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Abstract

We study a model of efficient risk sharing between two agents, A and B, who enjoy a
non-durable common good. Only agent B can provide the common good whereas agent A
can merely contribute indirectly by making transfers to the provider, agent B. We consider
self-enforcing equilibria in the absence of commitment. We characterize the Pareto frontier
of the subgame perfect equilibrium payoffs. The main results are: First, the consumption of
the public good is significantly more stable than are the private consumptions. Second, in
the absence of aggregate uncertainty, agents’ consumptions are invariant to distribution of
income in most cases. In the remaining cases, private consumptions and continuation values
covary positively with respective incomes. Third, if some first best allocation is sustainable,
the long-term equilibrium converges to the first best allocation. Otherwise, agents’ utilities
oscillate over a finite set of values. We find that an increase in the provider’s deviation
lifetime utility shifts the frontier of the set of subgame perfect equilibrium payoffs to exclude
the lowest values of the provider (hence the highest values of the other). A decrease in the
provider’s deviation lifetime utility shifts the frontier of the set to include lower values for
the provider (hence higher values for the other).

JEL classification: C72, C73, D90, E21.

Keywords: insurance, lack of commitment, optimal dynamic contract, public good.

1 Introduction

The question of risk-sharing in the absence of commitment, and the efficiency of self-sustainable
contracts, has been widely studied in the dynamic contracting literature. But what happens
when parties not only have mutual insurance motives, but also enjoy the consumption of a
shared common good? Which consumption allocations can be supported? What are the short

term and long term implications of the optimal dynamic contract?



In this paper, we address the problem of two infinitely lived agents A and B, who receive a
random income each period, and derive utility from the consumption of a private good and a
public good. In the traditional model where agents care only about the private good and infor-
mation is symmetric, agents devise incentive compatible contracts to insure each other against
their income fluctuations. In the present case, the question of the allocation of total income
between private good and public good is added to the decision making process, so that monetary
transfers between agents serve two purposes now. Moreover, we assume that only agent B can
provide the public good, which creates an asymmetry in the game.

Examples of such a situation are numerous. In the context of family economics where chil-
dren are considered to be public goods, the interaction in a divorced or separated couple can
be illustrated in a repeated game where only the custodial parent can spend on the child. The
noncustodial parent can only make monetary transfers (or child support payments), to the cus-
todial parent, who then allocates her post-transfer income between her private consumption and
the child’s consumption. Depending on the income levels each period, the transfers can go either
way, serving as both risk-sharing and public good provision tools. Assuming symmetric infor-
mation, it is a double sided lack of commitment problem, where parents voluntarily agree on a
set of transfer payments and child expenditure, but where both can renege on their part of the
contract at any time.

One can also adapt the present scenario to think of a self-interested institution whose prerog-
atives include tax collection from individuals, and who in return supplies a public good as well
as insurance against low income shocks through a redistributive scheme.’

Yet another example would be that of sovereign debt, where the government of the borrowing
country can spend the debt in two ways; either by distributing it directly to the people to spend on
consumption goods, or by investing it in capital and infrastructure. Assuming that the first way
is more effective in ensuring reelection (one can look at it as a bribe to buy individuals’ votes), it
is comparable to the private spending above, while investing in capital and infrastructure serves
better as a guarantee to repay the debt, and thus is comparable to the public good spending.

The timing of the game makes it all the more interesting, since it highlights the asymmetry
in agents’ incentives and payoffs. At the realization of the income shock, agents simultaneously
transfer a nonnegative amount of income to each other. Agent A then consumes his post-transfer
income, while agent B decides on how to split her income between her private consumption, and
the public good consumption. Hence, while the optimal contract needs to ensure that agents A
and B comply with the dictated transfer, it should also guarantee in a second term that agent
B complies with the dictated income allocation.

This is the first paper which attempts two tasks: First, to characterize the properties of the

1'We would like to thank Arpad Abraham for pointing this out.



optimal dynamic contract between two agents who enjoy a common good when there is lack of
commitment. Second, to investigate the effects of the presence of a public good on insurance, on
incentives and on welfare.

In this sense, we build on the contracting literature by using the dynamic programming
methods of Thomas and Worrall (1990) in order to characterize the Pareto frontier of subgame
perfect equilibrium payoffs by using the continuation utility as a state variable. We also draw
on Kocherlakota (1996) to model the efficient allocation of consumption in economies with risk
averse agents and double-sided lack of commitment. There are numerous papers that follow his
work, Alvarez and Jermann (2000, 2001), Kehoe and Levine (2001), Kehoe and Perri (2002) are
prime examples. However, this strand of the literature has not considered the presence of public
goods in models of insurance in the absence of commitment.

We look for the Pareto optimal subgame perfect equilibria (SPE) of the repeated game, and
show that the worst SPE is the Stackelberg equilibrium of the stage game.

The paper is organized as follows. We start by setting up a general model where the agents
play a repeated game. In the absence of outside enforcement, the threat of punishment is the
Nash-Stackelberg equilibrium outcome. In that case, agent B, the provider, assimilates agent
A’s transfer with her other sources of income and decides on the provision of the public good
according to her own preferences. Agent A takes agent B’s spending rule as given and chooses
his transfer optimally.

For the characterization of the optimal contract, we focus on the simplified case where the
agents have identical preferences and the income shocks are iid. The restriction on the provision
of the public good adds a new layer of incentive constraint: The provider is not only required
to insure the other agent, but also to provide the “adequate” amount of public good. We find
that in the optimal contract, the public good’s consumption is significantly more stable across
states and across Pareto weights. In the absence of aggregate uncertainty, parents are able to
insure each other across the states in many cases, though the allocation of private consumption
depends on the relative Pareto weight. In the remaining cases, agents’ equilibrium values will
covary positively with their income.

We conduct computational experiments to study the effects of heterogeneous preferences and
child support policies. If the agent B’s deviation lifetime utility increases, the set of subgame
perfect equilibria shrink to exclude the lowest values of agent B (thus the highest values of agent
A). If her deviation utility decreases, the set will expand to include lower values for agent B (thus

higher values for agent A). Analogous argument will apply for agent A’s values.



2 The Model

We study a repeated game between two agents: A and B, who each enjoy the consumption of a
private good and a public good. Agent B is called the provider, so she is the only one capable
of spending directly on the public good, whereas agent A is merely a contributor who can make
monetary transfers to agent B.

Time is discrete and agents discount future utility at rate 3. The time horizon is infinite.
The state of the world in period 7 is stochastic and is determined by the realization of a discrete
ii.d. random variable 6 , with support equal to {1,...,S}. The probability that 6 takes on the
value s is denoted by 7, where w4 > 0 for all s. Agents A and B’s incomes are denoted by Y
and Y respectively, and are determined by the realization of @ in every period. We assume that
agents cannot save, but they can transfer income to each other. Letting a, and b, be agents A
and B’s consumptions of the private good respectively at time 7, and ¢, be that of the public

good. Agent A’s lifetime utility at 7 can be written as

o0
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and agent B’s utility as
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where u(-,-) and z(-, ) are increasing, strictly concave and continuously differentiable in both

arguments.

2.1 First Best Allocation

We write the planner’s problem where the agents’ incomes are pooled in one resource constraint,
and solve for the first best sequence of consumptions. Letting p be the relative weight on agent

B’s utility, the planner’s problem at 7 is
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so the objective function is also increasing and strictly concave in the public good consump-
tion.
The first order conditions imply the following relation:
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This is a standard result which simply dictates that in the first best, the ratio of marginal
utilities of both the private and public goods is constant across states and dates, and is equal to
the relative welfare weight.

Rewrite the first order conditions.

Uqg(as, cs) — ucas,cs) = pze(bs,cs)

Zb(bs; Cs) - Zc(bSa Cs) = *Uc(as; Cs)
7

Consider a hypothetical case where each agent could decide on how much to allocate to the
public good out of their income, without taking into account the other agent’s action. In this case,
agent B’s decision would be given by z,(bs, ¢s) = 2.(bs, ¢s). As for agent A, assuming that he had
the power to spend on the public good, his policy function would set uy(as, ¢s) = uc(as,cs). We
call these conditions the intra-temporal optimality conditions and the consumptions that satisfy
them individually optimal. The first order conditions imply that the intra-temporal optimality
conditions of the agents are never satisfied. This is a standard result in settings with public goods
and it holds even in the first best. The social planner will internalize the effects of public good
consumption decisions on both agents’ utilities. Note that as u, the relative Pareto weight of

agent B increases, her wedge decreases while that of agent A increases, and vice versa for agent

A.

2.2 Subgame Perfect Equilibria

The interaction between agents in our environment involves a two-part decision making process
in each period. At the beginning of period 7, both agents observe the realization of 6. Each
agent simultaneously makes a nonnegative transfer: t2 € [0,Y?] from agent A to agent B and
t% € [0,Y?] from agent B to agent A. Agent A then consumes a, = Y% —t2 + % while agent B
decides how to split her disposable income between the public good, c,, and the private good,
by =Y +1t2 —t —c,.

We define an allocation {t2,2, ¢, } | to be a vector of state-dependent transfers and public
good consumptions. A period 7 history in this game consists of a sequence of realizations for
0,t*,t* and ¢ :

T a 4b a 4b a b
h" = (917t1at1361302at27t2vc27""a07’—17tr—1at7——1vc7'—1797')

A strategy for agent A at 7 is a mapping from possible histories at 7 into a transfer. Agent
B’s strategy is composed of two decisions, one for the transfer in the first part of the game and

one for the public good consumption in the second part. That is, her choice of ¢ depends on her



observation of § as well as t and t*. Hence, we define two separate strategies for agent B: the
first as a mapping from the possible histories into a transfer amount and the second as a mapping
from the possible histories and current transfer amounts into a public good consumption.

A subgame-perfect equilibrium specifies:

i. A strategy for agent A such that his transfer after any history is optimal given agent B’s

transfer and consumption strategies;

ii. A transfer strategy for agent B such that her transfer after any history is optimal, given

agent A’s strategy and her consumption strategy;

iii. A consumption strategy for agent B given the observed history, current period transfers,

and agent A’s and own transfer strategies.

Our aim is to characterize the Pareto frontier of the set of subgame-perfect equilibrium payoffs.
To do that, we first identify the lowest subgame-perfect equilibrium payoff.

The presence of a public good prevents the agents from going into autarky in the standard
sense of the term. Since agent A cares about the public good, he will find it optimal to transfer
some of his income to agent B to be spent toward its provision (conditional on his income relative
to that of agent B being higher than some threshold). Autarky in our case corresponds to agents
playing a Stackelberg game every period. For a history A7 and for current period transfers ¢2

and %, agent B’s optimal public good consumption strategy ¢, must satisfy

ér = arg max (VP2 —tb —C0).

Agent B’s optimal decision of public good provision in autarky is defined by the following

first order condition

(Y2412 —tb —é e) = 2.(Y2 + 12—t —¢,¢,) (1)

which defines ¢, as a function that maps agent B’s disposable income, her own income and the
transfer she receives from agent A net of her transfer to agent A, into public good consumptions.
It is a straightforward division rule which depends only on the level of post-transfer income. We
call this the Stackelberg rule.

Next, the optimal transfer strategy of agent B is to transfer zero to agent A, regardless of
agent A’s strategy. Denote her optimal transfer policy as £ = 0. She then allocates the available
income Y,” + t2 between her private consumption and the public good expenditure according to
the Stackelberg rule.

Finally, given a transfer from agent B and a public good consumption strategy, agent A picks

the transfer that solves his problem



% = arg max uw(Y =T, +t°,¢,) (2)

st (Y2 HT, — 12 —é,6) = 2(YP + T, — 12 —¢,,¢,)

where ¢, denotes the level of public good chosen by agent B according to the Stackelberg
rule, and agent B’s transfer to agent A is zero.

To summarize, in equilibrium, agent B transfers zero to agent A. Agent A decides on his trans-
fer by using (2). Agent B takes the transfer and allocates her income according to the Stackelberg
rule (1). We denote the corresponding transfers and consumption values by {¢25f, ¢bst st io'

This is the worst equilibrium. Agent B cannot credibly decrease the public good consumption
to affect agent A’s payoff without reducing her own payoff as well. Agent A cannot cut his transfer
without consequently decreasing the public good consumption. The resulting lifetime utilities

for agent A and agent B are respectively,

o0
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r=1
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Proposition 1 An allocation {t?,t;’-, cj};iT s subgame perfect if and only if it satisfies

Y
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for all dates and states, where ¢, fﬁ and c; are the optimal deviation transfer and consump-

tions defined as

t* = arg max uw(Y2 =T +t°,¢,)
ér = arg max 2V 4+t —tb —C,C)
¢ = arg max 2(YP +t - C,0).

Proof. In Appendix A. m
a

The two inequalities above simultaneously determine the subgame perfect allocations {t % t?, cj }jiT



It is useful to remember that the Stackelberg game per se starts only the period after the
first deviation. But because of the timing of the stage game, a deviation by agent A sets off a
Stackelberg reaction on behalf of agent B in the second part of the present period, whereas a
deviation by agent B only has repercussions on agent A’s actions starting the following period.

Thus, the right hand side of the first inequality (4a) is agent A’s payoff if he deviates by
transferring the amount £ (defined as his best response to the transfer 2 and the consequent
consumption é;), inducing agent B to split her income according to the Stackelberg rule this
period, and reverting to the Stackelberg equilibrium forever.

The right hand side of the second inequality (4b) is agent B’s payoff if she deviates by
transferring nothing to agent A, splitting her disposable income according to the Stackelberg
rule, and reverting to the Stackelberg equilibrium forever.

FARVE
a strategy whereby they transfer and consume the amounts dictated by the allocation as long

Consider an allocation {t‘? th c; }jiT satisfying the conditions above, and let the agents follow

as both have done so in the past, otherwise, they revert to the Stackelberg equilibrium. We say
that these strategies form a contract.

Existence of subgame perfect allocations that are not Stackelberg allocations is not straight-
forward to see. One could imagine a contract which dictates in a certain state a substantial
transfer from agent A to agent B (say when agent A’s income is high and agent B’s is low), and
a high public good expenditure to match that. If agents care a lot about their private consump-
tion, and not enough about the future, both of the above incentive constraints could bind or even
be violated.

In Appendix C, we provide proofs and conditions for the existence of subgame perfect allo-
cations that are not Stackelberg allocations, for the different utility specifications we study. In
general, these conditions depend on the preferences of the agents, the discount factor and the
distribution of the income shock. For the general case, we assume that these parameters are such

that such equilibria exist.

2.3 Recursive Formulation

Definition A subgame perfect allocation is efficient if and only if there is no other subgame
perfect allocation that Pareto dominates it, and an optimal contract is one which implements
such an allocation.

Let Vihax be the maximal payoff agent A can obtain in a subgame-perfect equilibrium, and
Wiax be that attainable by agent B. Define the function V' : [Wtack, Winax] — [Vstack, Vinax|



to be the following.

oo
Viw) = max E T (Y — e+ tl e
( ) {tﬁ,t_l,’_,cf}f_ozl O‘rz::lﬂ ( T T T ‘f')
s.t. {ti, ti, cT}:ozl is a subgame perfect allocation.

oo
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One can think of agent A choosing the allocation {tﬁ,t?,cT}il to maximize his utility,
while providing agent B with an ex-ante promised lifetime utility W, and respecting the incentive
constraints for every possible history. The function V' is the Pareto frontier of subgame perfect
equilibrium payoffs.

Following Thomas and Worrall (1990) and Kocherlakota (1996), we can characterize the

frontier V' by the recursive program

S
Viw) = max o {u(Yy =t + 15, c0) + BV (W,
( ) {tg'7ti’,,cs7W3}f:1; 9{ ( ’ ) s s) ﬂ ( 3)}
S
s.t. Z?Ts {z(}/sb+tg—t2—cs,cs)+ﬁws} >W
s=1

2V 410 — % — ey e) + W > 2(Y2 +1 — 5, ¢8) + fWaraer  for all s
u(Y =15 + 18, ¢0) + BV (W) = u(Y — 7 +,65) + BVaraer for all s
ty >0 forall s

t8>0 forall s

Ws S [Wstack; Wmax] for all s.

Taking agent B’s promised lifetime utility as a state variable, agent A chooses state con-
tingent transfer amounts, public good expenditures and continuation values for agent B. This
immediately specifies his own value from the contract, as his own continuation utility has to be
on the Pareto frontier.

The second and third constraints are agent B’s and agent A’s incentive constraints. They
ensure that the contract is self-enforceable. The non-negativity constraints on the transfers follow.
Finally, the last constraint puts bounds on agent B’s utility from the contract. Agent B cannot
be kept in the contract if her utility from it is less than her Stackelberg utility. On the other
hand, her maximum value is limited by agent A’s minimum utility, Vyecr, and is determined
endogenously.

It is worthwhile to analyze briefly the deviation utilities of the agents. When agent B deviates,

she takes agent A’s transfer that is dictated by the contract, makes no transfer to him, and



allocates her disposable income Y + ¢ according to the Stackelberg rule, equation 1). When
agent A deviates, he takes agent B’s transfer in the contract, and decides on how much to transfer
to agent B according to his autarky rule, equation 2). Agent B responds to this by using equation
(1) to determine the public good consumption, in this case, given by ¢és.

The restriction on the provision of the public good, i.e. agent B being the sole provider, adds
another layer of incentive constraints to the general insurance problem. Agent A’s transfers, and
subsequently the public good consumption levels, are limited above by agent B’s consumption
levels and continuation values. For example, even if agent A is hit by a very high income shock
in one state and would want to split that surplus between his private consumption and the public
good consumption, he is limited in doing so because any large transfer to agent B that is not
matched by a substantial private consumption or continuation utility for her, would lead her to
deviate.

The next proposition places a constraint on the direction of the transfers in the contract.

Proposition 2 In the optimal contract, in any state s, either t* > 0 and t2 =0 or t* = 0 and
th > 0.

Proof. In Appendix A. =

Intuitively, consider two contracts, the first dictating that both agents transfer positive
amounts to each other at the same time, t¢ > 0 and 2 > 0, the second dictating that the
difference [t — t%| be transferred from the corresponding agent. Remember that the agent who
deviates keeps the transfer sent by the other agent. In the first contract, the agent who deviates
will have a higher income at his or her disposal in the period of deviation, since he or she will
not make the transfer dictated, but keep the transfer of the other agent. In the second contract,
if the agent who deviates is not the transferrer, he or she will only be able to keep the difference
of the original transfers. If the agent who deviates is the transferrer, he or she will not receive
any transfers from the other agent. Now, all the allocations that are available under the first
contract are also available in the second one. However, it is clear that under the second contract
the deviation utilities are weakly lower, making deviating less likely. Hence, the second contract

supports a wider range of subgame perfect equilibria.
Lemma 3 Agent A’s incentive constraint does not bind in a state where he is a net receiver.

Proof. In Appendix A. m
Intuitively, this is because when agent A is a net receiver, he can only deviate by transferring
more than the contract dictated amount, which would increase agent B’s utility. This could not

be a profitable deviation, since the contract would not have been Pareto optimal.

10



Proposition 4 In the states where agent A is the net transferrer in autarky and in the contract,
the equilibrium transfer, public good consumption and continuation values are invariant to redis-
tribution of income (as long as agent A is still the transferrer after the redistribution). For the

states where agent B is the net transferrer, this will not generally hold.

Proof. In Appendix A. =

To see why this proposition holds, note that the Stackelberg equilibrium displays invariance
to redistribution of income so long as the redistribution preserves a positive transfer from agent
A to agent B. Now, suppose that in the contract agent A is the transferrer in a set of states for
a given promised utility to agent B, and there is no aggregate uncertainty. His deviation utility
is the same in all these states, equal to the Stackelberg utility.

Optimality then dictates that his post-transfer income be the same in all the states within
that set, since he would not choose a positive transfer that leaves him poorer in one state than
another. It follows that the consumption allocation and the continuation utilities for states in
this set will be invariant to the distribution of income.

This result will not generally hold for agent B. If agent B is the transferrer in the contract
for a given set of states, her deviation transfer is zero for these states, which means her deviation
utility will be state dependent, as will be the compensation necessary to keep her in the contract.
As aresult, the distribution of income will matter for the states in which agent B is the transferrer.

This result has an interesting implication for the contract. In particular, it means that when
agent A is the net transferrer, a redistribution in income (such that agent A is still the transferrer)
does not alter the incentives and actions of the agents in any way. Their decisions depend only
on the final income at their disposal after the transfer. This feature of the model suggests that
in many cases, what matters for the public good consumption is not the distribution of income
between the two agents, but rather, their aggregate income.

Standard results of two-sided lack of commitment models are that if one agent’s incentive
constraint binds in a state, he/she is compensated by higher consumptions and the continuation
values. In the presence of a public good, it is not trivial to see how the agents are compensated
when their incentive constraints bind. We heuristically address the following questions: Is it
better to provide higher consumption of the private good, or of the public good? Is there an
optimal combination of the two that should be offered? Below, we present some answers using
the first order conditions of the problem without assuming a functional form for the agents.
We conduct the following exercise assuming that the first order conditions are necessary and

2

sufficient, which they are for the utility functions used in this paper.® Let u be the multiplier

a

associated with the promise keeping constraint, and )\5,)\2, ¢% and (;Sls’ the multipliers associated

with incentive constraints for agent A and agent B, and the nonnegativity constraints, for each

2See Appendix B for a more rigorous treatment of the issue for the utility functions we use later in the paper.
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state s, respectively. The first order conditions and the envelope condition imply the following

_ _ K + /\2 _ O 7oA a
ua(a87cs) uC(aS)CS) T T )\(sl (zc(bSacs) )\szb(b37cs) + (253) (53)
_ _ kBt AL b
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14+ X8
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b(bs, ¢s) — 2¢(bs, ¢5) PESY ( ) (5¢)
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where l;s and ¢, refer to the deviation consumption levels of agent B in state s.

Assume that we are at a given promised utility W to agent B. Consider states in which
agent A’s incentive constraint binds, i.e. A2 > 0. He is compensated in two ways: first through
consumption levels that make the wedge between his intra-temporal optimal consumption and
his actual consumption smaller (while making that of agent B wider), and second, by providing
him with a higher continuation utility.

In states where agent B’s incentive constraint binds, i.e. )\Z, the identity of the transferrer
matters. When agent B is transferring, she is compensated by consumption levels that de-
crease the gap between her actual consumption and her intra-temporal optimal consumption
(and increase that gap for agent A), and her continuation utility increases while that of agent A
decreases.

In the states where agent B’s incentive constraint binds and she is a receiver, her wedge is
smaller and her continuation utility is larger, as above. However, the magnitude of agent A’s
wedge and its sign depend on how his transfer affects agent B’s incentive to deviate. The right-
hand side equation (5a) captures this. The multiplier on agent B’s incentive constraint A’ both
increases and decreases the wedge of agent A. Agent A compensates agent B by transferring a
larger amount to her and/or letting her consume more of the private good and less of the public
good. Making a larger transfer to agent B would affect her incentives adversely. So, agent A
might decrease his transfer so much that agent B has very little to spend on the provision of the
public good.

It is necessary to assign functional forms to further characterize the optimal contract. We
assume that the utility functions of the agents are of the Cobb-Douglas form for analytical

tractability. Cobb-Douglas constitutes a widely used benchmark.
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3 Cobb Douglas Utility Functions with iid Income Shocks

In the case where only one agent can spend on the public good, mutual insurance becomes more
valuable. If agent B is facing high income risk, agent A would have an incentive to insure her
given that the public good consumption will also fluctuate with her income. As for agent B, she
would only need to insure agent A to keep him in the contract, which implies that she may make
transfers when his income is relatively low. Hence, transfers might go both ways.

We characterize the short term and long term equilibria of the model for the special case where
the agents’ preferences are identical and there is no aggregate uncertainty. Later on, we compute
the model to allow for agents who have different preferences over the public good. Formally, the

utility functions of agent A and agent B are given by

[e3

1
s c

@« Q

u(as,cs) = a

2(bs,cs) = b %

®Q

and the aggregate income Y + Y2 in any state s is equal to Y.

3.1 Optimal deviation strategies

We start by finding the optimal deviation strategies of the agents, as well as their payoffs from
the Stackelberg equilibrium.

We know that agent B’s optimal deviation transfer is zero, since she does not care about
agent A’s consumption. Given a non-negative transfer t¢ from agent A, agent B allocates her
income optimally between her own consumption and the public good’s according to the following

policy function:

ct=a (Yl +12).
Her deviation utility will be
2Y) Hte —clel) = G+ 19)

where G = (1 — a)'~®a®. We already saw that agent A would never deviate when t% > 0.
When agent A deviates in his transfer, he anticipates agent B’s response to be the Stackelberg
consumption rule. So given agent B’s optimal consumption response, and the nonnegativity

constraint on %, the decision rules of agent A and agent B in equilibrium are as follows

t = max{0,aY - (1-a)Y?}

s = max {aYsb, aQY}

13



agent A’s deviation utility will be

(6)

) a“GY if #2=aY®—(1-a)Y?
Cs) = —Q « . ~
a (YT (V) it f=0

After the first deviation by any of agent A or agent B, the agents play the Stackelberg
strategies forever. For states where the Stackelberg transfer is positive, the resulting Stackelberg
consumption levels are all a constant fraction of total income, and depend only on the prefer-
ence parameter «. In other words, the Stackelberg consumption allocations will be invariant to
distribution of income. The Stackelberg continuation values can be written as in equations (3a)
and (3b).

3.2 Optimal Subgame Perfect Equilibria

Let the function V' : [Wtack, Wimax] — [Vstack, Vinax] be the Pareto frontier of the set of all the

subgame perfect equilibrium values. It can be characterized by the following recursive program

S
a a h\l—a o
vw) = {tg,tg,rif‘v}és}w;”‘s{(ys — 2+ 10)1 7 + BV (W)}
st 0w {(YE A1l — b — ) + W) > W
(YO +10 =t — )% + AW, > GY) +2) + fWatack
(Yo —t2 4 t0)1=ace + BV (W) > u(YE® —1%,é5) + BVitaer  for all s
> 0
tt > 0
Ws € [Wstack, Winax) for all s

What are the basic properties of this dynamic problem? Lemma 3 shows that agent A’s
incentive constraint is trivially satisfied when he is the receiver. Hence we do not need to worry
about the choice variable in the left hand side of agent A’s incentive constraint. Moreover,
it is straightforward to show that for CES utility functions, the value functions are linearly
homogenous in income. Hence, agent B’s deviation utility is linear in t?, allowing for a convex
constraint set. So the frontier is concave. As for differentiability, we refer to Koeppl (2003)
who finds sufficient conditions for the differentiability of the efficient frontier in risk sharing
problems with lack of commitment. His proof is adapted to Kocherlakota-type setting, but

extends immediately to our model.3

3His conditions are as follows. Let S1 be the set of states where agent one’s incentive constraint binds, and S
be the set of states where agent two’s incentive constraint binds. If S1 U Sy # S at Wy, then V is differentiable

at Wy. If there exists an incentive compatible first best allocation, then V' is differentiable everywhere.
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Given that the problem is convex, the first order conditions are necessary and sufficient. Let
1 be the multiplier associated with the promise keeping constraint, and A%, )\Z, ¢% and ¢Z the
multipliers associated with state by state incentive constraints for agent A and agent B, and the
nonnegativity constraints, respectively. Assuming that we are at an interior solution for Wy, the

first order conditions for each state s are below.

(LA —a) (¥ — 2+ ) 7% = (u+AD(1—a)(YP + 12 —th — )28 = ALG + 8
(LA —)(VE —t2+8) 7% = (u+AD (= a)(Y] + 82 —th —co)"2cg —
(L+ADa(V? =2+ )17 = (u+ A (A=) (V) + 8 =t — )7 —a(Y) +12 —th —co)'moes ™)
VIW)(1+X) = —u— AL

The envelope condition gives:
V(W) = —n

Our aim is to characterize the frontier. We prove in Appendix C that both of the incentive
constraints cannot simultaneously bind in a given state s. So, for any given promised value W

to agent B, we can divide the states into four sets.

e S}V where no incentive constraint binds.
e S where agent A’s incentive constraint binds.
o SV where agent B’s incentive constraint binds and t2 > 0.

e SV where agent B’s incentive constraint binds and ¢ > 0.

When drawing the figure for the Pareto frontier, the origin depicts the Stackelberg values for
both agents. * We let the values on the X-axis denote agent B’s lifetime utility, while those on
the Y-axis denote agent A’s lifetime utility.

In the following sections, we look at how each of the four sets of states evolves as we increase
or decrease the value W. Generally, the incentive constraint of an agent is more likely to bind
for lower values of his or her lifetime utility. Hence, in the left region of the frontier, agent B’s
incentive constraint will bind, in the right, agent A’s will bind. Consequently, as the value of
one agent increases (and the other agent’s decreases), the number of states for which none of the
incentive constraints bind first increases, then decreases.

More precisely, we find that the set of states for which agent A’s incentive constraint binds

will be non-empty for lower values of agent A. Also, his incentive constraint will bind first in

4See Appendix.
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states where his income is relatively high, then as his value decreases, for the lower relative
income states as well.

The sets of states for which agent B’s incentive constraint binds will be non-empty for lower
values of agent B. The set where agent B is the transferrer expands as we move towards lower
values for her. Also, her incentive constraint will bind first in states where her income is relatively
high, then for the lower income states, analogously to agent A’s case.

For the set of states where agent A is the transferrer, we also show that if agent B’s incentive
constraint binds in one state where agent A transfers, it will bind in all states where agent A
transfers. Since this is more likely as agent B’s value increases, the set where agent A is the
transferrer will grow as we move towards the range of values where the constrained efficient
equilibrium is sustainable in the contract.

First, we know that if for a given promised utility, the incentive constraints do not bind in a
set of the states, the agents will be able to achieve the constrained efficient allocation in this set
of states in equilibrium. So we start by characterizing the consumptions and the continuation
values for the states in the set S}V, which will be used as the benchmark. As for the specifics of
how this set changes with income and with values of the agents, it is useful to think of it as the

complement of the union of the above other sets.’

3.2.1 States where no incentive constraint binds

Let us first establish the first best and the constrained efficient levels of consumption. Letting

My = ,ui, the first order conditions and the envelope condition imply the following.

cs = aY (7)
Moy
= 1—a)Y
bs 1+ MO( @)
1
- 1—a)Y.
s 1+ Mo( @)

As expected, we get the perfect insurance outcome where agent A and agent B’s consumptions
are constant across states, and depend only on agent B’s promised utility. More significantly,
though, the public good consumption is a constant fraction of total income across all states and
promised utilities. Each agent, if he or she were to have complete control over the allocation of
the total income, would choose ¢ = oY and consume the rest his/herself as the intra-temporal
optimality conditions dictate. Even though the agents cannot implement this particular alloca-

tion, the public good consumption will reflect the agreement over how much public good should

5Note that for a given W, S(‘)’V us¥u Sg/‘l/ U Sg/g = S. To see how S’gv moves over the W-axis, we ask the

reader to think of this set as the complement of the union of all other sets.
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be provided. The agents argue only over how to allocate the residual income once the public good
consumption is set. Given that the public good consumption is constant across relative Pareto
weights, the values of the agents vary only with the changes in their private consumptions. As
agent B’s value W increases, agent B’s share of consumption increases at the expense of agent
A’s.

We can go back and retrieve the transfers for a specific value W of agent B to help us

determine the identity of the transferrer:

t“—tb:a+M0 a 11—« b
S S 1+MO S 1+MO S

If this difference is positive, agent A is making the transfer, otherwise, agent B is. Notice

that for the same state s, the difference in transfers t —¢% is increasing in W. That is, the higher
agent B’s promised value, the larger is the net transfer from agent A to agent B (by the concavity
of the Pareto frontier). This difference is increasing in agent A’s income, and decreasing in agent
B’s.

The envelope condition finally tells us that V' (W) = V/(W), so the continuation values stay
the same.

We refer to these values as the constrained efficient consumption and transfer values through-

out the paper and we denote them with the F'B superscript.

3.2.2 States where agent A’s incentive constraint binds

This set of states is characterized by the following consumption levels and continuation utilities.

cs = aY
Mg
ms = W(l—a)y
1
fo= it Y
o o+ M2 « -« v
S 14 MeTt 14+ Moo
I
VW, = -
(W) 14+ A7

1

where M2 = (Hf&a) .
The notable result is that consumption of the public good is equal to the first best value, so
again is independent of state and promised utility. There is a gain from keeping the consumption
of the public good constant because it is difficult to use it as a reward or punishment tool. One

cannot reward one agent by increasing ¢, without rewarding the other agent as well.
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In order to stay in the contract, agent A would like to consume more, and in a proportion that
is closer to what is dictated by his intra-temporal optimality condition. The most efficient way is
to achieve that is by keeping c; constant, and diverting resources away from agent B to the agent
A. Since M¢ < My, compared to the constrained efficient levels, agent B’s consumption must
be lower and agent A’s consumption higher. From the concavity of the frontier V', we can also
deduce that Wy < W. Agent A’s continuation value increases while that of agent B decreases.

Notice for a given state s, the difference in transfers t¢ — % is increasing in W. That is,
the higher agent B’s promised value, the larger is the net transfer from agent A to agent B
(by the concavity of the Pareto frontier). This difference is increasing in the agent A’s income,
and decreasing in agent B’s. Since agent A’s incentive constraint can only bind if he’s a net
transferrer, this is more likely to happen when the agent B’s value is high, and when agent A’s

income is high.
w

a

For the rest of the analysis of S, it is useful to consider two different types of income
processes. First, income processes which imply that agent A is the transferrer in all states in
autarky. Second, income processes which imply that agent A is the transferrer in only some
states in autarky, if any.

Consider the first group of income processes. Agent A being the transferrer in all states in
autarky implies that his income is high enough relative to that of agent B’s that even in autarky,
he chooses to transfer to agent B in all of the states. That is, he suffers more from the volatility
of the public good consumption than of his private consumption. His gain from the contract is
generated only by securing a steady consumption of the public good through insuring agent B.

It can easily be shown that if agent A is the transferrer in a given state in autarky, he is the
transferrer in that state in the optimal contract as well. This implies that under the specified
income process, agent A is the transferrer in all the states in the contract. Proposition 4 then
shows that in the absence of aggregate uncertainty, the consumption levels and the continuation
values will be constant across states for a given promised utility to agent B. Thus, if agent
A’s incentive constraint binds in state s for a given W, it will bind in all states for W. If
agent A’s incentive constraint binds for all states, it means that in every state, he’s indifferent
between staying in the contract or reverting to the Stackelberg equilibrium forever. His value in
the contract then must be equal to his Stackelberg utility, which means agents are at the point
((Whax, V. (Whax)) of the frontier.

In other words, if the income process is such that agent A is the transferrer in all of the states
in autarky, the incentive constraint of agent A binds in all states at his lowest sustainable value,

Vistack only. Proposition 5 summarizes these results.

Proposition 5 If t3* > 0 for all s, then SY = {1,2,...,8} for W = Wyax and S¥ = 0 for
w 7é Wstack-
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Proof. In Appendix A. =

Now, consider the income processes for which agent A is the transferrer only in some states
in autarky. If agent A’s income is relatively low in some states such that he transfers nothing in
autarky for these states, he needs to be insured by agent B in the contract against low income
shocks. This can be done in two ways, by a direct transfer from agent B to agent A and/or by
compensation through the public good consumption. Given Lemma 3, we can ignore the states
in which agent B is a transferrer since they will never be in S

As the value of agent B increases, agent A will transfer more and more to her, while letting
her allocate her income more and more independently. Moreover, as the promised utility to agent
B increases, agent A transfers in his lower income states as well. S" will expand from higher
income levels of agent A to lower ones as we move right along the W-axis. See Figure SV in the
appendix.

Consider a state j € SV. If the incentive constraint of agent A binds in j, it binds in that
state for all higher promised utilities to agent B. So, there is a threshold W for each state j
where agent A’s incentive constraint starts binding. The consumptions and continuation values
in state j are equated across promised utilities to agent B. This means that in Figure S}V we
will observe consumption levels and continuation values in state j to be constant for all values
between W and W,4,. An immediate implication is that, regardless of the promised utility
to agent B, once agent A’s incentive constraint binds, he immediately jumps to a continuation
utility for which his incentive constraint does not bind at any state. Since his continuation utility
is always greater than his ex-ante value, he cannot jump to another value where his incentive
constraint binds in some state.

It also follows that agent A’s Stackelberg value Viqcr is the only value for which agent A’s
incentive constraint binds in all states. Assume that agent A’s incentive constraints bind for W
and W. Then we know that the consumption levels and the continuation utilities will be the
same across states and across ex-ante values. In this case, agent A cannot provide two distinct
promised utilities to agent B, that is, the promise keeping constraint will be violated.

Proposition 6 proves the above claims.
Proposition 6 Assume that t' > 0 for all s with equality for some s, then the following holds.
i. If se SV, thensGSg/forallWZW.
ii. If s € SV, and t3' = 0, then for any j such that Y{* > Y, we have j € S}V
iii. If s lies in SV and r lies in S(fv, and t58 > 15t = 0, then as > a, and V(W) > V(WT).
Proof. In Appendix A. =

We now turn to the states where agent B’s incentive constraint binds.
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3.2.3 States where agent B’s incentive constraint binds and she is the transferrer

The consumption levels and the continuation values are given by the following.

cs = aY
M}
1
fo= aant oY
b 11—« b_a—&—Msb o
S 1M 14 MES
V(W) = —p—\

1

where M? = (,u + )\IS’) . Since M, %> My, compared to the constrained efficient levels, agent
B’s consumption must be higher and agent A’s consumption lower, shrinking the wedge of agent
B’s intra-temporal optimality condition and expanding that of agent A. Again by concavity of
the frontier V., Wy > W, so agent B’s continuation value increases and that of agent A decreases.

Once more, the consumption of the public good is equal to the efficient value, and is inde-
pendent of state and promised utility.

In principle, the agent B’s incentive constraint can bind whether she is a net transferrer or
a net receiver. However, given that agent B transfers a positive amount in a state to provide
insurance to agent A against his low income shock, she is more likely to transfer to agent A in
states where her income is high or when her promised utility is low. So for the states where she
is a transferrer, her incentive constraint is more likely to bind when her income is high or her
value is low. If agent B’s incentive constraint binds and she is transferring in a state s for a given
promised utility, her incentive constraint binds in state s for all lower promised utilities and in

all states where she has higher income as well. There is then a W} which is the maximum

s max

continuation value corresponding to agent B’s maximum income Y and beyond which no

s max>
incentive constraint of agent B binds with 2 > 0.

It is also straightforward to show that if agent B is the transferrer in a state where her
incentive constraint binds in the contract, the transfer in autarky for that state will be equal
to zero.% This implies that the period deviation utility of the agents in these states are state-
dependent. Hence, if agent B is transferring in a state where her incentive constraint binds, her
deviation utility, thus her consumption values and continuation utilities, are state dependent.
More precisely, they are increasing in her income. State dependency immediately implies that

they are constant across promised utilities for which her incentive constraint binds in a given

6See Appendix A.
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state.

Figure Sg’}/ depicts a presentation of this set over her income levels and values.
Proposition 7 i. If s € SY, then s € Sﬂ’ for all W < W.
ii. If s € S)Y, then for any j such that ij > Y?, we have j € Sy
1. If s lies in Sﬂ/ and in Sﬁ/, then bs = by and W, = Wi,
w. If s and r lie in Sg"{, and YSb > Yrb, then bg > b, and Ws > W,.

Proof. In Appendix A. m
If Agent B’s incentive constraint binds in all states, and she is the transferrer in all of them,
then her lifetime utility has to be the lowest sustainable lifetime utility, W;qcr. Proposition 8

proves this claim formally.
Proposition 8 If Sg"{ ={1,2,...5} and tg >0 for all s, then W = Wgiacek -

Proof. In Appendix A. =

Finally, we turn to the states where agent B’s incentive constraint binds and she’s a net
receiver. This is maybe the most interesting case, since it captures the incentive problem related
to the provision of the public good, as opposed to the insurance problem. It is also empirically

the most relevant case.

3.2.4 States where agent B’s incentive constraint binds and agent A is the trans-

ferrer

The results for the above sets will not easily extend for this set. We were able to prove above
that if the incentive constraints of an agent were binding in all of the states for a given promised
utility, that agent was receiving his or her autarky lifetime utility. This result is specific to the
cases where the agent whose incentive constraint binds is the transferrer. Here, there are a set
of continuation utilities for which agent B’s incentive constraint binds for all states. This is a
direct implication of agent B’s deviation utility being a function of the transfer dictated by the
contract. Remember that agent B’s disposable income in these states is given by Y? +t2. Hence,
different transfers will imply different deviation utilities for agent B. In the case where agent
B’s incentive constraints bind in all the states and she is the receiver in all the states, she will
typically receive a higher lifetime utility than her Stackelberg lifetime utility.

Across the states where agent B’s incentive constraint binds, agent A transfers an amount
in each state such that he can smooth out the consumption levels and the continuation utilities
(Proposition 4). To be able to equate the consumptions and continuation values for different

states, agent A transfers first in the low income states for agent B, then for higher income states.
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The important characteristic of these states is the following. Agent B is already receiving
transfers, hence agent A is insuring her against her low income shocks. If agent B’s incentive
constraint is binding, it has to be because she needs to be compensated for spending the “ade-
quate” amount on the public good. As the promised utility to agent B increases, she needs to
be compensated for higher income levels. Figure S’Xg depicts this.

If she is finding it difficult to comply with the spending dictated by the contract when agent

A is transferring, she finds it difficult when she herself is the one who is transferring.

Proposition 9 i. If t4FB > 0 and agent B’s incentive constraint binds in state s, then
ts > 0.

. If s lies in SXE’; then for all states r such that t> > 0, r lies in Sl‘g. Moreover, by = b,.,
cs =, and Wy = W,..

iii. If s lies in S}y , then for all states j such that té? >0, j lies in SV
w. If s lies in Sg’g and r lies in Sg’g where W > W then by > by, cs > ¢ and Wy < W,.

Proof. In Appendix A. =

As we pointed out, the first best allocation provides her with a lower period utility than
deviating and spending the transfer as her individual optimality dictates. Asking her to spend
even more on the public good would further hurt her incentives making defaulting more likely
for her. Hence, the public good consumption is lower than the first best amount, ¢ < aY, in
these states.

Agent A can compensate agent B in three ways: By increasing her continuation utility,
transferring a larger amount (to be spent on either by or ¢s or both), or for a given transfer,
shifting her expenditure from cs to bs. If the first best allocation dictated a transfer from agent
A to agent B, agent A will find it less costly to decrease the public good consumption from its
first best level on the margin than to transfer a higher amount to agent B and ask her to keep
the public good consumption at the first best level.

On the other hand, if the first best allocation dictated a transfer from agent B to agent A,
it implies that agent A’s relative income is lower in this state, and hence agent A would benefit
from insurance. However, in the contract, it is still him who makes the transfer. This implies
that he values the public good more than insurance. Then, it is not clear which compensation
would outweigh the others in terms of utility for agent A.

Consider the following scenario: There is a state s in which agent A is the transferrer and
agent B’s incentive constraint binds for a set of values of agent B. Assume for simplicity that
s is the only state for which this is true. Let W7 > W5 be any two promised utilities from this

set. The contract can dictate the same consumption levels and continuation utilities for W; and
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Ws. Then, to be able to deliver a higher promised utility, agent A needs compensate agent B in
states other than s. These states can either be in Sg/}/ or in S}V. But, we proved that agent B’s
consumption and continuation values are constant for a given state across promised utilities if
her incentive constraint binds for these states and she is the transferrer. As for the states in S},
we know that the consumption levels and the continuation utilities of agent B are increasing in

her promised utility.

3.3 Long Run Equilibrium

Denote the highest continuation value for which agent B’s incentive constraint is binding in at
least one state by W. The concavity of the frontier implies that if agent B’s incentive constraint
is binding in a state s, at a value of agent B W, her continuation value will increase, Wy > W.
For a given W < W, this implies that agent B’s continuation value in any state s will satisfy
W, > W. Hence, if agent B starts to the left of W, her continuation values will increase until
the agents enter the interval where the first best is sustainable. A similar argument for agent A
will show that if his incentive constraint is binding, his continuation values will increase until the
first best interval. Note that this result hinges on the two intervals of W’s, namely [Wtqer, W]
and [W, Vstack] not overlapping.

We can now state the following proposition about the long run equilibrium of the model. See

Appendix A for a discussion of the existence of a sustainable first best.

Proposition 10 If the set of values W for which Sg/g is nonempty is distinct from the set of
values for which SV is nonempty, and there exists an interval of the Pareto frontier where the
first best is implementable, this interval constitutes the long run equilibrium of the contract. Let
W and W be the smallest and largest values, and V(W) and V(W) the corresponding values for
agent A, for which the first best allocation is implementable. If initial promised utility to agent B
Wy < W, agents’ values converge to (W, V(W)). If initial promised utility to agent B Wy > W,
agents’ values converge to the pair (W,V (W)). If agent B starts with any promised utility Wy
between W and W, agents’ values stay at (Wy, V(Wp)).

Proof. In Appendix A. =

If agent B’s incentive constraint binds in a given state when agent A is the transferrer, then
it binds in all states where he is the transferrer (Proposition 9 (ii)) as well as in the states where
agent B is the transferrer (Proposition 9 (iii)). We also know that both incentive constraints
cannot bind in a given state. Hence, we can conclude that for a given promised utility, if agent
B’s incentive constraint binds in states where she is the receiver and hence in states where she is

the transferrer, then, agent A’s incentive constraint cannot bind for any state for this promised
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utility. Moreover, agent A’s incentive constraint cannot bind in any state s for any lower promised

utility to agent B since this would violate Proposition 6 (i). Figure S’Xg and Figure SWV.

Proposition 11 The set of values W for which S}y is nonempty is distinct from the set of values

for which SY is nonempty.

Proof. In Appendix A. =

Proposition 11 proves that both of the incentive constraints of the agents cannot bind for a
given promised utility of agent B. If we are at an interval where agent B’s values are relatively
low, then only agent B’s incentive constraints can bind in this interval. If we are at an interval
where agent A’s values are relatively low, then only agent A’s incentive constraints can bind in
this interval.

We conjecture the following result. Assume that there are no values for which the incentive
constraints do not bind in any of the states. Let W be the highest value of agent B for which her
incentive constraint binds and agent A is the transferrer, then W +1 is the lowest value of agent
B for which agent A’s incentive constraint binds. For W < W, W, > W, but W, is decreasing
in W. For W >W +1, W, < W. We expect agent B’s continuation utility to oscillate.

4 Comparative Statics

Given that our analytical results are specific to limited cases, it is useful to compute the ex-ante
frontier. We compute the frontier for CES utility functions, of which Cobb Douglas constitutes a
subset. We start by Cobb Douglas utility where the agents have different preference parameters,
and then move on to CES utility functions where the agents have identical preferences once again,
but the degree of substitutability of the private and the public good is different than in Cobb
Douglas parametrization we use.

Then we focus on the Cobb Douglas utility function and impose strict public good enforcement
policies in autarky:.

There are some regularities that come out of these various computations. The first best is
sustainable for a wide region of frontier. As we proved above in Section 3, in most cases, agent
A’s incentive constraint binds only at the last point of the frontier. The simulations show that

the Cobb Douglas and the CES utility functions generate similar behavior in this respect.
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Figure 1: Different Preferences

These imply that in most of the cases, the only region where the constrained frontier will differ
from the first best frontier will be where agent B’s incentive constraint is binding. Even then,
the contract will provide comparable lifetime utilities to both agents. On the other hand, the
policy functions display sizeable changes in the consumption levels of the agents. One important
finding here is that even if the public good’s consumption is different than its first best value, it
changes considerably less across different promised utilities to agent B when compared to either
agent’s consumption levels.”

As for the case where agent B’s incentive constraint is binding and agent A is the transferrer,
the consumption levels in the contract compared to the first best levels move in the following
manner. agent A is consuming less under the contract than he is under the first best, and his
consumption decreases as the promised utility to agent B increases. agent B consumes more
under the contract than she does in the first best, and her consumption increases with the
promised utility. The public good consumes less than the first best, however, his consumption

increases as the promised utility to agent B increases.

"Remember that except for the case where the agent B’s incentive constraint is binding and she is receiving

the transfers, the child consumes the first best level.
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Figure 2: Cobb Douglas vs. CES

First, we allow the agents to have different preferences. Figure 1 depicts the results. Let the
benchmark be the case where the agents have identical preferences. We consider two cases; one
where agent B cares more and agent A cares less about the public good and vice versa. If agent
B cares more and agent A less, the set of subgame perfect equilibria shifts to the left, implying
that in this case, compared to the benchmark case, lower values of agent B can be sustained in
the optimal contract, whereas the opposite will hold for agent A.

The analysis of the first order conditions of the general model suggested that one way to
compensate the agent whose incentive constraint was binding was to diminish the wedge in his
or her individual intra-temporal optimality condition. This helps us understand the mechanics
of the contract in the case where the agents’ preferences are not aligned.

First, remember that in autarky, agent B can actually set this wedge equal to zero whereas
agent A’s wedge is be zero in autarky. In the contract, if agent B’s incentive constraint is binding,
she enjoys higher consumption to compensate her for a positive wedge. Hence, if she cares more
about the public good, she has stronger incentives to accept the transfer and spend it as dictated
by the contract. On the other hand, if agent A cares less about the public good, then the fact that
agent B’s spending is not aligned with his preferences does not hurt him as much. Therefore, his
autarky utility increases, rendering his lower values unsustainable in the contract. An analogous

argument holds for the case where agent A cares more about the public good, and agent B less,
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compared to the benchmark case.

From these graphs we can also observe how much the agents decide to allocate to the public
good under each scenario. When the agents’ preferences are identical, we see that the public
good’s consumption is constant across values of the agents, except for the interval where agent
B’s incentive constraint is binding. When agent B cares more, as her value increases, so does the
public good’s consumption. When agent A cares more, public good’s consumption decreases with
agent B’s lifetime utility. We also see that agent B’s consumption and her values are positively
correlated. This also holds for agent A, given that his value is decreasing in agent B’s.

Figure 2 summarizes the results for Cobb Douglas utility function and for a more general CES
form. Assume that the agents are identical. Let the benchmark be the Cobb Douglas utility
function. Consider two different parameterizations of the CES utility, one where the private
consumption and the public good’s consumption is more complementary than the Cobb Douglas
specification we consider, the other more supplementary.

When private consumption and public consumption are more complementary compared to
the Cobb Douglas case, agent A transfers more in autarky. This increases agent B’s autarky
lifetime utility, and decreases that of agent A. The frontier shifts right and down.

When there is higher substitutability between the private and public consumption, agent A

will not be transferring as much to agent B in autarky, and the frontier shifts left and up.

5 Conclusion

In this paper, we expand the model of mutual insurance in the absence of commitment to include
a public good. The basic premise is that only agent A can spend on the public good, while agent
B can merely make indirect contributions through transfers to agent A. This adds a new layer
of incentive constraint, as agent B is required not only to insure agent A whenever he has low
income, but also to provide the level of public good dictated by the contract.

For general utility functions, we show that in most cases, consumption levels are invariant
to the distribution of income and depend only on the level of aggregate income. We build on
the conventional result on the public good provision in a Nash equilibrium, and apply it to our
dynamic environment with uncertainty.

We fully characterize the transitory and long term equilibria in the special case where the
agents have identical Cobb-Douglas utility functions and iid income shocks. We find that the
consumption of the public good is remarkably stable across states and across agents’ values, while
agents are compensated at the expense of each other’s private consumptions.

For the long run equilibrium, if there exists an allocation such that no incentive constraints

bind (first best), the long run equilibrium will converge to an efficient allocation. If no such alloca-
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tion is implementable, agents’ utilities and consumptions will converge to a limiting distribution
which can possibly depend on their initial values, and hence, not be unique.

We, then, compute the model to allow for differences in the agents’ preferences for Cobb
Douglas utility functions as well as CES utility functions. We find that if agent B cares more,
or if the private good and the public good are more supplementary, the set of subgame perfect
equilibria will expand to include lower lifetime utilities of agent B (hence higher values of agent
A). If agent B cares more about the child than agent A, the punishment is harsher. Similarly, if
the goods are more supplementary, agent A can substitute his private consumption for the public
good, hence will transfer less to agent B. This also decreases the value of autarky for agent B.
A similar argument applies for agent A. If the autarky provides a lower lifetime utility, either
because agent B cares less about the child, or because the goods are more complementary, the
set of subgame perfect equilibria will expand to include lower values of agent A’s lifetime utility
(hence higher values of agent B).

As for future research, an immediate extension to this model is to allow for income shocks
that are serially correlated. In the empirical direction, future work should focus on the testable
implications of the optimal dynamic contract built here. Concerning the child support appli-
cation, one could use panel data which contains information on child support obligations and
payments, child expenditure, and whether or not there is an enforcement order (wage withhold-
ing, tax return interception, etc.) against the father, to test for the implications of the model.
One panel data set that provides such variables (or proxies for them) is the Survey of Income

and Program Participation.
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A Proofs of Propositions

Proposition 1 An allocation {t?,t;’-, cj};iT is subgame-perfect if and only if it satisfies

o0
u(YE =t 1 er) + B Y Bru(Yi, — 2, 4t erp) > w(YE =18+ 2,60) + BVitack

r=1

Y

oo
(VP42 —tb —c )+ B Z Brz(Yr , +te, — 0 —crpr Criy) 2(VP 4% — et e) 4 BWatack
r=1

for all dates and states, where ¢, fﬁ and c; are the optimal deviation transfer and consump-

tions defined as follows

¢r = argmax 2YP 4+t —tb —C,C)
¢ = arg max 2(YP+t¢ - C,0)
t* = arg max u(YO —T +t°,¢,)

Proof. Consider an allocation {t?,t;,cj};'; satisfying the conditions above, and let the
agents follow a strategy whereby they transfer and consume the amounts dictated by the al-
location as long as both have done so in the past, otherwise, they revert to the Stackelberg
equilibrium. We say that these strategies form a contract.

Consider the deviation strategies of the agents first. Agent A is required only to make a
decision about the transfer to agent B. Knowing that agent B would reply to his deviation by
applying the Stackelberg rule to her final income, the best agent A can do is transfer %, to which
agent B optimally responds by allocating ¢ to the consumption of the public good.
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Agent B can deviate in three ways: first, by not transferring the right amount to agent
A; second, by not allocating the correct amount to the public good, and third, by combining
both deviations. Since the continuation value from any of the three deviations is the same (the
Stackelberg utility), agent B maximizes her period utility by transferring zero to agent A, and
applying the Stackelberg consumption rule.

One can easily see that the strategies described above form a subgame-perfect equilibrium.

On the other hand, let {t‘;, tg, cj }JO.;T be a subgame-perfect allocation. Then given agent A’s
transfer strategy, the said allocation should provide agent B with at least as high a payoff as any
other allocation, including the one resulting from her optimal deviation. The same reasoning

applies to agent A. Hence, {t‘}, t?, cj};iT should satisfy the above two equations. m

Proposition 2 In the optimal contract, in a given state s, either t2 > 0 and t2 = 0 or t2 = 0
and t% > 0.

Proof. Suppose the vector {t‘;,tg,cs,Ws}ses is a solution to the program above, and
that t¢ > 0 and t5 > 0 for some j. Take another vector {fg,ﬂ’,,cs,Wg}SeS where 5 =
max {O, 5 — t?}and tNg = max {0, t? - t;}, SO f? — f? =t7 — t?. Then the vector of new transfers
and old consumptions and continuation utilities gives both agents as high payoffs as the old

vector:

Z(ij + 5 — t? —¢j,¢5) + W, = Z(ij + f? — fg’- —¢j,¢5) + BW;
u(Yj —t§ +15,¢)) + BV(W;) = w(Y] — 15 +15,¢;) + BV (W)

thus leaving intact the left hand side of the incentive constraints.

On the other hand, the new vector implies a smaller constraint set, as the deviation budget
constraints are tighter now. Remember that when agent B deviates, she does not make the
transfer that the contract dictates, but accepts the transfer that agent A makes to her. If a new
contract dictates a transfer that consists of only the difference, agent B will receive a weakly
lower transfer from agent A under the new contract, implying lower benefits from deviation. An
analogous argument holds for agent A.

More explicitly,

VP4t >YP4+1% and YO+t > Vo410

which implies that
u(Yy =0+ 15 8) > u(Y — 12+ 1, 8)

where u(Y® — £ + %, &,) is agent A’s utility from deviating from the prescribed £, and

2V H 10— cel) 2 2(Y) +E - 6L E)

S S S S
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where z(Y? + 1% — &, c¥) is agent B’s utility from deviating from the prescribed #2, c,.
As a result, the new vector {f?,fl;cs, WS}S cs allows for a wider set of implementable allo-
cations. So any allocation that was available and incentive compatible under the old solution is

also under the new solution, and the new contract is weakly better than the old contract. m
Lemma 3 Agent A’s incentive constraint does not bind in a state where he is a net receiver.

Proof. Suppose that at some point the contract dictated a positive transfer t2 from agent B
to agent A. Suppose further that agent A found it profitable to deviate by transferring a positive

amount. Then we would have
u(Y 12, ¢6) + BV (We) = u(Y + 13 — 12, 8) + BVarack-

Since V(W) > Vitack , and Y& + 2 > Y@ + 1% — {2, this would only happen if ¢, < é;. Then
we can find another contract which dictates the transfer £ to agent B and the consumption ¢, to
the public good, with continuation values W and V(Wj). agent A is clearly better off with the
new allocation, and so is agent B. She is left with a higher disposable income to divide according

to her optimal rule. Hence, the initial contract could not have been optimal. m

Proposition 4 In the states where agent A is the net transferrer, the equilibrium transfer, the
public good consumption and continuation values are invariant to redistribution of income (as
long as agent A is still the transferrer after the redistribution). For the states where agent B is

the net transferrer, this will not generally hold.

Proof. Suppose that for a certain promised value W to agent B, and for certain levels of
income {Ysb}ses and {Y} g, {tg, . cs, WS}SGS is a solution to the program above and provides
agent A with value V. Now assume that there is a redistribution of income in some state j which
leaves the agents with new income levels ij’ = ij —Aand Y = Y + A, where A can be
positive or negative. Suppose that we start with ¢7 > 0 and t;’- =0.

Then as long as A > —t¢

. l.e. agent A is still the transferrer after the redistribution, the
new vector {t“' t. e, WS}S

S 178

cg» Where the jth component of {tg},cg is replaced by t§' =% + A,
is a solution to the new program. This means that the new vector leaves the agents with the
same post-transfer incomes and utilities. It remains to show that the new vector also satisfies all
incentive constraints, and there is no other vector that provides one agent with the same utility
level, while providing the other with a strictly higher utility level.

To check that (¢4/,0, ¢;, W;) is incentive compatible, first note that we have Y+t = Y} +t%/,
so agent B’s utility from deviating in the first period is the same. In addition, recall a general
result by Warr (1983) and Bergstrom et al. (1986) which states that, within a Nash equilibrium,

any redistribution of income among the set of contributors to a public good which leaves the set
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of contributors unchanged, leaves the total expenditure on the public good as well as the welfare
levels of all contributors unchanged. This result should hold immediately for the Stackelberg
equilibrium consumption and continuation values, so (u(Yj‘“ — f?/ ,65) + ﬁvsmk) and Wiiqer are
also intact.

Now suppose there is another tuple (f?,O,Ej,Wj) that is incentive compatible, and gives

agent B the same value W while offering agent A strictly more than V,

Z(}/}bl—’_{? - éj7éj) +/6WJ 2 z(Y}b/ +£;1 _0;70;) +5Wstack
AP 18— cjeg) + AW, = (VY 412 —&.8) + B
u(YV =t ) + BV (W) < u(Y —19,&) + BV (W)).

But then, as long as A > —¢,

it is easy to see that the same tuple (f‘;, 0,¢;, W}) was also
available under the old income levels. Just set the old transfer t;ol 4= f? — A, and specify the
public good expenditure and continuation value to be ¢;, W;. This leaves agent B with the same
budget and incentive constraints. Hence, the vector {tg,tg,cs7W5}s cs could not have been a
solution to the original problem.

Note that the theorem by Warr and Bergstrom et al. does not hold when t;’- > 0, since in
that case the only contributor to the public good is agent B (so any redistribution of income will
alter the income available to the set of contributors).

More generally, assume that the redistribution of income is in favor of agent B, so the new
income levels are ij’ = ij + A and Yj‘” =Y/ — A, where A is a positive number. It is clear
that W, .. > Watack, where W/, . is agent B’s new Stackelberg value. Moreover, suppose the
contract dictated a transfer t¥ = t + A, and consider agent B’s incentive constraints. Before
the income shock agent B’s income was satisfied, so

2V 8 —cj ) + BWs > 2(Y) — 5, ¢h) + BWotack

but we have no guarantee that the following will hold

2V =t —cjieg) 4 BWa = 2(V] = &.)) + BWpgen

A.1 Characterization of SV

We need the following lemmas to prove Proposition 5.

Lemma a Ifts' > 0 for some s, then t¢ > 0.
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Proof. If ¢5* > 0, then
YO 1-a l-«o

S

YT Ta T at M

S

|
Lemma b IfIfts" >0 and s € S)V then for any j such that ' > 0, we have j € S}V

Proof. For this part, it is enough to see that when ¢5* > 0 and tj?t > 0, agent A’s value in

the first best is the same in state j as in s, as is the utility from deviating:
WY —12,6) = u(YS —19,¢) = a®G (Y2 + Y?)
If his incentive constraint is binding in s, but not in j, then,

U(Ysa - tgv C) =+ ﬁV(Ws) = u(Ysa - 7?(;7 és) + ﬂ‘/stack:
u(Y;* =15, ¢) + BV (W;)

u(apy?,c) + V(W)

N

But, we know from the first order conditions that as > af? and V(W) > V(W). This is a
contradiction. m

Lemma ¢ If s lies in SV and r lies in ng, and then a, = a, and V(W,) = V(W,) where

W,(W,) is the continuation value in state s(r) when the promised utility is W (W).

Proof. As can be seen from agent A’s incentive constraint, the deviation utility is the same
regardless of agent A’s income. For his incentive constraint to be binding in both states, the
following should hold

u(ag, ca) + BV (W) = ular,¢;) + BV (Wy).

We know form the first order conditions that c¢; = ¢,.. Without loss of generality, suppose we
had as > a,. This would first imply that u(as,cs) > u(ar,c,), and secondly that M > M2,

which means that V(W) > V(W,.). This contradicts the above equality. We would get a similar

contradiction if we started by assuming that V(W;) > V(W,.). m
We will prove the proposition below with the two preceding lemmas.

Proposition 5 If ts' > 0 for all s, then SV = {1,2,...,S} for W = Wy4z and S =0 for all
other W.

Proof. Note that the right hand side of the equation below does not depend on the promised
utility to agent B. If it holds with equality in state s for agent B’s values W and W, it has to be
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that her consumption and continuation values are constant across promised utilities. We have

already shown that ¢ will be.

al—(xca + ﬁV(WS) =GY + BVvstack

S

But if a similar condition holds for all states, that is, if in all the states agent A’s consumption

and continuation values are constant across promised utilities, then it has to be that
Zws (as™%c™ + BV (W) = Vitack-
S

Any lower value will cause a deviation by agent A, any higher value to agent A would violate the

promise keeping constraint. m
Proposition 6 Assume that t5 > 0 for all s, then the following holds.
i. If seSY, thensES’ZVforallWZW
ii. If s € SV, and t5t = 0, then for any j such that Y > Y, we have j € S[‘L’T/.

iii. If s lies in SW and v lies in SV, and tst > t5t = 0, then as > a, and V(W) > V(W,.).

Proof.

i. Suppose the opposite. Then we would have

1 -« . , ) .
<1+M0> G(Y; +Y5)+6V(W) < U(Y; _tsch)—’_ﬁVStack

1 11—« - N
_ GYS+YD) + V(W) > u(YS —i2,6) + BVirack-
(1+M0> ( )+ BV(T) > )+ BVitach

By concavity of V, we know that V(W) > V(W) and My < By, which is a contradiction.

ii. There are two different cases to consider: t;’»t > 0 and tjt = 0. Start with the first one.
Note that if t;t > 0, then it has to be the case that u?e” > u?®? where u?®’ is defined by
(6). In absence of aggregate uncertainty, setting tjt = 0 is available to agent A, and he has
chosen tjt > 0. Hence it has to be that it yields higher utility than zero transfer. Given

that s € SY, and assuming that s € S}V
al—acoz + ﬁV(WS) = Ugev + ﬂ‘/stack:

< u?ev + ﬂ‘/stack
< (a{fVB)l_a c® 4+ V(W)



But, we know that a; > af® and V(Wy) > V(W) for all s € S from the first order

conditions, which contradicts the above inequality.

Now, consider the case where t;ft =0 and Y* > Y. Equation (6) implies that agent A’s

deviation period utility is increasing in Y¢, thus, u?ev > udev,
al=c™ + BV (W) < a}fo‘ca + BV (W;)
It is then easy to see that j € SY as well.

iii. Given the previous discussion, this part of the proof is trivial.

A.2 Characterization of S}}

Lemmad Ifse S andt?>0,ts' =0.

Proof. If s € S}V and t2 > 0, t5' = 0, then equation (??) dictates the following.

Yt a4+ M o
- > >
Yo 1-a -«

which implies that 5 =0 =
Lemma e If s lies in Sl‘ﬁ/ and r lies in S},’Y, and then by = b, and W, = W,..
Proof. Analogous to the corresponding proof for S¥. m
Proposition 7 i. If s € SY, then s € Sﬁ/ for all W < W.
ii. If s € S)Y, then for any j such that ij > Y?, we have j € Sy
5. If s lies in S&/ and in Sﬁ/, then by = Bs and Wy = Wi,
w. If s and r lie in Sg’}/, and Ysb > Yrb, then bg > b, and Wy > W.,.
Proof.

i. The proof for the first part is mainly the counterpart for the previous proposition’s.

ii. For this part, it is enough to see that agent B’s value in the first best is the same in state

j as in s, while her gain from deviating is larger when her income is higher.
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iii. The proof for this part is analogous to the previous proposition’s. It hinges on agent B’s
deviation utility and Stackelberg continuation value being the same in the same state for
different ex-ante promised utilities. Assuming that either b; # bs or W #+ W, would result

in a contradiction.

iv. From agent B’s incentive constraint, we have

Z(b“S)CS) + ﬂWQ
Z(b,«, Cr) + ﬁWr

GYsb + 6W9tack
GYrb + 6Wstack'

So we need
z(bs, cs) + BWs > z(b,, c,) + W,

From the first order conditions we know that ¢s = ¢,.. Now suppose we had by < b,.. This
would imply first that z(bs,cs) < 2(b,,¢.), and secondly that )\2 < )\ﬁ, thus Wy < W,.
Hence, z(bs,cs) + SW, cannot be greater than z(b,c,) + SW,, which is a contradiction.
We get a similar contradiction if we assume that Wy < W,.. It is unclear how the transfers

in these states compare.

|
Proposition 8 If Sg"f ={1,2,...5} and t? >0 for all s, then W = Wgrqek -

Proof. Note that the right hand side of the equation below does not depend on the promised

utility to agent B. If it holds with equality in state s for agent B’s values W and (W), it has
to be that her consumption and continuation values are constant across promised utilities. We

have already shown that ¢ will be.
b;_aca + ,BWS . GYSb + ﬁWstack

But if a similar condition holds for all states, that is, if in all the states agent B’s consumption

and continuation values are constant across promised utilities, then it has to be that
l—a o —
Zﬂ—s (bs c + ﬁWs) - Wstack'
S

Any higher value will violate the promise keeping constraint, any lower value will cause a deviation

by agent B. m

A.3 Characterization of S}y

Proposition 9 i. Ift!FB > 0 and agent B’s incentive constraint binds in state s, then t® > 0.
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.

If s lies in Sg/g, then for all states r such that t> > 0, r lies in Sl‘g. Moreover, by = b,.,
cs = ¢, and Wy = W,..

If s lies in S}y . then for all states j such that t? >0, j lies in S} .

If s lies in Sg’g and r lies in Sg where W > W then by > l;r, cs > ¢ and Wy < W,.

Proof.

i.

ii.

iii.

Suppose agent B’s incentive constraint binds in state s and t{¥# > 0. And suppose that
% > 0. This would mean that bs > b2 while ¢, = ¢['P. But this can only happen if agent
B’s total resources are higher under the contract than under the first best. Hence, it has
to be that t2 > 0.

If s lies in S,Yg , then we have

-«
(VP 4+ 4175 FBYI (WBYY 4 g1 < GOV 4 17P) 4 W ok

S

Suppose that for some other state j such that t7 > 0 agent B’s incentive constraint did not
bind. This means that

11—« o
(ij + eI ch) (EBY 4+ W > QY + t7P) 4 BW,raen

We know that Y +¢/F'B = ij + t;-cFB, so the right hand sides of both equations are equal.
We also know that ¢£? = ¢I'P from the first order conditions, which contradicts the above

assumption.

Suppose that b > b,.. Agent B’s incentive constraints would be as follows.

(Y2 412 — ) 7% + B, G(Y? +12) + BWatack >

G(Yrb +17) + BWstaer = (Yrb +ty — Cr)l_ac;x + W,
If s lies in S}g , then we have

(V2 4+ 78 — cFB)'7° (cB)™ 4 BW < GV + 47 ) + BW.taon.

Suppose that for some other state j such that t? > (0 agent B’s incentive constraint didn’t
bind. This means that

(V) =278 = o P) 70 (e B) 4 W 2 G+ BWtack-

We know that Y +¢/F'8 = ij — t}"F B and that cf'B = cf B from the first order conditions,

so the left hand sides of the equations are equal. Then for the above two inequalities to
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iv.

hold at the same time, it must be the case that Y2 + t/F'5 > ij. Now, t;”FB > 0 implies
that ij > %Y, while Y + t/FB = %ﬂftoy < %Y. Hence, we have a contradiction,

and agent B’s incentive constraint binds in j.
We do not have a proof for this case yet. We have

(Y2419 — e )% ()" + W, = G +19) + BWirack
(Yrb + t?« - Cr)lia (Cr)a + /BWT = G(Yrb + t?) + /BWQtack

The right hand side of the incentive constraint depends on the agent B’s post transfer
income. So hypothetically, agent A could set the transfers such that Y? + t¢ = Y;? + t2.
By doing this, he induces agent B to spend the same amounts on her private consumption
and on the public good in both states, and gives her the same continuation utility. Is that
feasible for W > W?

We already saw that for states that lie in Sp1, consumption and continuation value are only
state dependent, so if the same state j lies in S}y and in Slﬂ/ we should have W; = Wj.
Also, that for states that lie in S,, the continuation value is the same across states and
values of the promised utility. Moreover, that agent A’s incentive constraint is more likely
to bind at W than at W.

Hence, all the difference in the ex-ante promised utility should come from the states that
lie in Sy or in Spe. Suppose for the sake of argument that the set Sy was empty for both
W and W. Then the only way agent A can credibly provide a higher ex-ante value in one
case over the other, is by compensating agent B more in states that lie in Sg’g than in S;’g .
Of course this argument is incomplete because it might very well be the case that S§ or
SXV is nonempty.

If a state j lies in SV but not in ng, then j should belong to SXV, which means that
Wj < W which works against the fulfillment of the promise keeping constraint (or which
decreases the gap between W and W) If a state j lies in ng but not in S}V, then j should
belong to S}y , which means that W; > W which also decreases the gap between W and W.
Some states could lie in both SV and ng , which doesn’t help in filling up the gap either,
since they simply keep the values where they are. So, it must be that the states that are

in Spo are the ones we are interested in.

When agent B’s incentive constraint binds and she’s a receiver, we have

(Y2 tIFB — cFBYL=e ((FBYS 4 g < GVE + t1FB) + fWiaen

S

Agent A can bridge the gap between the right hand side and the left hand side of agent

B’s incentive constraint in three ways: By increasing her continuation utility, transferring
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a larger amount (to be spent on either bs; or ¢s or both), or for a given transfer, shifting

her expenditure from c¢s to bs. From the envelope condition,
V(W) = —p— X!

we know that agent B’s continuation utility increases when her incentive constraint binds,
but that is not the only tool agent A uses. We can show that, starting from the efficient
values, agent A will prefer decreasing cs and increasing b, over increasing the transfer and

keeping ¢, the same.

Suppose agent A wanted to keep ¢, constant, and decided to compensate agent B by giving
her more private consumption. The marginal decrease in the gap net of the marginal cost

to agent A is be equal to

((1 ﬁm)_a - (1+1Mo>_a> “

Now if the contract instead dictated a shift in agent B’s spending from the public good

toward the private good, the marginal decrease in the gap net of the marginal cost to agent

((245) " (25) " () )

Clearly, it is more profitable to decrease c¢s from its efficient level. This argument holds at

A is equal to

the margin, so agent A may use a combination of tools, further decreasing cs and increasing
2.

Now things look different if we had ¢™¥5 > 0 and t¢ > 0:

(Y;b _ t;nFB o CfB)lfa (CFB)O‘ +ﬂW < GYSb + 5Wstack'

S

Repeating the same argument as above, the net benefit of decreasing the required transfer

from agent B to agent A is

<<1 ﬁwo)_a N <1 +1Mo>_a> “

while the net benefit of a shift in agent B’s spending from the public good toward the

private good would be

()" () () )
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It is not clear which one is the better option.

For a certain value W, if t/f'2 > 0 and agent B’s incentive constraint binds for state s,
it will bind for all states j where she is a receiver and t; B 0, as well as for all states
where’s she’s a transferrer. Her consumption and continuation value will be constant across

the states in Sgg , where the continuation value is increasing in her ex-ante promised utility.

So far, we have not been able to show that if agent B is transferring in the first best
equilibrium, she will also be transferring for that state in the contract, though it seems
intuitive. Transferring a positive amount to agent B makes the already large right hand
side of her incentive constraint even larger, which in turn makes deviating more attractive

and the necessary compensation in the contract higher.

To see more precisely whether a positive transfer from agent B in the efficient equilibrium
could turn into a positive transfer from agent A in the contract, we try another marginality
argument at t2 = t? = 0. The idea is the following: Suppose that the contract dictated
that agent B be required to transfer less to agent A, as a way of compensating her for
staying in the contract, while keeping c; at the efficient level. Suppose further that even
upon reaching a zero transfer, agent B’s incentive constraint is still violated. Then will
it be optimal for agent A to start transferring to agent B, or for the transfer to stay at
zero with agent B shifting spending from ¢4 to bs (Notice that this is an extreme scenario,
since ¢ here is at its efficient level, so the marginal utility from a unit of the public good

consumption is at its lowest).

If agent B’s incentive constraint is still violated when she’s transferring a zero amount, then
we must have
11—« «
(Y —cEBY 7 (FBY + BW < GY! + BWatack

Suppose agent A were to transfer a positive amount to agent B. The net benefit would be
equal to
(1 - a)acy® [(Y;’ —ay) - (Y;‘)“} e

If the contract instead dictated a shift in agent B’s allocation of her income toward more
of the private good, the net benefit would be
a

oy (1 —av) T - )]

We know that for agent B to be transferring in the efficient equilibrium, it must be that
Ye l1-«

— <

Y T 14 M,
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A.4 Long Run Equilibrium

Assume that ¢t > 0 for all s. Then, the first best is sustainable if the following holds.

-«
1 pt/e 1
—_ Y > —aGY
() @ 2 e

1 1 e 1
m (H/Jl/a) GY > mao‘GY.
First, note that whether the first best is sustainable or not does not depend on 3 if agent A
is the transferrer in all the states in autarky, since for these income processes, he does not need
insurance, and he is willing to provide insurance to agent B.
Secondly, note that some first best allocations are not be sustainable even in these cases. As

agent B’s relative Pareto weight p increases, ( ) — 0, agent A’s utility also approaches 0

and the first best is not sustainable. A similar argument for agent B holds when p — 0.
Proposition 10 If the set of values W for which Siy is nonempty is distinct from the set of
values for which SY is nonempty, and there exists an interval of the Pareto frontier where the
first best is implementable, this interval constitutes the long run equilibrium of the contract. Let
W and W be the smallest and largest values, and V(W) and V(W) the corresponding values for
agent A, for which the first best allocation is implementable. If initial promised utility to agent B
Wo < W, agents’ values converge to (W, V(W)). If initial promised utility to agent B Wy > W,
agents’ values converge to the pair (W,V(W)). If agent B starts with any promised utility Wy
between W and W, agents’ values stay at (W, V(Wp)).

Proof. This is a direct result of the frontier being strictly concave. m

Proposition 11 The set of values W for which S}y is nonempty is distinct from the set of values

for which S¥V is nonempty.

Proof. Agent A’s incentive constraint will not bind if t2 > 0. In the set of statesSY, t¢ > 0.
In the set of states S}5, t2 > 0. But we know by propositions 6 and 9 that if agent A is the
transferrer and the one agent’s incentive constraint is binding in a state s, then the same agent’s
incentive constraint binds for all states r where t* > 0. Given that both incentive constraints
cannot bind at the same time for a given state, we conclude that the set of values W for which

S}y is nonempty is distinct from the set of values for which S} is nonempty. m

B Proof of Concavity

For a general utility function, we will not be able to use the Theorem of the Maximum to prove

the convexity of the problem, hence to prove that the first order conditions are necessary and
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Figure 3: Cobb Douglas Utility

sufficient. Endogenous variables 2 and t? enter the right hand side of the incentive constraints.
Therefore, the constraint set will not trivially be convex.

However, the value functions for CES utility functions are linear in total wealth. Hence, the
deviation utilities of the agents will be linear in their disposable income in the period of deviation,
ie. zdv = K, (Ysb + t?) and u® = K, (YS“ + tl;) where K; and Ky are constants. Therefore
the constraint set will be convex.

Then Theorem of the Maximum says that the frontier will be strictly concave.

C Existence of a Non-Trivial Contract

We start by showing that the first best utilities are different than the Stackelberg utilities.

The Stackelberg values are as follows.

o= a?Yr
b = a(l-a)Yr
ClSt = (1 — O()YT

The first best values are as follows:
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c = a¥Yr

K
B = 1—a)Y;
1+K( )¥r

1

FB

= 1- )Y,
@ 1+K( )Yt

where K = p!/®. Tt is easy to see that the public good consumes a higher fraction of total
income in first best, and agent A consumes less compared to their respective Stackelberg levels.
As for agent B, it depends on her relative Pareto-weight.

Equating agent A’s utility from the Stackelberg equilibrium to the one from the first best, we
find the condition on the relative Pareto weight which should satisfy the following:

1 (e}
Ppst = (al"a - 1)

The analogous condition when agent B is at her Stackelberg utility is the following:

1 «
ol—«
Hpst = 1
1—-at=-=

In order to show that there are potential gains from the contract, it is necessary and sufficient
that when agent A is receiving the Stackelberg utility, agent B’s utility is higher than her Stack-
elberg, under the first best. In other words, that the relative Pareto weights we found above are

not equal, so that p,, . > psg. This implies the following condition on the parameter a:

e 1
1 <aa-T+qa-T1

This provides us with a restriction on « such that the first best utilities are different than
Stackelberg utilities. It remains to be proven that the utilities in the contract will be different as
well.

Suppose agents are initially playing Stackelberg in all states. Now change the strategies to
the following:

Pick s state s for which %' > (0. Whenever state s occurs, agent A transfers t¢ > 25t > 0,
and in return agent B spends cs = kcSt, where k > 1 is chosen to make agent A just indifferent
between the old equilibrium and the new one, and agent B better off. Whenever any state other
than s occurs, play the Stackelberg strategies.

It is enough that such a state s exists, and is incentive compatible for agent B, for a nontrivial

contract to exist under the present utility form.
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First, for any given k, find the necessary transfer that would make agent A indifferent between

playing the Stackelberg strategy and the new strategy:

(}/Sa _ tcsz)l—(x (k,czt)a — (Ya _ t;zst)l—a (Cst)("

S S

which gives us the following transfer equivalence:
tz = Y;;a - (1 - O‘)kﬁ(y;a + Y:eb)

Now we need to check that agent B would not choose to deviate from the new strategy in

order to establish that the new contract is incentive compatible and makes agent B better off:

s

a b
G 1))

(1 + 1ﬂ”ﬁ> (Y2 + 18 — ke ™ (kes) " > GY) +12) +
After some manipulation, the term (Y + Y?) factors out, and we are left with the following
expression:

kea? 1-k37(1-a) - £5a
(L=a)™ ™ (1= k@1 (1 - ) — ka?) " (1- £2))

44



T+1

ta. to agent B
tt_ to agent A
c, on public good

W, to agent B

T

enter with W,

T+1

v

enter with W

offer contract before the
income shock is observed

ta, to agent B
tb, to agent A
c, on public good

W, to agent B

v

enter with W

v



(yany°r) (¥3,Y%)

|

ta, 20 arob Ato B

tt.>0 arob Ato B

|

C, on public good consubption

T+1

(yaj ’ybj) (yas’ybs)



;s

— o > SWmaxa

A

v



— Wstack

| y°s } SWhp4

b
Y s-1

A

v



w
Sb2

YPs ¥Ps Y°s ybs\ ybs\
Y°s.1 Y°s.1
— >Ska2 - > SWbb2
i ~ B i
ybj

1 S, 4 1

y°, y°, y°, y°,

b 1 b | b 1 b

: Y1 Y1}SW1b2 yb1/ Y1j Y1j :

Wstack W1 Wj Wk Wb



SW,,and SV,

ybs\\ y°s y°s %SWZM ybs\\
i Y°s.1 | Y°s.1 | Y°s.1 | Y°s.1
i | be-2 > SW1b1 |
Y°s.3
B >SWstackb | —+ >8Wbb2
_ >Swzb2 |
i > SWi | |
y°, y°, y°,
y°; ) Y°: yb. Y°; )
Wstack W1 Wz Wb



ybs\\ y°s ¥%s yas}swa Yés )
i Y°s 1 i YPs 1 1 Y51 1 Ys-1 1 Ys-1
Yos-2 .
| - 4+ > SWJa
Yos.3
| >SWstackb e 1
) ! L
B B >8Wbb2
yb2 yb2 ya, ya,
yb1 j yb1 AL AL ya,
Witack W, Was Wa Wj



max

stack

\

ICb binds

A

v

First Best

&

«

v

ICa binds

A

v

stack

=

max

v



max

stack

\

ICb binds

A

v

First Best

A

v

stack

Wa=\Wmax

v



