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Abstract
I study two regions that are negotiating an agreement to internalize externalities.
Local preferences are local information, but reluctance is, in equilibrium, signaled
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1. Introduction

Consider the classical situation with regional public goods: Due to externalities, each of

regions A and B contribute too little. The regions thus want to negotiate an agreement

where they must both contribute more. The regions may be heterogeneous, but local

preferences are local knowledge. In this simple context, I ask two simple questions. Can

the regions benefit by constraining themselves to agreements with complete harmonization

of policies? When will side payments improve the agreement?

International agreements and federal policies are often characterized by uniformity.

The WTO applies specific formulas for tariff negotiations, and its "reciprocity principle"

requires that concessions should be similar across countries. In the European Union, har-

monization and uniformity are recognized as the classic Community method.1 Article 94

TEC (Treaty of the European Community) calls for an approximation of laws, regulations

or administrative provisions, which has led to an explosion of directives calling for uni-

form policies for e.g. the environment (McCormick, 2001). Since such uniformity cannot

reflect local conditions, it is often criticized. Although Alesina, Angeloni and Etro (2005,

p. 2) admit that harmonization is a typical way in which the EU implements policies,

they argue that such "rigid" unions are inferior to "flexible" ones that allow for policy

differentiation.2

The questions of differentiation and side payments are related as well as dependent.

In fact, regional side payments may be interpreted as a form of policy differentiation,

since they can be facilitated by negotiating federal taxes that differ (instead of being uni-

form) across regions. Side payments can also be explicit transfers between the regions,

but they are most frequently facilitated by linkages between various issues combined in a

package deal. The European Council, consisting of the head of states, typically negotiates

1De Burca and Scott (2000, p. 1).
2After a lot of similar criticism, the EU has indeed allowed more flexibility in recent years. Prior to

the Maastricht Treaty, the above-mentioned Article 94 referred to the approximation, or harmonisation.

Nugent (2003, p. 301) writes that the word harmonisation was dropped to reflect the more flexible and

less rigid approach that had developed towards differences in national standards and requirements. De

Burca and Scott (2000) argue that the EU has moved towards more flexibility as more members have

been accepted.
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such package deals. The Council of Ministers, however, has less discretion over alterna-

tive political issues, and side payments are difficult.3 The allocation of tasks between the

chambers may therefore determine whether side payments are possible. Also in other con-

texts, side payments are sometimes deliberately ruled out: Trade negotiations are seldom

linked to the environment, for example. But because linking issues together in ’package

deals’ can open the door to agreements by ensuring that there are prizes for everybody, it

is typically presumed that side payments can sustain a vastly superior outcome compared

to the agreement without side payments and thus side payments are needed to reach the

best result.4

Since both policy differentiation and side payments are presumed to be good, it is

puzzling why they not always exist.5 Before concluding on these questions, it is thus

important to take a closer look at the trade-offs involved.

This paper presents a simple model where two regions negotiate on how to allocate

the burden of producing a regional public good. The regions may be heterogeneous, but

local information is local knowledge. The trade-offs related to differentiation and side

payments are illustrated, and the best bargaining agenda is shown to depend on the

amount of heterogeneity, the externality, and the value of the agreement.

Starting with the case where side payments are unavailable, the costs and benefits of

differentiation are investigated. The regions have conflicting views over how the policy

should be differentiated, since each region wants the other to contribute more. In equi-

librium, the region with the highest value of the public good is most eager to settle the

3This is a well-known difference between the EU institutions. For example, Nugent (2003, p.357)

writes that The European Council has been instrumental in formulating some of the EU’s grander com-

promises and linked deals [while] other EU institution...are ill-adapted to the linking of different policy

areas [because] they certainly do not have the means.
4The three quotas are borrowed from Nugent (2003, p. 357), Barrett (2001, p. 1847) and Cesar and

de Zeeuw (1996, p. 158), respectively.
5For policy differentiation, Alesina, Angeloni and Etro (2005) conclude by admitting that flexible

unions may require complex organizational arrangements that may run into costs of complexity and dif-

ficulty of practical implementation. Puzzled by the lack of side payments in international agreements,

Cesar and de Zeeuw (1996) conjecture that the reason might be that it is difficult...to determine the

precise willingness to pay.
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agreement, and will have to contribute most. Such differentiation is typically efficient.

But to obtain a better deal, each region would like to signal reluctance to participate in

the agreement, and reluctance can be signaled by delay. Giving in early, a region reveals

its impatience and high willingness to pay for the agreement, and it will have to contribute

more. If the policies must be uniform, there is no desire to signal bargaining power by

delay, since both regions will have to contribute by the same amount in any case. To

evaluate whether policy differentiation is desirable, its value should be compared to the

cost of strategic delay.

When side payments and differentiation are both possible, the situation is quite dif-

ferent. First, a region can "sell" its contribution against side payments. Thus, there are

gains from trade. Second, the desired "direction of trade" depends on the region’s value

of the public good, so it can signal its type by its proposal. This make delay less neces-

sary as a signaling device. For both reasons, political differentiation is always beneficial

when side payments are possible. However, it might still be better to prohibit both side

payments and differentiation, since this will eliminate all strategic delay.

By contrasting these two cases, the effect of side payments is isolated. As already

noticed, side payments allow both gains from trade and a method for the regions to signal

their types, implying that delay becomes less necessary as a signaling device. As a third

effect, however, a reluctant region may force the other region to make side payments in

addition to contributing more. With side payments, the conflict of interest is larger, and

the incentive to signal reluctance by delay increases. When this effect dominates, side

payments are detrimental to efficiency.

Besides providing normative recommendations for how to organize international ne-

gotiations, the paper contributes to several strands of literature. The literature on fiscal

federalism, initiated by Oates (1972), typically compares decentralization and centraliza-

tion under a quite restrictive assumption: if the policy is centralized, it must be uniform

across regions. For international issues, this uniformity assumption is used to analyze the

optimal and equilibrium size of nations (Alesina and Spoalore, 1997), the breakup of na-

tions (Bolton and Roland, 1997) and political integration (Ellingsen, 1998). However, this

assumption has recently been attacked by several scholars. Lockwood (2002) claims that
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the uniformity assumption is not derived from any explicit model of government behav-

ior, and Besley and Coate (2003) argue that since the reason for imposing the uniformity

constraint seems unclear on both empirical and theoretical grounds, Oates’ analysis is sus-

pect. This paper finds a rationale for uniform policies. But such harmonization requires a

pre-commitment to uniformity, otherwise a reluctant region will demand favorable treat-

ment. Since regions in a federal union are better able to make such commitments (by

writing formal rules or using trigger-strategies in repeated interaction), more uniformity

should be expected within federal unions, than across. Consequently, the paper provides

a foundation for the uniformity assumption, and describes when it is likely to hold.6

The traditional "justification" for uniformity is that local preferences are private in-

formation. Alesina, Angeloni and Etro (2005, p.6) state that information about countries’

preferences is not publicly available. Empirically, Mäler (1991) observes that the control

costs and environmental damage in one country are known to that country only. But it

is unclear why private information should imply uniformity. On the contrary, Bordignon,

Manasse and Tabellini (2001) show that the policy is still differentiated in the optimal

mechanism. But in a bargaining context, Alesina and Drazen (1991) predict a war of

attrition between legislators trying to stabilize the economy, since the proposal-maker

must bear the lion’s share of the stabilization cost. As explained by Drazen and Grilli

(1993), this is due to private information: accepting early stabilization reveals a politi-

cian’s willingness to pay. Another politician will then require that the first bears most

of the stabilization cost. Anticipating this, every politician is reluctant to propose stabi-

lization, and stabilization is thereby delayed. Such haggling can, of course, arise in many

contexts, and it may explain why it takes years to negotiate international agreements.

The present paper adds to this literature by deriving conditions under which uniformity

may help.

6A few other papers investigate how the political game may induce uniformity in alternative ways.

Cremer and Palfrey (2000) show how a majority might vote for a federal mandate which might be too

strict. Panagariya and Rodrik (1993) argue that a uniform tariff across industries might be optimal

to reduce lobbying and tie the hands of politicians favoring certain groups. Using similar arguments,

Besharov (2002) shows that uniform policies may be optimal to avoid costly lobbying. To my knowledge,

this is the first paper investigating uniformity in a bargaining context.
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There is a large literature on bargaining under private information (surveyed by

Ausubel, Cramton and Deneckere, 2002). Because of the incentives to signal and screen,

such negotiations are typically inefficient, and may involve delay. The model of this paper

is similar to the endogeneous-timing models by Admati and Perry (1987) and Cramton

(1992),7 where each agent is allowed to delay as long as it desires before making its next

offer. This paper contributes to the literature on bargaining under private information by

investigating when efficiency may increase by imposing simple constraints such as uniform

policies and a ban on side payments.8

The next section presents the model of the economy and the bargaining game. Section

3 describes the equilibrium when side payments are not possible, and investigates when a

uniform policy is beneficial. Section 4 repeats this exercise for the case with side payments,

while Section 5 compares the two cases and derives conditions under which side payments

are good. The model is kept as simple as possible. While a bargaining game should only be

interpreted as an example of how agents may negotiate, Section 6 finds the equilibrium

to implement the most efficient "stable" and "robust" mechanism. Moreover, Section

7 argues that the results would hold under more general assumptions concerning the

economic environment. Alternative interpretations of the results are discussed in Section

8. All proofs are relegated to the Appendix.

7Admati and Perry (1987) study a buyer-seller alternating offer bargaining game where the seller’s

type is known, while the buyer can be of two possible types. Cramton (1992) assumes there to be a

continuum of types for each player.
8The paper also contributes to the literature on issue linkages, since side payments can be interpreted as

such. This literature (e.g. Inderst, 2000) emphasizes the gains from trade and the distributive implications

of adding another issue to the bargaining agenda. When there is private information, I find another

rationale for issue linkages, as well as a counterargument. Since preferences can be signaled by the

proposed combination of issues (or the "direction of trade"), using delay as a signaling device is less

necessary. However, the second issue (side payments) may increase the conflict of interest and the

incentive to signal bargaining power may increase. If the gain from trade is small, issue linkages reduce

efficiency.
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2. The Model

2.1. The Economic Environment

Consider a typical situation with regional public goods. Region A’s marginal value of the

public good is vA, its contribution is measured by gA, and the marginal cost of contributing

is normalized to one. The externality e denotes the fraction of A’s contribution that

"crosses the border" to the benefit of region B. Since symmetric assumptions are made

for region B, the level of public good in region A is (1− e) gA+ egB. In addition, let s be

a (possibly negative) side payment from B to A. The regional utility functions are:

uA = vA [(1− e) gA + egB]− gA + s (2.1)

uB = vB [(1− e) gB + egA]− gB − s

To avoid trivial cases, assume that 1/(1 − e) > vi > 1:9 The first inequality ensures

that no region will contribute without an agreement, the second that both regions would

benefit from an agreement with equal contributions.10 The positive externality11 implies

that the regions benefit from cooperation. Specifying (gA, gB, s) is equivalent to specifying

(g, d, s), where g ≡ gA + gB measures the size of the agreement and d measures how the

policy is differentiated across the regions,

d ≡ gB − gA. (2.2)

A uniform policy (d = 0) requires that both regions contribute the same amount, or

equivalently, that the level of public good is the same in both regions.

Since the utilities are linear functions, the regions would like g to be infinitely large.

If g must be financed by local taxes or loans, and the sum of the tax bases is normalized

to 1, the budget constraint (when the regions can borrow from each other) is gA+gB ≤ 1.
9In statements that may be true for either region, i denotes any of these, i.e. i ∈ {A,B}.
10I thus abstract from the problem of participation: If vi < 1 were possible, i would not participate

without differentiation or side payments (see e.g. Hoel, 1992).
11A negative externality can become positive by simply changing the sign of gA and gB : While the

externality of pollution is negative, the externality of cleaning or reducing pollution is positive.
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This constraint will bind in equilibrium, so that in any agreement,12

gA + gB = 1. (2.3)

Besides reflecting the regions’ joint budget constraint, a fixed size of the project is reason-

able in several cases. In Alesina and Drazen (1991), legislators negotiate whether and how

to stabilize debt, where the level of debt defines the required total contribution. Ratifying

an environmental agreement may commit the EU to reduce its total pollution by a certain

amount, but how the contributions should be allocated between countries remains to be

negotiated. To fix ideas, suppose that A and B negotiate on whether and how to imple-

ment an agreement cleaning or reducing the total amount of emission by one unit. The

amount of differentiation d measures how much B cleans relative to A. The externality

e reflects the fraction of emissions crossing the border, and vA and vB measures A’s and

B’s marginal value of clean air.

The constraint (2.3) allows us to focus on the distributive issues d and s. Combining

(2.2) and (2.3), gA and gB become functions of d. Substituted in (2.1) gives

uA = (vA − 1) /2 + d[1− (1− 2e)vA]/2 + s (2.4)

uB = (vB − 1) /2− d[1− (1− 2e)vB]/2− s.

Total welfare can be defined as

u ≡ uA + uB = d (vB − vA)

µ
1

2
− e

¶
+

vA + vB
2

− 1. (2.5)

Equation (2.5) shows there exist potential benefits from differentiating the policy, when-

ever the regions are heterogeneous (vA 6= vB). If e < 1/2, pollution is mainly a local

problem, and d (vB − vA) > 0 is optimal: the region with the highest value of clean air

should reduce its emission most. If e > 1/2, most of the emission crosses the border and

12Without regional loans, an alternative assumption would be to let there be upper boundaries for

regional contributions, gi ≤ gi. However, this would lead to an "unfair" bias towards uniformity, since

the first-best would simply require gi = gi, without capturing the intuition that the policy should be

differentiated according to the vis in optimum. Section 7 discusses how these assumptions could be

relaxed.
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d (vB − vA) < 0 is optimal: the region with the lowest value of clean air should reduce its

emission most.13

However, A and B have conflicting interests in how the policy should be differentiated:

Each region prefers that the other region contributes most. And, as motivated in the

Introduction, local preferences are assumed to be local information. Region i only knows

its own type vi ∈ {v, v}, and the fact that the other region’s type is either low (v) or high

(v > v) with equal probability.

This economy is formalized as simply as possible. However, the model can be extended

in several ways: The utility functions may be concave and the constraint (2.3) relaxed,

some heterogeneity may be observable, there might be heterogeneity in the costs of con-

tributing, and the types may be arbitrarily distributed. Section 7 argues that while the

analysis would then become more complex, the results would continue to hold.

2.2. The Bargaining Game

The bargaining game is quite standard. The regions make alternating offers over (d, s),

A makes the first offer, time is continuous and the time horizon is infinite. Agreeing early

is preferred to agreeing later, since i’s present value of an agreement settled at time t is

δtui, where δ < 1 is the regions’ common discount factor. The minimum time between

offers is negligible (small and approaching zero). I follow Admati and Perry (1987) and

Cramton (1992) by relaxing the standard assumption that a region must make a proposal

at a certain time. Timing is endogenous, as each region is allowed to delay as long as it

wishes before making its next offer. This may be a reasonable assumption in international

bargaining, where geographical distance may prevent efficient negotiations until the next

meeting is scheduled.

Section 7 discusses how the bargaining game can be modified: Instead of allowing the

regions to signal their types by delay, they may signal by proposing an inefficient (small)

project. This would lead to similar results. However, Section 6 shows that the above

13Is it reasonable to allow e > 1/2? For the pollution example, this means that polluting plants are

quite strategically located in each region. For international trade, it implies that a tariff reduction is

mostly beneficial to foreigners.
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bargaining game implements the most efficient "stable" and "robust" mechanism.

3. Without Side Payments: Uniform or Different Policies?

This section assumes that side payments are not possible (s ≡ 0). This may be reasonable

if the negotiating ministers have little discretion over other political variables. Moreover,

the results provide a benchmark case, which will later be contrasted to the case with

side payments (Section 4) to evaluate the effect of the side payments themselves (Section

5). The first subsection describes the bargaining outcome when policy differentiation is

possible, while the second subsection compares differentiation and harmonization.

3.1. The Outcome with Differentiation

This subsection states the bargaining outcome and explains how the negotiations will

proceed.

Proposition 1: If the regions negotiate d, the unique sequential equilibrium satisfying

the Intuitive Criterion has the following outcome (d, t):

B’s type (3.1)

A’s type
v v

v (0, t2) (d0, t1)
v (−d0, t1) (0, 0)

d0, t1 and t2 are defined by:

d0 =
1

2

∙
v − 1

1− v(1− 2e) −
v − 1

1− v(1− 2e)

¸
(3.2)

δt1 = 1−
∙

(1− v(1− 2e))d0
v − 1 + (1− v(1− 2e))d0

¸
(3.3)

δt2 = 1− 2
∙

(1− v(1− 2e))d0
v − 1 + (1− v(1− 2e))d0

¸
(3.4)

The negotiations will proceed as follows. If region A is of high type, it will immediately

propose equal contributions (d = 0). A high-type B immediately accepts. A low-type B,

however, rejects A’s offer and delays until time t1 before suggesting (by proposing −d0)

that A contributes most. This is immediately accepted by A. If A is instead of low type,
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it does not make any immediate offer. Instead, A delays until t1 before suggesting (by

proposing d0) that B contributes most. A high-type B immediately accepts. A low-type

B, however, rejects A’s offer and delays until t2 before suggesting equal contributions,

which A immediately accepts.

In equilibrium, the region with the highest value of clean air will have to contribute

most. If (vA, vB) = (v, v), for example, B is very eager to quickly settle the agreement.

Since eagerness reduces B’s bargaining power, A forces B to contribute most to the

agreement (d = d0 > 0). The amount of differentiation d0 is determined by the difference

in bargaining power. Since this agreement is quite attractive for A, A would like to

pretend that it is of low type, even if this were false. To credibly signal its reluctance,

a low-type A must delay in making an offer. The delay will be (exactly) so long that it

would be too costly to afford for a high-type A.14 A low-type B behaves in a similar way.

Since only low types will delay, the agreement is settled earlier if more regions value it

highly.

3.2. Uniform or Different Policies?

Suppose the two regions were committed to uniform policies (d = 0) should they ever

reach an agreement. Then, the proceeding bargaining outcome would be simple. A

would immediately suggest an agreement, and B would immediately accept, whatever are

their types. No type would desire to imitate another type, so no delay would be necessary.

Demonstrating bargaining power would be useless as the regions would have to contribute

by the same amount in any case. With uniform policies and no side payments, the unique

sequential equilibrium outcome is thus (d, t) = (0, 0).

We can use the above results to characterize the expected and discounted total utility.

In the case of uniform and differentiated policies, respectively, this can be written as:

u0 =
1

4
(v − 1) + 1

2

µ
v + v

2
− 1
¶
+
1

4
(v − 1) (3.5)

ud =
1

4
(v − 1) + 1

2

∙
v + v

2
− 1 +

µ
1

2
− e

¶
(v − v) d0

¸
δt1 +

1

4
(v − 1)δt2 (3.6)

14This is possible since the utility function δtui fulfills the single-crossing property.
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By comparison, differentiation provides costs as well as benefits. The potential benefit

is that the region with the highest value of clean air will reduce its emission most. The

cost is that such an agreement is delayed. It is useful to define the expected value as

v ≡ v + v

2
,

and the heterogeneity by the relative difference in the two types’ net value of a uniform

agreement,

h ≡ v − 1
v − 1 > 1.

Proposition 2: u0 ≥ ud if and only if condition (3.7) holds. This is more likely if the

externality e is large, the heterogeneity h small, and the value v low.

h

∙
2(v − 1)

µ
1− 2e

e

¶
− 1
¸
≤ 3 (3.7)

The intuition is as follows. If the externality e is low, it is beneficial that the high-

type region cleans most, since this will imply that the air is cleanest where this is most

appreciated. Thus, the differentiation following from the bargaining game is valuable. If

e ≈ 1/2, however, it is of less importance where cleaning is located, since the amount

of clean air will, in any case, be similar in both regions. The value of differentiation is

then low. If e > 1/2, it would be optimal that the low-type region contributed most. In

equilibrium, however, the high-type region ends up contributing most, since it has the

lowest bargaining power. Requiring harmonization would then clearly be better. Thus,

the benefit from a differentiated policy decreases in e. The cost turns out to increase.

As e increases, each region benefits more from the other region’s contribution, and the

high-type becomes more tempted to imitate the low-type’s strategy. To signal bargaining

power credibly, delay must increase. In sum: if e increases, uniformity becomes better

relative to differentiation.

Thus, it is necessary that e < 1/2 for differentiation to be good. If v then increases,

there is an increase in the gains from cleaning domestically. The value of convincing the

other region to contribute more instead decreases, and the high-type region becomes less

tempted to signal bargaining power. Consequently, the delay decreases, and differentiation

becomes better relative to uniformity.

12



If the heterogeneity h increases, the value of differentiation increases directly, which

makes a differentiated policy better relative to a uniform one.

The chain of causation is admittedly somewhat more complex, however. If e, h, or v

changes, so does the amount of equilibrium differentiation d0. And when d0 changes, so

do both the cost (delay) and the benefit (the amount) of differentiation. The proof of

Proposition 2 shows that cost and benefit increase similarly when d0 increases, and the

two effects cancel.

In reality, d0 may not be determined by negotiations alone. Economic or technological

constraints may limit the extent to which the policy can be differentiated, such that

d ∈ [−D,D] for some D ≥ 0. (3.8)

If this constraint is binding (i.e. if d0 > D), it is easy to show that the outcome (3.1)-(3.4)

continues to describe the equilibrium if only d0 is replaced by D. And, as noticed in the

previous paragraph, the amount of differentiation (d0 or D) does not have an impact on

whether a uniform policy is better. Proposition 2 holds in either case.

4. With Side Payments: Uniform or Different Policies?

Side payments may not be relevant if we consider coordination in a single issue. But they

may be highly relevant when the coordinating countries are integrated also in other areas

of policy, as in Europe today (Persson and Tabellini, 1995, p. 2000).

As issue linkages and logrolling become intrinsic in the political debate, some kind of

side payments between the regions can be included and perhaps not excluded from the

bargaining agenda. As already noticed, side payments can also be achieved by negotiating

federal taxes that are different (instead of uniform) across regions. Thus, let the regions

negotiate side payments as well as policy differentiation. The static Pareto frontier, drawn

in Figure 4.1, shows that it is now necessary to recognize the limit (3.8) to differentiation.

The bargaining game is similar to that above, but each proposal is now a pair (d, s).
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Figure 4.1: The Pareto frontier when the agenda is (d, s), e < 1/2, A is of high type and

B is of low type.

4.1. The Outcome with Side Payments and Differentiation

This subsection states the bargaining outcome and explains how the negotiations will

proceed.

Proposition 3: If the regions negotiate d and s, the unique symmetric sequential

equilibrium satisfying the Intuitive Criterion has the following outcome (d, s, t):

If e ≤ 1
2
: B’s type (4.1)

A’s type
v v

v (0, 0, ts2) (D, s, ts1)
v (−D, s, ts1) (0, 0, 0)

If e ≥ 1
2
: B’s type

A’s type
v v

v (0, 0, ts2) (−D, s, ts1)
v (D, s, ts1) (0, 0, 0)
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ts1, t
s
2, s and s are defined by:

δt
s
1 = Min

½
1−

∙
(v − v) (1− |1− 2e|D)

2(v − 1) + (v − v) (1− |1− 2e|D)

¸
, 1

¾
(4.2)

δt
s
2 = Min

½
1−

∙
2(v − v) (1− |1− 2e|D)

2(v − 1) + (v − v) (1− |1− 2e|D)

¸
, 1

¾
(4.3)

s ≡ 1

4
(v − v)− D

4
[2− (v + v)(1− 2e)]

s ≡ 1

4
(v − v) +

D

4
[2− (v + v)(1− 2e)]

The negotiations will proceed as follows. Suppose that e ≤ 1/2. If region A is of high

type, it proposes (d, s) = (0, 0) at t = 0. A high-type B immediately accepts. A low-type

B rejects A’s offer and delays to ts1 before it counteroffers (−D,−s), which A accepts.

If region A is of low type, it does not make any immediate offer. Instead, A delays to

ts1 before proposing (D, s). A high-type B immediately accepts. A low-type B rejects

A’s offer and delays to ts2 before it counteroffers (0, 0), which A immediately accepts. If

e > 1/2, the behavior is similar, but now a low-type region suggests that it will make the

largest contribution itself. Naturally, the side payment to the low-type region must then

be larger (s > s). In any case, the policy will be optimally differentiated in equilibrium.15

Just as in the previous section, a low-type region delays to credibly signal its bargaining

power. A high-type region finds the low-type region’s strategy unattractive, for two

reasons. As before, a high-type region is less patient and cannot afford a delay. Second,

if e < 1/2, the low-type region pays the other region to contribute most. A high-type

region has a lower willingness to pay for such a "trade". Thus, a region signals its type by

proposing a certain "direction of trade". If D |1− 2e| is large, the gains from such trade

are large, the high-type is little tempted to imitate the low-type, and the necessary delay

15What determines the side payments? In the bargaining equilibrium, the side payments are set such

that the utilities are equalized. If policies were uniform, side payments would go from the high-type to

the low-type region, since the former benefits more from an agreement than the latter. But if one region

is to contribute more than the other, it must be compensated. The net side payment will consist of the

sum of these two forces. If e < 1/2, the high-type region should clean most. The two forces then pull in

opposing directions, and it is unclear whether s is positive or negative. If e > 1/2, the low type should

clean most. The side payment to the low type is then s > s, which is clearly positive.
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to separate the two types is small. If D |1− 2e| ≥ 1, proposing a direction of trade is a

sufficient signal: delay is not necessary and the bargaining outcome is first best.

4.2. When is Uniformity Better?

When both differentiation and side payments are possible, total expected utility can be

written as

uds =
1

4
(v − 1) + 1

2

∙
v + v

2
− 1 + (v − v)

¯̄̄̄
1

2
− e

¯̄̄̄
D

¸
δt

s
1 +

1

4
(v − 1)δts2. (4.4)

If uniform policies were required, but side payments were on the agenda, the outcome

would be exactly as above by setting D = 0. Define the resulting total expected utility

as us. It is clear that uds increases in D, for two reasons. First, as D increases, it

becomes possible to concentrate more of the cleaning to one region, and the gain from

such differentiation increases. Second, it becomes more costly for the high-type region to

imitate the low-type region’s strategy, since this would imply inefficient differentiation.

Thus, the need for delay is smaller. For these two reasons, it is always better to allow

policy differentiation if side payments are on the agenda.

Proposition 4: uds ≥ us always.

This proposition does not imply that differentiation is good whenever side payments

can be part of the agenda. It may be beneficial to prohibit both side payments and

differentiation, since this ensures zero delay.

Proposition 5: u0 ≥ uds if and only if both D |1− 2e| < 1 and (4.5) hold. This is more

likely if the heterogeneity h is small, the possibility to differentiate D small and
¯̄
1
2
− e
¯̄

small.

h

µ
2

1− |1− 2e|D − 3
¶
≤ 3 (4.5)

The basic intuition is as follows. If e ≈ 1/2, it is of less importance where cleaning

takes place, and there is little value in differentiation. If e < 1/2, most of the cleaning

takes place in the high-type region in equilibrium, and the benefit of this is decreasing in
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Figure 4.2: In area U , it is optimal to prohibit both differentiation and side payments.

e. If e > 1/2, optimal differentiation implies that the low-type region does most of the

cleaning, and this benefit is increasing in e. In either case, the value of such differentiation

is increasing in the heterogeneity h and the amount of differentiation, D. The potential

cost of differentiation is delay, but this is decreasing in the gains from trade D |1− 2e|,

since such trade provides an efficient signaling device. If D |1− 2e| ≥ 1, there is no delay.

5. Are Side Payments Good?

-Side payments are needed to reach the best result (Cesar and de Zeeuw, 1996, p. 158).

Comparing Sections 3 and 4 reveals that side payments have three effects. First,

there are "gains from trade", since one region can compensate the other for contributing

more. For this reason, side payments are typically presumed to increase efficiency.16 In

addition, a region can signal its type by the proposed direction of trade, thereby making

delay less necessary as a signaling device. But, as a third effect, a low-type region may

force a high-type region to pay in side payments what it cannot pay in politics. Then,

16Cfr. the Introduction. From a game-theoretic perspective, however, it is not clear whether side

payments are beneficial. Jackson and Wilkie (2003) show that the possibility to commit to side payments

conditional on strategies may induce players to inefficiently tilt the equilibrium in their favor. Besley and

Coate (2003) show that regions may be extensively expropriated if side payments are possible. In the

bargaining context above, however, side payments would always be first-best if information were perfect.
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bargaining power pays off more when side payments are available, and imitating the low-

type’s strategy becomes more tempting. There is then an increase in the incentives to

signal bargaining power, and this effect might outweigh the reduced necessity to signal

by delay.

Proposition 6: Suppose that e ≤ 1/2. ud ≥ uds if and only if (5.1) holds. This is more

likely if the externality e is small, the heterogeneity h large, the value v of the agreement

large, while the possibility to differentiate D small.

h− 1
h+ 1

≥ D

µ
1− v(1− 2e)

v − 1

¶
(5.1)

The basic intuition is as follows. If D is low, the policy cannot be differentiated much

and the gain from trading (D − d0) is small. Signaling a certain direction of trade is

not a very convincing signal of type, and the delay is large. Since the policy cannot

be differentiated a lot, bargaining power is not very useful without side payments. By

allowing for side payments, however, the low-type region may force the high-type region

to pay in side payments what it cannot pay in policy. The incentive to signal bargaining

power increases, as does delay. Thus, if D is small, side payments are bad.

If the heterogeneity h is large, there is a great deal of differentiation d0 even without

side payments, and the gain from trading D − d0 is small. The difference in bargaining

power is large, however, and the low type requires side payments from the high type. To

signal bargaining power credibly, delay must increase when side payments are possible.

A large v and a small e make domestic contribution more valuable. Without side

payments, regions are little tempted to signal bargaining power and there is little delay.

Introducing side payments destroys the peace. Then, regions become more tempted to

signal bargaining power in order to tilt the transfers in their direction, and delay may

increase. Thus, side payments are good only if v is small and e is large. If e > 1/2, the

policy is suboptimally differentiated without side payments. The gains from trade are

then larger, and side payments are more likely to increase efficiency.

In short, unless the existing conflict between regions is sufficiently large, allowing side

payments is detrimental to efficiency since it increases the conflict of interest and thus,
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delay. It follows that prohibiting side payments is always better if the policy must be

uniform, i.e. u0 > us.17

6. A Mechanism Design Justification

Since real-world negotiations are quite complex, any particular bargaining game and equi-

librium should be considered as just an example of how the agents might negotiate. How-

ever, this subsection discusses two appealing properties of the above equilibria and shows

that no procedure can achieve a better outcome with these properties.

First, notice that the final agreement d (for the case without side payments) or (d, s)

(for the case with side payments) are identical to the bargaining outcome if information

is complete (see the Appendix). The only difference is the delay. This feature is particu-

larly important in the context of international agreements, where there is no third party

enforcing the agreement. While the regions may reach an agreement today, it might not

be binding tomorrow.18 Any country may then declare the agreement invalid, after which

each region contributes zero until a new agreement is formed. Since the regions’ types are

revealed at this stage, they will immediately negotiate a new agreement where d or (d, s)

are as given above. Thus, only these agreements are "stable" towards such a unilateral

request to renege the agreement.

Definition 1: An agreement is stable if no regions desire to renege the agreement ex

post.19

Notwithstanding how the regions negotiate, their method can be replicated by a mech-

anism where honest revelation is an equilibrium. In our context, we can define a (direct)

mechanism in the following way:

17In principle, the amount of side payments s could be limited by some constraint s ∈ [−S, S]. It is
easily shown, however, that such a constraint would not change Proposition 6.
18Barrett (2001, p. 1836) writes that the rules for international law allow countries to withdraw from

an international treaty, at least after giving sufficient notice; and, as to reaffirm this freedom, nearly all

treaties include an explicit provision for withdrawal.
19This is different from traditional definitions of renegotiation-proofness (see e.g. Farrell and Maskin,

1989), precluding outcomes where both regions want to renegotiate.
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Definition 2: Let bv = {v, v} be each player’s strategy set. With differentiation but no
side payments, a mechanism is a mapping Md : bv2 → R2, specifying an outcome (d, t)

for each pair of possible types the regions may announce. With differentiation and side

payments, a mechanism Mds : bv2 → R3 specifies an outcome (d, s, t) for each pair of

announcement.20

Call a mechanism stable if the resulting agreement is stable (according to Definition 1).

Mechanism design is often criticized because the optimal mechanism is typically sensitive

to the agents’ beliefs. Wilson (1985, p. 1101) claims that a desirable property of a

mechanism is that it does not rely on features of the agents’ common knowledge, such as

their probability assessments. In the context of this paper, in particular, it might be hard

to pin down exactly what one region knows about the other. Mechanisms robust to this

criticism work for all priors the negotiators may possible have. In our context, this is

equivalent to requiring that the mechanism is implementable in dominant strategies, and

that honest revelation is an ex post equilibrium.

Definition 3: Call a mechanism robust if it is incentive compatible for all priors.

Proposition 7: The most efficient stable and robust mechanism Md is implemented by

the equilibrium in Proposition 1. The most efficient stable and robust mechanism Mds is

implemented by the equilibrium in Proposition 3.21

20There is no loss of generality by letting the mechanism be deterministic. Instead of letting the

mechanism specify a probability p for the agreement to be formed, it can simply let the agreement be

formed at date t, where δt = p.
21How restrictive are the requirements that the mechanism must be stable and robust? If only relaxing

the second requirement, the best mechanism dictates no delay if only one region announces low type,

but a quite long delay if both regions do. The tradeoffs are qualitatively similar to those analyzed in

this paper. Suppose that we instead relax the first requirement. Without side payments and assuming

e < 1/2, the best separating mechanism implies that d0 = D, while the delays are still given by (3.3)-(3.4).

If e ≥ 1/2, no mechanism can do better than a uniform policy. Proposition 2 remains unchanged. But

with side payments, the first-best can be achieved just by adjusting the side payments.
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7. Generalizations

In the above model, the utility functions are assumed to be linear and the constraint

gA + gB = 1 is therefore imposed. This constraint "freezes" the size of the project while

recognizing that the policy ought to be differentiated at the first best. Alternatively,

the utility functions (or the vis) could be concave functions of the amount of regional

public good. The first-best would then be an interior solution and the constraint on g

would not be necessary. Although the bargaining game would be too complicated to solve

analytically, it is worthwhile to notice how the results would necessarily change. Crucially,

different types would prefer different amounts of the public good. Even if uniformity were

required, the regions would not have aligned preferences: The low type would prefer a

smaller project (g) than the high type. The bargaining outcome would be a compromise.

However, no type would like to imitate another type, so there would still be no delay

with uniform policies. If policy differentiation were allowed, the low-type’s proposal for a

smaller project would not be tempting to imitate for the high type, so less delay would be

necessary. The more the types differ, the larger would be the difference in their preferred

size of the project, the less the high-type would like to imitate the low type, and the less

delay would be necessary. Overall, the value of policy differentiation would increase in

the heterogeneity, just as before. The other results above would continue to hold.22

It follows from the previous paragraph that a low-type region may signal its type

by suggesting a less ambitious project. In fact, a low-type region can signal its type

without delay by suggesting a sufficiently small project. To make the signal credible,

the suggested project may be much smaller that what is efficient. This is also possible

in the above model (but not an equilibrium).23 Thus, the assumption that a region can

22If the vis were concave, there would be a natural limit to how much the policy should be differentiated,

even with side payments. The more concave were these functions, the more sensitive would the marginal

value be to the amount of the public good, and the less the policy should be differentiated at the first

best. To reflect this in a linear model, parameter D above should be smaller if the vis are expected to

be very concave.
23It is easily shown that, in the above model, a region would never signal its type by reducing g, since

it is cheaper to signal by delay. The reason is that the other region can always suggest g = 1 in its next

offer, while it cannot suggest to return to time t = 0 after some delay. Thus, the other region demands
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delay as long as it wishes before making its next offer is not crucial. Without delay, the

regions could propose a smaller project. In fact, if instead of delaying to time t, a region

could permanently reduce the size of the project from 1 to δt, all the results above would

continue to hold. Such an outcome would not be renegotiation proof, however, since the

regions would both benefit from a more ambitious agreement.

The above bargaining game is simplified by assuming that pi = 1/2, where pi is the

probability of region i being of low type, and assuming the types to be uncorrelated.

Allowing for differences in the pis and correlation, there would be no considerable change.

However, for a sufficiently large pi, there may be a pooling equilibrium since the other

region would not find it worthwhile to screen region i. Then, the bargaining outcome

might be uniformity, even if the regions are of different types. As shown in an earlier

version of this paper, the set of parameters under which such pooling is an equilibrium is

strictly smaller than that where uniform policies are optimal. A commitment to uniform

policies (and no side payments) is still desirable for these parameters. The results of the

paper thus survive, while the analysis will be more complicated.

All heterogeneity above is private information. However, it is straightforward to allow

for some observed heterogeneity, such that vA ∈ {vA, vA} and vB ∈ {vB, vB}. If the

observed heterogeneity (vA− vB) were large relative to the amount of private information

(vi − vi), differentiation would be more likely to be optimal. The trade-offs would be

similar to those analyzed, however.

Finally, the heterogeneity may be related to the costs of contributing, instead of the

values. If the value of the public good were v for both regions, while the cost of contribut-

ing were ci ∈ {c, c} instead of 1, the analysis would proceed in an almost identical way

as compared to previously. Only one effect would disappear: As the externality increases

above 1/2, it would still be desirable that the low-cost region contributes most. The value

of differentiation would thus be independent of e. However, the cost of differentiation

would still increase in e, since delay would increase in e for the same reason as before.

Qualitatively, the above results would continue to hold.

less in the latter case.
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8. Interpretations

The results can be interpreted in several ways. Obviously, they provide recommendations

for how to organize international negotiations. The first subsection summarizes the results

in this light. In addition, the second subsection argues that they explain why policies are

typically more uniform within than across federal unions. Thus, the analysis provides a

theoretical foundation for the uniformity assumption used in the literature. Based on this

assumption, the final subsection explains that the results describe when centralization

outperforms decentralized cooperation.

8.1. International Cooperation (A Summary)

Negotiating agreements between autonomous states or regions can be a difficult task.

Two important questions are: To which extent should the policies be harmonized across

regions? Should side payments be used?

Policy differentiation?

Side payments?
no yes

no u0 ud

yes us uds

The answers turned out to be dependent. While policy differentiation is necessary

to take heterogeneity into account, the regions will have conflicting views on how the

policy should be differentiated, and this leads to inefficient bargaining (Proposition 1).

By comparing the bargaining agendas in the first row of the above table, a uniform policy

is better when the externality is large, the heterogeneity low, and the value of the project

is low (Proposition 2). With side payments, there are gains from trade, but delay may

prevail (Proposition 3). Comparing the two agendas in the second row of the above table,

differentiation is always better (Proposition 4). However, it is better to prohibit both

differentiation and side payments when the externality is large and heterogeneity low

(Proposition 5). A vertical comparison between the two rows in the table reveals that it

is efficient to prohibit side payments if the externality is low, the heterogeneity is large,

and the value of the project is large (Proposition 6).

In short, while differentiation and side payments make the negotiations flexible and
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allow the policy to reflect local conditions, they create conflicts of interest and thus, delay.

Moreover, the two are complements: With side payments, differentiation is always good;

without differentiation, side payments are always bad.24

8.2. A Foundation for the Uniformity Assumption

While the analysis showed that harmonization may be the best policy, it is also clear

that this requires the regions to commit in advance. Without commitment, a low-type

region would easily benefit by proposing differentiation in its favor. One way of com-

mitting may be to use trigger strategies in frequent interaction, where regions stick to

a limited bargaining agenda (without differentiation and/or side payments) to sustain

future cooperation. Another way of committing is to write formal agreements, calling for

harmonized policies for certain political issues. Either way, regions constituting a federal

union should be better able to commit to uniform policies when this is the best solution.

Hence, we should observe more uniform policies between regions forming a federal union

than between regions that do not. This is similar to the uniformity assumption frequently

made by the traditional literature on fiscal federalism, as discussed in the Introduction.

The above analysis thus provides a theoretical foundation for this, and characterizes when

the uniformity assumption is likely to hold. More importantly, the analysis provides both

an explanation and a rationale for the empirical regularity that policies are more uniform

within than across federations.

8.3. Decentralization vs. Centralization

As discussed in the Introduction, there is a large literature evaluating decentralization and

centralization for both federal and international unions. This literature relies extensively

24Besides providing normative recommendations, the results can also be interpreted as positive predic-

tions for how a rational EU would be organized. It is interesting to notice that while harmonization or

approximation are recommended for the common market (Article 94 TEC) and the environment (Article

174), where the externalities are large, it is explicitly excluded for culture (Article 151) and public health

politics (Article 152). This fit well with the theory. Moreover, as the EU expands, heterogeneity is likely

to increase, and uniformity should be less desirable. Indeed, the EU has become more flexibility in recent

years (De Burca and Scott, 2000, Nugent, 2003).
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on two restrictive assumptions. First, as already discussed, the policy is assumed to

be uniform whenever the instrument is centralized. Second, there is no coordination

between regions if the policy is decentralized. As argued in the previous paragraph, this

analysis provides some support for the first assumption. The second assumption seems

more implausible, however. Even if the policy is decentralized, the regions certainly have

incentives to cooperate whenever externalities exist. Suppose therefore that assumption

2 is relaxed. By decentralizing the policy, the regions are free to negotiate any agreement,

including policy differentiation and maybe side payments. Due to private information,

the negotiations are delayed, however. By centralizing the policy, in contrast, it becomes

uniform across regions (according to the first assumption), and there is no delay. Thus,

the comparison between centralization and decentralization is identical to that between

uniform and different policies, analyzed in this paper.25

If side payments are not available, Proposition 2 describes when centralization is better

than decentralization. Proposition 5 states when centralization is better in a context

where the regions may use side payments. The analysis also suggests a case for partial

decentralization: Comparing Propositions 2 and 6, a differentiated policy might be better

than harmonization, but side payments may still be a bad idea. This will typically be

the case if heterogeneity is large while the possibility to differentiate the policy is small.

The best political regime is then to decentralize the relevant policy, while restricting the

regions’ discretion over side payments.

As compared to the traditional literature (e.g. Oates, 1972), certain results are con-

firmed: Centralization is better if heterogeneity is low and the externality large. The

explanation is quite different, however. Proposition 2 also states that differentiation is

better when the value of an agreement is large, since delay is then smaller. More impor-

tant decisions should thus be decentralized, since the regions are then likely to negotiate

more efficiently. This is similar to the result by Klibanoff and Morduch (1995). Other re-

sults are more at odds with the literature. In particular, it is the existence of asymmetric

25This trade-off is quite similar to that analyzed by Bolton and Farrell (1990), who study firms’ entry

on a market. While the cost of decentralizing this decision might be delay (as well as duplication when

both firms enter), the benefit is that the most efficient firm is likely to enter first. A clumsy government,

they assume, will immediately but randomly pick one firm.
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information that makes the case for centralization in the model above. With complete

information, the first-best is to differentiate the policy and thus allow decentralized co-

ordination. With asymmetric information, instead, decentralized coordination is likely

to be inefficient and centralization may be better. Moreover, the central government’s

uniform policies do not constitute a disadvantage, calling for more decentralization (as

normally argued). Quite the opposite: It is the uniform policy which makes centralization

potentially attractive, since it reduces the transaction costs of reaching an agreement.

Appendix

PROOF OF PROPOSITION 1: First, some notation is introduced. A history after

N offers is the set of proposed and rejected offers: HN = {dN , tN}N . Let HN denote

the set of possible histories, define H0 ≡ (0, 0) , and let H be the set of all possible

histories. A pure strategy for A is a rule fA that says, whenever N is even, whether A

should accept the previous offer or make a counteroffer dN+1 with delay tN+1 − tN ≥ 0,

i.e. fA : H→{accept, (R,R+)}. Let A’s belief bA : H→[0, 1] denote the probability A

puts on the state vB = v after some history HN . Similarly, fB and bB denote B’s strategy

and beliefs about A’s type. At t = 0, bA = bB = 1/2.

Roughly speaking, a sequential equilibrium (Kreps and Wilson, 1982) is a set of strate-

gies and beliefs such that after every history, each player’s strategy is optimal, given its

beliefs and the other player’s strategy, and the beliefs are consistent with Bayes’ rule. The

intuitive criterion (Cho and Kreps, 1987) is a refinement restricting the beliefs outside the

equilibrium. In essence, it requires that any action out of equilibrium that is beneficial for

exactly one type, implies that beliefs place probability one on this type. In our context,

this may be defined as follows:

Definition 4: Let (d, t)i denote the (expected) equilibrium outcome if i is of high

type, given i’s belief. Let Fi ≡ {(d, t)|(d, t) Âi (d, t)i if and only if vi = v}. The intuitive

criterion requires that bj = 1 after i 6= j has taken some action leading to an outcome in

Fi.
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An earlier version of this paper let each region be of low type with probability p, and

found that a pooling equilibrium might exist if p ≥ p for some p > 1/2. Since a pooling

equilibrium is thus impossible when p = 1/2, I will restrict the attention to separating

equilibria.

If information were complete, an argument similar to that of Rubinstein (1982) implies

that the unique sequential equilibrium is the one defined by Proposition 1 with zero

delay.26 This level of differentiation is the best anyone can hope for in a separating

equilibrium, since anything better would be rejected by the other type when the types

are revealed.

Suppose that A is revealed to be of low type by making its last offer at tA. A high-type

B will not be able to convince A that B is of low type. Thus, B accepts any d ≤ d0, and

will itself immediately propose d0 if A’s proposal is some d > d0. Should A understand

that B is of low type, A would accept any d ≥ 0. Thus, a low-type B maximizes its utility

by proposing an offer in FB which is acceptable to A if bA = 1. That is, the offer must

be unattractive to a high-type B and acceptable to a low-type A with beliefs bA = 1:27

Max
(d,t2)

1

2
[v − 1− (1− v(1− 2e)) d] δt2 s.t.

1

2
[v − 1− (1− v(1− 2e)) d0] δtA ≥ 1

2
[v − 1− (1− v(1− 2e)) d] δt2

d ≥ 0

26Note that an affine transformation of the utilities gives

euA ≡ uA
[1− vA(1− 2e)]/2

= wA + d,

euB ≡ uB
[1− vB(1− 2e)]/2

= wB − d, where

wi ≡
vi − 1

1− vi(1− 2e)

is region i’s willingness to pay for the agreement in terms of d. In the Rubinstein (1982) alternating

offer bargaining game, as the time between offers approaches zero, d will be set such that euA and euB are
equalized:

d = (wB − wA) /2,

which gives the d in (3.1)-(3.2).
27Any other offer would either be less desirable for the low type, or also desirable for the high type.

Thus, only this offer can constitute a separating equilibrium satisfying the Intuitive Criterion.
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The solution is

d = 0

δt2−tA =
v − 1− (1− v(1− 2e)) d0

v − 1 .

Suppose instead that A is revealed to be of high type by making an offer at tA. A

high-type B will not be able to convince A that B is of low type, and B accepts any

d ≤ 0, and will itself immediately propose d = 0 if A’s proposal is some d > 0. A low-type

B, on the other hand, maximizes its utility by proposing an acceptable offer in FB. The

problem is as before, and the solution is:

d = −d0

δtB−tA =
v − 1

v − 1 + (1− v(1− 2e)) d0

Having found B’s optimal strategy, let us turn to A. In a separating equilibrium, A

makes an offer which only a high-type B accepts. If A is of high type, it cannot (by

Definition 4) persuade B to believe that bB = 1. Thus, a high-type A proposes d = 0 at

tA = 0, which gives A the expected utility

uA =
1

4
(v − 1) + 1

4
[v − 1− (1− v(1− 2e)) d0] δtB .

The low-type A’s problem is then to make an offer which is not attractive to a high-type

A, but acceptable to a high-type B with beliefs bB = 1:

Max
(d,tA)

1

4
[v − 1 + (1− v(1− 2e)) d] δtA + 1

4
(v − 1) δt2−tAδtA s.t.

uA ≥ 1

4
[v − 1 + (1− v(1− 2e)) d] δtA + 1

4
(v − 1) δt2−tAδtA

d ≤ d0

The solution is:

d = d0

δtA =
v − 1

v − 1 + (1− v(1− 2e)) d0
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Combined, it follows that δt1 ≡ δtA = δtB and δt2 are such as defined in (3.3)-(3.4).

PROOF OF PROPOSITION 2: Define the net values of a uniform agreement as

n ≡ v − 1 and n ≡ v − 1. Note that n = 2(v − 1)h/(h + 1) and
¡
1− δt2

¢
= 2

¡
1− δt1

¢
.

u0 ≥ ud whenever the benefit from a differentiated policy is smaller that the cost of delay.

Comparing (3.6) and (3.5),

ud ≤ u0 ⇔
1

2

µ
1

2
− e

¶
(v − v)d0δt1 ≤ 1

2

µ
v + v

2
− 1
¶¡
1− δt1

¢
+
1

4
(v − 1)

¡
1− δt2

¢
⇔

(1− 2e) (v − v)d0 ≤ (v + v − 2)
¡
1− δt1

¢
/δt1 + (v − 1)2

¡
1− δt1

¢
/δt1 ⇔

(1− 2e) (v − v)d0 ≤ (3v + v − 4) [1− v(1− 2e)]d0
v − 1 ⇔ (d0 cancels!)

(1− 2e) (n− n)n ≤ (3n+ n) [1− (n+ 1) (1− 2e)]⇔

(1− 2e) (2n+ 2n)n ≤ (3n+ n) 2e⇔

(1− 2e) 2(v − 1)h ≤ (3 + h) e⇔

h [2 (1− 2e) (v − 1)− e] ≤ 3e⇔ (3.7).

PROOF OF PROPOSITION 3: The proof is quite similar to the proof of Proposition

1, so only the key differences will be mentioned. The relevant concepts are defined in the

pararell way. If information were complete, the unique sequential equilibrium would be

given by Proposition 3 with no delay: This can be shown by a similar reasoning as that

of Rubinstein (1982). As previously, no pooling equilibrium exists (when p = 1/2), so the

attention can be restricted to separating equilibria.

Suppose that e ≤ 1/2, and that A is revealed to be of low type by making an offer at

tsA. A high-type B will be unable to convince A that B is of low type, and will propose

d = D and s = s, giving B utility uB = [v + v − 2 + (v − v) (1− 2e)D] /4. This offer

equalizes and maximizes A’s and B’s utility of the agreement, and it is the best B can

hope for. Thus, in considering A’s offer, a high-type B accepts anything that would make

B’s utility at least as large as uB.

I will restrict the attention to symmetric outcomes (where d = s = 0 if vA = vB), which

is satisfied if the agreement must be stable (defined in Section 6).28 Then, a low-type B

28Why restrict the attention to symmetric/stable offers? If both regions are of low type, B can signal
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proposes a stable agreement (0, 0, ts2) acceptable to A but unattractive for a high-type B:

Max
ts2≥tsA

1

2
(v − 1) δts2 s.t.

uBδ
tsA ≥ 1

2
(v − 1) δts2

The solution is:

δt
s
2−tsA =Min

½
v + v − 2 + (v − v) (1− 2e)D

2 (v − 1) , 1

¾
Suppose instead that A is revealed to be of high type by making an offer at ts

A
. A

high-type B will accept/propose d = s = 0, giving B utility (v − 1) /2. A low-type B

prefers to propose the best agreement acceptable to A but unattractive for a high-type

B. This is the stable offer (−D,−s, tsB) where:

δt
s
B−tsA =Min

½
v − 1

v − 1 + (v − v) (1− (1− 2e)D) /2 , 1
¾

A makes an offer which only a high-type B accepts, namely d = s = 0 at ts
A
= 0. This

gives A the expected utility

uA =
1

4
(v − 1) + 1

4
[v − 1− (1− v(1− 2e))D − s] δt

s
B .

The low-type A’s problem is then to make an offer which is not attractive to a high-type

A, but acceptable to a high-type B with beliefs bB = 1. It can easily be shown that a

low-type A will make a screening offer, i.e. D, s, tsA where

δt
s
A =Min

½
v − 1

v − 1 + (v − v) (1− (1− 2e)D) /2 , 1
¾

If e > 1/2, the proof proceeds in the same way, but since d changes signs in the optimal

agreement, (1 − 2e)D should be replaced by |1− 2e|D. Combined, it follows that δtsA =

δt
s
B ≡ δt

s
1 and δt

s
2 are such as defined in Proposition 3.

this most cheaply by proposing that A contributes most (d = −D) and adjusting the side payments to
equalize utilities. This would be quite expensive for a high-type B, so less delay is necessary. Allowing

such an offer would make the outcome with differentiation more efficient, but the results would not

change qualitatively. If small transaction costs were related to the side payments, A and B would prefer

to renegotiate and set d = s = 0, when both are proven to be of low type. Hence, signaling by proposing

d = −D would not be credible, since the agreement would not be stable.
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PROOFOFPROPOSITION 5: IfD |1− 2e| ≥ 1, we know that the policy is optimally

differentiated with no delay. Thus, assume that D |1− 2e| < 1, and proceed as in the

proof for Proposition 2:

uds ≤ u0 ⇔
1

2

µ
(v − v)

¯̄̄̄
1

2
− e

¯̄̄̄
D

¶
δt

s
1 ≤ 1

2

µ
v + v

2
− 1
¶
(1− δt

s
1) +

1

4
(v − 1)(1− δt

s
2)⇔

(v − v) |1− 2e|D ≤ [3v + v − 4] (v − v) (1− |1− 2e|D)
2 (v − 1) ⇔

2n |1− 2e|D ≤ [3n+ n] (1− |1− 2e|D)⇔

n(3 |1− 2e|D − 1) ≤ 3n (1− |1− 2e|D)⇔

h

µ
3 |1− 2e|D − 1
1− |1− 2e|D

¶
≤ 3⇔ (4.5).

PROOF OF PROPOSITION 6: Comparing (3.3)-(3.4) and (4.2)-(4.3), we notice

that side payments reduce delay whenever

(v − v) (1− |1− 2e|D) /2 < [1− v (1− 2e)] d0. (8.1)

Substituting for d0, we observe that this condition always holds when d0 < D. Then,

side payments reduce delay (in addition to permit optimal differentiation) and are always

good. But if d0 /∈ [−D,D], d0 must be substituted by D. Then, there are no gains from

trade, and side payments are good if and only if (8.1) holds, which requires:

(v − v) (1− (1− 2e)D) ≤ 2 [1− v (1− 2e)]D⇔

(v − v) ≤ D [2− (v + v) (1− 2e)]⇔

h− 1 ≤ D

∙
2e(h+ 1)

v − 1 − (h+ 1) (1− 2e)
¸
⇔ (5.1).

This condition will always be satisfied when d0 < D. If e > 1/2, the requirement for when

side payments reduce delay is weaker and the gains from trade are larger. Thus, the larger

is e, the more likely are side payments to increase efficiency.

PROOF OF PROPOSITION 7: Lets now calculate the most efficient mechanism that

is stable and robust. The participation constraints are then fulfilled. This mechanism

maximizes the total expected utility by minimizing delay, subject to these constraints
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and the regions’ incentive constraints. Let t0, t1 and t2 denote the time of the settlement

when, respectively, neither, one and both regions announce low type. Since the game

is symmetric, t1 will no depend on which of the regions announces low type. With

differentiated but no side payments, the problem is:

Max
t0,t1,t2∈[0,∞)

ud =
1

4
(v− 1)δt0 + 1

4
(v− 1)δt2 + 1

2

∙
1

2
(v + v)− 1 +

µ
1

2
− e

¶
(v − v)d0

¸
δt1 s.t.

1

2
(v − 1) δt0 ≥ 1

2
[v − 1 + (1− v(1− 2e))d0]δt1 (IC)

1

2
[v − 1− (1− v(1− 2e))d0]δt1 ≥ 1

2
(v − 1) δt2 (IC)

(IC) and (IC) are the high type’s incentive constraints when the other region announces

high and low type, respectively. Both (IC) and (IC) must hold in an ex post equilibrium

(which is equivalent to how I defined robustness in Section 6). It is easily checked that

the low type’s incentive constraints are not binding and can be ignored. The solution is

that t0 = 0, while t1 and t2 are set such that

δt1 =
v − 1

v − 1 + (1− v(1− 2e))d0

δt2 =
v − 1− (1− v(1− 2e))d0
v − 1 + (1− v(1− 2e))d0 ⇔ (3.4).

With side payments and if e ≥ 1/2, the problem is:

Max
ts0,t

s
1,t

s
2≥0

uds =
1

4
(v − 1)δts0 + 1

2

∙
v + v

2
− 1 + (v − v)

¯̄̄̄
1

2
− e

¯̄̄̄
D

¸
δt

s
1 +

1

4
(v − 1)δts2 s.t.

1

2
(v − 1)δts0 ≥ 1

2
[v − 1 + (1− v (1− 2e))D + s] δt

s
1 (IC)

1

2
[v − 1− (1− v (1− 2e))D − s] δt

s
1 ≥ 1

2
(v − 1)δts2 (IC)

(IC) and (IC) are the high type’s incentive constraints when the other region is of high

and low type, respectively. Substituting for s, it follows that ts0 = 0, while t
s
1 and ts2 are

set such that:

δt
s
1 =

v − 1
(v − 1) + 1

2
(v − v) (1− (1− 2e)D) and

δt
s
2 =

(v − 1)− 1
2
(v − v) (1− (1− 2e)D)

(v − 1) + 1
2
(v − v) (1− (1− 2e)D) if (1− 2e)D < 1.

ts0 = ts1 = ts2 = 0 if (1− 2e)D ≥ 1.
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If e > 1/2, a similar maximization problem gives the same solution if only (1− 2e) is

replaced by |1− 2e|.
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