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Abstract

This dissertation consists of two essays on the political economy of fiscal policy.

In the first essay, I analyze the persistent difference between legal and effective direct
tax rate. This difference is explained by the level of tax enforcement. I consider that tax
enforcement is a policy choice and study how society determines tax enforcement policy
through a process of social preference aggregation. It find that tax enforcement causes an
intertemporal conflict between workers and capitalists. In doing so, we seek a sharper answer
to why direct tax enforcement varies across economies.

In the second essay, coauthored with Klaus Schmidt-Hebbel, we develop a dynamic
general-equilibrium political-economy model for the optimal size and composition of pu-
blic spending. An analytical solution is derived from majority voting for three government
spending categories: public consumption goods and transfers, as well as productive govern-
ment services. We establish conditions, in an environment of multi-dimensional voting, under
which a non-monotonic, inverted U-shape relation between inequality and growth is obtained.
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Abstract

This paper derives endogenous enforcement of income taxation as a result of political-
economy decisions under repeated voting in general dynamic equilibria. The economy is
characterized by two overlapping generations (workers and capitalists), two production sec-
tors (a formal sector that uses capital and labor and pays accrued taxes fully, and an informal
sector that only uses labor and pays taxes subject to a level of tax enforcement decided by ma-
jority voting), and a government (who collects taxes used to finance transfers to workers).
Enforcement causes an intertemporal conflict between agents that differs in two Markov-
perfect equilibria. In the myopic equilibrium, tax enforcement increases in capital because
higher transfers compensate the decisive voter for higher tax payments. In the strategic
equilibrium, tax enforcement declines with capital because the reduction of capital is used
by the current decisive voter as a credible threat to the future voter. In steady state both
Markov-perfect equilibria are determined by the negative impact of tax enforcement on cap-
ital. Steady-state enforcement is shown to be higher in the strategic equilibrium and in the
social-planner equilibrium, compared to the myopic equilibrium. The model is extended to
consider intra-generational inequality among workers that differ by productivity. For this
case, the Markov-perfect equilibrium is unique and strategic, reflecting a coalition between
capitalists and low-productivity workers. Higher inequality lowers capital and raises tax
enforcement.
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Markov Equilibrium.
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“The power to tax is taken for granted in most of mainstream public finance. Tradi-
tional research focuses on limits imposed by incentive constraints tied to asymmetric
information, or sometimes political motives, rather than administrative capabilities
of the state. Thus, public finance and taxation remains a relatively unexplored field.”
Besley, T. and T. Persson, Handbook of Public Economics, 2013, Vol 5, Chapter 2,
p- 92

1 Introduction

As stated in the opening quotation by Besley and Persson (2013), countries show a marked
difference in levels of direct tax revenue that is correlated with development status, but sur-
prisingly uncorrelated with statutory (legal) tax rates. Richer countries tend to raise more tax
revenue despite having statutory tax rates similar to their poorer counterparts (Besley and Pers-
son, 2013).! This difference, as suggested by Gordon and Li (2009), reflects higher tax evasion
in poorer countries due in large part to tax enforcement deficiencies. Generally, the literature
on tax evasion shows an inverse relationship between state capacity and fiscal evasion. State
capacity, however, is taken as exogenous.

The traditional focus of tax evasion, based on the seminal work of Allingham and Sandmo
(1972)2, finds an ambiguous relationship between the tax rate and evasion and an inverse rela-
tionship between tax enforcement — defined as the probability of detecting tax evasion weighted
by the penalty for such evasion — and tax evasion, assuming an exogenous tax enforcement policy.
Later extensions of the Allingham and Sandmo model show that the relationship between the
tax rate and evasion is not ambiguous but is positive. This original inverse relationship between

tax enforcement and evasion is upheld without variation.? The existence of an informal sector

!There are several ways of measuring representative tax rates, Besley and Persson (2013) uses top statutory
income tax rate. Gordon and Lee (2005) discuss four representative personal income tax rates: the top statutory
personal tax rate, estimated effective marginal tax rates, effective average tax rate on labor income, and a weighted
average statutory individual income tax rate. Although none of these four measures is ideal.

2Where the decision to evade taxes is a choice made under uncertainty, taking into account the risk aversion
and expected utility of the representative agent. These characteristics mean that the model can be thought of as

a type of portfolio model.

3Sandmo (2012), Alm (2012), and Myles et al. (2010) review the extensive theoretical literature on tax evasion

and they highlight i) the extension using occupational choice in the labor market as in Kesselman (1989), in
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is a sufficient but not necessary condition for tax evasion. Rauch (1991), Dabla-Norris (2008)
and de Paula and Scheinkman (2011) show existence of an informal sector by allowing agent
management ability to be heterogeneous. Each agent can choose to start a firm in the formal
sector, start a firm in the informal sector, or become a worker. The high costs of formalization
(high taxes and/or capital costs) prevent low-skill firm owners from doing well in the formal
sector and they therefore choose to operate informally.

Subsequent work on tax evasion endogenizes tax enforcement from a normative perspective.
This literature, labeled under the category of optimal tax enforcement, shows that if the goal of
the government is to maximize tax revenue to fund public spending, it is necessary to consider
administrative costs as well as general distorting effects generated by the decision to evade (or
pay) taxes, so that optimal policy depends on distorting factors such as: the regressiveness of
the tax rates, the initial investment in detection technology, the existence of a labor market com-
prised by undocumented migrant workers, and the size of the informal economy, among others.
Studies in this area include Border and Sobel (1987), Chander and Wilde (1998), Reinganum
and Wilde (1985), Cuff et al. (2011) and Leal (2014).

In this paper we are interested in the problem of tax enforcement, defined as the inability of
the state to raise taxes as a result of weak administrative execution rather than weak legislation.
To our best understanding, only a small number of studies have analyzed tax enforcement from
a political-economy perspective. Only Besfamille et al. (2013) have taken a political-economy
approach to tax enforcement — the optimal level of indirect tax enforcement is derived in a static
environment via majority rule. Their objective is to explain why indirect tax enforcement varies
between markets. Firms compete a la Cournot and the government collects taxes in order to
finance transfers. Individuals face the following trade-off: they want more transfers but this
leads to higher prices for consumer goods. The paper explains the low level of enforcement
in indirect taxes (e.g. sales taxes) whereby firms underreport sales and therefore pay fewer
indirect taxes. Fiscal evasion is a firm decision, not a personal one, and firms do not vote. In

equilibrium, tax enforcement positively affects prices and the decisive voter is the individual with

particular the consideration of general equilibrium effects in a static model, ii) the use of tax retention mechanisms
at the origin, iii) the design of audit selection rules, iv) the incorporation of various aspects of behavioral economics
and v) the inclusion of social norms. With regard to the empirical literature we should mention Cebula (1997),
who shows that an increase in audits and evasion penalties can reduce evasion, and Andreoni et al. (1998) who

review the empirical literature supporting the positive effect of tax rates on evasion.
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median willingness to pay. Therefore the tax enforcement level in each market is determined
by the parameter distribution of willingness to pay in that market. However, the search in the
literature of positive economy on the direct tax enforcement was disappointing since we find no
study on this matter. Even if the studies of Borck (2009), Roine, (2006), and Traxler (2009,
2012) deal with direct tax rate determination problem and relate it to the level of enforcement,
unfortunately, here the level of tax enforcement is an exogenous policy. In these studies, higher
tax enforcement can be attractive to the decisive voter given its positive impact on transfers.
In particular, Roine (2006) shows that evasion can lead to a coalition between rich and poor in
order to vote for a higher tax rate. The poor benefit from increased transfers and the rich are
compensated with greater evasion.

Our approach is to explain deficiencies in direct tax enforcement in a dynamic environment
as the result of a political conflict between agents rather than as the product of institutions
inherited from the past. Moreover, we avoid the usual treatment of tax evasion where economic
agents must choose a level of evasion, given enforcement capacity of the state, the technology of
tax evasion, and the risk bearing in such technology. Instead, we consider that tax enforcement
is a policy choice and study how society determines tax enforcement policy through a process
of social preference aggregation. In doing so, we seek a sharper answer to why direct tax
enforcement varies across economies. In this model tax enforcement policy is the result of an
voting process and the amount of tax evasion is obtained directly as in a simple deterrence
model.

For this purpose, we use a dynamic macroeconomic model with overlapping generations and
two productive sectors, with tax enforcement problems in the traditional sector. We use a polit-
ical economy model with Downsian voting to choose a tax enforcement policy in each period.?
Since agents are forward-looking and rational, their vote in each election will be strategic. Each
agent (representative of his cohort) has opposite political preferences depending on whether he
is young (a worker) or old (a capitalist). The two sector production structure of the economy
contributes to the polarity of agents’ political preferences. We assume that the modern sector

demands labor and capital, while the traditional sector only uses labor.® The coexistence of a

41t is difficult to justify a direct vote on tax enforcement policy, still, the policy convergence theorem allows

us to use the median voter theorem result in a two-party competitive environment.

*Turnovsky and Basher (2009), Thrig and Moe (2004), and Garca-Pefialosa and Turnosvky (2005) model a

productive dual structure called formal and informal sector to characterize a developing economy. In our model,
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modern and a traditional sector will imply that the factor income is affected in opposite ways
by the same policy of tax enforcement. In the long run, tax enforcement is incomplete due
to the political conflict between workers and capitalists, with workers preferring low values of
enforcement while capitalists prefer the opposite.

We derive two forward-looking political equilibria. In the myopic equilibrium, the policy
function is increasing with respect to capital; therefore tax enforcement increases in capital
because higher transfers compensate the decisive voter for higher tax payments. In the strategic
equilibrium, however, the policy function is decreasing with respect to capital, a result that
reflects the believable threat of the current decisive voter regarding the choice of the future
decisive voter. As the equilibrium is Markov-perfect, the only way to influence the myopic
choice of the future voter is via a reduction in the level of capital stock, which is the result if the
current decisive voter chooses a higher level of tax enforcement. Finally, in steady state, both
Markov-perfect equilibria are determined by the negative impact that tax enforcement has on
long run capital levels. This discouragement of capital accumulation is generated by the fact that
workers have lower income and are the only agents who save. Steady-state enforcement is shown
to be higher in the strategic equilibrium and in the social-planner equilibrium, compared to
the myopic equilibrium. The model is extended to consider intra-generational inequality among
workers that di?er by productivity. For this case, the Markov-perfect equilibrium is unique
and strategic, reecting a coalition between capitalists and low-productivity workers. Higher
inequality lowers capital and raises tax enforcement.

Another feature of the model is the analytical characterization of the political-economy
equilibrium. To our knowledge, the work of Hassler et al. (2003, 2005, 2007) and Grossman
and Helpman (1998) are the only dynamic political economy models that achieve an analytical
solution as a Markov-perfect equilibrium. This is due to the complexity that results from policy
endogenization in a dynamic environment. Our work, while highly stylized and simplified,
contributes to the understanding of various aspects of tax enforcement policy dynamics because
we offer a closed form analytical solution.

The paper continues as follows. In section 2 we describe the model, derive the equilibrium

given a level of tax enforcement and show a closed solution of the capital accumulation equation

we took that duality but we label it as the modern sector and traditional sector because in our model agents pay

income taxes, not firms.
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and the respective indirect utility functions. In section 3, we introduce tax enforcement policy
into the model. Section 4 presents a politico-economic equilibrium, wherein we characterize two
Markov perfect equilibria, myopic and strategic. Then, in section 5, we extend the model by

allowing the labor productivity level to differ for each agent. We conclude in section 6.

2 The Model

In this section we describe a simple model that yields a closed-form solution for economic
equilibrium. The economy has one non-produced input (labor) and one produced good, which
serves both as a capital input and as a consumption good. Each agent is endowed with one unit

of labor in each period.

2.1 Firms

This economy has two sectors, a modern sector (M) and a traditional sector (T), and both sectors
produce a homogeneous commodity with different technologies. The modern sector employs
capital, K, and labor, Lj;, and has constant returns to scale. The production function is
Cobb-Douglas, Yy, = AMK]O\‘/‘,L}V;“, where o € (0,1). On the other hand, the traditional sector
employs only labor, Ly, and its production function is linear, Y7 = ApLp.% This treatment is
similar to Turnovsky and Basher (2009), with the difference being that they adopt a production
function with decreasing returns to scale in the traditional sector. Thus our traditional sector

7 Useful examples for

is labor intensive and its productivity can be considered a fixed factor.
the traditional sector include the market for agriculture, wherein land is the fixed factor, or
the black-market, wherein the fixed factor is the technology available to produce consumption
goods without accounting and financial records. The fact that the model allows only one final

good facilitates the characterization of the economic equilibrium, and as we will later show,

the political economy equilibrium as well. The assumption that the same good is produced

5The assumption of linear production function plays no role in the characterization of the equilibrium. In
appendix A, we show that the economic equilibrium keeps the qualitative implications yet under the assumption of
labor’s diminishing marginal returns. However, the assumption of linear production simplifies the characterization
of the equilibrium.

“Our model can be thought of as a simplified version of a two-sector two-good model with a degree of substi-
tution between the goods. Kesselman (1989) developed a static intersectoral model for tax evasion in which the

goods of each sector are imperfect substitutes in consumption.
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both formally and informally is not unreasonable. Slemrod and Yitzhaki (2002) show that
the simultaneous existence of formal and informal services (in the home or another small-scale
sector) justify the one-good treatment.®

Given that the firms operate in a competitive environment, factor payments are equal to

their respective marginal productivities

r = aAMKjo\‘[lL}Vfa (1)
wy =1 —a)Au K3 Ly (2)
wr = AT (3)

Capital does not depreciate and the firms do not face cost of adjustment of capital stock. In

this case, the investment decision of the modern firm is simple.

2.2 Government

The government collects taxes from capital and labor income, at rates 7% and 7!, respectively.
We assume that taxes are implemented without evasion if capital and labor income come only
from the modern sector; however, labor income from the traditional sector can only be partially
observed by the government and the collected taxes are necessarily less than or equal to the
legally established rates. So the effective tax rate on traditional labor income is 7¢ € [0, 7!]. The
difference between the de facto tax, 7¢, and the statutory tax, 7!, depends on tax enforcement,
¢ € [0, 1], which will be determined by a majority vote of rational self-interested individuals.
The traditional tax enforcement problem is one of asymmetric information but the issue

here is more complicated.” Reported labor income may or may not be equal to real income -

81f the model had two sectors producing distinct goods, the existence of one sector is guaranteed, as the demand
for each good is determined by the degree to which the goods are substitutes. Additionally, the aggregate demand
would be a new determinant of the size of both the traditional and modern sectors. Nonetheless, in our model,
labor market equilibrium determines participation in each sector even though measuring participation is not the

formal objective of this paper.

9Mirrlees (1971) addresses the issue of asymmetric information between the government and taxpayers. In the
society, there is income inequality due to the distribution of ability for individuals. The government wants to
reduce this inequality and is interested in setting a tax rate that allows for a transfers scheme. However, skills are
not observable (asymmetric information) and higher tax rates encourage individuals with greater skills to choose

higher levels of leisure - thereby affecting economic efficiency.
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but these reports can be reviewed by the collecting agency through costly audits. We assume
that tax enforcement will positively affect the effective tax rate but in a decreasing way, namely
the effective tax rate will be 7¢ = 7l¢*, with A € (0,1).!° Moreover, increasing tax enforce-
ment entails increased administrative costs because tax administration deals primarily with the
matter of information gathering. Slemrod and Yitzhaki (2002) enumerate several reasons why
information is asymmetric and costly. In particular, they note that income reports tend to be
more honest in sectors whose transactions are documented or registered. In this model, mod-
ern sector transactions are recorded in the financial system, unlike the traditional sector whose
transactions are in cash and therefore more difficult to trace. For this reason, administrative
costs of increased enforcement in the modern sector would be low and constant, for convenience
we consider these costs equal to zero. In the traditional sector, however, administrative costs
will be positive and strictly increasing with respect to tax enforcement.'’ Therefore, we assume
that the cost function is convex, and defined as ¢ = é¢” with p > 1.

Additionally, we assume that government revenues are only used to finance transfers to young
agents. This transfer mechanism is a particular generational policy where the old generation
faces a tax and the young generation receives a transfer payment.'? In the literature developed
by Rangel (2003), this mechanism can be conceived as a forward intergenerational public good
because government policy increases younger generation income (and therefore savings), which
has a consequent positive impact on capital accumulation.'® Given the parameter ¢, if the after-
tax interest rate is greater than the subjective discount rate, young-generation consumption
(without considering transfers) is less than old-generation consumption and transfer payments
can be seen as a consumption redistribution from rich to poor.

The government budget constraint is

Gy = 7%r Ky + thwy Ly + (¢ = c)wr L. (4)

0T his feature can be justified in a simple model of tax evasion which we will detail in the following section.

11 addition, this assumption will allow us to obtain interior solutions on one of the politico-economic equilibria.

2K otlikoff (2002) shows how generational policy works in models of overlapping generations. In a general
theoretical framework, he analyzes the impacts of transfers, taxes, and financing of public deficits on the actions

taken by the different generations.

130ther examples of forward intergenerational goods are education and the environment, while a classic back-
ward intergenerational good is the pension system. Boldrin and Montes (2005) show an example of the linkage
between backward and forward intergenerational goods exchange. Several papers have studied investment in

forward goods in an OLG model, for example, Kotlikoff and Rosenthal (1993) and Collard (2000).
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2.3 Consumers

Agents live for two periods. In the first, they offer hours of effective labor, measured by 64,
then make consumption and savings decisions based on their income and preferences. In the
second period, agents consume all wealth (savings plus interest). In the first period, agents are
labeled as workers because they earn labor income and in the second, agents are called capitalists
because their income comes from savings in the previous period. Let N be the constant number
of workers in each period.'® Intertemporal preferences are captured by a separable logarithmic
utility function.'® Finally, assuming perfect intersectoral mobility of labor!”, the problem that
faces each agent living at time ¢ is the following

max Inc¢ + Blncyy s.t.
ctyct+1,lr,

e+ st =1 — 7wl + (1 — 79 wrly + g (5)
cir1 = (1+ (1= 7")req)s (6)

where c¢ represents consumption, I is the effective number of labor hours in the traditional
sector, [y are the effective number of labor hours in the modern sector which satisfy I 41y, = 6,
gt = G¢/N is the transfer per worker, s; is worker’s savings and r;;1 is the rental rate.'® The
parameter 3 € (0, 1) is the subjective discount factor and 77, for j = k, [, e denotes the tax rates

according to income sources, as discussed in the previous subsection.

141 Section 5, we extend the model and allow intragenerational heterogeneity.
15We assume zero population growth.

161t is well-known that this function has a intertemporal elasticity of substitution equal to one. In this case, the
savings decision is insensitive to changes in the interest rate, more precisely, the income effect is fully compensated
by the substitution effect. This particular functional form will allow us to obtain a closed-form solution of the
politico-economic equilibrium.

Y Turnovsky and Basher (2009) says developing economies have rigid labor markets and its intersectoral mobility
can be reduced. This rigidity may be due to deficiencies in institutions that do not promote coordination between
employer and employee. We simplify the reality of economies and assume that mobility is perfect. Furthermore,
the inclusion of an equation that captures the intersectoral dynamics can unnecessarily obscure our derivation and
subsequent comparative analysis. Our assumption enables us to characterize a labor market whose equilibrium

wage is determined by the low productivity of the traditional sector.

Bnterest rate received by the agent is equal to the rental rate paid by firms under the assumption that the

relative price of the capital is constant and equal to one, we assume that capital can be consumed.
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2.4 Equilibrium with Exogenous Policy

Given that the workers chose their hours of effective labor for each sector, the respective after-tax

wages must be equivalent in equilibrium.
(1 —mHwy = (1 = 7%)wr. (7)

Given the first-order conditions of the agent’s problem, consumption levels are

1
o =721 (8)

cra1 = (1+ (1= 7F)repn) I, (9)

p
1+3
where worker income, denoted as I;, is the sum of labor income and government transfers

I = (1 —7%wrb + g (10)

Given equation (7), labor income is equal to the effective labor hours valued at market price,
namely, the after-tax equilibrium wage. We know that before-tax wages in the traditional sector
are equal to their respective marginal productivity, which, according to equation (3), is constant.
Therefore the before-tax equilibrium wage in the modern sector will be equal to wy;s = %AT.

If we include the before-tax equilibrium wage in the equation for the marginal productivity
of labor (2) we have labor demand of the modern sector, which is shown to depend linearly on

the economy-wide capital stock.

1/

(1—a)Ay(1 -7 K. (1)

Ly = Ar(1—719)

In this equation, an increase in aggregate capital stock increases the marginal productivity
of labor, which in turn allows the modern sector to hire more labor. The intuition behind this
dynamic response is straightforward. Since marginal productivity in the traditional sector is
constant (3), any increase in the marginal productivity of labor in the modern sector requires
a parallel increase in the amount of modern-sector labor, L,s, to ensure that the labor market
clears.

On the other hand, an increase in the effective tax rate, 7¢, (the equivalent of more tax
enforcement) reduces traditional labor income, leading agents to increase the hours of effec-

tive labor in the modern sector. The effects of changes in sectoral factor productivity on the

20



traditional labor are well-known in the literature. An increase in modern (traditional) factor
productivity, Ays (A7), causes an increase in the respective labor income and therefore increases
the modern (traditional) labor to the detriment of traditional (modern) labor. For a given level
of aggregate labor demand (11), the equilibrium interest rate, 7, will be constant. Due to a per-
fect intersectoral mobility of labor, the interest rate does not depend on the aggregate capital

Ky 19 We replace (11) in (1), which yields

(-o)

(1—a)Ay(1—7H] @
AT(l - Te)

The effective tax rate affects the interest rate positively via the supply of labor to the modern

r=ady (12)

sector as discussed above. We also should mention that the adjustment in the labor market is
responsible for the negative dependence of marginal return to capital with respect to Ap. An
increase in A7 lowers the modern labor demand and the marginal return on capital will be lower
because the marginal return depends positively on the other factor, labor.

Replacing the equilibrium wage (7) and modern-sector labor demand (11) in the equation

for government revenue per worker (4), yields

gt = \I’(Teﬂ'kw‘lMa Ap)ks + (¢ — ¢) A7 (13)

Q=

where W(7¢, 7%, Ay, Ar) = 7Fr + Ap (l—a)AM(l—rl)]

Tl
Ar(l—7) { (1—7°)— (¢ - C)} and 7y de-
fined by (12).

(1=t

The level of government transfers per worker, g;, has two components, one linearly linked to
savings of workers born in previous period, k;, and another related to taxes on labor income,
which is discounted by administrative costs ¢. To improve the intuition of this observation, we
consider two extreme cases. First, suppose that fiscal capacity is null, ¢ = 0, in the traditional
sector then the effective tax rate and administrative costs are also null (7¢ = 0 and ¢ = 0). In
this case taxes are collected only from capital income in the modern sector. In the case that tax
enforcement is complete, ¢ = 1, if the administrative costs are lower than the labor tax rate,
¢ < 7t = 7¢, tax collections will come from labor and capital income. Note that it is not possible

to assert if the total tax collection is higher or lower in relation to the null tax enforcement.

9The interest rate is constant but that does not mean that we are facing an endogenous growth model. This
model lacks the appropriate externality to generate perpetual growth of both factors of production. The aggregate
hours of effective labor do not increase over time unlike the capital stock. However, the aggregate capital, K,

moves to reach its steady state level. See the subsection 3.5.
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We deduce the workers after-tax income function by placing government transfers (13) in

worker’s income (10)
L7, 7%, Apr, A ke, 0) = (76, 78 A, Ay + (1 — ¢) Agb. (14)

Since generations are homogeneous, government transfers associated with labor income are
compensated in a one by one fashion by after-tax labor income. Therefore no worker receives
transfers from another worker. As mentioned above, transfers are effectively intergenerational
income redistribution from capitalists to workers. Note that the administrative costs of taxation,
however, are borne by workers.

Additionally, net aggregate saving?®, S; = Ns; — K;, is equal to net aggregate investment,
K1 — K, if we assume, for simplicity, that population growth is zero. The intuition is simple -

workers are the ones who save part of their income and since there is no heterogeneity between

them savings must equal investment.?! It follows that the dynamic equation of the capital per
worker is
Ky I3
ki1 =8 = —"——xI|. 15
N AR A (15)

In a standard overlapping generations model the dynamic of capital is known to depend on
the marginal product of labor. Here, the existence of modern and traditional sectors and the
perfect intersectorial labor mobility change the typical capital dynamic. However, transfers, g,
allow us to create a new mechanism for capital accumulation because they are financed by taxes
on capital income of agents born at time ¢t — 1.22 The distribution of labor per worker in the
modern sector is simply equation (11) divided by N and since the total labor supply is constant,
N6, traditional labor per worker is obtained as a residual.

Finally, economic equilibrium is defined as follows.

Definition 1. Given the initial condition ko and the vector of policies [t¢ TF 7')', a Competitive
Economic Equilibrium is defined as a sequence of allocations {c1y,ca 41, kit1}i Such that
individual choices, which coincide with (8) and (9), and with I, defined by (14), are consistent

with the law of motion described in (15) and markets clear at all points in time.

20The aggregate saving is the saving of worker minus the dissaving of the capitalist.
21Gince the capital stock can only be operated by the modern sector in the future we will omit the subscript M.

22Remember that the transfers only are intended for workers. Hence G = g;N.
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An interesting and simple comparative static analysis of tax revenue allows us to simplify
the exposition of the political economic equilibrium which is the main objective of the paper.
An increase in the effective tax rate 7¢ leads to an obvious increase in tax revenues from the
traditional sector as long as costs of collection are less than the tax itself. However, tax revenues
associated with the capital stock (in the modern sector) respond ambiguously. The term ¥
increases due to higher marginal productivity of capital analyzed above and, simultaneously,
by the increase in modern sector labor supply. However, the same term ¥ decreases due to a
reduction in the tax base caused by a lower after-tax equilibrium wage.

The effect of an increase in Ap, on tax revenues is also ambiguous due to changes between
income sources. On one hand an increase in Ar causes an increase in the equilibrium wage and
increased tax collection in the labor market. However, the opposite occurs in the modern sector
as the demand of labor and the marginal productivity of capital are reduced (see equations (11)
and (12), respectively). In contrast, an increase in Ajs raises tax revenue as it increases both
the marginal returns of capital and the demand for labor in the modern sector. Both effects are

discussed in more detail above.

3 Tax Enforcement as Public Policy

In this section we study the choice of indirect tax enforcement as an endogenous policy instru-
ment. In order to do so, we assume the existence of two parties that compete for office (Downsian
Competition).?3 This majority choice should anticipate perfectly the current and future impact
on economic equilibrium. Before proceeding we must define which of the two groups of agents
is majority. If population growth is zero, the two groups have equal populations. However, a
positive (negative) growth rate would indicate that workers (capitalists) are in the majority.
In this section we characterize the relationships of the main variables of the model with

respect to ¢ and define sufficient conditions under which voter preferences of satisfy the single-

23 Alternatively, we can assume that the numbers of candidates is endogenous, i.e., each citizen should decides
his entry to electoral contest although his net benefits of winning an election are low (Citizen Candidate Model).
In both cases, if all voters have single-peaked policy preferences then the winning political platform will be one
that matches the policy preferred by a majority of voters. More precisely, this means that tax enforcement
outcomes will be determined by the voter whose most preferred tax enforcement is the median in the distribution

of most preferred levels of tax enforcement.
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peaked property.

The relevant variable in the politico-economic equilibrium is the effective tax rate, which
takes the functional form 7¢(¢) = 7!¢*, which has a positive and decreasing derivative, A € (0,1).
This function may correspond to a reduced form model of tax evasion in which agents choose
the amount of evasion subject to a certain probability of being audited by the tax collection
agency and subsequently fined. In this model, tax enforcement is represented by the probability
of being audited and by the amount of the fine.?* The proposed tax enforcement is static, as
agents only live for two periods and second period income cannot be partially hidden. We assume
that capital income can be observed without cost by the regulatory agency. In this context any
learning on the part of the collection agency would be useless. Additionally, there is little
empirical support for the idea that audit probability and fines improve collection. Only Cebula
(1997) can support this idea, while Kleven et al. (2011) and Phillips (2014) show that including
third-party reports as part of tax enforcement improves upon the seminal Allingham-Sandmo
(1972) model which is the basis of my structural formulation of the effective tax rate.

As we mentioned earlier, the interest rate is constant and depends on tax enforcement but

not on K.

(-o)
} “and it is increasing in ¢.

(1—a)Ap(1-1h)
AT(lf‘rlgb;\)

Lemma 1. 7(¢¢) = alpy
Higher tax enforcement reduces the equilibrium wage which in turn displaces labor from the
traditional sector to the modern sector. The increase of labor in the modern sector allows an
increase in the marginal productivity of capital. This implies that r(¢) is increasing since the
modern sector is the one that uses capital.
As we will show in the political equilibrium section, the interest rate will be the determining

factor in the agent’s vote and it is important to assume that the positive effect of tax enforcement

on the interest rates is attenuated by increasingly large values.

e\2
Assumption 1. 7(¢) is concave, a sufficient condition is 75, + % < 0.

Proof. The details of this condition are shown in appendix C. O

Tax collection also depends on ¢. Replacing the effective tax rate, 7¢(¢) = rl¢?, and interest

rate, r(¢), in (13), yields

24In the appendix B shows a simple model that provides details of the above.
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Lemma 2. Taz collection is given by g(de, ki) = V(o) ke + (7¢(¢1) — c(é1)) AT, where V(¢y) =

1

rra(0) + Ar [l ] Lo (1 79(60) = (79(60) — e(én) } and () = e

Labor tax collection increases with a higher tax enforcement even when we consider admin-
istrative costs. However, this increase tends to decline when tax enforcement is known (ex-ante)
to be high. Given that the administrative cost function is convex and the effective tax rate
is concave then the second term of equation g(¢, k) is concave. Namely, the increase in fines
and/or probability of a successful audit becomes less auspicious.

Tax enforcement has an ambiguous effect on tax collection. Stronger tax enforcement pro-
duces two positive effects on ¥, through an increased demand for labor in the modern sector and
an increase in the marginal productivity of capital. However, these positive effects are counter-
acted by the negative effect of a lower equilibrium wage. To a lesser extent, administrative costs
have a positive effect on ¥ because the tax collection to labor becomes more expensive than
the tax collection on capital. We assume the following condition in order to define a political

equilibrium without corner solutions.

Assumption 2. U(¢) is concave if co” [1 + pla(p—1)(1 — T%@s)) - 11— T%W)) < 1.

Proof. The details of proof are shown in appendix D. O

In this way, tax revenue, g(¢, k), increases with tax enforcement until a certain point, then
decreases at high levels of tax capacity, i.e. tax revenues form a Laffer Curve. This inverted
U-shape is due to an increase in the effective tax rate while the statutory tax rates, 7% and ¢,

remains constant.

Proposition 1. Worker’s income is composed of after-tax labor income plus transfers. Given

that transfers are financed by tazx revenue, the after-tax income of workers is I( ¢y, ki) = V() ke +

(1 —c(¢r))Art.

Worker’s income benefits from an increase in capital stock through higher transfers. Recall
that the current capital stock are simply the savings from the workers of previous generation,
and should therefore be seen as an intergenerational redistribution. In addition, labor income is
not directly affected by the tax rate 7¢ because there is no heterogeneity between workers and
therefore intragenerational redistribution is not possible. Proving that W is concave is enough

to prove that worker income is concave with respect to tax enforcement.
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Then, by substituting the interest rate, r(¢), and after-tax worker’s income, I(¢, k), in equa-

tion (9)), the indirect utility function of the capitalist can be written as

Ve =tn (25004 (1= 7)o b)) (10

Note that capitalists are only interested in the current level of tax enforcement (¢;). Even
though the previous value of tax enforcement (¢;_1) determines, via savings, his consumption,
the capitalist takes as given this previous value because the social aggregation mechanism only
permits him to take the future choice into account.?

Substituting after-tax income of workers, I(¢, k), in equation (8) and (9) yields the indirect

utility function of workers

VY (on k) =t (g Ton k) ) + 810 (204 0= Prouitenr)) a7)

Workers, on the other hand, are interested in both the present and future value of tax
enforcement. While current tax enforcement negative or positively affects labor income and
savings, tax enforcement in period ¢t + 1 will positively affect his return on savings and thus his
consumption in period t + 1.

Finally, investment per worker (the capital stock available for the next period) also depends

on tax enforcement.

Corollary 1. Replacing worker’s income I(¢, k) and r(¢) in (15) and the law of motion is
kiv1 = H(¢r, kt) = % [U(pe)ke + (1 — c(¢r)) Arb)].

The original dynamics of the capital stock, in which the steady state is reached instanta-
neously, will be modified due to the fact that we add transfers to workers. As mentioned above,
transfers have a component that depends linearly on the capital stock and such transfers are
present in the worker income (note that workers are the only agents who save). Therefore, the

dynamics of capital stock are determined by a difference equation (see Corollary 1).26

25In the next section, we define the Markov-perfect equilibrium. In such equilibrium, the previous elections
are summarized in the current value of the state variable and, therefore, policy choices will only depend on the
current value of the state variable.

26This model allows us to calculate analytically the transitional function of state variable and for these reason
this function is not part of the solution of political equilibrium as if it is necessary in others models of dynamic

voting.
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Now we analyze the steady-state of capital given a tax enforcement ¢ (suppose that tax
enforcement take value of ¢ by some mechanism of collective choice). Note that the capital
stock is decisive in the political preferences of the next-period’s worker. It is straightforward to

see that the steady state is achieved if %W(q@) < 1 and the steady-state capital stock is

=) Are
ss _ 14B
COTT TG

R
Given an arbitrary increase in tax enforcement, we ask, what is the effect on the steady-state

(18)

level of the capital stock? The effect of tax enforcement is ambiguous. On the one hand, stronger
tax enforcement negatively affects the labor income, the main determinant of saving, but on the
other hand, increases the transfers via the factor ¥. Note that as mentioned above, the factor
U is concave and a high value of ¢ can negatively affect transfers. Therefore, if ¢ > qg then the
effect on the steady-state capital stock is negative. The threshold ¢ must therefore satisfy the

following equation

(1@ - (157 - w@) =0 (19)

4 Politico-Economic Equilibrium

In this section, we define the equilibrium conditions for the dynamic social aggregation mecha-
nism. Furthermore, we analytically characterize the equilibrium and we will analyze the effects
of changes in some exogenous variables on the dynamic determination of tax enforcement. To do
so, we use the Policy Convergence Theorem to aggregate preferences, and in this way, the result
of tax enforcement will coincide with the median value in the distribution of most preferred
tax-enforcement levels.

In a repeated voting setup, we restrict the analysis to Markov perfect equilibria where the
state of the economy is summarized by the capital stock (minimum state variable), k;. A policy
function ¢ = F'(k;) is used to establish the optimal decisions of decisive voters given their
strategic voting. Each agent lives for two periods and in the second period also has preferences
for a certain tax-enforcement level. Therefore, agents are aware that their current vote may
affect the next voting, i.e. voting is strategic.

This equilibrium is formulated recursively, with the basic requirement that the decisive voter
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chooses a ¢ that maximizes indirect utility.

In this model all agents have equal voting rights, and as such the identity of the median
(decisive) voter depends on population growth. If population growth is positive (negative), the
decisive voter is a worker (capitalist). In the first case, a strategically voting worker (strategic
in the sense that the worker is aware that in the next period he will be a capitalist) is interested
in ¢'.2” In the negative growth case, the decisive voter is a capitalist and therefore does not vote
strategically in the sense that he is uninterested in subsequent period policy outcomes.

Given the positive population growth, the recursive political equilibrium is defined as fol-

lows?®

Definition 2. A Politico-Economic equilibrium is defined as a policy function F : Ry — [0,1]
such that the following functional equation holds F(k) = argmaxys VW (¢, ¢/, k) subject to ¢' =
F(K") where k' = h(¢, k) is defined by Corollary 1 and VW (¢, ¢, k) is the indirect utility of the

current period worker.

According to our definition of equilibrium, the only way to influence the decision of the
next period is by changing the state variable k' which is determined by Corollary 1. The
political equilibrium requires that F'(k) is a fixed point of the functional equation described in
the Definition 2. Intuitively, if todays agents believe that the choice of ¢’ is defined according
to F'(k'), then the same function F'(k) will define the current choice.

We calculate of first-order condition of the recursive problem

{ 1+4) |, BOA—TF)re(F(K))

(8 )
T 1 T o ) (55) | o 0 =0 0

1+7

We can see that there are two possible equilibria. In one, which we call the myopic equi-
librium, the worker considers only the outcome of his vote on current period variable. This
does not mean that the decisive voter ignores his influence in determining &', rather the worker
decides it is optimal to set aside this capacity.

In the second type of equilibrium, which we call strategic, the workers vote so as to induce
a favorable future vote. Workers prefer a high level enforcement in the next period, and they

induce it by decreasing next-period capital stock. So workers effectively distort the policy ¢.

2"The prime symbol ( /) denotes next periods value.

28R, is subspace of R containing nonnegative real numbers.
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To intuitively show that a decreasing policy function in k is an equilibrium, we outlined the
following argument: If the decisive voter chooses tax enforcement in period ¢ that results in a
lower income and therefore in lower saving,?? then tax enforcement in period ¢ 4+ 1 will improve
in accordance with a decreasing policy function and this result is accepted by all decisive voters
because lower consumption in ¢t will be offset by increased consumption in ¢+ 1. In contrast, the
decisive voter receives no compensation if the policy function is increasing in k, therefore this

policy function will not be appropriate under strategic voting.

4.1 Politico-Equilibrium I: Myopic

In this part, we consider the myopic equilibrium. This Markov perfect equilibrium is character-

ized in the following proposition.

Proposition 2. The myopic equilibrium (ME), characterized by F™¢(k), is increasing in k if
I(¢, k) is concave with respect to ¢.

Proof. If worker income is concave with respect to ¢, the political decision must satisfy the

following condition
o (F™ (), k) = g (F™ (k) — co( ™ (k1)) Az6 = 0,

given ko > 0, for all ¢ > 0 and kiy1 = H(F™¢(kt), ki) is defined in Corollary 1. This condition
shows that the worker should choose that policy for which the marginal benefit is equal to the
marginal administrative cost.

Differentiating the condition I, = 0, and since I(¢, k) is concave, we get

doy _ =Yy
— = —>0 21

dk; I¢¢ ( )
since WUy = C¢AT9k% > 0 by Iy = 0. Then, we say that there is a function F™¢ : Rt — [0,1]

that it is increasing in k. d

An exogenous increase in capital stock causes an increase in the marginal utility of policy
¢ and at the margin, workers can assume a higher marginal disutility or higher administrative
costs for levels of enforcement. Therefore, the worker should take advantage by choosing a higher

level of enforcement despite the higher costs of tax administration that he must face.

29This is because the relationship between income and saving is linear.
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We now discuss the politico-economic equilibrium in steady state. The steady-state myopic
equilibrium is characterized by two functions: the policy rule, F™¢(k), and the equation of
steady state capital, k%%(¢), see (18). We know that the policy function is increasing in k but

we need to know the direction of movement of capital or the steady state value of capital with

a fixed ¢. For this reason, we analyze two cases.

¢

Figure 1: Myopic Equilibrium on Tax Enforcement

First, we assume that the effect of an increase in ¢ on the steady-state value of capital is
negative.30 In figure 1, if capital is to the left of the k** curve, given a fixed rate ¢, capital must
evolve towards the k% curve or towards its steady-state value k% (¢). We note that the choice of

7'¢ only passes through the locus defined by the policy function. Finally, the choice converges
to tax enforcement ¢™¢ where the capital reaches the steady-state level consistent with ¢"*¢.

Now suppose that the effect of ¢ on steady state capital is ambiguous, i.e. ¢ > 0. In this
case, we face multiple equilibria, two of which are stable and one of which is unstable. The
proof is straightforward and to achieve the goal we rely on Figure 2. Given that the policy
function F™¢€ is monotonic, there are only three points where the policy function and the k®*

curve intersect. Recall that the k%% curve leads the evolution of the capital stock for a given ¢

so that intersection point 2 is unstable, meaning that a small perturbation of the equilibrium

30This assumption is equivalent to assuming a non-positive threshold. The threshold is defined by (19).
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pushes ¢ and k towards points 1 or 3.

¢

Figure 2: Myopic Equilibria on Tax Enforcement

It is also necessary to mention that the equilibrium level of enforcement may not take very
high values due to the assumed inverted U-shape of transfers related to capital income taxes
(P(¢)k). This feature is due to the policy chosen by the worker because this decision must

provide a positive marginal benefit to compensate the marginal cost of administration.

4.2 Politico-Equilibrium II: Strategic

In this section we show a different equilibrium, whose main characteristic is that the policy
function is not increasing in k. This feature is possible because the worker distorts their current

period vote on tax enforcement in order to influence the next period vote.

Proposition 3. There exist a continuum of differentiable policy functions as

_(+48) ] Ta A
)

Peiio = 4 (1 e

(I1-0o)
_ e
where C' is a arbitrary constant of integration and D = aAps [%ﬂé(l”
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Since this policy function is valid for ¢ € [0, 1] then state variable must satisfy the constraint

(A=)

ke [kmm:[é (1+a-m~s (1—T’“)D>};ﬁ3,kmax:[(1](1+(1_T’€)D)]l+% ,

Proof. See Appendix E. O

The intuition behind the fact that the policy function is not increasing in capital stock is
the following: we imagine that the decisive voter wants to manipulate the subsequent election
in order to obtain tax enforcement in next period higher than the case where he decides not
to manipulate (myopic equilibrium). If so, the decisive voter does not choose the value of
tax enforcement that maximizes his income. This decision allows for an increase (decrease) in
capital stock in period t + 1, assuming an initial position to the left (right) of the k¢ curve.
If the proposed policy function is increasing in k (and assuming that we are on the left side of
the k® curve) then tax enforcement in period t + 1 is greater which is the aim of the present
decisive voter. However, this outcome is not a strategic equilibrium. Since the voter deviates
from the myopic choice, which maximizes income and savings, the decisive voter does not take
full advantage of the proposed policy function (which is increasing in k). Therefore, a larger
increase of the capital stock increases both present consumption, via increased income, and
future consumption, via a higher tax enforcement and interest rate. Therefore, if the policy
function is increasing in k£ the myopic equilibrium holds, but the strategic does not.

The constant of integration C' is defined implicitly when the initial values of k£ and tax
enforcement are replaced in the strategic equilibrium policy function F*¢. Given kg and ¢qg, we
defined C in order to satisfy the following: F*¢(ko;C) = ¢q or, by the implicit function theorem,
C = C(¢o, ko)

However, the strategic equilibrium must induce a stable dynamic for capital stock. Substi-
tuting the strategic equilibrium policy function into the dynamic equation for capital, we find
the following relationship

ko1 = H(k)) = H(F*(ky; C), ky) (22)
If a steady state exists, a necessary and sufficient condition for k%% < kj,qz is

~ 1—-H,

H =H\F*+Hy <1 or F{< i, (23)

The partial derivatives H; and Hj are obtained directly from H (¢, k) (see Corollary 1). We

know that H; can be positive or negative. In fact, it will be positive (negative) if the initial
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value of capital is very low (high) or alternatively, this value is to the left (right) of the £** curve.
Moreover, we know that Hy = ¥ € (0,1). Therefore, if H; > 0, then the dynamic of capital
stock is stable and if H; < 0 then the stable steady state k% exists for all C' that satisfy (23).

Figure 3 represents the policy function F*¢(k) given the constant C' for a stable strategic
equilibrium. A Markov perfect solution is possible because of its stationarity, i.e., the policy
rule should also apply in the long run. Point A represents the strategic equilibrium in steady
state.

Now we present a “one-stage deviation” argument to prove that a policy function decreasing
in k is a credible strategy. In Figure 3, we assume that the current level of capital is kg, then,
if the worker deviates from its strategic choice, the best thing to do is to maximize income,
i.e. choose ¢y instead of ¢g. In the next period, the stock of capital available will be greater,
ki > ki, if the chosen tax enforcement in initial period was ¢, given that income maximization
implies savings maximization. Since the next-period decisive voter maintains a strategic choice,
tax enforcement will be greater if the current decisive voter does not deviate from his choice,
¢1 > ¢). Finally, the policy function, F'*¢(k), determines the optimal path of strategic choices

where lower current consumption is offset by higher future consumption.3!

4.3 Comparison of steady-state equilibria

Here we demonstrate that tax enforcement in the strategic equilibrium will always be greater
than or equal to tax enforcement in the myopic equilibrium. We use the fact that the policy

functions have opposite slopes.

Proposition 4. Let (ka, pa) be the strategic equilibrium and (kp, ¢p) be the myopic equilibrium.

Both equilibria are stable. Since F}"*® > 0 and F;° <0 then ko < kp and ¢4 > ¢p.

Proof. We use proof by contradiction. Suppose that k4 > kp. Then, for each kp < ko < ka
there is a ¢f'® = F°(ko) and a ¢5° = F**(ko) such that ¢ > ¢§¢ because we know F;"** > 0
and F° < 0 by equation (21) and Proposition 2, respectively. Remember that the choice of
¢y'¢ maximizes revenues and therefore savings. That is, we can say the following H (¢g'¢, ko) =

ki > ki = H(¢ ko). However, if kg < k4 then the existence and stability of the strategic

31The argument can be reformulated if the initial capital exceeds the value of political equilibrium, i.e. ko > ka,

where point A represents the ordered pair (ka,¢a). See Figure 3.
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Figure 3: Myopic and Strategic Equilibrium on Tax Enforcement

equilibrium allows us to say that the savings in period 1 must be greater than the savings in
period zero, namely ko < ki, and it is straightforward to see that kg < ko < k}. Finally, given
Fi"¢ > 0 we have ¢p < ¢f° < ¢7"°. This outcome is a contradiction because ¢p is a stable

myopic equilibrium and ¢4 > ¢p. O

As a benchmark result it is useful to analyze the optimal sequence {¢P™}5°, chosen by a
benevolent social planner. A social planner maximizes a social utility function with a discount

factor, 8, equal to the subjective discount factor of agents. The maximization problem follows

{gtlio)i(o US = {gﬁéo ; 5'5 <1n <1—i1-,31(¢t’ kt)> +In <1 f /3(1 + (1 — Tk)r(gbt))I((bt_l, kt_1)>>

given (d),l, k‘,l).

Then, the first-order condition is

Today’s workers Tomorrow’s workers + capitalists
A

Today’s capitalists .
(L DLOP k), o PO+ ALON, k)
1(¢y" ke) ! Lty krg)

for all t = 0,1, ...,where €(¢) = %'

H¢(¢fp) kt): 07
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The first-order condition contains three decisions at the margin: (i) today’s workers maximize
their income, (ii) today’s capitalists maximizes rental rate and (iii) tomorrow’s workers and
capitalists maximize their incomes. The benevolent social planner distorts individual optimal
decisions in search of an optimal social solution. Because of the linear relationship between

worker income and savings, this first-order condition can be written as

S (1+6) 62\11( ?ﬁl) S _
Lo(o:" ko) {I(¢fp, ke) Lg% key) (@) =0, (24

1l k(9

% Fre(i)

A : strategic equilibrium
B : myopic equilibrium
== : social planner's locus

Figure 4: Equilibria on Tax Enforcement

It is straightforward to deduce that for all ¢;¥, and ki, the derivative I4(¢;”, k) will be
strictly negative. Moreover, given Iy = 0 and the assumption that worker income is concave,
we can deduce that ¢™¢ < ¢*P. The intuition is straightforward - it is necessary to reduce
current worker income in order to fund transfers to future workers and increase current and
future capitalist income. This conclusion is expected - governments require more resources to
compensate all members of the current and future society.

However, we cannot rank the strategic and social planner equilibrium tax-enforcement levels.
The strategic equilibrium depends on initial values kg and ¢g, which in turn defines the constant
of integration C. However, the equilibrium of the social planner does not depend on initial

values if the difference equation (24) is stable. In Figure 4, we show the range of possible values
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of the social planner’s equilibrium with the strategic and myopic equilibrium.

Tax enforcement is stronger in the strategic equilibrium than in the myopic equilibrium,
and is therefore closer to the optimal level. Still, it would be counterproductive if the strategic
enforcement takes on a larger than optimal value, which would even further reduce the long
run capital level and formal sector production. Unfortunately, in our analysis it is not possible
to analytically determine the conditions under which the equilibrium enforcement and capital
stock levels are larger than what is socially optimal. Our analysis only allows us to point out
that the myopic equilibrium is characterized by an over-accumulation of capital due to the labor

income increase generated by the lower chosen level of tax enforcement.

4.4 Some Implications

Our analytical characterization of politico-economic equilibrium allows us to analyze some qual-
itative effects. This subsection examines implications for the effects of changes in capital tax
rate, and modern technology.? As we have seen in the previous sections, in order to analyze
the political equilibria in steady state we require only the policy functions of each equilibrium
along with the k*° curve, defined by (18).

The Effects of a Decrease of 7%

The effects of a decrease in capital tax rate, 7%, on the politico-economic equilibria are shown
in Figure 5. A lower level of 7% undoubtedly reduces the financing of transfers linked to capital
stock, i.e. W_x > 0. Because worker income is negatively affected, the impact on long-term
saving or capital stock will be negative (see equation 14). Recall that workers are the only
agents that can save. For this reason, the k** curve should shrink towards the origin of the
capital-tax enforcement plane, the lower level of tax collection from capital cannot be undone
by changing the enforcement choice due precisely because evasion does not exist in the modern
sector (by assumption, even for capital income).

Now, consider the myopic equilibrium policy function £€. This function is implicitly defined
by marginal worker income of tax enforcement equal to zero, I,(¢™¢, k) = 0, i.e., when the worker
decides to maximize income (see Proposition 2). It is straightforward to show that a decrease

in 7% reduces marginal worker income, Iy, because marginal transfers shrink — given that the

32The effects of other variables on the functions that determine the balance are ambiguous and obscure the

analysis, so we chose not to present the respective implications.
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marginal transfers of enforcement policy depend linearly on the tax rate.?® In this case, given the
drop of 7%, marginal income is negative, and the worker prefers a lower value of tax enforcement
because marginal income is decreasing in tax enforcement. The worker demands a lower effective
tax rate of labor income as compensation for lower transfers. More precisely, the policy function
F™¢ shifts downward. Finally, in myopic equilibrium, a decrease of 7% induces in steady state
a reduction of tax enforcement as seen in point B’. However, the movement of capital stock is
ambiguous because there are two opposing effects, a positive effect due to higher after-tax labor

income (via lower tax enforcement), and a negative effect due to decreased transfer payments.

¢

£me(k)

Pe(k)

Figure 5: Effects of a Decrease of 7%

However, in strategic equilibrium, the reduction of the capital tax rate allows an increase
in the after-tax capital return because capitalists increase their consumption (see equation 17).
In this case, the current voter (the worker) should not overly distort his choice since his future
income will increase and he would like to reduce the future policy as compensation. More
precisely, we can show that the partial derivative of the policy function, F*¢, with respect to

the tax rate is positive (see Appendix F'). This result implies that the function F*¢ must shift

330, is calculated in Appendix D, it is straightforward to show that Ve =1ry>0).

37



left. Figure 5 shows the movement of the policy function, the displacement of £%¢ curve that we
discussed previosuly, and new strategic equilibrium at Point A’. However, the results in steady
state tax enforcement and capital stock are ambiguous. If the distortion in policy chosen by the
worker is moderate (excessive), then savings will increase (decrease) and may (not) attenuate
the negative effect on the stock of capital due to the decline in transfers.

As we have seen, capital movement is ambiguous in both political economy equilibria. To
amplify the analysis we remember that in a general equilibrium model a reduction in taxes on
capital causes an increase in long run capital stock and in accordance with the optimal taxation
literature the long run tax rate on capital should be zero, given that such taxes distort present
savings (and therefore future consumption) decisions.

This normative conclusion is due to the accumulative nature of capital, and the fact that any
initial distortion in capital levels increases considerably over time making the taxation of labor
income preferable.?* Nonetheless, in our model, the tax rate on capital is not distortionary and
the savings decision is therefore constant with regards to changes in the return rate (due to the
assumption of logarithmic preferences we have eliminated the principal channel by which tax
rates affect long run capital levels). In the myopic equilibrium it is possible that a reduction of
the tax on capital has a positive effect on capital if the reduction in tax enforcement (on labor
income) is sufficiently large in order to compensate for the reduction in transfers and therefore
generate larger savings levels.

If we set aside the assumption of logarithmic preferences, the negative effect of a tax increase
on capital is stronger and k°s curve should shift toward the origin. Unfortunately, the shift of the
policy function can only be determined using numerical solutions. In the strategic equilibrium,
as we have seen, it is also possible to obtain this positive capital response if the distortion in
the worker-chosen policy is moderated by a decrease in tax rates on capital.

We have found no discussion in the fiscal evasion literature on the effect that a reduction
of the capital tax rate would have on labor income tax enforcement. Nonetheless, in general
equilibrium models of fiscal evasion, such as Kesselman (1989), and Fortin et al. (1997), the

authors show that the relation between the tax rate and evasion may be positive contradictory

34Nonetheless, the work of Aiyagari (1994) and Conesa et al. (2009), use overlapping generation models with
incomplete markets to show that the optimal tax on capital may be distinct from zero due to capital over-

accumulation.
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to the basic partial equilibrium result. In the case of Fortin et al. (1997), an increase in the
payroll tax (or tax rate on profits) provokes less labor demand by formal firms and, as a result,
less production.

Firms on the margin chose to informalize due to these increased labor costs. In Kesselman
(1989), increased evasion produced by a tax increase is not only due to the shift in resources
towards the evasive sector (as in Fortin et al (1997)), but is amplified by making the informal
sector more productive through price effects the informally produced good costs less. Still,
Kesselman uses a numerical evaluation to show that this effect of evasion is very small for a
reasonable range of tax rates and suggests that other administrative or enforcement measures
could have a greater effect on evasion.

In another branch of the literature, Cuff et al (2011) shows that the interaction between
optimal tax rates and optimal tax enforcement is ambiguous and depends on the configuration
of the labor market and the inclusion (exclusion) of undocumented or illegal immigrants. On
the one hand, in a segmented equilibrium whereby domestic workers only work in the formal
sector and undocumented workers only work in the informal sectors, a reduction in the tax rates
entails a reduction in tax enforcement which in turn provokes an increase in both formal and
informal salaries (which serves to maintain the segmented equilibrium). On the other hand, in
any non-segmented equilibrium whereby domestic workers work in both sectors, the tax rates
and enforcement policy should be substitutes as the equilibrium salary should be the same across
sectors.

As we have seen, this ambiguity in the movement of tax enforcement is also obtained in our
strategic equilibrium, although the mechanisms obviously differ. However, in the case of the
myopic equilibrium, the impact on tax enforcement is negative, in other words, a decrease in
the tax rate on capital also decreases the effective tax rate on labor which implies a higher level
of evasion in the only sector in which it is possible: the traditional sector.3?

The relevant part of our focus is that this result comes from an aggregation of social prefer-
ences which is sustainable in time. One noteworthy conclusion is that formal sector tax reduction

policies may reduce fiscal evasion even as this desired effect may cause a reduction in formal

35Recall that in our model, evasion is only posible in the traditional sector. A relatively smaller modern sector,
however, does not necessarily imply more evasion, but it does imply that a larger portion of the economy faces
evasion, which is subject to the chosen enforcement policy. Stronger tax enforcement therefore reduces tax evasion

relative to the traditional sector.
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sector production due to decreased incentives to save or improve the long run capital stock. This
ambiguous result is a product of a threat between present and future voters (strategic equilib-
rium). The coexistence of two income sources (or two productive sectors) is the assumption that
allows the tax enforcement to be maintained over time as a consequence of political conflict.
(Not necessarily for cost considerations, which would be a sufficient condition for incomplete
enforcement in a static setting).

The Effects of an Increase of A,

Steady state capital stock must increase since an increase in Ay leads to a higher marginal
productivity of capital which in turn allows for enhanced transfers.?® In Figure 6, k%% curve
must shift right.

Now, we consider the policy function in myopic equilibrium F™¢. As mentioned in Propo-
sition 2, in this policy function is defined implicitly the maximization of worker’s income. If
transfers related to capital stock, W(¢)k, are benefited by a technological leap in the modern
sector, we can observe an increase in the level and slope of I(¢, k). This increase in marginal
income encourages the worker to prefer increased tax enforcement in order to take advantage of
higher transfer payments. In Figure 6, F™* shifts upward and since transfers increase, steady-
state capital stock must also increase and the k% curve should shift right. Tax enforcement
increases unambiguously, but capital stock also increases (decreases) if the positive effect on
steady state capital is large (modest).

Productivity improvements in the formal sector generate, via increased transfers, sufficient
incentives for the decisive voter (worker) to prefer a higher level of enforcement even though labor
income decreases. Still, it is possible that this improvement in tax enforcement is accompanied
by a reduction in capital stock, which in turn implies a reduction in the size of the modern
sector. As mentioned above, a reduction in long run capital stock has implications for the size
of the modern sector and the economy in general but does not affect relative tax evasion in the
traditional sector.

In the strategic equilibrium, an increase in Ap; primarily benefits present and future cap-
italists and to a lesser extent, workers. Workers do not have sufficient incentives to change
their policy preferences in any notable way due to the fact that expectations for future income

have increased. We recall that the distortion is designed to provide an implicit contract be-

36In Appendix F we shows that k%, > 0.
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1 k()

Figure 6: Effects of an Increase of Ay,

tween generations. For this reason, workers choose a policy for tax enforcement that is higher
than in the myopic case but lower than the case without an increase in Ay;. That is, given
an increased capital return, the policy function demands a lower ¢. In plane (k, ¢), the policy
function F*¢ shifts down and as already mentioned, the steady-state level of capital improves
due to an increase in modern technology, which in turn is due to increased transfers. Figure 6
shows that tax enforcement should fall and & should rise in the long term (see Point A’). This
result may be counterintuitive but remember that an increase in productivity necessarily implies
a greater productivity gap between sectors where capitalists benefit more than workers from this
increase. Workers partially make up for this difference by chosing a lower level of tax enforcement
(which leaves more post-tax income). Additionally, the modern sector increases in size due to
the higher levels of long run capital. The endogenization of the policy generates results that
compensate for (restrict) averse (favorable) circumstances for the decisive voter. In this case,

productivity increases allow the worker to slightly distort his preferred level of tax enforcement.
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5 Labor Productivity Inequality and Tax Enforcement

We now explore the effects of intragenerational inequality on the politico-economic equilibrium.
Instead of the multiple equilibria presented in the previous case, here we have just one. Addi-
tionally, we find that the decisive voter is the worker with the lowest level of labor productivity
in society and the policy function is decreasing in k, namely, there is a trade-off between the
minimum productivity level and capital stock in steady state.

We assume that agents differ in effective labor hours or labor productivity. Each worker pro-
vides a quantity of labor, #°. These effective hours are distributed on the support [#7", §™*]
R4. The distribution of effective hours is assumed to have mean 6.

Now worker income is redefined as
I'(¢, ki) = W(¢o)ky + A6’ — c(¢) Arb + 7°(9) (0 — 67), (25)

where the function ¥(¢;) is defined in Lemma 2. However, intragenerational heterogeneity
is a new source of redistribution of worker income. This can be seen in the last term of worker
income. A worker with low productivity (or productivity less than #) will benefit from higher tax
enforcement and, as suggested by Meltzer and Richard, (1981) more unequal income distributions
induce larger redistribution policies. This worker also receives labor income and must bear the
administrative costs of the tax collection.

In contrast, the capital stock per worker evolves according to the same function H (¢, k),
as defined in Corollary 1. For this reason, the indirect utility functions of the capitalist and of

the worker are modified only by replacing I(¢, k) by I*(¢, k).

5.1 Strategic Equilibrium

Before proceeding to calculate the policy function we must first identify a decisive voter. As
mentioned above, the only way to manipulate the vote in the next period is through the state
variable. Therefore, the next step is to show that the median in the distribution of most-preferred
tax-enforcement levels can be associated with a particular voter regardless of the value of the
state variable.

Capitalists choose ¢ = 1 regardless of the value of k£ and they have no incentive to ma-
nipulate future voting because they will not be part of the economy. Given that the rate of

population growth is assumed to be positive, the capitalists group is smaller than the workers
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group. Therefore the decisive voter will be the worker that prefers the highest value of ¢ for all
k.

Assumption 3. The ranking of most-preferred tax-enforcement levels of workers is invariant

with respect to the level of state variable.

This monotonicity property implies that, in each election, the decisive worker is identified
by the same level of productivity. Given this, the recursive political equilibrium is defined as

follows

Definition 3. A Politico-economic equilibrium is defined as a policy function G : Ry — [0,1]
such that the following functional equation hold G(k) = argmaxs V"W (¢, ¢, k; 6PY) subject to
¢ = G(K') where k' = H(¢p,k) and VWV (¢, ¢', k;0P) is the indirect utility of the current decisive
worker who is identified by his labor productivity 6P°.

The first-order condition for the recursive problem described in Definition 3 is

(1_'_/3)2 /8 se—al / se—a 1+5
{ﬁmw, SRR ARG )} Ho0™ " 0) =~ Tma 1y

TE(6* ) Ap (67 — 6) = 0
(26)
se—al _ 1_Tk r se—al
Where €(¢ /) = 1(_,’_(1_7)_k?£2b¢567ﬂ.2) .

It is straightforward to see that the first-order condition collapses to the case where labor

productivity is equal for all agents, % = @, for all i, see Proposition 1, Corollary 1 and equation
(20).
Now we prove that the worker with the lowest level of labor productivity is the decisive

voter.

Proposition 5. If the rate of population growth is small enough such that the new generation of
workers is greater than the previous generation by one worker there exist an equilibrium where

6PY = 0™ for all k, and the associated policy function G (k) is decreasing.

Proof. Since workers are the majority, the decisive voter (with preference for the median value
of preferred tax enforcement) will be the worker who prefers the highest ¢. Assumption (3)
holds, this worker is identified only by their labor productivity regardless of value of the state
variable, and the policy function, G(k), calculated from condition (26) has a negative slope with
respect to k and the policy choice of ¢ depends negatively on the level of labor productivity for

all values of k (see Appendix E).
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Since the policy function, G(k), is decreasing in labor productivity, 8PV, the worker with

labor productivity equal to #™™ is the decisive voter. ]

Since workers are in the majority and all capitalists prefer total tax enforcement, the median
value of ¢ preferred in each period corresponds to the highest preferred ¢ by workers. In
Proposition 5, we show that the policy function is decreasing in labor productivity (or effective
labor hours of the decisive worker) thus it is straightforward to deduce that a low-productivity

worker will choose higher tax enforcement.
Corollary 2. An increasing the growth rate of the population reduces tax enforcement chosen.

If the rate of population growth is such that the current generation of workers is greater than
the previous generation of workers by more than one, the decisive worker has lower preference

for tax enforcement than the lowest-productivity worker.
Corollary 3. The policy function G(k) is decreasing in 6P".

Proof. We are interested in the effect of an increase in the term 6P on G(k). In Appendix E we

demonstrate that Gy < 0, for all " and, in particular, for 67°. O

In the political spectrum, high and low productivity capitalists support the political platform
of low productivity workers. Implicitly, all capitalists and relatively poor workers make up a
political group. In future work, we plan to investigate whether inequality may be a result of
some political mechanism in a model with tax enforcement and two-sector economy. Suppose
the public policy positively affects ™" but maintains the average value . In this case, the
policy function indicates that lower tax enforcement should prevail because increased income for
the decisive worker allows him to further distort current tax enforcement via strategic voting.
Furthermore, capital stock only depends on mean value of productivity therefore the k¥ curve
is the same. In this case, we have less tax enforcement but more capital stock. This result
can be seen as an institutional trap. Improving the productivity of the poor helps increase the
capital stock of the economy but worsens the effective collection of taxes on labor. Finally,
intragenerational heterogeneity allows us to have unique Markov perfect equilibrium which may

also be considered strategic equilibrium.
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5.2 Comparison of myopic and strategic equilibria

Since the worker with the lowest labor productivity is the decisive voter, we can deduce that if

the policy function satisfies the following restriction

(1+8)*
ﬁ2[pv (¢, k)e(qbsefa/)

then choice of tax enforcement will always be greater than the value of the myopic equilibrium

> —G(K) (27)

without heterogeneity, i.e. ¢*¢~% > ¢, for all t. Recall that in the model without heterogeneity
the relationship between labor income and savings is linear, which implies that marginal revenue
and marginal savings also have a linear relationship. More specifically 1 = %H@ given
equation (26) and using restriction (27) we can deduce that I5(¢**~% k) < 0 (remember that
I4(¢™¢, k) = 0). Therefore, the ¢*°~* will be greater than ¢ because of the marginal income

is decreasing.

6 Conclusions

The literature of positive economy on tax enforcement levels is minimal. On one hand, the
research of Borck (2009), Roine (2006) and Traxler (2009, 2012) evaluate the impact of tax
enforcement level on the political economy equilibrium level of direct taxes, and even if enforce-
ment is exogenous, these studies do show a relationship between enforcement and the tax rate.
On the other hand, our understanding is that the only paper that treats tax enforcement as a
policy choice (chosen by majority vote) is Besfamille et al. (2013) but their paper focuses on
studying the indirect taxation. Therefore our study is the first political economy model to treat
the enforcement level of direct taxation as endogenous.

The existence of a traditional sector, defined as a labor-intensive sector with less than 100
percent tax enforcement, can generate mixed results in terms of the impact of a change in en-
forcement policy on capital and labor income. This model shows that labor income may be
negatively related to tax enforcement if the traditional sector is labor-intensive and if there is
a perfect mobility of labor between two sectors. On the other hand, capital income (necessar-
ily from the modern sector) grows in response to greater tax enforcement due to substitution
between labor and capital. The mechanism is the following: an effective tax rate increase (nec-

essarily in the traditional sector) causes labor to reallocate to the modern sector by raising the
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marginal productivity of capital. The model allows agents to choose their preferred level of
¢ and as expected, workers prefer a low level of tax enforcement while capitalists prefer the
opposite. The resulting political conflict regarding the enforcement of taxation may yield an
interesting trade-off between tax enforcement and capital accumulation.

We analytically characterize two Markov perfect equilibria: one myopic and another strategic.
In the myopic equilibrium we derive a choice rule that is increasing in capital stock (if capital
stock increases, decisive voters prefer more tax enforcement). The strategic equilibrium shows an
implicit agreement among decisive voters, where the differentiable policy function is decreasing
in capital stock in order to make the threat of the decisive voter credible. Therefore, for low
values of capital stock, the path of tax enforcement defined by myopic equilibrium will be less
than that which is defined by the strategic equilibrium. In the long term, we demonstrate that
the chosen policy (level of tax enforcement) with strategic voting will be greater than the chosen
policy (level of tax enforcement) in the myopic equilibrium. When we extend the model to
include unequally distributed labor productivity, the Markov perfect equilibrium is unique and
strategic and the decisive voter is the worker with the lowest labor productivity who demands a
higher level of tax enforcement in the long term. Therefore, a political coalition forms between
capitalists and the low-productivity worker. Improving the productivity of the least productive
worker helps increase the capital stock of the economy but can worsen the effective collection of
taxes on labor. We have identified some parameters affecting the dynamic of tax enforcement and
we leave the task of confronting the model’s predictions to data to future research. For example,
a reduction in taxes on capital negatively affects tax enforcement in the myopic equilibrium but
has ambiguous results in the strategic equilibrium. In the myopic equilibrium, this result is
due to the fact that the income-maximizing worker faces negative marginal income with respect
to tax enforcement and therefore chooses to reduce enforcement. In the strategic equilibrium,
the worker can change his original policy choice and reduce the threat to future generations,
given the higher levels of expected income in the next period. Nonetheless, the reduction in
tax collection (for transfers) may result in lower capital accumulation and therefore less future
income for workers, whom should be enticed to prefer a lower level of enforcement.

Tax evasion can be explained among other things by the level of enforcement applied to each
source of tax revenue. Our main conclusion is that the diversity of levels of tax evasion may be

explained by the conflict of interest between voters or social groups by the enforcement policy.
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Moreover, incomplete tax enforcement can be sustained over time.

There are several natural extensions of the model. For example, related public policies such
as backward-looking spending or social security fit within the general framework of the model
but would require some minor changes. In this case, retirees would maintain their preference
for complete tax enforcement independent of state variables because complete tax enforcement
improve the profitability of savings as well as the overall pension system. Younger generations,
on the other hand, benefit from lower tax enforcement in the current period (also independent
of state variables) and prefer complete tax enforcement upon retirement. The independence of
these preference with respect to state variables should probably motivate a replacement of the
markov-perfect equilibrium concept with a stationary subgame perfect equilibrium. Another
possible extension would be to study how the existence of relative prices in each sector might
affect the public policy outcome. The simple model presented here may help us understand the
numerical solution of a model with relative prices added. Finally, it would be interesting to
consider changes in the way the model aggregates social preferences by either using probabilistic
voting or by completely endoginizing fiscal policy (meaning tax enforcement as well as the tax

rate are chosen via election).
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Appendix

A: Economic Equilibrium with Diminishing Marginal Returns to Labor In the
Traditional Sector

Let Y = ATLg, B € (0,1), be the production function of the traditional sector. In a
competitive environment, the payment per hour of effective labor is equal to the respective
marginal productivity

wr = BATngl

The agents face the following maximization problem

max Inc+ Blncgyr st
ctyct+1,0r, I

ct+sp=(1— Tl)leM + (1 — TG)ATlg + gt
ctr1 = (14 (1 = 7)) s

Since the traditional production function does not have constant returns to scale, firm profits
are distributed equally among workers. Therefore, each agent’s revenue is comprised of salaries
and benefit redistribution, i.e. ATlg.

Given that labor is perfectly mobile between sectors, both sectoral productivities must be
equal

(1—)(1 - ) Ay K Ly = (1 —79)BAp LI
We know that L + Ly; = 6N, then

L%, (1-)(1 - a)AuKS

(ON — L)' =7 (1 —=7¢)BAr

We can check the respective labor demands the following derivatives.
Las = Lag(7%, Ap, B, @, Angs Kg),
where the symbols above variables indicate the sign of the respective partial derivatives. De-
mand for modern labor is an increasing function of K3y, as shown by the increase in marginal
productivity of labor relative to marginal productivity in the traditional sector. However, this
response is not linear unlike the case when traditional production is linear in labor, see equation
(11).

Now we replace the function Ly, in the marginal productivity of capital (1) and we get

o1



+ - = + +
T = CKAMKK}_I (LM(TG,AT,IB,CM,AM,KM))l_a = T(TE,AT,ﬁ,Oé,AM,KM)

We can see that the partial derivatives in the interest rate coincide with those obtained in
the equation (12).

B: Structural Form of Effective Tax Rate

Assuming that consumers are risk neutral, w is the gross taxpayer income, e € [0,1] is the
fraction of income that is not reported to the tax authorities and 7 is the tax rate. If tax evasion
is not detected then the net taxpayer income is [1 — (1 —e)7]w. If tax evasion is detected then the
taxpayer has to pay the tax 7w and a fine, 6 € [0, 1], which is a fraction of the amount of taxes
evaded. In this case, net taxpayer income is [1 — (1 + de)7]w. We assume that underreporting
entails a cost of c(e) per unit received. Assume that the function c¢ is increasing and convex.
Moreover, the tax authority audits each taxpayer with probability p € [0,1]. Let V be the
expected utility of taxpayer:

V=pU([1 = (1+de)7 —ce)]w) + (1 =p)U ([I = (1 — e)7 — ¢(e)]w)

If taxpayers are risk neutral, then U is linear and the first condition order is:

(1=p(1+6))7 —ce(e’) =0

If ¢(e) = Be" with n > 1 then e* = (nLB(l —p(1+ 5))7’) "' Replace e* in V and get:

1o <nlB> 0= pl1 4 )] <’7;1>

L 7]
Now we define the effective tax rate as 7¢(p) = 7— (%) - p(1 + 5))7]77%1 (’77];1> The

V= w

effective tax rate is strictly increasing and concave with respect to p.
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C: Sufficient Condition for Concavity of r(¢)

The second derivative of r(¢;) is:
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D: Sufficient Condition for ¥ is Concave
The first derivative of W(¢) is
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where ry = 7(¢¢) (:22) (1—176> 5

The second derivative is
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The term {7'(; st a((lT‘i)Te)} is negative by the assumption 1. For this reason, we need analyze

the third term of Wyy.

The third term can be written as
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U is concave if [1 + p(a(p—1)(1— L) —1)(1 = L)] < () 7!

E: Proof of Proposition 2
If 14(¢t, k) = 0 and the law of motion is H(¢,k), the first-order condition (20) can be

expressed as
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If we changed variable F = 1+ (1 — 7¥)r(¢¢;1) then ﬁ = (1 — 7%)r4. Integrating both

sides we obtain
mE= -k + F

where F' is constant of integration. Given logaritmic equation and replacing £ we obtain

_1+8
B

(1- Tk)r(¢t+1) = eXp(F)kt—i-l -1

Given r(¢) we obtain the policy function

where D = a Ay, [%} Ta

—(1-a)

If ¢riy = 0 we define ki = [é (1 + (- —Tk)D>} 7 and if a1 = 1 then

=8
kmer = [L (1+ (1 —7%)D)] 5.
F: Partial Derivatives of Policy Function F*¢

Given the policy function F*¢(k) defined in Proposition 3, we calculate the following partial

derivatives
N »
1 (1\x o CF) ™ (148 (=
Fi=x @)\ 1= [Fan cor () —1 e a0
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On the other hand, the accumulation equation is
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We calculate partial derivative of W¥(¢*)
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Moreover, we calculate the following partial derivative
L1 = e(r(¢%))) Arb
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G: Proof of Corollary 2

We write the first-order condition as

(1+B) 15" (¢.k) (1=7F)rg(¢") do¢’ di’
pﬂ(¢k +[3’1+ 1-7Fk (35 (¢") dK” do — =0

where % = [,(¢, k) and 9 = Gy(K).

Then
Amrbyra(@) 1o B (HF)
Bl eay = - ey dd

We change variables. Let E = 1+ (1 —7%)r(¢') and M = I?¥(¢, k) then jf, = (1—7%)ry(¢")

and % = Ig‘m(¢, k). Integrating both sides and we obtain
BIn(1+ (1= 7)r(¢)) = —(1+ B)In (LE2K + (1 = 7%(9)) Ar(97 - 6)) + C

where C is the constant of integration. However, the latter equation is a functional equation,
our goal is to find the function G that satisfies this condition. Furthermore, we know that the ¢
is also determined by the function G. We analize this condition in steady state, i.e., k' = k = k°5.

Therefore, ¢** = G(k*®) then the functional equation is
BIn(1+ (1= 79)r(6%%)) = (1 + B)In (L5285 + (1 = 7(6*)) Ar (67 — 0) ) + C

Differentiating around of ¢** and k**, we obtain
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This slope is negative because 0P¥ < 6.
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1 Introduction

The relation between inequality and growth has been widely analyzed in the analytical
political-economy literature. A typical negative relation between inequality and growth
has been established, based on the following mechanism. Higher inequality leads to a
larger demand by the median voter for redistributive government spending, which is fi-
nanced by higher distortionary taxation that reduces (physical or human) capital invest-
ment and growth. This negative relationship between inequality and growth is derived in
Bertola (1993), Perotti (1993), Alesina and Rodrick (1994), Persson and Tabellini (1994),
and Saint-Paul and Verdier (1997).! The theoretical framework of the aforementioned pa-
pers combines endogenous growth and the endogenous setting of a key policy instrument.
However, the empirical literature based on cross-country data provides contradictory or
inconclusive results on the sign of the inequality-growth link.?

Still within the median-voter framework, Saint-Paul and Verdier (1993) derive a positive
relationship between inequality and growth, considering government spending on education
as the only public spending category. Education spending has two effects: it is redistribu-
tive as the poor benefit from it to a larger extent than the rich and it raises growth because
the production function is linear in human capital. This unambiguously positive effect of
education on growth is the result of assuming non-distortionary taxation. However, the
authors also suggest that it is possible to obtain an inverted U-shaped relationship between
growth and inequality when education spending is financed by a sufficiently distortionary
tax.

Other studies restrict the relationship between the median and the decisive voter by the
inclusion of a wealth bias in the political system. Benabou (1996), Saint-Paul and Verdier
(1996), and Lee and Roemer (1998) show that higher inequality may lead to less transfers
and therefore higher growth if higher-income agents lobby against redistributive policy or
limit access to voting by low-income agents. The latter mechanism can imply a U-shaped
relation between inequality and redistribution.

Other studies focus on different mechanisms to majority voting that shape the inequality-
growth nexus. Under asset-market imperfections a negative relationship between inequality
and growth arises, as derived, for example, in Galor and Zeira (1993) and Benabou (1996).
Here individuals endowed with low levels of inherited wealth cannot invest in human cap-
ital due to market imperfections. So the initial inequality of wealth continues generation
after generation, restricting investment and therefore growth. Gupta (1990), Alesina and
Perotti (1995), and Benhabib and Rustichini (1996) focus on the social instability that is

!See Ostry et al. (2014), Aghion et al. (1999), Benabou (1996), and Alesina and Perotti (1994) for a
detailed review of the relevant theoretical and empirical literature.

2A negative empirical relation is documented in the cross-country studies conducted by Alesina and
Rodrik (1994), Persson and Tabellini (1994), Perotti (1994) and Clarke (1992). Barro (2000) establishes
a negative relation for low-income countries and a positive relation for high-income countries. A positive
relation is reported in panel data studies by Perotti (1996), Benabou (2000), Forbes (2000), Milanovic
(2000), Banerjee and Duflo (2003), and Benhabib and Spiegel (1998).
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generated by income inequality as the cause of a higher demand for transfers or a lower
demand for productive expenditure, which leads to lower growth.

The political-economy literature reviewed so far sets the relevant policy instrument in
a one-dimensional policy. However, majority voting in a multi-dimensional setting opens
the door to instability of the political equilibrium, due to the lack of a Condorcet winner
policy, i.e., there is not a policy that beats any other feasible policy in a pairwise vote. The
latter instability can be avoided by restricting the institutional environment for aggregating
individual decisions, without restricting individual preferences. Shepsle (1979) and Shepsle
and Weingast (1981) follow the latter strategy by developing a structure-induced political
equilibrium.® In this framework the voting process is based on separate but simultaneous
voting by each agent in n separate committees, one for each of n voting dimensions. Votes
are aggregated for each dimension and the election outcome will be determined by the votes
of the corresponding decisive voter. In each dimension, the median voter may vary or not
and this depends on the preferences of the agents by government-spending categories. For
example, Conde-Ruiz and Galasso (2005) characterize the political equilibrium of multi-
dimensional public spending, applying the structure-induced equilibrium. There are two
types of public expenditure in their overlapping-generations model: transfer payments from
rich to poor and pension payments. In this model, the decisive voter for each expenditure
category is different, because pensions are preferred by the older generation and transfers
are preferred by the poor (both young and old).

Exogenous growth models do not allow derivation of an analytical solution of the class
of dynamic political-economy models considered here because growth is not constant over
time and therefore identification and decisions by future median voters are dependent on
current policy decisions. Hence dynamic exogenous-growth models, like those by Krusell et
al (1997), Krusell and Rios-Rull (1999), and Azzimonti et al. (2006), are solved numerically.
In contrast, the endogenous growth framework allows obtaining analytical solutions of
political-economy equilibria. The latter setup allows identification of future median voters
because the evolution of state variables preserves the ranking of voters over time.

In this paper we develop a dynamic general-equilibrium political-economy model for the
optimal size and composition of public spending. Using an endogenous-growth technology,
we derive an analytical solution based on majority voting for three government spending
categories. We derive conditions under which a non-monotonic, inverted U-shaped relation
between inequality and growth is obtained. This result extends the previous analytical
literature in a median voter framework that was reviewed above, which derives a monotonic

3An alternative strategy for restricting the institutional environment without restricting individual pref-
erences is adopted in agenda-setter models, where voter groups — the agenda setters — are allowed to submit
policy proposals of their interest to general voting. For example, Persson et al. (2000) develop a static
model with agenda setters for multi-dimensional voting over three categories of public spending: transfers,
public goods, and payments to politicians. Other modeling strategies to avoid political equilibrium insta-
bility include probabilistic voting and using intermediate political preferences, as discussed by Persson and
Tabellini (2000).
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relationship under one-dimensional voting. Our more general result — that inequality and
growth could be negatively or positively related — could be consistent with the ambiguous
or inconclusive results documented in the empirical literature on the inequality-growth
nexus.

Government spending falls on three expenditure categories: public consumption goods,
transfers to households, and productive government services, which are financed by dis-
tortionary taxes. Inequality is reflected by a discrete distribution of infinitely-lived agents
that differ by their initial capital holdings. Household preferences are homogeneous across
households, who value positively private and public consumption goods, and benefit from
lump-sum transfers from the government. Public consumption enters household utility in
per capita terms as a rival and non-excludable consumption good.

Government services raise the productivity of capital and are subject to relative con-
gestion, i.e., they are rival goods.? Productive government services are a complement of
private capital in an endogenous-growth technology characterized by constant returns.’

The composition and aggregate level of spending is chosen endogenously by majority
voting in a dynamic context. Here we follow Shepsle (1979) by attaining stability of the
political equilibrium as a result of restricting the institutional environment for aggregating
individual decisions, without restricting individual preferences. Voting cannot be restricted
to aggregate spending or taxation because the median voter expresses a separate political
demand for each component of public expenditure. In general equilibrium, the political
demand for one government spending category affects the demand for the two other cate-
gories. Therefore the political demand for government transfers is lessened by the supply of
other government spending categories that are valued by the median voter — a key feature
for the main result of our model.

A key feature of this paper is the existence of an endogenous threshold level of inequality
at which the median voter chooses a household transfer level of zero. At higher levels
of inequality, the relation between inequality and growth is negative, as it is in much
of the previous political-economy literature. At levels of inequality below the threshold
level, negative transfers (i.e., taxes) would be chosen. This outcome is not sensible, so we
restrict transfers to be zero at low levels of inequality. This implies that in the latter case
voting is restricted to choosing optimal levels of two remaining spending categories: public
consumption goods and productive government services.

This leads to the paper’s main result. In the range where inequality is lower than the
aforementioned threshold level and transfers are zero, the relationship between inequality

“Barro and Sala-i-Martin (1992) argue that most public goods are subject to congestion. Therefore pure
public goods should be considered as useful but unrealistic benchmarks.

®Our model shares with Alesina and Rodrik (1994) and Persson and Tabellini (1994) (as well as other
related work on political economy of government size and growth) two features: endogenous growth and
public provision of a factor that enhances growth. However, we include two additional categories of govern-
ment spending, focusing on a multi-dimensional political-economy equilibrium, in contrasts to the previous
one-dimensional models.
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and growth could be positive. While optimal provision of productive services is affected
neither by inequality nor by transfers, optimal provision of public consumption goods is
affected by inequality. When inequality exceeds the threshold level, lower income con-
centration leads to a smaller demand for transfers, lower taxation, and higher growth.
However, when inequality falls below the threshold level, we obtain an ambiguous relation
between income concentration and taxation, which is determined by the degree of substi-
tution between private and public consumption goods in household utility. If private and
public consumptions are complements (substitutes), a lower (higher) income concentration
leads to a higher (lower) demand for public goods and hence higher (lower) overall taxation,
which lowers (raises) growth.

We derive analytical policy functions, which in many cases imply obtaining closed-from
solutions for the policy instruments. However, the latter results are obtained by voting
at the initial period. Therefore the question is whether our political-economy equilibrium
is time consistent. The solution is to implement successive votes; the time consistency
is attained when beliefs about future policy rules match the current policy choice. We
show that when focusing on Markov-perfect equilibria, the selected policy is stationary,
i.e., time is not an argument of the policy function, which is only determined by key state
variables. In our model, we derive the Generalized Euler Equation® (GEE) for a political
equilibrium and conclude that the voting equilibrium attained at time zero satisfies the
GEE and therefore is time consistent.

The outline of the paper is as follows. Section 2 describes the model in detail. Section 3
derives an analytical solution for the economic equilibrium, with an exogenous fiscal policy.
In section 4 we characterize the full dynamic political-economy equilibrium with analytical
solutions for the size and composition of government spending at time zero only, and then
prove that this equilibrium is time consistent. Section 5 concludes.

2 The Model

The economy is populated by infinitely-lived households which consume a private and a
public consumption good. While consumption preferences are homogeneous across house-
holds, they are heterogeneous in their initial capital endowment. Production technology
reflects the use of capital, supplied by households, and productive services, supplied by the
government. The government raises revenue by establishing a constant tax rate on capital
and spends on three expenditure categories: public consumption, productive services, and
lump-sum payments provided to each household. Next we present the model equations by
agents.

SKlein et al (2008) derived a condition called Generalized Euler Equation. This condition captures, in
equilibrium, the optimal deviation in the policy variable for the policy maker (in our model, the median
voter maximizes utility). The latter deviation should match with the level described by the policy function
(this function built on utility-maximizing agents considering the deviation of the policy variable).
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2.1 Households

Infinitely-lived households differ by initial (physical and human) capital endowment £; .
Over time, households accumulate capital by investing. Intertemporal and intratempo-
ral preferences are homogeneous. Intertemporal preferences of representative household ¢
are reflected by a logarithmic utility function over C;;, a CES aggregate over a private
consumption good, ¢;;, and a public consumption good, gi:. Household income is the
sum of net capital rents (the rental rate of capital, r, times outstanding capital, net of
proportional capital income taxes at homogeneous tax rate 7,) plus government transfer

g3,t-
Representative household ¢ solves the following intertemporal optimization

max Z B Ciq(cir, g1.t) (1)

{eie}i20 12

subject to
Cit +kigy1 = (1 —79) ki + g3, given k. (2)

Aggregate intratemporal consumption is defined by CES preferences

=

Ciilcip, 91t) = (acﬁt +(1— a)g'it) ) (3)
1

where ;= is the intratemporal elasticity of substitution between consumption goods
(1 > p> —00), and a is the share parameter (0 < a < 1).

The number of households, N, is exogenous and constant over time. Hence aggregate
capital is K; = vaz 1 ki, aggregate consumption is C; = Ef\; 1 Ci,t, and aggregate public
spending is Gy = 7,4Y;.

Therefore the economy’s aggregate resource constraint is given by

Y, =Ci + K1 + Gy, (4)

where Y is aggregate output.

2.2 Firms

Technology reflects the use of capital, supplied by households, and productive services,
supplied free of charge by the government. Following an AK technology, production is
linear in capital. Government productive services are a public good that is rival in the sense
that each firms use of productive services is subject to congestion. Following Turnovsky
(1996) the representative firm’s per capita output is given by”

"Eicher and Turnosvsky (2000) present a general specification of production functions with congestion
and the conditions that must be fulfilled by these functions to generate endogenous growth.
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where y; is per capita output, G2 ; is government productive services, k; is per capita
capital, o is the congestion parameter associated to aggregate production services, 7y is a
parameter that reflects the positive but marginally declining productivity of capital with
respect to productive services, and A is the linear capital productivity parameter.

Congestion in the use of government productive services is reflected at both firm level
and the economy’s aggregate level. If 0 < o < 1, productive services are rival because
their use is associated to k, the use of capital at firm level, as well as to K, the economy’s
aggregate capital. Given G2, a higher stock of firm-level capital and/or a higher stock of
aggregate capital reduce the productivity of Gs.

Let’s re-write equation (5) as:

Gay

K\°17
yt:A[ht (,;) ] ke, (6)
where h; = o

If ¢ = 0, congestion is proportional and capital productivity declines when G grows at
a lower rate than aggregate capital. If o = 1, there is no congestion, production exhibits
constant returns to scale with respect to k and G2, and the latter is non-rival and non-
excludible public good.

Firms interact in a perfectly competitive market for capital and take the aggregate
capital and productive service as given, where the capital rental rate is determined by the
marginal productivity of capital

re = Ah] — Ayh] ' hyo = AR) (1 — ~0). (7)

We assume that the governments supply of services, G2 ¢, grows proportionally to ag-
gregate capital. Hence the ratio h; is time-independent.

We note that the private marginal productivity of capital before taxes is larger than
the social marginal productivity of capital. More precisely, a benevolent social planner
is aware of the negative congestion externality and therefore chooses a socially optimal
level of capital that is consistent with a lower (social) productivity of capital, equal to
ARY(1 — 7). If the congestion increases (i.e., when o declines), the distance of the private
marginal productivity with respect to the social marginal productivity is higher due to
over-investment of capital.

2.3 Government

The government raises tax revenue at zero costs and spends on three expenditure categories.
At this stage we assume the tax rate on income, 7,4, to be time-invariant.
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The government’s budget constraint in per capita terms is the following:

3
Tg¥Yt = gt = Zgj,ta (8)
j=1

where g;; (j = 1,2,3) is any of the three expenditure types that were defined above.

In order to simplify derivation of the multi-dimension policy in section 4, we introduce
fictitious separate tax rates 7; (j = 1,2,3) that correspond to each type of government
expenditure, satisfying g;: = 7y, Vj, and Z?Zl Tj = Tg.

Aggregate output of the economy is

)
YV, =A <G“> Ky = AW K,. (9)
Ky

As mentioned above, we assume that the government’s expenditure on productive ser-
vices, (Go, is proportional to aggregate capital. Considering the latter relation, the budget
relation G = 1Y}, and aggregate output equation (9), obtain

h=— = TQAh’Y. (10)

1,
Therefore h is determined by h =7, 7 AT=7.
Considering the government budget constraint, the fictitious tax rates, and the marginal
product of capital, per capita output is derived as

ol

1
Yt = Am7'2177k‘t (11)

Per capita government expenditures on each category are

1 e/
Gjt = 7'jAm7'21_7 ke, j=1,2,3. (12)

Finally, the rental rate of capital is the following

0
ry = Aﬁ@l_” (1 —~o). (13)

In sum, government spending on productive services raises marginal capital productiv-
ity but, as a result of the negative congestion externality due to the use of government
services, private marginal capital productivity exceeds social productivity. Finally, a stan-
dard result from endogenous-growth theory, our economy’s growth rate is time-invariant
due to constant returns to capital, the economy’s reproducible factor of production.
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3 Economic Equilibrium

Each household solves her optimization problem, taking as given aggregate government
spending, tax rates, and the rental rate of capital. Household i’s Euler equation determines
relative intertemporal private consumption as

C; I
U (- m)aTaef 1= o)) =6, (1)
Cit

where O is the gross rate of growth of private consumption.

As a result of endogenous constant output growth, private consumption is also a time-
invariant function of tax rates and parameters related to technology and preferences. Cap-
ital growth both at household ¢ and the average level is also time invariant, and so is 7;,
the ratio of capital held by household i and the average level of capital

kig ki

)

== (15)

An important implication of the latter is that the relative ranking of households accord-
ing to their capital wealth does not change over time and is unaffected by any exogenous
or endogenous change in the determinants of capital productivity.?

After replacing Euler equation (14), expenditure levels g;; as functions of their cor-
responding fictitious tax rates times output, and the rental rate of capital (13) in the
household’s budget constraint, we obtain household gross saving as

ki,t—f—l = Wk — Cit, (16)

1

donde ¥; = (1 — Tg)A?Tzl_“/ ((1 —yo)n; + 139).

Household gross saving in period t, k; 141, is a positive function of period-t per capita
capital endowment, k; , and a negative function of period-t consumption, ¢;;. Hence,
as is standard in an endogenous growth model, gross saving and the capital rental rate
do not depend on future variables. Output, aggregate (and household) consumption, and
aggregate (and household) capital growth at the common and time-invariant rate ©. Hence

the relation between consumption and capital is given by

Ci,t = (\I/Z — @)kt (17)

8In a neoclassical growth model with exogenous stationary growth but a dynamic time-variant growth
path toward the steady-state equilibrium the household ranking by capital endowments is not affected by
an exogenous change in tax rates. However, as shown by Krusell and Rios-Rull (1999), when the tax rate
is made endogenous by a political-economy decision in a neoclassical growth model, household rankings are
altered in subsequent periods after the endogenous tax change takes place.
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Definition 1. Given time-invariant tax rates 71,72, T3 an initial capital distribution k;
for alli=1,...,N; then an allocation {c;, ki11}75o represents a competitive equilibrium
if and only if there is a price sequence {ry};2, such that agents solve (1) subject to budget
constraint (2), the capital rental rate is given by (13), and the economy’s resource constraint

(4) is satisfied.

The model’s competitive economic equilibrium allows to write the agents’ utility func-
tion in terms of the economy’s growth rate © and initial consumption C;o. Hence agent
1’s indirect utility function is given by

V(172,73 ki, ko) = Y ' In (Ci00') =D B'InCip+ > B 6, (18)
t=0 t=0 t=0
where
8 1
(C@() = (a ((\IJZ — @)ko)p + (1 - a)(TlA}YTQMkQ)p> ’ . (19)

4 Political-Economy Equilibrium

In this section we derive the political-economy equilibrium, which implies obtaining en-
dogenous tax rates 7; as a result of majority voting. Considering that voter heterogeneity
is determined only by differences in initial capital endowments, we could consider applying
the version of Median Voter Theorem (MVT) whose political preferences are characterized
by the single-crossing property. By the single-crossing property we can sort voters by type
and given that policy alternatives can be ordered from smallest to largest, the decisive
voter is one whose number of voters who prefer a large alternative is equal to the number
of voters who prefer a small alternative, i.e., the decisive voter is that endowed with a level
of capital equal to the median value of the households’ distribution of capital, k,,q, that
is k; = kmg. In this case, there is a Condorcet winner policy that beats any other feasible
policy in a pairwise vote and coincides with the preferred policy of the median voter.”

However, the standard MVT applies only when the policy variable is one-dimensional.
When it is multi-dimensional, as it is our case, majority voting is cyclical, i.e., it is almost
always feasible to derive an alternative policy preferred by a majority of voters.!?

To overcome the latter limitation of the standard MVT, Shepsle (1979) and Shepsle and
Weingast (1981) propose the Structure-Induced Equilibrium (SIE). This political-economy
equilibrium for multi-dimensional decisions results from an issue-by-issue voting game with

9See Myerson (1996) for more details of the two versions of MVT.

10Shepsle and Weingast (1982) discuss in detail the problem or curse of multi-dimensional majority voting
that limits aplication of the MVT.

11 Assuming that voters have intermediate preferences the MVT can be applied in multidimensional
spaces.
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commitment. Agents vote simultaneously but separately for each dimension of the policy
under discussion. Votes are then socially aggregated over each issue by the decisive or
median vote.

The definition of the SIE for our model is the following.

Definition 2. Structure-Induced Equilibrium. An Structure-Induced Equilibrium is a pol-
icy vector T = (17,75,75)" € [0,1]® such that

=13, 73), 75 = 1%, 75) and 75 = T§°(r{, 75),

where Tjdc = argmax,; V(71, 72, 73; kac 0, ko) for j=1, 2, 3, and kqc0 is initial capital of the
decisive voter. Considering that the space of alternatives is convexr and the T;lc functions
are continuous, then, consistent with the Brouwer fized-point theorem, an equilibrium is

defined for T]f", for j=1, 2 and 3.

This equilibrium implies applying a version of the MVT that requires satisfaction of
the single-crossing property in each voting dimension. To this end we will define a property
of political preferences that will enable us to directly apply the MVT. To this property we
called marginal single-crossing utility.

Definition 3. Property of Marginal Single-Crossing Utility. When the first derivatives of
the indirect utility function V (11, T2, 73; ki 0, ko) satisfy

O*V (11,72, 733 ki 0, ko)
ak‘i,oaTj

>0 or <0, para todo 7; € [0,1] y kip > 0,

then this utility function satisfies the property of marginal single-crossing utility.

This monotonicity property implies that marginal utility changes monotonically in each
policy dimension. The purpose of this property is to show that the marginal utility of voters
shows monotonicity with respect to the variable that identifies the type of agent. Since
agents are ordered completely and transitively in space RT (nonnegative real numbers)
according to their initial capital endowment, the existence of a Condorcet winner is possible
if those agents who prefer a higher value of policy is not located between those who prefer a
smaller value of policy. Following Shepsle (1979) and De Donder et al. (2012), we conclude
that if indirect utility V satisfies the latter property, the decisive voters choice in each
policy dimension is the median voters choice, i.e., where each Tjdc = ijd.

Considering that our model is for a dynamic environment, first we assume that voting
takes place in the first period under commitment and is therefore maintained over time.
Then we will relax this assumption and show that the static policy result is dynamically
consistent when assuming a Markov-perfect equilibrium.
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4.1 Political-Economic Equilibrium under Voting in Period Zero

Here we assume voting to take place only once, in period ¢ = 0, when society chooses by
majority voting a policy 7" that will be maintained over time. The policy choice results
from maximizing indirect utility derived in equation (18).

We show in Appendix A that our indirect utility function satisfies the property of
marginal single-crossing utility and we obtain the SIE

o = e, ), T = T y = ).

Therefore the social choice by majority voting of the policy variable coincides with the
simultaneous choice yet separately (issue by issue), made by the decisive voter, which holds
an initial level of capital that corresponds to the median level of the household distribution
of capital endowments.

Lemma 1. If the households indirect utility function defined by (18) satisfies the property
of single-crossing marginal utility, then a political-economy equilibrium with voting in the
initial period is defined by the policy vector T* = (1,75, 73)" € [0, 1]% where

! (1+¢)
=7

v =71 =B)(¢—(¢+B)A —0)nma)

To =
’ (1+0)(1 = (1= B)(1=70)0ma)
1
where ¢ = (ﬁ) " and nypg = k’fd.
Proof. See Appendix A. O

Government provision of public consumption goods is financed by tax rate 7, which
depends positively on the weight of public consumption goods in household preferences
(1 — a) and the elasticity of substitution between private and public consumption goods
ﬁ. When a is larger (smaller) than 0.5, i.e., when household weight attached to private
goods is larger (smaller) than that attached to public goods, then a higher elasticity of
substitution between both goods leads to a larger (smaller) demand, and therefore provision
of public goods declines (increases). Hence if the degree of substitution between both goods
rises, households prefer to reduce demand for the less-valued good. Note that, for now the
choice of 7 depends only on economic parameters and is therefore independent of the
distribution of wealth and voting.

Government provision of productive services is financed by tax rate 75, which is exactly
determined by parameter -, the productivity of capital with respect to government services.
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For the social planner, aggregate production if reflected by the function Y = AGJK 1=,
where congestion in the use of government services is absent. Hence, from a social welfare
perspective, parameter gamma represents the share of government productive services in a
Cobb-Douglas production function.'? It is well-known that in an economy with endogenous
growth and where government services are a flow in a Cobb-Douglas production function,
the tax rate that maximizes growth is identical to the rate that maximizes social welfare.'?
However, in contrasts to the literature that considers productive government flows services
in an endogenous-growth model with a Cobb-Douglas technology, in our model 75 does not
maximize growth because of the presence of other government spending categories.

Corollary 1. In a political-economy model of endogenous growth, Cobb-Douglas technol-
ogy, CES preferences, and endogenous choice of different government spending categories by
magjority voting, the taz rate (that finances productive government services) that mazimizes
welfare of the decisive household is different from the tax rate that mazimizes growth.

Proof. This result is different from the result of the previous literature on endogenous
growth and Cobb-Douglas technology (quoted in footnote 13), as reflected by the derivative
of the growth with respect to 7

00 2o (-1 -T2 —T3) 7

—— =pB(1 —~yo)AT~ 71, " —-1]. 20

Yl e e (20)
Hence, for an economy with non-zero tax rates 71 and 73, the 75 tax rate that maximizes

growth is given by

7~'2 = (1—7’1—7’3)’}/

It is possible to obtain a value for tax rate 73 equal to zero for a given set of parameter
values (in fact, we will consider this case below). However tax rate 73 cannot be zero
because 0 < a,, 8 < 1. Therefore the tax rate that maximizes growth, 75, is lower than
the tax rate 735, selected in the political process. ]

12We have also considered an alternative transfer scheme to our lump-sum transfers. The alternative
scheme allows for more distributive transfers, under which households with wealth levels that exceed the
average wealth level get zero transfers and those with wealth below the average get transfers that are
inversely proportional to their wealth. Hence individual household transfer gi increases linearly with the
reduction of relative wealth 7;. This feature adds an additional distortion to households’ saving decisions.
When assuming that the ratio n; is distributed as a Fisk distribution with scale parameter equal to 1 and
shape parameter equal to 1, transfers are defined as (B(7ma)) (1 — %1), where B(nma) = ﬁ +ln(%),
We show that even though transfers affect the rate of growth, the voted 7 tax rate is equal to . For
details, see Appendix E.

13For example, Barro (1990) and Barro and Sala-i-Martin (1992) derive endogenous-growth models with
productive government flow services, for which they show that the level of government services supply that
maximizes economic growth also maximizes social welfare. However, Misch et al. (2013) show that for a
more general production technology exhibiting a factor substitution elasticity different from one, the latter

equivalence is not satisfied anymore.

71



Therefore Corollary 1 proofs that the indirect utility-maximizing decisive voter, by
voting for a 75 tax rate lower than ~y, chooses a growth rate lower than the maximum she
could attain because she also votes for tax financing of other types of government spending.
In terms of her indirect utility, sacrificing growth by voting for a lower 79 is more than
offset by higher consumption of private and public goods.

An increase in parameter - leads to a change in the composition of government spending
toward more government productive services, lowering spending on government consump-
tion and transfers (see Lemma 1). This result is due to the fact that the marginal effect of
government services on productivity, and hence on growth, rises with ~.

The third government spending category, transfers, with an income share equal to 73,
is the only category that depends on 7,,4, the median-average wealth ratio. A reduction of
this ratio reflects that the decisive voter is poorer relative to the average household. Let’s
define the measure of household inequality the term 1 — 7,,4. Not surprisingly, a higher
level of inequality causes an unambiguous rise in the share of transfers in GDP, defined by
73, although it distorts saving decisions

o —(-n1-B8 o
Mma (1= (1= B)(1 —0)1ma)?

This positive (negative) relation between the size of transfers and income concentration
(Mma) is well established in the political economy literature. Meltzer and Richard (1981) in
a static environment and Krusell and Rios-Rull in a dynamic environment derive the latter
relation. However, we assume that tax rates 7; are restricted to the interval [0,1] and all
tax rates satisfy this condition other than transfers if and only if the inequality parameter
Nmd falls below a threshold level 7).

Corollary 2. For a threshold level 1 = m, if Mma € [0,7] then 75 € [0,1].

Proof. Imposing a value of 0 for the numerator of 75 (see Lemma 1) determines the thresh-

old level 1. Hence if 7,4 tends to zero, then 73 tends to % < 1. As transfers are

monotonic, 75 € [0,1]. O

Threshold level 77 (inequality measure 1—1) depends negatively (positively) on 5. Hence
if households get more impatient or 8 declines, the threshold level of inequality at which
transfers are zero rises. More impatience leads to value growth less and therefore transfers
attain a value of zero at a lower level of household inequality (Figure 1).

The degree of congestion in the use of public services (o) and the share of productive
government services in output () have a positive effect on threshold level 7. Higher
congestion (or o decrease) raises the private marginal product of capital (at an intensity
determined by the share of government services), hence increasing growth. Therefore the
median voter will relinquish obtaining positive transfers at a higher level of inequality
because she values growth more (Figure 1).
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Finally the coefficient of public consumption in aggregate consumption, 1 — a, has a
positive influence on the inequality threshold level. A higher weight of the public consump-
tion good in private utility allows that the median voter demands both a higher transfer
and a higher threshold of inequality, i.e., transfers cease to be positive from a higher level
of 77. In both cases, the goal is to increase the private consumption good.

T3

1 SO0 (a0
73(0' pﬁ o)

I_nmd ]-I/Imd

Bohy

0y>0,

Figure 1: Equilibrium Relations between Inequality and Transfers for different Discount
and Congestion Parameters

We show in Appendix A that the marginal utility of transfers is strictly decreasing in
household wealth level k. We restrict 73 to be non-negative, because it does not make
sense to pay a proportional tax on income to finance negative transfers, i.e., an additional
tax. Therefore when income concentration is relatively low, i.e. when 7,,q > 7], transfers
are set to zero and therefore 75 = 0.

Lemma 2. Given indirect utility in (18), subject to the condition nyq > 1 (13 =0), then a
political economy equilibrium attained under voting in the initial period is defined by vector
TR — (Tik*aTQ**), c [0’ 1]2

where

) a <(1 _Z*: Tik*)(l _’70')(1 _ﬁ)nmd>p = (1_/67_)*(3_7) — 17
1 1
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Ty =7

Proof. See Appendix B. O

Although transfers are zero, the share of productive services in output is held at v, i.e.,
it is determined by technology (5). Also if 7{* > 0, then the voted policy does no maximize
growth for the reasons discussed in the case of positive transfers. However, as opposed to
the latter case, now it is not possible to derive a closed-form solution for 7*. The only
condition derived from the implicit function for 77* in Lemma 2 is 71* < (1 — 8)(1 —7).!4
This upper bound on 7{* is a sufficient condition for obtaining a positive level for after-tax
household income, hence 7{* + 75* < 1.

A value for 7,,q above the threshold level 77 implies zero transfers. Therefore we focus
on the effect of 7,4 on 7{*. Differentiation of the implicit function for 7{* in Lemma 2
leads to an ambiguous sign of the partial derivative of 7" with respect to 7,,5. We derive
the condition under which the relation between the two latter variables can be signed.

Corollary 3. The effect of income concentration coefficient 1,4 on the level of public
consumption goods is determined by the intra-temporal elasticity of substitution between
private and public consumption goods in utility.

(I) For p > 0 (for an elasticity of substitution larger than 1), g;i; <0.
(II) For p <0 (for an elasticity of substitution smaller than 1), 88;1 - >0.
Proof. See Appendix C. O

This corollary establishes two cases. We focus on the second case, when a lower con-
centration coefficient (i.e., a lower level of inequality) leads to a higher tax rate 74" (to
finance a larger level of public consumption goods) and hence to higher overall taxation,
Tg = 71+ 73*. This case stands in contrast to the previous literature, which establishes a
monotonic relation between income concentration, taxation, and the size of government, a
relation that is upheld in case (I) of Corollary 3.

However, in case (II) of Corollary 3, we derive an ambiguous relation between income
concentration and taxation. When two conditions are satisfied in our model (income con-
centration is relatively low, i.e., n,qg > 7, therefore transfers are zero; and private and
public consumptions are complements in utility, i.e., p < 0), then a reduction in income
concentration leads to higher taxation for public goods and hence higher overall taxation.

The reason for our result is the following. In the traditional political-economy literature,
less income concentration benefits the median voter who then votes for lower taxation and
hence lowers transfers, under governments that spend only on transfers. In contrast, we
consider three government-spending categories in our model. When income concentration is

14This inequality condition is derived from the fact that the left-hand side of the implicit equation for
71" is always positive and therefore the right-hand side is also positive, implying this inequality.
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relatively low (1,,4 > 7), transfers are set at zero and hence the median household votes only
for two government-spending categories. Before she does so, consider first the economic
equilibrium, before voting takes place. The median voter benefits from a larger capital
endowment and hence higher income, raising her demand for private consumption goods,
given the average level of capital. Now consider the political-economy equilibrium, when the
median voter casts her vote for tax rates. Voting for tax rate 75 is unaffected, according
to Lemma 2. But voting for tax rate 7{* is determined by the degree of substitution
between private and public consumption goods in household utility. When substitution
is low (p < 0), both goods are complementary, and therefore a larger demand for private
goods leads also to a larger demand of public consumption goods. Therefore the political-
economy equilibrium implies a larger 7" tax rate.

Now lets analyze the impact of income distribution on growth in our political-economy
equilibrium. The endogenous growth rate is determined by

O — 1= (1 — 7)1 7o) ATy — 1, (22)
where (1 7,) = (1 - ) (8+ CEHERIATmG) i ) < and (1-7,) = (1 -7 -
Tf*(nmd» if Mmd 2 ﬁ

If income concentration is high (i.e., if 1,4 < 1), government spending falls on all
three spending categories, including transfers. Then a reduction in inequality reduces the
distributional conflict and the median voter choses a lower tax rate to finance transfers.

Consistent with the traditional literature (where government spending falls only on
transfers), growth rises when inequality declines

I
00 _ BL-7)(1-B)(B+¢)(1—y0)? ATy
= 5 >0 (23)
Mma (1= =B)1 =70)ma)
If income concentration is low (i.e., if 1,4 > 1), government spending falls on two
spending categories, excluding transfers. Then a reduction in inequality has an ambiguous
effect on the median voters choice of 71*, and hence on growth, depending on the elasticity

of substitution between consumption goods

00 1 v O
= —(1—~0o)ATA~yT—~ —1_ 24
o (1 —no) Y (24)
ory* .
where 77— > (<) 0, if p < (>) 0.

Figure 2 depicts the three economic and political-economy equilibrium relations between
income concentration and growth derived in our model, consistent with equations (23)
and (24). When income concentration is relatively high (i.e., if it exceeds threshold level
1—7ma), the median household votes for three tax rates. Then the relation between income
concentration and growth is monotonically negative, because higher income concentration
leads to higher taxation and hence to lower growth.
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However, when income concentration is relatively low (i.e., if it falls below threshold
level 1 —17,,4), the median household votes for two tax rates, excluding transfers. Then the
relation between income concentration and growth is ambiguous, depending on consump-
tion good substitution in household utility. If substitution is high (p > 0), the relation
between income concentration and growth is monotonically positive. If substitution is low
(p < 0), the relation is negative.

o

Equilibrium relations for 2 government Equilibrium relation for 3 government
spending categories (zero transfers) spending categories
e N )
p<0
p>0

I_nmd I_nmd

Figure 2: Inequality and Growth in Three Political-Economy Equilibria.

4.2 Political-Economic Equilibrium under Sequential Voting

Our previous equilibrium was derived under the assumption that voting takes place once
in period zero, and therefore tax rates and government expenditure composition is held
constant over time. Now we address the question if the latter policy is time-consistent,
i.e., if society would repeat its period-0 choice if allowed to vote again at any period in the
future.'> One way to obtain time-consistent policies is allowing voting to take place in any

5Krusell et al. (1997) compare two equilibria, one with voting in period zero and other with sequential
voting. A sequential voting can lead that the decisive voter faces more restrictions derived from imposing
time consistency, lowering her welfare and hence implying a different vote to voting in period zero.
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period t, under the condition that voting is shaped only by the relevant state variables in
period t, without influence of past variables. This is a Markov-perfect equilibrium.'®

In order to derive the latter equilibrium we re-write household 4’s indirect utility func-
tion in its recursive form. We assume that the policy vector voted in each period follows
the rule 7 = F(kge, k), where 7 = (71 72 73)’. This policy function is determined by
two state variables: capital of the decisive voter kq., and society’s average capital stock,
k. Households expect that government policies regarding taxation and expenditure follow
policy function F'.

Considering the latter, households (including the decisive household) solve the following
problem

o0
max_ > A InCiy(cis(re, ki, kigr, ki), g1(7e, k) (25)
{kie+13220 15
where (Cz is defined by (3), Ci,t(Tt;ki,taki,t—f—l,kt) = ¢0(T)]{7 + "(pl (T)]Cz - kiﬂf-‘rlv and
g1e(Te k) = o () ke 1T
Define function H*(7, k;, k) as the optimal saving response of household 4. This function
describes the response of households to a “one-shot deviation” on the part of the decisive
voter in the following sense. If the current capital stock is k, current policy is 7, and the
household i expects that future policy will be determined by the policy function F'(kge, k),
then savings will be given by H!(r, k;, k).
The latter optimal response satisfies household 4’s first-order condition

<(Ci,t+l (Tet1, Kijit1, Kiji12, Kig1) ) L (Ci,t+1 (Tet1, Kii1, Kiji42, kig1)

1—p
= Ty 26
Ci (e, kies ki1, ke) it (7o, Kigy Kig1, ke) > Br(reer) (26)

where ki 41 = H (e, ki, kt), i1 = F(kigs1, k1) and ki o = H (741, ki1, ki)

It is not possible to simplify (26) further because consumption growth rate is not neces-
sarily constant over time because it depends on current and future tax rates. In addition, it
is not yet possible to assure that aggregate capital growth is equal to consumption growth,
which also implies that aggregate consumption growth C is equal to the growth rate of
private consumption c. Hence it is not possible to simplify the latter first-order condition
as we did in deriving equation (14).!8 As future tax rates determine current consumption,

1Time inconsistency arises in the absence of a mechanism or technology that allows commitment regard-
ing the public policy choice. We do not consider sustainable equilibrium or reputation mechanisms in this
model because we assume that governments implement the decisive voter’s tax choice in any period and at
zero cost. We also assume that current governments are not linked in any way to future governments, i.e.,
we do not consider government reelection.

17 R _ . _ .

Yo(re) = AT 75, " T35 P1(Te) = (L= 7, ) (L —yo) AT 75,7 y Ya(T) =T AT7 1,7

8For the special case of logarithmic aggregation function, the ratio of marginal utilities of private con-
sumption ct41/¢: would not depend on public consumption good and the first-order condition would be
simplified.
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this opens the door to potential time inconsistency: the policy maker could change her tax
policy after households have taken their current-period decisions. In our model, the policy
maker is the median voter, who could face an incentive to revise his future tax choice in
order to maximize his utility.

Considering optimal saving response H'(7, k;, k), the median voter chooses tax rates T}
by solving the following problem expressed in its recursive form

U(kmdv k) = mTax In (Cmd (Cmdv gl) + BU(Hmd(kmd7 T)? H(k’ T)) (27)
J

where H"4(ky,q,7) and H(k,T) are the optimal saving responses of the median voter
household and the average household, respectively.

We derive the first-order condition on for the political-economy problem of the median
household in casting her decisive vote for tax rates, known as the Generalized Euler Equa-
tion (GEE), as defined in Klein et al. (2008).!Y The GEE reflects agreement between the
median household’s decision in period ¢ with his own decision in period ¢ + 1 in setting
tax rates 7;;+1. Note that for this result to hold we assume (with Klein et al. 2008) that
the choice of taxes in period ¢ takes place before the economic choice of all households in
period t. In other word, it is required to assume a weak sense of lack of commitment or
that a intra-period commitment is needed because the government (i.e., the median voter)
has to commit to her political choice after households take their saving decisions.

Definition 4. Markov-perfect Political-Economy Equilibrium.

Let 7 = [r1,72,m3] € [0,1]® the policy vector implemented in any period and kyao
as the median value of the initial distribution of capital. A Markov-perfect equilibrium
is defined as a policy function F : ]Ri — [0,1]3 such that the following equations hold:
(i) F(kma, k) = argmax; v(kpyq, k) where 7 = F(kpg,k) and k' = H'(7, ki, k); and (ii)
H (1, ki, k) satisfies the condition (26).

Generally the literature has solved Markov-perfect equilibrium with numerical tech-
niques, the absence of an analytical solution is due to the higher-order derivatives of de-
cision rules. Both the policy functions and their derivatives have to satisfy the first-order
conditions for both the current and future periods.?’

In our case we conjecture the following solution for the policy function F'(k,q, k) = 7%,
that is, the policy of tax rates and expenditure composition that is constant over time,
verifying if this policy satisfies the Markov-Perfect equilibrium definition. Our conjecture
is based on analyzing first-order condition (26) for household i. If tax rates are constant
over time, then individual consumption and gross saving, and the corresponding average
levels, grow at a common rate determined by equation (14). Hence the latter variables do
not depend on future capital, so that current saving is determined only by current, not by

19Gee Appendix D.
20Klein et al. (2008) propose a method of local approximations and compare its result with an alternative
method based on Chebychev polynomials to evaluate first-order conditions for the steady-state equilibrium.
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future variables. Note that this result also depends on having endogenous growth. If we
had a technology of declining returns to capital, the dependence of current variables on
future capital could not be avoided, and therefore the policy maker’s (the median voter’s)
temptation to deviate from previous policy decisions would still be present.?!

Proposition 1. In an economy characterized by logarithmic inter-temporal preferences,
CES intra-temporal preferences over private and public consumption goods, and constant
marginal productivity of capital, the political-economy equilibrium with voting over the size
and composition of government spending in period zero coincides with a Markov-perfect
equilibrium of sequential voting.

Proof. Full proof is provided in Appendix D. O

The idea of the proof is simple. Define 7% as the time-invariant policy to be chosen. In
a model of endogenous growth, consumption, investment and public spending growth at
a common constant rate O(7*) — 1 (see equation 14). Therefore optimal gross household
saving is ki 141 = HY(T, ki) = O(7%) ki 1.

As function H*(7*, k;) is twice differentiable, replace H'* and H"* in the GEE derived
in Appendix D obtaining

0lnC,,q olnC olnC, , 0lnC| , B
877'; + 3 {ak,@q—;k - 87';, + 81{3;7“1 nmd@q—;k =0 (28)

We derive the corresponding derivatives and obtain

0InC,,q 677*

87‘j @(Tj )

(1-7) =0 (29)

Equation (29) coincides with the first-order condition of the political-economy equilib-
rium with voting in period zero. Considering that optimal government spending and its
composition (i.e., tax rates) are independent of k; and k, our conjecture about F' is valid
and, therefore, the equilibrium with voting in the initial period is time-consistent.

5 Conclusions

In this paper we have developed a dynamic general-equilibrium political-economy model for
the optimal size and composition of public spending. An analytical solution has been de-
rived from majority voting for the optimal level of three government-spending categories:
public consumption goods and transfers (valued by households), as well as government
productive services (complementing private capital in an endogenous-growth technology).

21Using numerical simulations, Krusell et al. (1997) illustrate how the choice of a Markov-Perfect equi-
librium is constant in a model of endogenous growth.
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Inequality is reflected by a discrete distribution of infinitely-lived agents that differ by
their initial capital holdings. In contrast to the previous literature that derives monotonic
(typically negative) relations between inequality and growth in one-dimensional voting en-
vironments, we have established conditions, in an environment of multi-dimensional voting,
under which a non-monotonic, inverted U-shape relation between inequality and growth is
obtained.

A key feature of this paper is the existence of an endogenous threshold level of inequality
at which the median voter chooses a household transfer level of zero. At higher levels
of inequality, the relation between inequality and growth is negative, as it is in much
of the previous political-economy literature. At levels of inequality below the threshold
level, negative transfers (i.e., taxes) would be chosen. This outcome is not sensible, so we
restrict transfers to be zero at low levels of inequality. This implies that in the latter case
voting is restricted to choosing optimal levels of two remaining spending categories: public
consumption goods and productive government services.

This leads to the papers main result. In the range where inequality is lower than the
aforementioned threshold level and transfers are zero, the relationship between inequality
and growth could be positive. While optimal provision of productive services is affected
neither by inequality nor by transfers, optimal provision of public consumption goods is
affected by inequality. When inequality exceeds the threshold level, lower income con-
centration leads to a smaller demand for transfers, lower taxation, and higher growth.
However, when inequality falls below the threshold level, we obtain an ambiguous relation
between income concentration and taxation, which is determined by the degree of substi-
tution between private and public consumption goods in household utility. If private and
public consumptions are complements (substitutes), a lower (higher) income concentration
leads to a higher (lower) demand for public goods and hence higher (lower) overall taxation,
which lowers (raises) growth.

The latter main result extends the previous analytical literature that derives a mono-
tonic relationship under one-dimensional voting. Our more general result that inequality
and growth could be negatively or positively related could be consistent with the ambigu-
ous or inconclusive results documented in the empirical literature on the inequality-growth
nexus. We have derived analytical policy functions that characterize the political-economy
equilibrium under multi-dimensional voting, which in many cases implied obtaining closed-
from solution for the policy instruments. The latter results were obtained by voting at the
initial period. Then we showed that when focusing on Markov-perfect equilibria, the policy
voted at time zero is stationary, i.e., it is time consistent.
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Appendix A: Politico-Economic Equilibrium with Voting at Time Zero
We define the utility function of the decisive voter

V (71,72, 735 kio, ko) = n(Ci) Y B* +1n(© Ztﬁt Mo In(C; ) + M; In(©)
=0

The first-order conditions are

0InCy 0ln®©
M M =
0 oy Y4 0Ty 0
0InCy 0ln©
M M =
0 01 e 0719 0
0InCy 0ln©
M + M =
o 87 3 ! 87' 3 0

1
Given C; o = (act +(1—a)g} t) ", (10) and (11), we get

%0 _ pxtarfikg [w D=0
‘957;;) = Aﬁﬁﬁko [1 377';]
bl
=0

01InCy 1 p—10¢ip _1090 .
- +(1—a)g 2 =1,2y3.
87_], Co < G0 a ( a)go aTj > fO?“ J 2y 3

Taking into account (10) we Obtaln

1 % 1—711—To—T
%@_U—WMHﬁ”GgﬁLﬁ%rQ
87’2 N

(I1—7m —m—13)(1— ’YU)AﬁTF
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1 0
1 —(1 - AT 71,77
8n@: (L=70)At —, para j =11y 3.

. 1 0
07 1—m—1—T13)(1 —yo)AT1, "

Replacing mnfo and 811;9 in the first-order conditions
ki M 1
1 0 -1 1
aciy <(51)(170) ];0 > +(1—a)gf —MO(CQO—\I%O =0

k?i _ M
adfy’! [u <(1 — B)(1 = 70) k00> + 737] +(1—ayg 2 Zler B

ki o M; 1
1—(1-— 1-— :
oty (1= =90 =202 ) - Tl -

o
where U = (1 — 7 — 75 — 73) AT 7, and p = (m%_g.

T2 1—
Marginal Single-Crossing Condition.
When multiplying both sides of later equations by kg, it is straightforward to show that

02V (71,72,733k4,0) ko . 02V (71,72,735k4,0) k0
ks 007, >0 for j =1,2 and BF: 0073 < 0.

From the first-order conditions, the following results are obtained

(1-7)
(1+¢) 52 (1 + 1)

ot

1=7 (A=A -0 (1-a+eia+H)) +¢)

T =
3 A+ o)+ 1) (1- (-1 -0)52)
1
where ¢ = <ﬁ T
Convergence of ratio My / Mj.
Given that 0 < 8 < 1 we know that My = > 72, 8" = 75 and My = SoeotBt = = B)Q
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M; = 0+8+282+36°+...
B(1428+38%+48% +..)
= BA+B8+82+83+..
B+B+ B+ ...
+824 834 ... )

Let S = (1+ 8+ 3%+ %+ ...) then

M, = BA+B+82+8+..)S
B 11
= 5@@.

B in the political equilibrium, we obtain

-
(1-7)(1-5)
(1+¢)

Therefore, if we replace the ratio %
0

*

7—1 ==

*
Ty =7

= =)A= B)(@— (¢ + B~ 79)ma)
’ (1+¢)(1 =1 =B)(1 =70)1ma)

*

Appendix B: Politico-Economic Equilibrium with Voting at Time Zero and

with T 3 = 0
We define the new utility function of the decisive voter
oo oo o
V(r1, 72 ki, ko) = Y ' In (Ci00) =) B'InCip+ > tB'In®
t=0 t=0 t=0
; o

1 1
where (Ci,O = (aézo + (1 — a)(TlA77-217]€0)p> ; 5i,0 = (1 e TQ)AET;iW(I —

Q) ~ e
'YU)]%,() — @ki,(ﬁ and © = ﬂ(l — 7-17—2)(1 _ 'YU)AﬁT217W )
The first-order conditions are

d1nCy 0ln©
M -0
(‘97’1 + ! 87’1

Mg
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OlnCy . Oln6 _

M =0
0 87'2 ! 87’2
After the corresponding substitutions, we get
_ k; _ B 1
p—1 —1)(1 — 1,0 1— p—1 _ (/PN
o (R e B e

1|~ ki T3 Y 171 Y I3 1
p—1 1,0 3 :| p—171 p

ack p|(1—=p)(1—~o + 22— +(1—-a — + Cli=— =0
o [ <( ) 7 )k‘0> T2l =7 ( )90 l—vy 1-p Z’O\Illco

~

where E’ = (1 —T1 — Tz)AﬁTF y ﬁ = (mi _ 1)
With a little algebra, we get

*k
l1—a Ty

k%
Ty =7

Appendix C: Differentiation of the equation that characterizes the rela-
tionship between 7" and 7mg

UV p _B)(1—
Given equation % ((121771)(1 —0)(1 — B)nmd) = %—1, the left-hand side

is always positive because parameters a, 3, v, 0 y 71 belong to [0, 1]. Given the latter, the
value of 7{* must satisfy the following condition

T <1=-81=7).

Now we differentiate the equation that characterizes 7* and obtain

a 1—y—77*)\” —
Onm, - — — a - 1=\
e ™ g i () o

The denominator of

or*
n
and we get

am.ri

can be re-written taking the equation that characterizes 7;*

o 10 () (1= 30)(L - B () (L - )

Mma (1=[A=8A=7)1=p)+(p—(1-5)r"]
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The sign of the numerator depends on the value of p. Now let’s analyze the sign of the

denominator
1=B)1=-NA=p)+(p-(1=0)7"

Case I: (1 -7) < p < 1, the first term of the denominator is positive and the term

—(1-p)i

Case II: 0 < p< (1 — B), the first term of the denominator is pos1t1ve and the term

p — (1 — ) is negative. By contradiction, if 77 > %(1 — B)(1 — «) then the

denominator is negative. However, given that C (o= e )ﬁ)) > 1, this contradicts the restriction

< (1 = B)(1 — ). Therefore the denominator can not be negative and 8n - <0.
Case III: —co < p < 0, the first term of the denominator is positive and the term

p — (1 — () is negative. If 77 < %(1 — B)(1 — 7), the denominator and numerator

are negative and therefore the 6

Appendix D: Politico-Economic Equilibrium with Sequential Voting.

The median voter faces the following problem in recursive version

U(kmdv k) = mj_lx InCpng (Cmda gl) + BU(/Hmd(kmd’ T)7 H(kv T))

where H™¢?(k,,q,7) and H(k,T) are optimal decisions of gross saving of the average
and median agent, respectively; ¢,,q and g; are the consumption function of the median
agent and the supply function of the public good, respectively. The latter functions depend
on the political variable and the state variables

Cma = Yo(T)k + 01(T)kma — H™ (kma, T)

and
g1 = Pa(T)k,
l-a l-a
where ¥y(7) = (1 — 7')Aé7'2 C(l—a+ =), hi(r) = (1 - T)OéAéTQ o, and ¥o(T) =
l1—a
TlAéTQ “

To obtain the generalized Euler equation (GEE) of the median voter, we derive the
first-order conditions

Oln Cmd
873

Now we derive the Bellman equation with respect to k and k4

+ BupHe, + Buj, HPT =0 j=1,2,3.

Oln Cmd

5% + B Hr j=1,2,3.

v =
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0InC,,q
T T

From the first-order conditions we obtain

+ By, M, =1,2,3.

0lnC,, 1 .
Bv), = <—nd — Bv;md’HZZd> j=1,2,3.

Then vy, is
OmCpg OWCpg He ., o He
_ _ _ _ =1,2,3.
Uk 8k 87_] HTj ﬁvkmd Tj H’T]‘ ]

From v, and vy, , we get

0lnC d 1 .
v, = v — L =1,2,3.
B Emd ( Emad Ok, ) H?jd J

Now v, can be expressed as

j=1,2,3.

0InC,,qg 0InC,q Hyg <’U 8]nCmd> ’H?;Ld H,j,

BT or, Ohkma ) HP9 Hs,

Shifting the latter equation one period forward

oInC . 9nC. , H,. amc. N\ Hi .
’U;f: md md "tk _(/ - md> J k j:17273

8]{3/ 87'/ H,T_/_ vkmd 8k;’nd H’Z/Ld HT’.
md J

J J

Replacing the latter equation in the first-order conditions, we obtain

md
OCpa  , ) OWC,,  IWC)yHe 91T, HE 1 o
oT; ok’ or  H. ok Hmd 4, [T
J J J md K 4 F
med
m ™ M .
Btha | Moy = o 2 Hey | =0 =123,
k:nd Tj

From the latter equation we obtain an expression for Suvj, 2 and we replace in vy, as
m
follows

Vkpa —
¢ Okma

md

OCpg  [0Cpa o [OICpy  OICpy e | OC,, M 94, |
o7, aK’ o Hey | O, HpT He
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—1

Hmd o,
md Tj K’ md .
{Hn TR HT,} Hinar J=12,3

md 7

Shifting the latter equation one period forward and replacing in the first-order condi-
tions we get the GEE of the median voter

-1

md md
dlnC; d ’ md HTJ/, Hyr md md HTJ, Hyr .
. “ma __ (). — —_— ) / — ——— Tlr; = = 1; 3 9.
Q;+p o Q} x {HTJ_ HET Hyo Ho, Hkmd HE T ’H,T;H : 0 jJ 2,3
md J md J
where
o= MCua  , fOWC,, 9WC,, Hy Ty, M 9y, y
7 or; ok’ 57]" ’HTJ/_ ok! . ’Hﬁd HTJ{ i
md

Case: Generalized Euler Equation with F(k;, k) = 7*
Now we derive a particular outcome of the GEE. Given that tax rate 7% is constant,
all variables grow at the same rate and we obtain
K = O(r*)k,
d =Yo(T)k + 1 (T")ki — O(7")k,and y
C;/CZ = C;/Cl' = @(T*)

The derivatives of functions H! and H are

Hr =04k
J i
,Hj-’f = O,+k;
J J
Mo =0 oK
J J

A /
HT?‘/ — 97';/ k’L

J
Hk’ = Hi;l - @(T*l)
If we substitute the latter derivatives into the GEE, the GEE is reduced to the expres-

md

/
sion (}; since Hﬁzd— HTJd Hk: Hr, = 0. This simplification is possible because the conjecture
k! Tj

md

that the tax rate is constant allows us to deduce that individual and aggregate saving grow
at the same rate and, therefore, it is redundant to consider k; and k in the value function.
The ratio k;/k is constant for all ¢ and, therefore, k is a linear transformation of ;.
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The GEE is

O0InC,,q olnC . olnC, , 0InC| ,
or ﬁ{ o O T T aw,, MmOt

We derive the corresponding derivatives and obtain

dIncC! O _ N _
SeOnk = g K ald) o) + (1= a)(gh) o ()
- @(T;>< ma) " {a(cna)” o (T + (1= a)(g1)* o (7K'}
alnC’ @T]* . -
ok :dnde)T;k = %k:nd( ma)* {a(cg)" " ()}
@T; / —p / p—1
= @(T)( ma) " {a(ca)’ " (T kg )
Therefore
olnC . OlnC/ O, O,
m *I{ md *k: J / - / P = J
ok! @Tj + ak;nd ndeTj @(T)( md) ( md) @(7_)
Moreover
olnC/ _ _1 0% 100
W’d = (Cha) p{a(clmd)p lﬁk,‘f'(l—a)(gi)p laT,k/}

J

— (€ (OWP OO {alena G0k + (1= ) Sk}

o’
p—1 1/)0 o— 180—]{‘ 0InC,q
or BT;‘

— (Cd) {a<c D120k 1 (1 - a)(g1)

Finally, the GEE of the median voter is

O1In Cyny O
+

(1-8)"=
J
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Appendix E: Politico-Economic Equilibrium with Voting at Time Zero and
Conditional Transfers
Agent i solves the following intertemporal problem

max Zﬁ InC; ¢(cit, g1,¢)

{ei}i 04

subject to

Cip + kigpr = (1= 7g) reki g + g5, dado ki,

Now transfers gé are financed by a linear tax rate 73 (all agents pay without exception)
and those resources are distributed only to the poor. The poor are those endowed with a
capital stock below mean, k; < k. Furthermore, the distribution of transfers to the poor
will be inversely proportional to k;/k. Transfers must satisfy the following condition

~ kit
951 = < > ,where ¢ >0
Ky

Tax revenue should be equal to transfers delivered, i.e., T3y; = fok g(1 — s)f(s)ds.
Assuming that ratio n = % follows a Fisk or log-logistic distribution with scale parameter
a = 7Mmq and shape parameter § = 1. In this case, the probability distribution and
cumulative distribution functions are f(s) = m and F(s) = respectively.

S
nmd""s )
Transfers are equal to

/okg“ T =Y {/ok T /ok T } @

1 Nhmd )}
S .
g{nmd 9\ 1T 9B (Mma)

Given that transfers must be equal to tax revenue then g = 73y;(B(1mq)) "' Finally,
transfers are determined by

i — ki,
954 = T3yt (B(nma)) " <1 - k:)

As shown in subsection 2.2, marglnal productivity of capital is Al Ty (1 — o) and

production per capita is y; = A1 Ty ”/{
Each agent solves his optimization problem taking as given equilibrium levels of public
spending, tax rates, and factor prices. The Euler equation for each agent i is

’Y 0

C; - -
@z;tl:5<(1—Tg)Al 71y (1= 70) = 73AT 7 (B(1hma) 1)-

)
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Since we are dealing with a model of endogenous growth, © reflects that growth will
be affected by transfers unlike the model where transfers are lump sum (See Appendix A).

Replacing the Euler equation, government expenditure and marginal productivity of
capital in the agent’s budget constraint, we obtain

Ci,t = (\I/ — @)kt

1 = - _
where U = (1 —7,)AT7, " <(1 —yo)n; + ﬁ(B(nmd)) 1 - 77,))
The competitive economic equilibrium allows us to write the utility function of the
agent depending on © and Cy. Therefore, the problem faced by the decisive agent is the

following

max V(7i,72,73; ki, ko) = Z Gt n ((jw@t) = Z Gt n Cio + Ztﬁt In®
t=0

T1,72,73
’ t=0 t=0

Je
where C; o = (a (T —O)ko)” + (1 - a)(ﬁA%T;_7 ko)p> ’
Let My = Y72, 8" and M >, t5" then the first-order conditions are

0InCy 0ln©
M M =
0 or 1 ! or 1 0
0InCy 0ln©
M =
0 87' 2 ! 87 2 0
0InCy 0ln©
M M =
0 0T3 ! 073 0

Given C; o, © and ¥, we obtain

dcio 1 = kio
0 — AT Tk [(B—1)(1 - :
9910 1
o A7y ko
dcio 1 l-—m—m—1) v ki o YT
Ly o —1) (-1 —ryo)22) 4 L33
01 R [< Ty 1—x (1=B)(1=70) ko + 1—v7
91,0 B Y T
) —Al_ Yy L
87‘2 T2 ]{30 1—"}/7'2
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oci o 1 _ kio k;
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dgio
ors 0
lnCO 1 p—1 8@0 _1690 .
- p— 1L 20 1— pt 22T =1,2 )
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1 Je
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5

O (A =7 =7 — 73)(1 = 40) = 73(B(nma)) 1) AT 7y

v

e ] L
omo (T 1) (- 10) = 5 B(Blwma) | AT

019 -

(1= 71— 75— 73)(1 = 40) = 75(B(pma) 1) AT 75

v

S i R G

O (1= — 7o —73)(1 = 70) — 73(Bipma)) ) AT 7

Substituting the latter equations in the first-order conditions, we obtain

acfy’ ( (B=1)(1 —0) fio +(1-a)gh ' ——-C (1—~0) —
0 < ko ) 0 M, “0 (1= 71)(1 = ~y0) — 13(B(Nma)) 1) AT 15" ko

et [n (=91 =10) 52 )+ 22 By (1- - 0)7 )] +

T2 1-— Y
(1 )gp—lﬁ v Ml(cp (1 =no)pu — Z(B(1nma)) " _0
)9y 7 T np -0 T
1=y Mo (g (1= o) — my(Bma)~Y) AT K
(((Bmmd))-l(l ~a-5%0) g -na - 70)’22)0) )
M, P (1 —~0) 4+ (B(1ma)) ™" 0

Mo ™ (1~ 7)(1 = 10) — 73(Blma))~1) AT 5 ko

where pu = <7(1_71_T2_T3) % — 1).

T2
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After some algebra and considering that %%é = % (see appendix A), we obtain the
following
(1-)(1-5) C+ v -
] — (1 - vi-r
= S P 14145
1= 50+ 9) ( =300+ Blama) D80+ ¢>>
T =7
(1= + BT (1+(1+5) e R
. 7 (=70 (Blnma)) DBI+6)
T3 = +
’ B(L+9)
~1
(v T
ki (1 T (1+5) ((1w>+<B<nmd>>—1)ﬁ<1+¢>>
1=y =31 =v0) —1

k B+ ¢)

X = (Bma) " (1= (1= 8)E) — (1= B)(1 —yo) e,
(1-8)(1—70) 5 4 x(1—70)

%, (1—v0) ’
1=8)(1=70) X G s BT

where ¢ = (ﬁ)

v= (1 - 6)(1 - ’70)% + X(l—’YU)('il‘(_BW(i?)md))_l’ y C = (

For every unit of tax revenue, the amount allocated to productive services is equal to
.

Appendix F: Politico-Economic Equilibrium with Voting at Time Zero under
Constant Returns of Capital

In this context, we face an endogenous growth model a la Romer (1986). The production
function for a representative firm is

Yt = Akal}liaa

where k is the aggregate stock of capital and Romer asumes that it is proportional
to aggregate stock of knowledge. There are only two types of public expenditures: ¢g; =
71y is public good consumption and g3 = 73y; are lump-sum transfers distributed to all
individuals.

Agent i solves the following intertemporal problem

o0
max > B InCis(cit, g1.4)
{Ci,t}?io =0

subject to

it +kigy1 = (1 —7g) (wy +1ekig) + g3, given ks,
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where the agent’s income is taxed at a linear tax t, = 7 + 73.

Since firms operate in competitive factor market, factor prices are determined by
wy = (1 — a)Ak

re = A

The Euler equation for each agent is

©=p(1-7 —m)aAd
Replacing the Euler equation in the budget constraint, we get

- ki T3
=17 —m)AE (1 - M B ) o
cip=(1—m—13) (( a)+ak+1—71—73) )

The utility function of the decisive voter is

V(1,73 ki, ko) = Y B'In (Ci0®") = Zﬁ InC; 0 + Zwt In©

t=0 t=0

=

where C; g = (acﬁo +(1- a)(TlAEO)p) Picio = (1—1 — 13)A((1 — a)ko + akipo +
e TSk()) @k‘i’o; and @ = ,3(1 —T1 — 7'3)04A.

The first-order conditions are

_ k; _ M «
Pl —(l—a)—a(l=B)2) + (1 —a)gfy' — —LCF =0
acio ( ( a) a( ﬂ)k‘> +( a)gl,O My ZO((l—T1—Tg)aA+1)k
k; M a
1—(1—-p)— ) ——C* N
acio a( ( mk) Mo (1 — 71 — 75)aA + 1)ko
Given that %%é = % (see appendix A) and after the corresponding substitutions, we
obtain
-8
* —_—
T = 5o’
p
* — 1 _ - *
T3 ae; —T1,

where ¢, =1 — (1 — f3) k,;OO




