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1 Introduction

There is a large literature on fiscal federalism which focuses on the optimal allocation of powers between
the central and local governments. The "Decentralization Theorem" of Oates (1972) states that the choice
of a centralized system over a decentralized one depends on the benefits of internalizing externalities
relative to the costs of policy uniformity. Recently, this trade-off has been re-examined from a political
economy perspective with the result that centralization may not be the most efficient system even though
centralized policy can be differentiated across localities.

A potential deficiency of a centralized system is that the costs of local public spending are shared
through a common budget, thus creating a conflict of interest between citizens in different localities. For
instance, Besley and Coate (2003) develop a two-region model of local public spending and show that,
with a cooperative legislature, each median voter has an incentive to strategically delegate bargaining
power to a representative with higher demand for public spending. The reason is that the appointment
of a ‘liberal’ representative is a commitment device to extract more of the common budget, which in
turn results in too much public spending.! Their analysis has been extended in several directions. In
particular, Dur and Roelfsema (2005) consider that some costs cannot be shared across regions and then
focus on the financing rules that eliminate the incentives for strategic delegation under a cooperative
legislature.

In the literature on the political economy of fiscal (de)centralization, it is typically assumed that
there are no strategic interactions among regions or that the total amount of public good consumption
available in a particular region corresponds to a weighted sum of the amounts that are locally provided by
all regions — with the weights reflecting the spillovers across regions. This ‘summation technology’ implies
‘perfect’ substitutability between local public investments and it originates from the canonical model of
private provision of a pure public good, where the good’s overall level is defined as the arithmetic sum of
individual contributions (see Bergstrom et al., 1986).

However, as first pointed out by Hirshleifer (1983), public goods can take a variety of different forms for
which the perfect-substitutes assumption is questionable. He then proposed two other ‘social composition
functions’ for aggregating individual contributions. With the ‘weakest-link’ technology, the total level of
public good is given by the smallest individual contribution, while it is given by the greatest contribution
for the ‘best-shot’ technology. In the first case, Hirshleifer (1983) used the example of a circular island
that needs to be protected by a dike and for which the effective level of protection (against floods) is
determined by the lowest portion of the dike. For best-shot public goods, one can think of discovering a
research breakthrough — e.g. a cure for a degenerative disease — where the payoff is determined by the
greatest research effort.

Cornes (1993) and more recently Cornes and Hartley (2007a) went one step further by considering

n fact, strategic delegation can nullify any element of cooperativeness within the legislature (see Cheikbossian, 2000).



a CES ‘social composition function’ for aggregating individual contributions. Such a technology allows
them to consider the intermediate cases of ‘weaker-link’ and ‘better-shot’ public goods. For example,
in the case of a ‘weaker-link’ public good, the smallest contribution has the largest marginal impact on
the overall level of public good provision but the impact of contributions by others is not equal to zero
(due, for example, to differences in the island’s topography in Hirshleifer’s example). Sandler (1997,
1998) and Arce and Sandler (2001) pointed out that these types of public goods may also be prevalent
in many situations involving the provision of ‘transnational’ public goods stemming from regional public
investments, with spillover effects from one region to the other. By way of illustration of transnational
‘weaker-link’ public goods, they briefly refer to the cases of atmospheric monitoring, cyberspace virus
control, disease control or peacekeeping.?

In the present analysis, we revisit the issue of the (de)centralization provision of local public goods
from a political economy perspective, with the use of a framework that allows for any degree of sub-
stitutability /complementarity between local public investments as well as for any degree of public good
spillovers. More specifically, we consider a model with two regions, each providing a local public good
that benefits the other region. The effective level of public good consumption in each region results
from a CES aggregation function of public investments in the two regions. Furthermore, we introduce
spillover effects by weighting foreign public investment by an exogenous parameter and, so, one unit of
public investment abroad does not entail the same marginal public benefit than when this unit is provided
domestically.

The (de)centralization of decision-making is framed by a two-stage policy game. In the first stage,
voters in each region elect by majority voting a representative. In the second stage, the elected local
representatives choose independently of each other the level of public investment for their own region
in case of decentralized decision-making. Under centralization, however, the two representatives choose
local public investments so as to maximize joint surplus. We also assume in this case that local public
spending can be funded by both a common lump-sum tax and by a local tax within a range between
‘pure’ common financing and ‘pure’ local financing. Finally, in our analysis, median voters are decisive
and have exactly the same preferences so that we focus exclusively on symmetric equilibria.

The degree of substitutability /complementarity between local public investments relative to the elas-
ticity of the marginal valuation for total public good consumption determine whether local public invest-
ments are strategic substitutes or complements. We then show that, under decentralization, each median
voter strategically delegates policy to a representative with a lower (respectively higher) taste parameter

for public good consumption than herself as local public goods are strategic substitutes (respectively

2Interestingly, they state that "weaker-link public goods resemble strategic complements" (p. 497). For ‘better-shot’
public goods, they briefly refer to the cases of the development of a vaccine or public policies against international terrorism.
They conclude that "better-shot public goods are akin to strategic substitutes" (p. 497). However, they do not analyze the
nature of strategic interactions between countries as a function of the type of public good. Instead, they analyze correlated

strategies for specific numerical examples of ‘weaker-link’ and ‘better-shot’ transnational public goods.



complements). In any case, there is underprovision of local public goods under a decentralized system
and consequently the delegation process may accentuate or mitigate the free-rider problem in public good
provision. Under centralization, however, median voters’ incentives to delegate policy to a ‘conservative’
or to a ‘liberal’ representative depend only on the share of common funding of local public spending
relative to the size of the spillover effects. Depending on which case applies, centralized decision-making
results in over or under-spending, but the drawback of centralization is decreasing in the degree of com-
plementarity between local public goods. Finally, we analyze which system dominates the other from the
median voters’ point of view. For example, under ‘pure centralization’ with a common budget financing
rule, we show that centralization dominates decentralization if and only if both the spillover parameter
and the degree of complementarity between local public investments are both relatively large.

Our results contribute to the previous traditional and political-economy literatures on the (de)centralization
provision of local public goods. Besley and Coate (2003) show that centralized provision is preferable
to decentralized provision if spillover effects are sufficiently strong. The conclusion is thus the same as
in the standard approach a la Oates (1972), with the difference that the costs of centralization result
from over-spending decisions due to the appointment of ‘liberal’ representatives in the central legislature.
Dur and Roelfsema (2005) consider that some costs cannot be shared though a common budget, so that
the strategic delegation to ‘conservative’ agents under centralization may also happen. An important
feature of these two papers, and of a number of other studies, is that there are no incentives for strategic
delegation under decentralized decision-making. The reason is that voters’ preferences are separable in
the levels of public spending, thus implying that the two regions’ allocations are strategically neutral
(even though there exists spillover effects).?

However, Dur and Roelfsema (2005), in an additional appendix, also consider a ‘summation technol-
ogy’ with the public good surplus being given by a (concave) function of the weighed sum of local public
goods.* This implies that these investments are strategic substitutes and, hence, median voters strategi-
cally delegate power to ‘conservative’ representatives under non-cooperative decision-making. However,
they do not investigate the relative performance of the two systems with this extension. In fact, we
show that local public investments must not be perfect substitutes for a centralized system to possibly
dominate a decentralized system even though there are large public good spillover effects.

In other words, the trade-off identified by Besley and Coate (2003) — and others — crucially hinges

on the separability assumption of local public goods in the utility of voters. This is a very restrictive

3Due to its convenience, this separability assumption has been extensively used in the political economy literature of
(de)centralization to investigate a number of issues such as lobbying (see, e.g., Lockwood, 2008), the popular support for
centralization (see, e.g., Feld et al., 2008; Feidler and Staal, 2012), or the endogenous choice of the degree of centralization
(see, Lorz and Willmann, 2005, 2013).

4This corresponds to the standard alternative specification which has also been used to study, for example, the impact
of voting rules, such as direct referendum or qualified majority, on the emergence and scope of centralized systems (see,
e.g., Redoano and Scharf, 2004; and Alesina et al., 2005); or the effect of lobbying on the performance of a decentralized
system (see, e.g., Cheikbossian, 2008).



assumption which is unlikely to be satisfied in a wide variety of contexts. In fact, a number of studies
show that there do exist strategic interactions between neighboring jurisdictions. While, most papers
focus on the strategic interactions in tax rates, there is a growing body of empirical works that focus on
public spending interactions and that conclude, in general, to the presence of a strategic complementarity
(see, e.g., Case et al., 1993; Figlio et al., 1999; Baicker, 2005; Foucault et al., 2008).

Our paper is also related to the literature that focuses on the voters’ incentives for delegating decision-
making to representatives in the context of environmental policies. For example, Buchholz et al. (2005)
show that median voters support representatives that are less ‘green’ than they are, both under coop-
erative (centralized) and non-cooperative (decentralized) decision-making. In a strategic trade policy
environment ¢ la Brander and Spencer (1985), Roelfsema (2007) raises the possibility of delegating pol-
icy to an ‘environmental lover’ in case the median voter cares sufficiently for the environment. Yet, in
a similar manner to the above-mentioned articles, the public bad — i.e. the environmental damage — is
modelled as a function of the (weighted) sum of domestic polluting activities.

Last but not least, the use of a more general ‘social composition function’ raises some technical
problems in this kind of two-stage political game. The standard equilibrium concept would be that of a
Subgame Perfect Nash Equilibrium (SPNE) — in pure strategies. Yet, in the present study, the existence
issue is hard to deal with under this notion, except under very specific assumptions.” Indeed, while
representatives’ payoffs are concave in their own strategies, the payoffs of the decisive voters induced
by the public good provision subgame between representatives are seemingly not (quasi-)concave, nor is
the induced game necessarily supermodular for all the parameter values. Therefore, we introduce the
weaker equilibrium concept of a Local Nash Subgame Perfect Equilibrium (LNSPE), which ensures that
no median voter benefits from a small unilateral deviation from her equilibrium strategy. This concept
extends to a two-stage game that of a Second-order Locally Consistent Equilibrium (2-LCE) or that
of a Local Nash Equilibrium (LNE) in static models of imperfect competition (see, Gary-Bobo, 1989;
Bonanno 1998). This notion of ‘local equilibrium’ has also been exploited in models of tax competition,
where the existence of a Nash equilibrium remains an issue (see, e.g., Bayindir-Upmann and Ziad, 2005;

Bucovetsky and Smart, 2006).5

®In models & la Besley and Coate (2003) or Dur and Roelfsema (2005), which can be recovered as (two) cases of our
framework, a SPNE always exists. We can also show that such an equilibrium exists under a decentralized system when
local public investment are strategic complements (but not too complements). For more details, see the additional appendix,
which is available upon request.

61n this literature, most authors just assume the existence of a (general) Nash equilibrium and few of them have explicitly
focused on the existence problem (see, e.g., Laussel and Le Breton, 1998; Rothstein, 2007). More closely related to the
present analysis, Persson and Tabellini (1992) analyze tax competition between two countries and where the policy-maker,
in each country, is elected by majority voting. It is thus a two-stage game with strategic delegation effects. However,
they implicitly assume the existence of an equilibrium by focusing on the first-order conditions only. This practice is also
common in the literature on strategic trade policy with governments choosing (non-cooperatively) their trade policies prior

to the time that firms engage in market competition (see, e.g., Brander and Spencer, 1985; Eaton and Grossman, 1986).



The rest of this article is organized as follows. Section 2 outlines the framework for our analysis.
Sections 3 and 4 present our political economy analysis of a decentralized and a centralized system,
respectively. In Section 5, we evaluate the performance of one system relative to the other and we also
compare in details our results with those of previous studies. Finally, Section 6 offers some concluding

remarks.

2 The Model

Consider an economy of two equally sized regions, indexed by j = A, B, with the region size normalized to
1. There are three goods in the economy, a private good x and two local public goods — or investments — e 4
and epg, each one associated with a particular region. All individuals have identical endowments in private
goods y and producing one unit of local public good e; costs one unit of the private good. There are two
additional important features in the model. First, the total amount of public good consumption in region
j does not coincide with the amount locally provided because of the existence of cross-regional spillovers.
Second, the two local public goods can be substitutes or complements. Specifically, the effective level of
public good consumption in region j, for a given vector of local public investments e = (ej,e_;) € 3%3, is
given by

G;(e) = [e1=7 + Bl 7] T . (1)

J J

B € [0,1] represents the spillover parameter and the two special cases where § = 0 and 8 = 1 corre-
spond, respectively, to the two polar cases of ‘pure local public goods’ and ‘pure global public goods’ (also
referred to as the case of ‘perfect spillovers’).” o € {[0,1) U (1, +00)} measures the degree of complemen-
tarity between the two local public goods and the elasticity of substitution is 1/0. For o = 0, we have
‘perfect substitutability’ between local public goods and equation (1) becomes the standard ‘summation
technology’, i.e. G; = e; + Be_j.s For 0 — 400 we have ‘perfect complementarity’ and, in the limit,
equation (1) becomes G; =Min{e;;e_;} (referred as to the ‘weakest-link’ function). Finally, if ¢ > 1 and
e;j =0 or e_; = 0, the function is not well defined. Hence, we will also take the limit of (1) as e; — 0 or

e_; — 0, which means G, (e) = 0 in this case.”

"Because of the spillover parameter, there are two levels of effective public good consumption — hence two different CES
‘social composition functions’ — one for each region. For this reason, our model does not belong to the class of "aggregative
games", where each player’s payoff depends on her own action and the same aggregate of all players’ actions (see, Corchén,
1994; Cornes and Hartley, 2007a, 2007b; and Acemoglu and Jensen, 2013).

8The denomination of ‘perfect-substitutes’ for ¢ = 0 is actually abusive. Indeed, even in this case, one unit of investment
abroad does not entail the same marginal benefit than when this unit is provided domestically because of the spillover
parameter. So, the adjective ‘perfect’ must be understood as referring to an infinite elasticity of substitution between the
two levels of public investments.

9Note that (1) is also discontinuous at ¢ = 1. This case is excluded from our analysis.



Individuals differ in the intensity of their preferences for public good consumption. The preferences

of a citizen in region j with taste parameter 6 are given by
zj +O0F [Gj (e)], (2)

where 6 is symmetrically distributed over the [Q, 9] interval with § > 0, and with the mean and median
values both equal to m; for region j (for j = A, B). Furthermore, F'(.) is increasing and concave with
constant index of concavity u = —[F" (G, (e)).G; (e)]/F' (G, (e)). F(.) is thus an isoelastic function of
the form F(G; (e)) =[G, ()] *, where u € (0,1).10

In each region, the cost of providing the local public good is financed by a uniform head tax 7; on
local residents of region j. We will assume throughout that citizens’ endowments in private goods y are
sufficiently high to always allow positive consumption of the private good x. There are thus no wealth

effects and, so, we can focus on the public good surplus.

3 Decentralization

Under decentralization, the level of local public investment in region j is decided by an elected (regional)
representative and is financed by local taxation only, so that the uniform head tax in region j is such that
7; = ej. The representative is chosen by and amongst the voters of the region. Thus, we have a two-stage
policy game to solve. In the first stage, voters in each region elect their representative by majority rule.
In the second stage, the two representatives simultaneously choose the level of public spending for their
own region.

We work by backward induction. Let the type of the elected representative in region j be 0;. Given
the other representative’s policy choice e_;, the representative of region j chooses e; > 0 to maximize

her own public good surplus
vj (e) = 0;F [Gj (e)] — e (3)
We first establish the following Lemma, which will prove useful in further analysis.!!

Lemma 1. For o > p, local public investments are strategic complements — i.e. 9*vj(e)/de;0e_; >0 —

while they are strategic substitutes — i.e. 0?v;(e)/de;0e_; <0 — for o < p.'?

1t can also be interpreted as the elasticity of the marginal valuation for public good consumption. Thus,

10This type of utility function (2), with F(.) being an isoelastic function and G(.) being a CES function, has been used
by Ray et al. (2007) to analyze voluntary participation in a joint project with imperfect substitution between individual
efforts (but without spillover effects). They focus on how (exogenous) share vectors affect joint surplus. Note also that to
save on notations, we will work with the F'(.) formulation throughout the text and the appendix.

11 The proofs of the lemma and propositions are given in the appendix.

12See Bulow et al. (1985) for the definition of strategic complementarity or substitutability.



decisions on local public investments are strategic complements (substitutes) if the inverse of the elasticity
of substitution — or the degree of complementarity — between local public goods given by o is greater
(lower) than the elasticity of the marginal valuation for public good consumption. In the special case
of o = p, the cross-derivatives are zero, which means that the two regions’ allocations are strategically
neutral. This corresponds to the setup considered by Besley and Coate (2003), where voters’ preferences
are assumed to be separable in the levels of local public spending.

We now characterize the equilibrium outcome in the second stage of the game. We have:

Lemma 2. (i) Given the types 0; and 0_; of the two representatives, the non-cooperative game of
public good provision admits a pure-strateqy Nash equilibrium. In this equilibrium, region j’s public good

provision (for j = A, B) is characterized by the following first-order condition
0;F' (Gj () [Gj (e)]” e;7 < 1, with equality for e; > 0. (4)

(ii) For o € {[0,1) U (1,400)}, there is a unique interior equilibrium with €% > 0 and e > 0. For

o € (1,400), there is another corner equilibrium which involves e* = e = 0.13

In other words, given the types of the two representatives (6;,6_;), there is a unique equilibrium with
the property that local public investments are strictly positive in the two regions. In this equilibrium,
the system given by (4), with equality for j = A, B, implicitly yields the local public good levels under a
decentralized system as functions of the types of the two representatives, i.e. e* (04,0p) and e%; (04,0p).
If o € (1,400) there also exists a corner equilibrium, which we ignore. It is also worth pointing out that
the best-response functions of the regions’ representatives are equivalent to the (necessary and sufficient)
first-order conditions and that with strategic substitutes (complements), best-response functions are de-
creasing (increasing). The profile of equilibrium response functions are depicted in Figure 1 for o € [0, u),

and in Figure 2 for o € (u, +00).

INSERT FIGURES

We now turn to the election stage. Citizens, in each region, vote simultaneously to elect their rep-
resentatives. If the representatives of regions A and B are of types 604 and 0p, a type 6 citizen in
region j will have the following public good surplus w;(0,0;,0_;) = 0F [G; (e* (04,05))] — €} (0;,0_;),

with e* (04,05) = (€% (04,08),¢5 (04,05)). These preferences over types of representatives determine

13See the Appendix. Multiplicity is also possible for ¢ = 0 and o — +oco. In the first case, it happens when there are
also ‘perfect spillovers’ —i.e. 8 =1 — and when the two representatives have identical preferences — i.e. 84 = 0pg: there is
a continuum of equilibria with the same public good surplus. The latter case corresponds to the ‘weakest-link’ public good
game: there is also a continuum of equilibria with varying public good surplus and in which the representatives’ decisions

are matched each other.



individuals’ voting decisions. To characterize the outcome of the election stage, we first establish the

following Lemma.

Lemma 3. Voters’ preferences over types of representatives exhibit the single-crossing property: If ' > 6
and 6; > 6, or if 0 < 6 and 6; < 6, then w;(0,0;,0_;) > w;(0,6,,0_;) = w;(6,6;,6_;) >
wj(H’,G/- Q,j).14

R

As shown by Rothstein (1990, 1991) and Gans and Smart (1996), the single-crossing property guarantees
that a Condorcet winner exists and that it coincides with the preferred candidate of the voter with the
median preference given by m;.

We are interested in an equilibrium of the two-stage game, that is a majority preferred pair of local
representatives (0%, 0%) such that e* (67, 63) solves the system given by Lemma 2 — i.e. equation (4) with
equality for j = A, B. The equilibrium concept that first comes to mind is that of a Subgame Perfect
Nash equilibrium (SPNE) in pure strategies. That is, the median type in region j prefers 0; to any

*
7‘7'7

other type 0 € [Q, 9]7 given the other region’s representative type 6~ ., and given the resulting subgame
of local public good provision. To prove the existence of such an equilibrium in this two-stage game
structure is very problematic. Indeed, while representatives’ payoffs are concave in their own strategies,
the payoffs of the decisive voters induced by the equilibrium of the public good provision subgame between
representatives are seemingly not (quasi-)concave. Nor is the induced game necessarily supermodular for
all the parameter values of the model.!?

However, in the case of a decentralized system, quasi-concavity of each median voter’s payoff can be
easily established for ¢ = 0 and o = p. In the first case, local public investments are perfect substitutes
while there are no strategic interactions in local public spending in the second case. Again, following
Besley and Coate (2003), these two specific cases have been extensively studied in the literature. One
can also show that median voters’ payoff are quasi-concave in our setup for o € [u,1). However, for
o € {(0,1) U (1,400)}, one need to use a weaker concept than that of a SPNE. We thus introduce the
concept of Local Nash Subgame Perfect Equilibrium (LNSPE) — in pure strategies.

Let (again) m; be the taste parameter of the median voter in region j. Her payoff is thus given by

w;j (my,05,0_5) = m;F[Gj(e*(04,08))] — € (0;,0_;). We define a LNSPE under decentralization as

follows:

Definition 1: Under decentralization, a vector 8 = (9;,9;) is a Local Nash Subgame Perfect Equilib-
rium (LNSPE) if and only if (i) (dw; (m;,0;,0—;)/060;) (0") =0, and (9*w; (m;,0;,0_;) /39?) (6") <0
for j = A, B; (i) (& (8%),e*;(07)) is a Nash equilibrium in pure strategies in the Stage-2 subgame —
and is characterized by (4) in Lemma 2 with equality for j = A, B.

148ee Persson and Tabellini (2000, p. 23). The single-crossing property was formulated by Gans and Smart (1996), which
is essentially equivalent to the ‘order restriction’ of preferences first formulated by Rothstein (1990, 1991).

151 am very grateful to the reviewer for pointing out this difficulty.



In words, each median voter’s equilibrium strategy ensures a local maximum of her payoff function, given
the equilibrium strategy of the other median voter and the resulting equilibrium policy outcome in stage
2. Hence, in a LNSPE, no median voter benefits from a small unilateral deviation from her equilibrium
strategy. Of course, every LNSPE is a SPNE but the converse is not true. It might indeed be possible
that there is a representative type 6; lying outside the neighborhood of 9;7 which yields a higher payoff
for region j’s median voter. In short, the LNSPE is a weaker concept than that of subgame perfection,
but is nevertheless characterized by the first-order conditions.

As mentioned in the Introduction, this concept of "equilibrium" is closely related to that of a second-
order locally consistent equilibrium (2-LCE), as introduced by Gary-Bobo (1989) in the context of an
imperfectly general equilibrium model, or to the equivalent concept of a Local Nash Equilibrium (LNE)

16 The justification is that firms have only local

used by Bonanno (1988) in a static oligopoly game.
knowledge of their demand curves (and therefore of their profit functions), so that they experiment
through small variations of their strategy variable and stop when they reach a local maximum. The
notion of LNE has also been exploited in models of tax competition (see, e.g., Bayindir-Upmann and
Ziad, 2005, or Bucovetsky and Smart, 2006) — where the existence of (general) Nash equilibria (in pure
strategies) has proved difficult to establish.!”

For simplifying notations, let €] denote € (6;,0_;). In a LNSPE, the representative type §; for the
region j’s median voter, given the type of the other region’s representative 6_;, must satisfy following

first-order condition,

PG, () (G () 709 4 gero i) 04 _ 5
ol (G (NG N |75 g, + e g, |~ am, = o)

Using (4), this expression can be rewritten as

m; de; omy (et 7 e
{@- } 0, 7, ( e ) a6, ° (©)

Observe that ¢; is larger (respectively lower) than m; if de* ;/00; is positive (respectively negative).

Therefore, in general, median voters delegate policy to representatives with different preferences than
their own.

As mentioned above, we assume that the two median voters have identical preferences —i.e. my =
mp = m — and we focus on a symmetric equilibrium with median voters delegating policy to (two)

representatives of the same type, thus resulting in a symmetric equilibrium level of local public good

16Gary-Bobo (1989) develops the concept of a kth-order locally consistent equilibrium (k-LCE), which is an imperfectly
competitive equilibrium allocation at which firms perceive only a kth-order Taylor expansion of their true demand curves
(and therefore of their true profit functions). A 2-LCE is thus a strategy profile for which the first derivative of each player’s
payoff function vanishes and the second derivative is negative.

17The idea of local Nash equilibrium is also exploited in probabilistic voting models (see, e.g., Duggan, 2000; Schofield,
2004; and Patty; 2005).
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provision — i.e. e = e}. We can then state the following Proposition.!®

Proposition 1: Let 3 = /5—2. If 0 =0 or o > &, then there exists a unique symmetric LNSPE under
decentralization for any (u,B) € (0,1) x [0,1]. In this equilibrium, the election stage is characterized by:
(i) The median voter in each region — with taste parameter m for public good consumption — delegates

policy to a representative with taste parameter

g 0D =p)+af]

w+op (7)

(ii) The median voter in each region delegates policy to a representative with a lower (respectively higher)

taste parameter for public good consumption than herself as o = 0 or o € [7,u] (respectively o €

{l, 1) U (1, +00)}).
We can also establish the following corollary about the inefficiency of a decentralized system.

Corollary 1: (i) The unique LNSPE under decentralization is always characterized by under-provision
of local public investments. (ii) The extent of under-provision is increasing in the spillover parameter 3

and decreasing in the degree of complementarity between local public investments given by o.

Proof: Let first determine the optimal level of local public investment common to both regions. Recall
first that, by assumption, mean and median voters have identical preferences within and across regions.
Therefore, the social optimum is given by the maximization of the sum of median voter utilities. With
the F(.) function being an isoelastic function — i.e. F(G) = G'=# — this optimal level is given by

maximizing [mG'~# — €], with G = (1+3)1/(1=7)e. This yields é = |m(1 — p)(1 + B)

1—p 1/H
T—o . Moreover,

under a decentralized system — and using (4) in Lemma 2 — the symmetric policy outcome is given by

o—pl/p 1
e* = [0*(1 —m)(1+ B)ﬁ] . The ratio of these two levels is thus given by é/e* = [m(1 + ,6’)/0*]'1
Using (7), we then have

eé* B L(lujﬁﬁ 06] i ’ "

which is clearly greater than 1. Hence, the equilibrium of a decentralized system results in too low levels
of local public investments compared to the social optimum, even though median voters delegate policy

to representatives who put a higher weight on public good consumption than themselves. Furthermore,

181n the proofs of Proposition 1 (for a decentralized system) and 2 (for a centralized system), we assume the existence
of a LNSPE and show that, if it the case, this equilibrium is unique and is characterized by the statements given in these
two propositions. The proofs of the existence of a LNSPE under decentralization (and under the sufficient condition that
o > &) and under centralization are given in a separate appendix. In this second appendix, we also show that, in the case

of a decentralized system, there exists a SPNE for o = 0 and o € [u, 1). This additional appendix is available upon request.
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it is straightforward to verify that the term in [.] of equation (8) — and thus the extent of under-provision

— is increasing in 3, but decreasing in ¢.'* W

As shown by part (ii) of Proposition 1, delegating policy to a ‘conservative’ representative actually
arises when decisions are strategic substitutes, i.e., when o < p (provided that o > ). This is because,
in that case, citizens in each region realize when electing their representatives that decreasing domestic
provision of public goods will induce the other region’s representative to increase its investment. To put
it differently, each median voter seeks to place the burden of total public good provision on the citizens of
the other region. However, these attempts are self-defeating and hence strategic delegation accentuates
the free-rider problem. And this is even more so the case as the spillover parameter — as measured by 3
— rises (part (ii) of Corollary 1).

If, however, decisions on local public investments are strategic complements — i.e. ¢ > pu — each
median voter delegates policy-making a ‘liberal’ representative, that is to someone who cares more for
public goods than she does because this will induce the other region’s representative to also raise its own
public investment. These incentives are mutually reinforcing and hence the delegation process takes the
equilibrium closer to the optimum. And this is even more so the case as the degree of complementarity
between local public investments — as measured by o — rises (part (ii) of Corollary 1).

In the special case of 0 = p, the utility of voters is separable in the levels of local public investments,
thus eliminating strategic interaction between regions. As a result, there are no incentives for strategic
delegation and each median voter prefers a candidate of her own type, i.e. 9]"0:# = m. It follows
that the inefficiency of decentralized decision-making is completely characterized by the inability of local
governments to internalize externalities. This corresponds to the case analyzed by Besley and Coate
(2003).

Furthermore, one can also observe that in the limiting case of perfect complementarity between local

public goods — i.e. ¢ — +00 — we have,

TGH+00 =(1+8)m. 9)

Using e* and é in the Proof of Corollary (1), we observe that ¢* = &, and so the decentralized system
yields the social optimum in that case.

If, however, there is perfect substitutability between local public goods —i.e. ¢ = 0 — we obtain that
0f,—0 = (1 - B%)m. (10)

Hence, the ‘degree of conservativeness’ — as measured by |#* —m| — is increasing in the square of the

parameter reflecting the extent of public good externalities when local public investments are perfect

YLet A(c,B) the term in [] of (8). We have dA(0,8)/88 = u2/[u(1—pB)+0cB8)?> > 0, and 8A(0,8) /0o =
—pB?/ [n(1—B)+ap]* <0.
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substitutes (see also the appendix of Dur and Roelfsema, 2005, and Buchholz et al., 2005). If, in addition,
we have ‘perfect spillovers’ —i.e. 8 = 1 — then median voters delegate policy-making to representatives
who do not care to public good consumption at all in order to attempt to put the entire burden of public
good provision on the other region. Since the two median voters have the same incentives, no public

goods are supplied in equilibrium in this case.

4 Centralization

Under centralization, the policy outcome is also determined by a two-stage policy game. In the first
stage, citizens in each region elect their representative in the central legislature. In the second stage,
the two representatives bargain over the levels of local public spending. Following Besley and Coate
(2003), we assume that the bargaining outcome is given by the maximum sum of the utilities of the two
representatives at the bargaining table.?’

We also assume that, under a centralized regime, the level of public spending e; in the jth region
is funded by both a general lump-sum tax denoted 7, and by a local tax denoted ¢;. The funding split
between local taxation and general taxation is exogenous and is parameterized by A € [0, 1], representing
the share of general public funding. The head tax in region j is thus 7; = A7+(1—\)t;, where 7 = w
and t; = e;. Hence, the head tax in region j can be rewritten as

_ (2 — )\)ej + )\G,j

T = D) )

(11)

with 7; +7_; =e; +e_;.

When A = 0, we have 7; = e; and local public spending — decided at the central level — is financed by
local taxation only. This setup corresponds to the situation analyzed by Buchholz et al. (2005) in which
elected governments cooperate over environmental policies so as to internalize a pollution externality
but without sharing the costs of ‘greener’ policies. If, however, A = 1, then 7; = (e; + e_;)/2 which
corresponds to a ‘pure’ centralized system with the costs of public goods being shared through a common
budget, as it is assumed in Besley and Coate (2003).

Again, let the types of the elected representatives in region j and —j be 6; and 6_;, respectively.

They jointly maximize

vi(e) +v_j(e) =0,F (Gj(e) +0_;F (G_;(e) — (e +e—;), (12)

20Besley and Coate (2003) first analyze the case where decisions are taken by a minimum coalition of representatives — in
fact by one representative in their two-region model. Then, they consider the utilitarian solution, which can be motivated
by the ‘universalism’ view in the political science literature on distributive politics. According to this view, the elected
representatives develop a norm of reciprocity to overcome the problems associated with minimum coalitions (see, e.g.,
Weingast, 1979; and Shepsle and Weingast, 1981). Also, decisions in supranational bodies sometimes require unanimity,
thus forcing legislators to cooperate. This is the case in the EU for policies falling under the heading of the second pillar

i.e. common foreign and security policy — and third pillar — i.e. police and judicial cooperation in criminal matters.
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with respect to both e; and e_;.

We have the following Lemma.

Lemma 4: Given the types 0; and 0_; of the two representatives, there is unique interior equilibrium

outcome under centralized decision-making, which is characterized by the following first-order conditions,
0;F'(Gj(e))[Gj(e)]” €57 + BO_;F' (G—; (e)) [G—; (e)]” €57 =1, for j = A, B. (13)

This system implicitly yields the local public good levels under a centralized system, as functions of the
types of the two representatives, i.e. €4 (04,0p5) and ép (04,05).

We now turn to the election stage. If the representatives in regions A and B are of types 04
and fp, a type 6 citizen in region j will have the following public good surplus: w;(6,0;,6_;) =
OF [G;(€(04,0B))]—[(2—N)Ej (0a,0B)+ Xe—; (04,0p)] /2, with € (04,05) = (€4 (04,0B),€p (04,0R)).
Citizens’ preferences over types still satisfy the single-crossing property, which is sufficient to apply the
median voter result?': the representative that is majority-preferred to any other representative is the one
that is most preferred by the voter with the median preference m; in region j.

We are still interested in an equilibrium of this two-stage game, that is a majority preferred pair
(04,05) such that & (.4,05) solves the system given by Lemma 4. Under centralization, the proof of the
existence of a SPNE in pure strategies is even more problematic than under decentralization, except for
o = 0 and o0 = p. Therefore, we continue to use the weaker concept of a Local Nash Subgame Perfect
Equilibrium (LNSPE).

The payoff of the median voter in region j under centralization is w; (m;,8;,60_;) = m;F [G; (€(0a4,08))]—
[(2—X)é;(0a,0B) + Aé_; (04,6p)] /2. In a manner similar to the case of decentralization, we thus define

a LNSPE under centralization as follows:

Definition 2: Under centralization, a vector 0= (éj, é_j) is a Local Nash Subgame Perfect Equilibrium

(LNSPE) if and only if (i) (Qw; (my,0;,0-;)/08;)(8) = 0, and (9*w; (m;,0;,0_;) /967) (8) < O for

Jj = A, B; (ii) (& (0),é,j(é)) mazimizes the joint public good surplus of the two representatives in the

Stage-2 subgame — and is characterized by (13) in Lemma 4 for j = A, B.

Again, each median voter’s equilibrium strategy ensures a local maximum of her payoff function, given
the equilibrium strategy of the other median voter and the resulting equilibrium policy outcome in stage

2.

2I'The Proof is the same as in Lemma 3. Equilibrium public good levels under centralization are implicitly defined by

(13) for j = A, B. Applying the implicit function theorem together with the fact that aggregate payoff given by (12) is
strictly concave in e; (see the Proof of Lemma 4), we have that e; and Gj(e) are both increasing in 6;. It follows that the

single-crossing property is satisfied (see the Proof of Lemma 3).
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For simplifying notations, let €; denote €; (6;,6_;). In a LNSPE, the representative type §; for the
region j’s median voter, given the type of the other region’s representative 6_;, must satisfy the following

first-order condition,

,0¢; 9 dé_;

m;F' (G} (8))[G; (8))° |7 5. " &7 50, } ~1 [(2 - )\)32 +A 57| = 0. (14)

The two median voters have identical preferences, i.e. m4 = mp = m. We thus focus on a symmetric
equilibrium with median voters delegating policy to (two) representatives of the same type, thus resulting
in a symmetric equilibrium level of local public good provision —i.e. €4 = €g. We then have the following

Proposition.??

Proposition 2: If pu > 0.5, then there exists a unique symmetric LNSPE under centralization for any
(A, B) € 0,1]% and any o € {[0,1) U (1, +00)}. In this equilibrium, the election stage is characterized by:
(i) The median voter in each region — with taste parameter m for public good consumption — delegates
policy to a representative with taste parameter

2208+ (1 - 8)°

Ll e B ) Y VG (15)

(ii) Let A =28/ (1+ ). Then, the median voter in each region delegates policy to a representative with
a higher (respectively lower) taste parameter for public good consumption than herself, thus resulting in

over-provision (respectively under-provision) of local public investments as \ > A (respectively A < 5\)

Again, median voters delegate policy to representatives with different preferences than their own. How-
ever, as shown by part (ii) of this Proposition, and in contrast to the decentralized system, whether
they choose a ‘conservative’ representative (i.e. @ < m) or a ‘liberal’ representative (i.e. § > m) does
not depend on the degree of complementarity between local public investments (given by o) relative to
the elasticity of the marginal valuation for public good consumption (given by p). It depends only on
the funding split between local taxation and general taxation parameterized by A relative to the size of
public good spillovers given by 5. More precisely, the larger the share of general funding and the lower
the spillovers are, the more likely median voters delegate policy to representatives who put a higher weigh
on public good consumption than themselves. Hence, in the extreme case of pork-barrel spending — i.e.
A = 1 — the strategic choice of a ‘liberal’ representative is a commitment device to extract more of the
common fiscal resources in the second stage of the game. Conversely, if local public investments generate
large spillover effects and are (mainly) financed by local taxation, then the choice of a ‘conservative’

representative is a way to shift the burden of public good provision to the other region. Obviously, in

22 Again, in the proof of this Proposition, we assume the existence of a LNSPE. The proof of the existence of a LNSPE
(under the sufficient condition that g > 0.5) is given in a separate appendix. In this second appendix, we also state than

under a centralized system, there exists a SPNE o = 0 and ¢ = p. This additional appendix is available upon request.
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either case, these attempts are self-defeating and the equilibrium results in either over-provision or under-
provision of local public goods compared to the social optimum that would be obtained in the absence
of delegation. (Recall that the two representatives fully cooperate in the central legislature).

The following Corollary makes further statements about the (potential) distortion induced by the

delegation process.

Corollary 2: (i) The "optimal cost-sharing rule” resulting in o LNSPE with sincere delegation — i.e.
0 =m — is such that X\ = 23/ (1 + f3), which is increasing in (. (ii) For X > X (respectively X\ < ), 0 is
decreasing (respectively increasing), and hence the extent of over-provision (respectively under-provision)
18 decreasing in the degree of complementarity given by o. However, the sign of the derivative of 0 with

respect to f3 is indeterminate.?3

The share of general funding given by A can be interpreted as a budgetary externality. Part (i) of
Corollary 2 intuitively shows that larger public good spillovers must be compensated by a larger budgetary
externality to induce sincere delegation and hence an efficient policy outcome under a centralized system.
Local financing (A = 0) is only optimal in case of pure local public goods (8 = 0), while complete cost
sharing (A = 1) is only optimal in case of global public goods (8 = 1). In general, when the extent
of the budgetary externality X is different from "the optimal cost-sharing rule" given by A, centralized
decision-making is inefficient as is the case of decentralized decision-making. The difference is that the
provision of local public goods can be too low, but also too high compared to the social optimum.

These results are reminiscent to those obtained by Dur and Roelfsema (2005). Again, these authors
extend Besley and Coate (2003)’s analysis by considering that some costs cannot be shared among regions
and in turn derive the "optimal financing rule" that eliminates the incentives for strategic delegation under
a centralized (or cooperative) regime. Essentially, they also show that larger public good externalities
must be compensated by a greater sharing of the costs of local public spending.?* However, as usual
in the literature, they model public good surplus either as a (weighted) sum of functions — implying no
strategic interactions in local public investments — or as a function of the (weighted) sum of local public
investments — implying perfect substitutability between these investments.

The novelty here is that the degree of complementarity between local public investments also affects

23The sign of 8@/80 is the same as the sign of its numerator, which is given by: 48u (1 — 8) [28 — A(1 + 8)] m. This term
is negative (respectively positive) for A larger (respectively lower) than = 28/ (1 + B). The sign of 89/85 is the same as
the sign of its numerator, which is given by: —4pu [p(1 — A)(1 — 28) + oA + 2 [u(1 — ) — o (2 — A)]] m. This term can be
positive or negative depending on the exact values of the triplet (o, 3, ).

241n Dur and Roelfsema (2005), the financing rule of a centralized system is summarized by three parameters: the weight
of direct tax costs shared among regions through a common budget; the weight of an indirect utility cost; and the weight
of the cross-subsidy from one region to the other. They show that the "optimal" cross-subsidy is increasing in the spillover
parameter, which amounts to increase the budgetary externality. Since a linear cost-division rule is imposed, we believe
that it is more transparent and clear to describe the financing rule of a centralized system by a unique parameter, as in the

present framework.
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the extent of the distortion induced by strategic delegation under centralized decision-making (as under
decentralized decision-making). Indeed, from point (ii) of Corollary 2, we have that a larger degree of
complementarity between local public investments — i.e. a higher ¢ — decreases the distortion induced
by the delegation process in that it decreases the extent of over-provision for A > 5\, or the extent of
under-provision for A < A. In the limit case of ‘weakest-link’ public goods —i.e. ¢ — +00 — we have
é|gﬁ+oo = m, and so a centralized system yields the social optimum as does a decentralized system in
this case. This is also the case if there are ‘perfect’ public good spillovers — i.e. 8 = 1 — since then
é| p=1 = m independently of the degree of complementarity between local public goods (provided o > 0).
Under a decentralized system, however, the case of ‘perfect spillovers’ exacerbates the under-provision of
public goods (see Corollary 1).
In case of perfect substitutability between local public goods —i.e. ¢ = 0 — we obtain that

2(1-5)

T+ He

é|a:0 =

If furthermore public investments are entirely financed by local taxation — i.e. A = 0 — then appointed
representatives are even more ‘conservative’ than under a decentralized system since then 9“,:)\:0 =
(1-=8)m <0/, = (1- 62) m.?5 In the other extreme of complete cost sharing (A = 1) and perfect
substitutability between local public goods (¢ = 0), we have delegation to an extreme ‘liberal’ represen-

tative, that is §|a=07 r=1 = 2m independently of the size of spillovers given by S.

5 Centralization versus Decentralization

We now investigate which system dominates the other from a social welfare point of view. Recall that by
assumption, in each region, there is a continuum of citizens of mass one and that the median voter has
the same preferences than the mean voter. Hence, the payoff of each region’s median voter also represents
the social welfare of her region.

The general expressions of the levels of welfare as well as the levels of local public investments under the
two systems are given in the appendix. In order to simplify the analysis, we now assume that the elasticity
of the marginal valuation for public good consumption is such that = 0.5, i.e. F[G;(e)] = /G, (e).%

In this case, we have the following levels of welfare,

25This result is related to that obtained by Buchholz et al. (2005) who show that voters support candidates who are
even less green than they are to represent them in the cooperative scenario compared to the isolationist scenario. They
also show that in the extreme case of global pollution, elected politicians pay no attention at all to the environment in any
scenario. This would correspond to = 1 and ¢ = 0 in our setup, with no provision of public goods in equilibrium (as
under decentralization in this case; see equation (10)).

26This is consistent with the sufficient condition imposed for the existence of a LNSPE under centralization (see Propo-
sition 2 and the separate appendix). The condition for the existence of a LNSPE is that o > & = V/5 — 2, which is assumed

to hold in this section.
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[A+2087 - 5| (1+8)77
vt = 5 m?2, (17)
41+ 200]

under a decentralized system, and

_ [108+ (1= 8] [408+ (1821 - N)] (1 +8)T7 m?. (18)

808+ (1—B)[2— A1+ B)))°

in a centralized system.

(4]

The following Proposition considers two extreme financing rules under a centralized system: (i) local
public spending is entirely financed by local taxation (but yet decided at the centralized level), i.e. A = 0;

(ii) local public spending is entirely financed by general taxation, i.e. A = 1.

Proposition 3: Suppose that F |G (e)] = \/G; (e), then we have:

(i) When local public investments are financed by local tazation only — i.e. A = 0 — then centralization
always dominates decentralization.

(it) When local public investments are financed by general tazation only —i.e. A =1 — then centralization
dominates decentralization if 3 > 3—2v/2 and 0 > & with 6 = (1 — 6)3/ [26 (65 - B2 - 1)] Otherwise,

decentralization dominates centralization.

Again, there is always under-provision under a decentralized system whether local public good decisions
are strategic substitutes or complements (Corollary 1). From Proposition 2, this is also the case under a
centralized system when local public spending is financed by local taxation only —i.e. A = 0 —since in that
case A < . Actually, it is possible (but not necessary) that, under a centralized system, median voters
appoint representatives who are even more conservative than under a decentralized system (which arises,
for example, when o = 0). However, in this case and according to the first part (i) of Proposition 3, the
benefits from cooperation between representatives under a centralized system — in terms of internalizing
public good externalities — are larger than the increased cost of the distortion induced by strategic
delegation. In any case, the extent of under-provision is lower under a centralized system and thus this
system improves welfare relative to decentralization independently of the size of the public good spillovers
and of the degree of complementarity between local public goods.

Now let consider the most commonly used assumption of a common financing rule — i.e. A =1

27 In this case, a centralized system does not

— adopted by Besley and Coate (2003), among others.
necessarily dominate a decentralized system as shown by the second part (ii) of Proposition 3. Indeed,
for A = 1, there is over-provision of public goods under centralization (while decentralization is still

characterized by under-provision). Thus, centralization is welfare improving if and only if the size of

27The prevalence of this assumption in the literature is justified to some extent since most centralized systems of gov-
ernment operate (roughly) according to such a rule. Indeed, equal cost sharing is very often a constitutionally imposed
arrangement. For example, in most European countries, uniform tax rules are at the core of budgeting institutions (see,

e.g., Von Hagen, 1992).
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spillovers and the degree of complementarity between the two local public goods are both relatively
large. Note, however, that & is a decreasing function of the spillover parameter. Therefore, providing
B is larger than 3 — 2v/2, an increase in its value alleviates the constraint on the minimum degree of
complementarity that is required for centralization to be desirable.?®

Yet, if local public investments are ‘perfect’ substitutes —i.e. ¢ = 0 — then decentralization is most
preferred by the median voters irrespective of the size of spillovers. This result contrasts strongly with
previous political economy studies on the trade-off between centralized and decentralized provision of
local public goods. Indeed, following Oates’ Decentralization Theorem, the drawback with a decentralized
system is typically reflected by the inability of local governments to internalize public good externalities,
while the inefficiency of a centralized system stems from political economy considerations. Therefore, in
general, there is a threshold level of externalities above which the benefits of improved coordination are
larger than the costs of the political inefficiencies of centralization.

In fact, Besley and Coate (2003), Dur and Roelfsema (2005) and a number of other scholars, assume
that voters’ preferences are separable in the levels of public spending in different regions. It follows
that under a decentralized system, there are no strategic interactions across regions: the level of public
investment decided by one representative has no effect on that chosen by the representative of the other
region.?’ In other words, the outcome of a decentralized system is an equilibrium in dominant strategies
and equilibrium best-response curves are two straight lines with 0 slope. It has the important implication
that there are no incentives for strategic delegation under decentralization, so that the drawback of
decentralization is completely characterized by the free-rider problem in public good provision.

In the present analysis, strategic delegation occurs under both centralization and decentralization as
a consequence of the existence of strategic interactions in the public good game. This is the case even
though local public investments are assumed to be ‘perfect’ substitutes, i.e. ¢ = 0, so that the public
good surplus in each region is a concave function of the (weighted) sum of local public goods. As already
explained, this implies that median voters appoint ‘conservative’ representatives. In turn, this accentuates
the classic free-rider problem and the under-provision of public goods, thus making decentralization even
more inefficient than in Besley and Coate (2003).

At first sight, this might seem surprising because when ¢ = 0 (and A = 1), Proposition 3 implies that

decentralization dominates centralization even though local public investments correspond very closely

28We can also compare the threshold value & to the sufficient condition used for proving the existence of a LNSPE
under a decentralized system (see Proposition 1). In fact, for p = 0.5, the condition in question is given by ¢ > & =
(1/4) {\/@— 5] ~ 0.19 (see the separate appendix). Numerically, we have that &§ < & for any 8 2 0.42, in which case
centralization dominates decentralization under the sufficient (but not necessary) condition for the existence of a LNSPE
in a decentralized system.

29For example, the utility from public goods in Besley and Coate (2003) is given by (with our notations):
0[(1 —pB)In(e;) + Bln(e—;)]. The cross-derivatives with respect to e; and e_; are equal to 0, which means that there

are no strategic interactions. Again, this corresponds to the special case of o = p in our framework.
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to the provision of a pure global public good, i.e. 8 approaches 1.3° But, the inefficiency of centralized
decision-making is even stronger in our framework with ¢ = 0 (and A = 1). Under centralization, the
separability assumption of Besley and Coate (2003) implies that electing a representative with a higher
taste for public goods increases domestic spending but also increases — to a lesser extent — foreign public
spending. In the present analysis with ¢ = 0, appointing a ‘liberal’ agent increases domestic spending but
reduces foreign spending regardless of \.>! Consequently, each median voter has stronger incentives to
elect a ‘liberal’ representative, which accentuates the over-provision of public goods and the inefficiency
of centralized decision-making compared to Besley and Coate (2003). Furthermore, we have seen that
with complete cost sharing —i.e. A = 1 — each median voter appoints an extreme ‘liberal’ representative,
that is a type 2m representative independently of the size of the spillover effects (i.e., 9|U:0’ A=1 = 2m).
This can explain why centralization never dominates decentralization in the ‘perfect-substitutes’ case.

To summarize, the trade-off between centralized and decentralized provision of local public goods as
a function of spillovers identified by Besley and Coate (2003) — and others — hinges critically on the
separability assumption of local public goods in the utility of voters (which again implies no strategic
interactions across regions). Without this assumption, there is no trade-off between the two systems and
decentralization always dominate centralization when local public investments are ‘perfect’ substitutes
(i.e. ¢ = 0) and are funded from a common budget (i.e. A = 1). Dur and Roelfsema (2005) also use
the separability assumption in the main body of their analysis and extend — in an additional appendix —
their model to the case of a concave function of the weighted sum of local public goods. They properly
refer to this case as that of strategic substitutes and show that median voters appoint ‘conservative’
representatives under decentralization. However, they do not investigate the relative welfare performance
of the two systems with this extension. Presumably, this is because there is no trade-off in this case as it
is shown here.

As mentioned in the Introduction, there is a number of empirical studies showing that there exist
strategic interactions in public spending between neighboring jurisdictions and, moreover, these studies
conclude (in general) to the presence of a strategic complementarity. That being said, the present analysis
applies to both strategic complementarity and substitutability in public spending.?? Simply, with a
common financing rule, local public investments must not be ‘perfect’ substitutes for centralization to
possibly dominate decentralization. Finally, it is worth pointing out that the welfare difference between
the two systems with or without common financing of local public goods — given by (A46) and (A47)

in the appendix — is non-monotonic in ¢ for any § € [0,1] and non-monotonic in S as well for any

30When o = 0 and A\ = 1, the equilibrium under centralization is not defined if we further assume 8 = 1, as it can be

seen from (16). Under decentralization, no public goods are supplied in equilibrium in this case, as shown by (10).

31With o = 0, we indeed have that 06 /00 4 and 0é4 /804 are of opposite signs. This can be seen from equation (A37)

in the Appendix.
32Notice also that ¢ > & — and 8 > 3 — 2v/2 — does not necessarily imply that local public investments must be strategic

complements since these two conditions can be satisfied for o < = 0.5.
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o € (1,400).*® In other words, an increase in spillovers or in the degree of complementarity between
local public investments does not necessarily make centralization relatively more attractive, whether it is

welfare-superior to decentralization or not.

6 Conclusion

This paper revisits the traditional analysis of the political economy of (de)centralization by assuming a
generalized CES function for aggregating local public investments with spillover effects. Depending on
the degree of complementarity between local public goods, median voters strategically delegate policy
to either ‘conservative’ or to ‘liberal’ representatives under decentralized decision-making. In the first
case, it accentuates the free-rider problem in public good provision, while it mitigates it in the second
case. Under centralized decision-making, the process of strategic delegation results in either too low or
too much public spending, with the outcome crucially depending on the sharing of the costs of local
public spending relative to the size of the spillover effects. Finally, we show that, with a common budget
financing rule, large public good externalities are not sufficient for a centralized system to dominate a
decentralized system from the median voters’ point of view. Indeed, it also requires a minimum degree
of complementarity between local public investments.

In this study, we tried to generalize previous political economy studies of the trade-off between central-
ized and decentralized provision of local public goods with spillover effects. However, our formal analysis
can be criticized on several fronts. First, we assumed that voters’ preferences are quasi-linear in private
consumption. This is a very common assumption in the political economy literature partly because it
serves to guarantee the existence of a Condorcet winner. Yet, this modeling assumption implies that
there are no income effects on public good provision, which may not be an appropriate assumption for
all types of (local) public goods. Second, we assumed perfectly identical regions, which greatly simplifies
the analysis in that it allows focusing on symmetric equilibria only. But, even in this case, a centralized
system need not be more efficient than a decentralized system. We conjecture that it should be also the
case in presence of some source of asymmetry across regions, although the equilibrium levels of public
spending — under both a decentralized and a centralized system — would be different across regions. It
must be remembered also that if regions were heterogeneous, we would lose the symmetry of the model
and thus would no be able to obtain closed form solutions.

Finally, we have used the concept of a Local Nash Subgame Perfect Equilibrium (LNSPE) for dealing
with the problem of equilibrium existence in the model of decentralized system and that of a centralized
system. In such an equilibrium, no median voter faces an incentive to deviate unilaterally from her
equilibrium strategy by choosing a slightly different type of representative. If a (symmetric) Subgame
Perfect Nash Equilibrium (SPNE) exists in each of the two systems, then it must coincides with the

33Indeed, numerical simulations shows that the only exception is for o < 1, with the welfare difference being increasing

in 3.
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corresponding LNSPE. Yet, it does not imply that a SPNE actually exists. The problem of existence of
such an equilibrium in a two-stage political-economy model of public good provision such as ours remains

an open question that is left for future research.
7 Appendix
7.1 Proof of Lemma 1

The first derivative of v; (e) given by (3) with respect to e; is given by

0v; (e)
aej

— 0,F (G () ‘%;jef_e) Y (A1)

-7, and hence

From (1), we have that 0G; (e) /de; = [G; ()] ¢;

dv; (e)
8ej

= 0,F(G; (e)) Gy ()] &7 — 1. (A2)

J

Now, calculating the derivative of (A2) with respect to e_;, we have

2v; (e i (e 1 0Gj (e
G 0y, {17 (65 (e) T 16, @ + 0 (6 (&) 65 e D (A3)
which can be rewritten as
821)j (e) _n. -0 aGJ (e) ) o—1 " ) . ’ .
S =, (6 (@) P (6 (€) G (o) + oF (G o)) (A2)

"

Now, let p = —[F (G; (e)).G; (e)]/F’ (Gj (e)) be the elasticity of the marginal utility for public good
consumption and factorizing by F” (G;), we obtain

0%v; (e)
8€j86_j

=367 2 G, @ F (G (o) o 4, (a5)

We also have dG (e) /0e_; = B[G} (e)]” eZF. Hence, (A5) can be rewritten as

20 (e _
T 10) _ g ezvemr (G (&) F (G (e)) [ — i, (A6)

66]‘86_]‘ -J

Therefore, %v;(e)/de;0e_; is positive (respectively negative) and local public investments are strategic

complements (respectively substitutes) for o larger (respectively lower) than pu.

7.2 Proof of Lemma 2

(i) Existence: We first show that the game of public good provision admits a pure strategy Nash equilib-
rium. First, each region’s representative can at most invest its private endowment, y, in the public good
so that the strategy space of each representative is a compact interval, S = [0,y]. We now show that
the maximization problem of each representative is strictly concave. Using (A1), the second derivative

of vj(e) with respect to e; is given by
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2v; (e (e)]? 2G, (e
T, {F @@ 75| +rGie 35“} (a7)

J J

The first term in {.} is negative since F”' (.) < 0. The sign of the second term is the same as the sign of
9°Gj (e) /0e] since F'(.) > 0. We have dG (e) /dej = [G; (e)]” ¢; 7 and hence

ag() =0l =5, e — oG @ G (48)

Again, 9G; (e) /dej = [Gj (e)]” ¢; 7, so that (A8) can be rewritten as follows

G, (e)

s =0 lG @ e [L- (6 @) T e 7] (49)

J J
This (second) derivative is strictly negative since [G, (e)]' ™7 ej_(l_a) =1+ B(e—;/e;)7° > 1. It fol-
lows that 0%v; (e) /9e3 given by (A7) is strictly negative. Specifically (and for future use), substituting

0%Gj (e) /02 = —0B G (e)]*" ;> (e—j/e;)~7 into (AT) yields

82vj (e)
86?

=0, {F" (G, (€))[G; (&) ¢ — 0B F" (G (€)) G ()] ™" ¢ (e_s/e)' 7} (AL0)

J

"

Factorizing by F' (G} (e)) [G, (e)]*” ' ¢727 and using p = —[F (Gj (e)) .G, (e)]/F' (Gj (e)), (A10) can

i
be rewritten as

dvj (e)
66?

= —0;F" (G} (e))[Gj ()] ' e;2 [u+oB(e—s/e;) 7] <. (A11)

As a result v; (e) is strictly concave and continuous in e; for o € [0,1) or o € (1, +00), which guarantees
the existence of a pure strategy Nash equilibrium. In this equilibrium, the first-order condition given by (4)

is both necessary and sufficient for characterizing the best-response function of region j’s representative.

(ii) Uniqueness: We first observe that there does not exist an equilibrium in which for one region a
corner solution at zero public investments is obtained while an interior solution holds for the other region
for any o € {[0,1) U (1,+00)}. First, for o € [0,1), the first-order condition (4) cannot be satisfied for
e; = 0 and e_; > 0 because in that case G; (e) > 0 and the left-hand term of (4) approaches infinity.
Second, if o € (1,+00) and e; = 0 then, as mentioned in the text, we take the limit of (1), i.e. G;(e) =0
and G_j (e) = 0. Hence, v_; (e) is strictly decreasing in e_;, and so e; = 0 and e_; = 0 are mutually
best responses.

Next, we show that there exists a unique equilibrium with e; > 0, for j = A, B, when local pub-
lic investments are strategic substitutes — i.e. o € [0,u) — and when they are strategic complements
—ie. o € (u,+o0). For o € [0,u), the proof proceeds by contradiction (in the spirit of Bloch
and Zenginobuz, 2007). Suppose that there exists two distinct equilibria e =(ej,e_;) € R*? and
e'= (e;.,eLj) € ﬂ?f. Suppose further, without loss of generality, that ¢; < e;. We first show that

this implies G; (¢/) > G, (e). From the first-order condition (4), we have 6,F’ (G, (e))[G; (e)]” =
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e7. The right-hand term (RHT) is lower with €’ than with e;, which implies that the left-hand
term (LHT) must also be lower with e}. The derivative of this term with respect to G (e) is given
by 8 (LHT) /8G; () = 0;F" (G, (e))[G, ()] + 06, F (G, (e))[G; (e)]°"'. This can be rewritten as
O(LHT) /0G;(e) = 0;[G; (e)” " F (Gj (e)) [c — p], which is negative for 0 < p (so that the LHT

is decreasing in G (e)). Hence, we must have G; (') > G, (e) for satisfying the first-order condition

in region j when €’ < e;. However, G, (e’) > Gj(e) and €’ < e; necessarily imply e’

J j > e_; and

J
G_; (¢) > G_, (e). But for region —j, the RHT of the first-order condition is (also) increasing in e_;
and the LHT is (also) decreasing G_; (e). Therefore, one cannot have another equilibrium e’ # e, which
satisfies the two first-order conditions. To summarize, there is a unique equilibrium which involves e% > 0
and ef; > 0 for o € [0, p).

Suppose now that o € (i, +00). In an interior equilibrium, public good provision is still characterized
by the first-order condition (4) with equality. This equation implicitly defines e; = ¢ (6;,e_;). By the im-
plicit function theorem, (.) is continuous and furthermore de; /de_; = — [0%v; (e) /De;de_;] /[0%v; (e) /D€3],

with 0%v; (e) /de3 being strictly negative (from Lemma 2). Using (A6) and (A11), we have

8ej _ 5(0'_/14)
de_j  ple_j/ej]” +aBle—j/ej]’

(A12)

which is positive for ¢ > p (and negative for ¢ < p). When o > p, one can also observe that
D%e;/0e? ; <0, so that best-response functions are increasing at a decreasing rate. We also have that
((“)ej/(‘?e,j)‘eij_)O = 400, which means that near the origin, each best-response function must be on

the upper side of the 45° line. At the other extreme, we have (Je;/0e_;) = 0, so that each

le—j—+o0
best-response function must cross the 45° line. Since its slope is always decreasing, each best-response
function cross the 45° line only once. There is thus a unique equilibrium which involves €% > 0 and
ey >0 for o € (u, +00).

For ¢ = p — which corresponds to the analysis of Besley and Coate (2003) — there is a unique

equilibrium in dominant strategies, and best-response functions are two straight lines with 0 slope.

7.3 Proof of Lemma 3

We first show that e; and G, (e) are increasing in 6;. Equilibrium public good provision is charac-
terized by the first-order condition (4). Again, this equation implicitly defines e; = ¢ (6;,e—;). By
the implicit function theorem, de;/00; = — [9%v; (e) /De;00;] /[0%v; (e) /9e3]. Using (A2), we have
0%vj (e) /0e;00; = F' (G, (e)) [G; (e)]” e; 7 > 0. Again, we also have d%v; (e) /86? < 0 (Lemma 2). It
follows that de;/06; > 0. This also implies that 0G; (e) /06; > 0 since G (e) is increasing in e;.

Next suppose that 6’ > 6 and 6; > 9;». The inequality w;(6,6;,0_,) > w,;(6, 9}, 6_;) can be rewritten
as 0 [F (G (0;,0_;)) — F(G;(0,0-;))] > e; (0;,0_;) —e;(0,0_;). The right-hand term and the term
in [.] in the left-hand side are both strictly positive (since F(.) is also an increasing function). So, if

this inequality is verified for a type 6 citizen in region j, it is also obviously verified for a type 6’ citizen
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with 6 > 0, i.e., w;(0',0;,0_;) > wj(Q’,G;,O,j). Suppose now that 6’ < 6 and 0, < 9;-. The inequality

w;(0,05,0_;) > w;(0,05,0_;) can be rewritten as 0 [F(G;(05,0_;)) — F (G5 (0;,0_;))] < e;(05,0_;) —
ej(0;,60_;). Again, the right-hand term and the term in [.] in the left-hand side are both strictly positive.
So if this inequality is verified for a type 6 citizen in region j, it is also obviously verified for a type 6’

citizen with 6" < 0, i.e., w;(0',0;,0_;) > wj(H’,H;-,H,j).

7.4 Proof of Proposition 1

Here, we just assume the existence of a LNSPE (under the sufficient condition that ¢ > &) and characterize
the properties of this equilibrium. We also show that if a symmetric LNSPE exists, then this equilibrium
is unique. The proof of the existence of such an equilibrium under decentralization is given in a separate
appendix. In this second appendix, we also show that, in the case of a decentralized system, there exists
a SPNE for 0 = 0 and o € [u, 1). This additional appendix is available upon request.

(i) in a LNSPE, the preferred representative of region j’s median voter is given by the first-order
condition (6). We first derive the expression for de* ;/00;. For expositional convenience only let j = A

and —j = B, so that we first determine de* /00 4. Using (4), e} must satisfy
OpF' (Gg(e*))[Gp(e*)]" ey 7 —1=0. (A13)

Differentiating this expression with respect to 6 4 yields

~0poel* U (Gn (e)) [On (e)]" 502
Hpel 7o [Gn (@) F (Gp () 2L
e (G ()" F' (6o (o) 22 — o, (A14)

Factorizing by Opey, 7' [Gp (e")]° ", the equality (A14) reduces to

oey
00 4

0G s (e*
FoeLF (G (e*)) %

—oF" (Gp(e"))[Gp ()]

9G 5 (e*)

465G ()] F (Gp (7)) =

=0 (A15)

"

Now, factorizing by F” (Gp (e*)) and use p = —[F (G (e)).G; (e)]/F’ (G, (e)), then the equality (A15)

reduces to

oeyy
00 4

% 0GB (e*) _ % 0Gp (e*) -
—1—06378014 ueBiaaA =0. (A16)

—o[Gp(e")]

1
We also have G (e*) = [} ™7 + Be’! 7] 7~ and hence
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OO (e (e Gl + B 5t ). (A17)

Substituting this expression into (A16), we have

~01Ga (0] G+ ch Gn ()" (e 7 5P

ey’ 862) (c—p)=0. (A18)
A

Factorizing by [Gp (€*)]” and observing that [G (e*)]' ™7 = (€377 + Be’! 7], the equality (A18) re-

duces to
Oe* oe; de’;
. *1—0o *1—0o B * *—0 B *—0 A — = 0. Al
o (e 7+ e ) gt + ek <eB o5+ Bei 80A> (0 —p)=0 (A19)
This implies
% _ 5(‘7 - U) eBeTA 7 ] oely (A20)
004 pely " +oBeflT] 004

Now, assuming that the median voters in both regions have the same taste parameter m, this implies

that 04 = 6p =0 and e’ = e}; = e*. In a symmetric equilibrium, (A20) then reduces to

oex B (o — p) dey

ens=e% = T 5 an |leh=eh - A21
aHA ’ B A ‘u, Jr 0-/8 8014 ’ A B ( )
Substituting into the first-order condition (6) then yields
m mB(o—p)b _
(0 1)+ oy = (A22)

The solution of this equation is thus given by (7) in Proposition 1.

(ii) We have 6* % m, if (14 8)[p(l—08)+ 5] % p + o3, which reduces to 3*(c — ) % Ooro % f.

7.5 Proof of Lemma 4

We show that aggregated payoff given by (12) is strictly concave, so that a unique solutions results.
From Lemma 2 — equation (A11) — we have that 9v; (e) /de < 0. Tt is then sufficient to show that
9?v_; (e) /9e5 < 0. We have

9G_j (e)

THLT =0 (G e) 5L

—1. (A23)

Now, calculating the second derivative of v_;(e) with respect to e;, we obtain

0G_; ()17 9?G_; (e)
Z N g LR (G_. 3 F'(G_. e B A A24
=g { G5 @) |52 e o) T (A24)
The first term in {.} is negative since F” (.) < 0. The sign of the second term in {.} is the same as the
sign of 9°G_; (e) /de] since F' (.) > 0. We have G _; (e) /de; = B[G_; (e)]” e; 7, and hence
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*G_j (e)

2 pu—
8ej

9G_j(e) _,

s{alesor T oo 17 (A25)

Again, 0G_; (e) /0e; = B[G—; (e)]” ¢; 7 so that (A25) can be rewritten as follows

= Bo Gy (@ e [B— (G- (@) 7 1], (A20)

which is strictly negative since [G_; (€)]' ™" ej_(l_d) = B+(e_;j/e;)' 77 > f. It follows that 0*v_; (e) /deF <
0. Together with Lemma 2, we have that v; (€) +v_; (e) is strictly concave in e;. There is thus a unique

solution which is given by the (necessary and sufficient) first-order condition (13).

7.6 Proof of Proposition 2

Again for this proof, we just assume the existence of a LNSPE (under the sufficient condition that x> 0.5)
and characterize the properties of this equilibrium. The proof of existence of such an equilibrium under
centralization is given in a separate appendix, which is available upon request.

In a LNSPE, the preferred representative of region j’s median voter is given by the first-order condition
(14). We then need to derive the expression of 0é_;/06;. Again, for expositional convenience only, we
derive the outcome of the delegation stage for region A keeping in mind that the same reasoning will
apply for region B. Hence, we first characterize 9ép /060 4.

Using (13), €4 and ép are such that

04T (G (€)) [Ga(8)]” + BOBF" (G5 (€)) [GB (€))°

50

€a
_ 05F (G5 ) (G5 (B))° + 04T (G () [Ga () (a27)
€% '
We then obtain
/ ~ =\19 (30 _ Qz0
0AF (G4 (8) [Ga (@) = 22E (G0 @) (O Q) (2 = 52) (A28)
(6% — Beq)
Substituting into (13) — with j = B and —j = A — and simplifying, we have
0pF' (G (8) [Gr (&) (1 - 5%) = &5 — 5. (A29)
Differentiating this expression with respect to 6 4 yields
o _.. 0Gp (& —vo_1 OGp (& _
051 ) |[Ga @ F" (G5 ) 292D 4 o (65 @) 2928 64 3))
89A 39,4
oe oe
_ _zo—1Y¢B ~0717A
= 0ée} 204 e 90, (A30)
We also have
0G5 @) (. oo (4008 4o nOin
oS e @l (750 + gt ) (A31)
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Substituting into (A30) and factorizing by [Gp (€)]*° ", we have

95(1— 54 [Gp (@) WPW(GB())GB()—%aF%G%(é»]<@f§9 +pey” gjj)
B ~%,1223 Uﬁézflgg%i. (A32)

"

Now, factorizing by F’ (G (€)) and using p = —[F (G, (e)).G; (e)]/F' (G, (e)) gives
On(1- 8) G @ F' (G @) — ] (57 5y + 5237 55 )
=gy~ ;—Jﬁe - ; (A33)
A A

Now, using (A29), we have

otel ~0 ~\10 — ~—0O aé ~—C aéA
(% — 8e%2) [Gp @) [0 — 1] (63 ﬁ + Bé, %)
0é oe
= g%~ 1 B ~o—1 A
B 99, B, 904 (A34)

Observing that [G 5 (8)]7 ' =1/ [ 7 + Be' 7], we have

- - N_Uaeg ~_08éA o Ao o_10€B o1 0€4
@~ 503) = ) (7 g + e G0t ) = (el 9k ”) (oo 502 —oses 1 G0 ) . (ass)

We then have

dép [05 (57651 + 8) + B (o — )(e"BéA"B)] 9é4 (A36)

004 | (0— ) (Be%en” —1) + o (1+ el 7eg™) 004

As for the decentralization system, we focus on a symmetric equilibrium i.e. ms = mp = m, which

implies 04 = 0p = 0 and ¢4 = ég = €. The above expression then reduces to

dep,  _Pl2o—p(-p)oea,
904 7 208+ p(1—-B) 004 T

(A37)

In addition, from (13), we also have in a symmetric equilibrium F’ (G (€)) [G (€)]” ¢=7 = 1/[0 (1 + B)].

Substituting this last expression into (14) (with m; = m) yields

m 2-X\) %4 pm Oép B
(9(1+B) a 2 ) 80 | + < (1+ﬁ) ) EEBZEA =0. (A38)

Finally, substituting (A37) into (A38) yields

2m—0(1+5) 2= N][208+p(1=B)]+B[26m —6(1+5)A|[20 —u(1 - )] =0. (A39)

The solution of this equation in 6 is thus given by (15) in Proposition 2.

(i) It is immediately verified that 6 % m if A % A with A =23/ (1 + 3).
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7.7 Welfare under decentralization and centralization

From (4) with F(G) = G'™*, we can obtain the level of public investment in each region in the symmetric
1
equilibrium of a decentralized system, that is e* = [9* (1—p) 1+ ﬂ)ﬁ} " Substituting (7) into this

expression, we then obtain

. (1—u>[u<1—ﬂ>+am<1+ﬂ>*—‘4m]“_ (A40)
p+opB

We then obtain the following level of welfare for the median voter under a decentralized system,

) (1 = 8) + oB) (14 ) m] " (A1)

. [(1—p
v _M[6(1+U)+M(1_B)][ 1+ o

Assuming that p = 0.5, we obtain (17) in the text.

Using (13) with F(G) = G'#, we obtain the level of public investment in each region in the symmetric

1
equilibrium of a centralized system, that is é = [é 1—p 1+ ﬂ)ﬁ} " Using (15), we then have

 [pa-w s pa-p) 8 o
A T Tl Yoy i 2

We then obtain the following level of welfare for the median voter under a centralized system.

20w [2os+ua-p2]] "a+a

0= plaoB+21-B)[B+r1-B)-r(1-5)] A"

(A43)
Assuming that ;= 0.5, we obtain (18) in the text.
7.8 Proof of Proposition 3
(i) When X\ = 0, we have under a centralized system
4 1-8)?] [4 1- )] (1+8)T
@MZO:[UBH B)?] [405 + ( 62)]( AT e (Add)
440+ (1-p)]
while for A = 1, we have
408 [4 1-B)2 (1+8)™
B = 0B [408+ (1B (A+H™ 5 (A45)

(806 + (1 - B)7*
The welfare of each region under a decentralized system is still given by (17).

Hence, when A = 0, the welfare difference between a centralized and a decentralized system is given

by
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o' [of(3+28 -0 + (L= 1+ A7

Thso T HoB 1 (1— B2 [1+ 208

(A46)

This expression is clearly positive for any o € {[0,1),(1,400)} and 8 € [0, 1].

When A\ = 1, the welfare difference between a centralized and a decentralized system is given by

40281+ B)(68 — 5 — 1) +40B(1 - B*(36 - 1) ~ (1= B’ L+ )=

D=1 — V= . (A47)
4808 + (1 —5)2] [+ 204
The sign of §j\_; — v* is the same as the sign of
T'(0,8) = 4028%(1+ ) (68 — 8° — 1) + 40B(1 — B)*(38 — 1) — (1 = B)°, (A48)
which is quadratic in o. Thus I' (o, 8) = 0 has two solutions given by
&:—m and&:m. (A49)

Clearly, & is negative while & is positive if only if 68 — 3% —1 >0 or 8 > 3 — 2v/2.

Furthermore, the second derivative of T' (¢, 3) with respect to o is also positive if 3 > 3 — 2v/2 and
negative if 3 < 3 — 2y/2. Then, for 3 < 3 —2V2, T (0, 8) reaches a global maximum and furthermore
0 > & > &, which necessarily implies that T' (o, 3) < 0 for any o > 0. When 3 > 3—2v/2, T (0, 3) reaches

a global minimum and hence T (o, ) is positive only if 0 > 6 >0 > §.
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The political Economy of (De)centralization with
Complementary Public Goods: Equilibrium Existence
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Abstract: In this appendix, we prove the existence of a (symmetric) Local Nash Perfect Equilibrium
(LNSPE) in pure strategies under both a decentralized system and a centralized system. We also show
the existence of a Subgame Perfect Nash Equilibrium (SPNE) in pure strategies under decentralization

and for a specific range of the parameters of the model.

1 Existence of a (Symmetric) Local Nash Subgame Perfect Equi-
librium (LNSPE)

1.1 Decentralization

The payoff for the region A’s median voter in the first stage of the game under decentralization is given by
wa =mF [Ga(e*(04,08))]—¢€% (04,05). The first derivative of w4 with respect to 0 4 after substituting
the equilibrium conditions of the policy stage (given by (4)) — and eliminating the "*" in order to reduce

the amount of notation — is given by (6):

m dea  fBm __Oep
1 oo 0 2, B1
( > 90, " 0, AP B9, (B1)

The second derivative of w4 with respect to 6 4 is thus given by

_m&%+cn_>ym
0% 004  \0a 0%

1 __Oep 0 .1 _,0eq Oep o _o—1 [ Oep 2 __0%p
_ 50 g~ P 50 o4 -2 - 0 g _ P 50 o P . B2
-I-ﬁm{ eieAeB 90,4 + HAeA €p 0., 904 eAeAeB 90,4 + GAeAeB 80?4 (B2)

In a symmetric equilibrium with e4 = e = e, we have

le

_mdea (m )Wm
0% 004 0%

04
1 Oep ce” ! [Oey Oep ce~ ! [(Oep 2 1 d%ep
95 an le an e an  le - an  le N A0 e . B
+&n{eiwA'+ o (o) (o) %o (3 et o

We have (from (A21)) (0ep/004)|c = [B(oc—p)/(1r+0B)](0ea/004)]|c. Substituting into (B3), we

have

le

m Oey m %ea
— g et {7 —1) =5
6% 90,4 6 26’



1 B(o—p)des, [ oe ' Blo—pmp (1+5)<aeA )2 1 0%p
+ﬁm{ & u+oB 904 e + 5 (it oB? 20, °) ta, e le ¢ - (B4)

Rearranging the terms, we have

le

(m0A>8eA Bm@zeg
04 96% '© " 04 007

m [(1+8)[p(1—B)+0B]] dea Bmoet pB (o —p) (1+ B) [dea  \°
n2 e+ P} an |e . (B5)
9 w+op 59 04 (ﬂ+0‘ﬂ) 004
We now determine (8%ep/96%). We have (from (A20))
dep Oea B(oc—p)epe,’
— =X(0 ith X(0a)=—G——"—+">- B6
0, = X(Oa) g% with X(0)=! Tt (B6)
We then have
8263 6X(0A) BeA 82€A
= — + X(0 . B
o7~ o0y o0, 0N e (B7)
We have
0X (6 — 1) Z(0 .
aé a) _ 51(:_ ) (1_AU) _ with Z(04) = Z1(04) — Z2(0.4),
A [ueB +ofe, ]
oU (0 4 ov (o
Zy = ( )V(QA) =U(0a) ( A), U(04) =epe,” and V(04) = pe; 7 + ofBel . (B8)
89,4 89A
We have,
GU(GA) _ —o-—1 aeB 8eA
904 =€) 6A89A_06389A . (B9)
Substituting (B6) into this expression and rearranging the terms, we obtain
1— _ -0 1—0o
U (04) =e," len {ﬂ o 01), e - s } aﬂ. (B10)
00 4 peBa+0ﬁeAJ 00 4
We thus have
—o—1 1-0o 1-0o BGA
Z1(04) =€, e [Blo(1 —0) — plely T —opey 7] 90, (B11)
We also have
GV(GA) _ 063 _ aeA
=(1- T T—— 5. B12
o) = (1) { e 5o8 + oz 54 (B12)
Substituting (B6) into this expression and rearranging the terms, we obtain
oV (6) _ {M(zg— p)ep © + Boely ”}aeA
=p5(1- 7 —. B13
89,4 ﬂ( U)eA MeB +056114 - 89,4 ( )



We thus have

_ 20 — p)ep 7+ Bolely 7 dea
Zy(04) = B(1 — 20 [ 1 B LAy e B14
2( A) ﬁ( a)eBeA { luelB_g + 0',86}4_0 89,4 ( )
Using (B11) and (B14), we find (after some tedious calculations)
B ,UJO'GBGZU_l [,8(1 + ’u)e}q—aejlg—a + 626?4—20 + ueQB—Qa] 86,4
Z(0a)=— — — —. (B15)
pep 7 +opfey 00 4
It follows that
2 _ VAL 2
Pey _ B0 — 1) Z(04) dea | xo.) 2, (B16)
004 [ues T +aBel ] 90a 90’4
with X(04) and Z(04) given by (B6) and (B15) respectively.
We now evaluate this derivative in a symmetric equilibrium. We first have
B (o — ) poel =20 [ﬁ(l +u)+ B + /4 dey
X(04a)]le =——= and Z(04) | = — — e - B17
(64) L (64) b 90,4 (B17)
Hence, we have
Oeg | _ _poflo—p) [BU+p) + B+ p]et (aeA | )2 Blo—w) Pea, (B18)
6% lu+ 0B’ 0904 ptof o6% "
Substituting into (B5) and rearranging the terms, we can obtain after some tedious manipulations
(m(l +8) [u(1 = B8) + 0] — 04 (n+ Uﬁ)) es |
04 (p+0p) 0% °
om {(1 +8) (1 5) +oﬁ]} gea  muofilo—1)(o - p(1+He <8eA )2 (B19)
0% p+op 904 04 (u+0B)° 904

In the symmetric equilibrium, we have 84 = 60* = (1 + 8) [u(1 — 8) + o8] m/ (u + o8), and hence the
first term is equal to 0. Observe also that the second term reduces to —(1/04) (Jea/004) |e. As a result

the second derivative of w4 with respect to 64 in the symmetric equilibrium is finally given by

1 [muaﬂ%a —1)(0 —p)(1+ B)e ! dea o — 1] dea (B20)

ia (it By FR e

We also need to determine (9e4/004) |.. Rewrite the equilibrium conditions of the policy stage (given by
(4)) as — and still eliminating the "«" superscripts — F'(ea,ep(ea),04) = 0. Again, in the first stage, the
median voter of each region anticipates the other-region representative’s best-response in the second stage.
Applying the implicit function theorem, we have de4 /004 = —OF /004 / [0F/0es + (OF/Jep) (Oep/dea)].
F(ea,ep(ea),04) =0 is given by

0a(1—p) [ely 7+ Be 7] 77 ex” —1=0. (B21)



Hence, we have

oF

dis = U= [el” + e ) T e (B22)

Furthermore, we can easily obtain that

aF —0o —0o %71 —0— —0o —0o
Ber = 0a(l— ) [ei7+ Bep 7] T R (e + oBel ] (B23)

We also have

OF _
863_

04(1— 1) (0 — ) B e}y + ek 7] = exTep” (B24)

From (B6), we have dep/des = (0 — p)epe;”/ [pey 7 + oBely 7], and then

—0 —0 d%g*l —0 —20
OF dep 041 —p) (0 —p)? B2 [y ™+ Bery 7] 77 el 7’

— = . B25

Odep dey Me};" + aﬂe}(‘r (B25)
Hence, we have 0es /004 = —OF /00 4/ [0F /0ea + (0F/0ep) (Oep/0e4)], or

dea ea (e + ey 7) (nep ” +ofey )

90, 1-0_ 1o 2 2 2-20 | _2-20\]" (B26)

004 pba ey Tey T(w(l = B7) +208°) + oB(el 27 + e 27)]
In the symmetric equilibrium, we have

dea e(p+ap)

— e = . B27

9041 = WAL~ B) + 207 (B27)
Substituting into (B20), we have

3 j— j—
04 04 (n+0B) [u(l = B) +200] 904

In the symmetric equilibrium, we have 04 = 6" = (1 + ) [u(1 — 8) + o8] m/ (u + o3). Thus the above

expression reduces to

1 o0 —1)(o — p) _1} dea (B29)

O Lu T oB) (= B) + 0B L= B) ¥ 0B ) 94

This expression is negative, which implies that 9%w,/ 80?4 <0in 4 = 0%, if

0> (0 — 1)(0 — p)

V(o,B,p) = (p+0B) [l = B)+208] [u(1 = B) + of]

<1. (B30)

Note first that this inequality is always verified for o € [u,1). We also have

v _ pof*(o —1)(o — p) [pofB (8 — 58) +50°5% + p? (1 - B)(3 - B)]
op (n+0B)* [u(1 = B) + 206) [u(1 = B) + o]

. (B31)

which is strictly positive for o ¢ [u,1). In this case, ¥ is increasing in S and reaches a maximum



in 8=1,1e ¥Ulgzy = (0 —1)(oc — p)/[20(p+0)]. We have that ¥|s=; < 1 for any 0 > ¢ =
(1/2) [_(3M + 1)+ /9u? + 10u + 1] 7 is itself increasing in p and reaches a maximum in g = 1 in
which case 7 |,=1 = V5 — 2. Therefore a sufficient condition for ¥ < 1 is that ¢ > v/5 — 2 ~ 0.24. This
implies that the second derivative of w4 with respect to 64 in 04 = 0" is strictly negative, thus proving
the existence of a symmetric Local Nash Subgame Perfect Equilibrium (LNSPE) in pure strategies under
a decentralized system. (Note that when p = 0.5, as it is assumed in Section 5, we have 7 |,—1 =

(1/4) [V/33 — 5], as stated in Footnote 28).

1.2 Centralization

The payoff for the region A’s median voter in the first stage of the game under decentralization is given
by wa = mF [G; (€(04,08))] —[(2—N)é; (04,0B) + Xé_; (04,05)] /2. From the equilibrium conditions
in the second stage we have using (A29) — and omitting the "tilde" to reduce the amount of notation:
F'(Ga(e)[Ga(e)]” = (e3 — Be) /[ [04(1 — 52)] = K(04) Using (14), the first derivative of w4 with
respect to €4 can be rewritten as .

K(04) {eA a0, *Pes” ZZB] ;{(2—>\)+>\]: . (B32)

The second derivative of w4 with respect to 6 4 is thus given by

Y1(04) +Y2(04) + Y5(04), with

Y1(04) =

8K(€A) 86,4 363
T [Aae “3339}

0 2 82 o 2 32
Yol =) l_JeAG 1(822) xS —obep’ 1(82?) + Beg” 6231,

6% 06%
1 0%e4 8263}
Ys(04)=—|2—-A) — +A—|. B33
(00 = =3 |2 -0 Gt 25 (B33)
We first have
OK(04) 1 po-1dea 19eB o o
9.4 ‘(1—&%9%“ a0, 70 g, |00 (A Beb) .
In a symmetric equilibrium, we have K(64) | =¢e?/[04(1 + 3)] and
8K(0A) o 1 o—1 8eA 863 p
e = g {70 Gt~ A5 —era-n). (B35)

We have (from (A37)) (Oep/004)|c = {820 — u(1 = B)] /208 + (1 — B)]} (Oea/D04) |c. Substituting

into the above expression, we can obtain

8K(9A)| o 2084 pu (14 8%)] %‘ e
904 ' 0A1+B)RoB+u(1—P)004 " 6%(1+5)

(B36)



We also have in the symmetric equilibrium

_,0ea _,dep B 6_0(1+6> {20‘6"’”(1—6)2} Oea B37
(eAm+5€B am)'e_ 206 +p(1-B) a0, 0
Substituting (B36) and (B37) into Y1(64) and simplifying, we have
a6 moe™ ! [2064—,&(14—52)] [206—}—,&(1—6)2] (86,4 >2
HAe 0a208 +p(1- ) a0,
m 206+/~L(1 _6)2] Oegy
-— — .. (B38)
0%4 (208 + p(1—pB)] 904
Regarding Y2(0 4) in the symmetric equilibrium, we have
m B Oey 2 (863 )2 0%e, 0%ep
Yo(04) = —— |—ce || =) +8( == e+ el - B39
00) =gy |7 [(89/4') oaale) | T o I % (B39)
Using (9/00.4) | = {8[20 — u(1 — B/ 208+ (1 — B)]} (9e4/06.4) |, we can obtain
moe™! 208+ p(1-B)° + 5 20 —p(L-B) (dea |
Y2(0A)|e :_9 P} 7‘()
A1+ 0) 208 + 1 (1 - B)] 90 4
m 9%e4 0%ep }
+ e+ el B40
0a(1+ B) [aei | 539?4 | (B40)
Regarding Y3(04) in the symmetric equilibrium is given by
1 0%e4 0%ep ]
Y3(04)]o = —= [(2— A T .. B41
00l == |2 =0 Rt +a522 (B11)
We therefore need to characterize (9%ep/d6%). We have (from (A36))
l—-0 o—1 _ o, ,—0 _
%5 _ x90)24 ith x(p)=20 8 "G +B) + 50— (er_A _15). (B42)
00 4 004 (0 — ) (Beqes” — 1) + 0 (1+ Bey Te )
We then have
8263 8X(9A) 8€A 82€A
= — + X(0 . B43
o~ o8y o0, )G (B43)
We have
09X (6a) Z(02a)

04 [(0—p) (Betes” — 1) +0 (1+ e e )]

_0U(04)

with Z(04) = Z1(04) — Z3(04), Z1(04) = o aV(0a)

004

V(@A), ZQ(GA) = U(GA)

and where U(64) and V(0 4) correspond to the numerator and to the denominator of X(6 4) respectively.(B44)



We have

aU(eA) _ —o _o—1 o—1_—o &l
90,4 =oB[(1-0)egel) '+ (0 —p)ef 'ey ]5‘0,4
o—2 1—0o —o—1 _o 8614
—oB[(1—0)eq e 7+ (0 —p)ex” 'eg] 90, (B45)
In a symmetric equilibrium, we have
aU(eA) _ 1 Oep dea

Again, we have (9ep/004) |c = {B[20 — u(1 = B)]/[208 + u(1 — B)]} (Oea/004) |.. Tt follows that

ou0a), 7/wﬁ(1 — ) (1 — 62) e ! &J
80x T 20Btu(i-p) 004 (B47)
We also have V(04) |c = [208 + (1 — B)]. It follows that
0
2104l = = [u0B (1 =) (1= 6%) ] 5. (B48)
We also have
oV (o IR —o o170
aéAA) =op [(a—u)ei tep” 4+ (1—0)ey7eq; 1] 6;%
—o— —0 _o— 0
—0B[(0 — ) eqer” + (1 — o) el e 2] a;%' (B49)
In a symmetric equilibrium, we have
ov(fa), dea dep
aoA |€ —0'66 1(1_/J’) |:80A|e _@ eil . (B50)
It follows that
oV(0a), noB(1—p)(1-5) e dea
90a = 20B+p(l=p) 04" (B51)
We also have U(04) | = 8[20 — (1 — S)]. It follows that
CpoB(1—p) (1—-5%)[208 — pB(1—B)le ! dea
Z5(04)le = 28+ 1 (1—B) 90, (B52)
As a result, we have
poB (1= p) (1= 6%) [106+ n (1= 6’| e o,
Z(0a)le = — 208 + p (1 — B) @ le - (B53)
And then, we have
0X(04)  HoB(l—pu) (1 5%) {40ﬁ +u(l- ﬁ)ﬂ ¢! dea Bt
o0, T 208+ (1— B))° a0, (354



Finally, we have in a symmetric equilibrium

e poB (1= ) (1= 5%) [0+ (1 = )% e (aeA )1/3 (20 — (1= B)] O%ea

80124 - [20’54—,&(1—5)]3 @b 206+ p (1= ) 89?4 le -(B55)

le = —

Substituting into Y2(04) given by (B40) and simplifying, we can obtain after some tedious manipulations,

Y2(9A) |e =

3 moe ™! A (0,8, 1) (5;&4 )2 m[Qaﬁ-l—M(l—ﬁ)Q} 826,4|
0a(1+B) 208 + p(1— ) \904 04208 +p(1-B)] 9% °

where
A(0,8,1m) = 208+ p (1= B)] [205 +p (1= B) + 6° [20 — (1 - )]
1B (1= ) (1= 8) [408+ (1 - B)?]. (B56)

Substituting (B55) into Y3(64) given by (B41) and simplifying, we can also obtain (still after some

tedious calculations),

iy, AU 0= ) 408 +n(1—p)] e (aeA |E>2

2 205+ u(1 B 04
1[40 + (1= B) 2~ AL+ B)]) 9%ea
-5 ST a(l7) o o . (B57)

Now, using (B38), (B56) and (B57), we have that the second derivative of w4 with respect to 0 4 is thus
given by

moe™t [208 + p (1 —|—,82)} [QUﬂ +p(l- ﬁ)Q} (86,4 )2 B m {206 +u(l- 6)2] des
0% 205 + (1~ B)] 904"

041208 +p(1—B) 94

moe™ ! A (o, 1) <8eA )2 m {QO'B +p(l - ﬁ)2] 0%ey

a0+ D s+ p (- AP \00s ) T OapoBTn(1-B) on

\uoB(1—p) (1 6°) [4aﬁ +p(l— ﬁ)ﬂ e roen \?
2 205+ p(1— ) <59A "">

1[40B+p(1-pB)[2 - A1+ B)]] 0%ea
2 208+ p (1 — B) 0%

le - (B58)
Rearranging the terms, we have

moe™! 2084 p (1 + 52)] {205 - ﬁ)2] moe” ' A (0,5, 1)

041208+ p(1—B) C0a(L+ B 208+ n(1- B (8% |e)2
AmeB - (1-5) [106+p(1- )] e 9

2 208+ 1 (1 — B)]°

8



le

m 208 +p (1 5)’] C1[4oB+u(l-B)2- AL+ )] | 0%a
0203+ p(1—B) 2 208+ 1 (1-B) 0%

m (208 +1(1- 8] g,
A 208+ p(1—pB)] 004

(B59)

Simplifying, we have

moe W (o, 8, 1) AnoB(1—p) (1~ %) {405 +hu(l- 6)2} e! (aeA ‘ >2
04(1+8) 208+ pn(1-B)° 2 208 + p(1 - B))° 904

2[208+1(1- 8] m—0altoB+pu(-B)R2-A1+8)]] g2,
204 206 + 1 (1= B)] 004 ¢

m (208 + (1= 8] e ,

04208+ u(1—B)] 94

le s

where W (0, 3, ) = (145) [208 + p (1 + 5°)] [2aﬁ +p(l- 5)2} 208+ p (1 - B)-A (0,8, 1) .(B60)

In the symmetric equilibrium, we have 4 = 6 = 2 [QUﬂ +up(l— 5)2} m/[dof+p (1 —5)[2 - A1+ ),
and hence the second term of (B60) in front of [(9%e/00%) |6]2 is equal to 0.

Furthermore, simplifying ¥ (o, 8, 1), we find (after long and tedious calculations)
W (0, 8,) = uB (1+8) [408+n(1 = 8)°| 208+ (1= 5°) = B(1L - B)] . (B61)
Therefore, (B60) reduces to

moe s (408 + (1= B| [208+ 1 (1= 5%) = B(1 - B)]

0al205+ (1) <36A |6>2
AoB (1= p) (1= F°) [108 + (1= B)*| ! 4
2 208 +p(1=B)

m {206+u(1 —6)2] dea

TR RoB (- B) 004 (B62)
Simplifying again, we have
poBe! (08 + (1= 5’| Q0,810 m.04) 9o, m[208+n(1-5)]) pe,
204 206 + pu (1 — B)° 904"~ 602 1208+ n(1—B)| 0,
where Q (o, 8, pp, A\, m,0.4) = 2m [205 + i (1 — 52) —-8(1- 6)} + 04 (1—p) (1 - 62). (B63)

Therefore, we need to determine (Jes/90.4)|c. Rewrite the equilibrium conditions of the policy stage



(given by (13)) as F'(ea,ep(ea),f4) = 0. Again, in the first stage, the median voter of each region antic-
ipates the other-region representative’s best-response in the second stage. Applying the implicit function

theorem, we have 86A/(99A = —3F/89A/[6F/8€A+(8FA/863) (863/86,4)}. F(eA,eB(eA),OA) =0is

given by

0a(l = 1) [ + Bel ) % €57 + 0881 — o) [l + Bely 7] ¥ e37 — 1= 0. (B64)
We have

% =(1—p) [e}[" + ﬁe};”] = ey’ (B65)

In a symmetric equilibrium, it reduces to

oF

g le=0-ma +B) T e (B66)

We also have,

aF —0o —0 %ﬁ_l —20 —0 —0o % —0—
5L 0= {(o = el + el T e o [+ el o]

—0 —0 %71 —20 —0 —0 % —0—
+935(1—u){ﬁ(0—u) leh 7+ Bey 7] 2’ —olep T+ BT ey 1}- (B67)

In a symmetric equilibrium, it reduces to

oF

o o =—0(1—p) (14 8) 77 " 208+ p (14 8] e 1. (B68)

We also have,

8F —0 —0 %71 —0 ,—0O
5o = 0aB(l—p) (o =) [ 7+ Bep 7] 7 epTey
eB
HOpB(1— ) (0 — ) [el @+ Bel o] epTen” (B69)

In a symmetric equilibrium, it reduces to

oF

gey le =208 —p) (0 = p) (1+ )= "F e, (B70)

Furthermore, from (B42), we have (dep/dea)|e = [B[20 — (1 —5)]]/[208 + (1 — B)]. Using this
expression with (B68) and (B70), we have that

oF oF dep \ 00— (1+8) T e 1P (0,8, p)
m'”(%'ﬁ)(m'ﬂ)‘ 205+ (1~ ) ’
where ® (0, 8, 1) = [208 4 p (1+ 8%)] 208+ (1 = B)] — 26% (0 — p) [20 — p (1= B)]. (B71)
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Simplifying, we obtain ® (o, 8,u) = p(l+3) [40[3+,u(1 — 3)?|. Hence using (B66) and (B71), we
obtain that (0es/004)|c = —(OF/004)|c / [(OF/0ex) |e + (0Fa/0ep)|. (Oep/dea)|c], or

aﬂb — [20—6+/L(175)]6 ) (B72)
94" oul10+p(1-p)’]
Substituting this expression in (B63), we can obtain
o8R0 B hm.0,) ™ 278+ 80 = 6] | e,
2 2 T 2 oo e - (B73)
202 208 4 p (1 — )] 0> 208 +p(1—pB)] [ 00a
Using the definition of Q (o, 8, p, A, m,0,4) in (B63) — with 84 = 6 — the above expression reduce
F(Jaﬂvﬂﬁ)‘m?e) aﬁ|
20> 208 + (1 - B))* 004
where T (0, 8, 11, m, 0) = 0 o B(1 — p)(1 — )+
2m{of [208+ (1= %) = 801 = B)] - 208+ (1= B)°| 208+ (1 - B)]}. (B74)

Simplifying, we obtain
L (0, 8,1,m,0) = =2m [06% 20 + 1= B) + 12 (1= B)° + 3u0 (1 = B)°] +OA0B(1 - ) (1 - 5°).(BTS)

Substituting § = 6§ = 2 [QUﬁ +p(l— 5)2} m/[dofB + pn(1—B)[2— A1+ p)]] into this expression, it

becomes negative which implies that 82w, /964 < 0 in 6 = 6, if
(082 (20 4+ 1= )+ 2 (1= 8)° + 3408 (1 = 8)°| [UoB + u (1 - B) 2= A1+ B)]] >
AoB(1 = p)(1 = B%) 208+ (1 - 8)°]. (BT6)

A sufficient condition for this inequality to be satisfied is that the two terms in [.] of the left-hand side
(LHS) of this inequality are larger than the two terms in [.] of the right-hand side (RHS). First observe that
[4of+p(1—=B)2—-AX1+5)]] > [206 +p(l— 6)2} , since it reduces to 208 4 (1 — ) (1 — %) > 0,
which is always satisfied. Now, a sufficient condition for the first term of the LHS to be larger than that of
the RHS is that |08 (20 +1— 8) 4+ p2 (1 — 8)* + 3ucB (1 — 5)2} > oB(1—p)(1— %) since A < 1. Rear-
ranging the terms, this inequality can be rewritten as 2 (1 — 6)3+o,6 2084 (1-08)[2u(2—-p5)—1]] > 0.
A sufficient condition for this last inequality to be satisfied is that u > i =1/[2(2 — f)]. & is increasing
in 8 and hence reach a maximum in 8 = 1, in which case 1 = 1/2. We exclude the situation with
o = 0 together with 8 = 1, since no public goods are supplied in this case. Hence, for p > 0.5 the two
inequalities are strict. Hence, a sufficient condition for the second derivative of w4 with respect to 64 in
64 = 0 to be strictly negative is that p > 0.5, thus proving the the existence of a symmetric Local Nash

Subgame Perfect Equilibrium (LNSPE) in pure strategies under a centralized system.
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2 Existence of a (Symmetric) Subgame Perfect Nash Equilib-
rium (SPNE) under a Decentralized System

Under a decentralized system, one can nevertheless show the existence of a (symmetric) Subgame Perfect

Nash Equilibrium (SPNE) in pure strategies for 0 =0, 0 = g and o € (u, 1).

2.1 Decentralization

2.1.1 Thecaseof c=0o0or o=y

o = p corresponds to the model analyzed by Besley and Coate (2003) and others. In this case, the
utility of a citizen in region j is separable in the levels of local public investments and is given by
xz; +0 [6;70 + Bei}”]. As explained in the paper, this implies that there are no strategic interactions
in public spending. In other words, in the second stage of the game, the equilibrium is in dominant
strategies and the level of local public investment in a particular region only depends on the identity
of its representative. In turn, in the first stage of the game, each median voter has (also) a dominant
strategy which is to appoint herself as the region’s representative.

o = 0 corresponds to the model analyzed by Dur and Roelfsema (2005) in their appendix, or Buccholz
et al. (2005), among many others. Under this specific assumption, the utility of a citizen 6 in region j is
given by z;+6 [e; + Be_ j]l_” . This ‘summation technology’ implies that there is ‘perfect substitutability’
between local public investments. The first-order (and sufficient) conditions for an equilibrium in the
second stage of the game are given by 0;(1 — u) [e; + Be_;] " =1 for j = A, B. Solving this system, we
have ef = [(1 — ey (1- ﬁQ)} [9;/“ - 691_/;‘ . We then have that G¥ = e} + fe* ; = [(1 — p) AR

Substituting e and G7 into the utility of the median voter given by mG;l_“ — e}, we obtain that it is
separable in 0; and in 6_;. It follows that each median has a dominant strategy in this case as well.

Therefore, the SPNE always exists for o = 0 or o = p.
2.1.2 The case of o € (u,1): Strategic Complementarity

The payoff for the region A’s median voter in the first stage of the game is given by wa = mF [G 4 (e* (04,05))]—
€% (04,0p). The first derivative of w4 with respect to 84 after substituting the equilibrium conditions

of the policy stage (given by (4)) is given by (6) or

Oe’, o %o 0€F
{(m—HA)aQ‘:—i-BmeAeB 801,: .

8wA - i
00,4 04

We also have

Jeg _ { (0 —p) Pegel ° ] de*,
04 Lpey 7 +opBel 7] 004

Substituting into the first expression, we obtain

Oows Y(eY, e, m,04)  Oe’y
004 04 [ueg_g + Uﬂezl_”] 004’
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with Y(e%y, €5, m,04) = [p(m — 04) + mB* (o — p)] e 7 + 0B (m —0a) el 7

In the symmetric equilibrium e* = el and Y (e*, €5, m,0.4) = 0 — for satisfying the first-order conditions
in the policy stage — yields 8" given by (7), i.e. 8° = (1+ 8) [u(1 — 8) + o8] m/ (1 + ¢B). Suppose that
6 = 6*. For the quasi-concavity of w4 with respect to 6 4, the plan is to show that Y (e%, e, m,04) > 0
for 04 < 0 and Y(e¥, e, m,04) <0 for 64 > 6*.

When o > u, we have that 0 > m. Suppose first hat 64 < 6" which leads to €% < €. Indeed, as
shown in the previous section of this appendix, the equilibrium level of public investment in one region is
increasing in the type of its representative (see equation (B26)). When o > u, local public investments
are strategic complements and, so, the level of public investment in the other region decreases as well.
But it decreases by a lower extent since the slope of each best-response function is lower than 1 at the
equilibrium point (which can be seen in Figure 2).

If 04 < m < 6%, then Y(e%, e, m,04) is obviously positive. If m < 04 < 6%, then (m —04) is
negative and Y (e’ ek, m,04) can be positive only if u(m — 04) + mB*(c — p) > 0, that is only if
04 < 0 where 6 = (m/p) [ (1= ,82) + 062]. For any o > p, we can easily verify that § > 6%, which
implies that p(m — 04) +mB%(0 — p) is positive for any 4 < 8*. Now, observe that Y (e*, %, m, 04) >
[(m —04) + mB*(0c — p) + B (m —04)] e "7 when o € (p,1) since e’ < ej. The term in [] in the
previous expression is positive if

mpB2 (o — .

(04 —m) < W: (0" —m)
which is always verified for 04 < 0*. It follows that Y (e*, e, m,04) is positive for any 64 < 6* when
o€ (p1).

Suppose now that 64 > 6% —and 6" > m since o > p — which leads to €% > ef. If 04 > 0> 0" >m,
then (m — 04) and p(m — 0.4) + mB*(c — p) are both negative and Y (&%, e}, m,0.4) is thus negative as
well. If 0 > 04 > 6* > m, then pu(m —04)+mfB%(o0 — p) is positive (and (m — 4) is still negative). Now,
observe that Y (e%,ep,m,04) < [pu(m —04) + mpB*(o — p) + o (m — 04)] e’ "7 when o € (p,1) since

e* > e5. The term in [.] in the previous expression is negative if
(9A — m) >

which is always verified for 84 > 0*. It follows that Y (e, e}, m,0.4) is negative for any 04 > 6* when

o€ (p,1).
As result each median voter’s payoff is quasi-concave, which implies that a symmetric SPNE exists

for o € (u,1). Unfortunately, the same type of reasoning does not apply for o ¢ (u,1).

2.2 Centralization

Showing the existence of a SPNE in pure strategies in the case of a centralized system is even more

problematic, except for the very specific cases of ¢ = p — i.e. separability of local public goods in the
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utility of voters — and o = 0 — i.e. perfect substitutability between local public investments.

For o = 0, the joint public good surplus is given by 6, [e; + ﬁe,j]l_“—I—H,j le_; + Bej]l_” —(ej+e—j).
The first-order (and sufficient) conditions for an equilibrium in the second stage of the game are thus
given by 0;(1 — p) [e; + Be—;] " + 0_;8(1 — w)[e—; + Be;] " = 1 for j = A, B. Solving this system,
we can obtain &; = |[(1—p)(1 +6)]1/“/ (1 —BQ)] [9;/” —591_@“] We then have that G; = & +
Be_; = [1—-p) (1 +ﬁ)9j]1/“. Substituting é; and G; into the utility of the median voter given by
mé’;*“ —(1/2)[(2 — X) & + Aé_;], we obtain that it is separable in 6; and in §_;. It follows that each
median has a dominant strategy and therefore a SPNE in pure strategies exists in this case.

For o = u, the payoff of each median induced by the public good provision subgame is no longer
separable in the types of the two representatives. Yet, as shown by Besley and Coate (2003), there exists
a SPNE in pure strategies in this case as well (see the Proof of Lemma 3, pp. 2631-35).
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