly growth rates incorporate short-run cyclical disturbances.
For example, this means that growth rate in period 2 is averaged over 1971-1975 and is

).20 This reduces

regressed on explanatory variables measured during period 1 (1966-1970
yearly serial correlation from business cycles. The change from previous model is to include
capital income inequality and labor income inequality instead of aggregate inequality. The

final data set, with means, and standard deviations is contained in Table 3.1.

Figure 3.1 depicts the top income share data for all nineteen countries, showing all countries
averagely experienced a downward trend in the earlier years followed by a period of stasis
or even slight increase since around 1990. The argument proposed in this chapter is the
following: as the top income share increases, distortionary taxes fall and investment is
facilitated, which is likely to result in more accumulation and higher growth. Figure 3.2
depicts the raw correlation between the change in GDP per capita between 1960 and 2010
and the lagged top income share. Below I show that when I control for initial GDP per capita,
human capital and market distortions, there is no evidence of a negative relationship between
top income share and GDP per capita growth; on the contrary, the relationship is significantly

positive in many specifications.

As noted above previous empirical literature including both country dummies and period

dummies has generally been unsupportive of the original Persson and Tabellini (1994)

19Speciﬁcally the countries included are Australia, Canada, Denmark, Finland, France, Germany, Ireland,
Italy, Japan, Korea, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United
Kingdom, and the United States. Current data availability for the top income share precludes using other
countries.

20In practice, each explanatory variable is measured in 1970, except capital income inequality and labor

income inequality, which are sometimes not available in a specific year and is taken from the year closest to
1970.
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Table 3.1 Descriptive Statistics

obs mean std. dev. min max

TOPINC 738 7.88 235 349 18.33
UTIP 746 35.18 354 2742 4412
y 969 20.71 937 1.07 53.77
PROP65 720 12.79 2.84 573 21.02
MEDU 190  3.02 1.38  0.32 6.59
FEDU 190 2.64 141 0.14 5.84
PPPI 864 85.88 25.20 34.58 179.06
PROP65 720 12.79 2.84 573 21.02
SHARE 548 67.97 6.03 44.74  82.10
OUTLAYS 861 39.98 10.65 12.8 72.4

Notes: TOPINC is the top 1% income share - taken from the WID.
UTIP is the University of Texas Inequality Project’s Estimated
Household Income Inequality. Income y is real GDP per capita in
$000s of 2005 prices - taken from the Penn World Tables. MEDU
and FEDU are respectively the average years of secondary school-
ing in the male and female population aged over 25 - taken from
Barro and Lee (1996). PPPI is the price level of investment mea-
sured as the PPP of investment over exchange rate relative to the
United States - taken from the Penn World Tables. PROPG6S5 is the
proportion of the population aged 65 and above - taken from WDI
database. SHARE is the business sector labor share - taken from
the OECD database. OUT LAY S denotes total government outlays
as a percentage of GDP - taken from the OECD Economic Outlook
database.
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Growth Versus Capital Income Inequality
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Fig. 3.2 Growth and Capital Income Inequality, 1960-2010

hypothesis. If the mechanism put forward in this chapter is important, and productivity
differences and capital-income inequality are correlated with each other, then arguably
previous analyses have suffered from an omitted variable bias. A measure of productivity
heterogeneity, UTIP (taken from the University of Texas Inequality Project’s Estimated
Household Income Inequality data), is therefore employed in the empirical analysis as in
chapter two. As the top income share will also be picking up productivity-induced inequality,
the correlation between productivity inequality as measured by UTIP and the income share
of the top 1% is somewhat weaker than might be expected, depicted by Figure 2.7 with
smaller sample of OECD countries.>! Hence there is meaningful separate information in
the two series.?? Figure 3.3 depicts the raw correlation between the change in GDP per

capita between 1960 and 2010 and the lagged productivity-induced labor income inequality,

2IFigure 6 in Luo (2017) depicts a scatter plot of the two series with full sample, exhibiting a correlation
coefficient of around 0.49.

22The argument proposed in this chapter is that the top income share is especially informative about capital
income inequality rather than productivity-induced labor income inequality.
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Growth Versus Labor Income Inequality
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Fig. 3.3 Growth and Labor Income Inequality, 1960-2010

showing that there is no evidence of a negative relationship between labor income inequality

and GDP per capita, in support of Forbes (2000).

The analysis includes control variables following Forbes (2000). Controls include per capita
GDP in constant chained PPP US$ (denoted y). Per capita GDP y and the resultant growth
rates are taken from the Penn World Tables. Following most empirical studies of income
distribution and growth (e.g. Alesina and Rodrik, 1994; Persson and Tabellini, 1994) human
capital effects are also included, and are represented by average years of secondary schooling
in the male and female population aged over 25 (denoted MEDU and FEDU), drawn from
the data set compiled in Barro and Lee (1996). These two schooling variables proxy for the
stock of human capital at the beginning of each of the estimation periods. The price level of
investment (the PPP of investment over exchange rate relative to the United States, denoted
PPPI) as used in Perotti (1996) is also employed in the regression analysis to capture market

distortions that affect the cost of investment, also taken from the Penn World Tables. Finally,
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the country dummies are employed to control for time-invariant omitted-variable bias, and
the period dummies are employed to control for global shocks that may affect aggregate

growth in any periods but are not captured by other explanatory variables.

It is clearly possible to include a set of additional variables. However, as in Perotti (1996) this
chapter mainly focuses on this simple specification for three considerations. First, in order to
estimate the impact of inequality on growth it is important to make as few discrepancy as
possible relative to typical growth model. Second, as the number of observations is limited by
the availability of inequality data, this simplified specification will help maximize the number
of degrees of freedom. Third, since some control variables used in standard-growth model
(e.g. government expenditure) may be endogenous, focusing on stock variables measured
at the start of each periods instead of flow variables measured throughout each periods can
reduce the potential endogeneity problem. To summarize, the growth model central to be
estimated is

GROWTH,;; = BiTOPINC; ;1 + BoUTIP; ;1 + B3yis—1 + BaMEDU; ;4 (3.18)

+ BsFEDU;;_1 + BsPPPI;;—1 + 0 + N + u;

where i represents each country and ¢ represents each time period, GROWTH is average

annual growth, o; are country dummies, 7, are period dummies, and u;; is the error term.

3.3.2 Panel Estimation

Table 3.2 contains estimation results from fixed-effects panel regressions with average annual
growth rate as the dependent variable. Column 1 examines the original Persson and Tabellini
(1994) hypothesis using five-year periods, 1965-2005, applying the benchmark specification
in Forbes (2000) with productivity-induced inequality (UTIP), and finding its coefficient to
be positive, though insignificant. This positive sign coheres with the results in Forbes (2000).
Column 2 further augments this specification with capital income inequality. The estimated

coefficient for capital income inequality is positive, with a p-value of 2.0% and the estimated
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relationship is sizable: A one standard deviation increase in capital income inequality is
statistically correlated with a 0.9% increase in average annual growth over the next five
years,?> consistent with the theoretical reasoning given here. It is also noteworthy that the
coefficient estimate for productivity-induced labor income inequality is now negative, though
is still not statistically significant. Following Forbes (2000) results are also presented (in
columns 4 and 5) using ten-year panels, and the results essentially duplicate those in columns

1 and 2, establishing that this observed short-term, positive relationship is not dampened over

time.

Column 6 of Table 3.2 contains Arellano-Bond dynamic panel estimation results extend-
ing the specification used in columns 4 and 5 to include the lagged dependent variable
(GROWTH). Here the positive relationship between capital income inequality and growth
holds up, and indeed the coefficient estimate pertaining to labor income inequality is nega-
tive and significantly different from zero at the 10% level, consistent with the Persson and
Tabellini (1994) hypothesis. This evidence suggests that previous tests of the Persson and
Tabellini (1994) hypothesis were potentially hampered by the conflation of capital and labor
income inequality. Columns 7-9 again test 1-3 using extended sample of 1965-2010 and

duplicate their results.

Most of the coefficient estimates of control variables agree with those traditionally reported
in typical literature. As indicated by models considering conditional convergence, the
coefficient on initial income level is negative and statistically significant. Note also that
the opposite signs on the coefficients of MEDU and FEDU are in line with the findings
in Barro and Sala-I-Martin (2003) and Perotti (1996), who obtain the results based on a
larger sample.?* For a given male attainment, an increase in initial female attainment leads to
less backwardness and thus slower subsequent growth since the economy converges toward

steady state (see Barro and Sala-I-Martin, 2003).

Z3Note, however, that it is unlikely that any country’s top income share could rise by this magnitude in a
short period of time.

24The insignificance of the coefficients of MEDU and FEDU indicates that human capital accumulation in
OECD countries is not the only one crucial driving force of economy, which in turn underpins the inequality-
growth argument proposed by this chapter.
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3.3.3 Further Estimation

Previous work on the effect of income inequality on economic growth (Forbes, 2000)
discusses the necessity to deal with potential endogeneity. Following the specification
by Forbes (2000), column 1 of Table 3.3 applies difference GMM by Arellano and Bond
(1991) to a panel covering 18 OECD countries during 1965-2010 in five-year periods.
The basic difference GMM regression, eliminating the fixed effects and using lags of the
endogenous variables as instruments, produces similar results presented in Table 3.2, in
particular, significant and positive coefficient on lagged capital income inequality. While
heightening the concern is the problem of weak instruments in difference GMM, which led
to the development of system GMM by Arellano and Bover (1995) and Blundell and Bond
(1998), and could reinforce endogeneity bias. The perfect p-value of 1.00 for the Hansen test

is a classic sign of instrumental proliferation.>

The remaining columns 2-5 of Table 3.3 examine the sensitivity of the results to reducing the
number of instruments. Column 2 firstly collapses the instruments. Columns 3 and 4 use
two different lags from the instrument set, and column 5 combines the two modification. It
should also be noted that the AR(2) test and the Hansen J test show that there is no further
serial correlation, and the overidentifying restrictions are not rejected. As difference GMM
can suffer from the problem of weak instruments, the rest columns of Table 3.3 utilise
system GMM, which augments the equation estimated by difference GMM, simultaneously
estimating an equation in levels with suitable lagged differences of endogenous variables
as instruments. Therefore, columns 6-10 mimic columns 1-5 whilst instead using system
GMM and produce similar results, which reinforce the proposed theory. Throughout Table
3.3 the positive coefficients on capital income inequality lose significance as the number of

instruments falls.2°

Z3More recent literature on weak instruments (in system GMM estimation in particular) has indicated that if
instruments are weak, then inferences based on conventional Wald statistics can be misleading. However, this is
still an open question, and we should not simply conclude that the system GMM estimator is not a useful tool
for conducting cross-country growth empirics (see Bazzi and Clemens, 2013; Kraay, 2015).

26In the model, I theorize that greater capital income inequality leads to smaller tax burden on labor and thus
higher subsequent economic growth rates. Appendix B.5 provides evidence showing a negative relationship
between government size and growth.
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Table 3.4 tests the robustness and contains estimation results from fixed-effects panel regres-
sions using five-year periods. Column 1 uses the same specification as column 2 of Table 3.2
but excluding Asian countries (i.e. Japan and Korea) to examine whether the regional cover-
age of the sample affects the results. Apart from the regional coverage, not surprisingly, the
representative of very poor countries is extremely limited due to the unavailability of the top
income share statistics. Alternatively, the relationship between capital income inequality and
growth may depend on the stage of development of a country. I split the sample into wealthy
and poor countries based on initial income level in 1965, and then reestimate equation (3.18)
for two groups (reported in columns 2 and 3). Note that no matter which sample selection is
utilized, the relationship between capital income inequality and growth remains positive and

statistically significant.

Column 4 of Table 3.4 includes the percentage of population over the age of 65 (denoted
PROP65) as an additional control variable following the argument of Perotti (1996). This
demographic variable may be correlated with income inequality as among retirees both
average income and inequality are lower. In turn, if the population in a country is older, then
the demand for social security is potentially higher and hence, more taxation distortions
and slower subsequent growth. The coefficient on this demographic variable is negative
and statistically significant at the 5% level, supporting the mechanism proposed. Further,
inequality stemming from capital income is likely to be correlated with the labor share of
income (denoted SHARE). As in Facchini et al. (2017) a recent declining labor share has
played a part in explaining the slowdown in the growth of government size and therefore,
less distortions and higher growth. In fact, no matter whether I control for PROP65 or the
labor share, as in columns 4 and 5, the coefficient on capital income inequality is positive
and statistically significant at the 5% level. Note also that throughout columns 1-5 of Table
3.4 the coefficient estimates for labor income inequality are consistently negative (though
not significant). If interpreted causally, the estimated effect of capital income inequality on
growth remains sizable: An increase in 7TOPINC by one standard deviation is associated

with an increase in average rate of growth of GDP per capita by around 0.7%.
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The contribution of this empirical work is that it does not follow previous empirical studies
using aggregate income inequality measure (i.e. Gini coefficient), but instead splitting
the aggregate income inequality measure into capital income inequality and labor income
inequality. If only labor income inequality is incorporated, then evidence shows its coefficient
to be positive, in direct contrast with earlier cross-country OLS studies (e.g. see Alesina and
Rodrik, 1994; Persson and Tabellini, 1994; Perotti, 1996; and Deininger and Squire, 1998).
When capital income inequality is controlled (as the main innovation of this chapter), the
relationship between labor income inequality and growth is found to be negative, consistent

with those paper conjectured.?’

3.4 Conclusion

This chapter analyzes how inequality in the capital income distribution affects growth. Capital
income is quite distinct from labor income. I define it as rental income, and also model
it as difficult to tax, hence redistribution is financed mainly by taxation applied to labor
income, and voters have preferences over the labor income tax rate based on their position
in the capital income distribution. Despite the fact that there are two underlying sources
of heterogeneity in the populations, the median voter is still the unique Condorcet winner

because tax preferences are monotonic in labor income.

The result relating growth to capital income inequality is novel. In contrast to Persson and
Tabellini (1994) increased capital-income inequality now leads to higher growth. Agents
who are endowed with capital income are less averse to labor-income taxation. If the share of
capital income of the rich increases such that their taxable labor supply falls and the preferred
tax rate falls, then the subsequent rate of economic growth increases because distortionary

taxes fall and capital accumulation is less constrained.

27The empirical model presented above incorporates panel estimation as well as difference and system GMM
estimation (and some sensitivity check), which plausibly indicates that it is adequate for distinguishing the
impact of a second order effort, and it could engage in the discussion of inequality and growth in current
literature.
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The relationship between inequality and growth is tested in a panel of 19 OECD countries,
augmenting Forbes (2000) to include capital income inequality as an additional explanatory
variable. The measure of capital income inequality in the analysis is the top 1% income
share. Consistent with the theory, subsequent growth rate is found to be positively associated
with capital income inequality. Moreover controlling for the top income share renders a
consistently negative estimate for the impact of labor income inequality on growth, in line
with the original Persson and Tabellini (1994) hypothesis. The positive impact of capital
income inequality on growth survives in a variety of econometric specifications, including

when difference and system GMM techniques are employed.



Chapter 4

Demography and the Composition of
Taxes

4.1 Introduction

How does population aging affect fiscal policy? Razin et al. (2002), building on Meltzer and
Richard (1981) and Saint-Paul (1994), theorize that increases in the dependency ratio lead
to lower labor tax rates and a reduction in the generosity of social transfers in democracies.
The logic is that the median voter is a worker, who increasingly dislikes redistributing as
the retired population increases. This chapter develops the Razin et al. (2002) hypothesis
to consider the composition of taxes, in particular the setting of income versus expenditure
taxes. The main theoretical prediction is that the extent of taxes on income relative to
expenditure falls with population aging. The logic is similar to the original paper. Income
taxes are paid solely by workers, whilst expenditure taxes are paid by both generations. If
the median voter is a worker, then increasing the size of the retired population compels a
shift in tax composition towards expenditure taxes. International panel evidence supports

this hypothesis.

Empirical evidence generally has not supported the Razin et al. (2002) hypothesis, which

focuses only on income taxes. For example, Figure 4.1 depicts the raw correlation between
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Income Taxes Versus Population Aging
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Fig. 4.1 Correlation between Aging and Income Taxes, 1990-2014

income taxes as a portion of total revenue over 1990-2014 and the ratio of the population
above 65 to the population between 15 and 64, indicating no negative association between
aging and the level of income taxes. On the other hand, Disney (2007), Sanz and Velazquez
(2007), and Shelton (2008) all find a positive relationship between population aging and the
size of the welfare state in regression analyses. In response to this finding, a new theoretical
literature has appeared through which a larger proportion of retirees can lead to higher
income taxes and more generous social transfers. Galasso and Profeta (2007) propose that
population aging has a political effect: the median voter becomes older and hence more
willing to support a larger system. Further theoretical analyses studying welfare states and
aging, as also argued by Simonovits (2007), extend beyond the mechanism analyzed in Razin

et al. (2002), trying to link increasing income taxes to aging.

The theory proposed in this chapter is motivated by recent rises in taxes on goods and

services and concurrent population aging. Revenue sources outside of income taxes (i.e.
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expenditure taxes) are thus empirically becoming increasingly important components of total
revenue (e.g. approximately 30% as a share of total tax revenue in the United Kingdom).
This is potentially a paradox as it might have been expected that countries with a relatively
larger retired population would have higher labor income taxes and lower expenditure taxes,
reflecting the increased political clout of the retired population who presumably would prefer

labor income taxes.

Given the increased empirical importance of expenditure taxes this chapter examines how
population aging affects the composition of taxes. Despite the fact that there is an enormous
literature focusing on optimal taxation, starting with Diamond and Mirrlees (1971), relatively
little of this literature provides a positive analysis of the political-economic determination of
tax composition. One related work by Pickering and Rajput (2018) links the composition
of taxes to inequality. Other related work analyzes the adoption of tax instruments with
the development process (see Aidt and Jensen, 2009; Keen and Lockwood, 2010), but this

literature neglects the effect of demography on the composition of taxes.

In an overlapping generations model, taxes are levied on both income and expenditure,
which finance redistribution to both the working and retired population, with a balanced
budget period by period.! As in Razin et al. (2002) the choice of the median voter is the
unique Condorcet winner. In the case of a positive population growth rate, the median voter
is a young individual (because the younger generation is more numerous than the older

generation), hence determining political equilibrium tax rates.

The theoretical findings in this chapter cohere with Razin et al. (2002) in that an increased
fraction of retirees in the population always leads to lower labor income taxes as long as the
decisive voter is young. The results relating to expenditure taxes are novel - it depends on the
initial level of expenditure taxes. At lower initial levels of expenditure taxes, an increase in
the share of retirees in the population also leads to lower expenditure tax rates. However, if
the initial levels of expenditure taxes pass some threshold level, then the increased size of the

retired population leads to higher expenditure taxes, even if this comes at the price of greater

IT have been aware of high debt-to-GDP ratio especially in OECD countries. Note that this chapter mainly
focuses on the composition of taxes rather than debt decision.



Demography and the Composition of Taxes 65

deadweight expenditure tax losses, because the decisive voter wants to shift the tax burden
onto the retired population.” Nonetheless, the main proposition is that the composition of
taxes, defined as the extent to which taxes are levied on income relative to expenditure,

unambiguously falls with the share of retirees.

The relationship between population aging and the extent of taxes on income relative to taxes
on expenditure is investigated empirically using a panel of over 100 countries over the period
1990-2014. Following Pickering and Rajput (2018) the dependent variable is constructed
by the ratio of taxes on income, profits and capital gains (as a share of total tax revenue)
to taxes on goods and services (as a share of total tax revenue), and the key demography
measure is the percentage of the population over the age of 65. These data are all taken from
the World Development Indicators database. The empirical work analyzes both panel data
and cross-country regressions using within-country averages. Consistent with the theory, the
extent of taxes on income relative to expenditure is found to be negatively associated with
the fraction of the retired population. This relationship is robust across different econometric
specifications employed. In the panel estimation with fixed effects, a one standard deviation
increase in the fraction of the retired population is statistically associated with a fall of 0.63
in the ratio of income to expenditure taxes, holding all else equal. The magnitude of this
estimated correlation is sizable - implying more than a half of the raw standard deviation in
the policy variables. This negative relationship holds up significantly in countries with higher
degrees of democracy, in support of the mechanism proposed in this chapter. Moreover |
also separately examine how the different tax instruments co-move with the proportion of
retirees. The data indicate a negative correlation between income taxes and the fraction of
the retired population, and a positive correlation between expenditure taxes and the fraction

of the retired population.

The next section theoretically analyzes how the composition of taxes changes with population

aging. Section 4.3 contains the empirical work, and section 4.4 concludes.

%In practice, Japan, as a country with problem of aging, provides some interesting anecdotes. In April 2014
the government of Japan increased its expenditure tax rate from 5% to 8%, and after that, they are currently
planning to again raise the rate to 10% in October 2019.
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4.2 The Model

4.2.1 Economic Environment

This section analyzes the impact of population aging on the composition of taxes. The model
extends Razin et al. (2002) to include expenditure taxes as well as income taxes, consisting
of an overlapping generations model with population growth rate (n), where individuals live
for two periods: a working (young) period and a retirement (old) period. The utility u of an

individual born in period 7 depends on his consumption in the two periods (¢ ; and ¢3 ;41):

up =u(crs,¢24+1) 4.1)

where u is a strictly concave and twice-differentiable utility function. Due to the presence of
expenditure (or consumption) taxes 7., and T.;; 1, consumption is less than expenditure in

period 7 (x1 ;) and in period 7 + 1 (xp;41):

Cly = (1- Tc,z)xl,t 4.2)

2041 = (1 = Tepq1)x2,41. (4.3)

First-period expenditure, x ;, and second-period expenditure, x5 ; 1, are determined by the

budget constraints

X1t = (1 - Ty,t)yz +r 4.4)
X241 = Tt41 4.5)

where labor income y; is taxed at a linear income tax rate 7y;, and r; and 7| are lump-sum

redistribution in period # and in period ¢ + 1.

The budget of the government is assumed to be balanced period by period. Redistribution (r;)
is financed by consumption and income tax revenue, and is paid to both working and retired

people as in Razin et al. (2002) (r; is assumed to be equal for young and old, as in Razin et
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al. (2002)), hence
reNo|(1+n)"" +(1+ny] = r,:,txtzvo[(un)’—l +(1 +n)f] + 7, 5iNo(1+n)"  (4.6)

where Nj is the initial size of young individuals, and X; and j; are the average levels of
expenditure and income in period ¢. Furthermore expenditure equals income at the aggregate
level in period ¢,

x,NO[(l ) (1) | = No(1 40 4.7)
Combining (4.6) and (4.7), lump-sum redistribution equals

1+n_

ry = (Tc,t + Ty,t)myt- (4.8)

Since the budget of government is balanced period by period, it follows that redistribution in
period ¢ + 1, r;4 1, is independent of tax rates, 7,, and 7., in period ¢, analogous to Razin et
al. (2002). In voting on tax rates Ty, and T, individuals living in period ¢ thus take r;;1 as
exogenous because there is no serial dependence between r; and r; 1. The political-economic
equilibrium for tax rates, T, and 7., is then determined by majority voting of individuals

alive in period ¢, without being affected by preceding or future generations.

A final ingredient is that mean income is modeled to be declining in taxes in order to capture

the spirit of Meltzer and Richard (1981) as in Pickering and Rockey (2011),

i SyTy,t)_’t _ 5cTc,t)_7t)
i i

yr=y/(1 (4.9)
where y; is potential income, and 0 < 6, < 1 and 0 < . < 1 capture the sensitivity of income
respectively to income and expenditure taxes. The parameters 8, and J. reflect deadweight
losses, either as the result of the costs of tax collection and/or their influences on economic
activity. High values of d, and &, indicate high costs for taxes collection or alternatively

low levels of tax base. The properties of (4.9) indicate that % = —0,y; and ddfy; tJ = —O0¢Jt,
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, are constant, which

and hence that the proportionate deadweight losses, 45 ’g”y"’ and ’/yft”""’

therefore rules out scale effects.

4.2.2 Income Taxes

This section now addresses policy-setting. The pivotal voter alive in period ¢ chooses the
vector of policies q = {7y, T.,,r;} in order to maximize their utility. Substituting (4.4) and

(4.5) into (4.2) and (4.3) and then substituting into (4.1) and using (4.8) gives

1+n_
U =u [(1 - Tc,z) <(1 - Ty,t))’z + (Tc,t + Ty,I)H—nyt> ) (1 — Ter+1 )”t+l (4.10)

which indicates that the policy problem is multidimensional (7, and ’L'y).3 Given that y; = y;,
all young people in period ¢ have the same level of income, and hence, the same utility
function as above.* As long as the rate of population growth is positive, n > 0, the condition
that there are more young individuals than old individuals (or more working individuals
than retired individuals) always holds. This implies that the median voter in determining
equilibrium tax rates is still among the working-age population. Therefore, the preferred
policy of the median voter is the unique Condorcet winner even though the policy problem is

two-dimensional.

For a given n, the political equilibrium (7, or 7.) is constant over time, so that the time

subscript ¢ is suppressed henceforth.

Maximization of (4.10) with respect to 7y, given (4.9), yields:

du
a—ZV(Ty;n)
n n
= — V — _:O
Yat 53 (rc+ry)2+n5yy

3In voting on tax rates in period ¢ individuals take 7., as exogenous.

“4Ideally I would incorporate hetergeneity in income, but this leads to no existence of a Condorcet winner in
the multidimensional policy problem according to the indirect utility function above. Note, however, that the
results still hold if income hetergeneity is incorporated as this assumption is only for simplicity (but without
loss of generality).
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where y, is the income of the decisive voter. The mathematical derivations are contained in
the Appendix C.1. Equation (4.11) is analogous to the well-known condition (13) in Meltzer
and Richard (1981) and equation (11) in Razin et al. (2002) which determines the preferred
income tax rate of the decisive voter. Equation (4.11) then delivers the result in Razin et
al. (2002) that an increase in n raises the political equilibrium income tax rate as discussed

below.

According to equation (4.11), 7y is defined by the first-order condition. Given the assumption

that u is strictly concave, I have the second-order condition

d*u  IV(ty,n)
= <0. .
77" g <0 4.12)

Here I examine the effect of changes in the population growth rate and thus population aging

on the equilibrium income tax rate. Total differentiation of (4.11) with respect to n implies

drt IV (ty.n)

2= —a—/a”. (4.13)

dn V(T”’")/ary
Since %ﬁ“") <0 (see eq. [4.12]), it follows that the direction of the effect of changes in n
on the equilibrium income tax rate, 7y is determined by the sign of W By differentiating
equation (4.11) with respect to n, I conclude that

oV (ty,n) 1 1
= V— (Te + Ty) ———= 0y ). 4.14
on (2+n)2y (Te+ y)<2+n)25yy ( )

If the sign of dV (7y,n)/dn is positive, then an increase in the rate of population growth,
n, increases the political economy equilibrium income tax rate, 7,. On inspection of the
right-hand side of (4.14), it contains one positive term, ﬁ, whereas the other term is
negative. Consider for concreteness the case in which the decisive voter is young and the
population growth rate rises (the fraction of retirees falls). In this case, there is a decline in
the amount of tax revenue collected from the median voter that “leaks” to the retirees, who

become a smaller share of the population with the higher n. This is a pro-tax factor. However,
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the per capita marginal efficiency cost of distortionary taxation, — (7. + 7y) 0,, rises,

1
(2+4n)?
which is an anti-tax factor. In this instance, there is no ambiguity: given that 7. + 7, < 1 and
0y < 1, the pro-tax factor always dominates the anti-tax factor and hence dV (ty,n)/dn is

positive.

Lemma 4.1. The equilibrium income tax rate rises as the rate of population growth rises,

ie.,
dry,
— > 0.
dn

In this case, an increase in n (smaller fraction of retirees) increases the political economy
equilibrium income tax rate, with exactly the same underpinning as that provided in Razin et
al. (2002) (who only consider income taxes). The aging of population affects the equilibrium
income tax rate in two directions: the increased number of retirees raises the demand for
benefits while at the same time restrains the willingness of the working-age population to
accede to higher income taxes, as current workers are net losers from the welfare state. If the
decisive voter is not among the retirees, as is still the case in all western countries, then the
increased size of the retired population leads to lower income taxes, since the decisive voter

is adversely affected because she is a net contributor to the welfare system.

4.2.3 Expenditure Taxes

Now I turn to the political equilibrium choice of the expenditure tax rate. Maximization of

(4.10) with respect to 7., given (4.9), yields

du
=W
o7, (%e,n)
1+n_ 1+n. 1+n
= (1 —TC) |:2——|—ny_ (TC+€y)2—|——n50y] — |:<1 _Ty)yd+<fc+7y)2+n

5| =o.
(4.15)

The mathematical derivations are again contained in the Appendix C.1. According to (4.15),

7. is defined by the first-order condition. Given the assumption that u is strictly concave, [



Demography and the Composition of Taxes 71

have the second-order condition

u  OW(t,n)
81‘62 = o7, <0. (4.16)

I next examine the effect of changes in the population growth rate and thus population aging

on the equilibrium expenditure tax rate. Total differentiation of (4.15) with respect to n

implies
d IW (t,,n)
ate _ _—/3”‘ (4.17)
dl’l aW(chn)/aTC
Since W < 0 (see eq. [16]), it follows that the direction of the effect of changes in n on
the equilibrium expenditure tax rate, 7., is determined by the sign of W
By differentiating equation (4.15) with respect to n, I conclude that
oW (t.,n) 1 1 1
——=(1-r y— (T, T—S‘]—’L’ Ty)———y. (4.18

If the sign of dW(1,,n)/dn is negative, then an increase in the rate of population growth, n,

decreases the political economy equilibrium expenditure tax rate, 7.. The right-hand side of

(4.18) contains one positive term, (1 — 1,) ﬁ, whereas the other terms are negative. Again

consider for concreteness the case in which the decisive voter is young and the population

growth rate rises (the fraction of retirees falls). As with the case of income taxes, within the

bracket the protax factor always dominates the distortionary element (which is an antitax

factor), — (7. + ry)ﬁécy‘, given that 7.+ 7, < 1 and §. < 1, so the whole term
1 1
1— y — ———0.y
( TC) <2+n)2y (TC + Ty) (2+n>2 Cy

is positive. Note that the last term on the right-hand side of (4.18) is also negative, which

indicates that the sign of dt./dn depends on the value of 7.
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Lemma 4.2. The effect of changes in the population growth rate on the equilibrium expendi-
ture tax rate is given by:
dt. | >0 ift. <7

dn .
<0 if T > 1)

This lemma describes a threshold relation. At lower initial levels of 7., an increase in the
population growth rate also leads to higher expenditure tax rates as with the income tax rates
because at low tax levels the deadweight losses are relatively small. However, if 7. is greater
than some threshold level, greater deadweight expenditure tax losses drive the decisive voter

to opt for lower tax rates.

At higher initial levels of 7., an increase in n (smaller fraction of retirees) decreases the
political economy equilibrium expenditure tax rate. The aging of population affects the
equilibrium expenditure tax rate in two directions: the greater number of retirees raises
the demand for benefits, while at the same time the willingness of the working-age and
retired population to progress to higher expenditure taxes reduces, since both working and
retired people are required to contribute to the welfare state. If the decisive voter is among
the working population, then the increased size of the retired population leads to higher
expenditure taxes, even if this comes at the price of greater deadweight expenditure tax losses,
since the decisive voter wants to raise the tax burden on the retired population, and larger

fraction of retirees indicates larger size of taxation base from expenditure from the old.

4.2.4 The Composition of Taxes

Now I consider the composition of taxes. The ratio of income to expenditure taxes is given

by

0y (4.19)
Te

T

Combining equations (4.11) and (4.15) yields proposition 4.1. The proof of this is in the
Appendix C.2.
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Proposition 4.1. The ratio of income to expenditure taxes rises as the rate of population

growth rises, and the ratio falls as n falls, i.e.,

dT

— > 0.
dn>

Proposition 4.1 is straightforward but novel. Increases in the fraction of the population that
is retired (or falls in population growth rate) lead to increases in consumption taxes relative
to income taxes. If the fraction of the retired population increases, then income taxes fall due
to smaller proportion of working-age population who are net contributing to income taxes
given all else equal. In order to guarantee the degree of redistribution, there will be a tradeoff
between income and expenditure taxes preferred by the decisive voter. Although the political
clout of the retired population who presumably would prefer labor income taxes is increasing,
the working-age population (including the decisive voter) wants to shift the tax-burden onto
the retired population, rather than being taxed labor income only from the young who are
acting as a net contributor to the welfare system. In short, the extent to which taxes are levied

on income relative to expenditure unambiguously falls with the share of retirees.

For completeness, this chapter shall also consider briefly the case in which the median voter
is among the retired population.’ The political economy equilibrium income tax rate in
this case maximizes the transfer r. In contrast, when the median voter is a member of the
working-age population, the political economy equilibrium income tax rate maximizes r plus
another term, (1 — 7,)y that is decreasing in Ty.6 Thus the political economy equilibrium
income tax rate “jumps” upward when the old become a majority, that is, as the young/old
balance switches from being more young to being more old. While the political economy
equilibrium expenditure tax rate is independent of the young/old balance if the median voter

is among the retired population. In this case expenditure tax rate depends on the value

>This may occur if population growth happens through longevity rather than fertility, or the old are more
likely to vote than the young.

The median voter is not among the retirees - as is probably still the case in all developed countries as well
as developing countries.
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of income tax rate (this means that expenditure tax rate could be increasing in 7y). These

opposing effects on the ratio of income to expenditure tax rate are next examined empirically.

4.3 Evidence

4.3.1 Data and Descriptive Statistics

The main agenda in this section is to test the hypothesis proposed above - whether and how
the ratio of income to expenditure taxes across countries and time systematically changes
with the fraction of the population that is retired. This empirical analysis focuses on a panel
of over 100 countries. Cross-country annual data on income and expenditure tax revenue
are available over the period 1990-2014 from the World Development Indicators (hereafter
WDI). This chapter also reports results from cross-country regressions with data measured
by within-country averages. Moreover I separately examine how different categories of tax

measures respectively co-move with the fraction of retirees.

Following Pickering and Rajput (2018), the main dependent variable is the ratio of income
taxes to expenditure taxes, T = %, constructed by the ratio of taxes on income, profits and
capital gains (as a percentage share of total tax revenue) to taxes on goods and services (as a
percentage share of total tax revenue). Both are extracted from the WDI database. In practice
(and also within countries) rates of tax vary with different types of income and goods, but
the measure of ratio proposed is a way to capture the extent to which taxes are levied on
income relative to expenditure. Due to the relatively small value in the data of taxes on goods
and services in the case of some countries, following Pickering and Rajput (2018) I use
the natural logarithm of 7', In(T'), in the below regression analysis. The argument proposed
predicts that the extent of taxes on income relative to expenditure declines with an increased

fraction of the retired population.

The measure of the proportion of retirees in the population used is the percentage of the

population over the age of 65 (denoted PROP65), which is also taken from the WDI database.
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Fig. 4.2 Correlation between Aging and the Composition of Taxes, 1990-2014

This measure of the retired fraction is preferable to the dependency ratio used by Razin et
al. (2002). The dependency ratio includes children as well as retirees which would have
different impacts on taxes as shown by Shelton (2008). Figure 4.2 depicts a scatter plot of the
logarithm ratio of income to expenditure taxes and PROP65, showing a negative relationship,

in support of the proposed theory.

Following Pickering and Rajput (2018), one important determinant of the composition of
taxes is the level of development, so I include the natural logarithm of GDP per capita in
constant chained PPP US$ (In(y)), taken from the Penn World Tables, as a first control in the
regression analysis. As another measure of the development level and institutional capacity,
hence OECD membership (denoted OECD) is also employed as a further control variable.
To fully capture demographic effects, the econometric analysis includes the percentage of
the population between 15 and 64 years of age (denoted PROP1564, also from the WDI

database) as an additional control. Another potential determinant of the composition of taxes
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is inequality (Pickering and Rajput, 2018), taken from the University of Texas Inequality
Project’s Estimated Household Income Inequality data of Galbraith and Kum (2005), so the

inequality measure (denoted UTIP) is also included as a control.

Governments collect tax revenue through means beyond taxation on income and consumption.
One important source is the revenue from import duties and tariffs due to openness (Rodrik,
1998). Thus the trade share (the sum of exports and imports as a percentage of GDP - denoted
TRADE) is also employed in the regression analysis. Apart from these control variables the
natural logarithm of the total population size (denoted In(POP)) is included as well, to some
extent capturing any scale (dis-)economies related to particular forms of tax collection.’

These data are also taken from the WDI database.

There may also be cyclical movements in policy variables. To address this potential problem
the regression analysis includes the output gap (the difference between aggregate output and

its trend value in percentage - denoted Y GAP) as a further control.

The policy variables may also be affected by the degree of democracy through various
channels, so the democracy score (with -10 denoting the highest level of autocracy, and 10
denoting the highest level of democracy) provided by the Polity IV project is included as a
final control (denoted POLITY?2).

Table 4.1 contains descriptive statistics of the variables used in the regression analysis. Note
that there is considerable dispersion in how countries raise their tax revenue. Over the sample
period taxes on income on average represent a smaller fraction of total revenue than taxes
on goods and services (Figure 4.3 depicts a scatter plot of the two series).® This indicates
that the capacity to raise revenue through income taxes is normally limited in those countries
with low income. For instance in the OECD members, taxes on income are on average 32%
of total revenue, whilst outside the OECD income taxes account for just 20% of total revenue

on average (Figure 4.4 depicts a line plot of the two series).

"For example, larger size of population means more sources of tax collection, which may lead to scale
economies or scale diseconomies depending on its size.
8For example, Macao has a very large size of expenditure taxes relative to income taxes.
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Table 4.1 Descriptive Statistics

obs mean std. dev. min max
In(T") 2091 -0.261 1.00 -4.00 5.09
Ty 2142 2245 12.75 0.349 66.72
Te 2141 29.06 13.76 0.024 89.22

PROP65 4633 7.01 4.72 0.335 25.08
PROP1564 4633 61.20 7.01 4529 85.81

UTIP 1556 4279 6.71 22775  59.96
In(y) 3652 8.58 1.29 5.03 11.73
OECD 5325 0.138  0.345 0 1

TRADE 4263 86.94 51.96 0.309 531.7
In(POP) 5302 15.07 2.35 9.11 21.04
POLITY2 3790 3.04 6.69 -10 10

YGAP 4668 0 0.034 -0.609 0.505

Notes: 7, denotes taxes on income, profits and capital gains as a
percentage of revenue - taken from the World Development Indicators
(WDI). 7, denotes taxes on goods and services as a percentage of
revenue - also taken from the WDI. T = %) PROP1564 and PROP65
are respectively the proportion of the popublation aged between 15 and
64, and 65 and above. UTIP is the University of Texas Inequality
Project’s Estimated Household Income Inequality. y is real GDP at
chained PPPs in millions of 2005 US dollars per capita - taken from
the Penn World Tables. OECD is a dummy variable denoting OECD
membership. TRADE is the sum of exports and imports as a percentage
of GDP. POP is the size of country population. POLITY?2 is a measure
of democracy provided by the Polity IV project, with -10 denoting
the highest level of autocracy, and 10 denoting the highest level of
democracy. Y GAP is the difference between the actual output and its
trend value in percentage.
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Fig. 4.3 Correlation between Income Taxes and Expenditure Taxes, 1990-2014
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The PROP65 data cover 155 countries, and numerically range from 1.37 (Qatar) to 18.39
(Italy) on average, with higher numbers meaning greater proportion of the retired population.
Notably, these data are positively correlated with GDP per capita across the sample, with a
correlation coefficient of around 0.72. Richer countries have greater retired fraction of the
population than poorer countries. This emphasizes the need to include controls for the level
of economic development, or the retired fraction may become a proxy for other drivers of the

policy variables.

4.3.2 Panel Estimation

Columns 1 and 2 of Table 4.2 contain estimation results examining the impact of population
aging on the ratio of income to expenditure taxes using OLS. Column 1 is a simple specifica-
tion with the fraction of the retired population (PROP65) and a number of control variables
using annual data, with robust standard errors clustered by country. Column 2 extends the
regression of column 1 to include time effects. The use of time effects will substantially
control for the potential problem of a secular trend. In these specifications the sign of the
coefficient estimate relating to the fraction of the retired population is negative in all cases,
and all are statistically significant at the 1% level. This is consistent with the theory - an
increase in the retired fraction increases expenditure taxes relative to income taxes. Columns
3 and 4 repeat the analysis of columns 1 and 2 using country fixed effects panel estimation
instead. The results using panel estimation support those already found. The estimated
statistical significance of the fraction of the retired population is unaffected and even remains
at the 5% level in column 3. Using the estimate from column 3 of Table 4.2, a one standard
deviation increase in the fraction of the retired population is statistically associated with a fall
of 0.63 in the ratio of income to expenditure taxes, holding all else equal. The magnitude of
this estimated correlation is sizable - implying more than a half of the raw standard deviation

in the policy variables.
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One may argue that the existence of PROP1564 counteracts the efficiency of PROP6S as a
measure of population aging. To address the potential counteractive effect of PROP1564,
columns 5 and 6 of Table 4.2 again test columns 3 and 4 with full control variables except
PROP1564. Further, columns 7 and 8 instead use the ratio of the population above 65 to
those between the ages of 15 and 64, RAT IO, as in Shelton (2008), to measure population
aging, and mimic columns 3 and 4. The results similarly demonstrate an increased tendency

to use expenditure taxes rather than income taxes as population aging increases.

It is natural to investigate whether or not the results reported change with the degree of
democracy, given that the theory proposed is based on the median voter framework. Table
4.3 thus extends the regression results by splitting the sample by levels of democracy.
Column 1 contains results for countries with stronger democratic credentials (i.e. with the
democracy score POLITY?2 of 7 or above over the sample period). Column 2 contains
results for countries with weaker democratic credentials (i.e. with POLITY?2 of less than
7). The democracy criterion is strengthened further in columns 3 and 4, and the sample is
split according to POLITY?2 = 8. When the sample is separated it becomes clear that the
negative relationship between the fraction of the retired population and the ratio of income to
expenditure taxes holds only in the subsample of democratic regimes. This is in line with
the theory, which assumes a complete franchise. In column 3 the p-value for the estimated
coefficient for the fraction of the retired population is 1.1%, and the estimated effect is sizable:
A one standard deviation increase in the fraction of the retired population is statistically

associated with the policy variable In(7") which is smaller by 0.78, holding all else equal.
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Note that it is also of interest to ask whether there are other stories, related to the Laffer curve,
explaining the recent tendency of increasing expenditure taxes. The Laffer curve suggests
that when income tax rates increase from low levels, the tax revenue collected by government
also increases. If tax rates keep increasing after a certain point, then it would cause people
not to work as hard as before, thereby reducing tax revenue. One common explanation for
the appearance of expenditure taxes is that income taxes were close to their Laffer curve
peaks. Columns 5 and 6 of Table 4.3 split the sample with stronger democratic credentials
(POLITY2 > 8) by 7, (determined by the median value of 7y). If the story of the Laffer
curve explains the results, when 7, increases from lower to higher levels, then the tax revenue
generated by taxes on income relative to expenditure firstly increases and then declines. This
indicates that the sign of the coefficient on PROP65 should be reversed at lower and higher
levels of 7y, holding all else equal. Statistical significance in columns 5 and 6 implies that

the estimates are stable across these subsamples, which in turn supports the theory proposed.

It is also natural to see whether the results vary with level of development. Columns 7 and 8
of Table 4.3 split the sample by levels of GDP per capita (determined by the median value
of GDP per capita). As can be seen in all cases, the ratio of income to expenditure taxes
is negatively correlated with the fraction of the retired population. However, this negative
relationship holds significantly only in the group of countries with higher income level. Rich
countries commonly have larger fractions of the retired population, and therefore tax revenue
collected by taxes on income is reduced relative to expenditure. In column 7 the p-value for
the estimated coefficient for the fraction of the retired population is 4.2%, and the estimated
effect is sizable: a one standard deviation increase in the fraction of the retired population is

statistically associated with a reduction of 0.61 in the policy variable In(7').
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As a robustness check, columns 1-6 of Table 4.4 again use panel regressions with country
fixed effects including full controls except PROP1564, with robust standard errors clustered
by country. Columns 1 and 2 respectively correspond to higher and lower democracy levels
(according to POLITY2 2 7), and columns 3 and 4 explore further stronger democratic
requirement (i.e. POLITY?2 = 8). Columns 5 and 6 instead split the sample of countries
according to higher and lower levels of income. The estimation results support the findings
in Table 4.3. Columns 7-10 then present regressions of the taxes composition on the ratio of
old to young, RAT10. The results presented in columns 1-4 of Table 4.3 and columns 1-4 of
Table 4.4 clearly establish that the estimated effect is predominantly driven by countries with
high POLITY?2 scoring scale. Note that these data are not classically normally-distributed,
since there is a cluster of countries scoring 10. While many countries are with ‘intermediate’
POLITY?2 scores, indicating a substantial political volatility (i.e. democratic reversals). This
is likely to create further volatility in fiscal policy decision. Columns 7 and 8 therefore split the
sample according whether or not POLITY?2 = 10, showing a ‘perfect’ democracy throughout
the period. Both of the relevant coefficient estimates are negative and statistically different
from zero. Notably column 9 again confirms that the estimated effect holds significantly in

rich countries.

In Tables 4.5 and 4.6 results are presented respectively for income taxes, 7y, and expenditure
taxes, 7., the numerator and denominator in the main dependent variable, using Panel
regressions as above. In Table 4.5 the findings for income taxes, Ty, are quite similar to the
results found for In(7") though with lower significance levels. Increases in the share of retirees
are generally found to be negatively correlated with the extent to which taxes are levied on
income, but more so in the stronger democracies. In countries where full sample is included
or POLITY?2 > 7, the estimated effect remains negative, though is not statistically significant.
When the stronger democratic criterion (i.e. POLITY?2 > 8) is employed, the estimated
effect increases and is statistically significant at the 10% level. When the sample is refined
further to those countries with POLITY 2 = 10 throughout the same period (in columns 6 and
7), and utilizing instead the ratio of old to young (RAT10) measure of aging, the negative

coefficient estimate is sustained, although statistical significance is in this instance low. If
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all control variables are excluded except In(y), then the p-value of the coefficient estimate
pertaining to RAT/O in column 6 improves to p = 0.023. Using the estimate of column
3, a one standard deviation increase in the fraction of the retired population is statistically
associated with a reduction of 6.73 in 7y, holding all else equal. Given that this is nearly
about half of a standard deviation in the policy variable, the magnitude of the estimated

correlation is sizable.

This weak estimated relationship indicates that there is a very slight variation in income taxes
within countries over the sample period. This in turn emphasizes the need and motivation to
examine the relationship between population aging and the extent to which taxes are levied

on income relative to expenditure, instead of income taxes only.

In Table 4.5 the results relating to the control variables are of some interest. One regularity is
that consistent with Perotti (1996), Benabou (1996), and results in chapter two, who have
generally challenged the Meltzer and Richard (1981) hypothesis, there is a clear negative
relationship between income taxes and income inequality (though at weak significance levels).
This indicates that a more unequal distribution of income implies divergence between mean
and median income and so, under universal suffrage, reduces income taxes. In addition as
shown by Besley and Persson (2014) there is a positive relationship with income per capita,
which likely indicates greater potential to tax in richer countries. Further, trade is found to be
positively associated with income taxes as in Rodrik (1998), which shows a greater potential

to tax in countries with higher level of openness.
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Table 4.6 contains estimation results relating to 7., the extent to which taxes are raised
through expenditure on goods and services. In contrast to income taxes, increases in the share
of retirees are generally found to be positively related to the extent to which expenditure taxes
are used, and again this result is particularly strong in the stronger democracies. In countries
where POLITY?2 < 7, the estimated relationship is positive, though it is not statistically
significant, whilst in countries where POLITY?2 > 7, the estimated effect is statistically
significant at the 1% level. When the stronger democratic requirement (i.e. POLITY?2 > 8)
is applied, the estimated effect remains positive and statistically significant at the 1% level,
whilst in countries where POLITY?2 < 8, the estimated relationship is found to be positive,
though at a weaker significance level. The coefficient estimate is also positive and statistically
significant when the sample is refined further to those pure democracies (POLITY?2 = 10),
and utilizing instead the RAT 10 measure of aging in column 6. Using the estimate of column
5, a one standard deviation increase in the fraction of the retired population is statistically
associated with a increase of 8.84 in 7., holding all else equal. As with In(7T'), this again

represents more than a half of the raw standard deviation in 7., so this is still a sizable effect.

There are some differences between the results relating to the controls for income taxes and
expenditure taxes. For instance there is a clear positive relationship between expenditure
taxes and income inequality, which is opposite to the findings in income taxes and implies
that if the median voter becomes relatively poor, then he is likely to tax more on expenditure
instead of income. Further in contrast to 7, there is a negative relationship between 7. and
income per capita, which reflects the ability to collect revenue through taxes on income in

particular.
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4.3.3 Cross-Country Estimation

Table 4.7 presents OLS estimation results using cross-country averages to examine the effect
of population aging on the ratio of income to expenditure taxes, with robust standard errors.
This econometric analysis at least has the advantage of addressing potential cyclicality in
the data. The estimated effect using cross-country regression still remains negative and is
statistically significant at the 1% level when all controls except In(y) are dropped or full
controls are incorporated (in columns 1 and 2). Using the estimate in column 2, a one standard
deviation increase in the proportion of the retired population is statistically associated with
a reduction of 0.46 in the policy variable In(7'). In Tables 4.8 and 4.9 results are again
presented respectively for 7, and 7. whilst using cross-country estimation. As in Razin et
al. (2002) population aging leads to smaller income taxes, and the estimated effects are
generally statistically significant and are moreso in the stronger democracies. On the other
hand, population aging is found to be positively related with expenditure taxes but at weaker
significance levels, while this relationship holds in regimes with higher democratic scores

(i.e. POLITY2 > 9).

In the case of cross-country estimation in income and expenditure taxes, some results
relating to the control variables are interesting. Notably the extent of democracy is positively
associated with both 7y, and 7. This means that revenue relied on 7y and 7, is increasingly
related with the stronger level of democracy. Further in line with Baunsgaard and Keen
(2010), trade is negatively related to 7, (though at weak significance level), which implies
that globalization might constrain the capacity to raise revenue through taxes on goods and

services especially more pressure in countries without alternative sources to collect revenue.
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4.4 Conclusion

This chapter analyzes how population aging affects the composition of taxes. In an overlap-
ping generations model taxes are levied on both labor income and expenditure, financing

redistribution to both generations.

An increased share of retirees in the population leads to lower income taxes, but it leads
to higher expenditure taxes at initial high levels of expenditure taxes, whilst leads to lower
expenditure taxes otherwise. The results relating to the composition of taxes, defined as
the extent of taxes on income relative to expenditure, are novel. Increases in the fraction of
the retired population in the model lead to increases in expenditure taxes relative to income
taxes, because the working-age population (including the median voter) wants to shift the

tax-burden onto the retired population.

The relationship between population aging and the composition of taxes is tested using
international panel data, including the fraction of the population that is retired as an explana-
tory variable. Data for taxes composition and demography are all from the WDI database.
Consistent with the theory, the extent of taxes on income relative to expenditure is found
to be negatively associated with the fraction of the retired population.” Moreover, income
taxes as a proportion of total revenue fall with aging in support of the Razin et al. (2002)
hypothesis, whilst expenditure taxes as a proportion of total revenue increase with aging. The
empirical results hold across various econometric specifications employed. In particular the
fact that the results found hold significantly in countries with strong democratic credentials

is supportive of the mechanism proposed in this chapter.

9This is in line with intuition: when the median voter is of working age, then population aging increases the
demand for expenditure rather than income taxes in order to increase the tax burden on the retired population.
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Conclusion

5.1 Summary

This thesis contributes to three important topics on income inequality and fiscal policy.
Chapter 2 derives a median voter model with the twist that income inequality is engendered
from differences in capital income as well as differences in labor productivity. The chapter
analyzes how inequality in the distribution of capital income affects the size of government.
Capital income is quite distinct from labor income. I define it as rental income, and also
model it as difficult to tax. Therefore, redistribution is financed only by taxation applied to
labor income, and voters have preferences over the tax rate based on their position in the
distribution of capital income. Despite that there are two underlying sources of heterogeneity
in the populations, the median voter is still the unique Condorcet winner as tax preferences

are monotonic in labor income.

The result in Chapter 2 relating taxation levels to capital income inequality is novel. In
contrast to Meltzer and Richard (1981), increased capital income inequality leads to smaller
government. Individuals who are endowed with capital income are less averse to labor-
income taxation. If the share of capital income of the rich rises, then their taxable labor
supply declines and the preferred labor tax rate declines as the median voter has a reduced

capacity to redistribute through taxation. The relationship between the size of government
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and inequality is tested in a panel of OECD data, including capital income inequality as an
additional explanatory variable. The measure of capital income inequality in the analysis is
the top 1 percent income share. Consistent with the theory proposed, government size is found
to be negatively associated with capital income inequality. Moreover, controlling for the top
income share renders a consistently positive estimate for the impact of labor income inequality
on government size, in line with the original Meltzer and Richard (1981) hypothesis. The
negative impact of capital income inequality on government size also survives when capital
income inequality is instrumented with variables encapsulating technology and access to the

capital market.

The model constructed in Chapter 2 is extended in Chapter 3 to investigate how economic
growth is affected by inequality in the capital income distribution in an endogenous growth
model. The template in this chapter is Persson and Tabellini (1994), who argue that
productivity-induced income inequality leads to lower growth as distortionary taxes in-
crease and harm capital accumulation. However, the chapter theorizes that if inequality
stems from differences in income from capital, then labor tax rate falls, implying reduced
tax distortions, leading to higher growth. The relationship between inequality and growth is
tested in a panel of OECD data, augmenting the work of Forbes (2000) to include capital
income inequality as an additional explanatory variable. Consistent with the theory put
forward in the chapter, growth is found to be positively associated with capital income
inequality. Controlling for capital income inequality yields a negative relationship between
labor income inequality and growth, as Persson and Tabellini (1994) originally conjectured,
and in contrast to previous empirical work (in particular Forbes, 2000) challenging their
hypothesis. The positive impact of capital income inequality on growth also holds in various
econometric specifications, including when difference and system GMM techniques are used

to deal with the potential endogeneity problem.

The analysis (distinction between capital income inequality and labor income inequality)
presented in Chapter 2 and Chapter 3 can be applied in most inequality literature and it can

be applied in international data as only OECD countries are currently taken into account.
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In particular, it is very interesting to apply this analysis in the case of China. This is due
to the fact that there are a great number of unobserved capital income in China, and this
will conceivably lead to high capital income inequality level. Current observed inequality
level may be underestimated. If capital income is in fact highly concentrated within the top

(capital) rich in China, then its consequence will be somewhat attractive.

Chapter 4, building on Razin et al. (2002), instead investigates the effect of demography on
the composition of taxes. In an overlapping generations model, taxes are levied on both labor
income and expenditure, financing redistribution to both generations (working and retired
population). The results in this chapter relating to the composition of taxes, defined as the
extent of taxes on income relative to expenditure, are novel. When the median voter is of
working age, then population aging increases the demand for expenditure rather than income
taxes as the working-age population wants to shift the tax-burden onto the retired population.
International panel data in the empirical section of the chapter confirm this prediction. Data
for taxes composition and the fraction of the retired population (as an explanatory variable)
are all from the WDI database. Consistent with the theory derived, the extent of taxes on
income relative to expenditure is found to be negatively associated with the fraction of the
retired population. Moreover, income taxes as a share of total revenue decline with aging
in support of the Razin et al. (2002) hypothesis, whilst expenditure taxes as a share of total
revenue rise with aging. In particular, the results found hold significantly in countries with

strong democratic credentials is supportive of the mechanism proposed in this chapter.

The analysis of Chapter 4 can be applied in the design of tax system as well as the income
taxation literature. The composition of taxes is always neglected by the government and
researchers. Tax system is set ideally by economists, but politician cannot follow this ideal
tax design. This is due to the risk of losing votes in politician competition. Government did
raise revenue through income taxes 30 years ago. While it might probably have reached the
peak of Laffer curve. This indicates that we need to look elsewhere, such as expenditure

taxes.
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5.2 Further Reflections

However, there still exists debate such as the causes and consequences of income inequality
induced by differences in capital income and, although the results from this thesis would
enrich the inequality literature, more research into these results are needed. The distinction
between labor and capital income inequality is first proposed by this thesis, and allows further

research to answer questions relevant internationally.

First, further research, utilizing the distinction between labor and capital income inequality,
can investigate how inequality stemming from capital income affects growth as well as the
size of government within-country. As mentioned in the introduction of this thesis, income
concentration is high and growing in the US. Using US states data, both capital income
inequality and labor income inequality can be constructed by using micro individual data
of income from the Panel Study of Income Dynamics (PSID) dataset, and I will be able to
see whether an increase in capital income inequality has a significant positive relationship
with subsequent economic growth in the US. Moreover, I can also test how the sources of

inequality affect the size of US state government.

A second question which I can address, employing this distinction, is to analyze the case of
China. As mentioned in the introduction, inequality levels in China are currently close to US
levels. It is usually not possible to access the city-level data in China which are public-access
constrained. However, I have already obtained the internal data set, covering 223 cities in
Chia over 2001-2010. Augmenting capital income inequality and labor income inequality
constructed by micro individual data of income from the China Household Finance Survey
(CHFS), I will be able to see how income inequality affects growth as well as the size of city
government in China. Moreover, leaders affect policy outcomes and growth in autocratic
settings as less constraints on a leader’s power (Jones and Olken, 2005), the econometric
analysis thus potentially needs to include the characteristics of mayors in order to analyze

the relationship between inequality and growth in China.
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The results in Chapter 4 also shed new light on the relationship between population aging
and economic growth. Several theories document the negative effect of population aging on
economic growth, either due to smaller size of labor force and productivity (see Gordon, 2016)
or due to excess of savings over desired investment (see also Teulings and Baldwin, 2014).
However, there is no such negative relationship in evidence. Whilst countries experiencing
more rapid aging have grown more in recent years (Acemoglu and Restrepo, 2017). Hence,
another further research can theorize that if income taxes are distortionary whilst expenditure
taxes are non-distortionary as in Kneller et al. (1999), then population aging leads to reduced

demand for distortionary rather than non-distortionary taxes, and therefore promoting growth.
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Appendices to Chapter 2

A.1 Derivation of Equations (2.12) and (2.13)

The problem of the median voter m is to choose the tax rate so as to maximize
um(cm,l’”):um[(l—t)xmnm+Rm+ry',1—nm], A.D)

and the first-order condition for the median voter with respect to the tax rate is

d dn™
<)7_ym—|—td—)t)> e+ [(1 —t)xmuc—ul} (%) —0. (A2)

Thus, making use of equation (2.3), the tax rate chosen by the median voter must satisfy

dy
v —y" 4+t = | =0. A3
y y+(dt> (A.3)

Changes in the tax rate ¢ affect average income via two channels: its effect on the opportunity
cost of leisure, and its effect on transfers (from the government’s budget constraint r = ¢y).

In particular, we have that
dy dydr dy
dr ~ drdt 9t
oy (., ) (A9
TGP ot
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with T = 1 —t. Thus, the total derivative of average income with respect to changes in the

tax rate is given by

ay _ 3y =Yz
dt 1 —1y,

<0, (A.5)
with y, = % and yj; = %.

Finally, making use of (A.5) to substitute in (A.3), we obtain

T -0 - n A0
— -y -+ [P

where 1, = ¥, (r/y) and N = y; (7/y) are the partial elasticities of average income. Solving

the above equation for ¢, yields

P e e (A7)
m—14n,+mn;
with m = y/y™.
A.2 Proof of Proposition 2.1
We begin with the following decomposition of average income
y=p ()3 (A )+ (1 =p(H)y(~H), (A8)

where y (£") is the average income of the individuals in set %" and y (~ %) is the average

income of the individuals not in set .#". From Assumption 2.2 we have that 7 >y,
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Taking the total derivative of y with respect to R (%), the capital income of the individuals

in set %" in equation (A.8) we obtain

_ y(x) Iy(x) dy y(~A) dy
dR(Ji/)_p(%)<8R(,%/)+ or dR(%)’)”l_p(‘%/))( or dR(,%/)t>’

OR(A)  OdrdR(X)"’
— () SR N
(A.9)
where we used the fact that 1, = a—{% = a—y;’yfy_ = a—ft. Using (A.9) to solve for dRc(i,y;if)’ we
obtain
R = o o) <° 10
since leisure is a normal good. Thus, average income y must fall.
In turn, we have that
A" " 0V, (A.11)

dR(X)  dr OR(X)
Thus, we have established that y must fall and y" must increase following an increase in the
capital-income going to the top capital-income recipients. Therefore, m = y/y™ falls and the
increase in capital income inequality lowers labor income inequality. The upshot is that the
increase in the capital income going to the top capital-income recipients results in a lower ¢,

the labor income tax chosen by the median voter.
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Appendices to Chapter 3

B.1 Derivation of Equations (3.13) and (3.14)

The problem of the median voter m is to choose the tax rate so as to maximize

V;ﬂ = U[ y ((1 —Tt)nmemkt‘l—'r[y[—'—Rmkt),l —nm,

+D
Y D (B.1)
———( (1 —1)n" "k + 11y, +Rmk>],
’}/—I—D<( z) t tVt t
and the first-order condition for the median voter with respect to the tax rate is
_ dy})( Y YD
—ymp g U, Ua)
(y’ WA ) \y T yip e
’ D dn (B.2)
(1= 5)e"kUe = Uy T (1= 5)e™Ug| S =0,
o p (- WU Ut s (1= w)mla]

Thus, making use of equation (3.4), the tax rate chosen by the median voter must satisfy

_ dy;
—y" — =0. B.3
Yt yt +Tld7:t ( )

For a given labor income inequality, the political equilibrium 7 is constant over time, so that
the time subscript 7 is suppressed henceforth. Changes in the tax rate 7 affect average income

via two channels: its effect on the opportunity cost of leisure, and its effect on transfers (from
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the government’s budget constraint, r = Ty + YRk, and fixed capital income taxation, 19Rik).

In particular, I have that
dy dydr Jyde

dt drdt ' 00dt’
:8_39(_”@)_@ (B.4)
oar\V T ar) T 90

with @ = 1 — 7. Thus, the total derivative of average labor income with respect to changes in

the tax rate is given by

dy _yry—Je
0 B.5
dt  1—1y, = (5-2)

with y, = % and yg = %. Finally, substituting (B.5) into (B.3) I have

yry—Ye

O=y—y"+7
VY TS

(B.6)

(5 __ M _ nr)_’(l_f)_nB)jT

Y

where 1, = y‘,g and g = )79% are the partial elasticities of average income. Solving the

above equation for 7, yields
S m—1 + nr
Cm—141,+mng

(B.7)

B.2 Proof of Lemma 3.1

Although I impose almost no restrictions on the joint distribution f(e’, R’), as in chapter two
I wish to guarantee that: i) the chosen tax rate is positive; and that ii) the individuals that are
in the top of the capital income distribution are never the decisive voter. Thus, in the sequel I

make the following two assumptions:

Assumption B.1. The joint distribution f(e',R') is such that the labor income distribution is

right-skewed. Thus, y" <y and the chosen tax rate is positive.

From (3.13) I see that Assumption B.1 guarantees that the chosen tax rate is positive.
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Assumption B.2. The joint distribution f(e',R') is such that the set of individuals i € A
with capital income R’ above the 99% percentile of the capital income distribution has

productivity e which is sufficiently high so that y' = e'n'k > y™ for all i € X' .

Figure 2.2 illustrates the condition imposed by Assumption B.2. The locus denoted y = y™
represents productivity and capital income pairs, (ei, Ri) , for which labor income y is equal
to the median voter’s labor income, y™. To the right of this locus, y > y™, since % > 0 and
g—ly; < 0. The dashed line denoted Zggq, represents the 99% quantile of the capital income
marginal density function. Assumption B.2 is a condition requiring that the set % of all
individuals with capital income above Zggq, is located to the right of the locus y = y™, as

shown in Figure 2.2.

Now consider an increase in the capital income earned by the individuals in the set %
of all individuals with capital income above Zggq,. This is represented in Figure 2.3: the
individuals in the set %" that correspond to the original individuals in the top 1% of the
capital income distribution receive an exogenous increase in capital income; thus, the set %
shifts upwards in the space (ei,Ri) , but still satisfying the restriction imposed by Assumption
B.2, that guarantees that none of the members of the set J#" are the median voter (the new set
is represented by the triangle above, in Figure 2.3). Notice that this experiment constitutes
an increase in capital income inequality, since I maintain the capital income of all the other
individuals unchanged and, hence, the capital income share of the top 1% is increased.!
Under a right-skewed labor income distribution y” < y, and given (3.14) above then 7 > 0. As
with Meltzer and Richard (1981) demand for redistribution stems from changes in the labor
income distribution. However, the labor income distribution may now change depending on

the distribution of capital income as well as the productivity distribution.

To see the consequences of higher capital income inequality, notice that all the individuals in
the set #~ will choose to work less, because they enjoy an increase in their capital income

and leisure is a normal good. This will tend to lower the average labor income y, since I have

'Tt is not, however, a mean preserving spread in capital income. But lowering the capital income of the
bottom 99% capital income earners in order to preserve the mean capital income would only reinforce our
results.



Appendices to Chapter 3 107

that
y=p()y(A)+(L—p(X))y(~H), (B.8)

where y (£") is the average income of the individuals in set %" and y (~ %) is the average

income of the individuals not in set .#". From Assumption B.2 I have that 7 >y,

Taking the total derivative of y with respect to R (%), the capital income of the individuals

in set % in equation (B.8) I obtain

_ ay(x) Iy(x) dy Iy(~H) dy
dR(f)_p(%/)(aRW) or dR(%)T>+(1_p(%))( or dR(yg)T>’

=P ) R o) T araR ()
9y (A) dy
= H r ’
P Sk T aR )
(B.9)
where I used the fact that 1, = a—ﬁ% = a—ﬁ% = g—fr. Using (B.9) to solve for dR[&,) , I obtain
dy _ p(HA)Iy(X)
= 0 B.10
dR(A) ~ 1—m, R () = (B.10)
since leisure is a normal good. Thus, average income y must fall.
In turn, I have that
dy™ ay"™ dy
Yy _9 9 .. (B.11)

dR(X)  dr IR(X)
Thus, I have established that § must fall and y” must increase following an increase in the
capital-income going to the top capital-income recipients. Therefore, m = y/y™ falls and the
increase in capital income inequality lowers labor income inequality. The upshot is that the
increase in the capital income going to the top capital-income recipients results in a lower 7,

the labor income tax chosen by the median voter.
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B.3 Derivation of Equation (3.16)

For the average individual in (3.1) and (3.2), [ have

ki1 = y: +Rk; — ¢4,

d
— i + Rk, — L (B.12)
D
k
— v, + Rk, — ) 41
Solving the above equation for & 1, yields
D Rk
ki1 = M (B.13)
Y+D
Combining the above equation and (3.8), the growth rate of k can be obtained
g = kz+1 _kt
t k[ 9
0 roo i il (i RN P (B.14)
B D(f0 Jo e'n[(1—1)e',r,R'|f(e',R")de'dR -l-R)

Y+D

Again for a given labor income inequality, the political equilibrium 7 and g are constant over
time, so that the time subscript ¢ is suppressed henceforth. Thus, the effect of taxation on

growth, making use of (B.5), yields

dg D d(Jy Jyeénl(1-1)e',r,R]|f(¢',R")de'dR +R)
dt  y+D dt ’
1
y+D dt '

(B.15)
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B.4 Labor Income Inequality and Growth (without R))

B.4.1 Economic Environment

Different individuals have different incomes. The budget constraints, common to all individ-
uals, are

cﬁ +k§+1 =(1- ‘L't)yi +ry (B.16)
o =Tkl (B.17)

where y' is the individual’s labor income when young, and is taxed at a linear rate 7, k' is the
individual accumulation of asset, r is lump-sum redistribution, and Y is the exogenous rate
of return on asset. Individuals make decision between consumption and investment when
young, financed by disposable labor income and lump-sum redistribution, and benefit from

the return on that investment when old. The labor income when young is defined as
vl =nle'k, (B.18)

where ¢’ is productivity, and the stock of k accumulated on average by the previous generation
has a positive externality on the income of the newborn generation as in Persson and Tabellini
(1994). Note that the stock of aggregate capital is accumulated as average productivity of
all individuals increases. With homothetic preferences, the ratio of consumption in the two
periods is independent of wealth and labor income taxation, ‘%‘ = D. Equivalently, every

individual has the same “saving rate”.

Each individual chooses labor supply so as to maximize

Vi=U [HLD ((1—z)nell +r,), 1, }/Z——DD (1= wnell +r)]. (B.19)

The first-order condition is

) D .
HLD(l —’L})e’ktUc—Ul—l—y?;—D(l — 1)k Uy =0 (B.20)
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which determines the labor supply, n[(1 — 7)é’, r], for those who wish to work. Note that k is
given due to accumulation by the previous generation. The choice depends only on the size
of redistribution, r, and after-tax wage, (1 — 7)e'.

Let F denote the distribution function for individual productivity, so that F(¢') is the fraction
of the population with productivity less than ¢. Average labor income is obtained by
integrating

)7,:kt/oooein[(l—Tt)ei,r,]dF(ei). (B.21)

Finally, the budget of government is balanced and all government spending is for redistribu-

tion of income. If per capita income is y, then
T[yt = rI. (B22)

For the average individual, k;1 1 = y; — ¢;. By use of (B.17) and (B.21) I can therefore solve

for the growth rate of k

kyi—k D[y en[(1—15)e' r]dF ()

= -1 B.23
i 3 V4D (B.23)
Since leisure is a normal good, I have
on'
art N
(HLD)Z(l — Tt)eiktUcC + (}/Z__DD)z(l — T,)eik,Udd — )H—LDUCI —{—2(;;2—3)2(1 — T,)eik,Ucd — %Udl
—-Q
<0,
(B.24)
-7 i \2 i \2 ;
with % =Q= (Y—‘,—LD<1 — ‘L})elkt) UCC+Ull + (Y}_/,’_—DD(I — ”L't)e’kt) Udd _2’)/4-LD(1 — ’L})e’k,UCl +
2(},+LD(1 — Tt)e"k,)zDUcd — 2)ZF—DD(1 —1,)e'k,Uy; < 0, given the assumption that v is strictly

concave. Hence for given productivity endowment, individual labor supply falls with in-
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creased redistribution. Therefore

oA o * ia”i i
E —k,/o e artdF(e)<O. (B.25)

This establishes that the left-hand side of (B.22) is strictly decreasing with r. Moreover,
Ty is non-negative and bounded above by Te, where e is average productivity. In turn, the
right-hand side of (B.22) is strictly increasing with r. Thus, there is a unique value of r to

satisfy (B.22) for any 7.

B.4.2 Political-Economic Equilibrium

In order to characterize the political economic equilibrium, the median voter m sets taxes
to maximize utility subject to the budget constraints (B.16) and (B.17), and the government

budget constraint (B.22):

v
Y+D

% (1 —zpmemt +5)], B26)

v;”:U[ ="

<(1 — )" ek + Tt)_’t) 1 —n",

and the first-order condition for the median voter with respect to the tax rate is

(y't—yé"Jrrz@)( L w U)

dn)\y+D " y+D ¢
Y ekt — U+ TP~ ey,
+[y+D(1 @) Ue —Ur-+ s (1= 5)e" Uy | - =

(B.27)

Thus, making use of equation (B.20), the tax rate chosen by the median voter must satisfy

_ dy,
—y — =0. B.28
Ve — ¢ +Tszt ( )

For a given labor income inequality, the political equilibrium 7 is constant over time, so that
the time subscript ¢ is suppressed henceforth. Let 6 = 1 — 7 be the fraction of earned income

retained. From (B.21), y depends on r and 6. The total derivative of average labor income, |
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have
dy dydr dydo
dt drdt  96drt ) (B.29)
8y< Lt dy) _dy
0 dt) 96’
Thus, the total derivative of average labor income with respect to changes in the tax rate is
given by
d)? Vry—Ye
— =<0, B.30
drt 1 — 1y, ( )

with y, = and Vo = 8 Flnally, substituting (B.30) into (B.28) I have

(B.31)

where 1, = )7,§_ and ng = }79% are the partial elasticities of average income. Solving the

above equation for 7, yields
m—1+4 nr

B.32
m—1+mn,+mne ( :

with m = l_,,, Identical to the spirit of Meltzer and Richard (1981), equation (B.32) yields

that an increase in labor income inequality raises taxation

drt

—>0. B.33
T (B.33)

B.4.3 Labor Income Inequality and Growth

For the average individual in (B.16) and (B.17), I have

kt+1 =y —C

d
=5 - %1 (B.34)
_ Yk
=Yt — .

D
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Solving the above equation for k; 1, yields

Dy,
ki1 = ' B.35
Combining the above equation and (B.21), the growth rate of k can be obtained
g[ = @7
t
(oo} ; . . B.
_ Dy en[(1 - 1), r]dF (¢') (B.36)

—1.

Y+D

Again for a given labor income inequality, the political equilibrium 7 and g are constant over
time, so that the time subscript ¢ is suppressed henceforth. Thus, the effect of taxation on

growth, Combining (B.23) and making use of the total derivative of y (B.30), yields

dg D d[fg"ein[(l . r)ef,r]dF(ei)]
drt - '}/+D drt ’ (B37)
D idy

r+D dv =

Thus all else equal, the higher is the labor income taxation, the lower is the growth rate.

Combining (B.33), therefore, the effect of labor income inequality on growth yields

dg dgdrt

_ds , B.
dm _ drdm (B.38)

If labor income inequality increases such that divergence between mean and median labor
income increases, then the preferred labor income tax rate (or redistribution) rises, and hence
less growth because redistributive policies are coming from distortionary taxes that affect
capital accumulation. This indicates that labor income inequality is harmful for growth which

is identical in spirit to Persson and Tabellini (1994).
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B.5 Redistribution and Growth

In the model, I theorize that greater capital income inequality leads to smaller tax burden
on labor and thus higher subsequent economic growth. However, this implicitly indicates a
negative relationship between government size and subsequent growth. Therefore, I test this
relationship in Table B.2 which presents regressions of average annual per capita growth rate
on the lagged total government outlays. Column 1 includes the initial income level on the
right-hand side, and I can see a negative and significant relationship. The rest of the table
investigates the robustness of this relationship. Column 2 includes the initial male and female
education, while column 3 instead adds initial market distortions on the right-hand side.
Column 4 includes all controls mentioned above, and with these controls the relationship
between total outlays and growth remains negative and statistically significant at 10 percent.
Column 5 in addition includes TOPINC and UTIP, thus allowing for robustness check of
how inequality affects growth. In this case, controlling for the lagged total outlays again
yields positive relationship between capital income inequality and growth, in support of the
mechanism proposed in this chapter. Moreover, columns 6-10 mimic columns 1-5 and show

that the broad picture is also similar when I focus on the ten-year panel data.
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Appendices to Chapter 4

C.1 Derivation of Equations (4.11) and (4.15)

The problem of the decisive voter is to maximize:

14+n_
u [(1 - Tc,z) ((1 - Ty,t))’d + (Tc,t =+ Ty,z)myt) (1= Tc,t+1)rt+1:| . (C.D
The properties of (4.9) indicate that:
dy; _
= _ C2
dr,, 5yyz (C2)
dy; _
= —O¢Vs. C3
dTe, Vi (C.3)

The first-order condition for the pivotal voter with respect to the labor income tax rate is:

1+n 14+n. _\ du
(I—Tc,t>(_)’d+ 2+n5yyt>

=0. C4
24+n €D

Vi —(Tes+ 7T =
Yo = (Tes + Tya) ety
and the first-order condition for the pivotal voter with respect to the expenditure tax rate is:

l+n_ I+n  _
(=) (5= (et )y 8 = (= T (e -30)

1+n_ du
2—|—nyt)} dciy =0.
(C.5)
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For a given n, the political equilibrium 7, is constant over time, so that the time subscript ¢
is suppressed henceforth. Therefore, the labor income tax rate chosen by the decisive voter
yields equation (4.11) in the text

14+n 14+n

— — T,
Yatm o I (T +y)2+n

8,5=0. (C.6)

and the expenditure tax rate chosen by the decisive voter yields equation (4.15) in the text

1+n_ 1+n. l+n__
(1-1) |5y (Tt )5 85|~ (1= By + (et ) y=0. (€7
C.2 Proof of Proposition 4.1
From (4.15), I have
(1—1)[1ﬂ- (t+7,) 1" } (1=t )y+ (2 +1,) % (C.8)
c 2+ny ¢ Y Y y)Y ¢ y2+ny- .

Given that y = y, and dividing through by y this yields

14+n 1+n 1+n
(1-1) [m - (rc+fy)2+n30} =(1-5) + (4 5) 5 (C.9)
1+4n
From (4.11), substituting for (7. + 7,) and 7, using 7. + 7, = 211",, 51 implies
I+n 57,1 T =T
(1- r)[ 5]:1+7: + (C.10)
2+n Oy ¢ ¢ ;11’1’3 Oy
Solving for 7. yields
14+n
[ c (2_ - )}
1 il 1 i (C.11)
% [<%+ 1>6y (2 - 1)6.]
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I+n 1
Substituting into T, = zgi”n 5 T yields
n

(4 - D[+ 08— (25 - D8] -8 - D [E (8- 8) -~ (3 - )

2
Ty =
&k | (b + 18 — (K — )&
(C.12)
Simplifying the above two equations yields
r=b__ G2+ (C.13)
T 5 ((14m) (8- 8)+1)
The first-order condition with respect to n yields:
ar 28 ((14n)(8,-8)+1) = ((3+21)8,+8.)8,(3,~ )
dn 2
" 18 ((1+m)(8,—80)+1))] i

82(2— 8,62
_ y( 5)’)+YC 2>0

[@((I—I—n)(ﬁy—&)—i—l)]

given that 0 < 6, < 1and 0 < &, < 1.
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