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Abstract: Under the ‘new normal’ in the labor market, individuals can work remotely or in person, a
hybrid work mode that became ubiquitous during the pandemic. This paper studies the efficiency of
decentralized leadership in federations in which hybrid work is the modus operandi. Self-interested
regional governments and a benevolent central government interact strategically in dynamic games
in which there are provisions of federal and regional public goods and interregional income and fiscal
transfers, the population is attached to regions and hybrid work creates a common labor market in
the federation. In this setting, we first show that decentralized leadership is inefficient if the center
controls income transfers only. This result provides an efficiency enhancing motivation for the center
to additionally control earmarked transfers: we demonstrate that decentralized leadership is efficient
whenever the center controls both income and earmarked transfers. However, this is not the only
federal regime in which decentralized leadership is efficient. It is efficient in the absence of earmarked
transfers if it is appropriately selective: when the regional governments commit to the provision of
the federal public only and the center redistributes income across regions.
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1. Introduction

Brazil, Canada, Germany, Sweden, and USA are examples of nations where sub-
national (e.g., regional) governments have considerable autonomy and fiscal capacity
to provide public goods and services. Some of such public goods and services yield
consumption benefits to both residents and non-residents of the jurisdictions where they
are provided. In Canada, for example, the province of British Columbia has been a leader in
climate change policy—it unilaterally moved forward with the levying of a carbon tax, even
though a nationwide policy on carbon emissions was still lacking. In these federal regimes,
the central government is an active participant and promotes significant interregional
income and fiscal transfers.1

Caplan et al. [6] investigated strategic interactions between regional and central
governments in a federation characterized by decentralized leadership. They showed
that self-interested regional governments found it desirable to efficiently contribute to
a federal pure public good in anticipation of interregional income transfers promoted
by a utilitarian central government. Their model built on the models advanced by
Mansoorian and Myers [7] and Wellisch [8], to examine the efficiency of decentralized
provision of public goods in a federation where individuals/workers are imperfectly
mobile because they derive idiosyncratic regional attachment benefits (e.g., language,
culture, customs, family ties).

In Caplan et al. [6], as in Mansoorian and Myers [7] and Wellisch [8], workers
were assumed to work in their regions of residence. This was in accordance with the
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modus operandi prior to the pandemic—most work activities required workers to work
at the location of their residence. During the pandemic, remote work became necessary
for the sustainability of many types of productive activities. Hybrid work is the new
normal nowadays (see, e.g., https://www.gallup.com/workplace/398135/advantages-
challenges-hybrid-work.aspx (accessed on 15 October 2022)). Hybrid work provides a
worker with the choice of working remotely or at the workplace, or a combination of part-
time remote working and part-time at the workplace. Since hybrid work does not require
a person to work in the region in which the person resides, it has efficiency-enhancing
properties relative to the previous modus operandi. Hybrid work creates a common labor
market in the federation; hence, in equilibrium, marginal products for identical types of
labor are the same across regions, satisfying an efficiency requirement in a competitive
labor market.

Our main model builds on Caplan et al. [6]. We added regional public goods and
fiscal transfers to the policy arsenals of regional and central governments, respectively, and
consider situations in which hybrid work produces a common labor market.2 To clearly
demonstrate the efficiency-enhancing aspects promoted by hybrid work, we initially ex-
amine federal regimes in which there is decentralized leadership, but residents/workers
are immobile. The distribution of the population across regions is asymmetric; namely,
one region is more populous than the other. This realistic scenario enables us to show that
the subgame perfect equilibria for the dynamic games played by regional and central gov-
ernments in familiar decentralized leadership settings are typically inefficient. In contrast,
in our main model, with imperfect resident mobility, hybrid work leads to equalization
of regional populations in the subgame perfect equilibrium in which the central govern-
ment implements interregional income and fiscal transfers, and in the subgame perfect
equilibrium in which there is selective decentralized leadership and the center promotes
interregional income transfers only. The endogenous equalization of regional populations
and the efficiency-enhancing effects of interregional transfers implemented in such decen-
tralized leadership settings yield perfect incentive equivalence in the federation—regional
and central governments wish to maximize social welfare.

This paper is closely related to the study of Silva and Lucas [10], which investigated
the decentralized provision of public goods that generate economywide, symmetric,
interjurisdictional spillovers in a large metropolitan area; namely, a common labor market,
which encompasses multiple autonomous jurisdictions. As in our main model, residents
are imperfectly mobile due to attachment to localities and there is a policy authority, which
cares about all local governments and promotes interjurisdictional income transfers. They
showed that such transfers equalize marginal utilities of income whenever the competitive
wage earned by a worker in any locality is the same, a fact that holds in a common labor
market. Given the assumed symmetric spillover effects, equalization of marginal utilities
of income implies equalization of consumption of private goods and, thus, equalization of
utilities and population across regions. Therefore, the equilibria they examined yielded
perfect incentive equivalence and, thus, an efficient allocation of resources.

Unlike Silva and Lucas [10], we consider decentralized provision of public goods that
produce consumption benefits to regional residents only. Like Silva and Lucas [10], we also
consider decentralized provision of a public good which generates economywide, symmetric,
consumption benefits to all individuals in the economy. Our model is, therefore, more
complex in that it incorporates asymmetric benefits associated with consumption of regional
public goods. Even though interregional income transfers implemented by a central and
benevolent government equalizes marginal utilities of income in the presence of a common
wage across regions, we show that they are insufficient for perfect incentive equivalence in a
federation in which the regional governments are Stackelberg leaders (i.e., in a federation
with decentralized leadership). We demonstrate that the subgame perfect equilibrium for this
decentralized leadership setting is inefficient—the regional governments overprovide the
regional public goods. Keeping the regional actions and timing intact in the dynamic game,
we find that it becomes necessary for the arsenal of policy instruments controlled by the
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central government to be expanded—the center must also have the ability to implement fiscal
transfers to reduce (or eliminate) disparities in regional fiscal capacities. These transfers are
earmarked. We show that the subgame perfect equilibrium for the decentralized leadership
setting in which the center controls both interregional income and interregional earmarked
fiscal transfers yields perfect incentive equivalence and, thus, was efficient. We also show
that it is not necessary to add earmarked fiscal transfers to the arsenal of policy instruments
controlled by the central government if the actions and timing for the dynamic game can
be adjusted. If one of the regional governments is responsible for the provision of a federal
public good, in addition to the provision of a regional public good, and this region provides
this federal public good in anticipation of all other policy choices, the subgame perfect
equilibrium for this selective decentralized leadership game also yields perfect incentive
equivalence and, hence, efficient provision of federal and regional public goods.

To our knowledge, this is the first paper that examines the efficiency of decentralized
leadership in a setting in which there is hybrid work, regional governments commit to the
provision of regional and federal public goods and the center is endowed with instruments
to implement income and earmarked interregional transfers. It is also the first to consider
the efficiency of decentralized leadership under the above-mentioned policy actions in an
asymmetric federation with immobile residents/workers. Therefore, we make multiple
contributions to the literature.3 Silva [3] considered a decentralized leadership setting in
which regional governments provide regional and federal public goods and the center
promotes interregional transfers. However, the population was immobile, and the center
did not have an instrument to implement earmarked transfers. Motivated by the study of
Smart and Bird [11], which offered an insightful and broad analysis of earmarking policy
in federations, Silva [4] examined the efficiency of interregional earmarked fiscal transfers
when used together with interregional income transfers in a federation where regional
governments provide multiple regional public goods only. Akai and Watanabe [12]
extended Silva [3] and Silva [4] in order to include general types of spillovers and also
consider policy commitments in terms of expenditure or taxation authority. They showed
that the efficiency results obtained by Silva [3] and Silva [4] also hold in settings with
spillovers if local governments commit to expenditure policies. However, the subgame
perfect equilibria for settings in which local governments commit to taxation policies
are inefficient. Commitment to taxation policies is clearly an important aspect of federal
regimes and it is, thus, an interesting avenue for future work in the context of hybrid
work and imperfect labor mobility.

A key feature of the model with imperfect mobility and hybrid work considered here
is that it implies a socially optimal allocation of resources whenever the combination of
the prescribed policies, a common labor market and imperfect mobility yield a symmetric
population distribution across regions. The endogenous symmetric nature of the equilibria
produces perfect incentive equivalence and, thus, leads self-interested regional govern-
ments to find it desirable to internalize externalities. Silva [3] and Silva [4] also derived
socially efficient equilibria in symmetric models. In order to highlight that symmetry is
essential for efficiency, we first consider a setting with an immobile population in which
the population distribution is asymmetric. We show that neither selective decentralized
leadership nor decentralized leadership with interregional and earmarked transfers yields
a socially efficient equilibrium.

In what follows, Section 2 introduces the basic model with an immobile and asym-
metrically distributed population and derives the socially optimal allocation. Section 3
examines decentralized leadership games in this asymmetric federation with immobile
residents. In Section 4, we build our main model, in which residents are imperfectly
mobile. We examine the social optimum first. This is a useful benchmark. The dynamic
games mirror those of Section 3 in terms of the strategies and timing. Section 5 concludes
the paper.
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2. Basic Model

Consider a federation with two regions in which one region is more abundant in
labor and land resources. We initially assume that labor is immobile. Each resident in the
federation is endowed with one unit of labor, which is offered inelastically in the region in
which the individual resides. Let nj and Zj denote the amounts of labor and land inputs
in region j, j = 1, 2. We assume that n1 > n2 > 0 and Z1 > Z2 > 0; that is, region 1 is the
region that is more abundant in labor (population) and land. Let N = n1 + n2 denote the
total population in the federation.

Each region produces a private good (numeraire) by employing labor and land. Labor
is a variable input, while land is fixed. Assume that there are Mj perfectly competitive
firms in region j. Let F

(
lj, zj

)
be the quantity of numeraire good that the representative firm

in region j produces. All firms utilize the same constant-returns-to-scale (CRS) technology.
We assume that F(.) denotes the concave production function that represents the CRS
technology and lj and zj are the amounts of labor and land that the representative firm in
region j employs in the production process, where zj ≡ Zj/Mj. The production function
F(.) is twice continuously differentiable, increases at decreasing rates in all arguments, and
Fj

lz ≡ ∂2F/∂lj∂zj ≥ 0, j = 1, 2. Let ϕj denote the wage in region j.
The representative firm in region j chooses non-negative

{
lj
}

to maximize
π
(
lj, ϕj, zj

)
= F

(
lj, zj

)
− ϕjlj, taking the choices of all other firms as given. Assuming

an interior solution, the first order conditions yield Fj
l = ϕj,j = 1, 2, where Fj

l ≡ ∂F/∂lj.
The amounts of labor that the representative firm hires satisfy the equalization of marginal
products of labor to the prices of labor. Let l

(
ϕj, zj

)
denote labor demand functions

for the representative firm in region j. The labor market in region j clears if, and only
if, Mjl

(
ϕj, zj

)
= nj, conditions that we assume that hold in equilibrium. These market-

clearing conditions define the regional wages as implicit functions of the relevant exogenous
variables in the regional market: ϕj = ϕ

(
Mj, Zj

)
. We simply write the market wage in

region j as ϕj. We assume that each resident of region j earns an equal share of the profit
produced by each firm in his/her region. The profit of the representative firm in region j is
π j(ϕj, zj

)
≡ F

(
l
(

ϕj, zj
)
, zj
)
− ϕjl

(
ϕj, zj

)
. Since each resident receives compensation from

supplying labor in the input markets, the income of the representative resident in region
j is yj = ϕj + Mjπ

j(ϕj, zj
)
/nj.

Let u
(

xj, gj, Q
)

denote the utility for the representative resident of region j; this con-
sumer derives utility from consumption of xj units of a numeraire good, gj units of a
regional public good, and Q units of a federal pure public good. We assume that the
utility function is strictly concave, increasing at a decreasing rate in each argument and
satisfies the Inada conditions (i.e., all goods are essential in consumption). For simplicity,
we assume that the utility function is strongly separable in private and public consumption:
u
(

xj, gj, Q
)
≡ b

(
xj
)
+ r
(

gj
)
+ v(Q). We assume that it costs one unit of the numeraire good

to provide one unit of each type of public good. Since region 1 is larger than region 2, we
assume that region 1 is the sole provider of the federal public good. This asymmetry with
respect to provision of the federal public good occurs naturally in a decentralized federation
in which regional governments are utilitarian and, thus, make choices to maximize the sum
of its residents’ utility functions. In the Nash equilibrium, region 1 is the sole provider of
the federal public good; region 2 free rides. The assumption is harmless for our analysis.
Thus, region 1 contributes g1 and Q units to the provision of the regional and federal
public goods, respectively, and region 2 contributes g2 units to the provision of the regional
public good.

The budget constraints for the representative residents of region 1 and region 2 are

x1 = y1 +
t1 − g1 −Q

n1
and x2 = y2 +

t2 − g2

n2
(1)
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where tj, j = 1, 2, is the amount of income transfer that the individual receives (if positive)
from the central government or pays (if negative) to the central government. Since the
income transfers are redistributive, the center faces the following constraint:

∑2
j=1 tj = 0 (2)

Social Optimum with Immobile Residents

The regional governments are benevolent and utilitarian. Their payoffs are
wj = nj

[
b
(

xj
)
+ r
(

gj
)
+ v(Q)

]
, j = 1, 2. The central government is also benevolent and

utilitarian. Its payoff is W = ∑2
j=1 wj. The social optimum in this economy corresponds

to the center’s most desirable allocation. In the fully centralized allocation, the center
chooses {x1, x2, g1, g2, Q} to maximize ∑2

j=1 nj
[
b
(
xj
)
+ r
(

gj
)
+ v(Q)

]
subject to federa-

tion’s resource constraint:
∑2

j=1 njxj + G + Q = X (3)

where G = ∑2
j=1 gj and X = ∑2

j=1 MjF
(
l
(

ϕj, zj
)
, zj
)
. Letting ρ ≥ 0 denote the Lagrangian

multiplier associated with the federation’s resource constraint. Assuming interior solutions,
the first order conditions can be written as follows:

xj :b′
(
xj
)
= ρ, j = 1, 2, (4)

gj :njr′
(

gj
)
= ρ, j = 1, 2, (5)

Q :n1v′(Q) + n2v′(Q) = ρ. (6)

Equation (4) imply
b′(x1) = b′(x2) ⇒ x1 = x2. (7)

Combining Equation (4) with (5) yields

nj
r′
(

gj
)

b′
(
xj
) = 1, j = 1, 2. (8)

Combining Equation (4) with (6) yields

∑2
j=1 nj

v′(Q)

b′
(
xj
) = 1. (9)

Equations (8) and (9) are the Samuelson conditions for optimal provision of regional
and federal public goods, respectively. The socially efficient allocation is characterized by
Equations (7)–(9).

3. Decentralized Leadership with Immobile Residents

In this section, we consider the efficiency and equity properties of decentralized
leadership. In the decentralized leadership regime, the regional governments are policy
leaders and the federal government is a common policy follower. We examine three distinct
federal arrangements: (i) decentralized leadership with centralized inter-regional income
transfers; (ii) decentralized leadership with centralized inter-regional income and fiscal
transfers; and (iii) selective decentralized leadership.

3.1. Centralized Interregional Income Transfers with Immobile Residents

We start by examining a decentralized leadership arrangement in which the federal
government’s role is simply to redistribute income across regions. The regional and central
governments play a two-stage game as follows. In the first stage, regional government
1 chooses contributions to both regional good and federal public good and regional govern-
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ment 2 chooses contribution to its regional public good. The center observes these choices
and in the second stage, chooses the interregional income transfers.

At the second stage of the game, the center chooses {t1, t2} to maximize
n1

[
b
(

y1 +
t1−g1−Q

n1

)
+ r(g1) + v(Q)

]
+ n2

[
b
(

y2 +
t2−g2

n2

)
+ r(g2) + v(Q)

]
subject to con-

straint (2). Letting λ ≥ 0 denote the Lagrangian multiplier associated with constraint (2).
Assuming an interior solution, the first order conditions imply:

λ = b′(x1) = b′(x2) ⇒ x1 = x2. (10)

Let tj(g1, g2, Q), j = 1, 2, denote the center’s best response functions. These functions
satisfy the following system of equations:

y1 +
t1(g1, g2, Q)− g1 −Q

n1
= y2 +

t2(g1, g2, Q)− g2

n2
, (11)

t1(g1, g2, Q) + t2(g1, g2, Q) = 0. (12)

Differentiating Equations (11) and (12) with respect to {g1, g2, Q} and then solving
those equations yields

∂tj

∂gj
= − ∂tk

∂gj
=

nk
N

, j, k = 1, 2, k 6= j, and
∂t1

∂Q
= − ∂t2

∂Q
=

n2

N
(13)

Consider the first stage. Regional government 1 chooses non-negative {g1, Q} to

maximize n1

[
b
(

y1 +
t1(.)−g1−Q

n1

)
+ r(g1) + v(Q)

]
, taking the choices of regional govern-

ment 2 as given, while regional government 2 chooses non-negative {g2} to maximize

n2

[
b
(

y2 +
t2(.)−g2

n2

)
+ r(g2) + v(Q)

]
, taking the choices of regional government 1 as given.

Assuming interior solutions, the first order conditions yield:

nj
r′
(

gj
)

b′
(
xj
) = 1− ∂tj

∂gj
, j = 1, 2, (14)

n1
v′(Q)

b′(x1)
= 1− ∂t1

∂Q
. (15)

Combining Equations (13) and (14) yields

N
r′
(

gj
)

b′
(
xj
) = 1, j = 1, 2 (16)

Combining Equations (13) and (15) yields

N
v′(Q)

b′(x1)
= 1. (17)

Since b′(x1) = b′(x2), Equation (17) implies

n1
v′(Q)

b′(x1)
+ n2

v′(Q)

b′(x2)
= 1 (18)

The subgame perfect equilibrium for decentralized leadership with centralized inter-
regional income transfers and immobile residents is characterized by Equations (10), (16),
and (18). By comparing Equations (16) and (18) to Equations (8) and (9), one can state
that provision of a federal public good is socially optimal, but the regional public goods
are overprovided.
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Proposition 1. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are immobile. The subgame perfect equilibrium for decentralized leadership
with centralized inter-regional income transfers is inefficient.

The interregional income transfers promoted induce the regional governments to view
their regional public goods as if they are federal public goods—they overspend resources
in their provision.

3.2. Centralized Interregional Income and Fiscal Transfers with Immobile Residents

In this section, we examine a setting in which the center can implement two types of
interregional transfers, one type to reduce income disparities and another type to reduce
disparities in fiscal capacity. As before, gj denotes the expenditure in the provision of
regional public good in region j. Let ej + sj represent region j’s total tax revenue available
to finance the cost of providing its regional public good, where ej is the amount of tax
revenue that is collected in the region and sj is the amount of a (negative or positive) fiscal
transfer (paid or received). The fiscal transfer is earmarked. Each region must balance its
budget with respect to provision of the regional public good: gj = ej + sj, j = 1, 2. The
budget constraints for the representative resident of regions 1 and 2 are

x1 = y1 +
t1 − s1 − e1 −Q

n1
and x2 = y2 +

t2 − s2 − e2

n2
. (19)

Region 1’s budget constraint is given by n1x1 + e1 + s1 + Q = n1y1 + t1 and region 2’s
budget constraint is given by n2x2 + e2 + s2 = n2y2 + t2. As in the studies of Boadway [13]
and Silva [4], we assume that the fiscal transfers are redistributive, so that

s1 + s2 = 0 (20)

Regional government 1 chooses {e1, Q} and regional government 2 chooses {e2} in
the first stage. Having observed {e1, e2, Q}, the center chooses {s1, s2, t1, t2} to maximize
n1

[
b
(

y1 +
t1−s1−e1−Q

n1

)
+ r(g1) + v(Q)

]
+ n2

[
b
(

y2 +
t2−s2−e2

n2

)
+ r(g2) + v(Q)

]
subject to

constraints (2) and (20) in the second stage.
At the second stage of the game, let λ ≥ 0 and µ ≥ 0 denote the Lagrangian multipliers

associated with constraints (2) and (20), respectively. The conditions that maximize social
welfare are Equations (2), (10), (20), and the following:

n1r′(g1) = n2r′(g2) ⇒ g1 > g2. (21)

Let tj(e1, e2, Q) and sj(e1, e2, Q), j = 1, 2, denote the center’s best response functions.
These functions satisfy the following system of equations:

y1 +
t1(e1, e2, Q)− e1 − s1(e1, e2, Q)−Q

n1
= y2 +

t2(e1, e2, Q)− e2 − s2(e1, e2, Q)

n2
(22)

t1(e1, e2, Q) + t2(e1, e2, Q) = 0, (23)

n1r′
(

e1 + s1(e1, e2, Q)
)
= n2r′

(
e2 + s2(e1, e2, Q)

)
(24)

s1(e1, e2, Q) + s2(e1, e2, Q) = 0 (25)

Let gj(e1, e2, Q) = ej + sj(e1, e2, Q), j = 1, 2. Equations (22)–(25) imply that
(j, k = 1, 2, k 6= j)

∂tj

∂ej
= −∂tk

∂ej
=

nk
N
−

njr′′
(

gj
)

n1r′′ (g1) + n2r′′ (g2)
and

∂sj

∂ej
= −∂sk

∂ej
= −

njr′′
(

gj
)

n1r′′ (g1) + n2r′′ (g2)
, (26)
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∂t1

∂Q
= − ∂t2

∂Q
=

n2

N
and

∂sj

∂Q
= 0. (27)

Consider the first stage. Regional government 1 chooses non-negative {e1, Q} to

maximize n1

[
b
(

y1 +
t1(.)−e1−s1(.)−Q

n1

)
+ r
(

g1(.)
)
+ v(Q)

]
, taking the choices of regional

government 2 as given. Regional government 2 chooses non-negative {e2} to maximize

n2

[
b
(

y2 +
t2(.)−e2−s2(.)

n2

)
+ r
(

g2(.)
)
+ v(Q)

]
, taking the choices of regional government 1

as given. Assuming interior solutions, the first order conditions yield:

b′
(

xj
)( ∂tj

∂ej
− ∂sj

∂ej
− 1

)
+ njr′

(
gj
)(

1 +
∂sj

∂ej

)
= 0,j = 1, 2, (28)

b′(x1)

(
∂t1

∂Q
− ∂s1

∂Q
− 1
)
+ n1r′(g1)

∂s1

∂Q
+ n1v′(Q) = 0. (29)

For regional good provisions, combining Equations (26) and (28) yields

nj
r′
(

gj
)

b′
(

xj
) =

(nj

N

)
/
(

nkr′′ (gk)

n1r′′ (g1) + n2r′′ (g2)

)
, j, k = 1, 2, k 6= j. (30)

For a federal public good provision, combining Equations (27) and (29) yields

N v′(Q)
b′(x1)

= 1 ⇒ n1
v′(Q)
b′(x1)

+ n2
v′(Q)
b′(x2)

= 1. (31)

The subgame perfect equilibrium for decentralized leadership with centralized inter-
regional income and fiscal transfers is characterized by Equations (10), (30), and (31).
It involves x1 = x2

Proposition 2. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are immobile. The subgame perfect equilibrium for decentralized leadership
with centralized inter-regional income and fiscal transfers is inefficient.

Equations (30) and (31) inform us that provision of a federal public good is socially
optimal but provision of regional public goods is sensitive to the population distribu-
tion. It is efficient if population sizes are equal, but inefficient if population sizes differ.
Since n1 > n2, provision of regional public goods is inefficient. To see this very clearly,
suppose that n1 = n2. Then, Equation (21) implies that g1 = g2. Given g1 = g2, we
have r′′ (g1) = r′′ (g2). The right hand side of Equation (30) is equal to one,
i.e.,

( nj
N

)
/
(

nkr′′ (gk)
n1r′′ (g1)+n2r′′ (g2)

)
= 1. In such case, Equations (30) satisfy the Samuelson

conditions. Therefore, a symmetric population distribution is essential for efficiency
of decentralized leadership in a setting in which the center promotes interregional and
fiscal transfers.

3.3. Selective Decentralized Leadership with Immobile Residents

Suppose that region 1 is the policy leader in the federation and respects provision of
the federal public good. It selects the level of the federal public good in anticipation of
the central government’s policy regarding interregional redistribution of income and both
regional governments’ policies regarding provision of the regional public goods. We assume
that the center’s choice of interregional income transfers and the regional governments’
choices of regional public good levels are simultaneous. The budget constraints for the
representative resident of regions 1 and 2 are

x1 = y1 +
t1 − g1 −Q

n1
and x2 = y2 +

t2 − g2

n2
. (32)
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In the second stage of the game, regional government 1 chooses non-negative {g1}
to maximize n1

[
b
(

y1 +
t1−g1−Q

n1

)
+ r(g1) + v(Q)

]
, regional government 2 chooses non-

negative {g2} to maximize n2

[
b
(

y2 +
t2−g2

n2

)
+ r(g2) + v(Q)

]
, and the center chooses

{t1, t2} to maximize n1

[
b
(

y1 +
t1−g1−Q

n1

)
+ r(g1) + v(Q)

]
+ n2[b

(
y2 +

t2−g2
n2

)
+ r(g2)

+v(Q)] subject to constraint (2). The equilibrium in the second stage is characterized
by Equations (2), (10) and the following:

gj :−b′
(

xj
)
+ njr′

(
gj
)
= 0 ⇒ nj

r′(gj)
b′(xj)

= 1, j = 1, 2. (33)

Let gj(Q) and tj(Q), j = 1, 2, denote the best response functions. Inserting the response
functions into (2), (10), and (33) and then differentiating the equations with respect to
{Q} yields

∂t1

∂Q = − ∂t2

∂Q = 1
N

{
n2 +

n1b′′ (x1)(n1
2r′′ (g1)−n2

2r′′ (g2))
b′′ (x1)[n1

2r′′ (g1)−n2
2r′′ (g2)]+Nn2r′′ (g2)[n1

2r′′ (g1)+b′′ (x1)]

}
,

∂g1

∂Q = − n2b′′ (x1)r′′ (g2)
b′′ (x1)[n1r′′ (g1)+n2r′′ (g2)]+Nn1n2r′′ (g2)r′′ (g1)

< 0
∂g2

∂Q = − n1b′′ (x1)r′′ (g1)
b′′ (x1)[n1r′′ (g1)+n2r′′ (g2)]+Nn1n2r′′ (g2)r′′ (g1)

< 0

(34)

Let us now examine the first stage. Regional government 1 chooses non-negative

{Q} to maximize n1

[
b
(

y1 +
t1(Q)−g1(Q)−Q

n1

)
+ r
(

g1(Q)
)
+ v(Q)

]
. Assuming an interior

solution, the first order condition yields:

b′(x1)
(

∂t1

∂Q −
∂g1

∂Q − 1
)
+ n1r′(g1)

∂g1

∂Q + n1v′(Q) = 0 ⇒ n1
v′(Q)
b′(x1)

= 1− ∂t1

∂Q . (35)

Substituting ∂t1/∂Q into Equation (35) yields

N
v′(Q)

b′(x1)
= 1−

b′′ (x1)
(
n1

2r′′ (g1)− n2
2r′′ (g2)

)
b′′ (x1)[n1

2r′′ (g1)− n22r′′ (g2)] + Nn2r′′ (g2)[n1
2r′′ (g1) + b′′ (x1)]

(36)

The subgame perfect equilibrium for selective decentralized leadership is character-
ized by Equations (10), (33), and (36). It involves x1 = x2. This novel result represents
a major departure from the message that selective decentralized leadership incentivizes
regional governments to behave efficiently. As Equation (36) reveals, the Samuelson condi-
tion for efficient provision of the federal public good is satisfied if, and only if, n1 = n2. In
such a case, g1 = g2 and the fraction on the right-hand side of (36) vanishes.

Proposition 3. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are immobile. The subgame perfect equilibrium for selective decentralized
leadership is inefficient.

4. Decentralized Leadership with Imperfectly Mobile Residents

We demonstrated that the equilibrium for decentralized leadership in a setting in
which the center controls interregional and fiscal transfers and the equilibrium in a setting
in which provision of the federal public good occurs prior to the provision of the regional
public goods. We also showed that the center promotes interregional income transfers after
it observes the choice with respect to the federal public good (i.e., selective decentralized
leadership) are inefficient if region 1 is more abundant in labor and land and the population
is immobile. We now consider the impacts of hybrid work and imperfect labor mobility.

In the presence of hybrid work, all firms operate in a common labor market. Under this
‘new normal’ in the labor market, which became ubiquitous during and after the COVID-19
pandemic, workers can work remotely. There is no obligation to work and reside in the
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same region. Let ϕ denote wage. The representative firm in region j chooses non-negative{
lj
}

to maximize π
(
lj, ϕ, zj

)
= F

(
lj, zj

)
− ϕlj, taking the choices of all other firms as given.

Assuming an interior solution, the first order conditions yield Fj
l = ϕ,j = 1, 2, where

Fj
l ≡ ∂F/∂lj. The amounts of labor that the representative firm hires satisfy the equalization

of marginal products of labor to the prices of labor. Let l
(

ϕ, zj
)

denote labor demand
functions for the representative firm in region j. The labor markets clear if, and only if,

M1l(ϕ, z1) + M2l(ϕ, z2) = N, (37)

where N is the total supply of labor in the economy since each individual supplies
one unit of labor in the labor market. We use the market-clearing condition (37) to
define wage as an implicit function of the relevant exogenous variables in the market:
ϕ = ϕ(M1, M2, N, Z1, Z2). We simply write the market wage as ϕ .

We consider situations in which individuals are free to choose their region of residence.
Individuals are attached to regions because they derive idiosyncratic regional benefits
associated with their language, culture, family relationships, etc. Let n ∈ [0, N] denote
an individual in the economy. This individual’s attachment benefit is a(N − n) if this
individual resides in region 1 or an if this individual resides in region 2, where a > 0 denotes
the intensity of attachment. Given this, this individual’s utility is b(x1) + r(g1) + v(Q) +
a(N − n) for residing in region 1 or b(x2) + r(g2) + v(Q) + an for residing in region 2. The
migration equilibrium requires that an individual n1 to be indifferent between residing in
both regions:

b(x1) + r(g1) + a(N − n1) = b(x2) + r(g2) + an1 (38)

Utilizing Equations (1), Equation (38) enables us to define the implicit function
n1 = n1(t1, t2, g1, g2, Q). This is the migration response function. The marginal responses
are as follows:

n1
t1
=

−b′(x1)/n1

b′(x1)x1
n + b′(x2)x2

n − 2a
> 0, n1

t2
=

b′(x2)/n2

b′(x1)x1
n + b′(x2)x2

n − 2a
< 0 (39)

n1
g1

=
b′(x1)/n1 − r′(g1)

b′(x1)x1
n + b′(x2)x2

n − 2a
, n1

g2
=

−b′(x2)/n2 + r′(g2)

b′(x1)x1
n + b′(x2)x2

n − 2a
(40)

n1
Q =

b′(x1)/n1

b′(x1)x1
n + b′(x2)x2

n − 2a
< 0, (41)

where n1
tj
≡ ∂n1/∂tj, xj

n ≡ ∂xj/∂nj = −
(
xj − ϕ

)
/nj, n1

gj
≡ ∂n1/∂gj, and n1

Q ≡ ∂n1/∂Q,
j = 1, 2. Thus, the marginal responses account for the individual incomes are

yj(nj
)
= ϕ + Mjπ

j(ϕ, zj
)
/nj, j = 1, 2, (42)

where π j(ϕ, zj
)
≡ F

(
l
(

ϕ, zj
)
, zj
)
− ϕl

(
ϕ, zj

)
. Because we examine situations in which the

migration equilibrium is stable, we assume throughout that b′
(

xj
)
xj

n − a < 0, j = 1, 2. This
condition assures us that b′(x1)x1

n + b′(x2)x2
n − 2a < 0, the stable migration condition, is

always satisfied. The marginal migration responses in (39) inform us that the population
in region 1 increases (or decreases) as consumption of the center’s interregional income
transfer in region 1 (2) increases. The marginal migration responses in (40) demonstrate
that one cannot, a priori, tell if the population in region 1 increases or decreases as the
amount of regional public good in region 1 (2) increases. The marginal migration responses
in (41) demonstrate that the population in region 1 decreases as the amount of federal pure
public good increases.

As in Section 3, the regional governments are benevolent and utilitarian. Their
payoffs are w1 =

∫ n1
0 [b(x1) + r(g1) + v(Q) + a(N − n)]dn and w2 =

∫ N
n1
[b(x2) + r(g2)

+v(Q) + an]dn. The central government is also benevolent and utilitarian. Its payoff is
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W = ∑2
j=1 wj. The social optimum in this economy corresponds to the center’s most de-

sirable allocation. We assume that the central government takes the migration response
function into account when it chooses the policy variables. In the fully centralized allocation,
the center chooses {t1, t2, g1, g2, Q} to maximize

W = n1(.)

{
b(x1) + r(g1) + v(Q) +

a
[
2N − n1(.)

]
2

}
+ n2(.)

{
b(x2) + r(g2) + v(Q) +

a
[
2N − n2(.)

]
2

}
(43)

subject to constraints (1), (2), and ∑2
j=1 nj(.) = N. Note that aggregating individual budget

constraints (1) and then using Equation (2) and (42), we can obtain the economy wide
resource constraint

∑2
j=1 nj(.)xj + G + Q = X (44)

where G = ∑2
j=1 gj and X = ∑2

j=1 MjF
(
l
(

ϕ, zj
)
, zj
)
. Therefore, Equations (1), (2) and

(42) satisfy the federation’s resource constraint. Let λ ≥ 0 denote the Lagrangian multi-
plier associated with constraint (2). Assume an interior solution. Since ∑2

j=1 nj(.) = N,
n2

gj
= −n1

gj
, n2

tj
= −n1

tj
, and n2

Q = −n1
Q, j = 1, 2, the first order conditions can be written as

follows (j, k = 1, 2 and k 6= j):

tj :njb′
(
xj
)(

xj
nnj

tj
+

1
nj

)
+ nkb′(xk)

(
xk

nnk
tj

)
= λ (45)

gj :njb′
(

xj
)(

xj
nnj

gj −
1
nj

)
+ nkb′(xk)

(
xk

nnk
gj

)
+ njr′

(
gj
)
= 0 (46)

Q :n1b′(x1)

(
x1

nn1
Q −

1
n1

)
+ n2b′(x2)

(
x2

nn2
Q

)
+ Nv′(Q) = 0 (47)

Combining Equations (39) and (45) yields

b′(x1)
n1

(
Nb′(x2)x2

n − 2an1
)
= b′(x2)

n2

(
Nb′(x1)x1

n − 2an2
)
,

⇒ b′(x1)− b′(x2) =
Nb′(x1)b′(x2)(x1−x2)

2an1n2
.

(48)

Since b′
(

xj
)
> 0, j = 1, 2, Equation (48) implies that

x1 = x2 = x ⇔ b′(x1) = b′(x2) (49)

One can prove that the equalities in (49) hold by contradiction. Suppose that x1 > x2.
Then, the sign of the right-hand side of Equation (48) must be positive and it implies that
b′(x1) > b′(x2). However, this is impossible because x1 > x2 implies b′(x1) < b′(x2)
because b′′ < 0, which contradicts Equation (48). Similarly, x1 < x2 is impossible.

Combining Equations (40) and (46) yields

(
Nb′(xk)xk

n − 2anj

)(
−

b′
(
xj
)

nj
+ r′

(
gj
))

= 0, j, k = 1, 2, k 6= j (50)

Suppose that−b′
(

xj
)
/nj + r′

(
gj
)
6= 0. Then, Nb′(x1)x1

n− 2an2 = Nb′(x2)x2
n− 2an1 = 0

from Equations (48) and (50). Adding these equations yields b′(x1)x1
n + b′(x2)x2

n − 2a = 0.
This equation violates our migration stable assumption: b′(x1)x1

n + b′(x2)x2
n − 2a < 0.

Therefore,

nj
r′
(

gj
)

b′
(
xj
) = 1, j = 1, 2 (51)
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Combining Equations (41) and (47) yields

b′(x1)

n1

[
n1b′(x1)x1

n − n2b′(x2)x2
n

b′(x1)x1
n + b′(x2)x2

n − 2a

]
− b′(x1) + Nv′(Q) = 0. (52)

Given Equation (49), n1b′(x1)x1
n − n2b′(x2)x2

n = 0, Equation (52) implies that

∑2
j=1 nj

v′(Q)

b′
(
xj
) = 1 (53)

Equations (51) and (53) are the Samuelson conditions for optimal provision of regional
and federal public goods, respectively. The socially efficient allocation is characterized by
Equations (48), (51) and (53).

In what follows, we consider the efficiency and equity properties of decentralized lead-
ership. As in Section 3, we examine three distinct federal arrangements: (i) decentralized
leadership with centralized inter-regional income transfers; (ii) decentralized leadership
with centralized inter-regional income and fiscal transfers; and (iii) selective decentralized
leadership. We show that a federation featuring decentralized leadership yields an efficient
and equitable allocation of resources under alternatives (ii) and (iii) if individuals are
mobile and work in a common labor market.

4.1. Centralized Interregional Income Transfers with Imperfectly Mobile Residents

Again, we start by examining a decentralized leadership arrangement in which the
federal government’s role is simply to redistribute income across regions. Since individuals
are mobile across regions, all governments account for the migration responses in their
maximization problems.

Consider the second stage. Having observed {g1, g2, Q}, the center chooses {t1, t2} to
maximize social welfare (43) subject to constraints (1), (2), and ∑2

j=1 nj(.) = N. Let λ ≥ 0
denote the Lagrangian multiplier associated with constraint (2). Hence, its choices yield
Equations (45). Combining Equations (39) and (45) yields Equations (48) and (49). Let
tj(g1, g2, Q) denote the center’s best response functions, j = 1, 2. These functions satisfy
the following system of equations:

y1
(

n̂1(.)
)
+

t1(g1, g2, Q)− g1 −Q
n̂1(.)

= y2
(

n̂2(.)
)
+

t2(g1, g2, Q)− g2

n̂2(.)
, (54)

t1(g1, g2, Q) + t2(g1, g2, Q) = 0 (55)

where n̂1(.) ≡ n1(t1(g1, g2, Q), t2(g1, g2, Q), g1, g2, Q
)

and n̂2(.) ≡ N − n̂1(.). Differen-
tiating Equations (54) and (55) with respect to {g1, g2, Q} and then solving those
equations yields

∂tj

∂gj
= − ∂tk

∂gj
=

1
D

(
1
nj

+

(
x1 − ϕ

n1
+

x2 − ϕ

n2

)
nj

gj

)
, j, k = 1, 2, k 6= j, (56)

∂t1

∂Q
= − ∂t2

∂Q
=

1
D

(
1
n1

+

(
x1 − ϕ

n1
+

x2 − ϕ

n2

)
n1

Q

)
, (57)

where D ≡ ∑2
j=1

(
1
nj
−
(

x1−ϕ
n1

+ x2−ϕ
n2

)
nj

tj

)
.

Consider the first stage. Regional government 1 chooses non-negative {g1, Q} to

maximize n̂1(.)
{

b
(

y1(n̂1(.)
)
+ t1(g1,g2,Q)−g1−Q

n̂1(.)

)
+ r(g1) + v(Q) +

a[2N−n̂1(.)]
2

}
, taking the

choices of regional government 2 as given. Regional government 2 chooses non-negative

{g2} to maximize n̂2(.)
{

b
(

y2(n̂2(.)
)
+ t2(g1,g2,Q)−g2

n̂2(.)

)
+ r(g2) + v(Q) +

a[2N−n̂2(.)]
2

}
,
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taking the choices of regional government 1 as given. Assuming an interior solution,
the first order conditions yield (j = 1, 2):(

nj
t1

∂t1

∂gj
+ nj

t2
∂t2

∂gj
+ nj

gj

)[
b
(
xj
)
+ r
(

gj
)
+ v(Q) + a

(
N − nj(.)

)]
+nj

{
b′
(
xj
)[

xj
n

(
nj

t1
∂t1

∂gj
+ nj

t2
∂t2

∂gj
+ nj

gj

)
+ 1

nj

(
∂tj

∂gj
− 1
)]

+ r′
(

gj
)}

= 0,
(58)

(
n1

t1
∂t1

∂Q + n1
t2

∂t2

∂Q + n1
Q

)[
b(x1) + r(g1) + v(Q) + a

(
N − n1(.)

)]
+n1

(
b′(x1)

[
x1

n

(
n1

t1
∂t1

∂Q + n1
t2

∂t2

∂Q + n1
Q

)
+ 1

n1

(
∂t1

∂Q − 1
)]

+ v′(Q)
)
= 0.

(59)

Since n2
tj
= −n1

tj
and n2

gj
= −n1

gj
, j = 1, 2, combining Equations (39), (40), (56) and (58),

for j, k = 1, 2, k 6= j, yields

nj
r′
(

gj
)

b′
(

xj
)

=

 1
nk
−

b′(xk)(xk − ϕ)

nk

(
1
n1

+
1
n2

)
b′(x1)(x1 − ϕ)

n1
+

b′(x2)(x2 − ϕ)

n2
+ 2a

/

D +

b
(
xj
)
+ r
(

gj
)
+ v(Q) + ank

nj

(
1
n1

+
1
n2

)
b′(x1)(x1 − ϕ)

n1
+

b′(x2)(x2 − ϕ)

n2
+ 2a

 .
(60)

Each regional government provides their own regional public goods to satisfy
Equation (60). For a federal public good, combining Equations (39), (41), (57), and
(59) yields[

b(x1) + r(g1) + v(Q) + a(N − n1)

b′(x1)
− (x1 − ϕ)

](
n1

t1

∂t1

∂Q
+ n1

t2

∂t2

∂Q
+ n1

Q

)
+

(
∂t1

∂Q
− 1
)
+ n1

v′(Q)

b′(x1)
= 0.

(61)

Since b′(x1) = b′(x2) and n1
Q = −n1

t1
, we have

(
n1

t1
∂t1

∂Q + n1
t2

∂t2

∂Q + n1
Q

)
= 0. Addition-

ally, then, we also have ∂t1/∂Q = n2/N. Equation (61) is

n1
v′(Q)

b′(x1)
+ n2

v′(Q)

b′(x2)
= 1 (62)

Equations (60) inform us that the subgame perfect Nash equilibrium for the decentral-
ized leadership game features inefficient provision of the regional public goods because
they violate Equations (51). Although the setting with imperfect resident mobility is more
complex than the setting with immobile residents, the incentives faced by the regional
governments are qualitatively identical in both settings. Intuitively, each regional govern-
ment anticipates that the center will redistribute consumption of the private good, equating
individual marginal utilities of income, and thus, has an incentive to deviate from efficient
provision of its regional public good. The equilibrium, however, features efficient provision
of the federal public good.

In sum, the equilibrium allocation for decentralized leadership with centralized inter-
regional income transfers is characterized by Equations (48), (60) and (62). It involves
x1 = x2.

Proposition 4. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are imperfectly mobile in the presence of a common labor market. The subgame
perfect equilibrium for decentralized leadership with centralized inter-regional income transfers is
inefficient.
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4.2. Centralized Interregional Income and Fiscal Transfers with Imperfectly Mobile Residents

We now show that the center can induce efficient behavior at the regional level if it is
endowed with earmarking transfers. As in Section 3.2, the center earmarks the provision
of regional public goods. As before, the regional budgets must be balanced: gj = ej + sj,
j = 1, 2. The budget constraint for the representative resident of region j is (19). The fiscal
transfers are redistributive to satisfy (20).

Regional government 1 chooses {e1, Q} and regional government 2 chooses {e2} in
the first stage. Having observed {e1, e2, Q}, the center chooses {s1, s2, t1, t2} to maximize
social welfare (43) subject to constraints (2), (19), (20), and ∑2

j=1 nj(.) = N.
Let λ ≥ 0 and µ ≥ 0 denote the Lagrangian multipliers associated with constraint

(2) and (20), respectively. The conditions that maximize social welfare are the constraints,
Equations (45) and the following:

sj :nj

[
b′
(

xj
)(

xj
nnj

gj −
1
nj

)
+ r′

(
gj
)]

+ nk

[
b′(xk)

(
xk

nnk
gj

)]
= µ, j, k = 1, 2, k 6= j. (63)

Combining Equations (39) and (45) yields Equations (48) and (49). Given Equa-
tions (48) and (49), combining Equation (63) so as to eliminate µ and then substitut-
ing Equation (40) into the implied equation yields

r′(g1)
[

Nb′(x2)x2
n − 2an1

]
= r′(g2)

[
Nb′(x1)x1

n − 2an2

]
. (64)

Given Equations (48) and (49), we obtain

n1r′(g1) = n2r′(g2). (65)

Note that, given x1 = x2, Equation (38) simplifies to r(g1) + an2 = r(g2) + an1. For
arbitrary a and N values, n1r′(g1) = n2r′(g2), r(g1) + an2 = r(g2) + an1, and N = n1 + n2
hold simultaneously if, and only if, n1 = n2 = N/2 and g1 = g2. Hence, the central gov-
ernment makes the interregional income and fiscal transfers to satisfy the equity conditions
x1 = x2 and g1 = g2. Let tj(e1, e2, Q) and sj(e1, e2, Q), j = 1, 2, denote the center’s best
response functions. Let gj(e1, e2, Q) = ej + sj(e1, e2, Q), j = 1, 2. These functions satisfy the
following system of equations:

y1
(

N
2

)
+

t1(e1, e2, Q)− e1 − s1(e1, e2, Q)−Q
N/2

= y2
(

N
2

)
+

t2(e1, e2, Q)− e2 − s2(e1, e2, Q)

N/2
(66)

t1(e1, e2, Q) + t2(e1, e2, Q) = 0, (67)

e1 + s1(e1, e2, Q) = e2 + s2(e1, e2, Q) (68)

s1(e1, e2, Q) + s2(e1, e2, Q) = 0 (69)

Equations (66)–(69) imply that

∂tj

∂ej
= −∂tk

∂ej
= 0 and

∂sj

∂ej
= −∂sk

∂ej
= −1

2
, j, k = 1, 2, k 6= j, (70)

∂t1

∂Q
= − ∂t2

∂Q
=

1
2
> 0 and

∂sj

∂Q
= 0, j = 1, 2. (71)

Consider the first stage. Regional government 1 chooses non-negative {e1, Q} to max-

imize N
2

{
b
(

y1
(

N
2

)
+ t1(e1,e2,Q)−e1−s1(e1,e2,Q)−Q

N/2

)
+ r
(

g1(e1, e2, Q)
)
+ v(Q) + 3aN

4

}
, taking

the choices of region 2 as given. Regional government 2 chooses non-negative {e2} to max-
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imize N
2

{
b
(

y2
(

N
2

)
+ t2(e1,e2,Q)−e2−s2(e1,e2,Q)

N/2

)
+ r
(

g2(e1, e2, Q)
)
+ v(Q) + 3aN

4

}
, taking the

choices of region 1 as given. Assuming interior solutions, the first order conditions yield:

b′
(

xj
)

N/2

(
∂tj

∂ej
− ∂sj

∂ej
− 1

)
+ r′

(
gj
)(∂sj

∂ej
+ 1

)
= 0, j = 1, 2, (72)

b′(x1)

N/2

(
∂t1

∂Q
− ∂s1

∂Q
− 1
)
+ r′(g1)

∂s1

∂Q
+ v′(Q) = 0. (73)

Combining Equations (70) and (72) yields

N
2

r′
(

gj
)

b′
(

xj
) = 1, j = 1, 2 (74)

Each regional public good is provided so as to satisfy Equation (74). For a federal
public good, combining Equations (71) and (73) yields

N
v′(Q)

b′
(

xj
) = 1 ⇒ n1

v′(Q)

b′(x1)
+ n2

v′(Q)

b′(x2)
= 1. (75)

Equation (74) inform us that the regional governments provide the regional public
goods efficiently. Equation (75) shows that region 1 provides the federal good efficiently.
Therefore, the combination of interregional and fiscal transfers induces efficient behavior at
the regional level.

In sum, the equilibrium allocation for decentralized leadership with centralized inter-
regional income and fiscal transfers is characterized by Equations (48), (74), and (75). It
involves x1 = x2 and g1 = g2.

Proposition 5. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are imperfectly mobile in the presence of a common labor market. The subgame
perfect equilibrium for decentralized leadership with centralized inter-regional income and fiscal
transfers is efficient.

4.3. Selective Decentralized Leadership with Imperfectly Mobile Residents

We now show that both regions behave efficiently if region 1 can commit to provision
of the federal public good. The budget constraints for the representative resident of region
1 and region 2 are shown in Equation (32), respectively. In the first stage of the game,
regional government 1 chooses the amount of the federal public good. In the second stage
of the game, the regional governments choose the amounts of regional public goods and
the center chooses the interregional income transfers.

In the second stage, regional government 1 chooses non-negative {g1} to maxi-

mize n1(.)
{

b
(

y1(n1(.)
)
+ t1−g1−Q

n1(.)

)
+ r(g1) + v(Q) +

a[2N−n1(.)]
2

}
, taking the choices of

the other governments as given, regional government 2 chooses non-negative {g2} to

maximize n2(.)
{

b
(

y2(n2(.)
)
+ t2−g2

n2(.)

)
+ r(g2) + v(Q) +

a[2N−n2(.)]
2

}
, taking the choices of

the other governments as given, and the central government chooses {t1, t2} to maximize
social welfare (43) subject to constraint (2), (32), and ∑2

j=1 nj(.) = N, taking the choices of
the regional governments as given.

Assuming interior solutions, the regional government’s first order conditions yield

nj
gj

[
b
(

xj
)
+ r
(

gj
)
+ v(Q) + a

(
N − nj

)]
+ nj

[
b′
(
xj
)(

xj
nnj

gj −
1
nj

)
+ r′

(
gj
)]

= 0, j = 1, 2 (76)

Combining Equation (76) with Equation (40) yields



Games 2023, 14, 26 16 of 18

(
r′
(

gj
)
−

b′
(

xj
)

nj

)[(
b′(xk)xk

n − a
)
−

b
(
xj
)
+ r
(

gj
)
+ v(Q) + aN

nj

]
= 0, j, k = 1, 2, k 6= j. (77)

Since the latter bracket is strictly negative, Equation (77) is

nj
r′
(

gj
)

b′
(
xj
) = 1, j = 1, 2 (78)

Hence, both regional governments provide their own regional public goods in an
efficient manner. It satisfies Equation (51).

Let us consider the first order conditions for the center’s maximization problem.
Let λ ≥ 0 denote the Lagrangian multiplier associated with constraint (2). The center’s
first order condition yields Equations (48) and (49). Let gj(Q), j = 1, 2, denote regional
government j′s best response function and tj(Q), j = 1, 2, denote the center’s best response
functions. These functions satisfy the following center’s redistribution rules:

y1
(

ñ1(.)
)
+

t1(Q)− g1(Q)−Q
ñ1(.)

= y2
(

ñ2(.)
)
+

t2(Q)− g2(Q)

ñ2(.)
, (79)

t1(Q) + t2(Q) = 0, (80)

where ñ1(.) ≡ n1(t1(Q), t2(Q), g1(Q), g2(Q), Q
)

and ñ2(.) ≡ N − ñ1(.). As in Section 4.2.,
given Equation (49), Equations (38) and (78) simplify to r(g1) + an2 = r(g2) + an1 and
n1r′(g1) = n2r′(g2). We obtain n1 = n2 = N/2 and g1 = g2. Utilizing this, we have
∂g1/∂Q = ∂g2/∂Q. Differentiating Equations (79) and (80) with respect to {Q} yields(

(x1 − ϕ)

n1
+

(x2 − ϕ)

n2

)(
∑2

j=1

(
n1

tj

∂tj

∂Q
+ n1

gj

∂gj

∂Q

)
+ n1

Q

)
− 1

n1

∂t1

∂Q
+

1
n2

∂t2

∂Q
= − 1

n1
(81)

∂t1

∂Q
+

∂t2

∂Q
= 0. (82)

Given Equation (78), n1
gj
= 0, j = 1, 2. Equation (81) is

[
1
n1
−
(
(x1 − ϕ)

n1
+

(x2 − ϕ)

n2

)
n1

t1

]
∂t1

∂Q
−
[

1
n2

+

(
(x1 − ϕ)

n1
+

(x2 − ϕ)

n2

)
n1

t2

]
∂t2

∂Q

=
1
n1

+ n1
Q

(
(x1 − ϕ)

n1
+

(x2 − ϕ)

n2

)
.

(83)

Solving Equations (82) and (83) yields

∂t1

∂Q
= − ∂t2

∂Q
=

1
D

(
1
n1

+

(
x1 − ϕ

n1
+

x2 − ϕ

n2

)
n1

Q

)
(84)

where D ≡ ∑2
j=1

(
1
nj
−
(

x1−ϕ
n1

+ x2−ϕ
n2

)
nj

tj

)
.

Consider the first stage. Regional government 1 chooses non-negative {Q} to maxi-

mize ñ1(.)
{

b
(

y1(ñ1(.)
)
+ t1(Q)−g1(Q)−Q

ñ1(.)

)
+ r
(

g1(Q)
)
+ v(Q) +

a[2N−ñ1(.)]
2

}
. Assuming an

interior solution, the first order condition is:(
b(x1) + r(g1) + v(Q) + a

(
N − n1(.)

)
b′(x1)

− (x1 − ϕ)

)(
∑2

j=1

(
n1

tj

∂tj

∂Q
+ n1

gj

∂gj

∂Q

)
+ n1

Q

)
+

(
∂t1

∂Q
− 1
)
+

(
n1

r′(g1)

b′(x1)
− 1
)

∂g1

∂Q
+ n1

v′(Q)

b′(x1)
= 0

. (85)
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Since n1
gj
= 0, j = 1, 2, and

(
n1

t1
∂t1

∂Q + n1
t2

∂t2

∂Q + n1
Q

)
= 0, Equation (85) is

n1
v′(Q)

b′(x1)
= 1− ∂t1

∂Q
. (86)

Because ∂t1/∂Q = n2/N, Equation (86) is

N v′(Q)
b′(x1)

= 1 ⇒ n1
v′(Q)
b′(x1)

+ n2
v′(Q)
b′(x2)

= 1. (87)

As revealed by Equation (78), the regional governments and the central government
succeed in providing regional public goods efficiently. Equation (87) shows that regional
government 1 provides the federal public good efficiently. In sum, the subgame perfect
equilibrium for the selective decentralized leadership game under hybrid work and imper-
fect labor mobility is socially optimal. It is characterized by Equations (48), (78), and (87). It
involves x1 = x2 and g1 = g2.

Proposition 6. Suppose that utility function is strongly separable in private and public consump-
tion and individuals are imperfectly mobile in the presence of a common labor market. The subgame
perfect equilibrium for selective decentralized leadership game is efficient.

5. Conclusions

In most developed nations, the new normal in the labor market is hybrid work. One
of its direct implications is the creation of a national (or even international) common labor
market. In such nations, we also tend to observe regional governments providing multiple
types of public goods and services. The consumption benefits of some of these regionally
provided public goods do not respect jurisdictional boundaries. It is, therefore, crucial to
know if there is an arrangement of policy instruments and timing of policy actions within a
federation that leads to a socially optimal allocation in the presence of hybrid work and
imperfect residential mobility.

This paper demonstrated that there are circumstances under which the strategic
interaction of regional and central governments yields a socially efficient allocation of
resources in a federation characterized by a common labor market and attachment to
regions. Provided that marginal products of labor are equalized across regions, which
naturally occur in equilibrium for a common labor market, the policy actions of regional
and central governments lead to a socially optimal allocation, if regional governments
make policy choices in anticipation of the center’s choices of interregional income and
fiscal transfers. We also showed that the strategic interaction between regional and central
governments yields a socially optimal allocation if the region that provides a federal public
good is a leader in the federation: it commits to the provision of the federal public good in
anticipation of simultaneous regional and central policy choices, where the regions choose
the levels of regional public goods to be provided and the center chooses the amounts
of interregional income transfers. A key common feature of the equilibria for the two
policy settings was that hybrid work produces a symmetric population distribution. This
symmetric nature implies that the regional governments’ incentives are perfectly aligned.
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Notes
1 See, e.g., Boadway and Cuff [1], Martinez-Velazquez et al. [2], Silva [3], Silva [4], and Silva [5]. These papers produce evidence

that interregional income and earmarked transfers are ubiquitous in federations.
2 See, e.g., Cornes and Itaya [9] for an alternative model with multiple public goods.
3 See, e.g., Boadway and Cuff [1], Martinez-Velazquez et al. [2], Silva [3], Silva [4], and Silva and Lucas [10] for relevant contributions

to fiscal federalism in related areas.
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