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Abstract

We study political competition in an environment in which voters have private
information about their preferences. Our framework covers models of income tax-
ation, public-goods provision, or publicly provided private goods. Politicians are
vote-share-maximizers. They can propose any policy that is resource-feasible and
incentive-compatible. They can also offer special favors to subsets of the electorate.
We prove two main results. First, the unique symmetric equilibrium is such that
policies are surplus-maximizing and hence first-best Pareto-efficient. Second, there
is a surplus-maximizing policy that wins a majority against any welfare-maximizing
policy. Thus, in our model, policies that trade off equity and efficiency considera-

tions are politically infeasible.
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1 Introduction

Mechanism design has become the dominant paradigm for a normative analysis of pub-
licly provided goods or tax systems. The strength of this approach is that it provides
a rigorous justification of the constraints that a policy-maker faces. Available technolo-
gies and endowments give rise to resource constraints, privately held information gives
rise to incentive compatibility constraints, predetermined institutional arrangements may
generate another layer of constraints such as, for instance, the requirement of voluntary
participation. Political economy approaches, by contrast, often impose additional restric-
tions on the set of admissible policies. These restrictions lack a theoretical foundation, but
are imposed for pragmatic reasons, e.g. because they ensure the existence of a Condorcet
winner in a model of political competition.

For instance, for redistributive income taxation, a normative analysis in the tradi-
tion of Mirrlees (1971) characterizes a welfare-maximizing income tax with no a priori
assumption on the functional form of the tax function. A well-known political economy
approach to this problem by Meltzer and Richard (1981) is based on the assumption that
all individuals face the same marginal tax rate, and that tax revenues are used to finance
a uniform lump-sum transfer to all citizens. One can thereby show that the preferred
policy of the voter with median income wins a majority against any alternative policy
proposal. This result, however, does not extend to the domain of non-linear income tax
schedules: The median voter’s preferred non-linear income tax schedule does not win a
majority against an alternative tax schedule under which the median level of income is
taxed more heavily but all other incomes are treated more favorably.

More generally, the use of different models in normative and positive public finance
makes it difficult to provide answers to the following questions: Does political competi-
tion generate Pareto-efficient outcomes? Does it generate welfare-maximizing outcomes?
Is there a sense in which political competition gives rise to political failures, in analogy

to the theory of market failures.

In this paper, we study political competition from a mechanism design perspective.
Our framework covers both publicly provided goods and redistributive income taxation.
We ask which mechanism emerges as a result of political competition under the assump-
tion that a politician’s objective is to win an election, as in Downs (1957). Politicians
can propose any mechanism that is incentive-compatible and resource-feasible. Moreover,
we consider a policy domain that is larger than the one usually considered in normative
treatments of public goods provision or income taxation: We give politicians the possi-
bility to accompany, say, a proposed income tax schedule with a distribution of favors
in the electorate. These favors are unrelated to the voters’s preferences for publicly pro-
vided goods or their productive abilities, and, they would not be needed to achieve a

Pareto-efficient, or welfare-maximizing outcome. Politicians may still want to use them



so as to generate more support for their policy platform. In political economy analysis,
this is often referred to as pork-barrel spending[l] Finally, we assume that the preferences
of voters are quasi-linear in the consumption of private goodsE]

We prove two theorems. Theorem 1 can be interpreted as a first welfare theorem
for political competition. It claims that, in any symmetric equilibrium, both politicians
propose a surplus-maximizing policy. Thus, the political equilibrium allocation cannot
be Pareto-improved upon in the set of resource-feasible policies. For a problem of income
taxation, Theorem 1 implies that, in a political equilibrium, there is no use of distor-
tionary tax instruments. Transfers of resources between voters take place in equilibrium,
but are financed exclusively with non-distortionary lump-sum transfers. For a model that
involves the provision of a non-rival good, such as clean air or national defense, Theorem
1 implies a political equilibrium allocation that satisfies the efficiency condition which
is known as the Samuelson rule, Samuelson (1954). For a model with publicly provided
private goods, such as health care or education, Theorem 1 implies that the political
equilibrium allocation gives rise to the same consumption levels as a competitive market
allocation, i.e. marginal benefits of consumption are equalized across voters.

Theorem 2 is concerned with the question whether welfare-maximizing policies have a
chance in the political process. To formalize this question, we introduce an assumption of
risk-aversion. This assumption implies that a welfare-maximizing policy does not involve
pork-barrel spending: From an ex-ante perspective, all voters prefer an equal treatment
over a random allocation of special treatments. We impose no further restriction on the
set of welfare-maximizing policies, i.e. any policy that maximizes a weighted average
of the voters’ utility levels over the set of incentive-compatible and feasible policies will
be referred to as a welfare-maximizing policy. Theorem 2 then asserts that there is
a policy that wins a majority against any welfare-maximizing policy. This policy is
surplus-maximizing and involves a random allocation of special treatments. For a model
of income taxation, the theorem implies that any welfare-maximizing policy that involves
a transfer of resources from richer individuals to poorer individuals can be defeated by
a policy that has no such transfers, but distributes favors in such a way that many rich
and some poor voters will be attracted.

To illustrate these insights, suppose that there are only two groups of individualsﬁ
A large group of individuals with low productive abilities and a small group of more
productive individuals. The more productive individuals have a comparatively low cost of
productive effort, so that when confronted with an income tax schedule, these individuals

choose a high level of effort and therefore end up being richer than the less productive

Myerson (1993) and Lizzeri and Persico (2001) characterize equilibrium pork-barrel spending for
economies with complete information on preferences and technologies. We use some of their insights.
Our focus, however, is on environments with private information.

’In the Online-Appendix for this paper, we allow for more general preferences and, in
particular, for income effects.

3This two-type example is explicitly worked out in the Online-Appendix.



individuals. If pork-barrel spending is excluded from the analysis, a political equilibrium
gives rise to the preferred income tax schedule of the larger group, here the income tax
schedule that maximizes a Rawlsian welfare function. Theorem 2 implies that a surplus-
maximizing policy combined with a particular distribution of favors in the electorate will
defeat this policy. This surplus-maximizing policy will be supported by a certain fraction
of the poor, namely those who receive a lot of pork, and an even larger fraction of the
rich, who benefit also from getting rid of the Rawlsian income tax schedule. The total
effect is that a majority votes against the Rawlsian policy.

Our analysis of the income tax problem generates the prediction that marginal tax
rates are zero at all levels of income. This is at odds with reality: Tax systems in devel-
oped countries include distortionary income taxes. Therefore, our analysis is interesting
only as a theoretical benchmark. It provokes the question what additional assumptions
would be needed to generate positive marginal tax rates in a political equilibrium. A
key feature of our analysis is that there are no party loyalties. Each voter simply sup-
ports the party that offers the better outcome. In an extension of our model we drop
this assumption and suppose instead that voters trade-off idiosyncratic party preferences
against the payoffs they realize under the parties’ policy proposals. We do not restrict
the distribution of these idiosyncratic party preferences in the electorate, e.g. we allow
for the possibility that, say, rich voters are more likely to vote for party 1 and that
middle-class voters are more likely to vote for party 2. We show that this framework is
capable of generating positive marginal tax rates in equilibrium. To this end we derive
an analogue to the well-known ABC-formula due to Diamond (1998) that characterizes
welfare-maximizing tax rates. In our formula, welfare weights are replaced by political
weights, i.e. by a measure of how many voters of a particular income category a party
can attract by lowering their marginal tax rate. Thus, the less responsive voters are to

changes in tax rates, the higher will be their marginal tax rate in a political equilibrium.

The remainder is organized as follows. The next section reviews the related literature.
Section [3| contains our main results for a model of publicly provided goods. Section
explains the logic of the argument and develops an intuition for the main results. Section
extends the analysis to a model of income taxation. We discuss equilibrium existence
in Section [6] Section [7] contains the analysis of a probabilistic voting model. Section
8 clarifies how alternative modeling choices would affect our results. In particular,
we discuss to what extent our results extend if we depart from quasi-linear
preferences and allow for income effects. The last section contains concluding
remarks. All proofs are relegated to the Appendix. In the body of the text, we present
our results under the assumptions that the set of possible voter types is a compact interval
and that there is a continuum of voters. The analysis extends both to a model with a
discrete type space and to a model with a finite number of voters. These extensions are
dealt with in the Online-Appendix for this paper.



2 Related literature

Our basic setup is taken from the normative literature that uses a mechanism design
approach to study public goods provision, or income taxation. The main difference
between our approach and this literature is that we replace the fictitious benevolent
mechanism designer by the forces of political competition. The normative literature
on public goods provision has, by and large, focussed on the question whether surplus-
maximizing outcomes can be obtained if incentive compatibility and/or participation
constraints have to be respectedE] We do not impose participation constraints in our
analysis. We take it as given that the government uses its coercive power to finance
publicly provided goods. The literature on optimal income taxation in the tradition of
Mirrlees (1971) has analyzed the conditions under which a welfare-maximizing policy
involves distortionary taxes[|

Political economy approaches to redistributive income taxation or public goods pro-
vision have led to different formulations of median voter theorems. Roberts (1977) and
Meltzer and Richard (1981) study political competition using the model of linear income
taxation due to Sheshinski (1972), i.e. it is assumed that there is linear tax on income and
that the revenues are used in order to finance a uniform lump-sum transfer. With this
policy domain, preferences are single-peaked so that the median voter’s preferred policy
emerges as the outcome of competition between two vote-share maximizing parties. This
literature is known for the prediction, due to Meltzer and Richard (1981), that the equi-
librium tax rate is an increasing function of the gap between the median voter’s income
and the average income in the economy. Rdell (2012) and Brett and Weymark (2014),
by contrast, study political competition over non-linear income taxes. However, they do
not consider competition between vote-share-maximizing politicians. Instead, they study
competition between citizen-candidates, see Osborne and Slivinski (1996) and Besley and
Coate (1997). This enables them to prove a median-voter-theorem: The equilibrium tax
policy is the non-linear income tax schedule that is preferred by the voter with the median
level of income. In all these papers, politicians are not given the opportunity to engage in
pork-barrel spending. As follows from our analysis, a removal of these restrictions yields
different results. The equilibrium policy that we characterize in Corollaries [1| and [2| wins
a majority against the median voter’s preferred policy.

There also is a literature on the political economy of taxation and public spending in
dynamic models. A variety of political economy models has been explored by this liter-

atureff] However, to the best of our knowledge, there is not yet an analysis of Downsian

4Important references are Green and Laffont (1977), d’Aspremont and Gérard-Varet (1979), Giith

and Hellwig (1986), and Mailath and Postlewaite (1990).
5Our framework covers this model under the assumption that preferences are quasi-linear in private-

goods consumption. This is a special case which has received considerable attention in the literature on

optimal taxation, see e.g. Diamond (1998) and Saez (2001).
6Besley and Coate (1998) use the citizen-candidate-model, Acemoglu, Golosov and Tsyvinski (2008;



competition.

Our work is related to the game-theoretic literature on the “divide-the-dollar-game”.
These are models of political competition in which a policy proposal specifies how a
cake of a given size should be distributed among voters. Our model differs in that
policy proposals affect the size of the cake that is available for redistribution. Also,
there is private information on preferences so that not only resource constraints but also
incentive compatibility constraints have to be taken into account. Still our equilibrium
characterization makes use of insights which have been provided by this literature, in
particular by Myerson (1993)[7] Lizzeri and Persico (2001; 2004; 2005), Roberson (2008),
and Crutzen and Sahuguet (2009) extend this framework so as to characterize political
equilibria under the assumption that politicians face a choice between a policy with wide-
spread social benefits and a policy that is targeted to specific voters. They characterize
the conditions under which political failures occur in the sense that political equilibrium
allocations are not efficient.

The literatures on pork-barrel-spending and the divide-the-dollar-game are related
in that both study the allocation of public funds across different economic entities. A
frequent example is that politicians channel tax revenue to different regions where the
money is then used to finance the provision of local public goods (see, e.g., Drazen,
2000; Persson and Tabellini, 2000; Roberson, 2008; Grossman and Helpman, 2008). In
empirical studies, pork-barrel spending is often used as a synonym for public spending
that is targeted to a narrow set of beneficiaries — such as an infrastructure investment
in a particular region, — and distinguished from spending that has wide-spread benefits,
such as resources that are devoted to the judicial system or welfare programs for the
population at large (see, e.g., Gagliarducci, Nannicini and Naticchioni, 2011; Funk and
Gathmann, 2013).

Various papers study non-linear income taxation in models with multiple jurisdictions
and mobile workers, see Wilson (1980; 1992), Bierbrauer, Brett and Weymark (2013), or
Lehmann, Simula and Trannoy (2014). This literature finds that income tax competition
tends to reduce marginal tax rates relative to the Mirrleesian analysis of an economy with
immobile workers. Our paper is related in that we also find that competition reduces
distortions. The underlying mechanism, however, is very different. We stick to the Mir-
rleesian benchmark model in that we assume that workers are immobile. The analysis of
tax competition by Lehmann, Simula and Trannoy (2014) employs the random participa-

tion model due to Rochet and Stole (2002), a framework that has also been used to study

2010) employ the political agency model by Barro (1973) and Ferejohn (1986), Battaglini and Coate
(2008) invoke the legislative bargaining model due to Baron and Ferejohn (1989) and Fahri and Werning
(2008) use of the probabilistic voting due to Lindbeck and Weibull (1987). Finally, Martimort (2001)

studies partisan politics.
TOther contributions to this literature include Lizzeri (1999), Laslier and Picard (2002), Roberson

(2006), Sahuguet and Persico (2006), Carbonell-Nicolau and Ok (2007), Kovenock and Roberson (2009),
Casamatta, Cremer and De Donder (2010), and Roemer (2011).



competition between profit-maximizing firms that offer non-linear price schedules ] For
instance, Armstrong and Vickers (2001) find that this gives rise to first-best outcomes if
individuals differ not only in the willingness to pay for the goods offered by these firms
but also by their transportation costs to the firms’ locations. Our analysis of the proba-
bilistic voting model in Section [7| uses a similar framework to study the conditions under

which a political equilibrium gives rise to distortionary taxation.

3 Publicly provided goods

We begin with a framework in which a policy specifies the public provision and financing
of a public or private good. In Section [5| we extend our analysis to a model of income

taxation.

3.1 The economic environment

Preferences. There is a continuum of voters of measure 1. The set of voters is denoted
by I, with typical element i. We denote by ¢; voter i’s consumption of the publicly
provided good. Individual i’s valuation of the good is given by a function v(6;, ¢;), where
0; is referred to as person i’s type. The set of types is denoted by © C R,. We assume
that © is a compact interval, so that © = [0, 4)].

The function v is assumed to have the following properties: Zero consumption gives
zero utility, for all §; € ©, v(6;,0) = 0. The lowest type does not benefit from public goods
provision, for all ¢;, v(6,¢;) = 0. For all other types, the marginal benefit from increased
consumption is positive and decreasing so that for all ; > 0 and all g;, v2(6;,¢;) > 0
and vy2(0;, ;) < 0. The marginal benefit of consumption is increasing in the individual’s
type, for all @ € (0,0) and all ¢; > 0, v12(6;, ¢;) > 0.

Each individual privately observes his type. From an outsider’s perspective, types of
different voters are drawn independently and they are identically distributed. We denote
by f the probability mass or density function and by F the cumulative distribution
function. When we use an expectation operator in the following, then expectations are
taken with respect to this distribution. We appeal to a law of large numbers for large

economies)’] so that we can also interpret F' as the empirical cross-section distribution of

types.

Policies. A policy p consists of a provision rule which determines an individual’s con-
sumption of the publicly provided good as a function of the individual’s type, a rule that

determines how an individual’s private goods consumption depends on his type, and a

8These papers belong to a larger literature on competing mechanisms, see Martimort (2006) for a

survey.
9Gee Judd (1985), Feldman and Gilles (1985), Al-Najjar (2004), or Sun (2006).



distribution of favors in the electorate (pork-barrel spending). The latter enables policy-
makers to make specific promises to subsets of the electorate. Formally, a policy is a
triple p = (¢, ¢, G), where ¢ : © — R, is the provision rule for the publicly provided
good, ¢ : © — R determines private goods consumption and G : Ry — [0,1] is a cdf
which characterizes the distribution of favors. Specifically, we follow Myerson (1993) and
assume that the favors offered to different voters are iid random variables with cumula-
tive distribution function GG. We appeal once more to the law of large numbers for large
economies and interpret G/(z) not only as the probability that any one individual receives
an offer weakly smaller than z, but also as the population share of voters who receive
such an offer.

Importantly, the distribution of favors is orthogonal to the distribution of types/’”)
Thus, favors need not literally be thought of as being specific to individuals. For instance,
if we take I to be a set of districts, then “pork for :” can be interpreted as money targeted
to the provision of local public goods in region 7. Our analysis applies to this setup under
the assumption that I consists of districts of equal size and with an identical distribution
of preferences. The distribution G then specifies a cross-section distribution of transfers
across districts.

If individual ¢ receives a draw x from the distribution G, then the individual’s private
goods consumption equals z + ¢(f) if §; = 0. Hence, the draw z from G is a shifting
parameter for the individual’s consumption schedule c. Incentive compatibility, formally
introduced below, will imply that individuals with higher types consume (weakly) more of
the publicly provided good and therefore have to accept lower private goods consumption.
Consequently, ¢ will be a non-increasing function. We impose the normalization that
c(f) = 0. Combined with the assumption that the support of the distribution G is
bounded from below by 0, this implies that non-negativity constraints on private goods
consumption levels can be safely ignored in the following[']

Given a policy p = (g, ¢, G), we denote the utility level that is realized by an individual
with type 6 and a draw x from the lottery by

246 g,¢) = 2+ c(8) + v(6, (6))

Admissible policies. Individuals have private information on their types, which im-

plies that a policy has to satisfy the following incentive compatibility constraints: For all

6 and @',

v(6,q(0)) + c(0) > v(0,q(0") + c(0') .

10We comment on the type-dependent favors in Section 8. There we argue that if such transfers were

allowed for politicians would refrain from using them in equilibrium.
'We could adopt a different normalization. If we chose c() = z, for some & # 0, then the equilibrium

distribution of favors would have a support with minimal element equal to —Z.



In addition, policies have to be feasible. Let e be the economy’s initial endowment with
the private consumption good. We assume that e is a large number. Feasibility holds
provided that

/Ooox 4G(x) + Ele(0)] + K(q) < e . (1)

In addition, feasibility requires that, for each 6, ¢(6) belongs to a consumption set A(q).
We consider consumption sets that depend on the provision rule gq. As explained below,
this allows to cover both publicly provided private goods and pure public goods. We
assume, for simplicity, that A(q) is bounded from above, for all provision rules Q'H The
function K gives the resource requirement of using provision rule g. We assume that the
function K is non-decreasing in ¢(#), for all 0, i.e. if the consumption of individuals of
type 6 goes up, while all other consumption levels remain constant, then the provision

costs K (q) cannot fall. This framework covers the following setups:

Pure public goods: With a good that is non-rival only ¢ := maxgcg ¢(f) matters
for the cost K(q). We may therefore take K(q) to be equal to k(q), where k is
an increasing and convex cost function. If the good is non-excludable, then the
consumption set A(q) is such that ¢(6) € A(q) if and only if ¢(0) = g, for all 6.

Excludable public goods: An excludable public good has the same cost structure
as a pure public good, but the consumption set changes due to excludability: ¢(6) €
A(q) if and only if ¢(#) € [0, g, for all 6.

Private goods: Private goods have the same consumption sets as excludable
public goods but have a different cost structure because of rivalry. The cost is
now increasing in aggregate consumption E[q(#)] and we therefore take K (q) to be
equal to k(E[g(0)]).

We impose the assumption that the provision rule ¢ is continuously differentiable. This

is a technical assumption that facilitates the characterization of admissible policies[”|

Surplus-maximization. We say that an admissible policy is surplus-maximizing or
first-best if the budget constraint in holds as an equality and the provision-rule ¢ is

chosen so as to maximize

S(q) := Ev(0,q(0))] — K(q) .

We denote the surplus-maximizing provision rule by ¢*. We say that a policy p = (¢, ¢, G)
is surplus-maximizing if holds as an equality and ¢ = ¢*.

12This assumption simplifies our proof. Without the assumption there would be an extra step. We
would then have to show that unbounded provision levels are incompatible with the economy’s resource

constraint.
13 As shown in the Online-Appendix, with a discrete set of types, there is no need of such an assumption.



Welfare. An admissible policy p = (¢, ¢, G) confronts individuals with a randomized

mechanism. We denote by
U0 |p) = / & (2 + (6) + v(6, q(6))) dG(x) |
R4

the expected utility that an individual with type 6 realizes under such a policy. To

compute the welfare induced by a policy p, we use a welfare function

Wip) = Ex@0)U(0 | p)],

where v : © — R, is a function that specifies the welfare weights for different types
of individuals. The function ® is assumed to be concave and increasing. It admits two
different interpretations. First, in a model with randomized outcomes, ® may capture
the risk attitude of individuals. If the function ® is strictly concave, then individuals are
risk-averse. If ® is linear, then individuals are risk-neutral. Second, and independently of
whether randomized outcomes are involved, the concavity of ® can be viewed as a measure
of a welfare-maximizer’s inequality aversion. We refer to the special case in which ® is
linear and () = 1, for all # as unweighted utilitarian welfare. In this case, W (p) equals
fRJr z dG(x) + Elc(f) + v(0,q(0))]. We denote the set of welfare-maximizing policies by
PY ie. p € PV if there exist functions v and ® so that p maximizes E[y(0)U(6 | p)]

over the set of admissible policies.

3.2 Political competition

There are two politicians. A policy for politician j € {1,2}, is an admissible triple
P = (¢,d,G7). We assume that the two politicians choose policies simultaneously
and independently. In particular, the favors offered to different voters are also drawn
simultaneously and independently. This implies that politician 1 cannot see the favors
offered by politician 2 and then generate a majority by offering less too a tiny group of
voters and offering more to anybody else.

Voters observe the favors offered to them by the two politicians and then caste their
vote, i.e. voter i observes, for each politician j, the provision rule ¢’, the consumption
rule ¢ and his drawing from the distribution G’ henceforth denoted by 27" Voter
votes for politician 1 if u(0; | ¢*,c') + x; > w(b; | ¢* ¢*) + 27 , tosses a coin if these
expressions are equal, and votes for politician 2 otherwise. If the distributions G! and

G? are atomless, the probability that any one voter i votes for politician 1 is given by
' (p',p?) = F {/ G* (z; +u(i | ¢",c") —u(0; | ¢, ) dG* (z}) | . (2)
R4

By the law of large numbers, we can also interpret IT'(p!, p?) as politician 1’s vote share

and I1?(p', p?) = 1 — IT'(p', p?) as politician 2’s vote share.

Note that risk attitudes play no role for the characterization of voting behavior because individuals

caste their votes after having seen their outcomes from the politicians’ lotteries.

10



irs S| 2 g e T (]l 2 1l 2
Definition 1 Two policies p, and p;, are a Nash equilibrium if IU (p,, pz,) = I (p*, pz,)
for every admissible p*, and I1*(p,,, p2,) > *(pe,, p*) , for every admissible p*.

3.3 The main results

The following two theorems state our main results. We provide a complete equilibrium
characterization in Corollary [I| below. The proofs of the theorems are in the Appendix.
Most of our analysis focuses on equilibria in pure strategies, i.e. we do not consider
the possibility that politicians randomize over various admissible policies. Equilibrium
existence can therefore not be guaranteed with an appeal to standard results. We provide

conditions for the existence of pure strategy equilibria in Section [6] below.

Theorem 1 If the set of Nash equilibria is non-empty, then there is one and only one

symmetric Nash equilibrium. In this equilibrium, policies are surplus-maximizing.

Theorem 2 Suppose that individuals are risk averse. There is a surplus-maximizing
policy p* so that TI*(p*,p") > 3, for all p' € PW. Moreover, the inequality is strict

whenever p"V' is not surplus-mazimizing.

Theorem (1| can be viewed as a first welfare theorem for the given model of political com-
petition. Provided that there is an equilibrium at all, the unique symmetric equilibrium
is surplus-maximizing and therefore ex-post efficient. Due to the assumption that prefer-
ences are quasi-linear, the setup is more restrictive than the one in which the first welfare
theorem for competitive equilibrium allocations holds. Still, it is intriguing to note that
the first welfare theorem for competitive equilibrium allocations no longer applies if there
are public goods or externalities. Theorem[I] by contrast, applies irrespectively of whether
the publicly provided goods are private or not. Hence, in the given model, political com-
petition generates Pareto-efficient outcomes in all circumstances, whereas competitive
markets generate Pareto-efficient outcomes only if the goods involved are private. This
positive assessment, however, depends on the assumption that the only policy goal is to
get an ex-post efficient outcome. If the policy goal is to maximize welfare, then, Theorem
tells us that this is incompatible with a political equilibrium.

Theorem [2| shows that there is a surplus-maximizing policy that defeats any welfare-
maximizing one, i.e. a politician who knows that his opponent runs on some welfare-
maximizing platform, can make sure that he will not be defeated. Thus, the only Pareto-
efficient outcome that is compatible with a political equilibrium is the surplus-maximizing
one.

Theorem [2| comes as a surprise if one starts out with the basic intuition that the vote
share that is generated by a welfare-maximizing policy should depend on the distribution
of types. For a pure public-goods application, suppose that the distribution F'is such that
more than half of the electorate has type 6. Hence, there is a majority of voters who do not

value the public good at all. Now suppose a politician proposes a policy that maximizes a

11



welfare-function that assigns a positive weight only to this group of individuals. As follows
from Theorem [2] a politician who targets this big group of voters with a low public-goods
preference will lose against a politician who proposes the surplus-maximizing quantity
in combination with pork-barrel spending. The latter will win a certain fraction of the
voters in the majority group because of the favors he offers to them, and, in addition,
he will get the votes of the minority group. The overall effect is that he will win more
than fifty percent of the votes. This policy is successful only because voters have private
information on their preferences. This forces a politician who targets the big group to
respect incentive compatibility constraints which makes it difficult to channel resources to
the big group only. If the deal for the big group became too good, incentive compatibility
would fail because individuals from the small group would declare that they also belong
to the big group.

In Section 4] below, we provide a more detailed explanation of the logic that underlies
Theorems|ljand 2l Our discussion will also clarify how a complete equilibrium characteri-
zation is obtained, and, in particular, what pork-barrel spending looks like in equilibrium.

The results from that equilibrium characterization are summarized in following Corollary.

Corollary 1 If the set of equilibria is non-empty, then the unique symmetric equilibrium

Peq = (Geq> Ceqs Geq) 1s such that:
(a) The provision rule is surplus-mazimizing qeq = q*

(b) Private goods consumption is such that for any 6 € O,

B B 0
Ceq(0) = 0(0,¢7(0)) — v(6,47(0)) —/9 vi(s,q"(s))ds , (3)
(¢) Geq is uniform on [0,2(e + S,(¢*))], where

£(6)
f(0)

1s an expression that is also known as the virtual surplus from public-goods provision.

) = 8 - (v0.00) ~ B | g me.re] ) @

Our analysis focusses on symmetric equilibria. By Theorem[I]if there is a pure strategy
equilibrium at all, then there is also a symmetric one. A priori, however, we cannot rule
out the existence of asymmetric equilibria. Such equilibria exist if and only if there is
a deviation from the equilibrium policy in which both G is different from G., and ¢ is
different from is ¢*, and which yields exactly a vote share of one half. We discuss such
double deviations in more detail in Section [6lon the existence of equilibria. There we show
that pure strategy equilibria exist if and only if such double deviations cannot generate
more than fifty percent of the votes. Thus, the existence of an asymmetric equilibrium

is a knife-edge case for the existence of an equilibrium in pure strategies.
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4 The underlying mechanism

To obtain an intuitive understanding of our main results we will in the following provide
heuristic answers to the following questions: Why do vote-share-maximizers behave as
surplus-maximizers? Why do welfare-maximizers lose elections? Why do politicians who
maximize pork-barrel spending lose elections? Why doesn’t it payoff to propose the
median voter’s preferred policy? This discussion complements the proof in the Appendix

which takes care of all formal details.

4.1 How vote-share maximizers become surplus-maximizers

In our model, individuals differ in their types, i.e. they have different views on the
desirability of public-goods provision. Some are willing to give up a lot of private goods
consumption in exchange for increased public goods provision, others are not willing
to give up anything. The cross-section distribution of these preferences is known to
everybody, while the preferences of a particular individual are privately observed only.
Now, consider a race between two politicians who seek to get the support of a majority
of individuals. At first glance, one might think that they will propose policies that are
attractive to a majority of “types”. For instance, in a model with only two types one
might expect a political equilibrium in which both politicians propose the policy that
maximizes the utility of the bigger group, with no concern for the utility of the smaller
group. This would indeed be true if there was no possibility of pork-barrel spending[™]
So, to get an intuitive understanding of Theorems|l|and [2] one has to clarify how pork-
barrel spending turns vote-share-maximizing politicians into surplus-maximizing ones.

Our explanation is based on three observations.

Observation 1: Politician 1 chooses welfare weights for politician 2, and vice
versa. We argue that politicians can be thought of as maximizing a welfare function
with particular weights that are determined in the political process. We first clarify
the notion of a welfare weight that is of frequent use in normative public economics/!"

Consider a welfare function
W) =B { | 202+ 0.0) 6| |
R

and denote by p" = (¢", "', GY) the corresponding welfare-maximizing policy. Welfare-
weights provide us with a characterization of p" that highlights how a maximizer of W

trades off the well-being of different types of individuals. The welfare weight of individuals

15See Bierbrauer and Boyer (2013) for a proof of this assertion in the context of a two-type-model of
non-linear income taxation.
6For a more general discussion, see Saez and Stantcheva (2013).
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with type 6 is the marginal welfare gain that is realized if the utility u(6 | g, ¢) is slightly

increased. It is given by

w(0) = / (OB (x + u(® | ¢, M) AV (z)

Now, the welfare-maximizing public goods mechanism (¢", ") has the following prop-

erty: It maximizes an additive welfare objective
Elw™(0) u(0 | ¢, ¢)]

over the set of admissible allocations, with G fixed at GW.E That is, a maximizer of
W behaves as if pork-parrel spending was exogenously given at G", and the remaining
problem was to find a welfare-maximizing mechanism for public goods provision, based on
an additive welfare function in which the weights are given by the function w* : © — R,..

We now use this approach to determine the welfare weights that are consistent with
the behavior of politician 1. We first ask how her vote-share increases as the utility of
individuals with type 6 is slightly increased. This gives rise to a marginal gain of votes

that equals

70 | p*,p?) = / q* (xll +u(@ | ¢', ') —u(@ | qz,cz)) dG* (ZL‘Zl) , (5)
R4

where ¢? is the derivative of G?. The marginal vote-shares that arise in a symmetric

political equilibrium are denoted by 7} (6) := ©'(0 | peg, Peq), Where peg = (Geq, Ceq, Geg)

is the equilibrium policy. In analogy to our reasoning on the role of welfare weights in

normative public economics, we can think of politician 1 as choosing (¢!, ¢') to maximize
1
Elme,(0) u(® | )]

over the set of admissible allocations, with G! fixed at G,. Thus, in choosing a public
goods mechanism, politician 1 behaves as if she was maximizing an additive welfare
function in which the weight of a type 6-voter is given by m} (6).

We will now argue that G, is a uniform distribution. As is apparent from , the
consequence is that W;q(ﬁ) is same for all types 6 so that politician 1 simply maximizes

an unweighted sum of utilities, Efu(é | g, c)].

Observation 2: G, is uniform. In asymmetric equilibrium politicians 1 and 2 choose
the same mechanism for public goods provision, which implies that u!(0 | ¢', c') = u*(0 |

q?,c?), for all 6. Politician 1’s vote share then equals

(P peg) = Jg, G* (27) dG" (7). (6)

I"Mathematically, maximizing a concave welfare function is equivalent to maximizing an additive

welfare function that has the same slope at the welfare-maximizing policy p"V.

14



With the public goods mechanisms held fix, she chooses G' so as to maximize this ex-
pression subject to [7z} dG'(z}) < e — Elc'(0)] — K(¢"). Politician 2 solves the same
problem.

This is very similar to the divide-the-dollar-game in Myerson (1993), even though
Myerson’s setup is different at first glance: There is no public-goods provision and there
is no privacy of information. All voters are endowed with e dollars, and a policy is simply
a way of reshuffling these dollars in the electorate. Formally, a policy is characterized by a
distribution function G over the positive reals which has to satisfy the resource constraint
fR+ z; dG(x;) < e. Vote shares are, again, given by @ Myerson (1993) shows that there
is one and only one symmetric equilibrium, a uniform distribution on [0, 2¢]. Tt is easy to
verify that this is an equilibrium:lﬁ If politician 2 follows the equilibrium strategy, then

politician 1’s vote share when choosing some arbitrary strategy G' equals
Jo, GG () = [y min {3516t (@) < [, pdGr(a) = )

where the inequality is strict if and only if G' assigns positive mass to (2e, +00), and the
last equality uses the budget constraint, [;° 2} dG'(z}) = e. Since 1 is the vote share
obtained by distributing pork according to a uniform distribution on [0, 2¢], there is no
deviation that increases politician 1’s vote-share.

The divide-the-dollar-game in Myerson (1993) and the problem to distribute pork with
the mechanisms for public goods provision held fix are equivalent except that pork-barrel
spending in Myerson is bounded by the fixed dollar endowment e, and in our analysis it
is bounded by that part of the endowment that is left over once the resource requirement
of the public goods mechanism has been taken into account, i.e. by e — E[c'(0)] — K(q").
Thus, the equilibrium distribution of pork is uniform on [0, 2¢] in Myerson (1993), and

uniform on [0,2 (e — E[c'(0)] — K(q¢'))] in our analysis["

Observation 3: G., uniform turns a vote-share maximizer into a surplus-
maximizer. Taken together Observations 1 and 2 imply that the mechanism for public
goods provision that arises in a political equilibrium maximizes an unweighted sum of
utilities E[u(0 | ¢, c)]. It remains to be shown that this leads to surplus-maximizing out-

comes. This would be obvious if there was no requirement of incentive compatibilitym

8 Myerson (1993) also provides a very elegant proof that this is the only symmetric equilibrium. It
uses variational arguments to show that under any other allocation of pork-barrel spending one politician
would have an incentive to deviate, thereby winning a majority of votes.

The requirement of incentive compatibility can be shown to imply that S, (¢') = —(E[c' (0)]+ K (¢')).
Hence, pork-barrel spending is uniform on [0, 2(e + S,(¢'))] as stated in Corollary [1l This step is more
technical, albeit involving standard arguments, and therefore left to the Appendix.

20With G fixed at G4, the budget constraint implies E[c!(0)] = e—K(ql)—fﬂh x dGeq(x). Substituting
this into the objective yields

Elu(0 | ¢, 0)] = E[c(0)] + E[v(0,¢(0))] = E[v(0,¢(0))] = K(q) + e — /R T dGeq(),
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Here, however, we are in a second-best environment as policies have to be resource-feasible
and incentive-compatible. Thus, we need to show that a maximizer of E[u(f | ¢,c)]
chooses a second-best policy that is also a first-best policy, i.e. a policy that cannot
be Pareto-improved upon in the set of policies that only have to satisfy the economy’s
resource constraint.

We begin with a clarification of how the requirement of incentive compatibility re-
stricts the set of admissible policies.@ First, the requirement of incentive compatibility
eliminates any degrees of freedom in the choice of the private goods consumption schedule

c. It implies that

e(0) = v(8, 4(0)) — (60, 4(0)) / v1(s,q(s))ds | (7)

so that the function ¢ can be derived from if ¢ is given. In the following, we will
therefore represent an admissible policy as a pair p = (¢, G) with the understanding that
the corresponding c-function then follows from . Second, the requirement of incentive
compatibility also implies that individuals with higher types realize an information rent
given by v(, q(0)) — ff vy (s, q(s))ds For later reference, note that the expected value

of the information rent is given by

B |ol0.40) - | s, q(s))ds] —u(6,4(0) - B | gl 000 ®
Third, the resource constraint becomes

| vdow <essia). )
where

5.(0) = Bl0(0.a(0))] - K(a) ~ (o0.00)) ~ £ | T (6.0000)] (10

is often referred to as the wirtual surplus. An inspection of equations @, and
(8) reveals that information rents reduce the resources that are available for pork-barrel
spending: fR+ x dG(x) is bounded by e + S,(q). If there were no information rents to be
paid it would be bounded by the (non-virtual) surplus S(q).

To understand the choice of a politician who maximizes an unweighted utilitarian

welfare function, we first consider the maximization of a more general welfare objective

Wi(p)=FE

~(6) /000 ) (x +v(0,q(0)) —/9 vl(s,q(s))ds> dG(z) ,

an expression that is, up to an additive constant, equal to the surplus from public-goods provision,

S(q) = E[v(0,4(0))] — K(q).
21Lemma in the Appendix provides a characterization.
22For a given amount of pork x, this expression is equal to the difference between the lowest type’s

utility level and the utility of type 6.
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subject to the resource constraint in @ Since ¢ is a non-convex function, Jensen’s
inequality implies that there is a solution to this problem so that G is a degenerate
distribution with unit mass at e +.5,(¢). Hence, the remaining problem is to choose ¢ so

as to maximize

~(6) <e + Su(q) +v(0,q(0)) — /0 v1(s, q(s))ds)] (11)

subject to @ The expression in can be interpreted as follows: There is a base level of
utility, e+9,(q), that every voter gets and an information rent v(f, q(6)) — f: v1(s,q(s))ds

E

that is realized only by voters with type 8 > 0. We now argue that the difference between
a weighted and an unweighted welfare function can be attributed to differences in the
weighting of the common base utility relative to the information rents. For simplicity,
we assume in the following that ® is linear and that the average welfare weight equals
1, E[y(0)] = 1P Using the definition of the virtual surplus in (10)), we can then write

welfare as

g
480 + B | i u6.00)| - £ |10) | v1<s,q<s>>ds] ,
or, after an integration by parts, as
4560 - 8 |(0) - 1) 17 w0
f(0)
where T'(0) =: f; v(s) {,((‘;)) ds = E[y(s) | s < 0] is the average weight among individuals

with a type below 6. If 7 is a strictly decreasing function then I'(#) > 1, for all 6,
with a strict inequality whenever § < 6. By contrast, if all weights are equal so that
v(0) =T'(0) = 1, for all 6, the objective boils down to surplus-maximization, e + S(q).
This shows that the difference between weighted and unweighted welfare is a difference
in the evaluation of information rents. For an unweighted welfare function they have a
benefit — more utility for higher types — and a cost — less base utility — which cancel
each other exactly. An inequality-averse welfare-maximizer, by contrast, cares about the
distribution of the benefits from publicly provided goods. He is therefore putting less
weight to the benefits of information rents as those are mostly realized by the individuals
with high types. Maximizing an inequality-averse welfare function will therefore give rise
to downward distortions of public-goods supply relative to the surplus-maximizing level.
These downward distortions make it possible to increase the lowest type’s utility at the
expense of information rents that are realized by individuals with higher types.@ The
maximizer of unweighted welfare function, by contrast, has no desire to limit information

rents and does not deviate from surplus-maximizing public goods provision.

23With degenerate pork-barrel spending, assuming that ® is concave has similar implications as as-
suming that ® is linear and that - is decreasing. The literature refers to “® concave” as a specification
with endogenous welfare weights and to “® linear and ~y decreasing” as a specification with exogenous

welfare weights. Both imply a desire to redistribute from high to low types.
24Gee, for instance, Ledyard and Palfrey (1999) and Hellwig (2005).
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4.2 Alternative objectives

We have shown that with uniform pork-barrel spending, vote-share maximizers are turned
into surplus-maximizers. Consequently, a politician who departs from surplus-maximizing
public goods provision does not reach a maximal vote-share and will lose the election if
the opponent behaves according to the surplus-maximizing equilibrium policy p.,. Still, it
is interesting to illustrate what an alternative objective would imply for the distribution
of votes among the two politicians. In the following, we discuss some specific alternatives:
Which voters would support the policy offered by an inequality-averse welfare-maximizer?
Who would vote for a politician who maximizes the size of the pork-barrel? Who would

support a politician who proposes the median voter’s preferred policy?

Inequality-aversion. In comparison to a surplus-maximizer, inequality-averse welfare-
maximizers generate more base utility and lower information rents. Thus, when compet-
ing against a surplus-maximizer in an election, a welfare-maximizer will realize a higher
vote share among individuals with low types who hardly benefit from information rents
and a lower vote share among individuals with high types who realize significant infor-
mation rents. The increased vote-share among low type individuals, however, does not
compensate for the loss of votes among high type individuals. By Theorem [2] the net

effect is a loss of votes.

The median voter’s preferred policy. We now consider a welfare function with
v(#) = 1if § = 6™ where F(™) = 1 and v(f) = 0 if § # ™. Again, we assume for
simplicity that ® is linear. Consequently, welfare can be written as

m

e+ 5,(q) + (. q(B)) - / v1(s,q(s))ds

This welfare function gives rise to an equal weighting of the common base utility, e+5,(q),
and the information rent realized by one particular type of voter, namely the median type,
v(0,q(0)) — f:m v1(s, q(s))ds. The information rents of all other types of voters receive no
weight in this objective function. The mechanism which maximizes this objective function
has been characterized by Réell (2012) and Brett and Weymark (2014) ] Relative to
the surplus-maximizing outcome, there are downward distortions of public goods supply
for types above the median. These distortions stem from the desire to redistribute from
high types to the median type. Analogously, there are upward distortion of public goods

supply for types below the median because of the desire to redistribute from low types

25Roell (2012) and Brett and Weymark (2014) study an alternative model of political competition, the
citizen-candidate model due to Osborne and Slivinski (1996) and Besley and Coate (1997). This reduces
the policy domain to welfare-maximizing policies which assign weight to only one particular voter type.
Roell (2012) and Brett and Weymark (2014) show that the median voter’s preferred policy is a Condorcet
winner in this policy domain. They develop their argument in the context of a model of income taxation,
but the analysis extends to the given setup with publicly provided goods.
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to the median type. By our Theorem [2 the median voter’s preferred policy is defeated
by the equilibrium policy pe,. Proposing the median voter’s preferred policy generates
more support by types close the median, at the cost of reduced support by high and low
types. By Theorem [2] the net effect is that a politician who maximizes the median voter’s

welfare will be defeated.

Maximal pork-barrel spending. Politician 1’s budget constraint is given by
< 1 1
| etacih < e+ 5.0
0

Maximizing the size of the pork-barrel therefore requires to maximize e + S,(¢'). Our
previous discussion has shown that this is equivalent to maximizing a particular welfare
function that weights only the base utility that any one voter gets and which assigns no
weight to the information rents that are realized by voters with high types. Maximizing
the size of the pork-barrel is hence equivalent to maximizing a Rawlsian welfare function
that assigns weight only to the worst-off type. We have previously argued that all welfare-
maximizers lose elections. Since a politician who maximizes the size of the pork-barrel is

a welfare-maximizer, this type of politician will lose as well.

5 Income taxation

In this section we extend the analysis to a Mirrleesian model of income taxation, under the

maintained assumption that preferences are quasi-linear in private goods consumption.

5.1 The economic environment

Preferences. Voter i’s utility function is given by w; = ¢; — 0(w;, y;). As before, ¢;
denotes the voter’s consumption of private goods. The voter’s contribution to the econ-
omy’s output is denoted by y;. The literature on income taxation refers to ¢; also as i’s
after-taz-income and to y; as i’s pre-taz-income. The function ¢ captures the utility cost
of productive effort. This cost depends on how much output is generated and on the
individual’s type w;, which belongs to a compact set of types Q2 = [w,@]. We assume that
the cost function is increasing and convex in the level of output so that o9(w;, y;) > 0 and
U9o(wi, y;) > 0, for all w; € Q and all y; > 0. Costs are zero if no output is generated, so
that ©(w;, 0) = 0, for all w;. Higher types have lower absolute and marginal effort costs,
ie. U1(w;,y) < 0, and D1a(w;, y;) < 0, for all w; € (w,w) and all y; > 0@ Finally, the

26Tn the literature, one often finds additional assumptions which are not needed for our purpose.
Specifically, the function ¢ is often derived as follows: It is assumed that there is a disutility o(h;) of
having to work h; hours. This disutility is assumed to be the same for all individuals. By contrast,
individuals differ in their hourly wages. Hence, if an individual with wage w; wants to achieve an income
Yi
2.

of y; she has to work for 2= hours and this comes with a utility cost equal to @
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Inada conditions hold: For all w; € Q, lim,, o v2(w;, y;) = 0, and lim,, - vo(w;, y;) = 00.
Any one individual’s skill type w; is taken to be a random variable with a cumulative

distribution function F' and a continuous density f.

Policies. A policy p = (y,¢,G) consists of (i) a function y : Q@ — R, which deter-
mines the individual’s contribution to the economy’s output, (ii) a function ¢: Q — R
which determines any one individual’s private goods consumption as a function of the
individual’s type and (iii) a cross-section distribution of lump-sum-transfers G. If indi-
vidual 7 receives a draw x from the distribution G, then the individual’s private goods
consumption equals x in the event that w; = w and equals x + c¢(w) if w; = w. In the
income tax model, incentive compatibility will imply that individuals with higher types
provide (weakly) more output and therefore have to be compensated by (weakly) higher
consumption. Consequently, ¢ will be a non-decreasing function. We therefore impose
the normalization that ¢(w) = 0. As the support of G is bounded from below by 0 this
ensures that non-negativity constraints on consumption levels will not be violated.

An admissible policy has to satisfy the following incentive compatibility constraints:

For all w and W/,

c(w) = B(w,y(w)) = e(w') = B(w,y(w)) -

In addition, policies have to be feasible which requires that

/000 z dG(z) + Elc(w)] < e+ Ely(w)] . (12)

Finally, we assume that the time that individuals can devote to the generation of income
is bounded. For every type w, there is an upper bound g(w). Hence y : © — R, can be
part of an admissible policy only if, for all w, y(w) < g(w).

Taxation Principle and marginal income tax rates. According to the Tazation
Principle, see Hammond (1979) and Guesnerie (1995), there is an equivalence between
allocations that are admissible and allocations that are decentralizable via an income tax
system. For the given setting, this implies that, to any admissible allocation, there exists

an income tax function T : y — T'(y) so that

yw) € argmaxyen, ¥ —T(y)—0(wy).

Consequently, to implement an admissible policy, a policy-maker can specify an income
tax function, and then let individuals choose a utility-maximizing level of income. If the
latter approach is taken, we can infer the marginal tax rates that are associated with
any income level that lies in the image of the income schedule y : 2 — R,. Assuming
that the solution of the household problem above can be characterized by a first-order

condition, we obtain
T'(y(w)) =1 = ta(w, y(w)) . (13)
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Hence, given an income schedule y : {2 — R, that is part of an admissible policy, we can

use equation to trace out the corresponding marginal income tax rates.

Surplus-maximization. We say that a policy is surplus-maximizing or first-best if the
budget constraint in holds as an equality and the provision-rule y is chosen so as to

maximize

S(y) = Ely(w)] = Elo(w, y(w))]

subject to the constraint that y(w) < y(w), for all w. We denote the surplus-maximizing
provision rule by y*. We say that a policy p = (y,c, @) is surplus-maximizing if
holds as an equality and y = y*.

Welfare. We denote by

Uw | p) = /Ooo B (@ + c(w) — 5w, y(©))) dC(x) |

the expected utility that an individual with type w realizes under a policy p = (y, ¢, G).
Again, the function ® is assumed to be concave and increasing. To compute the welfare
induced by a policy p, we use a welfare function W (p) = Ely(w)U(w | p)], where v : Q —
R, specifies the welfare weights for different types of individuals.

5.2 The main results reconsidered

Our main results in Theorems [I] and [2] extend to the given setting. By Theorem (1], equi-
librium policies are surplus-maximizing. Here, this means that, for almost all w € €,
1 = y(w,y*(w)). Hence, in a political equilibrium, there is no use of distortionary tax-
ation, so that almost every voter faces a marginal tax rate of 0. By the equilibrium
characterization in Corollary [2 below, this does not mean that there is no redistribu-
tion. Politicians engage in redistribution. However, they do so by means of pork-barrel
spending, and not by making use of type-dependent income taxation.

By Theorem [2| there is a surplus-maximizing policy p* that defeats any welfare-
maximizing policy. As we elaborate in more detail below, the literature on optimal income
taxation has focussed on welfare-maximization as the policy-objective. By Theorem [2]
no such policy can emerge in a political equilibrium.

We do not provide separate proofs for the model of income taxation. Such proofs
would, with some changes in details, reiterate the arguments developed in the model
of publicly provided goods. We do however provide an equilibrium characterization.
Accordingly, equilibrium policies involve first-best output provision according to y* and
transfers which are drawn from a uniform distribution on [0, 2(e + S, (y*))], where S, (y*)

is the virtual surplus associated with output provision rule y*.
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Corollary 2 Suppose that Q = [w,w@]. If the set of equilibria is non-empty, then the

unique symmetric equilibrium Peq = (Yeqs Ceqs Geq) 15 such that:

(a) Before-taz-incomes are surplus-mazimizing Ye, = y*.

(b) Private goods consumption is such that for any w € €,

w

ea(w) = B, 57 (@) — Bl ¥ (@) — / 31(s,y7(5))ds (14)

w

(¢) Geq is uniform on [0,2(e + S,(y*))], where

1 - F(w)

Wﬁl(w,y*(w)) . (15)

Suly") = S(y") + 3wy (@) + B [

5.3 Political failures

The literature on optimal income taxation considers the problem of choosing a tax policy
p = (y,¢,G) so as to maximize a welfare function W (p). Typically it is assumed that ®
is strictly concave so that individuals are risk averse. Then, under a welfare-maximizing
policy the lottery G is degenerate and assigns unit mass to e+.5,(y). Thus, we can identify
pork-barrel spending according to G, as a first political failure. The remaining question
then is how the income schedule that is chosen in a political equilibrium relates to the

welfare-maximizing one. Welfare-maximization requires to choose y so as to maximize

B[ (4 8.0 - st v@) - [ ot uloas)]

subject to the constraint that y is non-decreasing. The standard way of solving this
problem is to start with a relaxed problem in which the monotonicity constraint is not
taken into account, and then to check under which conditions the solution to the relaxed
problem is monotonic. The relaxed problem yields the following first order conditions,

which characterize the welfare maximizing income schedule y": for any type w, y"(w)

solves
T'(y(w)) =1 — va(w,y(w)) = —1;(—};(;)) (1 =T (w)) trz2(w, y(w)) , (16)
where the expression
Ely(s)2'(-) | s > w]
N B o0 szl

gives the average welfare weight of individuals with type w and higher relative to the
average individual. A standard result in the literature on optimal income taxation (see,
e.g. Hellwig, 2007) is that optimal marginal tax rates are strictly positive, except possibly
at the top and the bottom of the type distribution. In the given framework, one can use

equation to verify these results. Since U15(w,y) < 0, for all w and y, and, under
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any admissible policy, I'(w) < 1, for all w > w, it follows that T"(y(w)) > 0, for all
w € (w,w) E If we relate this observation to Theorem , we identify another political
failure: In the political equilibrium marginal tax rates are equal to 0 throughout, whereas
under a welfare-maximizing policy they should be positive, except at the top and the
bottom. An inequality-averse welfare-maximizing policy uses distortionary taxation so
as to redistribute between highly productive and less productive individuals. In a political
equilibrium, this type of redistribution does not take place.

To sum up, from a welfare-perspective, political equilibria give rise to undesirable
redistribution via pork-barrel spending, whereas the scope for desirable redistribution

via type-dependent income taxation remains unused.

6 Remarks on equilibrium existence

Our model of political competition has a multi-dimensional policy domain. As is well
known, for such games, the existence of a pure strategy equilibrium — here, an equilibrium
in which each politician chooses one admissible policy with probability 1 — cannot be taken
for granted. In the following, we first state a necessary and sufficient condition for the
existence of a pure strategy equilibrium. We will then show how to apply this condition
in the context of our model. Second, if a pure strategy equilibrium does not exist, this
raises the question whether mixed strategy equilibria admit a meaningful interpretation.
We will comment on the existence and the interpretation of mixed strategy equilibria in
our setting and discuss their welfare implications. Specifically, we will argue that mixed
strategy equilibria give rise to outcomes that are not Pareto-efficient and can hence be

viewed as political failures.

6.1 Pure strategy equilibrium

The following corollary states a necessary and sufficient condition for the existence of a

Nash equilibrium in pure strategies.

Corollary 3 An equilibrium exists if and only if there is no admissible policy p with
1 (p, peq) > %, where peq 15 the policy which has been characterized in Corollaries |1 and
2

To see that Corollary [3]is true, note first that, by Theorem [1] if the set of pure-strategy
equilibria is non-empty, then (pe,peg) is @ Nash equilibrium in pure strategies. This

implies in particular, that there is no policy p with IT*(p, pe,) > % Obviously, the converse

27A complication arises if one tries to explicitly compute optimal marginal tax rates on the basis of
this formula. The reason is that, in general, the welfare weights are endogenous objects which depend
themselves on the function y". However, under additional assumptions about the utility function ®, the
distribution F' and the cost-of-effort-function v, a formula for optimal marginal tax rates can be derived

which depends only on exogenous parameters, see Diamond (1998).
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implication is also true: If there is no policy p with II'(p, p.,) > %, then (peg, Peq) 1s a
pure strategy Nash equilibrium, and hence, a pure strategy equilibrium exists.

Corollary |3| is useful because our previous analysis has singled out the policy p, as
the one-and-only equilibrium candidate. Thus a pure strategy equilibrium exists if and
only if it is impossible to defeat this policy.

Without imposing additional assumptions it is difficult to check whether there is a
policy that wins a majority against p.,. The reason is that such a policy has to involve
a double deviation from p.,. If a politician deviates from p., only by allocating favors
differently than under G, he will not be able to win. Similarly, if he deviates only by
having a different provision rule for publicly provided goods or a different income tax
schedule, he will not win. These observations follow from the proof of Theorem [I} Thus,
Deq can be defeated only by a policy that has a different allocation of favors, and a different
provision rule or income tax schedule, if at all.

In the following, we will look at special cases of our general setup so as to provide

conditions for the existence of pure strategy equilibria [

A one-type economy with an indivisible public good. We consider a special case
of the model in Section [3} The set © is a singleton, so that all individuals have the same
type, which we denote by #. There is a pure public good which comes as an indivisible
unit: Either the provision level is 1, or the provision level is 0. If the public good is
provided, all individuals realize a utility of v(#,1) = 6. If it is not provided they realize
a utility of v(0,0) = 0. The per capita cost of providing the public good is given by k.
For simplicity, we assume that 6 > k, so that surplus-maximization requires to provide

the public good, ¢* = 1.

Proposition 1 An equilibrium exists if and only if 0 > 2k.

The case of an indivisible public good that is either provided or not makes it particularly
easy to see that only a double deviation from the equilibrium policy has a chance to
defeat it. If politician 2 behaves according to the equilibrium policy and proposes ¢ = 1,
then politician 1 can defeat him only by proposing ¢ = 0. If he proposes ¢ = 0, then
the probability that he gets a particular voter can be shown to be a convex function
of the favors that are offered to that voter. This implies that the best distribution of
favors for politician 1 is an extreme one that mixes between an offer of 0 and an offer
that attracts the voter with probability 1. As we show in the proof of Proposition [1| the
condition @ > 2k holds if and only if such a policy is unable to win a majority against
Deq, 1.€. against the policy that involves ¢ = 1 and a uniform distribution of favors over
the interval [0,2(e — k)].

28These simple examples involve a discrete number types. The general treatment of the discrete type

case is relegated to the Online-Appendix.
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Proposition (1] also shows that the existence of a surplus-maximizing pure strategy
equilibrium cannot be taken for granted. If § > k, then surplus-maximization requires
to provide the public good. If at the same time 6 < 2k, then it is possible to defeat the
surplus-maximizing policy p., by offering a transfer of § + 2(e — k) to more than half of
the electorate. Any voter who receives such an offer will prefer the inefficient policy over

Peq- By contrast, if the benefit from public-goods provision is sufficiently large, then the

1

fraction of voters that can be attracted in this manner is smaller than 5

which implies
that a pure strategy equilibrium existsF_g]

A two-type model of income taxation. We consider a model of income taxation
with two types, so that Q = {wy,ws}.

Proposition 2 Suppose that §(wi) = y*(w1). Then an equilibrium exists.

Using the definition of marginal income tax rates, see equation , the condition y(w;) <
y*(wq) can as well be interpreted as the requirement that marginal income tax rates at
the bottom have to lie between 0 and 1. From the perspective of the theory of optimal
income taxation this is a weak requirement. In the Mirrleesian model, optimal marginal
income tax rates lie between 0 and 1, at all income levels and not just at the bottom, see
e.g. Hellwig (2007a).

The proof of Proposition [2| can be found in Appendix The condition y(w;) =
y*(wq) implies that the vote-share of a politician who runs against the equilibrium can-
didate p., is concave in pork-barrel spending. Jensen’s inequality then implies that a
vote-share maximizing politician refrains from offering different amounts of pork-barrel
to different voters. Formally, the best he can do is to choose G as a degenerate distribu-
tion. The arguments in the proof of Theorem [2| then imply that his best response is to
propose the surplus-maximizing y-function. Absent the condition y(w;) < y*(w;), we can
not rule out the possibility that p., is defeated by a policy that involves inefficiently high
output provision for the low-skilled and a distribution of pork that has two mass points

so that some voters receive a lot of pork and others do not receive anything.

6.2 Mixed strategy equilibrium

Suppose that there is a policy p’ that wins a majority against the equilibrium candidate
Deq- Then, by Corollary , a pure strategy equilibrium does not exist. The existence of an
equilibrium in mixed strategies can be ensured in a straightforward way by a restriction

of the policy space. Let P be a finite set of admissible policies that includes p’, p., and

2This observation has been made before by Lizzeri and Persico (2001), albeit in the context of a
different setup. They assumed that e = k, so that the provision of the public good and redistribution via
G are dichotomous policy choices. They also provide a characterization of the mixed strategy equilibrium
that arises if 6 < 2k.
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possibly a set of welfare-maximizing policies. With such a finite policy domain, mixed
strategy equilibria exist by standard arguments, see Fudenberg and Tirole (1991).

For a game-theoretic analysis of political competition, different interpretations of
mixed strategy equilibria have been proposed. For instance, Lizzeri and Persico (2001)
interpret a mixed strategy equilibrium as representing the uncertainty about the way in
which politicians select among pure strategies. Alternatively, a mixed strategy equilib-
rium can be interpreted as a pure strategy equilibrium of an extended game in which
politicians also choose a distribution of perceptions about what they are going to do if
elected. The probability that a politician makes a specific proposal under a mixed strat-
egy can then be identified with the population share of voters who are convinced that
this is the policy that he would implement, see Laslier (2000). Here, we do not attempt
to provide a characterization of mixed strategy equilibria for the cases in which p., can
be defeatedf’] Rather, we are interested in the efficiency and welfare properties of such

equilibria.

Corollary 4 Suppose that there is a policy p' that defeats the equilibrium candidate pe,.
Suppose that the policy domain is a finite set P of admissible policies that includes p', pe,

and a subset of PV. Any mized strategy equilibrium has the following properties:
(a) Policies in PV are played with a probability that is strictly smaller than one.

(b) Surplus-mazimizing policies are played with a probability that is strictly smaller than

one.

Part (a) of Corollary [4] is an immediate implication of Theorem If one politician
played policies that belong to P" with probability 1, then his opponent could defeat
him by playing p., with probability 1, so that this cannot be an equilibrium. Part (b)
is an implication of Theorem [I} This theorem implies that the only candidate for an
equilibrium in which surplus-maximizing policies are played with probability one is such
that both politicians propose p.,. But then any one politician can ensure a victory by
deviating to p’, which is, again, incompatible with an equilibrium.

The significance of Corollary [4] is as follows: It shows that whether or not a pure
strategy equilibrium exists is not only a technical question. Non-existence of a pure
strategy equilibrium can be interpreted as a political failure: In any mixed strategy
equilibrium, policies that are not first-best Pareto-efficient will be played with positive

probability.

7 Probabilistic Voting

For a model of income taxation, our previous analysis gave rise to the prediction that

marginal tax rates are equal to zero at all income levels. This is not descriptive in an

30See Lizzeri and Persico (2001) for such an analysis in a complete information environment.
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empirical sense, but an implication of our assumption that political competition is “pure”:
Voters base their decisions only on the policies that are proposed and not on the identities
of the policy-makers. Put differently, politicians have no market power. In the following,
we will relax this assumption so that each policy-maker has voters who are likely to vote
for him even if he does not offer a more attractive policy than the opponent. Thus, there
is “monopolistic” rather than “pure” competition.

We adapt a framework that is known as the probabilistic voting model due to Lindbeck
and Weibull (1987) to study its implication for a model with pork-barrel spending and
income taxation. This yields the following insight: Equilibrium policies can involve dis-
tortionary income taxes. Specifically, we derive a formula that characterizes the marginal
tax rates that arise in an equilibrium of the probabilistic voting model. It is akin to the
formula for welfare-maximizing marginal tax rates by Diamond (1998), see equation (16)),
except that the terms in Diamond’s formula that relate to the social welfare function are
replaced by measures of how sensitive voting behavior is to the proposed income tax
policies. Thus, this formula enables a new perspective on studies that use a revealed
preferences approach to recover the social welfare function that is consistent with an em-
pirically observed tax policy.ﬂ Through the lens of our model, what these papers identify
are political responses which are shaped both by the voters’ ideological predispositions
and the way in which competing politicians allocate favors in the electorate.

Given two admissible policies p' = (y', ¢!, G') and p* = (32, ¢, G?), in case of having

type w, individual ¢ votes for politician 1 provided that
ol = h(w,y') > ef +2° — h(w,y?)

where 27 is the favor offered by politician 7,

w

W, i) = 5w (@) + / 51(s, 47 (s))ds | (17)

w

is the information rent that type w of voter i realizes under the income tax schedule
proposed by politician j. Again, we can represent an admissible policy as a pair p? =
(y7, G7) with the understanding that the corresponding c-function then follows from the
requirement of incentive Compatibilityﬂ Finally, €2 is voter i’s bias towards politician 2.
It is interpreted as the maximal utility loss from accepting politician 2’s policy that voter

i would tolerate before switching to politician 1. We assume that €? is the realization of

31See, e.g., Christiansen and Jansen (1978), Blundell, Brewer, Haan and Shephard (2009), Bour-
guignon and Spadaro (2012), Bargain, Dolls, Neumann, Peichl and Siegloch (2011), Zoutman, Jacobs
and Jongen (2012). For an extensive discussion of this approach and the related literature see Lockwood
and Weinzierl (2014). Other papers attempt to explain observed tax policies based on an elicitation
of preferences for distributive policies (see, e.g., Cowell and Schokkaert, 2001; Fong, 2001; Corneo
and Griiner, 2000; Corneo and Griiner, 2002; Devooght and Schokkaert, 2003; Engelmann and Stro-
bel, 2004; Ackert, Martinez-Vazquez and Rider, 2007; Weinzierl, 2014; Kuziemko, Norton, Saez and

Stantcheva, 2015; Saez and Stantcheva, 2013; Durante, Putterman and Weele, 2014).
32See Section |4 for a discussion and Lemma for formal details.
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a random variable whose distribution may possibly depend on the individual’s type w.
Hence, we allow for the possibility that, say, low income people are, ceteris paribus, more
likely to vote for party 1 than high income people.ﬁ The distribution of €?, conditional
on w, is represented by an atomless cdf B*(- | w) with density b*(- | w). The letter B
indicates that we are formalizing a political bias.

Given p' and p?, politician 1’s vote share is now given by
(!, ?) = / / BB — hw,y") — (2 — hw,s?)) | )] dG?(?) dG (") .
R: JR;

Politician 1’s best response problem is to choose, given G* and 3%, G! and 3! so as to
maximize this expression subject to the constraints that y' is a non-decreasing function

and subject to the budget constraint
/ ot dG (') < e+ S,(y) .
R4

For ease of exposition, in the following, we focus on a relaxed problem that does not take
the monotonicity constraint on y' into accountﬁ We can then think of politician 1 as

choosing G' and ! so as to maximize the following Lagrangian
L= [ [ ety e dGA ) dt)
R, JR,
where
L(a',y' | 2%,y%) = E[B*(«" — h(w,y') — (2° = h(w,y?)) |w)] + A Suly') = At
and A is the multiplier associated with the resource constraint.

Proposition 3 Consider the solution of politician 1’s relaxed best response problem. The

marginal income tax rate for an individual with type w is given by
1— F(w)

Fw) (1= 5°(w)) tr2(w, y (W) (18)

T'(y'(w)) =1 = ta(w,y' (W) =
where

B (w) = ; /R /]R b (w, 2ty | 22, y?) dGH(2h) dG*(2?) (19)
and

V(w,a',y' [ 2% y?) = E [V (2" — h(s,y") — (2% = h(s,y%)) | 8) | s > w],

33Dixit and Londregan (1998) emphasize the importance of allowing for a correlation between political

attitudes and individual characteristics such as income.
34As is well known, this constraint may in fact be binding so that a solution to the “full” problem

gives rise to bunching of various types at the same income level. It is also well-known how the analysis
would have to be modified to take account of this possibility. One makes use of Pontryagin’s maximum
principle and incorporates the additional constraint y'(w) > 0, see Kamien and Schwartz (1991), Laffont
(1988), or Hellwig (2007a).
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1s the measure of wvoters politictan 1 can attract by offering more utility to type w-
individuals, for a given tax schedule y? of the opponent, and conditional on the offers

of pork being equal to x' and x2.

Equation has the same structure as equation which characterizes a welfare-
maximizing tax policy. The only difference is that the term %(w) replaces I'(w), the
welfare weight of individuals with productivity w and higher relative to population aver-
age; 3?(w) is a measure of how many additional voters of type w politician 1 can attract
by lowering the marginal tax rate for these votersE] Ceteris paribus, the larger 3?(w)
the lower is the marginal tax rate that politician 1 will propose. The formula reveals that
an extension of our basic model that allows for political biases is capable of generating
marginal income tax rates that are different from zero.

The term 32(w) measures the political return for a tax policy that is more attractive
to voters with type w. It is an endogenous object as it depends on the policies p' and
p? that the politicians propose| Still, one may attempt to estimate these political re-
sponse functions empirically. Given data on marginal tax rates, the distribution of labor
productivity, and labor supply elasticities, one can use equation to solve for 3?(w),
for all w € Qm One can then check whether these values appear plausible in the light of
data on voting behavior. Possibly, the probabilistic voting models offers an explanation
for the discrepancy between welfare-maximizing and observed marginal tax rates. For
instance, Diamond (1998) and Saez (2001) argue that optimal marginal tax rates for top
earners exceed those observed in OECD countries. The probabilistic voting model may
offer an explanation for why higher top rates are politically infeasible. A related obser-
vation is that high values of 5%(w) imply negative marginal tax rates, or, equivalently,
a subsidization of earnings. These are inconsistent with a welfare-maximizing approach.
It has therefore been a challenge for the literature on optimal income taxation to find
conditions under which a program such as the Earned Income Tax Credit may be part of
an optimal tax and transfer programﬁ As equation ([18)) reveals, the probabilistic voting

model is in principle capable of generating negative marginal tax rates.

35See also Mueller (2003) for a discussion of the welfare implications of probabilistic

voting models.
36We do not attempt to provide a complete characterization of these equilibrium policies.

This is not necessary for the present purpose which is to discuss the empirical implications
of the probabilistic voting model for income tax schedules. We also doubt that a complete
characterization in terms of the primitives of the model is possible unless one imposes
additional assumptions on the distributions {B(: | w)}.cq of political biases.

3TTo see this, note that, with an iso-elastic cost function of the form (w,y) = (%)H%, equation
can be rewritten as

T'(y'(w) _1-F(w)
1-T'(y'(w))  wfw)

where € is the elasticity of labor supply with respect to the net wage.
38See e.g. Saez (2002), Choné and Laroque (2010), or Jacquet, Lehmann and Van der Linden (2013).

(- (1+3) |
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If one estimates 3%(w), one estimates a political bias which is shaped both by the
proposed tax policies and by the allocation of favors in the electorate. Put differently,
with the formula in ((19)) it will generally not be possible to identify separately the impact
of pork-barrel spending and political attitudes on equilibrium tax policies. Still, we can
provide a measure of the significance of pork-barrel spending for political equilibrium
allocations: In the absence of pork-barrel spending, so that G and G? are degenerate
distributions that assign probability mass 1 to e + S,(y') and e + S,(y?), respectively,

equation ([18)) remains valid except that 3%(w) becomes

Eb*(e+ Su(y') = h(s,y") — (e + Su(y?) — h(s,y°)) | ) ] (20)
E[b*(e+ Su(y') — his,y') — (e + S5u(y?) — (s, 4?)) | s) I

Thus, the difference between 32(w) and 3?(w) is a measure of how pork-barrel spending

B (w) =

S
S

» | ®
(VAN

[SHES

affects the willingness of individuals of type w to vote for party 1. Independent data on
the strength of party loyalties among different types of voters might enable a measurement
of 3?(w). If combined with data on 3%(w), one may ultimately obtain a measure of the

impact of pork-barrel spending on tax policy.

8 Alternative Modeling Choices

In the following, we provide a discussion of how alternative modeling choices would affect
our main results. We argue that Theorems [1] and [2] extend to a model with a discrete
set of types, a model with finitely many individuals, or an analysis in which politicians
are given the possibility to allocate pork in a type-contingent way. It also extends, with
some adjustments, to an analysis that involves more than just two parties. In addition,
we explain to what extent our analysis is dependent on the assumption that preferences
are quasi-linear. Finally, for the model of income taxation, we discuss how our analysis
would change if voters had a demand for insurance against adverse outcomes later in life,

or had themselves a concern for welfare.

Discrete type spaces. We provide a detailed discussion of discrete type spaces in part
of the Online-Appendix. We explain why the discrete type specification warrants
separate proofs of Theorems [1| and [2| and provide an equilibrium characterization both
for the public goods model and the model of income taxation. In addition, for a two-
type model of income taxation, we explicitly compute the vote shares that emerge if one
politician proposes the Rawlsian welfare-maximum and his competitor use the equilibrium
policy p, that involves a surplus-maximizing policy that is accompanied by pork-barrel
spending. This specific example has a pedagogical value: It illustrates in a clear way
that a welfare-maximizer is more attractive to “the poor” but will still lose the election,

irrespectively of how numerous “the poor” are.
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A finite population. Part of the Online-Appendix contains an extension of The-
orem [l| to an economy with finitely many individuals. A finite population gives rise to
one additional complication: The cross-section distribution of types is no longer known,
but a random quantity. Policies therefore have to deal with a problem of information
aggregation. To be specific, consider the case of a pure public good. In a model with a
continuum of individuals, the surplus-maximizing quantity
max  Efv(f,9)] - k(g)

is known a priori by the law of large numbers. In a finite economy with N individuals,
however, the number of people who value it highly is a random quantity so that a policy
maker has to communicate with individuals in order to learn the vector of types and to

be able to compute the value of

max %(Zv(@,q%k(q)) :

i=1
In such a setting each individual is pivotal in the sense that her communication has an
influence on the optimal public-goods provision level. However, as we show in the Online-
Appendix, there is an extension of our main results to an economy with finitely many

individuals.

More general preferences. To what extent do our main results extend beyond the
case of quasi-linear preferences? The discussion that follows is based on a formal analysis
that is relegated to part of the Online-Appendix. When we relax the assumption that
voters have quasi-linear preferences, we can still show that equilibrium policies are Pareto-
efficient in the set of policies that are admissible, i.e. physically feasible and incentive-
compatible, see Proposition in the Online-Appendix. This finding is an extension of
Theorem [}, and builds on the following intuition: Vote-share maximizing politicians will
not leave opportunities to make voters better off on the table since any such opportunity
could be exploited to increase one’s vote-share. With quasi-linear preferences, however,
we could prove a much stronger statement: Equilibrium policies are first-best, i.e. not
only Pareto-efficient in the set of admissible policies, but also Pareto-efficient in the much
larger set of physically feasible policies.

Also, allowing for more general preferences, and in particular for income effects, com-
plicates the analysis in that we cannot provide a complete political equilibrium charac-
terization in terms of the primitives of the model. With quasi-linear preferences this is
possible, see Corollaries [1] and [2|/*

In the Online-Appendix, we also provide a “natural” condition so that there is no

political equilibrium that gives rise to a welfare-maximizing allocation. Specifically, we

39Normative approaches share this feature. For instance, optimal marginal tax rates admit a complete
characterization in terms of exogenous variables if preferences are quasi-linear, see Diamond (1998), but
not otherwise.
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show that to every welfare-maximizing policy we can find an alternative policy that is
preferred by a majority of voters, see Proposition in the Online-Appendix. This
finding is akin to Theorem [2l With quasi-linear preferences, by contrast, we could prove

that there is one specific policy that defeats any welfare-maximizing policy.

Type-dependent pork-barrel spending. Our analysis was based on the assumption
that politicians offer pork to individuals with no attempt to condition these offers on the
individual’s type. Any such conditioning is limited to the mechanism for public goods
provision or income taxation. In the following, we argue that this modeling choice is
without loss of generality: If we gave politicians the option to allocate pork in a type-
dependent way, then, in equilibrium, they would refrain from using that option.

Consider the model of income taxation. If politician j engages in type-dependent
pork-barrel spending we can equivalently think of her as offering an income tax sched-
ule that makes use of randomization devices. The private goods consumption of type
w-individuals is then determined by a randomization device that is specific to this type.
We may allow for the possibility that the individuals’ output requirements are also deter-
mined by a type-dependent randomization device["| Incentive compatibility then requires
that type w-individuals prefer their outcomes to be generated by “their” randomization
devices rather than by the randomization devices that have been programmed for some
other type w’. Now, hypothesize a race between politicians 1 and 2 and suppose that
politician 2 proposes the equilibrium policy pe, that we characterized in Corollary 2} As
we argued in Section [4] to achieve a maximal vote-share politician 1 then has to propose
surplus-maximizing output requirements. Since the individuals’ have convex effort costs
the surplus cannot be increased by allowing for randomized output requirements. So,
even if randomization devices are allowed for, the best response of politician 1 is still to
propose the deterministic surplus-maximizing output function. The requirement of incen-
tive compatibility then pins down the expected consumption levels of different types of
individuals, with a degree of freedom in the intercept of this consumption schedule. Again
politician 1 cannot increase his vote share by means of randomizing these consumption
levels. Due to quasi-linearity, individuals care only for their expected consumption levels.
Politician 1 can therefore, with no consequence for her vote share, replace any randomized
consumption schedule by a deterministic one that offers the expected consumption level
with probability 1.

More political parties. Our main results extend to a model with more than two
parties: In a symmetric equilibrium, policies are surplus-maximizing. Moreover, any
deviation from the equilibrium policy to one that is welfare-maximizing comes with a
loss of votes. In part of the Online-Appendix we provide a sketch of the argument.

40For an analysis of the desirability of randomized income taxation from a welfare perspective, see
Hellwig (20070).
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Again, we combine insights form Myerson (1993) with an analysis of incentive-compatible
policies. Myerson has shown that a larger number of parties implies that the equilibrium
distribution of pork-barrel changes in particular way: Parties deviate from a uniform
distribution of favors and assign more probability mass to small favors and less to large
ones. As shown in the Online-Appendix, this change in the distribution of pork does not

affect the welfare properties of equilibrium policies.

Social Insurance and Altruism. In our previous analysis, voters have learned their
types when voting over mechanisms for public-goods provision or income taxation. This
is important for our results. If, at the time of voting, individuals were still awaiting the
realization of a preference or skill-shock, they would evaluate policies with an expected
utility function that gives rise to a demand for insurance against adverse realizations of
the shock. For instance, individual ¢ would evaluate the income tax schedule proposed

by politician j according to
E[®(a] + ¢ (w) — 3w,y (w)))],

where x{ is the amount of pork that politician j has offered.

Assuming that individuals are altruistic or have a concern for the welfare that is gen-
erated by redistributive income taxation is an alternative that has a similar implications
as the assumption that individuals have a demand for social insurance. Suppose that type
w of individual ¢ evaluates the income tax schedule proposed by politician j according to

a convex combination of his own payoff and the welfare that this policy generates,
a(a] + (W) = 9w,y (W) + (1 = @) Ey(w)U(w | p)),

where o € (0, 1) is the weight on the own payoff. This modeling choice also gives a role
to welfare considerations in the individuals’ evaluation of tax policies.

If voters have a concern for welfare, politicians will choose to offer some welfare-
improvement relative to a surplus-maximizing outcome. This could be shown formally
by an analysis that is akin to our treatment of the probabilistic voting model: Treating the
distributions of pork-barrel G' and G? as exogenously fixed, possibly at their equilibrium
levels, we can derive the marginal tax rates that a vote-share maximizing politician would
propose and verify that they will typically be different from zero.

The important insight is that a demand for social insurance or an altruistic attitude
towards others will lead to an equilibrium tax policy that involves distortionary income
taxes. This force is likely to play an important role in reality. Voters may support
a redistributive welfare state if they consider the possibility that they may themselves
become dependent on the welfare state in the future or if they have a concern for the

well-being of those who currently are.
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9 Concluding remarks

The core of the analysis in this paper looks at pure competition between vote-share maxi-
mizing politicians. The “purity” has two dimensions: First there is no a priori restriction
on the set of admissible policies, politicians can propose any policy that respects the econ-
omy’s information structure and the economy’s resource constraint. Second, competition
is pure in that neither politicians nor voters have ideological biases or partisan motives.
Also, there is no incumbency advantage or any other difference in valence.

A main insight is that equilibrium policies are Pareto-efficient in a first best sense,
even though voters have private information on preferences over mechanisms for public
goods provision or income tax schedules. Our analysis shows that the requirement that
admissible policies have to respect not only resource constraints but also informational
constraints — or equivalently incentive compatibility constraints — is key for this insight.
Indeed, these incentive constraints imply that a preferential treatment of subsets of the
electorate becomes more difficult. If the deal for particular voter types becomes too
good, then other voters will claim that they are also of the type that is eligible for the
preferential treatment. This limits a politician’s ability to channel resources from one
group of voters to another, and, as a consequence, surplus-maximizing policies emerge in
political equilibrium.

By the Tazation Principle, see Hammond (1979) and Guesnerie (1995), this finding
admits a different interpretation. The incentive compatibility constraints which emerge
in a private information environment are equivalent to the implementability constraints
which emerge in a decentralized economic system, i.e. a system where individuals make
choices subject to constraints that are affected by government policy. To give examples of
such policies, think of households that choose labor supply and consumption expenditures
subject to a budget constraint which is shaped by an income tax function, or think of
households who decide how much publicly provided health-insurance to acquire, given a
menu of tariffs. Hence, our main result is relevant for a society in which individuals are
free to choose both economically and politically. According to our main result, political
equilibria in such a free society, give rise to surplus-maximizing outcomes.

This result is akin to the first welfare theorem which refers to competitive equilib-
rium allocation, as opposed to political equilibrium allocations. There is, however, no
counterpart to the second welfare theorem. Political equilibria do not give rise to welfare-
maximizing outcomes, and this may be interpreted as a political failure. For a model of
redistributive income taxation, in which welfare is the standard policy objective, our

results imply that political equilibria give rise to an undesirable laissez-faire outcome.
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A Appendix

A.1 Proofs of Theorems [1] and 2

A.1.1 Preliminaries

Characterization of admissible policies. The following lemma provides a characteri-
zation of admissible policies. It is based on standard arguments, in particular on the charac-
terization of incentive compatible policies and their budgetary implications — see, for instance,
Mas-Colell, Whinston and Green (1995) and Milgrom and Segal (2002). We therefore state it

without proof.

Lemma A.1 Suppose that q is a continuously differentiable function. Then, a policy p =

(¢, ¢, G) is admissible if and only if it satisfies the following constraints:
(i) Monotonicity: q is a non-decreasing function.

(i) Utility: for all 6,

o)+ (0,0(0) = v(0.00) ~ [ n(ssa(6))s (21)
with
B @00 - [ e q(s))ds] o0 - B | fne.ae)] @)
(iii) Resource constraint:
/0 T2 dG(z) < e+ Su(q) (23)
where
S.(0) = Elo(6.4(6)] - K(0) ~ (00,98 - £ | {70 0.a)] ) (24)

(iv) For each 6, q(0) € A(q) .
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Vote-Shares. Upon using equation (21)), the probability that any one voter i votes for politi-
cian 1 is equal to the probability of the event

7 7
2 <zl +v(d,q () - / v1(s,q' (5))ds — v(0,¢*(H)) +/ v1(s,¢%(s))ds .
6 (4
If the distributions G' and G? are atomless the vote share of politician 1 can be written as
W) = B | [ G2 (el hi6.q") — 1(6.4%) 4G (a)]. (25)
R4
where
0.7) = (0.6 8) ~ [ vr(s. 0 (9)ds. (26)
0

A.1.2 Proof of Theorem [

The proof of Theorem [1| follows from the sequence of lemmas below.

Lemma A.2 If the set of equilibria is non-empty, then there exists a symmetric equilibrium.

Proof The game of political competition is a symmetric constant-sum game. For the prop-
erties of such games, see e.g. Osborne and Rubinstein (1994). Now suppose that there is an
equilibrium in which politician 1 proposes a policy pe,. For a constant sum-game it holds that

Peq 1s an equilibrium policy if and only if
- 2¢,1 2
Peq € argmingcp max,ecp II5(p°, p%) ,

where P is the set of admissible policies. Since the game is symmetric, if pe4 solves this problem,

then it is also the case that
. I (p! 2
Peqg € argminecp maxpicp (p~,p°) .

Hence, (peg, Peq) is a symmetric Nash-equilibrium. O

Lemma A.3 Suppose that there is a symmetric equilibrium. Denote by qeq the corresponding
provision Tule. Then, the equilibrium distribution of lump-sum transfers is a uniform distribu-
tion on [0,2(e + Sy(geq))]-

Proof If a symmetric equilibrium exists, then it has to be the case that any one politician
j choose the distribution G’ so as to maximize his vote share conditional on ¢! = ¢ = egq-
Otherwise he could increase his vote share by sticking to the provision rule g4, but offering a
different distribution of lump-sum transfers. Conditional on ¢! = ¢? = g, the vote share of
politician 1 in becomes

Hl(pl,pQ) = / G? (xll) dGt (mzl) . (27)
Ry

Given G2, he chooses G' so as to maximize this expression subject to the constraint that

Jo7 i dG'(z}) < e + Sy(geq)- Politician 2 solves the analogous problem. Hence, conditional
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on ¢l =¢* = Qeq> G' has to be a best response to G? and vice versa. This problem has been
analyzed in Theorem 1 of Myerson (1993) who shows that there is a unique pair of functions G*
and G? which satisfy these best response requirements and the symmetry requirement G! = G2.
Accordingly, G! and G? both have to be uniform distributions on [0, 2(e + S, (geq))]- O

Lemma A.4 Let qoq be a provision rule which is part of a symmetric Nash equilibrium. Let

G be a uniform distributions on [0,2(e + Sy(geq))]. Let Ggeq be a degenerate distribution

Geq

which puts unit mass on e + Sy(qeq). If p' = (Qeq7GZfeq)

against p* = (qeq, G}j@q). Then p' = (qeq, Ggeq) is also a best response against p*> = (qeq, GZEq)~

1s a best response for politician 1

Proof If p' = (geq: G,,) is a best response for politician 1 against p? = (Geq» Gy, ), then it

yields a vote share of % since the game is symmetric. Upon evaluating the expression in 1’
under the assumption that G?> = G* and G' = Ggeq, one verifies that p! = (geq, Ggeq)
generate a vote share of % O

does also

Lemma A.5 If q.q is the provision rule which is part of a symmetric Nash equilibrium, then

it 15 equal to the surplus-mazimizing provision rule, i.e. qeq = q*.

Proof The following observation is an implication of Lemmas and If geq is part of a
symmetric Nash equilibrium, then it has to solve the following constrained best response problem

of politician 1: Choose a provision rule ¢! so as to maximize
nm=kF [/ G? (z{ + h(0,q") — h(0,¢%)) dG* (z}) (28)
R4

subject to the following constraints: G = Ggl, ¢ = Geg, and G = G}l‘eq. Otherwise, politician 1
could improve upon his equilibrium payoff by deviating from g4, which would be a contradiction
to geq being part of an equilibrium.

We now characterize the solution to the constrained best-response problem. The problem

can equivalently be stated as follows: Choose ¢! so as to maximize
M= B |Gy, (e+Su(a) + h(04") = h(0: qu0)| - (29)

The assumption that admissible provision rules have to be bounded, in combination with the

assumption that e is sufficiently large implies that, for all ¢! and for all § € O,
e+ Sulqh) +h(0,¢") — h(8,qeq) > 0.
It also implies that, for all ¢' and for all € O,
e+ Su(qh) + (0, ¢") — h(B,qeq) < 2(e + Su(geq)) -
Hence, for all 6,

e 1 1y _
G, (e Su(a") + hi0.a") = h(6,0e0)) = S”(q2)<e+f (sefqe)q» e,
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so that the objective in becomes

o E[ﬂ+&@ﬂ+hWAU—hWAmq

2(e + Sv(Q@q))
e+ Su(¢") + E[h(0, ¢")] — E[h(8, 4eq)]
2(e + Su(geq)) .

By equations and , we have that

F(0)
£(0)

Upon using equation , we find that

mma&nszﬂw»—E[ vﬂa«mﬂ.

Su(g) + Eh(8,¢")] = E[v(6,9(6))] — K(q) = S(a") -
Upon substituting this into , we obtain

¢+ S(a") ~ Elh(6,0e0)]

1 _
= e 5la)

Consequently, politician 1 chooses ¢' so as to maximize S(q'), which yields ¢* = ¢*. O

A.1.3 Proof of Theorem [2

Let W be a given welfare function. Upon using the characterization of admissible policies in
Lemma the welfare that is induced by an admissible policy p = (¢, G) is given by

W(p)=E

o0 9
/ﬂ@A @<$+M@ﬂ@)—éid&d@M%dG®)

Under a welfare-maximizing policy ¢ and G are chosen so as to maximize this expression subject
to the constraints that (i) ¢ is a non-decreasing function, (ii) that, for all 8, ¢(0) € A(q), and
(iii) that the resource constraint holds as an equality, i.e. that [;*z dG(z) = e+ Sy(q). Now,
suppose that individuals are risk-averse. Then, the function ® is strictly concave, so that, by

Jensen’s inequality,
E [4(0) 5= ® (2 + v(8,a(0)) — [} v1(s,0(5))ds ) dG ()
< B [1(0)® (e +S.(q) +v(0.9(0)) — [ vi(s.a(s))ds) | .

for any non-degenerate distribution G, and any given provision rule q. Hence, a welfare-
maximizing policy consists of a degenerate distribution Gg which puts unit mass on e + 5,(q)

and a provision rule ¢ which maximizes

E

o 0
v@@G+&@+mww»1Am@«mw”

subject to the constraints that ¢ is a non-decreasing function and that, for all 8, ¢(8) € A(q).
We will denote such a policy henceforth by p"V = (qW,GZW). Now consider a policy p* =

(¢*, G*), where ¢* is the surplus-maximizing provision rule and G* is a uniform distribution on
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[0,2(e + Su(g*))]. We will now show that IT'(p", p*) < I, with a strict inequality whenever
¢ # ¢*. By the arguments in the proof of Lemma

) — E[h(0,q")]

+ Su(q*))

e+ S(q") — E[h(9,9")]

2(e + Sy(q*))
€+Sv(q*)

2(e + Sy(q*))

1

5 )

S
Hl W % — e+
(»",p") 2e

IN

where the inequality in the second line is strict whenever ¢V # ¢* and the equality in the third
line follows from equations , and . O

A.2 Proof of Proposition

The normalization ¢(f) = 0 applied to the given setup with a single type implies that ¢(8) = 0.
An admissible policy is thus a pair p = (¢, G), where ¢ € {0,1} and

/ xdG(x)<e—kq.
0

If we adapt our equilibrium characterization to this setup, we obtain the equilibrium candidate
Peq = (Geqs Geg) 50 that geq = ¢* = 1 and G¢q is a uniform distribution on [0,2(e — k)]. An
equilibrium exists if and only if there is no policy that wins a majority against pe,. It follows
from the arguments in the proof Lemma [A3] that there is no such policy that also involves
q = 1. Hence, we can, without loss of generality, limit attention to policies that involve ¢ = 0.
Suppose politician 1 chooses such a policy p' = (0, G'), whereas politician 2 chooses p? = Deg-

Politician 1 will then realize a vote share of
Hl(pl,peq) —/ Geg(z — 0)dG* (x) .
0

Consider the problem to choose G! so as to maximize this expression subject to the constraint
that [~z dG'(z) < e. Since Geq is uniform on [0,2(e — k)], the optimal G' does not involve
offers strictly larger than 6 + 2(e — k): A voter who received such an offer would vote for
politician 1 with probability 1. The same probability could be generated with an offer that is
exactly equal to 6 + 2(e — k) and hence less costly. Hence, the support of G! is a subset of

[0,0+2(e— k)] and the optimization problem can be rewritten as: Choose G so as to maximize

0+2(e—k) T —0
17,1 _ 1
I (p ,peq)/O max{O, 2(e—k)}dG (x)

subject to 00+2(e_k) x dG'(x) < e. Upon exploiting the convexity of the objective function, one
can show that it is optimal to choose G such that only an offer of 0 and an offer of § +2(e — k)
are made with positive probability@ Denote by G! the probability that politician 1 offers

“1Here is a sketch of the formal argument: Offers in ]0, [ will be made with probability zero, because

they yield a zero probability of winning the voter but require more resources than the offer of zero.
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0+2(e—k). It follows from the resource constraint f6+ (e=h) r dG'(z) = e that G! = i e g

This yields a vote share of I1*(p!, Deq) = G!' = Tk)' Thus, an equilibrium exists if and only

772(
if this vote share is below %, i.e. if and only if
e 1
——— < - = 0>2k.
0+2(e—Fk) ~ 2 -

A.3 Proof of Proposition

The proof has four steps:

Step 1. For a model with two types, the equilibrium candidate peq = (Yeq, Ceqs Geq) 100ks as
follows@ The pre tax-incomes are surplus-maximizing, so that, for any k € {1,2}, yeq(wi) =
y*(wg) = argmax, y — 9(w,y); the consumption function c., is such that cey(w1) = 0, and
Ceqg(w2) = (w2, y*(w2)) — U(w2, y*(w1)); and finally, G¢q is a uniform distribution on [0, 2(e +
Sy(y*))], where

Su(y*) = Sy") + 0(wr, y"(wi)) + fa(0(we, y*(w1)) — D(wr, y*(w1))) 5
and

Sy*) = fily"(w) — 0w, y*(w1))) + f2(y" (w2) — D(w2, y*(w2))) -

We now check whether this policy can be defeated. Suppose that politician 1 chooses an
arbitrary policy pt = (y!,c!, G') with ¢!(w1) = 0 whereas politician behaves according to the

equilibrium candidate p,. Politician 1 realizes a vote share of

M (p.peg) = h / Geglw — Blwn, 5 (w1)) + B(wt, y* (w1)))dG ()

+fz/ Geg(w + ¢! (wa) — D(wa, y' (w2)) — (ceq(w2) — D(w2, " (w2))))dG ()

h / Gegl — (w4 (@1)) + Blwr, y* (w1)))dG (x)

+f2/0 Geg(z + ' (wa) — D(wa, y" (w2)) + B(ws, y*(w1)))dG (z)

where the second equality exploits the fact that under p, downward incentive constraints hold

as equalities, so that ceq(w2) — 0(w2, y*(w2)) = —0(w2, y*(w1)).

Hence, the support of G! is contained in 0 U [6,6 + 2(e — k)]. Now suppose that offers in an interval
[z, 7] C]0,0+2(e—k)[ are made with positive probability. One can show that a decrease of the probability
of offers in that interval accompanied by a simultaneous increase of the probability that an offer of
0 4 2(e — k) is made — where these changes are such that the budget constraint f9+2(e ®) z dG(z) =
remains intact — yields an increase of II'(p', p.,). This shows that it cannot be optimal to make offers
that belong to 16,0 + 2(e — k)|[.

42The Online-Appendix of this paper contains a complete equilibrium characterization for the discrete-

type-version of the model.
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To be admissible the policy p' has to respect the following constraints: Upper bounds on
incomes y!(w1) < F(wi1) and y!(ws) < ¥(ws); incentive compatibility

O(wi,y' (w2)) = B(wn, y' (1)) = c(wa) > D(wa, y' (w2)) = 0wz, y' (w1)) | (32)

and the resource constraint

/0 T dGN@) 4 fo Men) et fryt(en) + fo yt(wn) - (33)

Step 2. We now show that, given arbitrary y' and ¢! that are part of an admissible policy, the
objective IT*(p!, Peq) is a concave function of pork-barrel payments, denoted by z. To this end

we verify that, for all z > 0,

= w1,y (w1)) + 0w,y (wi)) > 0, (34)
and

z + ' (wa) — B(wa, y' (w2)) + Blwa, y*(w1)) = 0. (35)

The concavity of II in 2 then follows from the fact that Geq is concave over the positive reals.
To verify that and hold, note that y*(w1) = y(w1) = argmax, cg, ¥ —(w,y’) implies
in particular that y'(w;) < y*(w1), for every admissible policy. Hence, z — o(wy,y'(w1)) +
(w1, y*(w1)) > 0, for all > 0. Incentive compatibility, see , implies that

z + cHw2) — D(wa, y' (w2)) + D(wa, y* (w1)) > & — B(wa, y* (wi)) + B(wa, y*(w1)) >0,

where the second inequality follows, once more, from y!(w1) < y*(wy).

Step 3. Consider the problem to choose p* = (y!, ¢!, G') so as to maximize IT!(p!, pey)
subject to the requirement that p! is admissible. Since, for given y' and ¢!, II' is concave in ,
Jensen’s inequality implies that there is a best response where G is a degenerate distribution

that puts unit mass on r! := e+ f1 y'(w1) + fo y'(w2) — fact(wa). This yields a vote share of

Hl(plvpeq) = flGeq(Tlfﬂ(wlay( ))+ (wlv ( )))
oGl + ¢! (ws) — B(wn, y* (wn)) + B(wa, y* (w1)))
— fmin rt— 0w,y (wr)) + 0w, y* (wr))
= h {1’ 20 + 5,(57)) }
T e (wa) — B,y (ws)) + B(ws, (i)
*mem{l’ et 5o }
_ f7‘1—ﬂ(wl’yl(wl))+?7(w17y*(w1))
! 2(e + Su(y"))
Pl 4 o (ws) — 5(ws, y < 2)) + B(ws, y* (@1))
2 2 + 5, (y")
et S + (@) + fa(b(wn, v (@1)) — $wn, v (61)))
2(c + S, (y)) ’

where the third equality follows from our assumptions that e is a sufficiently large number and

that y(w1) and y(ws2) are bounded from above.
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Step 4. We can now complete the proof. The argument in Step 3 implies that, for any
admissible p' = (y!,c!, G'), we have

) e+ Sy + 0w,y (wi) + fa(0(wa, ¥ (wi)) — D(wr, y* (w1)))
Hl(p 7peq) — 2(e+Sv(y*))
< e+ S+ 0wy (W) + folB(ws y™(wi)) — 0w,y (w1)))
B 2(e + Sy (y*))

e+ Sy(y*) 1

2(e+Su(y*) 2

A.4 Proof of Proposition

In the following we treat G' and G? as given, possibly at their equilibrium levels and consider
politician 1’s choice of the function y'. We use the Gateau derivative to derive necessary
conditions for an optimal choice of y'. As a first step, in politician 1’s objective function, we
replace y! by y! + ek, where ¢ is a scalar and & is a function that belongs to £?([w,w]). Upon

making use of the shorthand

a(Il’yla $27 y27w) = 1"1 - h(w’yl) - (l‘2 - h(w)y2))
this yields
o = fR+ fR+ fUB2 (a(z', y' + € k, 2%, y% w) |w) dG?(2?) dG (z')dF (w)
+A {fw [y (W) + er(w) = 9w, y' (W) + en(w)) + (0 (@ ' (w) + er(w))
0 (w5 (@) + en(w) )| dF (W) = [, #dGMat) |

The first order condition requires that for all k € £2(|w,®]), anEII le=o= 0. In particular, these

first order conditions have to hold for all functions x with x(w) = 0. This yields
= o o S5 (5 S ol (9)(s)ds ) B (a1 xy w) | w) dG(a?) dG!(a")dF ()
I JZ [5(w) = w(@)ia(w, 51 @) + 2 012(w, 4} (@))(w)| dF(w) } -
After an application of Fubini’s theorem, this equation can be written as
f;H(s) k(s) ds .
with

H(s) = —b12(s,9( f flR+ fR+ v (a(z',y', 22,92, w) | w) dG?(2?)dG! (2! )dF (w)
A 1= Bals, 1 () + S ua(s,u1 ()] £(5) -

This equation has to hold for any function x with x(w) = 0. This requires that H(s) = 0, for
all s, which is in turn equivalent to equation . This proves Proposition . O
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B Online-Appendix

B.1 Discrete type spaces

Why are separate proofs for Theorems [1| and 2| needed if the set of types is
discrete? Consider the public goods setup. With a continuum of types, the requirement of
incentive-compatibility reduces the dimensionality of the policy space in a very convenient way.

The envelope theorem implies that «/(0 | ¢,¢) = v1(6, ¢(#)). Hence,

u(|q,c) = u(@]qc) fg (s]gq,c)
= <e,q<e>> JE w1 (s, q(s >>d

and therefore

c(0) = (9|q, ) v(®, q(9))
= fe vi(s, q(s))ds — v(6,q(0)) -

Consequently, if the provision function ¢ is given, there is no longer a degree of freedom in the
choice of the c-function. This simplification is not available if the set of types is discrete. With
a discrete set of types, for any given pair (¢, G) there are many c-functions with the property
that the triple (¢, ¢, G) is incentive compatibility. A separate step in the proof therefore is to
show which c-function emerges in equilibrium. As we show below, if equilibrium existence is
ensured, then there is an equilibrium in which ¢, has the following property: Given (geq, Geq),
it yields the lowest value of E[c(f)] in the set of c-functions with the property that (geq, ¢, Geq)
is incentive-compatible. This implies that all local upward incentive constraints hold as an

equality, i.e. for any one 6; < 6,

Ceq(el) =+ U(9l7 Qeq(el)) = Ceq(9l+1) + U(@l, Qeq(0l+1)) .

The logic is as follows. By incentive compatibility, higher types consume more of the publicly
provided good and less of the private good. Therefore, minimal private goods consumption is
achieved if any one individual’s private goods consumption is chosen as close as possible to the

consumption level of the next higher type.

Equilibrium policies if the set of types is discrete. The proofs of Theorems[l]and [2]
for a model with a discrete set of types yield the following equilibrium characterization for our

model of public goods provision.

Corollary B.1 Suppose that the set of types is discrete. If an equilibrium ezists, then the

unique symmetric equilibrium peq = (qeq, Ceqs Geq) is such that:
(a) The provision rule is surplus-maximizing qeq = q*.
(b) Private goods consumption is such that that ceq(8) = 0 and for any 6, < 0,

ceq(O1) = v(0,¢*(0)) —v(61, ¢*(61))
Z::{ (011, " (Ok+1)) — v(Ok, " (Ok+1))}

»—HQ

(36)
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(c) Geq is uniform on [0,2(e + Sy(¢*))], where

Sula’) = S(a) — {v(0.4°(®)
—1

5 1005 o010 Ousr) — o0 " Or) |

n (37)
- k=1

The adaptation of Corollary to the model of income taxation yields the following corollary.

Corollary B.2 Suppose that Q = {w1,...,w,} withw; =w and w, = . If the set of equilibria

is non-empty, then the unique symmetric equilibrium peq = (Yeq, Ceq Geq) is such that:
(a) Before-taz-incomes are surplus-mazimizing Yeq = y*.

(b) Private goods consumption is such that c(w) = 0 and for any wy > w,

Ceq(wi) = V(wr, y"(wr)) — 0(w, y"(w))
- S (i (@) = 3y @)} .
(c) Geq is uniform on [0,2(e + Sy(y*))], where
Suly’) = S+ (e y @) 9)

S ) S (s, v (@) — 9y @)} ) -

Characterization of admissible policies if the set of types is discrete. The
following lemma is the analogue to Lemma It characterizes admissible pairs consisting of

a provision rule ¢ and a lottery G.

Lemma B.1 Consider a pair (q,G). There is a c-function so that p = (q, ¢, G) is an admissible
policy if and only if the following properties hold:

(i) Monotonicity: q is a non-decreasing function.

(ii) Resource constraint:

/O T2 dG(@) < e+ Sula) (40)
where

Sulg) = E[o(6.9(0))] = K(q) = (v(0n.q(6,)

5- 41
- kZi f(ek)%{v(elwrl, q(0r11)) — v(Op, Q(9k+1))}> . (41)

(iii) For each 0, q(6) € A(q) .
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We do not provide a formal proof of Lemma because it relies on known arguments, see
e.g. Mussa and Rosen (1978) or Hellwig (2007a). However, we provide a sketch of the main
arguments. The monotonicity requirement in (i) is an implication of incentive compatibility and
the constraint in (iii) is a physical constraint. Now suppose that we have a pair (¢, G) in which
q satisfies these requirements. The question then is whether we can find a function ¢ : § — ¢(0)
so that the triple p = (q,¢,G) is admissible. To this end we study an auxiliary problem:
Fix ¢ and G, and then choose ¢ so as to minimize E[c(f)] subject to incentive constraints.
Denote the solution to this problem by ¢pn. The proof is based on the following insight: If
IS @ dG(x) + Elcmin(0)] < e — K(q), then p = (¢, ¢min, G) is an admissible policy. If, by
contrast, [;° z dG(z) 4+ E[cmin(0)] > ¢ — K(g), then it is impossible to find a c-function so that
(¢, G) is part of an admissible policy: If it is impossible to meet the resource constraint with
the “cheapest” consumption function, then it is not possible to meet it at all.

The formula in follows from [;° z dG(x) + Elcmin(0)] < e — K(g), in combination with
a characterization of ¢p,. At a solution to the auxiliary problem all local upward incentive

constraints are binding, i.e., for all ; < 6,, = 0,

Cmin(01) +v(01,4(01)) = cmin(0141) +v(01,¢(0141)) -

This insight, in combination with the normalization that ¢(6,,) = 0 makes it possible to solve

for all consumption levels as a function of the provision rule ¢: For all ; < 6,,,

n—1
Cmin(01) = 0(0n,(0n)) — v(61,4(61)) = > _{v(Ok11,9(0k11)) — v(Ok, ¢(O11))} (42)
o
and hence
Elemin(0)] = —E_[1i(97 q(0))] + v(bn, q(0r)) ,
S 00 EE (001, aOhs1)) — 0(6, a0h1))} )

Upon substituting this expression into [(z dG(x) + E[cmin(0)] < e — K(q), we obtain the
inequality in .

In the following, we represent an admissible policy p/ = (¢/,¢’, GY) for politician j as a
triple (¢/, A7, G7) in which AJ : § — AJ(0) is defined such that

(6) + A () .

Lemma B.2 Let p’ = (¢/, AV, G7) be an admissible policy. Then, for all §, AI(0) > 0.

Proof The local upward incentive-compatibility constraints, for all 8; < 6,,,

() +v(01,q(61)) > c(O141) +v(01, q(O141))

imply, in particular that, for any 6; < 6,,

n—1

() = () + 0(0n,9(0n)) = v(01,4(00) = D {0(Oh1,4(Br1)) — 0Ok, a(Oh41))}
k=l
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n—1

= v(0n, q(6n)) — v(61 g Z{U Ok+1,4(Ok+1)) — v(Ok, q(Or+1)) }
k=l

= Cmin(al) 5

where the equality in the second line follows from c¢(6,,) = ¢pmin(6,) = 0 and the equality in the
third line follows from . U

Upon using , the utility that an individual of type ; derives form (¢7,¢’, A7) can be written

as

O) + 0O, @ (01) = AI(O) + ¢y (O1) + v(01,¢7 (1))
= A](¢9z)+v(9 ¢ (6n))

- gl{v(ekﬂa @ (Or+1)) — v(Ok, @ (O+1))} -

Thus, taking account of pork-barrel spending, the probability that any one voter i votes for

politician 1 is equal to the probability of the event

z? <al+h(0,q") + AYB) — (h(B,¢") + A%(9)) .

where

h(01,¢’) = v(0n, q(0n)) — §{v(9k+1, q(O+1)) — V(O ¢(O41))} (44)
for 6 < 6, and 7

h(0n, @) = v(0n, 4(0n)) - (45)

If the distributions G' and G? are atomless the vote share of politician 1 can be written as
m(pt,p?) = E [/ G? (z} + h(0,q") — h(0,¢*) + AY(0) — A%(9)) dG* (z})| . (46)
Ry

For later reference we note that

n—1

E[h(0,¢")] = f(o

k=1

F«9k

{U(9k+1a q(Or+1)) = v(Ok; ¢(Or11))} - (47)

and

E[d(0)] = Eld,,(0)]+ E[AI(0)]

mn s . . (48)
= —E[v(0,¢’(0))] + E[n(0,¢")] + E[AY(9)] ,
so that a policy p’ = (¢/, A, GY) is resource feasible if and only if
/ z dG(z) < e+ S,(q) — E[A(0)] . (49)
0
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B.1.1 Proof of Theorem [1] if the set of types is discrete

The proof of Theorem [1| follows from the sequence of lemmas below.

Lemma B.3 If the set of equilibria is non-empty, then there exists a symmetric equilibrium.
Proof See the proof of Lemma O

Lemma B.4 Suppose that there is a symmetric equilibrium. Denote by (qeq, Deq) the corre-
sponding provision rules. Then, the equilibrium distribution of favors is a uniform distribution
on [0,2(e + Sy(geq) — E[Acq(0)])]-

Proof If a symmetric equilibrium exists, then it has to be the case that any one politician j
choose the distribution G’ so as to maximize his vote share conditional on ¢' = ¢ = Geq and
Al = A? = A_,. Otherwise he could increase his vote share by sticking to (geq, A¢q), but offering
a different distribution of pork-barrel. Conditional on ¢! = ¢? = Qeq, and Al =A% = Aegq the
vote share of politician 1 in becomes

' (p', p?) —/ G? (w7) dG" (x;) - (50)
Ry

Given G?, he chooses G' so as to maximize this expression subject to the constraint that

o wl dGY(z}) < €+ Sy(geq) — E[Acq(0)]. Politician 2 solves the analogous problem. Hence,

conditional on ¢! = ¢® = geg, and A = A2 = A_,, G' has to be a best response to G2

and vice versa. This problem has been analyzed in Myerson (1993), who shows that there is

a unique pair of functions G' and G? which satisfy these best response requirements and the

symmetry requirement G' = G2. Accordingly, G' and G? both have to be uniform distributions
on [0,2(e + Sy(geq) — E[Acg(0)])]- 0

Lemma B.5 Let (¢eq, Aeq) be a part of a symmetric Nash equilibrium. Let G;‘eq be a uniform
distributions on [0,2(e + Sy(geq) — E[Aeq(8)])]. Let G‘qieq be a degenerate distribution which
puts unit mass on e + Sy(geq) — E[Deq(0)]. If p' = (qeq,Aeq,GZeq) is a best response for
politician 1 against p*> = (Qequeq,GZeq). Then p* = (Qeq,Aeq,Ggeq) is also a best response
against p* = (qeqs Deq, Gy..)-

eq

Proof If p' = (Geqs Aegs Gy,,) is a best response for politician 1 against p? = (Gegs Deg: G.,)
then it yields a vote share of % since the game is symmetric. Upon evaluating the expression in
under the assumption that G? = G}l‘eq and G' = G;leq, one verifies that p' = (Geq, Deq, G;leq)

does also generate a vote share of % O
Lemma B.6 If q., is part of a symmetric Nash equilibrium, then geq = q*.

Proof The following observation is an implication of Lemmas [B.4] and If ge4 is part

of a symmetric Nash equilibrium, then it has to solve the following constrained best-response
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problem of politician 1: Choose a provision rule ¢' so as to maximize
0= | [ 6 (el 4 h0.a) + AY0) - (16.07) + £%6)) 4G () 61)
Ry

subject to the following constraints: G = Ggeq, P eg Al = A? = Agq, and G? = Ggeq,
where G}]‘eq and Ggeq are as defined in Lemma Otherwise, politician 1 could improve upon
his equilibrium payoff by deviating from g4, which would be a contradiction to g.q being part
of an equilibrium.

We now characterize the solution to the constrained best-response problem. The problem

can equivalently be stated as follows: Choose ¢! so as to maximize
' = B (G, e+ Su(a') — BIA O] + 50, 4") + AN6) — (h(0, 4eg) + Acg(60))] - (52)

Admissible provision rules and hence ¢' and Jeq are bounded. The resource constraint also
implies that the functions A., and A! have to be bounded. Hence, the assumption that e is

sufficiently large implies that, for all (¢!, A') and for all # € ©,
e+ Su(q") — E[ANO)] + h(B, ") + AN (0) — (h(8, geq) — Aeq(6)) 2 0.
It also implies that, for all ¢' and for all § € O,
e+ 8u(q") = BIANO)] + (0, ¢") + AN 0) — (h(0, deq) — Deq(6)) < 2(e + Su(geq) — E[Aeq(0)]) -

Hence, for all 6,

Gy (e+ Su(q") — E[AY0)] + h(0.q") + A1) — (h(0, geq) — Deq(0)))
e+ Su(gh) — E[AYO)] + h(0, ") + AY(0) — (h(0, geq) — Neg(0))
N 2(e 4+ Su(geq) — E[Acq(0)]) ’

so that the objective in becomes

e+ Su(q') — E[ANO)] + h(0, q") + AY(0) — (7(0, geq) — Aeq(0))

=E 2e + 5u(dea) — E1Beg(0)) (53)
By equations and ([41)),

E [Su(a") — E[AN(6)] + h(6,¢") + AN (0)] = E[v(6,4(9))] — K(q) = S(d") -
Upon substituting this into (53], we obtain

it — €1 5(a) = E[(0; geq) = Acq(0)] (54)

2(e + Su(geq) — E[Acq(0)])

Consequently, politician 1 chooses ¢! so as to maximize the surplus S(q'), which yields ¢* = ¢*.
(]

Lemma B.7 If A, is part of a symmetric Nash equilibrium, then Aqq(0) =0 for all 6.
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Proof Suppose that ¢! = ¢ = ¢* = g, and that G? is uniform on [0, 2(e+ S, (geq) — E[A%(0)])].
We first show that if politician 2 chooses A2(f) = 0, for all §, then Al with Al(9) = 0, for

all 0, is a best response for politician 1. Politician 1’s vote share is

o - E[/R G? (z} + AL(9)) dG* (:c})]

e + Su(geq) — E[AY(0)] + A1(0)
b [ 2(e + Su(geq) }

e+ Sv(qeq)

1
2(e + Sv(qeq) 2’

Moreover, IT! equals 1, if A1(6) =0, for all § and G is uniform on [0,2(e + Sy(geq))]-

Now suppose that politician 2 chooses A? so that A%() > 0 for some §. We show that
politician has a best response that yields a vote share strictly larger than %, which is incompatible
with a Nash equilibrium. Consider a policy p' that involves ¢! = g, A'() = 0 for all 6,
and a distribution G! so that only an offer of 0 and an offer of 2(e + Sy,(geq) — E[A%(0)])
are made with positive probability. We denote by G'! the probability that politician 1 offers
2(e + Sy(geq) — E[A%(0)]). Since the policy p' has to be resource-feasible

al — €+ 5u(geq)
2(e + Sv(%q) - E[AQ(Q)]) .

(55)
The vote share of politician 1 is given by

- E[/ G (2} — A2(6)) dG" (2))
Ry

12 (e + 5, (ag) — BINNO)]) — BIA0)
2(e + Sy(geq) — E[A2(0)]) ’

Now IT! > % if
2 (e + Sulgeq) — E[A*(9)]) — E|
2(e + Su(geq) — E[A2(0)])
€+ 5u(eq) 2 (e + Su(geq) — E[A*(0)]) — E[A*(6)] 21
2(e + Su(geq) — E[A*(0))) 2(e + Su(geq) — E[A*(0))) 2
e+ Su(qeq) — 2B[A%(0)] > 0.

~EAO) 1
2

Gl

=

This last inequality is always true when e is large since A?(6) is bounded.

B.1.2 Proof of Theorem 2| if the set of types is discrete

Let W be a given welfare function. Upon using the characterization of admissible policies in
Lemma the welfare that is induced by an admissible policy p = (¢, G) is given by

Wp) = E [7(9) [ @+ 100.0) + 20)) 6w

Under a welfare-maximizing policy ¢, A and G are chosen so as to maximize this expression
subject to the constraints that (i) ¢ is a non-decreasing function, (ii) that, for all 6, ¢(0) € A(q),
and finally, that the resource constraint holds as an equality, i.e. that fooo x dG(x) = e+ Sy(q) —
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E[A(0)]. Now, suppose that individuals are risk averse. Then the function @ is strictly concave,

so that, by Jensen’s inequality,

E[v(8) [;°® (z+ h(6,q) + A0)) dG ()]
< EN(0)® (e + Su(q) — E[A0)] +x + h(0, q) + A0))]

for any non-degenerate distribution G, and any given pair (¢, A). Hence, a welfare-maximizing
policy consists of a degenerate distribution G¢ which puts unit mass on e+ S, (q) — E[A(6)] and

a pair (g, A) which maximizes
E[y(0)® (e + Su(q) — E[A0)] + 1(0,9) + A(0))]

subject to the constraints of incentive compatibility, that ¢ is a non—decreasing function and
that, for all 6, ¢(8) € A(q). We will denote such a policy henceforth by p"V' = (¢, AW, Gd ).

Now consider a policy p* = (¢*, A*, G*), where ¢* is the surplus-maximizing provision rule and
G* is a uniform distribution on [0,2(e + S,(¢*))] and A*(0) = 0, for all §. We will now show
that II* (p", p*) <3 1 with a strict inequality whenever ¢" # ¢*. By the arguments in the proof

of Lemma [B

e+5(q") - En,q")
2(e + Sy(q*))
e+ 5(¢") — E[h(d,q")]
2(e + Su(g*))
e+ Sy(q*)
2(e + Sy(q%))
1
5 }

Y, p") =

where the inequality in the second line is strict whenever ¢"V # ¢* and the equality in the third
line follows from and . O

B.1.3 A two-type model of income taxation

A central theme of our analysis is that pork-barrel spending has striking implications for an
analysis of political competition. To illustrate this point we consider a simple model of non-linear
income taxation with two-types of individuals, the less productive and the highly productive.
We also assume that the less productive are the bigger group. In the absence of pork-barrel
spending, vote-share maximizing politicians will propose the income tax schedule that is most
attractive to the bigger group. The assumption that the less productive are more numerous
then implies that, in a political equilibrium with two competing parties, both propose the
income tax schedule that maximizes a Rawlsian welfare function (see for a proof Bierbrauer
and Boyer, 2013). In the following, we illustrate the general insight of Theoremin this context:
We show explicitly that the Rawlsian policy is defeated by a surplus-maximizing policy that
involves pork-barrel spending.

The set of possible types is taken to be the same for all individuals and given by Q =
{wr,wr}, with wy, < wy. Without a possibility of pork-barrel spending, a policy or allocation

p = (cp,Acy,yr,yg) consists of an after-tax income ¢y, for low-skilled agents, a number Acy
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which gives the extra after-tax-income that any one individual receives in case of being high-
skilled, a level of pre-tax-income for a low-skilled individual y7,, and a level of pre-tax income for
a high-skilled individual yz. Consequently, the utility of individual i is given by ¢, — 0(wr, yr)
if w; = wr, and given by ¢f, + Acy — 0(wy, yg) if w; = wpy.

A policy has to satisfy physical constraints. First, consumption levels have to be non-
negative, so that ¢ > 0, and ¢z, + Acyg > 0. Second, yz, € [0,71] and yr € [0,yx], where g,
and gy are maximal levels of income that low-skilled and high-skilled individuals are capable

of generating. We assume that
yr > yj, = argmax, y — O(wr,y) , and yg >y = argmax, y — (wn,y) ,

and refer to y; and yj; as the first-best, or surplus-maximizing levels of pre-tax-income, with

the surplus being defined as

S(r.yn) == frlyr — o(wr,yr)) + fu(yn — o(wn, yw)) -
Finally, the economy’s resource constraint has to be satisfied
cr + fulen < e+ fryr + fayn -

Individuals have private information on their types, so that, in addition to the physical con-

straints above, the following incentive compatibility constraints have to be satisfied,

—0(wr,yr) > Acy — 0(wr,yr) , and  Acy — 0(wh,yr) > —0(WH,YL) -

The first inequality ensures that, in case of being low-skilled, an individual prefers to generate the
pre-tax-income level y;, over generating yr and being rewarded with additional after-tax income
of Acy. Likewise, the second inequality ensures that high-type individuals are sufficiently
motivated by Acy to generate the pre-tax-income level yHH

The following lemma characterizes the ideal policy for the low-skilled individuals. We omit a
proof, because the derivation uses standard arguments@ We denote by pft = (Cf, Acg, yf, yfl)

the policy that maximizes ¢y, — v(wr, yr) subject to physical and incentive constraintsﬁ
Lemma B.8 The policy p® has the following properties:
(i) The high-skilled have a binding incentive constraint: Acl = v(wy,y%) — o(wpy, yi).

(ii) The high-skilled have surplus-mazximizing pre-taz incomes incomes: y}} = Y-

43In Section |5| we explain why incentive compatibility is equivalent to the decentralizability of a policy

by means of an income tax schedule.
448ee, for instance, Stiglitz (1982) or Hellwig (2007a).
45The incentive compatibility constraints imply that high-skilled individuals always realize more utility

than the low-skilled individuals:

B+ Ack — o(wi,yl) > — d(wy,yF)

> cf — f}(wL,yf) .

Hence, a planner who focusses on the worst-off individuals will choose the policy p¥.
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(iii) The low-skilled have pre-tax incomes which are distorted downwards relative to the surplus-

mazrimizing one: yf <Yi-
(iv) The low-skilled individuals’ after-taz incomes are given by cft = e + S, (y®, y3) , where

Syt yir) = St yy) + fo(wr,yr) + frd(ww, yT)
1s the virtual surplus that is generated by yf and y3;.

The wirtual surplus accounts for the information rents that the high-skilled individuals
receive. It is obtained by plugging the expression for the high skilled individuals’ additional
after-tax-income Acl = o(wpy, y2) — o(wp, yI) into the economy’s resource constraint. These

information rents reduce the surplus that can be allocated to the low-skilled individuals ™|

Pork-barrel spending. We now introduce policies that involve a distribution of favors in
the electorate. Thus, a politician proposes an income tax schedule (cr, Acy,yr, ym) to voters,
and, in addition, he chooses a cross-section distribution G of individual-specific transfers in the
population. The transfers are assumed to be specific to individuals and not related to their
productive abilities. Consequently, in case of receiving a draw x from the lottery G, the utility
of individual 7 is given by z + ¢f, — 0(wr,, yr) if w; = wr, and given by = + ¢, + Acy — 0(wp, yg)
if w; = wpgy.

It is convenient to think of x + ¢z as the random consumption level of a voter i in case
of being low-skilled. We can thus represent a policy that involves pork-barrel spending as a
collection p = (G, Acp,yr,ym) that consists of a probability distribution G which determines
any one individual’s consumption level x + ¢y, in the event that the individual is low-skilled,
a number Acy which gives the extra after-tax-income that any one individual receives in case
of being high-skilled, a level of pre-tax-income for a low-skilled individual yz, and a level of
pre-tax income for a high-skilled individual yz.

We now define a policy which is an adaptation of the equilibrium policy in Theorems [1] and
below to the given setup. It involves the use of differentiated lump-sum transfers, surplus-
maximizing levels of pre-tax-incomes both for high-skilled and for low-skilled individuals as well

as a binding incentive constraint for the high—skilled@

Definition B.1 The policy p* = (G*, Ac}y, vy}, y}3) specifies surplus-mazimizing levels of pre-

tax income for both types; in addition it has the following properties:

(i) The high-skilled have a binding incentive constraint: Acj;, = v(ww, y3) — O(wH, y}).

46To see this, we compute the utility that low-skilled individuals realize under pf*. It is given by

e —o(wp,yf) = e+ Syl i) — 0w, yF)

= e+ Sl yi) — fa(O(wr,y) — 0(wa, y1))
< e+ S i) -
4"In an income tax model with two types, the set of Pareto-efficient allocations has three segments
(see Bierbrauer and Boyer, 2014): (i) A segment in which the incentive constraint for the low-skilled
individuals binds, (ii) a segment in which both incentive constraints are slack and before-tax-incomes are
surplus-maximizing, and (iii) a segment in which the incentive constraint for the high-skilled individuals

binds. Here we look at the allocation which marks the boundary between segments (ii) and (iii).
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(ii) A low-skilled individuals’ consumption level x + cy, is drawn from a uniform distribution

with support [0,2(e + Sy (y3,y5))], where

So(r, vir) := S(yL, yir) + fro(wr, yi) + fuv(wm, yr) -

is the virtual surplus that is generated by y; and yj;.

Proposition B.1 The surplus-mazimizing policy p°® wins a majority against the Rawlsian pol-

cy pft.

Proof Denote by 77 the percentage of low-skilled individuals who prefer p* over pf. Analo-

gously, we define 73;. We seek to show that fr 77 + fr 7§ > % . Note that

ﬁi = 1- GS(Cf + 6(wL7yi) - 5(wLa yf))
e+ Su(yityiy) +o(wr,y3) — O(wr, 1)
2(e + Su(vi,¥3))
1 Sy us) — (Solyl vs) 4+ o(wr,yi) — O(wr, yE)
= 5+ s .8 :
2 2(e + Su(yi,y%))

=1

Analogously, upon using that Ack = 5(wy,y%) — 0(wg,yE) and that Acy; = o(wp, y3y) —

O(wp, Yy} ), we derive

T o= 1=Gef + o(wa, i) — 5(wr, y1)
2(e + Su(y5,y3y))
1 Seh i) — (Sl i) 4 B(wh, i) — B(wa, yl)
= 57t s .5 :
2 2(e + Su(y3, %))

= 1-¢

Consequently, fr 77 + fu ©5 > % holds provided that

S’U(yivyfi) - Sv(y§7y§{) > fL (QNJ(’lUL,yi) - 'D(U)L,yf)) + fH (@(wHayi) - f}(vayg)) )

or, equivalently, if S(y$,y3) > S(yE, y3;) . The latter inequality holds because y¥ is distorted

downwards relative to the surplus-maximizing income level y7 . (]

Proposition shows that a policy that targets the majority of low-skilled workers will not
win a majority against the surplus-maximizing policy p®. Incentive constraints make targeted
transfers to the low-skilled prohibitively costly. An inspection of the formulas in the proof
reveals that a politician who proposes the policy p® and runs against the Rawlsian policy p’?,
will get a higher percentage of the high-skilled votes, 73, > 77 . Still, the total effect is a vote
share larger than % Put differently, a purely partisan policy will be defeated by one that tries

to appeal to all voter types, albeit to varying degrees.

B.2 The main result in a large, but finite economy

There are N individuals. The set of individuals is denoted by I = {1,..., N}. Individual ¢ has

a set of types ©; = [0, 6], which is taken to be the same for all individuals (for brevity, we do not
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spell out the analysis for a discrete set of types). If individual i has type 6;, consumes ¢; units of
a private good and g; units of a publicly provided good, she realizes utility of u; = ¢; +v(0;, ;).
The types of different individuals are taken to be the realization of iid random variables with
cumulative distribution function F’ and density f. In the following we write 8 = (61, ...,0y) for
a generic vector of types. Occasionally, we also write § = (6;,60_;). This is an abuse of notation.
In the body of the text, 6 referred to a typical realization of the random variable 6;, as opposed

to the vector of types.

Policies. A policy consists of (i) a cross-section distribution G of pork-barrel spending, (ii) for
each individual 4, a function ¢; : @ — ¢;(#) that specifies i’s consumption of the publicly provided
good as a function of the vector of preferences, (iii) for each individual 7, a function ¢; : 6 — ¢;(0)
that specifies i’s private goods consumption as a function of the vector of preferences. Again,

we adopt the normalization that ¢;(0) = 0. We write ¢(0) = (¢1(0), ..., qn(0)) for the collection

of all individual consumption levels.

Admissible policies. Admissible policies have to be incentive-compatible and resource-
feasible. We introduce some notation so as to present the incentive compatibility constraints in

a concise way. Let
Ci(6;) := Ey_, {Cz'(ﬁi, 9—1')}

be the expected private goods consumption of individual ¢ in case of communicating type 6,

under a direct mechanism. Let
Vi(6;,6;) := Ey_, [’0(92‘7 Qi(éiﬂg—i))}

be i’s expected utility from the publicly provided good in case of having true type 6; and

communicating type 6;. We denote by
U;(0;,x) = v+ U;(0;) := v + Ci(6;) + Vi(6s,60;)

the utility that type 6; of individual i realizes in a truth-telling equilibrium, provided that he

receives a transfer equal to x. Incentive compatibility requires that for all ¢, 6; and éi,
U (6;) > Ci(6;) + Vi(6:,6;) .

We require that budget balance holds in expectation so that

N

> (o)

i=1

<et ~E[K(q®))] -

& 1
z dG(z) + = E,
| wde@ + 5 <

N

A further constraints is that ¢;(6) € A(q(@)), for all 4, and for all 6;. The budget constraint
holds in expectation, and not in an ex-post sense. This can be justified if the number N of
individuals is large. In this case, one can appeal to a law of large numbers so that budget
balance in expectation is approximately the same as ex-post budget balance. This argument is
formally spelled out in Bierbrauer (2011).

The following lemma is an adaptation of Lemma[A1]to the given setup with a finite number

of individuals. Again, we omit a proof.
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Lemma B.9 Suppose that all g; are continuously differentiable functions. Then, a policy p =

(¢, ¢, Q) is admissible if and only if it satisfies the following constraints:
(i) Monotonicity: for any 6;, the function V(0;,-) is non-decreasing.

(i) Utility: for all 6,

U;(0;) = Vi(0,0) — / Vii(s, s) (56)

(iii) Resource constraint:

/0 T2 dG () < e+ su(q) (57)
where

Sulg) = Sla) =% (X, vil0.0) - B [ X, Figgva(0:.q(0)]) - (58)
and

S@) = XEo | T, v(6:,0:(6) — K(q(0))]. (59)

(iv) For each 6, q(0) € A(q(9)) .

Political competition. We assume that two vote share-maximizing politicians propose an
admissible policy. Voters evaluate these policies at the ex interim stage, i.e. after having learned
their types. They vote for the policy that generates more utility. Theorems [1| and [2] remain
valid in the finite economy version of our model, and we refrain from providing separate proofs.

The following proposition adapts the equilibrium characterization to the given setup.

Proposition B.2 If the set of equilibria is non-empty, then the unique symmetric equilibrium

Peq = (Geqs Ceq, Geq) 15 such that:
(a) The provision rule is surplus-maximizing qeq = q*.

(b) Private goods consumption is such that for any 6; € O,

7

7]
CoT(6,) = VI8, 0) — VET(6,,0;) / VT, 5)ds | (60)
0

(¢) Geq is uniform on [0,2(e + S,(q*))], where

2 F(e.i)vﬂ(% Q*(9))D : (61)
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Proposition is very similar to Corollary [Il However, in a finite economy, the interpretation
of the statement ¢* mazimizes the (non-virtual) surplus S(q) is different. Here, this means
that, for every vector of preferences 6 € Hl]il ©i, q¢(0) = (¢1(0),...,qn(0)) is chosen so as to

maximize the ex-post-surplus

v(i,4i(0)) — K(q(0)) ,

i=1
i.e. we have a separate optimality condition for each state of the economy, or, for each constel-
lation of preferences. In the continuum economy in the body of the text this was not the case.
There, the cross-section distribution of preferences was taken to be given by F and hence not
to involve genuine randomness. Put differently, there was only one state of the economy for

which an outcome had to be specified.

B.3 More general preferences

We cast our discussion in the context of the Mirrleesian model of income taxation. We model
the policy space in the following way: As before, politicians choose a distribution of lump-sum
transfers or pork in the population. We denote by G7 the distribution of lump-sum transfers
that are offered by politician j € {1,2}. In addition, politician j chooses, for every lump-
sum transfer x, an accompanying incentive-compatible mechanism that is represented by the
functions 7 : @ x R — Ry and ¢/ : @ x R — R,. Thus, y/(w,z) is the output requirement for
an individual with type w, conditional on receiving a lump-sum transfer equal to . The private
goods consumption of a type w individual with a lump-sum transfer z equals x + ¢/ (w, ).
The presence of income effects implies that we can no longer specify incentive compatible
mechanisms without having to worry about the lump-sum transfers that individuals receive.
Now, each transfer comes with its own set of incentive-compatible mechanism. Let Z(x) be
the set of incentive compatible mechanisms conditional on a lump-sum transfer equal to z.
Formally, a pair of functions c(-,z) : @ — R4 and y(-, x) :  — Ry belongs to Z(z) if and only

if, for all w and ’,
u(x + c(w, z),y(w, z),w) > ulr + cW,r),yW, x),w),

where u is the function that describes the individual’s preferences over private goods consump-
tion and output requirements. We assume that it increases in the first argument, u; > 0,
decreases in the second, us < 0, and satisfies the single crossing property: For all (g,¢,z) €
R, x R, x R, and all (w',w) € Q2, w' > w implies that

uz(x + ¢, 79, w)

w (z + ¢, g,w)

u2($ ~+ 67 ga w/)
U1($ =+ 67 ga w/)

S_

A pure strategy for politician j consists of the three functions ¢/, ¢/, and G7. It is physically

feasible if it satisfies non-negativity constraints so that, for all x and w,
r+cd(w,z)>0 and 3 (w,z) >0,

and a budget constraint
[2dci@) < [ Biy(,a) - dw.)] dc(w)
R R
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where the expectation operator E is with respect to the individuals’ productivity parameter w.
A pure strategy is said to be admissible if it satisfies these constraints and if, in addition, the
functions ¢/(-,z) and 3’ (-, z) belong to Z(x), for all z € R. The set of admissible policies is
henceforth denoted by P.

To ensure equilibrium existence we may have to allow for mixed strategies. A pure strategy
for any politician is a distribution over lump-sum transfers and incentive-compatible mechanisms
so that, conditional on a particular transfer x being drawn, one of the mechanisms in Z(z) is
played with probability 1. Mixed strategies allow, in addition, for a randomization over the set
Z(x). We represent a mixed strategy for politician j by two distributions G and H'(- | x),
where G7 is, as before, the distribution over lump-sum transfers and H7(- | x) is a distribution
over the incentive-compatible mechanisms in Z(x). For a mixed strategy, physical feasibility

requires that
/ G (z) < / / Ely (w,2) — & (w,2)] dFF (I, | 2) dCP(z)
R R JZ(z)

and that, for all x and w, x + ¢/ (w,x) > 0 and 3/ (w,z) > 0, H’(- | x)-almost surely. We denote
the set of all such mixed strategies by P™.

Let p? = (G?, H?) € P™ be a mixed strategy that is played by politician 2. Under a pure
strategy p! = (y',c!,G') € P, Politician 1’s vote share IT'(p!, p?) is then equal to

|

where 1{-} is the indicator function, and V?(w, 22) := u(2?+c*(w, 2?), y?(w, 2?), w) is the utility

/ / Hu(z! + (w, z), v (W, 2),w) > Viw,z?)} dH?* (2, y? | £2) dG?*(2?)| dG'(2),
R JZ(z)

that is realized by an individual with type w if politician 2 is elected. From the perspective of
politician 1, V?(w, 2?) is a random variable with a distribution G?(- | w) that is a function of

G? and H?. We can therefore write politician 1’s vote share equivalently as
/ E [G*(u(z' + M w, 2),y' (w,2),w) |w)] dG*(z") .
R

Politician 1’s best response problem is to choose the functions y', ¢!, and G' so as to maximize
this expression subject to the constraint that (y!,c!,G') € P.

For a given level of x!, this objective is akin to a welfare function with weights that are gen-
erated by the functions G?(- | w). Most importantly, politician 1’s vote share is a non-decreasing
function of the utility levels u(z'+c!(w, z), y'(w, z),w). This implies that a mechanism (y!, ¢!) in
Z(z') will be played with positive probability only if there is no other mechanism (3!, ') € Z(a!)
that has the same budgetary implications, E[y!(w,z!) — c¢'(w,2!)] = B[y (w,2!) — el (w, z1)],

and Pareto-dominates it so that, for all w,
1, .1 _1 1, 1 1
u(a + & (w, ), 7 @, 2),0) = u( + ¢ (w, o), 5 (@, 2),0)

with a strict inequality for some w € . Consequently, any best response (y',c!, G!) by politi-
cian 1 is Pareto-efficient: Given the distribution of lump-sum transfers G, it is impossible to
find a Pareto-superior admissible policy. It is also impossible to find an alternative specifica-
tion of G' that generates a Pareto-improvement. This would require to have (weakly) higher

lump-sum transfers to all voters and would be incompatible with the budget constraint.
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A symmetric argument implies that all best responses of politician 2 are Pareto-efficient.
Moreover, in any pure or mixed strategy equilibrium, the two politicians play only strategies
that are best responses. These observations prove the following proposition which extends

Theorem [If to an environment in which preferences need not be quasi-linear.

Proposition B.3 Let (p',p?) be a Nash equilibrium in pure or mived strategies. All policies
that arise with positive probability in an equilibrium are Pareto-efficient in the set of admissible

policies.

We now turn to the question whether a welfare-maximizing policy can be reached as the
outcome of political competition. The welfare that is generated by an admissible policy p =

(y,¢,G) € P is given by

/R E [y(w) ®(u(z + c(w, 2)), y(w, 2), w)] dG(z) |

where @ is a concave function that captures the individuals’ risk attitudes.
For brevity of exposition, we impose the following assumption, which will imply that welfare-

maximizing policies do not involve pork-barrel spending.
Assumption B.1 Let

W(r) = maz.yezo) £ (W) ®(u(c(w,0),y(w,0),w))] s.t.  Ely(w,0) —c(w,0)] =r.
We assume that W' (r) < 0 and that W' (r) < 0.

Assumption looks at a problem of welfare-maximization in the absence of lump-sum trans-
fers, but with a given revenue requirement of r. The maximal level of welfare that can be
generated depends on the revenue requirement and is denoted by W (r). The marginal cost
of public funds are equal to the loss in welfare that comes with an increase of the revenue
requirement r. They are given by —W/'(r). Assumption postulates that these marginal
costs of public funds are positive and a non-decreasing function of the revenue requirement,
—W"(r) > 0.

Lemma B.10 Suppose that Assumption holds. Under every-welfare maximizing policy,
Ely(w) ®(u(z + c(w,2)),y(w,z),w)]

is a degenerate random variable that takes the value W (0) with probability 1.

Proof We approach the problem of welfare-maximization as follows: We first view the dis-
tribution G as predetermined and solve for the welfare-maximizing functions ¢ and y, given G.
We will then discuss the choice of G. This auxiliary problem can be decomposed in two steps.
The first step is to assign to each realization of the lump-sum transfer z, a revenue requirement
r(z) and then to choose ¢ and y optimally, given = and r(z). The second step then involves a

welfare-maximizing choice of the revenue requirements subject to the constraint that

/Rx dG(z) = /Rr(a;) dG(x).
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Step 1. Consider the problem of choosing ¢(-, z),y(-,z) € Z(z) so as to maximize
Ey(w) @(u(z + c(w, z)), y(w, ), w)]

subject to non-negativity constraints and the constraint that Ely(w,z) — c(w,x)] = r(z). Upon
defining, for every w, ¢/(w,0) := z + ¢(w, z) and y'(w,0) := y(w,0), we can equivalently state

this problem as follows: Choose ¢/(-,0),4(-,0) € Z(0) so as to maximize
E [y(w) ®(u(c'(w,0)),y (w, 0),w)]

subject to the constraint that
Ely (w,0) — ' (w,0)] =7r(x) —x .

This leads to a welfare level that equals W (r(z) — z).

Step 2. We now consider the problem of choosing the function r : z — r(z) so as to maximize

/R W(r() — z) dG(z) st. /R v dG(z) = /R r(z) .

The first-order condition of this problem stipulates that the marginal costs of public funds
should be equalized across all possible realizations of the lump-sum transfer x. Formally, there

is a (non-negative) number A, so that for all z,
W (r(z) —z) = =\

By Assumption this implies that there is a number X so that, for all z, r(z) — 2z = N.
Upon substituting this into [ 7(z) — 2 dG(z) = 0, it follows that A = 0, and hence that, for
all z, r(z) — 2z = 0. Thus, whatever G looks like,

/ W(r(z) - 2) dG(z) = / W (0) dG(z) = W(0) .
R R

This observation implies in particular, that there is no optimal choice of G. If G is a non-
degenerate distribution, a welfare-maximizer will adjust revenue requirements so that the op-
timal policy is as if G was assigning mass one to a lump-sum transfer of 0 and a revenue
requirement of 0. U

Lemma implies that any welfare-maximizing policy is such that ¢ and y belong to Z(0)
with probability 1. Thus, a policy which solves

max B [7(w) D(u(c(w,0)), y(w,0),)]
(RIS

is a welfare-maximizing policy, where A is the set of policies that belong to Z(0) and which
satisfy non-negativity constraints and the budget constraint E[y(w,0) — ¢(w,0)] > 0.
The observation that any welfare-maximizing policy belongs to the set A is key to derive

the following proposition, which is a weakened version of Theorem

Proposition B.4 Suppose that the set A does not contain a Condorcet winner. Then, to any

welfare-mazimizing policy p", there is a policy p € A, so that Hl(pW,p) < %
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If the set A does not contain a Condorcet winner this means that to any policy p’ in A there
is a policy p € A, so that Hl(pW, p) < % Trivially, this property then also holds for any
welfare-maximizing policy in .A. We not provide a separate proof that clarifies the conditions
under which there is no Condorcet winner in A. This would lead us astray. It is well-known
that, with a multi-dimensional policy space, there is typically no hope of finding a Condorcet
winner, see e.g. the discussion in Persson and Tabellini (2000). Applied to the problem of
non-linear income taxation, the logic is as follows: Suppose that there are at least three types
of individuals in the population and that no type has a mass that exceeds % Then, for any tax
policy in A, one can find an alternative one under which one type is made worse off and the
other types are made better off. The latter is therefore preferred by a majority of individuals. It
is exactly for this reason that a Downsian political economy approach to problem of non-linear
income taxation has proven to be difficult.

Proposition [B:4] is akin to Theorem [2 However, by assuming quasi-linear preferences we
could prove a much stronger statement, namely that there is one specific policy that defeats
any welfare-maximizing policy. Without the assumption of quasi-linearity, we can only show

that to any welfare-maximizing policy there is an alternative policy that defeats it.

B.4 More political parties

Our main results extend to a model with more than two parties. We sketch the argument for
the case of three parties, indexed by j € {1,2,3}. We use the model of income taxation for
illustration.

We study the best response problem of party 1. Given a policy p? = (y?, G?) of party 2 and
a policy p* = (y3, G?) of party 3, it chooses p' = (y!, G!) so as to maximize

E [ G*(xf — h(w,y") + h(w, y*))G*(z} — h(w,y") + h(w,y?)) dG* (x})| |
Ry

subject to the constraint that y' is a non-decreasing function and subject to the budget con-
straint fR+ ot dGY(z}) < e+ Sy(y!). Recall that h(w,y?) is the information rent a type w-voter
realizes given the function y/, see the formal definition in equation . In a symmetric equilib-
rium, all parties propose the same income tax schedule so that, for all w, h(w, yeq) =: h(w,y') =
h(w,y?) = h(w,y?). In addition, Gey := G! = G? = G3. In order to characterize Geq, We
consider the income tax schedules as predetermined. The best response problem of party 1 then

is to choose a distribution of pork G! so as to maximize
A G?(a7) G*(x}) G (x}),
+

subject to fR+ ! dGY(z}) < e+ Sy(y!) . Parties 2 and 3 face the same problem.
Again, this game has been analyzed by Myerson (1993). He has shown that, in a symmetric

equilibrium,

NG

6ute) = (s 50)
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for all z € [0,3 (e + Sv(yeq))]ﬁ
To characterize y.q we look once more at party 1’s best response problem and exploit that
G? = G? = G¢q and that y* = y3 = y,,. Hence, the best response problem of party 1 is to

choose G and y' so as to maximize
B[ (Guatet = hes') + o)) dG )]
Ry

_ le B h(w7yl) + h("*}?yeq) 1 xl
= [/R et Suluer) 0 ’)}

subject to the budget constraint fR+ z} dGY(z}) < e+ Sy(y') . This objective is linear in
:pll This implies that, from here on, all the arguments in the proofs of Lemmas and
Theorem [2| go through. Consequently, 3., = y* and any deviation from y* will imply a loss of

votes relative to the equilibrium vote share.

48More generally, in the symmetric equilibrium of a model with m vote-share maximizing parties
1
m—1

pork-barrel spending is determined by a distribution Geq with Geq(z) = (m) , for all
z € [0,m (e + Su(Yeq))]-
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