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Government policies frequently lead to inefficient outcomes. Many government programs
deliver benefits to small, well-organized groups and impose costs on the rest of the population. They
are sometimes inefficient in the usual sense that the costs exceed the benefits. In a representative
democracy, like the United States, such programs require the assent of at least a majority of the
legislators. Why do legislators consent to such programs? Furthermore, if a particular inefficient
program benefits a small group, why can’t legislators agree to an alternative policy that leaves this
group at least as well off and makes the rest of the people better off?

The conventional wisdom in political economy (see for example, Downs 1957, Buchanan and
Tullock 1962, Ferejohn 1974, and Ferejohn and Fiorina 1975) is that since small numbers of people
are easier to organize into a group than large numbers, programs with concentrated benefits and
diffuse costs are likely to be adopted. Why might it be more difficult for large numbers of people
to defeat proposals which cost them individually a small amount, and collectively a large amount?
One argument, due in large part to Olson (1965) is that there is a free rider problem which arises
when each individual perceives the outcome to be largely unaffected by his decision and so chooses
not to cooperate. In this paper, we present a formal model which captures the essence of this
conventional wisdom. One advantage of our formal model! is that it makes clear the assumptions
under which the free rider problem emerges causing programs with concentrated benefits and diffuse
costs are adopted.

We first consider a model where a central government provides local public goods financed
by uniform taxation. The amounts of these goods are determined by majority voting in a legislature.
We allow legislators to make payments to other legislators contingent on how these other legisiators
vote. We show that in such an environment, an inefficiently high level of local public goods is
provided. This inefficiency is reduced if a supermajority vote is required for passage and the

allocations are efficient if unanimous consent is required. We then allow legislators to make



payments to bill proposers contingent on the nature of the bills that are proposed. We show that
even allowing for such payments, an inefficiently high level of expenditures results if the legislature
has a large number of members and if there is other legislators are uncertain about the proposer’s
preferences. Again, the inefficiency disappears with unanimous consent rules.

Since unanimous consent seems desirable for local public goods, we ask how such a rule
works for global public goods allocations. We show that such a rule can work very badly. This
result is familiar from the literature on mechanism design in public goods economies (see Rob 1989,
Mailath and Postlewaite 1990, and Chari and Jones 1991). Thus, there is a conflict between
desirable voting rules for allocating global public goods and those for allocating local public goods.
A single voting rule cannot achieve desirable outcomes for both types of problems.

While our model has legislators making payments to each other, one interpretation is that
interest groups whom a particular legislator represents make campaign contributions. We prefer this
interpretation.

Three features of our environment play important roles in generating our results, First,
interest groups must be able to influence the decisions of legisiators through, for example, campaign
contributions. Second, not all legislators need assent to a program for it to be adopted. For
example, a bill can be passed if only a majority of legislators votes for it. Third, there must be some
uncertainty about the benefits to interest groups from the program. The ability of interest groups
to influence legislators’ decisions combined with, say, majority voting allows interest groups to
extract surplus from the minority without making the majority worse off. In order to accomplish this
goal, it is important that voting decisions be observable, as they are in legislatures. The affected
minority would like to be able to bribe interest groups to offer welfare enhancing proposals. But

because the minority is not certain about the benefits to the interest groups, such groups have



incentives to demand excessive bribes, leading each skeptical legislator to believe that his decision
will not materially affect the outcome.

There is a large related literature on public choice, rent-seeking behavior and political
economy. While we do not survey this literature, perhaps we should mention what is the closest
paper to ours by Weingast, Shepsle, and Johnsen (1981). They offer an explanation for pork barrel
projects based on differences in preferences between the legisiators and voters. They plausibly argue
for such differences in preferences but it is unclear why voters would elect such legislators in the
first place.

The plan of the paper is as follows. In Section 1, we lay out a model of local public goods
provision in which the beneficiary of the local public good proposes a bill and purchases votes from
other representatives. In Section 2, we show that the results of Section 1 hold regardless of who
owns the right to propose bills provided this right can be sold. In Section 3, we allow other
representatives to offer payments to change the proposed bill. Section 4 contains an analysis of the

provision of global public goods. Section 5 concludes.

1. Local Public Goods and Vote Buying

There are I symmetric districts, each of which has a single representative. Both districts and
representatives are indexed by i = 1, ..., I For notational convenience, we normalize the popula-
tion of each district by unity. The government provides a local public good for each district. Let
g; denote the amount of the local public good provided in district i. The public goods are financed
by a uniform tax 7 on the entire population so that 7 = (/i 1&;. Each representative has identical
preferences defined over the level of public expenditures and taxes in his district, as well as his own

private consumption ¢;, which are given by

(1. Ugy,....epc) = flg) ~ 7+ ¢



We assume that f is strictly concave and twice differentiable f(0) = 0, f'(0) > 1, and
limg..f'(8) = 0.

We will say that an allocation of the public goods (g;,...,8)) is efficiens if it satisfies
1.2y f'@E) =1

There are a variety of ways of modeling the bargaining process among representatives which
determines the provision of the local public goods. We model this bargaining process by considering
an environment in which representatives can make side payments to influence each others' votes.
These side payments can be interpreted as payments made by constituents in a district to other
legislators. We take as a given institutional feature that the spending ouicomes are determined by
plurality voting separately on each local public good. Specifically, one of the representatives
proposes a bill to spend g; units in district i. If more than kI representatives vote for the bill it
passes, where k € [0.5,1) is fixed exogenously as part of the prevailing political constitution. If
not, spending in that district is set at zero.

Formally, we model the level of spending in each district as a two-stage game. In stage 1
each representative i simultaneously chooses a number g, € R, and a vector m; € R}; with m;
normalized to zero. The object my; is interpreted as the amount of money that representative i has
pledged to pay repr;:sentative jif j votes for representative i’s proposal to spend g, on local public
goods in i's district. In stage 2 each representative chooses a vector v; € {0,1}L. The object v, is
interpreted as representative i’s vote on j’s spending proposal, where a one is interpreted as a “yes”
and a zero as a “no” vote. If (IJ’I)ELIVij > k, then the proposal “passes,” and the level of
government spending in district i is g, and if (1/I)E{=1vij < k the proposal fails and the spending

level in district i is zero.



The payoff to representative i from this game is given by

I
13 Umegy = Gg) - + Yo + Z = vy,
=1

where

1 iy vy >k
(1.4) &(v) = i .

0 otherwise

An equilibrium of the game is a pair of vectors m € R and g € R, and a set of functions

vig,m) > {01 fori =1, ..., I, suchthat foralli =1, ..., I:
() forallg € RL and m € R”, v, satisfies
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forall §; € Rand h; € R.



As a first step, we construct an equilibrium of the model as follows. First, note that from

(1.5), it is a weakly dominant strategy for representative i to set:

@ vy =1iffg) - % > 0 and,

= 0ifm. = =13 ]
®) vij—Oxfmji—Oandvij~11fmji2_i..
So assume that v(-) satisfies (2) and (b). Now all that remains is to specify v;; wheni # jand 0 <
my; < g;/l. For a given j, let L; equal the number of representatives, i, for whom (b) is satisfied.

Then set v(+) as follows

(c) vij=1ifmji>0z;md1.,j = K, and
(s)] if I; < K, then for first K ~ L; ~— 1 i’s (not including i = j) for which 0 < my; < g,

v; = 1, and v; = O for the rest (again not including i1 = j).

Under our construction of v{+}, no representative has any incentive to set my; SO as to satisfy
the condition in (b) on more than the minimum number of votes to secure passage. That number of
votes, given that a representative will vote for his own proposal, is given by K = min{n such that
n € {1,2,...],and n+1 > kij.

Now, consider the following maximization problem:

(P1) max fg) ~ = — Km

gm I
subject to
an m= 2

I



This concave programming problem has a unique solution given by

9 f@) =1,
and

_&
19 =

Let us summarize the previous discussion by giving a precise description of the equilibrium
we are constructing. Letg, = §, foralli=1,..., L. Now, foreachi = 1, ..., I, there must be
exactly K j’s € {1,...,i—L,i+1,...,I} (not including j = i) such that m;; = i, while my = 0 for
the rest. Since it doesn’t matter how these j’s are selected, assume for the sake of symmetry that
they are selected randomly, with each j # i having a K/(I—1) chance of being selected. Finally we
can completely determine v{+) by requiring it satisfy condition (a)-(d). The symmetric equilibrium
we have just described has the property that should one of the positive voters turn negative on a

spending proposal, it would fail. We shall refer to such an equilibrium as a pivoral equilibrium.
Proposition I. The objects {g,m,v(-)} specified above constitute an equilibrium.

Proof. The proof consists of verifying that {g,m,v()} satisfies (1.5) and (1.6). Since v(+) satisfies

(a)-(d), (1.5) is satisfied. Given the specification of v(-) a representative i would do strictly better
by setting my; to be positive on no more than K j’s for j # i. Given that this is the case, and that

g, and 1y, are a solution to (P1), (1.6) is satisfied foralli = 1, ..., L. O

The equilibrium that we have just described is clearly not unique even among the class of
pivotal equilibria, since there were many ways in which the choice of whose vote to “buy” could be
specified. However, as the following proposition makes clear, within this class of equilibria there

is a unique level of local government spending.



Proposition 2. There is a unique level of government spending in any pivotal equilibria given by

g =§.

Proof. Since by definition only K + 1 representatives vote “yes” on any proposal, the inequality
in condition (b) must be satisfied for any v;; = 1 and 1 # | if condition (i) of the definition of an
equilibrium is to hold. Note that the inequality in (b) cannot hold strictly in this case since i could
lower m;; by some amount while still strictly satisfying the inequality in (b), hence making himself
better off. Now, without loss of generality set m;; = 0 for all i, j such that v;; = 0. Then note that
for each g;, and for each j # i such that v;; = 1, g;, and m;; must be a solution to (P) if (1.6) is to

be satisfied. (O]

The level of government spending is inefficiently high in the pivotal equilibrium to the extent
k is less than one. The simplest way to see this is to consider the level that would be chosen by an
egalitarian social planner. The planner would set the level of spending in each district g, so that
f'(g) = 1. Comparing this to the level in the pivotal equilibrium, § is such that f'(§) = (K+1)/L
Note that k determines the magnitude of K and hence of (K+1)/1, and further that (K+1)/1 is smaller
than one to the extent that k is less than one. (For large I, (K+1)/1 is approximately equal to k.)
Thus, the extent to which a representative internalizes the effect of his proposed spending on other
districts depends on the degree to which k is close to one.

It is also interesting to compare the pivotal equilibrium outcome to that which would occur
if there were no side payments; that is, my = 0 for all i, j, = 1, ..., I. In the voting stage v(*)
would still have to satisfy (b), which would imply §,g; = 0 as the unique outcome for all i = 1,
..., I. Thus, the outcome under straight majority voting is for spending on local public goods to be

inefficiently low.



There can also exist nonpivotal equilibria, since any representative who believes that his vote
cannot affect the outcome of the proposal to spend g; in district j will strictly prefer to set v; = 1
if m; > 0. Briefly, to construct a symmeiric nonpivotal equilibrium first let J be the number of
votes which must be purchased in equilibrium, where J = K + 1, and mm is their price and g the

level of spending. Then change condition (d) in the specification to be

@) ifL <Kk
(1) if the number of i’s such that my; = m is greater than or equal to J, and g; < g, set
vy = 1if m; = m and equal to zero if my < m

T

(2) if the number of i’s such that m;; = M is less than J, or g; > g, then follow (d).

So long as the following conditions on J, m, and g are satisfied then the above specification
is part of a set of symmetric equilibrium strategies:
(1.10) m < _%.,
(1.11) (&) — Jm = £(0),

(1.12) f'(g) — = > 0, and

pt[

(1.13) @) - & - i = @) - % ~ K
where g and m are a solution to (P1).

Condition (1.10) is a requirement that each representative whose vote is “purchased” actually
weakly prefers that the proposal not pass, so that a representative cannot deviate and purchase only
K votes while still ensuring passage. Condition (1.11) requires that no representative wishes to

deviate, not purchase any votes, and have his proposal fail. Condition (1.12) ensures that the

representative wishes to set g, = g. The last condition, (1.13), ensures that no representative wishes
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to deviate, choose a different level in his spending proposal, and so compensate K of the other
representatives that they strictly prefer to vote for his proposal.

The reason that we have discussed these nonpivotal equilibria so casually is that we find them
inherently implausible because of the extreme informational assumptions necessary for their exis-
tence. To see this implausibility, consider a slight variant of our game. In this variant, each repre-
sentative, only observes payments he made to others, or others made to him. That is each represen-
tative i only observes my and my; forj =1, ..., L

Since this is a game with incomplete information, we must introduce inferences for each
representative about payments made to others from payments made to him. In order to introduce
these inferences, we now have to distinguish between the history of the game in the second stage,
h = (g,m), and the private history which a given representative, say i, observes h; = (g,(mij)}=1,
(mji)}=1). We also have to specify each representativg’s beliefs about the actual history h, based
upon his observed private history, h;. Let u;(h|h;) denote representative i’s conditional probability
distribution over h given h;.

We now define a perfect Bayesian equilibrium of this model as a pair of vectors g and m,
and a set of pairs of functions {v,(h), p;(h|h)¥_, such that (") for all g € Rl and m € RY, v;
satisfies

H I
E,miny | f6(VE) — 1 ,-);f 5v)g; = 3 (myvy—myvyl

j=

el

2 E”i(hshi) f(t‘j-‘(v_i,? l)) -

—|

1 1
Z} §(v_i 098 — r{ [myvy; —m; 9,1
i= j=

forall ¢; € {0,1}‘, along with condition (i) from our complete information game, and (iii') that p;

be consistent with the specification of the strategies. Note that since in our definition the strategies
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are pure, y;, must put probability one on the equilibrium history, so long as the private histories are
consistent with it. Thus, the only issue with respect to yu; will be specifying out of equilibrium
beliefs.

It is easy to see how one would adjust the pivotal equilibrium to such a change in the game

form. Now v({-) is set so that (a), {(b), and the following condition hold:
@ v;=0ifg > 0andm; < _gl_j,
while m and g are unaffected. The representatives’ beliefs are that if m; > 0O then representative
J} believes that exactly K — 1 other representatives have been offered i, and therefore votes “yes.”
Hence, his vote is pivotal and condition (d”) is consistent with condition (i’) in the definition. Given
this specification of v(+), no representative purchases more than K votes. Hence, the price per vote
that he pays, m;, and the level of g, he proposes are a solution to (P); given his beliefs about the
magnitude of spending proposals which will pass excluding his own. Thus, there is a unigue perfect
Bayesian equilibrium which satisfies condition (d") on v{+) since (P) has a unique fixed point.
However, no such generalization of a nonpivotal equilibrium is possible except in the case

where m = (. This is because, if v(+) was such that (a) and the following condition held:

then no representative would buy more than K votes, and hence v(+) would violate condition (i) in

the definition of a perfect Bayesian equilibrium. The nonpivotal equilibrium with m = 0 seems

implausible since the representatives are playing a weakly dominated strategy in the voting stage.
We now want to consider generalizing the model to allow for representatives having

differential benefits over the level of local public expenditure which are not publicly observable. Let
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each representatives’ benefits from the local public good be given by 6,f(g;) where ¢, is a random

variable drawn from a c.d.f. H(@). Representative i’s preferences are now given by
(1.14) Uge,,....8,.6.8) = 8f(g) —7+¢c;, fori=1,.. L

We construct the pivotal equilibrium of the model as follows. First, assume that v(-) is such
that versions of (a)-(d) hold, where these conditions have been modified to take account of the fact

that t(+) is linear. Thus, for example, condition (b) becomes:

(b) Vij=1 if m'i?. L

; 1 & and v;; = 0 otherwise.

Under our assumptions about v(+), once again no representative will acquire more than the
minimum number of votes to assure passage, K. Thus, the price per vote, m;, and the level of g;

will still be sohutions to a suitably modified version of the maximization problem (P1) given below:

®2)  max Ofe) ~ 5 ~ km,
8y
subject to
&i
m, = --i,—,
g =0

Once again this concave programming problem has a unique solution given 6,.

The strategies now consist of functions g: 6! » B! and m;: ©' - R”, Now, let g(8) = §©),
where 8(0;) is part of a solution to (P). Now, foreachi =1, ..., IthereareKj’s € {1,...,i—1,
i+1,...,I} chosen randomly, with each one having probability K/(I—-1) of being selected, such that
my(f) = 1m(8;) (where m(6;) is part of a solution to (P2)), while my = 0 for the rest. We have

already completely specified v(-).



13
Proposition 3. The objects {g(+),m(+),v(+)} specified above constitute an equilibrium.
Proof. The argument is similar to that in Proposition 1.

Proposition 4. For any realization § € O, there is a unique level of government spending in any

pivotal equilibrium given by £(6).

Proof. The proof is similar to that in Proposition 2.

2. Local Public Goods and Proposal Right Auctions

Thus far we have assumed that each representative owns the right to set the level of proposed
spending in his district. We now extend the model to allow for a more general initial assignment
of these rights, where these rights are assumed to be tradable commodities. For simplicity we focus
on one district’s spending level. We establish conditions under which the outcome in terms of the
spending level is invariant to the initial assignment of the proposal rights. It then follows that if
these conditions are satisfied, then this invariance property holds in a more general game in which
the initial proposal right is random for ali of districts simultaneously.

Consider an arbitrary district, say district j, and assume that representative 1 initially owns
the proposal right in this district. The benefit to representative j from the public good is f(g). In
the auction stage each representative i chooses a price p; fori = 1, ..., I, where fori # 1 p; can
be interpreted as i’s purchase offer to representative 1 for this right, while p, is the reservation price
of representative 1. The representative whose price is the highest ends up owning the right and pays
representative 1 the amount that he offered. If there is a tie then the outcome is decided by a coin
toss, except in the case where the tie involves j or 1. In the case of a tie with j ownership is

transferred to j, while in the case of a tie with 1 ownership is transferred to the other agent,
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After the auction stage the voting game continues as before, except that the proposal right
need not be owned by representative j. In the case where it is not, it should be clear that the
equilibrium outcome of the voting stage is that the representative who owns the right, say i, will set
g; = 0 and his promised payments equal to zero, and everyone votes either yes or no. Thus, the
net benefit to any representative i # j from owning this right is the reduction in government
spending less the expected level of his compensation in case when representative j owned the right:
(1 = (K/(I-1)))8 (where § is the solution to (P2) when 6 = 1). Symmetrically, this is also the
opportunity cost to representative 1 of selling the right.

The value of the right to representative j is simply his payoff from the district ] component
of the voting game that we derived before, or f(§) — [(K+1)/11§. Thus, an equilibrium of the modet

would be for

@1 p = {1 - I_‘,_(T]g fori=1,..1

and representative j to end up owning the right so long as:

[(K+1) +1 - K ]

I-1

22 f(§) =

— | g

Notice that as I - o and holding fixed (K/I) = k, the condition (2.2) implies

f(§) = kg,

which from our assumptions holds strictly at g.

Thus, so long as 1 is sufficiently large that condition (2.2) is satisfied, the value to representa-
tive j of owning the right to set the proposed spending level for his district is larger than for any
other representative. The unique outcome of the auction stage in this case is for him to buy this right

from representative 1 at the price specified by (2.1).
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3. Local Public Goods and Proposal Buying

We turn now to an analysis of local public goods provision in environments where representa-
tives can make side payments to influence the bills that can be proposed. One motivation for this
analysis comes from our result that in plurality voting systems, vote-buying results in inefficiently
high levels of local public goods expenditures, The representatives may then have an incentive to
bribe the proposer to offer a bill with lower levels of local public goods. Since the public goods
expenditures is inefficiently high in the vote-buying equilibrium, it is possible to construct such
bribes or side payments which make everybody better off than in the vote-buying equilibrium. The
problem, however, is as long as all other representatives make such side payments, each individual
representative’s contribution has a negligible effect on the outcome. Thus, each representative has
an incentive not to bribe the proposer to reduce expenditure. That is, there is potentially a free rider
problem. The purpose of this section is to show that this free rider problem results in an outcome
where each bribe is close to zero and government expenditure is essentially the same as in the vote-
buying equilibrium,

For simplicity, we consider the determination of spending in one district only, say district 1,
Similar arguments apply to spending in other districts. We model the process for determining
spending by a particular noncooperative game though, as will become clear, our results generalize
to a large class of games.

Our game has three stages. The first stage is the proposal buying stage and the last two are
the same as in our vote-buying game. In the first stage, representative 1 proposes to each of the
other representatives a level of spending and a request for a side payment. Formally, representa-
tive 1 chooses nonnegative numbers (g;,n;), i = 2, ..., I for each of the other representatives. Each
of the other representatives then agrees or disagrees with the request. We denote this decision by

yio i = 2, ..., I where y; = 1 signifies agreement and y; = 0 signifies disagreement. The interpreta-
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tion is that if representative i agrees to a proposal (g;,n;) and if representative 1 proposes a bill to
. Spend g; at the second stage, representative i must then pay representative 1 n; units of the consump-
tion good. Note that representative i’s payments are not contingent on the subsequent vote. We
have made these payments uncontingent to allow representative i to influence the outcome without
having to commit to a voting decision.
The second and third stages of the game are exactly the same ag in the vote-buying game.
That is, representative 1 chooses a number G and a set of numbers, m, j = 2, ..., I. Then the
representatives choose a vote vector v;, j = 1, ..., 1, A strategy profile for this game consists of
pairs of numbers (g,n) = {gi,ni}{zz denoting offers by representative 1, a set of functions y(g,n) =
{vi(g,m}!_» mapping offers into {0,1} denoting agreement decisions, functions G(g,n,y); m(g,n,y) =
{rn;(g,n,y)}}=2 denoting second stage decisions by representative 1 and voting functions v(g,n,y,G,m)
for the representatives. Let s denote the collection of strategies. The payoff to representative 1 is

then given by

I I
G.1) Uys) = f(5G) ~ % G - S my; + 3 nye
i=2 i=2

where & = 1 if the vote is successful and 6 = 0 otherwise and o; = 1 if G = g; and zero otherwise.
The payoffs to the other representatives are given by
G2 U9 = -2 +my - nye

A (subgame perfect) equilibrium of this game is defined in the usual fashion. In the
discussion of the vote-buying game, we argued that there were strong reasons to restrict attention
to the pivotal equilibrium. We will therefore restrict attention to equilibria such that for every

history of the game at the second stage, the continuation strategies constitute a pivotal equilibrium



17

for the vote-buying game. Recall that in that game, representative 1 randomly picked K representa-

tives and purchased their votes for m; = G/I each. The payoff of representative 1 is then given by

{
3.3) Uy = KG) — ﬁ.ii.ll‘i + 3 nye
i=21

The other representatives each perceive the probability of receiving a payment of G/1 to be
K/(I—-1) and with the complementary probability receive zero payment. The expected payoffs at the

second stage for the other representatives are then

64 vw=-9+ K [%] - nyes

An equilibrium (for the first stage} is a set of strategies for proposals, requests for payments,
agreement decisions, and a spending decision on the local public good which satisfy the usual
conditions. We begin our analysis by considering symmetric equilibria in which the offers (g;,n)
are the same for all i, and in which the agreement decisions y;(g,n) are also the same for all i.
Consider the outcome when n; = 0 for all i. In this case, G is determined by the solutions to the

following problem

(3.5 max f(G) — G.

(K+1)
1

We denote the solution to this prablem by G,

It turns our that there are a large number of equilibria for our game. We characterize the
equilibrium set by developing necessary conditions for equilibrium outcomes. Since representative 1
caﬁ always deviate to G, and achieve the payoffs given by (3.5) it follows that if (G,n) is a sym-

metric equilibrium outcome, it must satisfy

(K+1)G,

(3.6) f(G) - _ﬂf_tll)_q + (I-n = §G,) — :
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Next, note that G, solves (3.5). Thus, f(G) — (K+1)G/I = f(G,) — (K+1)G/I. It follows that
n = 0. Now consider the decision problem of one of the representatives, say i, who has been asked
to contribute n units of the consumption good given that all the other representatives agree. Denote

the payoff to this representative if he agrees by U(1) and is given by

37 UD=-n- % + [I_I—(T] _?.
The first term on the right side of (3.7) is the payment that must be made, the second term is the
taxes that must be paid to finance G and the last term is the expected payment at the voting stage.
To see that the last term is the expected payment, recall that the probability of being chosen to have
one’s vote bought at the voting stage is K/(I-1) and the payment conditional upon being chosen is
G/l. The representative receives no payment if he is not chosen at the voting stage.

Now consider this representative’s payoff if he disagrees. There are two cases 1o consider
here, If f(G) — (K+1)G/I + (I-2)n > f(G,) - (K+1)G,/I, subgame perfection requires that
representative 1 choose G even though representative i disagrees. In this case, n > 0 so representa-
tive i is better off by disagreeing since the government spending is unaltered and representative i

does not have to pay representative 1, Therefore, a necessary condition for (G,n) to be an equilib-

rium is given by

K+1)G,

3.9 o) - XG4 q-on < G - :

1

The last necessary condition is given by the requirement that each representative must be

better off agreeing then disagreeing. This condition is given by

_n- 8 _X)oe_ _G _ K16
39 -n ‘1‘+[1 -I:_T]_I-B T+[1 TI]T'
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Conditions (3.6), (3.8), and (3.9) are also sufficient for (G,n) to be an equilibrium outcome.

We have then

Proposition 5. Suppose (G,n) satisfies (3.6), (3.8), and (3.9) and I = 4. Then (G,n) is a (sym-

metric) subgame perfect equilibrium outcome of the proposal buying game.

Proof. Consider a proposal (G,n). We first argue that the strategy of disagreeing by representatives
2, ..., I is part of an equilibrium. To see this, note that if all other representatives disagree,
regardless of the choice made by a given representative, the outcome at the vote-buying strategy is
G,. Thus, it is part of an equilibrium for that representative to disagree as well. Now construct the
equilibrium strategies as follows. If representative 1 offers (G,f) # (G,n) all the other representa-
tives disagree. If representative 1 offers (G,n) where (G,n) satisfies (3.6), (3.8), and (3.9), all the
representatives agree. Given these strategies, representative 1 cannot do better than to offer (G,n).

Thus, (G,n) is a subgame perfect equilibrium outcome. [J

It is worth pointing out that (G,,0) satisfies (3.7) through (3.9) and is therefore an equilib-
rium outcome.

The plethora of equilibria for the proposal buying game is troublesome. In Figure 1 we plot
the isoutility lines when (3.7), (3.9), and (3.9) hold with equality. The shaded area is the set of
equilibrium outcomes. This set includes among others the efficient level of public goods provision.
The theory appears to provide no clear outcome when representatives are allowed to buy proposals.
It turns out, however, that with a small amount of private information, the equilibrium outcomes are

close to (G*,0) when the number of representatives is large.
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Proposal Buying with Private Information

We now examine the proposal buying outcomes when other representatives are uncertain
about the benefits to representative 1 from the public good. We model this uncertainty by assuming
that the benefit to representative 1 is given by #f(G) where 8 is a random variable drawn from a
distribution H(@) with strictly positive density h(f) on an interval [a,b]. This uncertainty means that
the other representatives are uncertain about G,. We show that this uncertainty interacts with the
free rider problem implicit in (3.8) and leads to spending levels of G,.

A strategy profile for the proposal buying game now consists of (measurable) functions
(g,(®,n,(?)) which map [a,b] into offers, agreement or disagreement decisions y(g,n) for the other
representatives and a spending level G(g,n,y). To ensure that the other representatives have well
defined decision problems, we also need a probability distribution u,(6|g,n) which describes
representative i’s beliefs about the representative 1’s type. A perfect Bayesian equilibrium for this
game is defined in the usual fashion.

We will show that as I gets large, the government spending level G(6) converges to G, (6) for
all 4. First, we show this result informally. Consider a sequence of economies indexed by I and
a sequence of equilibrium outcomes functions G(8;I), n(8;1). Suppose that G and n are differentiable
and suppose by way of contradiction that for all 1 sufficiently large G(&;I) = G,(6;1) for all 8 in
some interval (8,8). Suppose also that the equilibrium is separating in this interval so that G(8;I)
G(@:D) for & # 8. Now, maximization by representative 1 requires that G(6), n(f) (suppressing the

index) satisfy the following

(3.10) 6 € arg; max{af(c(é)) - Qw@ + (1—1)n(0)}.
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Since G and n are differentiable, a necessary condition is

3.11) [ef'(G(o)) - (Kfl)] G'(0) + (I-D)n'(6) = 0.

Next, we can use the same arguments as in the complete information environment to show
that in a separating equilibrium, the analogues of conditions (3.6), (3.8), and (3.9) must continue to

hold. That is, we have

(3.12) 06 G(@®) — .(_Kill_)g@ + (~1n@) = 66(G,6)) ~ (K+1;GV(3)
3.13) o5G@) ~ LXVEO 1 q-2n) < 016,00 - ._____(KHiG"(B)

(3.14) n(d) < [le(a) - Gg")

-

where, again, we have suppressed the index I for notational convenience. Recall that G, (6)
maximizes the right side of (3.11) and is therefore bounded. We assume that as I increases k = K/I
remains constant. That is, the voting rule remains unchanged. From (3.14) it then follows that,
since G, = G, n(@) - 0, and (I-1)n(#) is uniformly bounded for all . Next, note that the left sides
of (3.12) and (3.13) differ only by n{f) which goes to zero. Thus, the utility of representative 1 is
arbitrarily close to utility under G, for I sufficiently large. Define G*(8;I), n*(@;]) by the levels that
set representative 1’s utility equal to utility under G,. That is, suppressing the I index, let G*(6),

n*(6) satisfy

(K+1)G, (@)

(3.15) 6£(G*(®)) — LI“_“%‘K@ + (I-1)n*(8) = 8£(G,(8)) — :

Differentiating (3.15) with respect to 6 and using the fact that G, maximizes the right side

of (3.15), we have



2
(3.16) f(G*(@6)) + [81“(6*(0)) - E;f_l)] G¥(0) + (I-Dn*'®) = (G, ©)).

Now, we have argued that the utility of representative 1 approaches utility under G, as I goes
to infinity. Thus, G(8) and n(f) converge uniformly to G*(@) and n*(8). Comparing the first order
condition of representative 1’s maximization to (3.16) it follows that both can hold if and only if
G,(8) = G(O) for all § &€ 16,6].

We now make the same argument more formally without assuming differentiability. We
restrict aftention to separating equilibria and we conjecture that similar results apply to pooling

equilibria. Let G, () maximize ¢(G) — kG.

Proposition 6. Suppose G(8;I), n(8;1) is a sequence of separating equilibrium outcomes. Then G(6;])

converges almost surely to G,(6) and (I—1)n(0;I) converges almost surely to zero.

Proof. The proof is by contradiction. Suppose not. Then, taking subsequences if necessary and

dropping the subscript on subsequences we have that there exists some interval (6,6) and a number
& > 0 such that for almost all 8 in this interval, G(8,1) converges to, say, G(@) and (I-1)n(6,)
converges to, say, N(8) where G(§) < G,(6)—5.

We claim that G(8) and N(6) must satisfy the following
(3.17 6f(G®) —kG©®) + N(@) = 6£(G,(8)) ~ kG, (6).

To prove this claim, note that from (3.14), n(f) converges to zero. Now taking limits (of
subsequences, if necessary) in (3.12) and using (3.13) we obtain (3.17). Furthermore, it is also clear
that this convergence is uniform in 8 € (8,6). We construct the rest of the argument assuming we

are at the limit. The details of the (¢,5) arguments are available upon request.
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Choose 6, 6, € (8,) with 8, > 0,. Since G, N is an equilibrium, we have
(3.18) 8,5(6G(8,) — kG@) + N@,) = 6,£6@,) - k6@ + R@E,.

Using (3.17) we have that
(3.19) 6,£G,8)) — kG,(0) = 6,f(G(B)) — 6,65 (8) + 6,6(G(8)) — kG, (8,).

Now, recall that G, maximizes 8{(G) — kG. Let U6) = 0f(G,) — kG,. We then have
U,6,) —U,06) = | ‘,’,ZIf(Gv(x))dx. Using this result and rearranging (3.19) we have
82
(.20 6,-6)EG@y) = I (G, (x))dx.
01
Now from the contradiction hypothesis G,(6) — G@ = sforall § € (8,8). Thus, for 6,
sufficiently close to 8, we have f(G,(0,)) — f(G(Gz)) > (. The right side of (3.20) is at least as

large as (6, —0)f(G,(8,)) since G, increasing in . Thus, we have a contradiction. []

We have established that, even with a small amount of uncertainty, government spending
must be close to G, if there are many representatives. The free rider problem is crucial to this
result. It is this problem that forces (3.17) to hold. Put differently, if we required (3.12) and (3.14)
to hold but not (3.13), it is possible to construct (G,n) that are different from (G,,0) even with

private information and with a large number of representatives.

4. Global Public Goods

We are interested now in examining the implications of our basic political model for the

determination of government spending upon a global public good. Let the scalar g denote the level
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of per capita spending on the public good. As before the spending on the global good is financed

by a uniform tax on the entire population. Let representative i’s preferences be given by
(4.1) 6f(g) —g fori=1,.,1L

We allow for the representative’s preferences over the optimum level of spending on this global
public good by allowing the 9's to vary across representatives, Without loss of generality we assume

that
=0, =..=6, =0,

with at least two of the inequalities holding strictly to make the model interesting.

We first analyze the voting game given an arbitrary assignment of the right to set the level
of g in the proposal to be voted on. We then analyze the outcome of the auction stage in terms of
the final allocation of the proposal right given an arbitrary initial allocation and that the continuation
game is the voting game.

The voting game proceeds as follows. Given that representative j has the right to set the
level of g in the proposal, he chooses g € R, andm &€ RI, where m; is normalized to zero. Each
representative i picks v; € {0,1} fori =1, ..., L

The payoff to representative i = j is given by
4.2) 6,f(dg) ~ g + myv,,
while that of representative j is given by

I
4.3) 60 -8 - Y my,
i=1

where 6 is given by the various analog to (1.4).
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Given the assignment of the proposal right to representative j, an equilibrium of the voting
game is a number g € R, a vector m € R, and a set of functions v;(g,m) - {0,1}i =1, ..,

Isuch that foralli =1, ..., L:
() forallg € R, and m € R}, v, satisfies

8:f(0(v)g) — d(v)g + myv; = Gf(3(v_;,9)) — b(v_;,9)g + m¥;
for all 9, € {0,1}, and (ii) given v(-), g and m satisfy

I
6,f(3(v(g,m)p) — d(v(g,m)g — 3 mv,(g,m)
i=1
I
= 0,f(6(v(g,me)) — S(v(g, Mg — ) yv;(@.1h)
i=1

forall g € R, and h € RI.

For reasons that are analogous to those in the previous section, we will restrict attention to
pivotal equilibria. A pivotal equilibrium has the property that in equilibrium representatives only
vote for proposals which they weakly prefer would pass and that the proposal setter never compen-
sates more than K of the other representatives.

We can construct a pivotal equilibrium as follows. First note that from that part (i) of the
definition of an equilibrium it is a weakly dominant strategy to set v; = 1 if the payoff of represen-
tative {, conditional on passage (that is § = 1), is positive. Now, similar to the local public goods
environment, let L denote the cardinality of the set of i’s whose payoff conditional on passage is
positive (where we are deliberately including j). If L > K + 1, then representative i sets v; = 1
ifm; > Oand set v, = 0if m; = 0. If on the other hand L < K + 1, the first K — L representa-

tives whose conditional payoff is negative, but for whom m; > 0 set v; = 1, while the remaining
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representatives whose conditional payoff is negative, but for whom m; > 0, set v; = 0. This
completely determines v(-).
Now let the set J(j) be such that

I-K-1,...,j-1,j+1,..} ifj > T - K - 1
J 71

44) I1( =
@4 10 [{I—K,...,I} otherwise

Then consider the following maximization problem:

(P3) max 6,f(g) — g + Y min[0, 6,(g) — gl.
E iEJ()

Itiseasytoseethatifj < I — K — lorifg, > g; for all i € J(j), the solution to (P3), &, will be

characterized by
@.5) 6f'®) =1,

and that the left side of (4.5) will be strictly greater than one if these conditions aren’t met.

The two key properties of this programming problem that we wish to establish for later use
are that the solution is unique, and that the value of the solution to (P3) is increasing in the index
of the proposal right holder (because 8, is). To see the first point, note that this is a strictly concave
objective. To see the second, let v; denote the value of the solution to (P3) given that representative

j holds the proposal right.

Proposition. v, = v, for all j > j and this inequality is strict if 6,, > 6,.

Proof. Let g; denote the solution to (P3). If j’ ¢ J(j), then the proposition follows trivially since
the value of the objective function in (P3) is increasing in 6;. So assume that j’ € J, and then note

that since 6f'(8) = 1, 0,.f(8) — g; > O since 6, = 6 and f is concave. Thus,
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0,f(g) — g; + min[0, 6,£(8) ~ & = 6,{(8) — § = 6,f(§) — §;

= 0;1(8)) — & + min[0, 6;f(§) — g,
where the inequality holds strictly if 6, > 6. O

One can see from (P3) why we have referred to the equilibrium we are constructing as semi-
pivotal. If for the smallest i € J, 6£(8) — § < 0, then the equilibrium will be pivotal. But if
8, < 0, then the inequality will be reversed and more than K + 1 representatives may strictly prefer
that the proposal to spend §; pass.

We can now give a precise description of the equilibrium we are constructing. Given that
representative j has the proposal right, let g; = §; (where §; is a solution to (P3)), and let m; =
min{0, 6,f(g;) — §] for all i € J(j). Finally, we can completely determine v(+) by requiring that
it satisfy (a)-(c). It is easy to see that this equilibrium satisfies conditions (i) and (ii) of the
definition, and that the equilibrium level of government spending in any semi-pivotal is unique since
the solution to (P3) is.

Briefly, now consider adding the auction of the proposal right back in as the preliminary
stage in our voting game. In the local public goods model we saw that the representative who had
the most to gain from acquiring the proposal right end up with it as the unique outcome of this
preliminary stage. Similar logic implies that one of the representatives with the highest 8’s will
acquire the right in the auction stage, and the only reason for the indeterminacy is if 8, = 6;_,, etc.
However, the outcome in terms of the level of spending will be invariant since whether Tor I — 1
acquires the right the solution to (P3) is the same if 6, = 6,_,.

In the case where representative I acquires the proposal right, representative I will only

properly internalize the welfare consequences to those members of J(I) for whom the direct impact
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of the proposed spending is negative. This gives an upward bias to the spending level that will

emerge from our game compared to the efficient level at which

I
@6 Y 6f@ -1 =0.
i=1

Even if the voting outcome rule required unanimity for passage, so J = {1,...,I-1}, the efficient
level could only emerge as an outcome of our game if 6;_,f(g) — g < 0, or 6, = §;. Other than
in these two special cases, the level of government spending on the global public good will be too

high; that is 8; > g, where g is such that (4.6) holds.

Global Public Goods, Private Information, and Unanimity

Our analysis thus far suggests that voting systems which require unanimity yield good
outcomes. In local public goods environments with and without private information, proposers have
incentives to internalize only the interests of those who must be persuaded to vote for the proposal.
As the required number of consenting representatives rises, the proposer internalizes the interests of
more people. Thus, unanimous consent appears to be a good mechanism. With global public goods
and complete information, we have shown that similar results hold. The results of Rob (1989),
Mailath and Postlewaite (1990), and Chari and Jones (1991) suggest, however, that in global public
goods environments with private information, unanimous consent rules lead to poor outcomes. Since
these results are available, we briefly set up the problem with global public goods and refer to the
literature for the results.

We assume that each representative’s benefits from the public good are given by (8,/Df(h)
where @ is an identically, independently drawn random variable from a distribution H(§) with support
[0,6) and a strictly positive density h(d). Note that we have scaled the benefits by 1/1. We will want

to increase the number of representatives. When we do so, we keep the efficient level of govern-
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ment consumption under full information unchanged with this device. We assume that § —
(1 — H{®))/h(P) is increasing in #. We assume that f'(0) is finite,

We consider a game in which one of the representatives, say representative 1, is chosen
randomly. This representative then chooses some mechanism to allocate the public good. Without
loss of generality, we restrict attention to direct mechanisms in which each representative reveals his
type 8. Let @ = (64,...,6). A direct mechanism is then a set of functions m,(#) denoting payments
to 1 and a government spending function G(6).

Truth-telling is an equilibrium of the direct mechanism if for all 8, 9i,

@7 E_ % (G@) - El;"_) - m@[ = E_ iiif(c(éi,e_i)) -

G(4,.0_,)

- - my6,,6_)

We restrict attention to truth-telling equilibria. We say that a truth-telling equilibrium of the
mechanism satisfies unanimous consent if
G(6)

4.8) E_ % (GE) - =2 -~ m@f =0, foralli

Representative 1’s expected payoffs are then given by

] I
(+9) Uy@) = E;]- 1GO) ~ @ + Y my)
i=2
This representative’s problem is to choose a mechanism to maximize (4.9) subject to (4.7)
and (4.8). We use standard results from the mechanism design literature to solve this problem. Let
Ui(Biﬁi) denote the utility of representative i when his type is 6, and he reports &,. This is given by

the right side of (4.7). Let V; = U6,,6). Let q@ = E_; [ f(G(,,0_)). Then, it is straight-
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forward, using the techniques in Myerson (1980), to establish that the incentive compatibility
conditions are equivalent to the conditions that g;(+) is increasing, and that V;(-) satisfy

8.

(410 Vi) = Vi) + [ q)dx.
0

An informal argument to establish (4.10) is as follows. Incentive compatibility requires that

¢ maximize Ui(8,9) over 9. Using the envelope theorem, we have V'(#) equals the derivative of U,

1

with respect to its first argument. Integrating this condition yields (4.10).

Next, using the definition of V(+) and (4.10) we have that the expected payments from i are

given by
6 “
@.11) Em(0) = Ej £ (G©)) - @ - I q,(x)dx — V,0)}.
0

Integrating (4.11} by parts and substituting (4.11) into (4.9) yieids that the expected utility

of 1 is given by

1-H(8)

_ GO _
@ GE) - =2 = Vi0)

I
.12 BUG) = B{ 2L 1GO) ~ S0+ 5 [ai -
i=2

Representative 1°s problem is then to maximize (4.12) given that (4.8) implies that
Vi(0) = 0. It is easy to show that the solution to this problem has G(6) increasing in ¢ and has
Vi(+) increasing in # so the solution to this problem is also the solution to the original problem of
maximizing (4.9) subject to (4.7) and (4.8). Let G(8:I) denote the solution to this problem. We will
show that as I goes to infinity, G(f;I) converges to zero in probability. The argument is by

contradiction, so suppose not. Then, choosing subsequences if necessary, it follows that there exists
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8 and ¢ > 0 such that Prob{G(8;1) = 8} = e for all sufficiently large . Now, maximizing (4.12)

it follows that G(8) = 0 if

1 — H(@,)

1 1 ! - i '
4.13) [_. 1 gjl BT ]f(O) <1

and G(@) > 0 if the inequality is reversed.
But the expected value of (§ — (1 — H(8)/h(6))) = 0 which is the lower end of the support.

The second term in the brackets in (4.11) converges to zero. Using Chebyshev’s inequality, it

1

goes to zero as I goes to infinity. Thus, for large I, G(#) converges to zero.

follows that

6, 1 _ 1 — H@)
@.14) Pr|: + ); [ —5

This result suggests that unanimous voting rules can perform poorly in global public good
environments. In contrast, majority voting rules can perform much better, To see this, consider the
following mechanism. Each representative submits a report of his type and the highest K types are
required to make payments given by (4.11). These payments are incentive compatible by construc-
tion. The spending levels G(f) is then chosen to maximize the analogue of (4.9). It is possible to

show that such a mechanism yields spending levels which do not converge to zero.

5. Concluding Remarks

We have shown that representative democracies are prone to pork barrel spending. Such
spending arises from institutional constraints like majority voting rules and from free rider problem
which prevents Pareto-superior proposals from being adopted. We have also shown that unanimous

voting rules lead to efficient allocations for local public goods, but that such rules are likely to do
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poorly for global public goods. One area for future research is to find institutional rules that yield

desirable allocations for both global and local public goods.
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