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1 Introduction

Since the 1980s, government decentralization has occurred in many countries through the spreading
of international liberalism and democracy, and efficient management of the government sector. As
part of this process, taxation and expenditure authority has been delegated to local or lower-level
governments.

There exist various rules for the setting of local tax rates across countries. For example, in Japan,
which is a unitary state, the local tax system is uniformly designed by the central government based
on the Local Tax Act and there is no discretion for local governments even for local consumption
taxes. Alternatively, in the United States, which is a federal state, each state government can freely
set the local tax rate. In the European Union, the value-added tax rate can be set differently across
countries, but the standard tax rate is regulated to be at least 15%. However, it is natural in the EU
that after delegating taxation authority to local or lower-level governments, the central or upper-level
government still has an incentive to affect the regional resource allocation through ex post transfers
among regions/countries. Such ex post interregional transfers may be designed to compensate for a
lack of financial resources.

When the central government sets transfers ex post by considering differences in marginal utili-
ties among regions from a social perspective, it might transfer resources from rich regions with lower
marginal utilities to poor regions with higher marginal utilities. Given such ex post transfers, local
governments will set tax rates that are too low (excessive consumption) or undertake excessive expen-
diture ex ante, if the authority to set tax rates or expenditure ex ante is delegated to them and the
central government cannot change these effective levels ex post through transfers among regions. This
is because they anticipate ex post central transfers to provide the goods that have not been committed
to by local governments ex ante.

An important issue in this context is how central governments delegate authority to local gov-
ernments in the decentralization process and what types of policy should be determined by the local
governments. Silva (2014) analyzes the policy choices of local governments and considers national
public goods with perfect spillovers as a type of local public good (such as reduction of greenhouse
gas emissions) and shows that the first-best allocation can be achieved in the case where only national
public goods are provided by local governments ex ante. 1 Silva (2015) analyzes a model with multiple
public goods and shows that if the central government optimizes all goods ex post (no commitment by
the local governments ex ante) including consumption (through income transfer) by setting transfers
among regions ex post, then the first-best allocation can be achieved.

However, Silva (2014, 2015) does not discuss the delegation of taxation authority to local gov-
ernments. In fact, commitment to the local tax rate is not examined in any previous papers. The
question regarding how taxation authority should be delegated can be answered by analyzing a model
that allows tax commitment, which is a generalization of Silva (2014, 2015). The present paper does
not intend to analyze decentralized leadership. Rather, we aim to provide a general framework to
synthesize the different views related to the various types of decentralized leadership models and pro-
pose the conditions for deriving efficient policies by local governments in relation to the delegation of
taxation authority.

When the authority to set tax rates and/or expenditure levels are delegated to local governments,
they can commit to these levels of expenditure and/or residents’ consumption through the local income
tax rate ex ante. Subsequently, the central government can carry out ex-post transfers to fund the

1Some previous studies have analyzed decentralized leadership. Akai and Sato (2008) analyze how the inefficiency of
public goods, i.e., whether they are under- or oversupplied, changes depending on the type of commitment. Caplan and
Silva (2000, 2011) provide a similar analysis, but focus on the effect of labor mobility.
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goods that have not been committed to by local governments ex ante.
For example, suppose that two types of public goods are financed by local income taxes. If local

governments are allowed to commit to the amounts supplied of the two public goods but do not commit
to the local income tax rate ex ante, the central government will optimize consumption through a
change in the local income tax rate by central income transfers among regions ex post. However, in
the case where the local governments commit to the amounts supplied of one public good and the tax
rate ex ante, the central government will optimize the supply of other public goods through ex-post
transfers among regions.

The former case where the local income tax rate is not committed to ex ante is a centralized
economy in terms of taxation setting because the local governments have no authority regarding the
tax rate decision. However, the latter case where the local income tax rate is committed to ex ante
is a decentralized economy in terms of taxation setting because the local tax level can be committed
to ex ante by the local government. Therefore, analyzing these cases is useful for determining how to
evaluate the decentralization of local taxation authority.

To address these issues, we analyze all plausible cases of policies that local governments can commit
to ex ante and clarify the general conditions under which the first-best allocation is achieved, depending
on the various levels of spillovers of local public goods and various types of multipolicy commitments.

The main results are as follows. When taxation authority is not delegated and local governments
commit to the amounts of two public goods ex ante, as long as both are pure public goods, the first-
best allocation is achieved. This result is an extension of the result of Silva (2014). In addition, even
when the local governments commit to only the amount of one pure public good ex ante, the first-best
allocation is also achieved, regardless of the degree of spillovers of the other uncommitted public good.
However, we show that, even if local governments only commit to the amount of one pure public good
ex ante, the first-best allocation is not achieved when taxation authority is delegated.

These curious results, which are obtained by analyzing multipolicy commitment to the levels of the
tax rate and expenditure, might be useful for considering how taxation authority should be delegated.

This paper is structured as follows. The basic model is explained in Section 2. Several cases are
analyzed in Section 3. The results are presented in Section 4. Section 5 concludes the paper.

2 The Model

Our model is based on Silva (2015). Consider an economy with I ≥ 2 regions. There are I local
governments and one central government. We denote the size of the population in region i by ni
and the fixed amount of per capita income by yi. Define the total population and income in this
economy as

∑I
i ni ≡ N and

∑I
i niyi ≡ Y . We assume that ni and yi may differ between regions, but

each region is occupied by representative households, which therefore removes intraregional preference
heterogeneity.

Local government i provides two local public goods, g1i and g2i, which are measured in per capita
terms and may generate interregional spillovers. Local government i levies a lump sum tax ti on all
residents who live in region i and this revenue is used for the provision of the local public goods g1i
and g2i. In the presence of central transfers for private consumption, the consumer’s budget constraint
becomes:

ci + ti = yi + sci, i = 1, · · · , I (1)

where sci is the per capita income transfer allocated to region i. When local government i commits
to ti, then sci = 0. Therefore, ci is also committed to when ti is committed to.
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Suppose that the fiscal transfers are “earmarked,” which means they are used for a specific pur-
pose.2 Thus, the public-good-specific budget constraint for the supply of public good m is:

emi = gmi − smi, i = 1, · · · , I, m = 1, 2 (2)

where smi, m = 1, 2 denotes the per capita subsidy (or tax) for the supply of public good m from the
central government to region i and gmi is the actual provision of public good m in region i. When local
government i commits to gmi, then smi = 0. Furthermore, emi is the ex ante determined expenditure
that the local government i tentatively allocates to the supply of public goodm. Therefore, the budget
constraint of the local government i is:

ti = (g1i − s1i) + (g2i − s2i) = e1i + e2i, i = 1, · · · , I (3)

The central budget constraint is:

I∑
i

nisci = 0,
I∑
i

nis1i = 0,
I∑
i

nis2i = 0 (4)

sci, s1i, and s2i can be either positive or negative. The central government can control them to pursue
its own objective, but cannot commit to the transfer policies; therefore, the transfers are optimized
ex post.

Given the central and local budget constraints, we can describe the overall resource constraint as
follows: ∑

i

nici +
∑
i

nig1i +
∑
i

nig2i =
∑
i

niyi = Y (5)

The residents’ preferences are assumed to be expressed by the following local utility function 3:

U(ci, g1i, g2i) = u(ci) +

(1− λ)v(g1i) + λV

 I∑
j

njg1j


+

(1− µ)h(g2i) + µH

 I∑
j

njg2j

 , i, j = 1, · · · , I (6)

where ci = yi − ti + sci is private consumption, and λ and µ are parameters that represent the degree
of spillovers of g1i and g2j . u(ci) represents utility from consumption. (1− λ)v(g1i) and (1− µ)h(g2i)

are the direct effect, and λV
(∑I

j njg1j

)
and µH

(∑I
j njg2j

)
are the spillover effects from g1i and g2i

provided by all regions, respectively.
To abstract considerations of political economy and address the commitment problem, suppose that

the central and local governments are benevolent. To be precise, the central government determines
transfers to maximize a utilitarian objective, i.e., the sum of local utilities:

W =
I∑
i

ni

u(ci) +
(1− λ)v(g1i) + λV

 I∑
j

njg1j


+

(1− µ)h(g2i) + µH

 I∑
j

njg2j


 (7)

2Boadway (2004) calls the transfer type g1i + g2i = ti + si a “net” grant.
3Akai and Sato (2008) also use the same functional form. This form of public goods can reflect all levels of externalities

between national public goods and private goods by changing λ and µ.
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However, the local government aims to maximize the welfare of its own region expressed by Eq.(6)
with contributions of other regions in V (·) and H(·), i.e., gmj(j ̸= i) being taken as given.

The timing of the game is defined as follows:

0. Nature determines the type of commitment policy variables for each local government.

1. Local government i chooses the levels of the policy variables determined in Stage 0, taking the
choices made by the other local governments as given, i = 1, · · · , I.

2. Having observed the local policies determined in Stage 1, the central government designs the
transfer policies with the levels that have not been committed by the local governments. Finally,
given all policies by governments, each individual consumes and gains utility.

Because the concept of a subgame perfect Nash equilibrium is applied, we solve the model backwardly.

3 First-best allocation

Before illustrating the subgame-perfect equilibrium, let us consider as a reference the first-best allo-
cation that is determined by maximizing social welfare, W , subject to the resource constraint:

max
ci,g1i,g2i

W

s.t.
∑
i

nici +
∑
i

nig1i +
∑
i

nig2i = Y

The first-best allocation is characterized by:

u′(ci) = (1− λ)v′(g1i) + λNV ′

(∑
i

nig1i

)

= (1− µ)h′(g2i) + µNH ′

(∑
i

nig2i

)
= γ, i = 1, · · · , I (8)

γ is the Lagrangian multiplier associated with the constraint of the above optimization problem. From
the first-order conditions, we have:

ci = c∗∗, g1i = g∗∗1 , g2i = g∗∗2 ∀i (9)

In the case of λ = µ = 1, g∗∗1 and g∗∗2 are coincident with the well-known Samuelson condition:

NV ′(Ng∗∗1 )

u′(c∗∗)
=
NH ′(Ng∗∗2 )

u′(c∗∗)
= 1 (10)

However, when λ = µ = 0, the first-order conditions are rewritten as follows:

v′(g∗∗1 )

u′(c∗∗)
=
h′(g∗∗2 )

u′(c∗∗)
= 1 (11)

Likewise, when λ = 1, µ = 0 or λ = 0, µ = 1, the first-order conditions become NV ′(Ng∗∗1 )/u′(c∗∗) =
h′(g∗∗2 )/u′(c∗∗) = 1 or v′(g∗∗1 )/u′(c∗∗) = NH ′(Ng∗∗2 )/u′(c∗∗) = 1 respectively.

In the following sections, we compare the various cases of ex ante commitments of local governments
and analyze whether the above first-best conditions are achieved.
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4 Analysis of some cases

4.1 Various types of policy commitments of local governments

We analyze the various cases of local governments’ policy commitments. In Case A, local governments
tentatively choose e1i and e2i in Stage 1, and all policy variables g1i, g2i and ti are determined through
the central transfers ex post. Silva (2015) refers to this model as “universal decentralized leadership,”
but does not consider the spillover of local public goods. In contrast, this paper considers the spillover
of local public goods and demonstrates whether efficient allocation will be achieved.

In the following, we mainly analyze the following two types of plausible situations: the situation
where the authority to set the tax rate is not delegated to the local government (commitment without
tax rate) and the situation where the authority to set the tax rate is delegated to the local government
(commitment with tax rate). By comparing these two cases, we demonstrate whether it is socially
desirable for the tax rate to be selected by the local governments. Furthermore, the former situation
(commitment without tax rate) is divided into two cases. In Case B, local governments commit to
two local public goods g1i and g2i ex ante. In Case C, local governments commit to only one public
good g1i and choose the tentative level of public good e2i ex ante. By considering both Cases B and
C, we compare the case where the local governments only commit to one specific public good with the
more general case of committing to multiple public goods, under no commitment for the tax rate.

In addition, the latter situation (commitment with tax rate) is also divided into two cases. In Case
D, local governments commit only to tax rate t1i. Note that the commitment to the tax rate affects
private consumption because the (actual) tax rate ti = yi − ci is not changed ex post by a central
income transfer. Local governments only choose the tentative amounts of local public goods (e1i and
e2i) in Stage 1. In Case E, local governments commit to both g1i and ti ex ante. By considering Cases
D and E, we compare the case where the local governments only commit to the tax rates with the case
where they commit to both the tax rate and the amount of public goods. Table shows the timing of
policy variable determination in each case. Silva (2014,2015) calls the case where authority is partly
delegated to the local government and the timing of the choices of local public goods is separated as
“selective decentralized leadership.”

In the following subsection, we analyze Cases A–E and clarify how resource allocation becomes
efficient, which is the first-best allocation.

4.2 Case A: Universal decentralized leadership

In Case A, each local government never commits to all policies, which are the actual tax rate and
amount of public goods, and they choose only the tentative level of expenditure on public goods 1
and 2, i.e., e1i and e2i ex ante. Therefore, the central government can adjust private consumption
(the actual tax rate) and the two public goods by setting the appropriate transfers ex post. Now, the
optimization problem solved by the central government ex post is given as follows:

max
sci,s1i,s2i

∑
i

ni

u(ci) +
(1− λ)v(g1i) + λV

∑
j

njg1j


+

(1− µ)h(g2i) + µH

∑
j

njg2j




s.t.
∑
i

sci = 0,
∑
i

s1i = 0,
∑
i

s2i = 0
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Ex ante Ex post

Universal

decentralized 

leadership 

No

commitment
Case A 𝒈𝟏𝒊, 𝒈𝟐𝒊 , 𝒕𝒊

Selective 

decentralized 

leadership  

Commitment 

without

tax rate

Case B 𝒈𝟏𝒊, 𝒈𝟐𝒊 𝒕𝒊

Case C 𝒈𝟏𝒊 𝒕𝒊, 𝒈𝟐𝒊

Commitment 

with tax rate

Case D 𝒕𝒊 𝒈𝟏𝒊, 𝒈𝟐𝒊

Case E 𝒈𝟏𝒊, 𝒕𝒊 𝒈𝟐𝒊

Table: Various types of policy commitments of local governments

The first-order conditions become:

u′(cAi ) = γAc , i = 1, · · · , I (12)

(1− λ)v′(gA1i) + λNV ′

(∑
i

nig
A
1i

)
= γA1 , i = 1, · · · , I (13)

(1− µ)h′(gA2i) + µNH ′

(∑
i

nig
A
2i

)
= γA2 , i = 1, · · · , I (14)

where γAc , γ
A
1 and γA2 are the Lagrangian multipliers associated with the constraint of the above

optimization problem
∑

i sci = 0,
∑

i s1i = 0 and
∑

i s2i = 0, respectively. Condition (12) states
that the central transfers earmarked for consumption are chosen to equalize the marginal utilities of
consumption across regions. Conditions (13) and (14) show that the central transfers earmarked for
expenditure on public goods are chosen to equalize the marginal utilities of consumption of public
goods across regions. Therefore, we obtain that cAi = cA, gA1i = gA1 , g

A
2i = gA2 for all i.

Let em = (em1, em2, · · · , emI) denote the vector of regional levels of expenditure on public good
m, m = 1, 2.. Now, let cA(e1, e2) and smi(e1, e2) denote the central government’s best-response
functions, i = 1, · · · , I and m = 1, 2. Substituting these functions into the central budget constraints,
we obtain: ∑

i

nic
A(e1, e2) = Y −

∑
i

ni(e1i + e2i) (15)∑
i

nismi(e1, e2) = 0, m = 1, 2 (16)

Differentiating Eqs.(15) and (16) with respect to emi, m = 1, 2, we obtain:

∂cA(·)
∂emi

= −ni
N

(17)∑
i

ni

(
∂sli
∂emi

)
= 0, l = 1, 2 (18)
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Now from Eqs.(13) and (14), we obtain:

gAli (e1, e2) = gAlj(e1, e2) = gAl , i, j = 1, · · · , I, l = 1, 2 (19)

where gAmi(e1, e2) = emi + smi(e1, e2). Differentiating Eq.(19) with respect to emi yields

∂gAmi

∂emi
= 1 +

∂smi

∂emi
=
∂smj

∂emi
=
∂gAmj

∂emi
, i, j = 1, · · · , I, i ̸= j, m = 1, 2 (20)

∂gAli
∂emi

=
∂sli
∂emi

=
∂slj
∂emi

=
∂gAlj
∂e2i

, , i, j = 1, · · · , I, l,m = 1, 2, l ̸= m (21)

Considering Eqs.(20) and (21) together with Eq.(18) yields

∂smi

∂emi
=

−(N − ni)

N
, i = 1, · · · , I, m = 1, 2 (22)

∂smj

∂emi
=
ni
N
, i, j = 1, · · · , I, i ̸= j, m = 1, 2 (23)

∂slj
∂emi

= 0, i, j = 1, . . . , I, l,m = 1, 2, l ̸= m (24)

In Stage 1, local government i chooses e1i and e2i to maximize the representative resident utility,
taking the choices of all other local governments as given. The optimization problem considered by
the local government i is given as follows:

max
e1i,e2i

u(cA(e1, e2)) + (1− λ)v(gA1 (e1, e2)) + λV
(
NgA1 (e1, e2)

)
+ (1− µ)h(gA2 (e1, e2)) + µH

(
NgA2 (e1, e2)

)
The first-order conditions become:

u′(·) ∂c
e1i

+ (1− λ)v′(·)∂g1
e1i

+ λNV ′ (·) ∂g1
e1i

+ (1− µ)h′(·)∂g2
e1i

+ µNH ′ (·) ∂g2
e1i

= 0, i = 1, · · · , I (25)

u′(·) ∂c
e2i

+ (1− λ)v′(·)∂g1
e2i

+ λNV ′ (·) ∂g1
e2i

+ (1− µ)h′(·)∂g2
e2i

+ µNH ′ (·) ∂g2
e2i

= 0, i = 1, · · · , I (26)

We can rewrite Eqs.(25) and (26) as follows:

u′(cA∗) = (1− λ)v′(gA∗
1 ) + λNV ′ (NgA∗

1

)
(27)

u′(cA∗) = (1− µ)h′(gA∗
2 ) + µNH ′ (NgA∗

2

)
(28)

A∗ designates the solution to the problem in Case A. Eqs.(27) and (28) are consistent with the
optimization condition Eq.(8). Therefore, the first-best allocation is achieved regardless of the degree
of spillover, i.e., the values of λ and µ. Now, we obtain the following Lemma.

Lemma 1.
The first-best allocation is achieved regardless of the degree of spillover of public goods.

7



The intuition is as follows, First, in Case A, all goods including consumption are not committed ex
ante and desirably equalized by central transfers ex post. Therefore, efficient allocation among goods
is achieved. Second, note that the degree of spillover of public goods does not distort the resource
allocation because the ex post transfers designed by the central government internalize any degree of
spillover of public goods.

4.3 Selective decentralized leadership: Commitment without tax rate

In this section, we analyze commitment without tax rate, which corresponds to a centralized economy
where the authority to set the local tax rate is not delegated to the local government.

4.3.1 Case B: g1i and g2i are chosen ex ante

Case B stipulates that g1i and g2i are chosen ex ante and ti is adjusted after the ex post transfer
to balance the local budget, i.e., taxation authority is centralized. In the following, we proceed
backwardly, starting from Stage 2. The optimization problem solved by the central government in
Stage 2 is given as follows:

max
sci

∑
i

ni

[
u (yi − ti + sci) +

{
(1− λ)v(g1i) + λV

(∑
i

nig1i

)}

+

{
(1− µ)h(g2i) + µH

(∑
i

nig2i

)}]

s.t.
∑
i

nisci = 0

where sci is the per capita income transfer. As local governments commit to g1i and g2i ex ante, s1i
and s2i are zero in Case B. The first-order conditions become:

u′(cBi ) = γB, i = 1, · · · , I (29)

γB is the Lagrangian multiplier associated with the constraint of the above optimization problem.
These conditions imply that the consumption level is perfectly equalized ex post, i.e., cBi = cB for all
i. We obtain consumption from cB = yi + sci − ti,

∑
i niti =

∑
i ni(g1i + g2i):

cB =
1

N
(Y −

∑
i

nig1i −
∑
i

nig2i) ≡M (30)

Therefore, cB is given as increasing functions of M , dcB/dM = 1.
In Stage 1, accounting for the ex post central policy, which is summarized by cB(M), the local

governments independently choose g1i and g2i to maximize local utility in region i. Their optimization
problem is expressed as:

max
g1i,g2i

u(cB(M)) + (1− λ)v(g1i) + λV

(∑
i

nig1i

)

+ (1− µ)h(g2i) + µH

(∑
i

nig2i

)
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The first-order conditions become:

(1− λ)v′(gB∗
1i ) + λniV

′(
∑
i

nig
∗
1i) =

ni
N
u′(cB∗), i = 1, · · · , I (31)

(1− µ)h′(gB∗
2i ) + µniH

′(
∑
i

nig
∗
2i) =

ni
N
u′(cB∗), i = 1, · · · , I (32)

B∗ designates the solution to the problem in Case B. The right-hand side is the regionally perceived
marginal benefit of the local public good, whereas the left-hand side represents the marginal cost from
the regional perspective. 1− ni/N is the portion of the cost accruing to the other regions. The result
of Case B is summarized as the following Lemma.

Lemma 2.

(a) Assume λ = µ = 1. Then the first-best allocation will be achieved in the subgame-perfect equilib-
rium.

(b) Assume λ, µ ∈ [0, 1). Then:

(b-1) ḡB∗
1 > g∗∗1 , ḡ

B∗
2 > g∗∗2 , c

B∗ < c∗∗, where ḡB∗
m ≡

∑
i nig

B∗
mi/N, m = 1, 2.

(b-2) gB∗
mi is overprovided in the sense that dW

dgmi

∣∣∣
gmi=gB∗

mi

< 0.

See Appendix 1 for the proof. With λ = µ = 1, local public goods g1i and g2i have perfect spillover
effects. Therefore, the amounts of public goods become too small as each local government accounts
for only ni/N of their benefits. However, ex post central transfers (sci in this case) give the incentive
for local governments to supply the public goods excessively. The supply costs of public goods g1i
and g2i become ni/N . This means that these effects are perfectly offset, which ensures that the first-
best allocation is achieved. By rewriting Eqs.(31) and (32), we can derive the first-best condition;
NV ′(·)/u′(·) = NH ′(·)/u′(·) = 1. If λ < 1(µ < 1), g1i(g2i) does not have a perfect spillover, then
the oversupply incentives associated with the ex post transfers dominate the necessity level caused
by the spillover effect. With λ = 0(µ = 0), g1i(g2i) is similar to private consumption, and we have
v′(·)/u′(·) = (h′(·)/u′(·)) = ni/N by rewriting Eq.(31) ((32)). Now, the per capita supply costs of the
public goods become ni/N ; therefore, g1i(g2i) is overprovided from a social welfare viewpoint.

Finally, we can easily confirm that ni/N is the inefficiency parameter that induces the biased
incentive. As ni/N approaches one, social welfare improves. This is because the free-rider incentive
that leads to commitment to the smaller levels ex ante and the expectation of the additional transfer
ex post is reduced as ni/N approaches one.

4.3.2 Case C: g1i is chosen ex ante

Case C stipulates that, while g1i is chosen and committed to ex ante, g2i and ti can be adjusted after the
ex post transfers to balance the local budget. Now the local governments choose the tentative amount
of expenditure for g2i, i.e., e2i. Thus, the optimization problem solved by the central government in

9



Stage 2 is given as follows:

max
sci,s2i

∑
i

ni

[
u (yi − ti + sci) +

{
(1− λ)v(g1i) + λV

(∑
i

nig1i

)}

+

{
(1− µ)h(e2i + s2i) + µH

(∑
i

ni(e2i + s2i)

)}]

s.t.
∑
i

nisci = 0,
∑
i

nis2i = 0

The first-order conditions become:

u′(cCi ) = γCc , i = 1, · · · , I (33)

(1− µ)h′(gC2i) + µNH ′(
∑
i

nig
C
2i) = γC2 , i = 1, · · · , I (34)

where γCc and γC2 are the Lagrangian multipliers corresponding to the constraint
∑

i nisci = 0 and∑
i nis2i = 0 respectively. Eq.(33) states that the central transfers earmarked for consumption are

chosen to equalize marginal utilities of consumption across regions. Eq.(34) shows that the central
transfers earmarked for expenditure on public good 2 are chosen to equalize the marginal utilities of
consumption for public good 2 across regions. Therefore, we obtain that cCi = cC , gC2i = gC2 for all i.

Let g1 = (g11, g12, · · · , g1I) denote the vector of regional amounts of provision of public good 1.
As with Case A, we can define cC , gC2 and smi as functions of g1 and e2, i.e., c

C(g1, e2), g
C
2 (g1, e2)

and s2i(g1, e2), i = 1, · · · I.
In Stage 1, accounting for the ex post central policy, local governments choose g1i and e2i inde-

pendently to maximize the local utility in region i. Their optimization problem is expressed as:

max
g1i,e2i

u(cC(g1, e2)) + (1− λ)v(g1i) + λV

(∑
i

nig1i

)
+ (1− µ)h(gC2 (g1, e2) + µH

(
NgC2 (g1, e2)

)
The first-order conditions become:

u′(·)∂c
C

∂g1i
+ (1− λ)v′(·) + λniV

′(·) = 0 (35)

u′(·)∂c
C

∂e2i
+ (1− µ)h′(·)∂g

C
2

∂e2i
+ µNH ′(·)∂g

C
2

∂e2i
= 0 (36)

10



These conditions can be rewritten as follows: 4:

(1− λ)v′(gC∗
1i ) + λniV

′

(∑
i

nig
C∗
1i

)
=
ni
N
u′(cC∗), i = 1, · · · , I (37)

(1− µ)h′(gC∗
2 ) + µNH ′(NgC∗

2 ) = u′(cC∗), i = 1, · · · , I (38)

C∗ designates the solution to the problem in Case C. The right-hand side of Eq.(37) is the regionally
perceived marginal benefit of the local public good g1i, whereas the left-hand side of Eq.(37) represents
the marginal cost from the regional perspective. 1 − ni/N is the portion of the cost accruing to the
other regions. Eq.(38) is also a condition of the supply of public good g2i, which is not biased. From
these conditions, we obtain the following Lemma.

Lemma 3.

(a) Assume λ = 1. Then the first-best allocation will be achieved in the subgame-perfect equilibrium.

(b) Assume λ < 1. Then:

(b-1) ḡC∗
1 > g∗∗1 , g

C∗
2 < g∗∗2 , c

C∗ < c∗∗, where ḡC∗
1 ≡

∑
i nig

C∗
1i /N .

(b-2) gC∗
1i is overprovided in the sense that dW

dg1i

∣∣∣
g1i=gC∗

1i

< 0.

See Appendix 2 for the proof. Lemma 3 is similar to Lemma 2 in Case B. With λ = 1, the local
public good g1i has a perfect spillover effect; therefore, the amount of g1i is too small. However, ex post
central transfers create an incentive for local governments to supply more of public good 1. Therefore,
these two effects are perfectly offset and the amount of g1i supplied becomes efficient. However, the
local public good g2i with any level of spillover is internalized by the central ex post transfer. Thus
the supply of g2i also becomes efficient. Therefore, the first-best allocation is achieved regardless of
the value of µ.

4.4 Selective decentralized leadership: Commitment with tax rate

In this section, we analyze commitment using the tax rate, which corresponds to a decentralized
economy where the authority for setting the local tax rates is delegated to the local governments.

Lemmas 2 and 3 imply that the first-best allocation is achieved when taxation authority is not
delegated. We examine how this desirable result is affected by a decentralized economy with a tax
rate commitment.

4As
∑

nic
C = Y −

∑
nig1i −

∑
nie2i, we obtain the following equation:

∂cC

∂e2i
=

∂cC

∂g1i
= −ni

N
, i = 1, · · · I

And we also obtain

∂gC2i
∂e2i

= 1 +
∂s2i
∂e2i

=
ni

N
, i = 1, · · · I

∂g1i
∂e2i

=
∂gC2i
∂g1i

= 0, i = 1, · · · I

11



4.4.1 Case D: ti is chosen ex ante

In Case D, local governments choose ti ex ante and can commit to its level, i.e., taxation authority
is delegated. Recall that ti = e1i + e2i, therefore local governments determine e1i and e2i before the
central government chooses the transfers. Now, because local governments commit to ti in Stage 1,
the central government chooses the transfers for the provision of public goods 1 and 2, i.e., s1i and s2i.
Then, the optimization problem considered by the central government in Stage 2 is given as follows:

max
s1i,s2i

∑
i

ni

[
u(ci) +

{
(1− λ)v(e1i + s1i) + λV

(∑
i

ni(e1i + s1i)

)}

+

{
(1− µ)h(e2i + s2i) + µH

(∑
i

ni(e2i + s2i)

)}]

s.t.
∑
i

nis1i = 0,
∑
i

nis2i = 0

The first-order conditions become as follows:

(1− λ)v′(gD1i) + λNV ′

(∑
i

nig
D
1i

)
= γD1 , i = 1, · · · , I (39)

(1− µ)h′(gD2i) + µNH ′

(∑
i

nig
D
2i

)
= γD2 , i = 1, · · · , I (40)

where γD1 and γD2 are the Lagrangian multipliers corresponding to the constraints
∑

i nis1i = 0 and∑
i nis2i = 0 respectively. From these conditions, we have that gD1i = gD1 , g

D
2i = gD2 for all i. As

s1i = g1i − e1i and s2i = g2i − e2i, we obtain:

gD1 + gD2 =
1

N

∑
i

niti ≡ R (41)

where gD1 and gD2 are increasing functions of R, i.e., dgD1 (R)/dR+ dgD2 (R)/dR = 1.
In Stage 1, local governments choose feasible (e11, e12, · · · , e1I) and (e21, e22, · · · , e2I). Let em =

(em1, em2, · · · , emI), m = 1, 2.. Now we can denote gDm and smi as functions of em, i.e., gDm(e1, e2)
and smi(e1, e2), m = 1, 2.

In Stage 1, the local government i chooses e1i and e2i considering their influences on transfers and
taking the choices of all other local governments as given. Then, the optimization problem considered
by local government i is given as follows:

max
e1i,e2i

u(yi − ti(e1, e2)) + (1− λ)v(gD1 ((e1, e2))) + λV (NgD1 (e1, e2))

+ (1− µ)h(gD2 (e1, e2)) + µH(NgD2 (e1, e2))

The first-order conditions become:

−u′(·) ∂ti
∂e1i

+ (1− λ)v′(·)∂g
D
1

∂e1i
+ λNV ′(·)∂g

D
1

∂e1i
+ (1− µ)h′(·)∂g

D
2

∂e1i
+ µNH ′(·)∂g

D
2

∂e1i
= 0, i = 1, · · · , I

(42)

−u′(·) ∂ti
∂e2i

+ (1− λ)v′(·)∂g
D
1

∂e2i
+ λNV ′(·)∂g

D
1

∂e2i
+ (1− µ)h′(·)∂g

D
2

∂e2i
+ µNH ′(·)∂g

D
2

∂e2i
= 0, i = 1, · · · , I

(43)
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Because ∂gD1 /∂e1i = 1 + ∂s1i/∂e1i = ni/N, ∂g
D
1 /∂e1i = 1 + ∂s1i/∂e1i = ni/N, ∂g

D
2 /∂e2i = 1 +

∂s2i/∂e2i = ni/N, ∂g
B
1 /∂e2i = ∂s1i/∂e2i = 0, and ∂gD2 /∂e1i = ∂s2i/∂e1i = 0, we can rewrite these

conditions as follows5:

u′(cD∗
i ) =

ni
N

[
(1− λ)v′(gD∗

1 ) + λNV ′(NgD∗
1 )
]
, i = 1, · · · , I (44)

u′(cD∗
i ) =

ni
N

[
(1− µ)h′(gD∗

2 ) + µNH ′(NgD∗
2 )
]
, i = 1, · · · , I (45)

D∗ designates the solution to the problem in Case D. Interpretation of these equations is straight-
forward. The right-hand side is the regionally perceived marginal benefit of private consumption,
whereas the left-hand side is the marginal cost from the regional perspective. 1− ni/N is the portion
of the cost accruing to the other regions. The result of Case D is summarized as the following Lemma.

Lemma 4.

(a) The first-best allocation is never achieved in the subgame-perfect equilibrium, irrespective of the
level of spillovers, λ and µ.

(b) For any λ and µ:

(b-1) gD∗
1 < g∗∗1 , g

D∗
2 < g∗∗2 , and c

∗∗ < c̄D∗, where c̄D∗ ≡
∑

i nic
B∗
i /N .

(b-2) cD∗
i is overprovided in the sense that dW

dci

∣∣∣
ci=cD∗

i

< 0.

See Appendix 3 for the proof. Ex post equalization of the marginal utilities of g1i and g2i gives
rise to an ex ante free-riding motive among regions that set and commit to the lower tax rate ex ante,
implying a higher level of consumption. In contrast to Case B, overconsumption is not solved even
in the case of λ = 1(µ = 1). Eq.(44) ((45)) becomes u′(cD∗

i ) = niV (NgD∗
1 )(= niH

′(NgB∗
2 )), which

is different from the Samuelson condition (10). In this case, there is no commitment to supplying
public goods; therefore, there is no incentive to supply greater amounts of public goods, unlike in
case C. However, as shown in Case A, the ex post transfers successfully internalize the spillovers
in the case of noncommitment to public goods. As a result, the spillover effect of public goods is
internalized in this case. However, the result is not efficient because the central government tries to
internalize the spillover effect of public goods by ex post transfers among regions, but the lower tax
rate (overconsumption) is committed to ex ante and cannot be adjusted ex post, i.e., the supply of
public goods is biased as a result. This is because the tax rate is committed to ex ante; therefore, ex
post income transfers are not allowed. Setting a lower tax rate to increase consumption is desirable
for local governments.

5As
∑

i nis1i = 0,
∑

i nis2i = 0 and gDmi(e1, e2) = emi + smi(e1, e2), m = 1, 2 i = 1, . . . , I, we obtain:

∂smi

∂emi
=

−(N − ni)

N
, m = 1, 2, i = 1, . . . , I

∂smj

∂emi
= 1 +

∂smi

∂emi
= 1 +

−(N − ni)

N
=

ni

N
, m = 1, 2, i, j = 1, · · · I, i ̸= j

∂smj

∂eli
= 0, l,m = 1, 2, l ̸= m, i, j = 1, · · · I
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4.4.2 Case E: g1i and ti are chosen ex ante

In Case D, we show that only tax rate commitment is always inefficient. However, we have already
confirmed that the expenditure commitments in Cases B and C may be desirable. Can we restore
efficiency (relative to Case D) when there is commitment with respect to one public good, as inspired
by the efficient result in Case C? To answer this question, we analyze Case E.

Case E is basically the same as Case C, except that local governments commit to ti in addition to
g1i. As g1i and ti are committed to ex ante, s1i and sci are equal to zero, and the central government
can adjust public good g2i by setting the ex post transfer. Therefore, the optimization problem solved
by the central government in Stage 2 is given as follows:

max
s2i

∑
i

ni

[
u (ci) +

{
(1− λ)v(g1i) + λV

(∑
i

nig1i

)}

+

{
(1− µ)h(e2i + s2i) + µH

(∑
i

ni(e2i + s2i)

)}]

s.t.
∑
i

nis2i = 0

The first-order conditions become:

(1− µ)h′(gE2i) + µNH ′(
∑
i

nig
E
2i) = γE , i = 1, · · · , I (46)

where γE is the Lagrangian multiplier associated with the constraint of the above optimization prob-
lem. The central government transfer for the supply of g2i will perfectly equalize the supply of the
public goods, gE2i = gE2 for all i. We obtain the following equation from g1i = e1i and g

E
2 = e2i + s2i,

gE2 =
1

N

∑
i

ni(ti − g1i) ≡ R′ (47)

where gE2 is an increasing function of R′, that is dgE2 /dR
′ = 1.

In Stage 1, local governments maximize local utility with respect to g1i and ti. Their optimization
problem is given as follows:

max
g1i,ti

u(yi − ti) + (1− λ)v(g1i) + λV

(∑
i

nig1i

)
+ (1− µ)h(gE2 (R

′)) + µH
(
NgE2 (R

′)
)

The first-order conditions become:

u′(cE∗
i ) =

ni
N

[
(1− µ)h′(gE∗

2 ) + µNH ′(NgE∗
2 )
]
, i = 1, · · · , I (48)

(1− λ)v′(gE∗
1i ) + λniV

′(
∑
i

nig
E∗
1i ) =

ni
N

[
(1− µ)h′(gE∗

2 ) + µNH ′(NgE∗
2 )
]
, i = 1, · · · , I (49)

where E∗ designates the solution to the problem in Case E. The right-hand side is the regionally
perceived marginal benefit of the public good g1i and private consumption, whereas the left-hand side
represents the marginal cost from the regional perspective. 1−ni/N is the portion of the cost accruing
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to the other regions. Comparing this to Lemma 3, the result of Case E is summarized as the following
Lemma.

Lemma 5.

(a) The first-best allocation is never achieved in the subgame-perfect equilibrium, even if λ = 1.

(b) For any λ and µ:

(b-1) ḡE∗
1 > g∗∗1 , g

E∗
2 < g∗∗2 , c̄

E∗ > c∗∗, where ḡE∗
1 ≡

∑
i nig

E∗
1i /N, c̄

E∗ ≡
∑

i nic
E∗
i /N .

(b-2) gE∗
1i and cE∗

i are overprovided in the sense that dW
dg1i

∣∣∣
g1i=gE∗

1i

< 0, dW
dci

∣∣∣
ci=cE∗

i

< 0.

See Appendix 4 for the proof. In Case E, the first-best allocation cannot be achieved even when the
public goods have a perfect spillover, i.e., λ = 1, as opposed to Case C. This result is similar to Case
D where the tax rate is also committed to ex ante, except for the existence of the commitment to g1i.
First, committing to the tax rate means commitment to residents’ consumption. Local governments
have an incentive to keep residents’ consumption high by setting a lower tax rate. Secondly, commit-
ment to g1i creates an incentive to provide more public goods because of the expectation of ex post
transfers. Both effects compete with each other. While, the second incentive is offset when the public
goods have perfect spillover, the first incentive cannot be avoided. As a result, the first-best allocation
cannot be achieved even when λ = 1. This negative answer to the question posed at the beginning of
this subsection demonstrates that the inefficiency of the tax commitment is strong enough to offset
the efficiency of the commitment to the perfect spillover public good.

5 Implications

We analyze Cases A–E and obtain the results summarized in Lemmas 1–5. From Lemmas 1–5, we
obtain the following proposition.

Proposition.
The first-best allocation is never achieved as long as local governments can commit to the tax rate ti

ex ante, i.e., taxation authority is delegated to the local government regardless of the degree of spillover.

Given this Proposition, the first-best allocation is never achieved in the case with commitment
to the tax rate. This means that the first-best allocation can be achieved only in the case without
commitment to the tax rate. Figure shows the areas where first-best allocation is achieved in the three
cases, A–C, where tax rate authority is not delegated to the local governments and is not committed
to, dependent on the degrees of spillovers of the two public goods. As summarized in Lemma 1–3,
(A) if nothing is committed to ex ante or (B) if g1i and g2i with perfect spillovers are committed to ex
ante or (C) g1i with perfect spillovers is committed to ex ante, then the allocation becomes efficient.

Case C ′ is the case where local governments commit to g2i instead of g1i as in Case C. When
local governments commit to policies, it is desirable that the policies they commit to are pure public
goods with perfect spillovers. This result corresponds to that of Silva (2014) for selective decentralized
leadership, where an efficient allocation is only achieved when the local governments commit to the
supply of national public goods.
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𝝁
(Degree of spillover  of 𝒈𝟐)

𝝀
(Degree of spillover  of  𝒈𝟏)1

1

Case B :
FB  if  𝒈𝟏 and 𝒈𝟐 are committed ex ante

Case  A :
FB  if   nothing is committed ex ante.
(only choose 𝒆𝟏 and 𝒆𝟐)

Case  C :
FB  if   𝒈𝟏 is committed ex ante

Case C ‘ :
FB  if  𝒈𝟐 is committed ex ante

FB refers the first-best allocation

Figure: Areas where the first-best allocation is achieved when taxation authority is not delegated

6 Conclusion

This paper analyzes the decentralized leadership model with spillovers by focusing on which policy
to commit to ex ante. In particular, we focus on the delegation of the authority to set tax rate
(commitment to tax rate). When the tax rate is committed to ex ante, efficiency is never achieved, as
shown in Case D. This inefficiency result remains even when the public good is additionally committed
to as shown in Case E, as opposed to Case C where efficiency is achieved when the perfect spillover
good is committed to ex ante. These results imply that the delegation of the authority to set the tax
rate should be considered carefully.

Additionally, we show that when taxation authority is not delegated, the existence of spillover
effects may work well when the good committed to ex ante has perfect spillover effects, as shown in
Cases B and C.

The results of this paper expand the scope of our understanding of decentralized leadership and
are useful for evaluating future decentralized institutional design for federalism.

Appendix

Appendix 1: Proof of Lemma 2

Suppose that g∗∗1 > ḡB∗
1 , g∗∗2 > ḡB∗

2 . Then we obtain:

M̄ ≡ Y

N
− ḡB∗

1 − ḡB∗
2 >

Y

N
− g∗∗1 − g∗∗2 ≡M∗∗ (50)

As cB∗(M) is an increasing function ofM , we have cB∗(M) > c∗∗. Now comparing the subgame-perfect
equilibrium solution with the first-best allocation solution, we have:

(1− λ)
N

ni
v′(gB∗

1i ) + λNV ′(NḡB∗
1 ) = u′(cB∗(M)) (51)

(1− λ)v′(g∗∗1 ) + λNV ′(Ng∗∗1 ) = u′(c∗∗) (52)
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Because cB∗(M) > c∗∗, we have u′(cB∗(M)) < u′(c∗∗). Then, we obtain the following inequality.

(1− λ)

[
N

ni
v′(gB∗

1i )− v′(g∗∗1 )

]
+ λN

[
V ′(NḡB∗

1 )− V ′(Ng∗∗1 )
]
< 0 (53)

As g∗∗1 > ḡB∗
1 and N/ni > 1, the above inequality holds only if gB∗

1i > g∗∗1 for all i. However, this
contradicts g∗∗1 > ḡB∗

1 . Therefore, ḡB∗
1 > g∗∗1 holds. Using a similar procedure, we obtain ḡB∗

2 > g∗∗2 .
Social welfare in the equilibrium is given by:

W = Nu(cB∗(MB∗)) + (1− λ)
∑
i

niv(g
B∗
1i ) + λNV (

∑
i

nig
∗A
1i )

+(1− µ)
∑
i

nih(g
B∗
2i ) + µNH(

∑
i

nig
B∗
2i )

where M∗ =
1

N

[
Y −

∑
i

nig
B∗
1i −

∑
i

nig
B∗
2i

]

Differentiating the above equation with respect to g1i and evaluating the equilibrium, we have:

dW

dg1i

∣∣∣∣
g1i=gB∗

1i

= −niu′(·)
dcB∗(M∗)

dM∗ + (1− λ)niv
′(gB∗

1i ) + λNniV
′(·) (54)

Rewriting the above equation, we obtain:

1

ni

dW

dg1i

∣∣∣∣
g1i=gB∗

1i

= (1− λ)

(
1− N

ni

)
v′(gB∗

1i ) < 0 (55)

Using a similar procedure, we can show that 1
ni

dW
dg2i

|g2i=gB∗
2i

= (1− µ)
(
1− N

ni

)
h′(gB∗

2i ) < 0. □

Appendix 2: Proof of Lemma 3

Suppose that g∗∗1 > ḡC∗
1 . As cC∗ + gC∗

2 = 1
N (Y −

∑
i g

C∗
1i ) ≡M ′, we obtain:

M̄ ′ ≡ Y

N
− ḡC∗

1

≥ Y

N
− g∗∗1 ≡M ′∗∗ (56)

As cC∗(M ′) and gC∗
2 (M ′) are increasing functions of M ′, we have cC∗ > c∗∗ and gC∗

2 > g∗∗2 . Now
comparing the subgame-perfect equilibrium solution with the first-best allocation solution, we have:

(1− λ)
N

ni
v′(gC∗

1i ) + λNV ′(NḡC∗
1 ) = u′(cC∗(M ′)) (57)

(1− λ)v′(g∗∗1 ) + λNV ′(Ng∗∗1 ) = u′(c∗∗) (58)

Because cC∗(M ′) > c∗∗, we obtain the following inequality:

(1− λ)

[
N

ni
v′(gC∗

1i )− v′(g∗∗1 )

]
+ λN

[
V ′(NḡC∗

1 )− V ′(Ng∗∗1 )
]
< 0 (59)

As g∗∗1 > ḡC∗
1 and N/ni > 1, the above inequality holds only if gC∗

1i > g∗∗1 for all i. However, this
contradicts g∗∗1 > ḡC∗

1 .
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Social welfare in the equilibrium is given by:

W = Nu(cC∗(MC∗)) + (1− λ)
∑
i

niv(g
C∗
1i ) + λNV (

∑
i

nig
C∗
1i )

+(1− µ)
∑
i

Nh(gC∗
2 ) + µNH(NgC∗

2 )

where M
′∗ =

1

N

[
Y −

∑
i

nig
C∗
1i

]
Differentiating the above equation with respect to ci and evaluating the equilibrium, we have:

dW

dg1i

∣∣∣∣
g1i=gC∗

1i

=− niu
′(·)dc

C∗(M
′∗)

dM ′∗ + (1− λ)niv
′(gC∗

1i ) + λNniV
′(·)

− ni[(1− µ)h′(·) + µNH ′(·)]dg
C∗(M ′∗)

dM ′∗ (60)

Rewriting the above equation, we obtain:

1

ni

dW

dg1i

∣∣∣∣
g1i=gC∗

1i

=(1− λ)

(
1− N

ni

)
v′(gC∗

1i ) < 0 □ (61)

Appendix 3: Proof of Lemma 4

Because nic
D∗
i = niyi − niti and

∑
i niti = NgD∗

1 + NgD∗
2 , we have (

∑
i niti)/N = gD∗

1 + gD∗
2 =

Y/N − c̄D∗ ≡ R̄. Now, suppose that c∗∗ > c̄D∗. Then we obtain:

R̄ ≡ Y

N
− c̄D∗ >

Y

N
− c∗∗ ≡ R∗∗ (62)

As gD∗
1 (R) and gD∗

2 (R) are increasing functions of R, we have gD∗
1 (R) > g∗∗1 and gD∗

2 (R) > g∗∗2 . Now
comparing the subgame-perfect equilibrium solution with the first-best allocation solution, we have:

N

ni
u′(cD∗

i ) = (1− λ)v′(gD∗
1 ) + λNV ′(NgD∗

1 ) (63)

u′(c∗∗) = (1− λ)v′(g∗∗1 ) + λNV ′(Ng∗∗1 ) (64)

As gD∗
1 > g∗∗1 , we have (1− λ)v′(gD∗

1 ) + λNV ′(NgD∗
1 ) < (1− λ)v′(g∗∗1 ) + λNV ′(Ng∗∗1 ). Therefore, we

obtain following inequality.

N

ni
u′(cD∗

i )− u′(c∗∗) < 0 (65)

Because N/ni > 1, the above inequality holds only if cD∗
i > c∗∗ for all i. However, this contradict

c∗∗ > c̄D∗.
The social welfare in the equilibrium is given by:

W =
∑
i

niu(c
D∗
i ) + (1− λ)Nv(gD∗

1 (R∗)) + λNψ(NgD∗
1 (R∗))

+(1− µ)Nh(gD∗
2 (R∗)) + µNH(NgD∗

2 (R∗))

where R∗ =
1

N

[
Y −

∑
i

nic
D∗
i

]
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Differentiating the above equation with respect to ci and evaluating the equilibrium, we have:

dW

dci

∣∣∣∣
ci=cD∗

i

= niu
′(·)− ni

N

[
(1− λ)Nv′(·) + λN2V ′(·)

] dgD∗
1

dR∗

− ni
N

[
(1− µ)Nh′(·) + µN2H ′(·)

] dgD∗
2

dR∗ (66)

Rewriting the above equation, we obtain as follows:

1

ni

dW

dci

∣∣∣∣
ci=cD∗

i

=

(
1− N

ni

)
u′(cD∗

i ) < 0 □ (67)

Appendix 4: Proof of Lemma 5

Suppose that g∗∗1 > ḡE∗
1 , c∗∗ > c̄E∗

i . Then we obtain:

R̄′ ≡ Y

N
−
∑

i nic
E∗
i

N
−
∑

i nig
E∗
1i

N

=
Y

N
− c̄E∗

i − ḡE∗
1

≥ Y

N
− c∗∗ − g∗∗1 ≡ R′∗∗ (68)

Since gE∗
2 (R′) is increasing function of R′, we have gE∗

2 > g∗∗2 . Now comparing the subgame-perfect
equilibrium solution with the first-best allocation solution, we have

N

ni
u′(cE∗

i ) = (1− µ)h′(gE∗
2 ) + µNH ′(NgE∗

2 ) (69)

u′(c∗∗) = (1− µ)h′(g∗∗2 ) + µNH ′(Ng∗∗2 ) (70)

From the assumption gE∗
2 > g∗∗2 , we have (1−µ)h′(gE∗

2 )+µNH ′(NgE∗
2 ) < (1−µ)h′(g∗∗2 )+µNH ′(Ng∗∗2 ).

Therefore, we obtain following inequality.

N

ni
u′(cE∗

i )− u(c∗∗) < 0 (71)

Because N/ni > 1, the above inequality holds only if cE∗
i > c∗∗ for all i. However, this contradicts

c∗∗ > c̄E∗. However, comparing the subgame-perfect equilibrium solution with the first-best allocation
solution of g1, we have:

(1− λ)

[
N

ni
v′(gE∗

1i )− v′(g∗∗1 )

]
+ λN [V ′(NḡE∗

1 )− V ′(Ng∗∗1 )] < 0 (72)

As g∗∗1 > ḡE∗
1 and N/ni > 1, the above inequality holds only if gE∗

1i > g∗∗1 for all i. However, this
contradicts g∗∗1 > ḡE∗

1 .
The social welfare in the equilibrium is given by:

W =
∑
i

niu(c
E∗
i )+(1− λ)

∑
i

niv(g
E∗
1i ) + λNV (

∑
i

nig
E∗
1i )

+(1− µ)Nh(gE∗
2 (R′)) + µNH(NgE∗

2 (R′))

where R
′∗ =

1

N
[Y −

∑
i

nic
E∗
i −

∑
i

nig
E∗
1i ]
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Differentiating the above equation with respect to ci and evaluating the equilibrium, we have:

dW

dci

∣∣∣∣
ci=cE∗

i

= niu
′(·)−N(1− µ)h′(·)dg

E∗
2 (R

′∗)

dR′∗
ni
N

− µNH ′(·)N dgE∗
2 (R

′∗)

dR′
ni
N

(73)

Rewriting the above equation, we obtain:

1

ni

dW

dci

∣∣∣∣
ci=cE∗

i

= u′(·)− N

ni
u′(·) = (1− N

ni
)u′(·) < 0 (74)

In a similar way, differentiating the above equation with respect to ci and evaluating the equilibrium,
we have:

1

ni

dW

dg1i

∣∣∣∣
g1i=gE∗

1i

= (1− λ)(1− N

ni
)v′(·) < 0 □ (75)
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