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Efficiency and Equity:
A General Equilibrium Analysis of Rent-Seeking

Abstract

We study the rent-seeking phenomenon using a simple, static general equilibrium model. The
economy consists of two sectors, both employing a constant returns-to-scale technology with
labor as its sole input. One of the sectors is a monopoly, where a continuum of agents compete
for a share of monopoly profits (i.e. rent). Agents are heterogeneous in labor productivity and
rent-seeking ability: they face a choice between engaging in (productive) work or vying for a
share of the rent (i.e. a contest against other rent-seekers). At the aggregate level, rent-seeking
reduces the available amount of labor in the economy and thereby lowers output and welfare (rent-
seeking is inefficient). At the individual level, rent-seeking shifts income towards rent-seekers.
Consequently, an economy with few rent-seekers tends to have high income inequality: an effect
that is exacerbated by the fact that rent is decreasing in the number of rent-seekers (low levels of
rent-seeking increase inequity). This tradeoff between efficiency and equity is the primary focus
of this paper. We investigate how the distribution of rent-seeking ability and the correlation
between labor productivity and rent-seeking ability shape this tradeoff.
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1 Introduction

We examine a general equilibrium model where (potentially) a monopolist is active in one sector
of the economy. This raises the question of how monopoly profit, or rent, is distributed among
agents.! In our setting agents are endowed with time, which they either spend on a productive
activity (labor) or on rent-seeking (competing against other agents for a share of the rent). Rent-
seeking is modelled along the lines of the classic Tullock contest: only relative effort matters.
Consequently, agents spend too much time on rent-seeking in a futile attempt to outdo the others.
Moreover, in a general equilibrium setting, the size of the rent is endogenously determined. Since
rent-seeking leads to a lower work force, it has an impact on the ‘real’ economy: an increase in
rent-seeking effort decreases the size of the rent.

Under the assumption that agents have identical labor productivity, but are heterogeneous
in their rent-seeking aptitude, we establish a tradeoff between aggregate income and income
inequality. If high aggregate income is seen as a desirable outcome, then it is best if there is
a small group of agents who are extraordinarily good at rent-seeking. Faced with this kind of
competition, most agents will abstain from rent-seeking. This will lead to high aggregate income,
but also high monopoly profits. Since profit is distributed among a small group of rent-seekers,
income inequality will be high.?

We show how aggregate income and income inequality depend on the distribution of rent-seeking
aptitude. We investigate the possibility that a tax on non-labor income can lead to welfare
gains for all agents, i.e. the conditions under which a redistributive tax leads to a Pareto-
improvement. Finally, we introduce heterogeneity in labor productivity and argue that strong
negative correlation between labor productivity and rent-seeking aptitude can lead to an equal
distribution of income.

Obviously we are not the first to investigate the phenomenon of rent-seeking. Tullock (1967)
already observed that the welfare loss of monopoly is larger than the Harberger triangle (Har-
berger, 1954) since effort is exerted in establishing or maintaining the monopoly position. While
Tullock surmised that the total cost of effort could exceed monopoly profit, a formal game-
theoretic foundation, in the form of contest theory, did not emerge until the 1980s: with a
Tullock contest success function, rent dissipation can be substantial but the total cost of effort
does not exceed monopoly profit.> See Konrad (2009) or Corchén (2007) for an overview of
contest theory.

One of the downsides of contest theory is the fact that it is a partial equilibrium analysis. Both
the cost of effort, presumably the opportunity cost of not engaging in productive economic
activities, and monopoly profit are exogenously given. Brooks and Heijdra (1988) is an early,
but unsatisfactory attempt to endogenize these quantities. In their setting some consumers are

'We will exclusively deal with the case where rent is created through market power. There are of course other
sources of rent such as landholding, access to scarce resources or political power.

2If equity is the desired outcome, then this reasoning runs in the opposite direction.

3In two-player contests, the Tullock contest success function is

o

where p; is the probability that player ¢ = 1,2 receives the monopoly profit, x; is the cost of effort for player i,
i # j and R > 0. Then the total cost of effort as a fraction of monopoly profit is min{R/2,1}. See Ewerhart
(2015) for a full analysis.



regulators with the power to grant monopoly rights to one sector of the economy. The aspiring
monopolist bribes some of the regulators into taking this decision (monopoly profit is essentially
distributed between the regulators). Since the income of the regulators increases, the demand
curve shifts outward and monopoly profit increases, i.e. the size of the rent is endogenized.
However, the rent-seeking process is modelled in an ad hoc manor: the agents have a fixed role
and full rent dissipation is imposed. This is our main contribution: we embed the standard
Tullock contest in a general equilibrium model in such a manner that agents actively choose
whether and to what extent they rent-seek.

There is recent literature on (optimal) taxation (Lockwood, Nathanson, Weyl, 2017; Rothschild
and Scheuer, 2016) that investigates the allocation of workers to jobs in the presence of externali-
ties. Rothschild and Scheuer, in particular, introduce a rent-seeking sector whose size negatively
influences productivity in the other sector. Without taxation, an abundance of workers end up
in this sector. Rothschild and Scheuer determine the optimal taxation scheme to correct for this
externality. The general equilibrium closure amounts to redistribution of the proceeds of the tax.
It is a purely a model of occupational choice where the wage rate is exogenously determined.
While we do not look at optimal taxation, we show that under certain circumstances, a tax on
non-labor income can be Pareto-improving.

There have been a couple of recent attempts to incorporate rent-seeking in a full model of the
macroeconomy (Barelli and Pessoa, 2012; Brou and Rutan, 2013). Barelli and Pessoa study a
Ramsey model with two sectors (productive and non-productive). The non-productive sector
appropriates part of the output of the productive sector. Consequently, rent-seeking is purely
a macro-phenomenon and there is only welfare loss in the aggregate. We add detail at the
micro-level and show that there are also effects on the distribution of income.

Brou and Rutan investigate an economy with many sectors, where is each sector is characterized
by oligopolistic competition and free entry. Firms use labor for three different purposes: pro-
duction, R&D and lobbying/rent-seeking (i.e. competing for lump-sum subsidies). Lobbying is
completely independent of the firm’s other activities. As a result, subsidies are not distortionary.
The main question addressed by Brou and Rutan is the effect of rent-seeking on economic growth.
In the companion paper, Heijdra and Heijnen (2021), we analyze a three-sector macroeconomic
general equilibrium model featuring labour-using rent-seeking activities (with diminishing re-
turns to rent-seeking time), overlapping generations, and endogenous growth originating from
capital-based external effects. We find that, depending on the life-cycle payoff structure of rent-
seeking activities, economic growth may be harmed or promoted by rent-seeking efforts. The
intertemporal dimension is thus shown to play a crucial role in determining the ultimate effects
of rent-seeking.

Finally, there is a large literature in institutional economics that deals with corruption and its
implications for economic development. Examples include Acemoglu and Verdier (1998) and
Murphy, Shleifer and Vishny (1993).* Typically, this literature is mainly concerned with (the
optimal level of) property rights, whereas we assume that property rights are well-defined. In
our setting, the goal of rent-seeking is essentially to obtain those property rights.

The paper is structured as follows. Section 2 contains the description of the model. Section 3
focuses on the simplest version of the model where there are constant returns to scale to rent-
seeking and one of the sectors is monopolized with certainty. In that context, we study how the

“Note that Murphy et al. (1993) refer to corruption as a form of rent-secking.



distribution of rent-seeking ability affects aggregate income and income inequality. In Section
4, we investigate the effects of a redistributive tax. Section 5 contains two robustness checks
(non-constant returns to scale, monopolization with probability less than one) and we introduce
heterogeneity in labor productivity. While most of our results continue to hold, we show that
strong negative correlation between labor productivity and rent-seeking aptitude leads to an
outcome where everyone specializes in their strongest profession. Finally, Section 6 concludes.
All proofs are relegated to the appendix.

2 Model

Although rent seeking can take place in many different settings we stay as close as possible to the
original idea of Tullock (1967) by assuming that the objective of rent seekers is to monopolize
one of the productive sectors in the economy. The model has the following key features. There is
a continuum of agents that are identical in all aspects except for their aptitude for rent-seeking,
7. Assume that 1 has support [19,71], where n; > 19 > 0, a cumulative density function F' and
a probability density function f.°> To avoid cluttering the notation we normalize the size of the
population to unity. Each individual has one unit of time which they can use for productive
purposes by working in one of the sectors in the economy and for ‘lobbying’ activities. We denote
the rent-seeking time of individual n by e(n) € [0,1]. There are two production sectors in the
economy, producing the distinct commodities X7 and X5. A rent-seeking ‘success’ consists of
the monopolization of the sector producing X;.% If monopolization takes place, profits in sector
1 will be equal to IIf* of which individual 7 will receive a share s(n):

stn) = 140" (1)

where ¢ € (0, 1] is a parameter. Note that ne(n)® denotes the effective rent-seeking effort and R
is the total amount of lobbying taking place:

0

RZAmmWWNM- (2)

The key features of this specification of the reward function are as follows. First, because the
share is strictly concave in rent-seeking effort when ¢ < 1, there are decreasing returns to scale to
rent-seeking time.” Second, the entire profit is passed on to rent seekers, i.e. f%l s(n)dF(n) = 1.

We model the rent seeking process as a two-stage game. In the first stage each individual
chooses how much to engage in lobbying activities. In the second stage uncertainty is resolved
(and monopolization of sector 1 does or does not occur) and consumption and production takes
place. We solve the model by using backward induction.

SWe allow for the possibility that 71 = 4o00. Since only relative rent-seeking aptitude matters, we typically
set the value of 79 equal to one.

5There is no specific reason why sector 1 is vulnerable to monopolization, but implicitly we are assuming that
it is commonly know that only this sector will produce rent. So, there are no coordination issues, where some
agents exert effort to obtain a fraction of the non-existent profit in sector 2.

"When e = 1, there are constant returns to scale to rent-seeking time: as we will see, in this case individuals
will either specialize in rent-seeking or devote their time solely to productive work (in the spirit of the Roy model
of occupational choice; Roy, 1951; Rothschild & Scheuer, 2016).



2.1 Stage 2: production and consumption

At the start of stage 2 each individual knows his/her income level I(n). The utility function of
an agent of type n is given by:

U(77) — [041'1(77)1_1/0 + (1 _ a)l‘g(n)l_l/a] 1/(171/0)’ (3)

where x;(n) is the demand for good i by an agent of type 7, « is a share parameter (0 < a < 1),
and o is the substitution elasticity between the two goods. We assume that ¢ > 1 so that, in
case sector 1 is monopolized, the profit function of the firm in that sector is concave in its own
price.

Note that agents have identical preferences over the two goods, but they differ in their ability
to generate income so that the budget constraint is given by:

Pixi(n) + Paxa(n) = 1(n), (4)

where P; is the price of good i. The demand functions for the two goods are given by:

o’ P %
1 () = — P 11_ Pl I(n), (5)
) = —— LB g, (6)

a(’Pll_(’ +(1- a)“le_“

The indirect utility function thus takes the following form:

where Py is the true price index:
Py =[a"Pl7 + (1—a)7 Py (8)

An individual n who spent e(n) units of time on lobbying in the first stage will express a labour
supply equal to 1 —e(n) in the second phase and earn a wage income equal to W [1 — e(n)]. The
nominal wage is used as the numeraire, i.e. W = 1. It follows that the aggregate supply of
labour in the second stage, L, is given by:

L=1- [" etnar) (9)

70

The production function in industry ¢ features constant returns to scale, i.e. X; = L; where L;
is the labour input used in sector . Sector 2 is characterized by perfect competition so that
marginal cost pricing results in a competitive price equalling:

Py =W =1. (10)

Next we consider the monopolist in sector 1. Using equation (5), integrating over 7, and noting



that the price in sector 2 is equal to one, we obtain the demand curve:

a’ Py °

a"Pll_" +(1—-a)

X = 1, (11)

where [ is aggregate income:

r= [ rar). (12)

70

The monopolist takes aggregate income as given and chooses P; such that profit, IIf* = X (P, —
1), is maximized. The resulting monopoly price is a markup on marginal cost:

m

g
pPm— d 13
1 831—1’ ( )

where the demand elasticity resulting from the monopolist’s pricing decision is defined (in ab-
solute value) as:
dx1 P1 af (P +0(1—a)°
OPLxy oo (P77 4+ (1—a)

eq =

> 1. (14)
Solving (13) and noting (14) we find a unique monopoly price for good 1 as a function of the
structural parameters a and o.

If the monopolization takes place aggregate income equals:
7
1= [ (1= etn) + sty dF(n) = L+ 117, (15)
o
so that we obtain the following expression for monopoly profit:

0% (PP (P - 1)
a® (P77 + (1 - )7

(L +I07"). (16)

Monopoly profit appears on the right-hand side of this expression because rent seekers ultimately
capture the entire profit. Solving equation (16) for II* we find:

- (17)
where w is a positive constant:

w = % (P")"7 (P = 1) (18)
a® (P")™7 + (1 —a)7

Intuitively, w represents the monopoly profit that would materialize in the hypothetical case
in which monopolization occurs without any rent-seeking during the first stage (i.e. when no
labour is wasted and L = 1).

The model has two features that greatly simplify the analysis of the model. First, the individual
demand functions are linear in income and therefore the monopoly price is independent of



the distribution of income.® Consequently, the analysis of the model is not complicated by

distortionary price effects. Second, indirect utility is linear in the income of each individual
agent. This implies that, when sector 1 is monopolized, we can use aggregate income I as a
measure of welfare. In fact, from (15) and (17), we see that I = (1 + w)L. So, if we take
aggregate income as the measure for welfare, then welfare decreases as agents leave the labor
force to engage in rent-seeking.

2.2 Stage 1: rent seeking

In stage 1 each individual makes the lobbying decision. With probability « monopolization
takes place, the monopoly price for good 1 is P/", the competitive price of good 2 is Pyg, and
the income of a rent-seeking agent equals I(n) = 1 — e(n) + s(n)II}*. With probability 1 — x,
however, monopolization does not occur, prices are given by Pf = P5 = 1, and income is equal
to I(n) =1 —e(n). It follows that expected utility of the agent from the perspective of stage 1
is given by:

1 —e(n) + s(mI7"

B[V ()] = s 4 (1)

1 —e(n)
Py

: (19)

where P/ and P, denote, respectively, the true price index with and without monopolization
(see (8) above). Agent n chooses e(n) € [0, 1] in order to maximize expected utility, E [V (n)],
noting the share function (1) and taking as given the total amount of effective rent-seeking, R,
the true price indices, ;' and P{;, and the total amount of monopoly profit, II7".

3 Benchmark

To analyze the incentives to engage in rent-seeking, we start with the benchmark case where
¢ = 1 (constant returns to rent-seeking) and x = 1 (monopolization always happens). Then (19)
reduces to:

_ 1—e(m) + s(p)ly"

E[V(n)] 7 , (20)
%
and the agent’s goal is to maximize income, i.e.
m newn
L)+ s =1 efn) + W (21)

Since this expression is linear in e(n), income is maximized by either e(n) = 0 (working) or
e(n) = 1 (rent-seeking). From (21), we see that income from working is 1 for everyone, while
income from rent-seeking is nII"/R is increasing in rent-seeking aptitude. This strongly suggests
that low-aptitude individuals specialize in working, while high-aptitude individuals devote all
their time to rent-seeking. The indifferent individual 7} receives the same income for each activity:

-
1= dmp, (22)

8 A necessary and sufficient condition for a demand function to be linear in income is that the indirect utility
function is of the Gorman form. This class includes CES-preferences.




or, after plugging in the various definitions and rewriting the expression slightly,

/ " P () — whF(5) = 0. (23)

Let g(77) denote the right-hand side of (23) as function of 7. Note that g(ny) = En > 0,
glm) = —wm < 0 and ¢ (1) = —(1 +w)Nf(7) — wF(7) < 0. This establishes that there is a
unique indifferent agent 7 € (1, n1) such that

_
6(77)={0 o< (24)
1 ifnp=>n

The fraction of rent-seekers is ¢ = 1 — F'(7)).

In the remainder of this section we investigate how the fraction of rent-seekers, aggregate income
and income inequality depend on the distribution of rent-seeking aptitude. In particular, we
investigate what happens when the right-tail of the distribution of n becomes thinner as this
intuitively seems to capture the idea of increasing concentration of rent-seeking aptitude. This
only leads to unambiguous comparative statics for the location of 7. While the location of the
indifferent agent moves to the left in terms of absolute rent-seeking aptitude, in relative terms
the agent may increase or decrease in strength. This is due to the fact that if we make the tails
thinner, then some probability mass is inevitably pushed to the left. However once we know
whether the fraction of rent-seekers ¢ is either increasing of decreasing, then we see the tradeoff
between efficiency and inequality:

Proposition 1. Suppose

O (.0) 20 = n <7'(a), (25)

for some function n* : (g, 1) — (no,m). Then
(i) the location of the marginal rent-seeker 1) is decreasing c.
Moreover, if the fraction of rent-seekers consequently increases [decreases]

(ii) aggregate income decreases [increases] in «,

(#ii) income inequality, as measured by the Gini-coefficient, decreases [increases] in c.

Note that we use the Gini-coefficient as measure for income inequality. However the result holds
for any measure of inequality that is invariant to scale and that satisfies the (Pigou-Dalton)
principle of transfers. Below are two examples to show that both possibilities can occur.

Example 1: Pareto distribution

The cumulative distribution function and the probability function are given by

F(n)=1-n""and f(n) = an T (26)
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Figure 1: The black line represents 1 as function of «, the red line ¢ as function of a. The value
of w was chosen such that at o = 5/12, the fraction of rent-seekers is 60%.

respectively. This distribution satisfies condition (25) (see Lemma A.2 in the Appendix).
Straightforward algebra shows that the solution to (23) is given by:

JJwla=1)+«

Gl T .

and the fraction of rent-seekers is

w(a—1)

= da-D+a %)

One can verify that ¢ is increasing in «.

Example 2: Gamma distribution

The cumulative distribution function and the probability function are given by

(n — 1)/a1e=(n-1)

F(n)=T(n—1,1/a) and f(n) = (0, 1/a)

(29)

respectively. Note that (1) T' is the incomplete gamma function, (2) the support has been
shifted to [1,00) (compared to the normal gamma distribution whose support is [0, 00) and (3)
the parameter o € (0, 1) is such that condition (25) is satisfied (compared to the normal way to
specify the gamma distribution we have taken the reciprocal of that parameter). Unfortunately,
there is no closed form solution for 7 or ¢. In fact, even (25) could only be verified numerically.
Figure 1 shows that 1 and ¢ are both decreasing in .



Figure 2: Panel (a) shows the Pareto distribution and panel (b) the gamma distribution, in both
cases for two different values of «, with the red line representing a higher value of o than the
black line: for the Pareto distribution: o € {1,3}, for the gamma distribution: o € {0.35,0.5}.

Comparison of examples

Figure 2 shows a side-by-side comparison of how the a-parameter changes the probability distri-
bution function. Panel (a) shows the Pareto distribution and panel (b) the gamma distribution.
The most striking difference is that the mode of the gamma distribution is not equal to the lower
bound of the support, but in the rent-seeking decision the left tail of the aptitude distribution is
irrelevant: each agent compares their skills against the best rent-seekers in the population and
the change in the right tail is optically very similar.

The incentive to rent-seek depends on relative aptitude. So far, we have not been very specific
how the individual agent’s aptitude changes when the distribution of 1 changes. The idea is
that the position of the agent in the distribution stays the same: an agent at the p-th percentile
stays there for each value of «, while their (and other’s) n may change. Let 7j,(a) = F~1(p, a)
denote the rent-seeking aptitude of the agent at the p-th percentile as a function of a. If the
agent at the pg-th percentile gains strength compared to the agents at percentile p > pg, then
this increases the incentive to rent-seek. Hence, we expect that if for any 0 < pg < p1 <1 we
have

d Ty (@)
dax gy (@) ~ ! (30)

then the fraction of rent-seekers will increase in . (We refer to 7, () /7, () as the relative
strength.) The exponential distribution gives a strong clue why this statement may be true.
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Figure 3: Relative strength as a function of a: panel (a) is the gamma distribution and panel (b)
the Pareto distribution. In both cases the agent at percentile po = 0.7 is compared to the agent
at percentile p1 = 0.9.

Example 3: Exponential distribution

Recall that the cumulative and probability distribution function for the exponential distribution
are given by

F(n,a)=1—e* and f(n,a) = ae™ (31)

respectively. This distribution satisfies condition (25) (see Lemma A.3 in the Appendix). Note
that for the exponential distribution, we get 7,(c«) = log(1 — p)/c. Consequently

iﬁpo(a) _ ilog(l —po)
da iy, (o)  dolog(l —pr)

~0. (32)

Moreover, straightforward calculations reveal that the fraction of rent-seekers is independent of
.

Figure 3 plots the relative strength for the gamma- and the Pareto distribution as function
of a. This further confirms our suspicion: if relative strength is increasing (decreasing), then
rent-seeking increases (decreases) as well.?

We leave the formal proof to the appendix, but our intuition is spot on:

Proposition 2. If

i Tpo (@)

da i, () >0 (33)

9Tt is tempting to relate this to the hazard rate which is constant for the exponential distribution, decreasing
for the Pareto distribution and increasing for the gamma distribution. However, if we shift the support of the
exponential distribution from [0, c0) to [1,00), then the hazard rate is still constant, but the relative strength now
depends on .

10



for all po, p1 € [0,1] such that py < p1, then

0q
— 4
D0, >0, (34)

i.e. if the distribution of rent-seeking aptitude changes such that the relative strength of agents
increases vis-a-vis more able rent-seekers, then rent-seeking becomes more prevalent.

Example 1 (cont.): Pareto distribution

Note that for the Pareto distribution we have:

ip(a) = (1 —p)~"/° (35)

d 7 d (1—p )\ 1 (1—p\V 1-
(@) _ d < pl) = ( pl) log ( p1> >0 (36)
dov i, () doe \ 1 = po a® \1—po 1 —po
since (1 —p1)/(1 — po) < 1. Applying Proposition 2, we conclude that rent-seeking increases in
a.

and

4 A tax on non-labor income

In this section, we explore the effects of a redistributive tax. We assume that the government
cannot distinguish between individual agents, but it can distinguish between different sources of
income, in particular labor income (wages) and non-labor income (rent). The government sets
an ad valorem tax on non-labor income equal to 7 and then redistributes the proceeds equally
among the agents as a lump-sum payment 7.

Throughout this section, the dependency of the share of the rent that an agent receives and
(total) monopoly profit on 7 is made explicit, i.e. s(n,7) and II7*(7). Moreover, 79, Ro and Lg
denote the indifferent agent, the total amount of lobbying and the aggregate supply of labor in
absence of taxation.

Equation (23), that determines the indifferent agent, is easily adapted to include taxation:

/ " dF () — w(l — T)AF (@) = 0 (23)

n

Note that the lump-sum payment does not appear in (23’) since both workers and rent-seekers
receive it. Moreover, since the introduction of the tax reduces (after-tax) income, rent-seeking
is less profitable and 7 is decreasing in 7. Due to the inelastic labor supply, the tax only has
redistributive effects, which implies that it increases aggregate income (as there is less rent-
seeking) and it reduces inequality (since the income disparity between workers and rent-seekers
is diminished). The only thing which is not immediately clear is the effect of the redistributive
tax on (former) rent seekers since the increase in labor supply leads to higher monopoly profits
that are shared among a smaller group of rent-seekers. This can potentially offset the negative
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effect of the tax for the most capable rent-seekers.

The income of a rent-seeker of type n > 7 is

I(n) = s(n,n) (1 — NI (7) + T = s(n, 7)(1 — )T (7) + 117" (1), (37)

where T' = 7II7* (7)) since all tax revenues are distributed. The change in income compared to
the situation without taxation is:

AL () = s(n,7)(1 — T)IT(A) + I (7) — s(n, 7o) 1T (7o) (38)

The change in income can be split into three main components:

A% (n) = (s(n,9) = s(n,710))I]" (7o) + s, ) (] () — I (o)) — (s(n, ) — 1) (" (7)), (39)

where the first term is the increase in income due to the decrease in competition for the prize, the
second term is the increase in income due to the increase in monopoly profit, and the third term
is the net tax payment. Dividing each of these terms by s(n, 7)II1* (7)), we obtain the percentage
increase compared to the hypothetical benchmark where the indifferent agent is the same as in
the case with taxation but absent any transfers:!°

1. The first term becomes (Ry — R)/R, which is positive and the same for each rent-seeker.
2. The second term becomes (L — Lg)/L, which is positive and the same for each rent-seeker.

3. The third term becomes —%7, which is decreasing in 7. Combined with the fact that
the tax is budget neutral, it follows that the agents with the highest rent-seeking aptitude
must be net tax payers.

This suggests the possibility of a redistributive tax that is a Pareto improvement. Obviously,
agents with low rent-seeking aptitude benefit from the tax: either they now receive a lump-sum
transfer in addition to their wage or they previously were marginal rent-seekers whose rent-
seeking “premium” is low enough to be compensated by the transfer. The surprise is that at
the top end of the distribution a smaller group of rent-seekers is now sharing higher monopoly
profits (since the productive work force has expanded). This effect may be larger than their net
tax payment. A necessary condition is that the distribution of n has a finite upper bound as the
absolute value of third term in (39) is increasing in 7 and will eventually outweigh the other two
terms. Figure 4 shows an example of a Pareto-improving redistributive tax when 7 is uniformly
distributed on [0, 1].

5 Extensions

The first two extensions just serve as a robustness check. In the first robustness check, rent-
seeking becomes less effective as agents spend more time rent-seeking, i.e. the activity has
decreasing returns to scale. As we shall see, effectively, this reduces the return on rent-seeking

10Tt turns out that this yields the cleanest expressions, qualitatively nothing changes when we choose a more
obvious benchmark such as “no taxation” or “taxation with transfers”.
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Figure 4: The black line is income without tax as function of n, the red line income with a
redistributive tax as function of . Note that n is uniformly distributed on [0,1], w = % 2 and
7 =0.2. Values of w and T chosen arbitrarily.

and, in aggregate, there will be less rent-seeking. Since the tradeoff between income and in-
equality is unaltered, the effect is that aggregate income increases but is less evenly divided.
The second robustness check, where monopolization occurs with probability less than one (or
might even depend on the total amount of rent-seeking) stresses the same point. In the final
extension, we introduce heterogeneity in labor productivity. We show, by example, that (sub-
stantial) negative correlation between labor productivity and rent-seeking aptitude can mitigate
the negative effects of rent-seeking.

5.1 Decreasing returns to scale

This is the case where € < 1, but we still have kK = 1. The price index is still irrelevant and an
agent of type n choose e € [0, 1] to maximize:

€
1—e+%-wL (40)

(cf. eq. 21). Tt follows that the interior solution (if it exists) is given by

et = (22) ™ (an)

Note that e(n) > 0 since the return on the first unit of rent-seeking is infinitely high for all
agents. However at the top end of the distribution, agents may still choose to specialize fully in
rent-seeking: with slight abuse of notation, suppose that e(n) = 1 if and only if n > 7.

First, suppose that 7 = 11 and there is an interior solution for every agent. Recall the definitions

13



of R and L:

= [" netwyrar (42)

10

L=1- ["etmar) (43)

70

Plugging the expression for e(n) into (42) and (43) we obtain:

e/(1—e)
R=(%F) [t (44)
R 0
1/(1—8) m
L=1- <€°JL> / 0/ dF () (45)
R 0
Note that (44) and (45) can be solved to get two expressions for the integral.
m _ R
[ =g (46)
o (%)
mo 1-L
[ = (47)
0 (%)

Obviously the right-hand side of (46) should be equal to the right-hand side of (47). If we
equate both right-hand sides, then we see that R cancels out and we can solve it to obtain an
expression for L. This leads to the following result:

Proposition 3. If e(n) € (0,1) for all n, then the size of the labor force is independent of the
distribution of rent-seeking aptitude and given by:

(48)

Since L is decreasing in €, we see that the closer we get to constant returns, the smaller the
labor force. The question is whether this conclusion also holds when 7 < ;.

Figure 5 shows a numerical example where 7 is uniformly distributed on the unit interval. Panel
(a) depicts the rent-seeking effort as function of 7 for three different values of . It is clear
that the effect of increasing ¢ on rent-seeking effort differs between types. At the top end of
the distribution, it increases. At the bottom end, it decreases. For agents in the middle of the
distribution, the effect is even non-monotonic. Note that, as € increases, each incremental unit
rent-seeking yields higher returns. So, ceteris paribus, rent-seeking is more profitable. However,
on the whole, this reduces the productive labor force L (and monopoly profit) and increases the
total amount of rent-seeking R. Both reduce the returns on rent-seeking, but the effect is larger
for agents with low rent-seeking aptitude. In equilibrium, ‘high n’-agents start to specialize in
rent-seeking, while ‘low 7’-agents only spend a small fraction of their time on rent-seeking.

The net effect on L, for the case of the uniform distribution curve, is the area above the curve
but below the e = 1-line in panel (a). It is clear that L decreases in e: this is confirmed in panel
(b), which shows L as function of €. Note that the dashed line is the graph of equation (48):
the reduction of the labor force is less severe than Proposition 3 predicts.
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Figure 5: Panel (a) shows time allocated to rent-seeking as function of type for different values
of € and panel (b) aggregate labor as function of e (solid line), the dashed line shows aggregate
labor for the case 1 = when L = 1/(1+4¢ew). Note that n is uniformly distributed on [0,1] and

w=1va,

The following Proposition confirms that our example generalizes to other distributions:

Proposition 4. Suppose 11 < m1. As e increases and the rent-seeking technology gets closer
to constant returns to scale, more agents become full time rent-seekers (i.e. 1 is decreasing in
). However, for agents with low rent-seeking aptitude, this means increased competition for
momnopoly profit and their response is to work more. Consequently, the comparative statics of &
on L are ambiguous.

5.2 Probability of monopolization

We return to the case where ¢ = 1, but now we have k < 1. As before, there is an indifferent
agent 1 whose return to rent-seeking is the same as the wage rate: only those agents whose
rent-seeking aptitude exceeds 7 specialize in rent-seeking. The agent with type 7 is indifferent
between working and rent-seeking:

1 nwrlL

1
4 (1—k)— =
o PR pe = pag

(49)

where the left-hand side is obtained by evaluating (19) at e = 0 and the right-hand side by
evaluating (19) at e = 1. Observe that there is a price effect where the higher prices in case of
monopolization decrease indirect utility. Rearranging (49), we obtain:

1—rx P fwL

1 ) —
+/~$ Py R

(50)

The right-hand side is now identical to the benchmark, but the left-hand side shows a premium
for workers equal to the odds against monopolization times the benefit of avoiding the monopoly
price increase. This is not that surprising: when monopolization does not happen, workers unlike
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rent-seekers have a source of income and, as an additional bonus, prices are lower. The overall
effect is less rent-secking. !

This result continues to hold if the likelihood of monopolization depends on the aggregate amount
of rent-seeking, i.e. k = k(R). In particular, suppose that more rent-seeking increases the
probability of monopolization: R’ > R implies x(R’) > k(R). We can think of it as a politician
being persuaded by the shear amount of rent-seeking to grant monopoly rights in sector 1. For
the individual agents, who take R as given, the incentives do not change drastically: in (50),
k simply becomes a function of R. However, at the macrolevel, there is a multiplier where
rent-seeking begets more rent-seeking. This is a second-order effect that is dominated by the
overall effect that monopolization no longer happens with certainty. Formally:

Proposition 5. Let k be a continuous function of R with the properties that k(0) = ko € (0,1),
k(En) = 1, and for all R € (0,En) we have k(R) € [ko,1). Then, in every equilibrium, rent-
seeking is reduced compared to the benchmark where k = 1.

5.3 Heterogenous labor productivity

Throughout this paper, we have maintained the assumption each agent had the same marginal
productivity of labor, normalized to one. In this Section we will introduce heterogeneity in labor
productivity (in the benchmark case where ¢ =1 and k = 1).

When agents differ in labor productivity, the time allocation decision depends on rent-seeking
aptitude relative to labor productivity: agents, whose labor productivity is (relatively) high com-
pared to their rent-seeking aptitude, will become workers, and if labor productivity is relatively
low, then becoming a rent-seeker is a more attractive option.

This makes the following scenario a possibility. Suppose that labor productivity and rent-
seeking aptitude are negatively correlated. If the correlation is strong enough, then agents can
be categorized either as good rent-seekers or as efficient workers and they will specialize in one
of those professions. This implies that the loss in (effective) labor is limited as rent-seekers are
inefficient workers. The drop in aggregate income is, consequently, limited as well. At the same
time, workers earn higher wages than before (since the wage rate is equal to their high marginal
productivity of labor). Previously we have demonstrated that high average income is linked
to high income inequality, but here that link may be broken. We shall show by means of an
example that this is indeed the case.

An agent is now characterized by their labor productivity £ € [o,&1] (with wage rate equal to &)
and a rent-seeking aptitude n € [ng,m1]. The probability density function is denoted by f(n,¢).
Assume that f(n,§) > 0 for all (n,&) € [no, m| x [£o,&1]-

Adjusting the wage rate from one to £ in (22) and observing that IIJ" = wL, we obtain the

HThe effect is equivalent to a tax on non-labor income pf

_ A=-m)P
kPG + (1 — k)P

7=

(cf. eq. 23%). Since 7 is decreasing in &, the result follows immediately.
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following expression for the indifferent agent(s):

_ nwL

‘=R

(51)

While the calculation of L and R will be more involved, we immediately see that the indifferent
agent can be expressed in terms of z = n/{. An agent (n, &) will specialize in rentseeking if and
only if /¢ > Z where Z satisfies:

ZwlL

R

1= (52)

The corresponding formulas for L and R as function of 2 are

&1 pA(26)
v = [ [ ertngande (53)

o Jno

&1 rm
R(2) = /g 0 /A o nf(n, §)dnds, (54)

where A(z) = min{max{z, 7o}, n1 }. Both expressions can be read as the average effective units
of labor and rent-seeking as supplied by the agents. The A-function appears because for some
values of 7, all (or none) agents with this level of rent-seeking aptitude will work.

First, we show that there is a unique value of 2 € (1n0/&1,11/&o) that solves (52). Rearrange the
equation as:

R(3) — wiL(3) = 0. (55)

Note that L(ng/&1) = 0 and R(n1/&) = 0. Therefore the left-hand side of (55) is positive at
Z = no/& and negative at Z = 11 /. Since the left-hand side is continuous in Z, existence is
established. Uniqueness follows from the fact that the left-hand side is strictly decreasing in 2
(see details in Appendix C).

To explore the impact of heterogeneous labor productivity, especially if it is correlated with rent-
seeking aptitude, we need a distribution where the degree of correlation is easily manipulated,
preferably via a single parameter, and where the average labor productivity is kept constant.
The latter is important since an increase in average labor productivity will ceteris paribus boost
aggregate income. This is an unwanted effect if we study the tradeoff between aggregate income
and income inequality.

Copulas are a standard tool to generate distribution with these properties from standard, uni-
variate distributions. We apply the Farley-Gumbel-Morgenstern copula, C(z,y) = zy(1+ ¢(1—
x)(1 — y), to uniform distributions for both 7 and £ to obtain the following distribution over

(n,€):

.6 = 2 c(ﬁ% f€o>_1+ﬁ<n—ﬁ><f—§‘>

= = 56
onmoE \m —mo0" &1 — o (m —n0)(&1 — &) (56)

where ¢ is the degree of correlation between the two abilities, 77 = (171 —10)/2 and € = (& —&p) /2.
Note that || < m, otherwise f(n,£) < 0 for some 1 and ¢ in the support. The degree

of correlation is at most 1/3 in absolute value (see the mathematical appendix of Heijdra et al.
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Figure 6: The top panel shows aggregate income as function of the degree of correlation ¢ and the
bottom panel the Gini-coefficient. Support of the distribution is [ng, m]x[&o,&1] = [0,2]x[1/3,5/3]
and w = %\@

(2019) for details).

Unfortunately, even for this relatively simple case, no closed form solution exists. Therefore, we
resort to numerical methods.!? Figure 6 shows the result, which confirms our intuition: stronger
negative correlation between 7 and £ leads to an increase in the level of income and a decrease
in income inequality.

6 Concluding remarks

Our main contributions are as follows. First of all, we embed the classic Tullock contest in a
general equilibrium setting. In particular, agents are competing against each other to obtain a
share of the prize. The share of the prize that the agents obtain is a generalization of the Tullock
success function that allows for infinitely many contestant. In a general equilibrium setting, the
size of the rent is endogenous.

Second, we show that there is a tradeoff between efficiency and equity. Since rent-seeking is a

2Numerically, the calculations are fairly straightforward. Only the measure of inequality, the Gini coefficient,
is a bit tricky. See Appendix D for the details behind this computation.
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purely wasteful activity, (aggregate) welfare is highest when few agents engage in rent-seeking.
However, this has the negative effect that it increases monopoly profit and, to add insult to
injury, it is distributed among a select group of agents. This increases inequality. There are
ways to remedy this tradeoff: we demonstrate by example that a redistributive tax can, in
certain circumstances, be a Pareto-improvement. Strong negative correlation between labor
productivity and rent-seeking aptitude is another way to achieve this goal.

Finally, while we presented an in-depth investigation of rent-seeking incentives in a static general
equilibrium context, dynamic effects are also of great economic importance: time wasted on
rent-seeking does not only decrease production of consumption goods directly, but may also
divert effort from growth-promoting activities. In Heijdra and Heijnen (2021), we attempt
to quantify the effects of rent-seeking on economic growth. There we analyze a three-sector
macroeconomic general equilibrium model featuring labour-using rent-seeking activities (with
diminishing returns to rent-seeking time as in Section 5.1 of the present paper), overlapping
generations, and endogenous growth. In our benchmark model endogenous economic growth
results from a human capital externality along the lines of Azariadis and Drazen (1990). During
the first phase of life, ’'young’ agents allocate time on productive work, education, and on
lobbying. Whereas from a partial equilibrium perspective rent-seeking can thus be harmful
to the engine of growth (learning), it turns out that the general equilibrium effects on economic
growth depend critically on the life-cycle payoff structure of rent-seeking activities. Indeed, if
these payoffs arise early on in life then economic growth is stimulated by rent-seeking efforts. In
contrast, if the rewards are obtained later on in life then growth is harmed by in the presence
of lobbying activities during youth. This brings home the key message: the intertemporal
dimension potentially plays a crucial role in determining the ultimate effects of rent-seeking.
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Appendix A Mathematical preliminaries

Let X be a random variable with support [z, z1] C RT.13 A realization of X is denoted by
x. The distribution of X depends on a parameter a € (ap,a1) C R. We use the notation
X, to denote the dependency on «, if neccesary. The cumulative distribution function of X is
F : [xo,z1] X (o, 1) — [0, 1] and the probability distribution function is f : [zo, z1] X (g, 1) —
R*. Assume that F is twice-differentiable.

Lemma A.1. If

of

%(x,a) >0 <— z <z (a), (A1)

for some function x* : [ag, a1] — [z, x1], then

1. 8F E(x,a) >0 for all x € [xg,z1] (with equality if and only if x = xo or x = x1),"* and

2. le I (s,)ds <0 for all x € [xg,x1).

Proof. Ad (1): Observe that F(zg, ) =0 and F(z1,a) =1 for all @. This directly establishes
that

oF oF
%(aco,a) = %(xl,a) =0. (A.2)

Note that, by definition,

F(z,a) = / f(s,a)ds. (A.3)
o
Differentiating both sides to « yields:
F
(Za(x,a) gf (s,a)ds. (A.4)

Observe that if we differentiate both sides to x, we obtain:

I 0y =
9z0a Y T Ba

(z, ). (A.5)

Hence, as a function of z, 8F (z, ) is increasing up to x*(«), after which it is decreasing in x.
Together with the result derived in (A.2), this shows that ‘g—g(x, a) >0 for all x € [zg, x1] (with
equality if and only if z = xg or z = x7).

Ad (2): Note that if x > 2*(a), then we obviously have

/xl s%(s,a)ds <0 (A.6)

BThis is slight abuse of notation as we allow for the case where z1 = co.
" Again this is slight abuse of notation. When z1 = oo, this should read lim, o 95 (7, @) = 0.



as sg—i(s, a) <0 for all s € [z, z1]. Observe that, for x < z*(«), we have

a [ 0 0
8:6/ s%(s,a)ds = —x%(:v,a) <0. (A.7)

This implies that f;l sg—i(s, a)ds is maximal at x = x¢ and, therefore, it suffices to show that:

1
/xo sgi(s,a)ds <0 (A.8)
which can be rewritten as
zk(ar) 1
/mo sa—é(s, a)ds + /x*(a) s%(s, a)ds <0 (A.9)

Taking the second, negative-valued, integral to the other side, we see that (A.8) is equivalent to:

z* (o) 1
/ sﬁ(s, a)ds < / s|==
o da z*(a)

To show that this is true, first note that, by definition, fgfol f(s,a)ds = 1. Differentiating both
sides to « yields

1 87]0
Ja

ds. (A.10)

(s,a)ds = 0. (A.11)

Zo

Since g—i changes sign at z*(«), it follows that

z* (o) z1
/ g(s, a)ds = / —
z0 Ja z* (o)

We can use this result to establish that (A.10) holds:

z*(a) z* ()
/xo s%(s,a)ds < / x*(a)%(s,a)ds

zo

z*(a) of
= x*(a)/ —(s,a)ds
20 foJel

e [P |0

o) [ |Gt

:/ 1 ¥ (a) of
2*(a)

90
S/l s 0f
z*(a)

a9 (57 a)
where the second equality follows from (A.12). [ |

ds. (A.12)

ds

s,a)| ds

ds,

Oa

Note that if o < o/, then X, (first-order) stochastically dominates X, . However the condition
in Lemma A.l is stronger than first-order stochastic dominance. Examples of distributions that
satisfy (A.1) are the Pareto distribution (f(z,a) = az=(@+Y) 2 € [1,00) and a € (1,00)) and
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the exponential distribution (f(x,a) = ae™*", z € [0,00) and a € (0,0))

Lemma A.2. The Pareto distribution satisfies condition (A.1).

Proof. Observe that:

of

— gyt —
50 = [1— alogz]. (A.13)

Note that at x = 1 the sign of the derivative is positive. Moreover the derivative changes sign
at

¥ (o) = e, (A.14)
|

Lemma A.3. The exponential distribution satisfies condition (A.1).

Proof. Observe that:

or _ e 1

of o], (A.15)

Note that at x = 0 the sign of the derivative is positive. Moreover the derivative changes sign
at

() = é (A.16)
|
Appendix B Proofs
B.1 Proof of Proposition 1
Ad (i) Note that
diy _ M (A.17)

do 4(h, @)

where we have made the dependency of g on « explicit. In the main text, it was already shown
that

Jg
i . Al
(i) <0 (A19)
Therefore
a <0 <= @(ﬁ a) < 0. (A.19)
da oo "



Observe that:

09, [ 0L, . OF
8a(n¢w-—té naa(nwwdn wnaa(nﬁﬂ

From Lemma A.1, we see that this expression is indeed negative.

Ad (ii) Note that aggregate income is (1 +w)L = (14+w)F (/) = (1 +w)(1 — §). Hence, if the
fraction of rent-seekers increases [decreases], then aggregate income decreases [increases.

Ad (iii) We use two properties of the Gini-coefficient: invariance to scale and the principle of
transfers (Aaberge, 2007). First, note that income I of type 7 is given by:

1 ifn<n

P . A.20
WWF(U) if =1 (4.20)
n

I(n) =

Since the Gini-coefficient is invariant to scale we can divide by aggregate income (1 + w)(1 — §)
while leaving the Gini-coefficient unchanged:

1 . .
. T 0= ifn <
top = { T

. A.21)
0 - - (
Tro) =g = I ndF(n)wF(n) ifn>mn

Finally we can express everything in terms of percentiles, p = F(n), and add the parameter «,

1 . ~
7oy _ ) @) ) ifp<1-gla)
(p) = _wl-it@)  _ Fl(pa)

(1+w)(1—=G(e)) fll—(j(a) F-1(s,a)ds

(A.22)

else

Note that (1) fol I(p)dp =1, (2) § increases [decreases| and workers see an increase [decrease] in

—1
income, (3) the rate, at which the income of the rent-seekers increases, goes up (i.e. m:aic(f”a)

increasing in «, cf. Lemma A.1). This established that there is a unique percentile in the income
distribution such that everyone below this point is better [worse] off and everyone above this
point is worse [better] off. Then, by the principle of transfers, the Gini-coefficient is decreasing
[increasing].

B.2 Proof of Proposition 2
First. note that (33) can (equivalently) be formulated as:

iﬁm(a)
4 Ty (@) < 0. (A.23)

(We use the formulation in (33) because it is more intuitive to talk about the relative strength of
the agent at percentile py than his relative weakness.) Second, 7, is the inverse of the cumulative
distribution function of 7, the function is increasing in p. Finally, let p denote the percentile
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at which the indifferent agent is located. Note that § = 1 — p. It suffices to show that p is
decreasing in «.

The marginal rent-seeker is determined by (cf. eq. 23):
m o
[ ndrm - wir ) <o, (A24)
n

which, with a little ‘integration by substitution’-magic, can be rewritten as

! 771)(@) b =
/}3 Uﬁ(a)dp p = 0. (A.25)

Applying the implicit function theorem yields:

A 1 9 ny(a)
& Jp sang@® ~0 (A.26)
- a) Onp ) :
do 41+ fpl 7;”((&))2 ai;dp

where the sign follows from the observations above.

B.3 Proof of Proposition 4

First of all, the expressions for R and L are different since some agents only engage in rentseeking:

cwL\ /=9 pi B m
R= <R) / /= aF () + / ndF(n), (A.27)
o Ui
R cwl 1/(1=e) pq B
p=r)- (%F) 0 [edare) (A.28)
0o

Note that, again, these two expression can be solved for the integral.

/77 MO gE () = R— [ 157(651()77) | o
" ()

/n: /A=) dF(n) = W_ (A.30)
Therefore:

R—["ndF(n)  F(p) - L _ el [ ndF (1) s

(
(M)E/(lff) N (swL)l/(lff) = R (14+ew)L — F(n)

R
Next, observe that e(77) = 1 implies that 7 = R/(swL). Taking the expression for R derived in
(A.31), we obtain the following relationship between L and 7:

) S ndF ()
T U v ew)L — F() (A.32)




We can also use 7 = R/(ewL) to eliminate R from (A.28):
7
L= F(@) — i) [ /0=9dp (). (433
70

Rewriting (A.32) and (A.33) slightly, we obtain the following implicit expression of L and 7 as
function of e:

1
(1+ 2w)Li) — AF(7) — / ndF (1) = 0, (A.34)
n
7
L_meurwkﬂ/yﬂuﬂmMm:o. (A.35)
7o

Applying the implicit function theorem, we obtain

(1+ew)n (1+ew)L - F(n) dL/ge \
1 _11:77—(2—6)/(1—6) fg) /A= dF(n) ( dil/ e ) a
oL (A.36)
( e fp (3) s (3) ar ) ) |
with signs:
(+) (+) dbjae \ _ [ (-)
OO () =(&) .

From Cramer’s Rule, it follows that 7 is decreasing in €. The sign of @L/de is ambiguous.

B.4 Proof of Proposition 5

Suppose that in the benchmark, where monopolization always occurs, the indifferent agent is
located at 7. Recall from (23) that

7
[ ndr ) - winF (i) =o. (25")
U
If k is function of R, then this condition (cf. eq. 50) changes to:

1—w(n) P\ [™ WA F(f) —
(1 + 7/@(77) Pe > /17 ndF(n) nF(n) =0, (A.38)

where & is a function of 7 through R. Note that our assumptions on s imply that () = 1 and
k(n) € (0,1)¥n € (no, m]. Introduce

o L—r(n) P\ (™ o
Mm_o+fw).;)énﬁmpmw@. (A.39)
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Note that h is continuous, h(n;) = —wn; < 0 and

W) = 1;(2;”)’3) - f;f /n " pdF () > 0. (A.40)

Hence, by the intermediate value theorem, 7 € (p,71). To complete the proof, note that R is
decreasing in 7 and, therefore, rent-seeking is reduced compared to the benchmark.

Appendix C Details uniqueness 2

As a preliminary remark, note that A’(z) is either 0 or 1 whenever the derivative exists. The
derivative does not exist at * = 1y and at x = 1;. Since we are mostly interested in integrals
over expressions containing A, without loss of generality we work with the left derivative (in
particular, this means A’(n) = 0 and A’(n;) = 1). Importantly A’ > 0.

We need to show that the following expression is negative for Z € (no/&1,m1/&0):
R'(2) —wzL/'(2) — wL(3). (A.41)

Since L(Z) > 0, it suffices to show that R'(2) <0 and L'(2) > 0. Clearly:

31
R(2) =~ . EA'(26)A(26) f(A(28), §)dg <0, (A.42)
and
&
L'(2) = . E2A/(26) f(A(2€),€)dE > 0. (A.43)

Appendix D Details computation Gini-coefficient

Observe we have a continuous bivariate distribution over the type of the agent that maps into
a continuous univariate distribution over income. It is cumbersome to obtain an expression
for the distribution function of income. Hence we take the following approach to compute the
Gini-coefficient. The threshold level Z, along with R(Z) and L(Z2), are determined by solving
(55). For any agent (n,£), the income level is given by

I(n,§) = max {f : 77(;[(/2()2 ) } : (A.44)

The next step is to discretize the distribution of (n,£) by putting an equidistant grid over the
support with n = 10000 grid points in total. The agents at grid point ¢ = 1,...,n are located

at (n;,&). The fraction of agents at grid point i is

[ &)
Ji= i f(n, &) (4.45)
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Their income level is I; = I(n;,&;).

Finally, for a discrete distribution the Gini-coefficient is given by:

i1 2 Jifilh = 1
22?:1 fili .

We take this as our approximation for the Gini-coefficient.

G

(A.46)
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