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Abstract

When local public goods are provided by a centralized authority, spioses internalized,
but heterogeneity in preferences may be suppressed. Besley ate (003) recently exa-
mined this classic trade-off for a uniform tax regime with strategic delegatiere, we extend
their approach by allowing for a non-uniform tax regime. We find thatredination with non-
uniform taxation unambiguously increases welfare in comparison toramifax centralization.
With non-cooperative legislators coming from symmetric districts, outrabration dominates
decentralization for any degree of spillovers. In other cases, niforomtaxation at least im-
proves the odds of centralization, if measured by a utilitarian yardstick.
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1. Introduction

Centralization involves a host of trade-offs. A centradiz®vernment exploits re-
turns to scale in public goods provision, but faces pronedrngformation asymmetry.
Spillovers can be efficiently resolved by centralizatiaut, tentralized taxation may be
more distortive. Also, centralization may induce higheakinvestment into wasteful
rent-seeking. The case for centralization of local pubtiods is predominantly driven
by cross-border spillovers, and is strengthened in theepasof economies of scale
in public good production (or in tax administration, cf. (R@no and Scharff, 2004)).

However, centralization is not costless. As Oates (19%)es, welfare loss arises
whenever jurisdictions vary in preferences, and the amotiatpublic good is bound
to be equal across jurisdictions. The loss magnifies witheiging price elasticity
of public good demand. Secondly, the issue of asymmetrarimdtion is of extreme
relevance here. For a central authority, reliable localrimfation is costlier to obtain.
Voters observe lower yardstick competition at the cen&gatll and, hence, have fewer
opportunities to assess public sector performance.

Seabright (1996) builds a model capturing another impopasblem of centrali-
zation, namely lower accountability. Centralization magkase the level of political

* Peter Tuchiia: Ph.D. Candidate, CERGE-EI, Prague; Martin Gregor ésponding author): Institute of
Economic Studies, Faculty of Social Sciences, Charles Wsityein Prague, Opletalova 26, CZ-110 00,
Prague, Czech Republic; e-mail: gregor@fsv.cuni.cz.

AUCO Czech Economic Review, vol. 1, no. 3 223



Tuchyha P, Gregor M: Centralization Tradeoff with Non-Uniform Taxation

competition, providing an additional source of politicahts. Furthermore, the propo-
nents of the FOCJ concept (Functionally Overlapping Comgelurisdiction), mainly
Frey (1996), observe slower policy innovation in a cerzedi system. On the other
hand, Kotsogiannis and Schwager (2001) construct a modelopposite results.

When interest groups in jurisdictions have common interaats lobbying fea-
tures economies of scale, centralization may also boostseeking expenditures and
consequently distort market allocation (Bordigreiral,, 2003; Bardhan, Mookherjee,
2000).

To tackle the benefits and costs of centralization, we rtsttiention to the classic
trade-off between spillovers and heterogeneity. We puteasther, albeit important,
issues of locational choice, accountability, and incorgpieformation. Our approach
draws from the seminal setup of Besley and Coate (2003), bextend their approach
by introducing a non-uniform tax system. In other words, telg how centralization
performs when the benefits (i.e. amounts of local public gpad well as the costs are
non-uniform across districts.

Besley and Coate (2003) depart from the existing literatussmphasizing theo-
litical processesf decision-making. If governments under centralized eayst were
allowed to allocate different levels of local public goodsltfferent districts, they could
respect the preferences of citizens in each district wintaxwally accounting for cross-
border spillovers. This would make the centralized systesfepable. If there is a case
for a decentralized system, then it must follow from potitieconomy considerations.

Centralization has been typically modeled as a system ishlwiiblic spending is
financed by general taxation and all jurisdictions receiuaiéorm level of local public
goods. In a decentralized system, local public goods aradathby local taxation and
each district chooses its own preferred level. This apgréas been adopted by Oates
(1972), who argued that the drawbacks of centralized andrdedized systems are
uniformity in provision and absence of reflecting the besdjiting to other regions,
respectively. This logic relies crucially on the assumptilbat centralization provides
uniform levels of public goods. Besley and Coate (2003)xr¢tas assumption and
then study various forms of centralized decision-making.

We also relax the assumption of policy uniformity (i.e. wnifi level of public
goods) stipulated in Oates (1972) and Musgrave (1959). dbést of our knowledge,
this assumption was only motivated by the implications gfmrametric information
incentives between central and local authorities.

The main innovation of our approach is to let district-sfiediead tax depend on
the amount of public goods provided in each region. The re&sdhat for district-
uniform head tax, a marginal increase in public spendingria district increases
average tax across all districts equally. In our tax systéwm,increase is not equal,
but higher for the beneficiary district. This brings the pt&v marginal cost of pub-
lic goods provision closer to the private marginal benefd anproves the odds for
centralization compared to decentralization.

For a centralized legislature, we postulate either norpecative or cooperative
policy makers. We observe that cooperativeness as suctotcegsolve conflicts in
preferences among the regions, since voters can insurasagsilicy cooperative-
ness by strategic delegation. Strategic delegation hasgfisis in industrial economics
(Fershtman, Judd, 1987) and monetary policy (Rogoff, 19@Ss)lting in applications

1Cheikbossian (2000) argues that in a game played betweertralganlicy-maker and decentralized au-
thorities, the latter have an incentive to report excessiygenditure needs and low tax-paying capacity. This
misinformation induces policy uniformity.
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to public economics (Persson, Tabellini, 1990). Like in iBbessian (2000), in our
framework a non-cooperative voter delegates a policy maiéra different concern
for local public goods than is his or her own.

The remainder of the paper is organized as follows. Sectiontlhes the frame-
work for our analysis. Section 3 provides a brief review & ftandard analysis. Sec-
tion 4 presents a political economy analysis with two forrhtaration beginning with
a centralized system, assuming minimum winning coaliti@ection 5 continues in
this direction, considering a more cooperative legiskatBinally, Section 6 offers con-
cluding remarks.

2. The Model

There are two geographically distinct regions or distriotsexed byi € {1,2},
each populated by a continuum of citizens with a mass of umhg citizens are im-
mobile between the regions. The economy contains threesgaagingle private good,
X, and two local public goods); andgp, each one associated with a particular district.
Each citizen is endowed with some of the private good andititrout we will assume
that the endowments are high enough for each citizen to megtrequired tax oblig-
ations. To produce one unit of either of the public goods iregyconstantp units of
the private good.

Each citizen in district is characterized by a public goods preference parameter
A, to be interpreted as the interest in public goods of bottridis. The preferences of
a typeA citizen in districti are

X+ A[(1—K)Ing +KIng_,

where parametex < [0,1/2] indexes the degree of spillovet$Vhenk = 0, citizens
consume only the public good in their own district, while for= 1/2 they equally
consume public goods in both districts. Postulating unifar (across regions) means
that citizens from both districts consume both public gdadbe same proportiof.

The range of preference typesiiss (0,A™®) in each district. The respective me-
dian type in districti is denoted bym. We assume, without loss of generality, that
the median citizen in district 1 is at least as pro-publicnejdeg as his counterpart in
district 2, i.e.my > mp. We also assume thah® < A™ The latter condition will be
needed in Section 5 to obtain interior solutions.

Under adecentralized systerthe level of public goods in each district is chosen
by the government of that district and public goods are fiepdry a uniform head tax
on local residents. Thus, if districthooses a public good levegl, each citizen in this
district pays a tax opg. Under acentralized systenthe levels of public goods are

2 For more universal specifications of public goods preferensee (Besley, Coate, 1999, 2000)).

3 It could be that citizens from district 1 cared equally abthe public goods in both districts, whereas
citizens from district 2 cared only about their own publicdo That is to say, proportional public goods
preferencesc could differ among regions. Moreover, differences amongeits from the same district
could occur, i.e. a citizen could, for instance, derive fiefi®m both public goods, but his neighbor from
the same district could be interested only in the public gaodided by his own district. We will, however,
assume these spillovers to be of a purely technical natureeder, we will assume them to be the same for
citizens from both districts as well as for the citizens ir\a&eg region, so as to be able to capture the fact that
the resolution between centralization and decentratinadiepends on the (symmetric) degree of spillovers
and the extent of heterogeneity in preferences for publadgo

AUCO Czech Economic Review, vol. 1, no. 3 225



Tuchyha P, Gregor M: Centralization Tradeoff with Non-Uniform Taxation

determined by a government that represents both regioesadspy is being financed
by two possible tax systems, whose outcomes will be compdred first one is a
uniformhead tax on all citizens; with public good levels gy, this tax isp(g1 +92) /2.
The second one is a head tax whiclmén-uniformacross districts, but uniform for all
citizens within a given region. A citizen of each region paysead tax proportional to
his consumption of both public goods; thus, public goodslkg;,g, and degree of
spilloversk result in a head tax gig (1 — K) 4+ pg-ik in districti.

Our social welfare criterion for comparing the performan€eentralized and de-
centralized provision of local public goods will be the aggate public goods surplus.
With public goods level$gs, g2), it is defined as

S(01,92) = [Mi(1—K) +Mek]Ings + [Mp(1—K) + MK]INgz — p(g1 + G2).

The surplus is a median citizens’ sum of the marginal ben&fits their con-
sumption of public goods or, more precisely, a sum of thestiffices between median
citizens’ utilities under the system with public goods ahd system without public
goods:

AUy, +AUm, = X1 — po+ My [(1— k) Ings + K Inga] — X1+
+X2— PG +Mp[(1—-K)INg2 + KINg1] — X% = S(01,92)

The surplus-maximizing public goods levelre as follows:

(91.0) = (ml(l—i;)—s—mzK’ mz(l—l;) +m1K>

This result reveals that the surplus-maximizing publicdplevels take account of
the benefits received by citizens from both districts.

3. Classic Setup

The model outlined above allows a simple exposition of tlaglitonal analysis
according to Oates (1972), who influenced many public fin@womomists’ views on
the relative merits of centralization and decentralizatide supposed that, in a de-
centralized system, each district's government indepathdehooses the policy which
maximizes the public goods surplus in the region (whichUg, , i € {1,2}). A pair of
expenditure Ievel$gd,gg) will form a Nash equilibrium, which requires that:

o' =arg max{m[(1—K)Ing +kIngh]—pg}, ie{1,2}.

Taking first-order conditions yields:

d dy_ [(M(l-kK) mp(l-k)
(gl,gz)—( R )

4 The vector is an interior solution of a simple maximization afidtion S(g,gz). We obtain it by taking
first-order conditions, i.e. by differentiating this fuit w.r.t. g; andg, and setting it equal to zero. It is
straightforward to verify that the second-order condigiamne satisfied and we leave this proof to the reader.
This remark applies to all of the subsequent maximization perabl
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Each region’s government thus only takes into account tmefits received by its
constituency and local public goods are surplus-maximgizinly when there are no
spillovers, regardless of heterogeneity in tastes. Whdtoggis occur, public goods
production results in under-provision in both districtglahis under-provision is in-
creasing in the extent of spillovers.

Under a centralized system, Oates assumed that the govetrwoald be restricted
to provide a uniform level of public goods, deno@gfdHe further assumed that expen-
ditures would be financed by a uniform head tax, which is, & ¢hse of uniform
provision of public goods, identical to our proposed noififarm head tax that takes
into account the proportional consumption of both goodsitizens from each region.
This common level of public goods satisfies

g° = arg max[my +my|Ing - 2pg} = %

The uniform level of public goods is independent of the lexedpillovers and results
in the surplus-maximizing level only in the case of idenititiatricts® However, when

my. > mp, centralization over-provides public goods to districtrlainder-provides
them to district 1 except when spillovers are maximal, k.e= 1/2. In this situation,

citizens consume public goods in both districts equallyictwtteads to uniform provi-
sion of public goods in both regions.

3.1 Comparative Statics

When regions are homogeneous, centralization producelistraximizing pub-
lic goods levels and dominates decentralization wheneguiogers are present. Cen-
tralization has the conventional advantage of internadjzpillovers, agigure lillus-
trates.

FIGURE1 Aggregate Public Goods Surpluses under Decentralizé8bnand Cen-
tralization in the Classic Sety|¥): Identical Districts

g

Surplus

5 This stems from the simple fact that, with uniform provisiom adentical prices of local public goods,
Oates’ head tap(g+g)/2 = pgequalspg(1l— k) + pgk = pg.

6 Throughout the text, the phrasieentical (non-identica) andhomogeneougeterogeneoyslistrictswill
indicate that the median citizens from each rediane(do not havgthe same public goods preferences.

AUCO Czech Economic Review, vol. 1, no. 3 227



Tuchyha P, Gregor M: Centralization Tradeoff with Non-Uniform Taxation

In the case of heterogeneous districts, decentralizaiglds/surplus-maximizing
public goods levels and dominates centralization wherethez no spillovers. In con-
trast, when the spillovers are maximal, centralizationdpo®s surplus-maximizing
public goods levels and dominates decentralization. Whesghlovers are in between
these two polar cases, there exists a critical level ofaplis above which centraliza-
tion dominates and under which decentralization is pretersed-igure 2

FIGURE2 Aggregate Public Goods Surpluses under Decentralizé8bnand Cen-
tralization in the Classic Setyi%’): Non-Identical Districts

g

Surplus

Proposition 1. Suppose that the assumptions of the standard analysis tisfiea.

(i) If the regions are homogeneous and spillovers are pregen- 0), a centralized
system produces a higher level of surplus than does dediezatian. In the ab-
sence of spilloversk = 0), the two systems generate the same level of surplus.

(ii) If the districts are heterogeneous, there is a criticallue ofk, greater than
zero but less thati/2, such that a centralized system produces a higher level of
surplus if and only ik exceeds this critical levél.

According to Oates, without spillovers, a decentralizestamy is preferred. With
spillovers and homogeneous districts, a centralized sy&teuperior. With spillovers
and heterogeneous regions, it is necessary to comparettrg ekthe two effects.

It is often suggested that heterogeneity favors the casgefoentralization. In our
model, this does not follow immediately, since we cannofj@ctare that the critical
level of spillovers increases in heterogenéitp any case, modeling the trade-off be-
tween centralization and decentralization in the classiggsrelies on the assumption
of uniform expenditures under centralization, which is a testrictive assumption;
henceforth we expand the model to include the possibilityarf-uniform provision.

"The proof of this, as well as the other results, may be fountérappendix.

8This may be analyzed by lettir§' (k, @) andSf(k,a) denote surpluses under decentralization and cen-
tralization, respectively, whefim,m;) = (aw, (1— a)w), wherea € (1/2,1) measures the degree of het-
erogeneity between the two regions. Districts are idehitteen a = 1/2 and become more heterogeneous
when a increases. Therff(k, a) = win(w/2p) — w, which is independent of botk and a. Therefore

we can write§(k,a) = §. The critical value ofk, denotedk*(a), is uniquely defined by the equation
S (k*,a) = §. To show thatk* is an increasing function of, it is necessary to show that for al,
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4. Political Economy with Two For ms of Taxation

4.1 Decentralization

In a decentralized system, we assume that each region alsicigle representative
from that region to choose policy. Our model is based on tiieeci-candidate approach
to political decision-making, which has two stages. Fies¢ctions determine which
citizen from each district is selected to constitute theigsien-making government in
that district (election stage). Second, policies are ahggaultaneously by the elected
representatives in each district (policy-selection stage

Using backward inductiofwe proceed as follows. First, we find what the elected
representatives select (stage 2 or the policy-selectagestand then we discuss whom
citizens, considering outcomes which are subsequentgtsl by the representatives,
will appoint to an office (stage 1 or the election stage). Beigig with stage 2, let
the types of the representatives in district 1 and 2pandA,, respectively:® Then
the policy outcomégs (A1),02(A2)) satisfies

9i(Ai) = arg maxAi[(1 - K)Ingi +kIng-i(A-i)| - pg}, i€ {1,2}.

Solving this with first-order conditions yields

AM(1—kK) A(1—kK
(01(A1),92(A2)) = ( 1 )7 2 )) :
p p
the level of each district’s public goods spending is higther stronger is the public
good preference of its representative and lower the highiinei level of spillovers.
Now let us move to stage 1. With the representatigeand A, in region 1 and 2,
respectively, a citizen of typ& in districti will enjoy a public goods surplus

AU, ;= A [(1—K)In/\i(1p_K)+Kln/\_i(lp_K)} —Ai(1—k).

These preferences over types determine citizens’ votimisidas. A pair of repre-
sentative typegA;,AJ) is majority preferred under decentralization if, in each-di
trict i, a majority of citizens prefer the type of their represeméato any other type
A € (0,A™M given the type of the other district’s representafive.

0 (k*,a)/da > 0. Differentiating, we obtain

oy a 1-2a
£ (k,a) =w(1-2K)In 1—a +wKa(1fa)'
The first term is positive, while the second one is negativ@spillovers increase, the first term goes to

zero. Thus, it is possible th@S (k,a)/da < 0. (In our specification of public goods preferences, the sur
plus under decentralization is always decreasing in hgegreity for allk > 1/4. This finding makes it
possible that the critical level of spillovers is decregsim heterogeneity, i.e. The case for centralization
could be strengthened as the regions become more diverse.)
9Backward induction is an iterative process for solving éréktensive-form games. First, one determines
the optimal strategy of the player who makes the last move ofaheeg Then, the optimal action of the next-
to-last moving player is determined taking the last playecsoa as given. The process continues in this
way backwards in time until all players’ actions have beeeeined. Effectively, one determines the Nash
equilibrium of each subgame of the original game.
10We assume that candidates have no opportunity costs, i.ecitagn can agree to be a candidate; and
that representatives can only decide on the provision ofipgbods, i.e. there are no other perquisites of
the office.
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We assume that the elected representatives in the two segitirbe of these ma-
jority preferred types. Further we assume that each citizées sincerely (according
to his public goods preferences), does not abstain, anddréecpinformation.

Citizens’ preferences over types are single-peadkéahplying that a pair of repre-
sentative types is majority preferred under decentratinaf and only if it is a median
pair; i.e.(A{,A}) = (M, mp). This yields:

Lemma 1. Suppose that the assumptions of the political economy sisadye satis-
fied. Then the policy outcome under decentralization is

(01.0) = (ml(lp— K), mz(lp— K)) .

These levels of local public goods respect the preferentéseanedian citizen
within a region, which agrees with the standard local putiiance analysis.

4.2 Centralization with Two Forms of Taxation

The policy determination process under centralization bis two steps: an elec-
tion stage; and a policy selection stage. In the electioms,oitizen from each district
is chosen to serve in a common legislature. In the policyctiele stage, the legisla-
ture determines public goods provision in each region. Qst fnethod of capturing
the decision-making process in the legislature will be thimmum winning coalition
view. Under this view, a coalition of just above 50 % of theresgntatives forms to
share the benefits of public spending among their distiReégions whose representa-
tives are outside the coalition are only allocated spenttirtige extent that this benefits
coalition members. The logic is that, in a majority rule tagiure, if there were any
more than just above 50 % of the representatives in the moaBupporting the spen-
ding bill, the majority of coalition members would benefibiin expelling the surplus
members and further concentrating spending on their owiomegBecause there are
many possible minimum winning coalitions, this view suggehat there will be un-
certainty concerning the identity of the coalition thatfisrto determine expenditures.

In our model, we may capture this uncertainty by assuminigeheh representative
can be thought of as a minimum winning coalition with equalgability. Thus, again
using backward induction, if the representatives are oé$y;1 and A,, the policy
outcome will begl()\l) g5(A1) with probability 1/2 andj?(Az), g5(A2) with probability

1/2, Wheregl()\ ), gz()\ ) is the optimal choice of distrigts representatlve.

4.2.1 Uniform Taxation

With uniform taxation and representatives of tygesand A,, the optimal choice
of districti’s representative is

(6:(%), () = arg max {Ala-K)ng +Kingi| - (g +g-) }.

11 Given any two types andA{ such that\/ < Ai<Aord <i< A/, typeA citizens always prefer typl
citizens.

230 AUCO Czech Economic Review, vol. 1, no. 3



Tuchyia P, Gregor M: Centralization Tradeoff with Non-Uniform Taxation

It is straightforward to verify that

g ) = (2L 2 e,

The level of public goods spending depends only on the decispresentative’s prefe-
rence for public goods and the level of spillovers. The gesrthe preferences for pub-
lic goods of the decisive representative, the higher thadipg. Furthermore, spending
for the representative’s domestic public good varies swigrwith spillovers, while
the other district’s public good expenditures vary projposlly with spillovers.

When the representative types aieandA,, a citizen of type) in regioni obtains
an expected public goods surplus of

AU, ;= 1 {)\ [(1— K)In ZAi(lp_ K) +Kln ZAF')K} —Ai+

2
+A [(1K)|n 2’\;K +kln 2“(;")] )\i}.

Again we assume that the representatives will be of the ntyajaeferred types. A pair
of representative typeG\;,A5) is majority preferred if and only if in each district
the median type prefery* to any other typel € (0,A™#9), given the other district’s
representative typ&*;.12 This means thatA;,A;) is majority preferred if and only if
it is a Nash equilibrium of the two-player game in which eatdypr has strategy set
(0,AM@ and playei € {1,2} has payoff function

2Ai(1—k)

2 () = 3 {m [a-om

+m [(1—K)|I”I 2}\;'( +Klin ZA_i(;_K)] —)\_i}.

Taking first-order conditions and solving yields

+Kln ZAF')K] —Ai+

(A1,A2) = (Mg, my).

Thus, an elected pair of representatives will be of tyjmes m,) and will choose a po-
licy which reflects their public goods preferences. So weshav

Lemma 2. Suppose uniform taxation and centralization with a minimwimning
coalition view of the legislature. Thefg:,02) = (2my(1—K)/p,2mK /p) with pro-
bability 1/2 and (g1,092) = (2mpk /p, 2mp(1— k) /p) with probability 1/2.

This result illuminates the main drawbacks of central@atvith a minimum win-
ning coalition legislature and uniform taxation:

12|t citizens of typeA prefer a type); candidate to a typd; candidate, wherd; < A/ (A > A/), then so
must all citizens of types lower (higher) than This implies that a majority of citizens in districprefer
atype; candidate to a typ#/ candidate if and only if the median type prefers a typeandidate to a type
A/ candidate.
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1. Uncertainty Each district faces uncertainty as to the amount of puldadghat

it will receive, reflecting the uncertainty in the identitf/tbe minimum winning
coalition.

2. Misallocation Public expenditures across regions are skewed towards the
side the winning coalition.

4.2.2 Compar ative Statics

The only situation in which centralization produces thepfis-maximizing level
is when the districts are identical and spillovers are makim = 1/2). When districts
differ (my > mp) and spillovers are complete, spending is allocated egjaaloss re-
gions but district 1's representative over-provides Iguadlic goods, while district 2's
representative under-provides them. While higher levespiiiovers still lead those in
the minimum winning coalition to allocate public goods tetdcts outside the coali-
tion, it is only to the extent that this benefits those insliedoalition.

For low levels of spillovers, the misallocation problemistaworse. Public goods
are over-provided to regions in the minimum winning coafitand under-provided to
those districts that are outside the coalition, reflectivgiudgetary externality created
by common financing. However, this drawback is significastippressed as long as
the non-uniform tax system is introduced.

4.2.3 Non-Uniform Taxation

With non-uniform taxation and representatives of typesand A,, the optimal
choice of region’s representative is

(91 (M), g(A)) = arg max {Ai[(1-k)Ingi + KIng-i] - (PG (1K) + Pg-iK)}.

It is easily checked that

(G (N).Go(N)) = (ApAp) ie{12).

As above, if the representative types areand A, a citizen of typeA in district i
obtains an expected public goods surplus of

1 Aj Aj A )\_i] }
Ayi=-<A|(1-kK)In—=4+KIn—4+(1—K)In— +KkIn— | —=Ai —A_; ;.
=3 {r e en e aoom i n e <a -

Analogously to the case of uniform taxation, we arrive at¢baclusion that an
elected pair of representatives will be of typ@s;, my) and that they will choose a
policy which reflects their preferences. This establishes:

Lemma 3. Suppose non-uniform taxation and centralization with aiminm winning

coalition view of the legislature. Thefw,92) = (my/p,m/p) with probability 1/2
and(g1,92) = (m/p, M/ p) with probability 1/2.
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Compared to the case of uniform taxation, the problenurdertaintyremains
due to the unknown identity of the coalition. However, thavdback ofmisallocation
is significantly reduced, reflecting the fact that each itists taxed according to its
proportional consumption of both local public goods. Thipgresses the incentives of
the coalition members to allocate too much of the public gdodheir districts while
forgetting about the regions outside the coalition.

4.2.4 Comparative Statics

The levels of public goods are independent of spilloversyTdepend only on
the preferences of the decisive representative which theases uniform provision of
public goods. With identical representatives, centrélirmawith non-uniform taxation
produces the surplus-maximizing levels of local public dggmdVhenmy exceedsm,
and spillovers are complete, region 1's representativepr@sides local public goods,
while district 2's representative under-provides them.

The misallocation problem is at its worse when the spille\are lower than com-
plete. The levels of public goods provided are further frtwm dptimal, aggregate sur-
plus enhancing levels. However, the extent of these misailons is lower than that
under the centralized system with uniform taxation.

4.3 Centralization ver sus Decentralization
4.3.1 Homogeneous Districts

Decentralization produces the surplus-maximizing puiptiods levels if and only
if spillovers do not occur. We have already seen that puldarg levels underentrali-
zation with uniform taxatiomre surplus maximizing when the spillovers are complete
and the districts are homogeneous. It follows that, in ttee ad identical districts, de-
centralization dominates when the spillovers are smallaamdralization is preferred
when the spillovers are large.

Centralization with non-uniform taxatigoroduces the surplus-maximizing public
goods levels when the districts are identical. This surfgusdependent of spillovers
and is higher than the surplus under decentralization fer @kcept when the spillovers
are absent. In such a case, both systems generate the smptimizing public goods
levels. The next proposition arkigure 3summarize these results.

Proposition 2. Suppose that the assumptions of the political economy sisadye
satisfied, the centralized decision making relies on theimim winning coalition,
and the districts are identical. Then:

(i) If the taxation is uniform, there is a critical value &f strictly greater thar0 but
less thanl/2, such that a centralized system produces a higher levelrpfis
if and only ifk exceeds this critical level.

(i) If the taxation is non-uniform across districts and bpiers are presentk > 0),
a centralized system produces a higher level of surplus tlteas decentraliza-
tion. In the absence of spillovefg = 0), the two systems generate the same
level of surplus.
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FIGURE3 Aggregate Public Goods Surpluses under Decentraliz&8n Centrali-
zation in the Standard Analys(§F) and Centralization with UniforniS))
and Non-Uniform(S;) Taxation in the Case délentical Districts

$=

Surplus

(iii) The surplus under centralization with non-uniformxtdion equals that under
the centralized system in the standard analysis for alllegéspillovers. These
surpluses are higher than that under centralization witlifonm taxation except
when the spillovers are maximgt = 1/2). In such a case, all three systems of
centralization produce the same public goods surplus.

There are two comparisons which require analysis. Firshpasing Proposition 2
with its counterpart in part (i) of Proposition 1, there iseaignificant difference. With
identical districts, the centralized system in the stadidaralysis is supposed to domi-
nate decentralization for adl > 0. However, centralization based on the minimum win-
ning coalition and uniform taxation no longer dominatesdor levels of spillovers, as
those inside the coalition have low incentives to provideligugoods to the outside re-
gions. This is further combined with the uncertain identityhe coalition. With higher
spillovers, uncertainty remains but the decisive repreegimes have higher incentives
to provide more public goods to both districts, which inse=athe surplus under cen-
tralization. Thus, political economy analysis weakensdége for centralization when
taxation is uniform.

Second, a comparison of the two centralized systems undgydiitical economy
analysis generates a strong case for centralization withumiform taxation, which
dominates for alk < 1/2. This is due to the effects that each taxation has on the deci
sions about the allocation of public expenditures. Whendlatton is uniform, each
district pays the same head tax independent of the levelldfqpgoods received. This
motivates coalition members to allocate as much as theytdikieeir districts. In con-
trast, under the centralized system with non-uniform taxathere is no such effect,
as each district is taxed according to its proportional aontion of both local public
goods. This balances the allocated levels and centralizatith non-uniform taxation
significantly dominates centralization with a uniform tagst®m. Furthermore, the re-
sulting surplus under centralization with non-uniformatan is the same as under
centralization in the standard analy$fs.

13This is due to the fact that the provision of public goods amlactual taxes under centralization with
non-uniform taxation are the same as under the centralizgdrayin the standard analysis. With identical
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4.3.2 Heterogeneous Districts

When the regions are heterogeneausentralized system with uniform taxation
still dominates decentralization for high levels of spibos and its performance is
increasing in spillovers. Thus, there is a critical value einder which decentralization
is preferred and above which centralization dominates.

Centralization with non-uniform taxatiois independent of spillovers, produces a
higher level of surplus than decentralization for maxingllevers and a lower level
of surplus for zero spillovers. It follows that there existgritical value ofk above
which the centralized system dominates and under whichntiedization is preferred.
However, this critical value is lower than that in the unifotaxation case. Again,
the following proposition anigure 4summarize these findings.

Proposition 3. Suppose that the assumptions of the political economy sisadye
satisfied, the centralized decision-making relies on theimmim winning coalition,
and the districts are non-identical. Then

(i) If the taxation is uniform, there is a critical value &f strictly greater thar0 but
less thanl/2, such that a centralized system produces a higher levelrpfisi
if and only ifk exceeds this critical level. This critical level is highdah that
in the standard analysis.

(ii) If the taxation is non-uniform across districts, thei® a critical value ofk,
strictly greater thanO but less thanl/2, such that a centralized system pro-
duces a higher level of surplus if and onlykifexceeds this critical level. This
critical level is higher than that in the standard analysisdalower than that
under centralization with uniform taxation.

(iii) The surplus under centralization in the standard ayss is higher than the sur-
pluses under both centralized systems in the political eagnanalysis for all
levels of spillovers. Furthermore, the surplus under caligation with non-
uniform taxation is higher than that under the centralizgdtem with uniform
taxation except when the spillovers are maxirfial= 1/2). In such a case,
the two systems produce the same public goods surplus.

As above, two juxtapositions can be observed. First, comgd#troposition 3 with

its relevant counterpart in part (ii) of Proposition 1 reeethat centralization with a
non-cooperative legislature creates an even larger imagggvhen the districts are
heterogeneous. This exacerbated misallocation problenbiced with the persistent
drawback of uncertainty results in a weakened case for @éergtion compared with
the centralized system in the standard analysis. Howdwerfundamental qualitative
conclusions remain unchanged under the political econamalysis as under the tra-
ditional one: for low spillover levels, decentralizatioordinates; when the spillovers
are high, centralization is preferréd.

districts, each representative would choose such unifarbligpgoods levels that would be chosen by all
the other representatives, if elected.

14What happens with both critical levels of spillovers as hmgeneity increases may be analyzed by let-
ting S¥(k, a), S (k, a) andi(k, a) denote surpluses under decentralization and under deatrah with
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FIGURE4 Aggregate Public Goods Surpluses under Decentralizé8n Centrali-
zation in the Standard Analys(§F) and Centralization with UniforniS))
and Non-Uniform(S;) Taxation in the Case dfion-Identical Districts

g

Surplus

Second, the comparison of the two centralized systems wiffireéht taxations
remains as above. This is because the two systems’ surplesesase at the same
rate with increasing heterogenetf/Thus, centralization with non-uniform taxation
dominates centralization with a uniform tax system fokadt 1/2. When spillovers are
complete, the two systems generate the same level of sufiilissreflects the fact that,
in the uniform taxation case, a representative in the wigeivalition has incentives to
provide the same level of public goods to both regions, whmtesponds to the case
of non-uniform taxation.

Furthermore, the surplus under centralization with noifieum taxation is lower
than that under centralization in the standard analystbdmon-uniform taxation case,
increasing heterogeneity causes the potential provisibiise two representatives to
vary still more. This decreases the surplus under cerdtadiz with non-uniform tax-
ation, and because the surplus under the centralized systdva traditional analysis
is independent of heterogeneity, centralization with a-anpifiorm tax system gener-

uniform and non-uniform taxation, respectively, whem,my) = (aw, (1— a)w), wherea € (1/2,1) is
the degree of heterogeneity between the regions. The fitisatitevel of k, denotedk; (a), is uniquely de-
fined by the equatiof’ (k;,a) = S(k}, a). To show tha; is an increasing function af, it is necessary
to show that for albr € (1/2,1),

98 (kj.a)  ISj(K{. @)

da da >0

Differentiating, we obtain

sk, a) o(k,a) (1 a 1-2a
da  da 70)(5_’() (Zlnm_a(l—a))'
>0

The expression in the latter parentheses equals zero whef/2 and is positive for albr in the range
(1/2,1). Thus, the difference is positive for alle (1/2,1) andk; < 1/2, which implies that the critical
level of spillovers increases with increasing heteroggn&he second critical level of, denotedk; (a), is
uniquely defined by the equati§f(k;, a) = §(k3, a). Due to the fact thad St (k, o) /da = I (k, a) /da
for all Kk anda, the critical level of spillovers increases with increasheterogeneity for the non-uniform
taxation case as well.
155ee the previous footnote.
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ates a lower public goods surpltflt follows that political economy analysis weakens
the case for centralization when the taxation is non-unifbut not as considerably as
in the case of a centralized system with uniform taxation.

5. Cooper ative Centralization and Two For ms of Taxation

Under the minimum winning coalition view of legislative dgion-making, policy
outcomes are ex ante Pareto inefficient from the viewpoitii®fepresentatives. Thus,
legislators may find a way around the inefficiency created lyontarian decision-
making criteria and prefer a less random outcome to the t'f@afmmine” implied by
the minimum winning coalition theory. The representatiwé power may, to a given
extent, allocate benefits to those outside the coalitiorheruhderstanding that non-
members would behave similarly if they were in power. Howgtheere are many pairs
of local public goods levels that are efficient from the vieiy of the representatives
and that ex ante Pareto dominate the minimum winning coaliiutcomes.

Here we will assume the case where the representatives tagttee public goods
allocation that maximizes their joint surplus, i.e. theghlavior can be described by
the utilitarian bargaining solution.This means that each representative now maxi-
mizes the same utility function as the others. They agre@im fa coalition where
everybody will have a weight in the decision-making process just those who suc-
ceed in forming a minimum winning coalition. This norm res representatives to
take into account the costs and benefits to their colleagugsvauld seem to offer
centralization the best chance of dominating decentt@izaiven our welfare crite-
rion. But the extent to which centralization will dominatecgntralization will again
depend on the form of taxation.

5.1 Uniform Taxation

With uniform taxation and representatives of typesandAo, the policy outcome
written asgi(A1,A2),02(A1,A2) will now maximize the representatives’ joint surplus
given by

Z{AUA} Zl{ [(1—k)Ingi+KkIng_ ]—g(gi+g,i)}.

It is straightforward to show that the public goods levelsimézing this joint surplus

are
AM(L—K)+ A2k A1K+A2(1—k
(@102 D). g, Ae)) = (RO MBI ),
p p
It is clear that if both districts elected representativethe median types, the legisla-
ture would select the surplus-maximizing public goodslkve

16) et §(k,a) andSi(k,a) denote the surpluses under centralization in the standaalysis and with
non-uniform taxation, respectively, whémy,my) = (aw, (1— a)w), wherea € (1/2,1) measures the de-
gree of heterogeneity. From the previous discussion we khet& is independent of heterogeneity while
05 (k,a)/da = w(1—-2a)/2a(1—a) < 0 for all a € (1/2,1). This implies that increasing heterogene-
ity decreases the surplus under centralization with a mofoim tax system, which is then lower than that
under a centralized system in the traditional analysis.
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If the representative types adg and A,, a citizen of typeA in districti obtains
a public goods surplus of
AU, i =A [(1-K)In Ai(l_Kg—M_iK +kln /\_i(l_s) HAK] )\1;)\2.

Turning to the election stage, we again assume that the pegpresentatives will be
of the majority preferred types defined in the by now famili@y. The main additional
complication created by a cooperative legislature liesndifig the majority preferred
types. This is because the public goods level for each redgmends on the type of
legislator in both districts and, thereby, generates itiees for citizens in each district
to delegate policy-making strategically to a represevgatiith different tastes than
their own. This intention arises because sincere votingines suboptimal now.

To begin with, note that a pair of representative typ&s,A;) is majority pre-
ferred if and only if in each district the median type preferd” to any other type
A € (0,AM3) given the other district’s typa*;.1” Thus,(A;,A3) is majority preferred
if and only if it is a Nash equilibrium of the two player gamevitnich each player has
strategy set0,A™®) and playei € {1,2} has payoff function

Ai(l—KF))—F)\iK . )\i(l—:)+)\iK _ )\1—|2—)\2-

In this game, the district median citizen tries to manipulatg so that he obtains
something close to his preferred policy outcome anticijgathe election outcomes
in the other region and the subsequent working of the legista® He only has one
degree of freedom;, but two objectives(gs, g2). While raisingA; always leads to an
increase imy;, if kK > O it also raiseg._j.

To state the equilibria, defineas the solution to

Ui(A1,A2) =m | (1—K)In

m R34+ (1-k)°

m  K(1-K)
When the districts are identicat,= 1/2. In the non-identical districts casi,< 1/2.
Then:

Lemma 4. Suppose uniform taxation in cooperative centralizatiém. k &,

2m[(1—-k)* =K 2my[(1—k)* K4

-z e p |- p

(01,02) =

and ifk > K,

(91, 02) = <2m1(; K) 7 2n:)1K) '

17)f district i elects a citizen of a higher type, then it receives more of Ipoiblic goods. Then the same
argument applies as in footnote 17.

1870 put it more rigorously, all citizens in regidmow have an interest in manipulatiigto obtain some-
thing close to their preferred policy outcome. In other wordkvoters in districi have the same interest in
shifting A; according to their preferences and expectations of théi@hecutcomes in the other regions and
subsequent working of the legislature.
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It can be easily seen that the cooperative legislature doesefect the surplus-
maximizing public goods levels. While a cooperative ledigla deals with problems
of uncertainty and misallocation that were present in the-cmoperative legislature,
strategic delegatiommerges: each district's median voter delegates polidgitgao
a representative of different than median type.

5.1.1 Comparative Statics

When the regions are identidahy = mp = m), it follows from Lemma 4 thag; =
g2 = g, andg = 2m[(1— k)2 + k?]/p. Recall that with identical districts, the surplus-
maximizing level of public goods ig1 = g = m/p. Thus, local public goods are over-
provided in both regions for at < 1/2. the extent of this over-provision decreases
with increasing spillovers and over-provision does notuwanly when the spillovers
are maximal K = 1/2). In such a case, local public goods are provided optimally

The incentives to strategically delegate can be seen nemtigiin the case of zero
spillovers. Then, the optimal spending levels for the mediater from region 2 are
(91,92) = (0,2m/p). Assume for a moment that both districts elect median type re-
presentatives. This would lead to policy outcofgg g2) = (m/p,m/p). But if district
2 elected a representative with a stronger taste for pupéoading, it would get more
of its local public goods with no impact on district 1's pubfjoods level. Thus, each
region is drawn to elect a typarrepresentative.

As spillovers increase, the optimal spending levels inweedistricts for each me-
dian voter converge. Electing a representative with a higheference for public goods
spending increases spending in the other region as welk, The districts elect repre-
sentatives with preferences closer to their median. Whemsgillevers are maximal,
each region elects a median type representative and lobht goods are provided at
the surplus-maximizing level.

With heterogeneity, an additional conflict over tlegel of public spending enters
the picture, which can be seen most clearly in the case of kengpillovers. Ifk =
1/2 and each region elects a representative of the medianthgpublic goods levels
areg; = g2 = (my +mp)/2p. This common level is too low for district 1's median
voter and too high for region 2's. This gives district 1's riadvoter an incentive
to have a higher representative type to boost public gooelsdipg, while region 2’s
median voter desires a representative with lower publiadgqareferences. They pull
in opposite directions until one or both districts has putheir most extreme type.
Our assumption thatr®y < A™®implies that district 1 can obtain its preferred public
goods level when district 2 has put in its most extreme tyeisT district 1's median
voter ends up getting his preferred outcomepf g, = my/p.

This additional conflict of interest creates a complex refeghip between spillovers
and public goods levels. Analyzing the solutions descrilmethe Lemma, it can be
shown that district 1's public goods level is decreasindnalevel of spillovers for suf-
ficiently smallk andk > K.1° However, it is increasing in spillovers far sufficiently
close to but less thak. This reflects the conflict over spending levels that arises as
spillovers increase. To prevent district 2 from pulling adogpending in both districts,
district 1's median voter elects a representative with d&digoublic goods valuation,
raising district 1's public goods level. Region 2's publicagls level is decreasing in

19This and the other claims concerning the public goods level®imma 4 have been established in Besley
and Coate (1999, 2000). Here we add analysis of non-unifaration.
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spillovers fork < k and increasing thereafter. It increases for spilloverlieireexcess
of K, because it is now effectively controlled by district 1's riztvoter.

Comparing these outcomes with the surplus-maximizingl$ew€ public goods,
district 1's public goods level is always too high. The lepsbvided to region 2 is too
high for smallk and wherk is sufficiently large. However, it is less than the surplus-
maximizing level fork sufficiently close tok. Note that this under-provision is in
contrast to the over-provision results for the case of idahtlistricts.

Itis clear at this point that, although the legislaturedal$ the utilitarian bargaining
solution, the problem of strategic delegation causes thistsblution may still be far
from the surplus-maximizing ideal. By introducing nonfanim taxation as defined
above, we will nevertheless show that this problem is sicguifily suppressed.

5.2 Non-Uniform Taxation

If the taxation is non-uniform and the representatives tgp@sA; andA,, the po-
licy outcome(gi(A1,A2), 92(A1,A2)) will again maximize the representatives’ joint
surplus given by

2 2
.;{AUAJ = _Z{)\i[(l_ K)Ingi +kIngi] — p[(1—K)gi + Kg-i]}-

It is straightforward to verify that the public goods levelaximizing this joint surplus
are again

(gl(Al’Az)vQZ(/\L)\z)) _ (/\1(1— l[()) +/\2K ’ )\1K+)\;(1_ K)> .

Thus, as applicable also in the uniform taxation case, ifilbegions elected represen-
tatives of the median types, the legislature would seleestirplus-maximizing levels
of public goods.

If the representatives are of typgsandA,, a citizen of typeA in regioni obtains
public goods surplus

Ai(l—K)+A_iK

AU, j=A <1—K>Inp+K|nAi<1—K>+M<]_

— [Mi(1—2K +2k%) + A_i(2K — 2k?)].

As was the case in the previous section, the main complitéigs in finding the ma-
jority preferred types when sincere voting is suboptimdlisTcomplication is again
due to the fact that the public goods level in each distrigtetiels on the type of le-
gislator in both regions and, thereby, generates incefivecitizens in each region
to strategically delegate policy-making to a represeveatiith different public goods
preferences than their own.

A pair of representative typgs;,A5) is majority preferred if and only if in each
districti the median type prefery* to any other typel € (0,A™®), given the other

region’s type)\ii.zo Thus, (A{,A) is majority preferred if and only if it is a Nash

20|t district i elects a citizen of a higher (more public-good loving) typertit receives more of both public
goods. Then the same argument applies as in footnote 17.
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equilibrium of the two player game in which each player haategy se{0,A ™) and
playeri € {1,2} has payoff function

)\_i(l—K)—i—AiK

/\i(l—K)—i—A_iK n

Ui(A1,A2) =mi | (1—K)In KIn

—[Ai(1—2k +2k?) + A _i(2k — 2k?)].

In this game, the distrigtmedian citizen tries to manipulafe so that he obtains
something close to his preferred policy outcome anticigathe election outcomes in
the other region and the subsequent working of the legigatvhile raising); always
leads to an increase @, if k > 0 it also raiseg._;.

To state the equilibria, define as the solution to

m R34+ (1-k)°
m R(1-R)

When the districts are identicat,= 1/2. In the non-identical districts casi,< 1/2.
Then we have:

Lemma5. Suppose non-uniform taxation and a cooperative legiséatifik < K,

o) = | MA=R2-K] mi(1-K)2- K]
[(1—’02— :;Kz} p [:};(1—@2_,@] 0
and ifk > K,
= ml(l_K) MK
(01,92) = <[(1 K)2+K2|p’ [(1— K)2+K2]p)

It is easily seen that the cooperative legislature doesInatys select the surplus-
maximizing public good levels. However, althougtrategic delegatioroccurs also
when the taxation is non-uniform, it is significantly supgged compared to the uni-
form taxation case in a way we will now explain.

5.2.1 Comparative Statics

With identical districtgmy = mp = m), the Lemma implies thdts, g2) = (m/p,m/p),
which are the surplus maximizing public goods levels. Thatigtegic delegation is
completely eliminated/hen the taxation is non-uniform and the districts are hagnog
neous. This is because neither district is drawn to elegbi@sentative with a stronger
taste for public goods, as each region knows that it will haygay proportionally to its
consumption. If it elected a higher type representativeréisulting increase in the pro-
vision of local public goods would be fully financed by theegivdistrict, which is in
contrast to the uniform-taxation case, where both distfietrticipate in this increase
in financing by only a half. Therefore, each district electseian type representative
and the local public goods are provided optimally, regasiief the level of spillovers.
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Heterogeneity again gives rise to strategic delegationfda lesser extent com-
pared to the uniform taxation case. The only situation incltstrategic delegation
with non-uniform taxation is as strong as in the case of uniftaxation occurs when
the spillovers are maximal. Kk = 1/2 and each district elects a median type repre-
sentative, the policy outcome dg = g2 = (M + my)/2p. But this level is too low for
region 1’s median voter and too high for that of regiofi Zhis gives district 1's me-
dian voter an incentive to elect a higher type represemtatid region 2’s median voter
an incentive to have a lower representative type. So thdyrpopposite directions un-
til one or both districts has put in their most extreme typedér our assumption that
2my < AM& region 1 can obtain its preferred public goods levels whsiridt 2 has
put in its most extreme type.

The relationship between public goods levels and spilkigagain very complex.
District 1’s public goods level is increasing in the levelspillovers fork < k.22 This
appears puzzling, as district 1's median voter’s prefepudulic goods level is actually
constant in spillovers. The result reflects the conflict amending levels. To prevent
district 2 from pulling down spending in both regions, didtf’s median voter elects a
representative with a higher taste for public spendingimgiregion 1’'s public goods
level. Furthermore, district 1's public goods level is dsging fork sufficiently close
to 1/2. However, it can increase or decreaseKasufficiently close to but higher than
K. District 2's public goods level is decreasing in the levelspillovers fork < kK
and increasing thereafter. It increases for spilloversxitess ofk because it is now
effectively controlled by region 1's median voter.

Two comparisons require analysis here. Firstly, compattiege policy outcomes
with the surplus-maximizing levels, district 1's publicas level is too high for all
levels of spillovers except when= 0. In this case, region 1's public good is provided
at the surplus-maximizing level. The level provided torii$t2 is too low for allk <
k and fork higher than but sufficiently close %. the only exception here is again
whenk = 0. In this case district 2’s public goods level is the surplusximizing one.
Moreover, district 2's public goods level is too high foisufficiently close to 12.

Secondly, comparing public goods levels in the two tax sgstesach district's
public goods are provided at higher level when the taxatsoaoniform than under
the non-uniform tax system, except when spillovers are makiln such a case, both
systems generate the same public goods levels. Thus, rfomraaxation suppresses,
though does not completely eliminate, the incentives tegkgk policy-making strate-
gically to representatives with higher preferences foripugpending.

5.3 Centralization ver sus Decentralization
5.3.1 Homogeneous Districts

We already know that decentralization produces the suplagsimizing public
goods levels only in the case of zero spillovers. Public gdedels undecentraliza-
tion with uniform taxatiorare surplus maximizing only when spillovers are complete
and the districts are identical. It follows that, in the casédentical regions, decen-
tralization dominates when spillovers are small and céinétdon is preferred when

21The optimal spending levels for district 1's median voter gre= g» = m;/p, whereas for region 2's
median voter they arg1 = g = my/p.

22This and the other claims concerning the public goods leveta . emma 5 are established in the appen-
dix.
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spillovers are large. the surplus under centralizatiom witiform taxation increases
with increasingk and a critical value of spillovers exists above which cdization is
welfare superior.

When the districts are identicalentralization with non-uniform taxatigoroduces
the surplus maximizing public goods levels for all spillovevels. This surplus is
higher than that under decentralization for mlexcept when the spillovers are ab-
sent. In such a case, both systems generate the surplusiiniag public goods levels.
The next proposition ankigure 5summarize these results.

Proposition 4. For cooperative legislature and identical districts:

(i) If the taxation is uniform, there is a critical value &f strictly greater tharD but
less thanl/2, such that a centralized system produces a higher level @issir
if and only ifk exceeds this critical level.

(i) If the taxation is non-uniform across districts and kpiers are presentk > 0),
a centralized system produces a higher level of surplus tlteas decentraliza-
tion. In the absence of spillovefg = 0), the two systems generate the same
level of surplus.

(iif) Surplus under centralization with non-uniform taiat is higher than that un-
der centralization with uniform taxation except when thll@gers are maximal
(k =1/2). In such a case, both systems produce the same public goqalasur

FIGURES Aggregate Public Goods Surpluses under Decentralizaﬂ‘b)j Centra-
lization with Uniform (S;) and Non-Uniform(S;) Taxation forldentical
Districts

S

Surplus

There are two important findings which require analysissti-ivhen the taxation
is uniform, decentralization dominates when spillovers lakv and centralization is
preferred when spillovers are high, whereas a criticalllet/spillovers exists and is
in the rangg0,1/2). This is in line with the results obtained in the precedinctisas
when the legislature was based on the minimum-winning toali

Second, this does not hold, however, when the taxation wetgralization is non-
uniform. Such a system produces surplus-maximizing pgjglads levels regardless of
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the level of spillovers and dominates decentralizatiorafbk > 0. Thus, non-uniform
taxation is a significant tool for eliminating strategicegation in the case of identical
regions.

5.3.2 Heterogeneous Districts

When the districts are heterogeneous, decentralizatiotinc&s to dominateen-
tralization with uniform taxatiorwhen spillovers are small and centralization is pre-
ferred when spillovers are large. The caseafitralization with non-uniform taxation
is a bit more complicated when it comes to heterogeneousatiistCentralization still
dominates decentralization when spillovers are largeit lbleiminates decentralization
even when spillovers are small. Furthermore, it may be thatralization with non-
uniform taxation produces a higher public goods surplus taes decentralization for
all k > 0. However, there is no general presumption that this is alsay®ecentrali-
zation may dominate centralization wheris sufficiently close tc.

These findings are summarized in the following propositiod Eigures 6and?.

Proposition 5. For cooperative legislature and non-identical districts:

(i) If the taxation is uniform, a decentralized system pimeiia higher level of sur-
plus when spillovers are sufficiently small, while a cernzed system produces
a higher level of surplus when spillovers are sufficientigéa

(i) If the taxation is non-uniform, a centralized systenoghuces a higher level of
surplus than does decentralization when spillovers ardicenftly large and
when spillovers are sufficiently small but positive. In thsence of spillovers,
the two systems generate the same public goods surplus.

(iif) Surplus under centralization with non-uniform tai@t is higher than that under
centralization with a uniform tax system except when thibosrrs are maximal
(k =1/2). In this case, both systems produce the same public goodkisurp

FIGURE6 Aggregate Public Goods Surpluses under Decentraliz&8bp Centra-
lization with Uniform () and Non-Uniform(S;) Taxation for Non-
Identical DistrictsandHigh Heterogeneity

Surplus
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FIGURE7 Aggregate Public Goods Surpluses under Decentralizé8bp Centra-
lization with Uniform () and Non-Uniform(S;) Taxation for Non-
Identical DistrictsandLow Heterogeneity

S

=

Surplus

Three important lessons can be drawn from these statenkénsity, the basic con-
clusions of part (i) of Proposition 3 generalize to the casg @ooperative legislature.
When the centralized system is financed by uniform taxatieoedtralization domi-
nates centralization for low spillover levels, while cetization dominates for high le-
vels of spillovers. The only difference here is that therecheot exist a critical level of
spillovers at all. This reflects the fact that there is no gaelngresumption that the rel-
ative performance of centralization is always increasmgpillovers. Surplus under
centralization is decreasing infor k sufficiently close to but lower thak.

Secondly, the conclusions just mentioned do not carry aveehtralization with
a non-uniform tax system. Under this taxation, the cersiealisystem produces a higher
surplus than does decentralization even for low levels dfosprs. This is due to
the nature of a non-uniform tax system, which means thatmlaa¢ing of public goods
is not shared any more but is proportionally distributedveen regions.

However, we cannot show that centralization always dorematecentralization
for all spillover levels. This reflects the fact that when tfistricts are sufficiently
heterogeneous, the decentralized system produces a Isighedus fork sufficiently
close tok, which is demonstrated iRigure 6.

On the other hand, when the regions do not differ very muchéir public goods
preferences, centralization with non-uniform taxatiomiltates decentralization for
all k > 0 (Figure 7). Thus, although strategic delegation does arise undeisisEtem
as well, it does so to a much lesser extent compared to theromifaxation case.
However, the policy outcomes produced under this systemstitirbe improved in
the direction towards the surplus-maximizing ideal.

Finally, comparing the two tax systems, we must again catecthat centralization
with non-uniform taxation dominates centralization withirdform tax system for all
K < 1/2. When the spillovers are maximal, the two systems produceatre pub-
lic goods surplus. This is in line with the results obtained dentralization based on
the minimum winning coalition.

We have thus generalized the conclusion that a non-unifarmsystem produces
strictly better policy outcomes than does uniform taxatlorthe case of a cooperative
legislature, centralization based on this taxation mayel@ninate decentralization
for all k > 0, which is a stunning result.
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6. Conclusions

This paper has taken a fresh look at the relative merits dfrakzred and decen-
tralized provision of local public goods, closely followjiBesley and Coate (2003). It
shows that allowing for non-uniform public goods and didtgpecific taxes means en-
hancing the performance of centralization relative to #®edn which taxation and/or
provision is uniform across regions. Flexibility in cosasés has a very positive effect
on the performance of a centralized system in all of the stlidases. Specifically,
a centralized system with non-uniform taxation appearsdakly dominate centrali-
zation with a uniform tax system for all levels of spilloverscept when the spillovers
are maximal. This result holds regardless of heterogerneitgstes and the political
economy assumptions.

When decisions are made by a legislature of locally electesentatives, a non-
uniform tax system suppresses or completely eliminatesdthesbacks created by
a centralized system with uniform financing. If decisionslacal public goods are
made by a minimum winning coalition of representatives,-noiform taxation sig-
nificantly reduces (when the regions are non-identical)anmetely eliminates (in
the case of identical districts) the misallocation prohlélavertheless, the uncertainty
remains due to the unknown identity of the coalition in eitbase. If decisions are
made on a more cooperative basis, then strategic delegasanificantly suppressed
(when the districts are non-identical) or completely etiaied (in the case of identical
regions).
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Appendix: Proofs

Proof of Proposition 1. The proofs of Propositions 1, 2, and 3 are not very difficult.
Therefore, we omit them due to space constraints and provilyeProofs 4 and 5 with
the associated Lemmas. However, they are available upoleseffom the authors.

Proof of Proposition 2. Available upon request.
Proof of Proposition 3. Available upon request.

Proof of Lemma 4. Due to the close similarity between the proof of this Lemma an
Lemma 5 and the fact that in this paper we focus more on theundform tax system,
we refer to Besley and Coate (2003) for a thorough proof &f ltiemma.

Proof of Lemma 5. As mentioned in the textAg,A5) is majority preferred if and
only if (A{,A5) is a Nash equilibrium of the two player game in which eaclygtdas
strategy set0,A™®) and playerli € {1,2} has payoff functiorJ;j(A1,A2). We prove
the Lemma by calculating the set of equilibria of this gamé emmputing the associ-
ated policy outcomes.

Note first that each player’s payoff function is a twice contusly differentiable
and strictly concave function of his strategy and each plsygtrategy set is compact
and convex. Thus, the set of equilibria is non-empty. Moeem/zul/d)\ld)\z <0and
0°Uy/dA20M1 < 0, implying that types are strategic substitutes.

Fori=1,2 letr;: (0,A™®) — (0,A™®) denote the regionmedian voter'seaction
function.By definition, for allA; € (0,AMa%),

ri(Az) = arg maxUy(ry, Az) i 11 € (0,A™)},
and for allA; € (0,AM&),
ra(A1) = arg maxUz(A1,r2) 112 € (0,AM)3.

Then, @;,A5) is an equilibrium of the game if and only(A;,A5) = (r1(A5),r2(A7)).
Several general features of the reaction functions follownf the properties of

the payoff functions. The fact that each player’s payoff &ractly concave and differ-

entiable function of his strategy implies (i) tha{A,) = 0 if dU1(0,A2)/dA1 < 0; (ii)
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thatry(A2) = AMif gU1(A™MX A5)/dA1 > 0; and (iii) that otherwises(A;) is impli-
citly defined by the first-order conditiaJ1(r1(A2),A2)/dA1 = 0. In addition, the fact
that types are strategic substitutes implies théh,) is non-increasing. Analogous
remarks apply to the district 2 median voter’s reaction fiamc

It remains therefore to determine the details of each pwyeaction function. Let
AF(A"®) denote the level afx(A1) beyond which district 1's median voter (district
2's median voter) would like a type O representative. Thegel$ are implicitly defined
by the equalities

OU1(0,A"®)/dA1 =0,

and
OU2(A"*0)/dA, = 0.

Using the facts that

oU; [ (1-k)? K? ]

oY1 _ 1 2
T Mo Ak T MK Ak (2K 2K,
and
U, [ (1-k)? K? ] )
TAz_mz _Az(l—K)—F)\lK Al(l—K)—F)\zK_ (1 2K + 2K )’
we obtain s s
Amax:m1 (1_K) +K
2 K(1—K)(1—2k+2k2) [’
and s s
Amax:m2 (1_K) +K
! K(1-K)(1—2k+2k2) [

(1-K)°+K°
t
Observe tha‘K(l— K)(1— 2K 4 2k2)

K = 1/2 and tends to infinity ag goes to zero. This implies thaf"® > 2m, and
AJ> 2my.

Next, letA;(A,) denote the highest type representative that region 1’&oftedis)
median voter would want. These levels are implicitly defibgdhe equalities

is decreasing ik, takes on the value 2 when

0U1(A;,0)/dM1 =0

and
0U(0,A5)/0A2 =0,
which imply
Py L
17 1-2k+2k2
and
A= e
2 T 1-2k+2k?
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Note that ¥ (1 — 2k + 2k?) is increasing irk, and takes on the value 1 when= 0 and
value 2 wherk = 1/2. This implies thatA;* < 2my andA,* < 2mp. By assumption,
2m, < AM 5o that the upper bound constraint on type choice is not hinkére.

We may conclude from the above that for &l € (0,min{A"* AM&%) r1(A2) is
implicitly defined by the first-order condition

0U1(r1(A2),A2)
oA

=0
and for allA € (Min{AJ"& Amax A max)
ri(Az) =0.
We also know that1(0) = A; and thatr1(A2) falls on (0, min{ A" A™&}),
Analogously, for allA1 € (0,min{A"X A™&}) ry(Aq) is implicitly defined by
the first-order condition
0U2(/\1, I’g(/\l))

Az
and for allA; € (Min{ A" Amax} A max)

=0

I’z(Al) =0.

Also, note that,(0) = A, and thatr>(A1) declines in(0, min{ A" AM&x}),
We can now prove the lemma. K < K, it follows from the definition ofk in
the text tha k® + (1 — k)3)/k (1 — k) > my/mp. This in turn implies that

/\inax:mz{ (1_K)3+K3 } m X
K (

(1—K)(1— 2k +2k2) - 1— 2K + 2k2) =M
Observe further that

)\max_m (1_K)3+K3
2 T T k(1= K)(1— 2K + 2«2)

}>2mzz)\2X.

These inequalities imply that there exists no boundarylibgiai in which A;* = 0 for
one or more districts. 1A, = 0, thenA; =r1(0) = A, but sinceA; < A" we
know thatra(A;) > 0, which contradicts the fact thag = 0. If A; =0, thenAj =
r2(0) = A, but sinced,* < A" we know thatr1(A,) > 0, which contradicts the fact
thatA; = 0. Since max;(A_j) < A™* it is apparent that there can be no boundary
equilibria in whichA;* = A™®for one or more districts.

It follows that there must exist an interior equilibrium.yAsuch equilibrium4;, A5)
must satisfy the first-order conditiodt); (A;,A5)/dA; = 0 fori € {1,2}. Using the ex-
pressions fobU; /0 A, i € {1,2} from above, we may write these conditions as

(1—k)? N K?
A{(1=K)+A3Kk  AS(1—K)+A[K

my = (1— 2k +2k?),
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and
(1-k)? N K?
A (L-K)+ATk  Af(1—K)+AJK

Combining the two first-order conditions, we obtain

= (1— 2k +2k?).

mp

A;(L—K)+A3K  my(1—K)?—mpk?
A(1—K)+A7k  mp(1—K)2—mk?2’

Using this and the two first-order conditions fof andA; yields

mmp[(1— K)* — k%] - my[(1-k)2—«?

R o (L hmikd (L 261262 (1 e T
m

and

mump[(1— k)% — k?] ~ m[(1—K)?—«k?]
[My(1—K)2 —mpK?](1 -2k +22) ﬂ(1—K)2—K2 .
117]

A (L—K)+AfK =

Thus, as claimed, the policy outcome is

M- K2k myd—K)?— K]
(91792) = my 3 my
(-2 p [T w0z p

If kK > K, it follows that (k3 + (1—k)®)/k(1— k) < my/mp, which in turn implies that

(1-k)3+k3 - my Y
(1-kK)(1—-2k +2k2) | = (1-2k+2k2) "1~

A]r:naxzmz{K

This inequality implies that there exists a boundary eftiilim in which (Af,AJ) =
(A{*,0). This is becausey(A;) = 0 andry(0) = A;*. the same arguments from above
imply that there exist no other boundary equilibria. We attam that there are no
interior equilibria. Any such equilibriumi¢’,A5) must satisfy the first-order conditions
0Ui(A{,A3)/0Ai =0 fori € {1,2}. These first-order conditions imply that

A3 (1= K2+ AT K(1—K)?2+ A (1—K)K?+ A5K%] =
= mA(1—K)PH+AK(A—K)2+ A5 (1—K)K2+A{KE].
This means that

[Mp((1—K)*+K3) —myk (1— K)])\*
M((1—kK)3+Kk3) —mpk(1—k)]

But the assumption that > K implies thatA; < 0 if A; > 0, which, in turn, is in-
consistent with the hypothesis th@t', A;) > (0,0). Thus, the only equilibrium is that

A =
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(A,A5) =(A{,0) = (ml O) = (ml O). The required policy

1-2k +2k?’ (1—K)2+k?’
outcomes follow from this equilibrium:
. ml(l—K) M K )
09 = ({5 e e [ )

Proof of Proposition 4. When the regions are identicaty = mp = m), the surplus
under centralization with cooperative legislature and

. 2m(1— 2k +2k?)

(@) uniform taxation is(k) = 2ml 4m(1— 2k + 2k?);

(b) non-uniform taxation i§;(k) = 2min % —2m.

We establish six claims from which the proposition will fmil.

CLAIM 1. (0) < §(0) and((1/2) > S(1/2).

Calculating the first inequality, we obtain

S5(0) = 2min ng —4m< 2min % —2m=¢5(0)

Inz—m—2<lnm—1
p p

In2 <1,

which holds. Computing the second inequality, we come toxn®/2, which is also
true.

CLaIM 2. §(K) is increasing in spillovers.
Differentiatingi(k ), we obtain

(1—2k)?

ﬁ(K) =4m(1—2k) [(1K)2+K2

for all 1/2).
Ik }>O orallk € (0,1/2)

CLaM 3. S(k) is decreasing ilk.
This claim has already been proven in the Proof of Propasitio

CLAIM 4. S(0) = §(0).

CLAIM 5. S(k) is constant in spillovers.
Both claims are straightforward.

CLAIM 6.S(1/2) = S5(1/2).
This can be easily proven by inserting2linto the functions of the surpluses.

Part (i) of the proposition follows from Claims 1, 2 and 3. i@ia 3, 4 and 5 imply
part (ii) of the proposition. Finally, Claim 6, combined wi€Claims 2 and 5, implies
part (iii) of the propositiond
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Proof of Proposition 5. Considering non-identical districsy > mp), denote the po-
licy outcomes under centralization with a cooperativedizgure for uniform taxation
as (97 "(k),g5 “(k)) and non-uniform taxation a®; "(k),95 "(k)). Then the sur-
plus

(a) with uniform taxation is

(k) =[m(1— k) +mpk]Ing] (k) + [Mp(1— k) + mk]Ing5 " (k)
—P(gF (k) +65 (k).

(b) and with non-uniform taxation is

Si(K) =[m(1—k)+mK]In g(i*n(K) + [Mp(1—K) + myK] |ngg—n(K)
= p(g§ "(K)+ g5 "(K)).

We prove the proposition via five claims.

CLAaM 1. §(0) < S%(0).
Computing this inequality we come to the following one: ka2, which clearly holds.

CLAIM 2.5(1/2) > §(1/2).
Let (my,my) be given. We can findv > 0 anda € (1/2,1) such that(m,mp) =
(aw,(1—a)w). In addition, since& < 1/2, we have that

aw
63 =%"0G ="
It follows that

a
S (3,0)= wln?w —20w.
Under decentralization, the surplus is given by

(b= T

In@ﬂn
2p

w
5
Calculating the difference, we obtain

In— +1In

1a)-s(La)=wn?® _2q0- 2
%(2 ) (2 ) p 2p 2p

2

aw (1—a)w] +%

W n a
2| 1-a
Differentiating the difference with respect &g we obtain

0[S(1/2,0)-S'(1/2,a)]  (1-2a)?
da _a'20{(1—a) 20.

—20w+ wln2+ %
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Thus, this difference is non-decreasinganSo if §(1/2,1/2) > §%(1/2,1/2), then
the inequality holds for alir in the relevant range. Bat = 1/2 corresponds to the iden-
tical districts case and we already know that the surpluguaéntralization is higher
than that under decentralization then.

CLAIM 3. §(0) = S%(0).

This is easily verified by inserting 0 into the correspondungctions of the surpluses.

d[S0)-(0
CLAIM 4. S )K ()] > 0forallk € (0,€), wheree > 0.
This claim holds, but due to its algebraic difficulty we withtrperform the proof here.

CLAIM 5.5 (3.0) =S (3,0).
This statement is easily checked. We leave this to the reader

For the first half of part (i) of Proposition 5, we employ Claimand the fact that
both surplus functions are continuous functionskofThen for each(m, mp) there
exists & > 0 such thatSi(k) < (k) for all k < &. A similar logic with Claim 2
establishes the second half of (i).

For part (i), by utilizing Claims 5 and 2 we can prove tigt1/2) > §(1/2).
Since the surplus function for the non-uniform taxationecesa continuous function
of k, for each(my, my) we can findd > 0 such tha&(1/2 — k) > S¥(1/2 - ) for all
Kk < 0. the latter half of (ii) is proven by employing Claims 3 and 4larsing the fact
that both surplus functions are continuous functions .of

Part (iii) is algebraically tedious and is available upoguest.C
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