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Abstract

In a federation with n > 2 regions the relative optimality of six regimes- autarky,
centralization, unregulated devolution, regulated devolution, direct democracy, and
revenue maximising leviathan, is examined. Public policy consists of redistribution
and regional public good provision. Regional incomes are uncertain and correlated
while estimates of the usefulness of regional public goods are uncertain; the federal
government’s estimates are noisier relative to those of regional governments. The
optimality of each regime is influenced by four margins- regional insurance, coarse-
ness of federal information, internalisation of spillovers and ‘raiding the commons’.
Regulated devolution is the only regime that is capable of producing the constrained
first best level of public goods. Federal insurance under the two regimes of direct
democracy and a federal leviathan, can be inadequate relative to that under a util-
itarian federal government. An increase in the number of regions has important
implications for insurance and raiding the commons. The median region’s choice of
redistribution under direct democracy is influenced in important ways by the distri-
bution of regional uncertainties. The paper synthesises a significant proportion of

the existing literature in a single model and also provides several new results.
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1. Introduction

1.1. The traditional view and the modern critique

In the traditional theory of fiscal federalism, the federal government is responsibile for un-
dertaking macroeconomic stabilisation and redistribution across individuals. The primary
function of local governments is to provide local public goods. If inter-regional spillovers
exist then the federal government’s responsibility is extended to include matching regional
grants to the regions so that they internalise the spillovers. While the federal government
levies federal taxes at some uniform rate, such as the income tax, the local governments
rely on benefit taxes, such as property taxes. Indeed, when households are mobile, the
Tiebout model demonstrates an efficient outcome, achieved by benefit taxes. In particular,
the “Decentralisation Theorem” asserted that such an outcome is Pareto superior relative
to federal provision of local public goods at a uniform rate; see for instance Oates (1972).

Several aspects of the traditional theory have been the subject of much recent investi-
gation. Of relevance to this paper are the following.

First, regional governments might possess asymmetric information on the demand/
cost conditions while the federal governments are less informed!. Second, the recent lit-
erature on federal redistribution has stressed the ability of federal redistributive policy
to internalize correlated shocks to income across regions?’. Hence, even in the absence
of mobility across regions, a federal redistributive policy might dominate a regional pol-
icy?; for instance, Persson and Tabellini (1996) and Alesina and Perotti (1998)%. Third,
actual policy might have to be crafted in the face of substantial uncertainty on several
counts. In particular, the demand/ cost conditions for the individual regions might be un-
certain. Furthermore, regional incomes might not only be uncertain, but correlated with
each other. The modern literature has only recently starting addressing these issues; for
instance Lockwood (1999). Fourth, in the “Decentralisation Theorem”, the alternative to
local provision is uniform federal provision. This has been questioned by Besley and Coate
(2003) who allow the federal government to undertake regional public good provision at a
non-uniform rate. Fifth, the traditional literature overlooks the “hard budget constraint”

!See for example Boadway et al. (1998), Bordignon et al. (1996), Bucovetsky et al. (1998), and
Lockwood (1999). The federal government can then elicit the regional government’s private information
by conditioning federal grants on regional observables.

2Sala-I-Martin and Sachs (1992) calculate, using US data, that a $1 decrease in a region’s per capita
income triggers, on average, a decrease in federal taxes of 34 cents and an increase in transfers of about
6 cents. Asdrubali et al. (1996) estimate that 13 percent of shocks to GDP are smoothed by the federal
government.

3Costs of bargaining and issues of asymmetric information might limit the practical applicability of
regional contracts to share risks; see Inman and Rubinfeld (1997).

4Private markets typically do not enable regions or individuals to fully share all risks. Empirical
evidence is supportive of this assumption; for instance, Campbell and Viceira (2002).



or “raiding the commons” problem. This refers to the tendency of regional governments
to ignore the full costs of their actions when faced with the possibility of being bailed out
by the federal government in times of financial distress; for example, Kornai, Maskin and
Roland (2003). Hence, regional public good provision, as well as regional actions involving
self-insurance, might be distorted.

1.2. Objectives of the paper and differences from related literature

The objective of this paper is to provide a unified model that simultaneously incorporates
the modern critique of the traditional theory of federalism®. Most of the recent literature
considers, exclusively, the tradeoff between only two of the following four margins alluded
to in the modern critique above, viz. (i) information, (ii) insurance, (iii) raiding the

6. Furthermore, the paper differs in the

commons, and (iv) internalisation of spillovers
following respects from the recent literature.

First, with the exception of Lockwood (1999), the issues of redistribution and public
good provision in a federation are not simultaneously addressed. The relative optimality
of alternative regimes might hinge on the tradeoff between redistribution and public good
provision. Second, all sources of uncertainty are not considered simultaneously. It is
conceivable that the balance of various uncertainties might determine the optimality of
alternative regimes. Third, the literature on regional redistribution restricts attention to
the special case of perfect negative correlation among regional incomes, while the degree
of correlation might affect the relative optimality of regimes. Fourth, the implications
of an increase in the number of regions in the federation are not explored. This raises
important issues of insurance when risks are pooled and the commons are raided. Fifth,
the political economy extensions have not fully considered the implications for regional
redistribution as the distribution of regional incomes changes’. In particular, how is the
redistributive tax rate chosen by a median region affected by uncertainty in own income
relative to uncertainty elsewhere in the federation?

5The appropriate framework to incorporate issues of information asymmetry is a mechanism design
approach. However, as illustrated in Lockwood (1999) such an approach is not tractable when insurance
considerations combine with incentive issues unless the problem is simplified. Hence, this paper models
information asymmetry but not the information elicitation problem.

6The traditional literature, for instance, considered the tradeoff between information (interpreted as
uniform provision) and internalisation of spillovers; for example Oates (1972). Lockwood (1999) considers
the tradeoff between internalisation of spillovers and information. Besley and Coate (2003) consider the
tradeoff between raiding the commons and internalisation of spillovers.

"See, however, Persson and Tabellini (1996). For n = 2 regions, among other issues, they make the
point that federation-wide voting can lead to a suboptimal inter-regional insurance.



1.3. Brief description of the model

A federation comprises of n > 2 regions, each populated with a representative agent. The
federation has an overarching federal government and, in addition, each region has its
own regional government. There is no mobility of labour or capital between the regions.
Public policy comprises of (i) non-distortionary redistribution across regions, and (ii) pro-
vision of a public good in each region, that causes inter-regional spillovers; there are no
national public goods. Public policy can be exercised by either the federal or the regional
governments.

At the time of public policy formulation, there are the following, simultaneous, sources
of uncertainty. First, incomes in each region are uncertain and correlated. Second, es-
timates of the usefulness of public good provision in each region are uncertain®. Third,
asymmetries exist in the estimates made by the federal and the regional governments of
the usefulness of regional public good; the federal government’s estimates are relatively
noisier (coarser information).

The appropriate authorities first choose the tax rate and the provision of regional public
goods. This is followed by the realisation of various sources of uncertainty. In the final
stage, for each state of the world, state contingent tax revenues are collected, and private,
public good consumption, takes place. Public goods are committed to, ex-ante, prior to
the collection of the state dependent tax revenues’.

Distribution of powers between the federal and regional governments in the exercise of
public policy manifests in the form of the following six possible regimes; Autarky, Central-
isation, Devolution, Regulated Devolution, Direct Democracy and a Revenue Maximising
Leviathan who is risk averse. In all regimes other than autarky, the redistributive policy is
undertaken at the federal level. Local public goods are provided by each of the regions in
all regimes except for the regime of centralisation where they are provided by the federal
government. Federal grants for purely redistributive purposes are provided in all regimes
except under autarky, however, federal grants contingent on local public good provision are
provided only under the regime of regulated devolution. The optimality of each regime is
judged on the basis of four margins, namely, information, insurance, raiding the commons

and spillovers.

8For instance, before additional local police is introduced, the magnitude of reduction in crime is
uncertain. Similar qualitative results are obtained under uncertainty about cost of public goods.

9Public goods often have a gestation lag and require some sunk costs in the beginning for their reali-
sation. Formal modeling of these issues is beyond the scope of this paper. Notice that the level of public
goods only needs to be committed to, not actually provided, before the realisation of various sources of
uncertainty. Actual consumption of public goods only takes place in the last stage.



1.4. The results

The relative optimality of a regime is an outcome of the following four margins: informa-

tion, internalisation of spillovers, insurance and raiding the commons, as explained below:

1. Autarky: Each region undertakes its own redistribution and public good provision.
Regions are unable to provide any insurance for themselves and ignore spillovers aris-
ing from their public good provision. Autarky has two advantages: better estimates
about the usefulness of the regional public good, and no “raiding the commons”
problem because regional public goods are financed by the region’s own taxes.

2. Centralization: The federal government undertakes regional redistribution and re-
gional public good provision. Centralisation corrects for the defects under autarky

but suffers on account of the federal government’s ‘coarser’ information.

3. Unregulated Devolution: The federal government undertakes regional redistribution.
Each of the regions provides its own public good, financed from the pool of federal tax
revenues. Hence, the drawbacks are that the regional governments raid the commons
and ignore public good spillovers. The advantages of this regime are: availability of

federal insurance and better regional information.

4. Regulated Devolution: This regime is similar to unregulated devolution but corrects
for its two shortcomings by using (i) externality correcting federal grants, which force
regional governments to internalise public good spillovers, and (ii) regional benefit
taxes that eliminate the raiding of the common federal tax pool. These result in a
constrained first best level of public good provision.

5. Direct Democracy: Under appropriate conditions, a decisive median voter chooses
the federal redistributive tax rate while regions provide their own public goods. The
analysis clarifies the asymmetric effects on federal redistribution arising from uncer-
tainty in the median region and uncertainty in non-median regions and shows that
relative to a utilitarian federal government, regional insurance might be inadequate.

6. Revenue Maximising Leviathan: Under uncertainty, the revenue maximising leviathan,
exemplified in the public choice tradition, is modeled as caring about expected tax
revenues and the variance of the uncertain tax revenues; so the leviathan is risk
averse. The main contribution here is to show that the federally provided regional
insurance might be inadequate.

Other results are as follows. The affect of an increase in the number of regions has
important implications for the relative optimality of the regimes, a factor that has topical



significance in light of the current increase in the membership of the European Union.
An increase in the number of regions has two main implications. First, it allows a better
pooling of risks when incomes across regions are correlated. This increases the payoff under
centralisation and various forms of devolution, relative to autarky. Second, the opportunity
cost of ‘raiding the commons’ of a unit of pooled federal tax revenues for a region is %,
which is the amount of federal transfers foregone by a region if it increases its regional
public good by a unit. Hence, an increase in the number of regions, worsens the raiding
the commons problem. Furthermore, it is shown that as the number of regions increases,
regional covariances in incomes play a relatively more important role as compared to
regional variances.

Direct democracy can have important distortionary effects on the federal tax rate. The
decisive median voter increases the federal tax rate if its regional uncertainty in income
increases; this is reminiscent of the social insurance role of taxation in Varian (1980).
However, the median region lowers the federal tax rate following an increase in uncertainty
in any other region; by doing so the region reduces its exposure to risk that comes from
sharing the total tax revenues. A similar intuition accounts for an increase in the median
region’s choice of the federal tax rate when regional covariances in incomes in regions other
than the median region increase.

Finally, a risk averse but revenue maximising leviathan can under-provide regional
insurance through the tax system. In the absence of any tax distortions, complete insurance
arises from pooling all federation-wide income by setting the federal tax rate equal to unity
i.e. t = 1, and then distributing the tax proceeds equally among the regions. However,
providing complete insurance might not be optimal for a leviathan because ¢ = 1 might
cause excessive variance in tax revenues that the risk-averse leviathan dislikes. Hence, the

leviathan might settle for providing incomplete insurance.

1.5. Organisation of the paper

Section 2 outlines the structure of the model. Section 3 undertakes a normative analyses
of redistribution and regional public goods provision under autarky, centralisation, devolu-
tion and regulated devolution. Section 4 addresses some political economy considerations
under the regimes of direct democracy and a risk-averse but revenue maximising leviathan.

Finally, Section 5 concludes. All proofs are contained in the appendix.

2. THE MODEL

There are n > 2 regions, indexed by ¢ = 1,2...,n. Each region is populated by a repre-
sentative individual and the regions jointly comprise a federation. There is an overarching
federal government and each region has its own regional government. Public policy, in the



model, comprises of (1) the provision of region-specific public goods g¢;, i = 1,2...,n and,
(2) a redistributive tax rate that, depending on the regime, can either be set at a uniform
rate by the federal authorities or by the regional governments at region-specific rates.

2.1. Technology

Each region has an exogenously given income Y; = z; (1 + ¢;) where x; is the non-stochastic

2
7

endowment of the region and ¢; is a random shock to income with mean 0, variance o
and the covariance between ¢; and €, i # j, is given by o;; < 0.

At the time of public good provision, the usefulness of the public good is a random
variable. Denote by v;, the per unit usefulness for the i*" region of its regional public
good, ¢;!°. The regional government estimates that v; is distributed with mean 7; > 1 and
variance 67. The covariance between v; and v, © # j, is zero. The federal government,
however, estimates the per unit usefulness of g;, for region ¢, as v; + s;; where s is distrib-
uted with zero mean and variance equal to éf; the latter is a measure of the coarseness of
federal information.

Each region is affected by spillovers or externalities (positive or negative) from public
good provision in the other regions. The spillover into the i*" region from public good
provision in the j region is e;;g; where e;; < 0 is the per unit spillover. Hence, the
aggregate spillover from public good provision in all regions for the i region is 5 i €ii i

Finally, one unit of tax revenues can produce a unit of any regional public good.

2.2. Preferences

In common with most of the literature, preferences of each region are additively separable
between public good consumption and private consumption. Expected utility is as in
Alesina and Perotti (1998) i.e. of the mean-variance form which depends positively on the

expected value and negatively on the variance!!.

2.2.1. Preferences of the Regional Government

Expected utility of the i region is given by

Ai = Elu(vign)] + ) eyg; + E [u(Cy)] (2.1)

3374

10This can equivalently by understood as a shock to preferences or with minor modifications, as a shock
to the cost of public good provision.

1The mean-variance form can be derived from more general utility functions under appropriate as-
sumptions on the distribution of the random shocks. This is the case when (i) preferences are CARA
and the random terms are normally distributed, or (ii) preferences are CRRA and the random terms are
lognormally distributed. More details can be found in Campbell and Viceira (2002).



where g; and C; denote respectively public good and private good consumption in the
i'" region; a particular realisation of C; is denoted by ¢;. When v;, C; are random variables,
mean-variance utility implies that (2.1) can be written as

1 1
Ai = (E [Vzgz] — iVar [Vzgz]> + Z eijgj + (E [Cz] — iVar [CZ]) . (22)
J:J#i
2.2.2. Preferences of the Federal Government

The federal government maximizes the sum of the regional payoffs; its utility is

A= Z A, (2.3)

where A; is defined in (2.2).

2.3. Redistributive Tax Policy

Redistributive policy is either exercised by the federal government or the regional govern-
ments, depending on the regime. It comprises of a non-distortionary linear tax rate, t,
and a constant lumpsum transfer, «, that is distributed equally among the regions in all
states of the world.

2.4. Sequence of Moves

At the beginning of the period, public policy is announced. This policy comprises of the

following elements.

1. A commitment to a certain level of public good provision in each region.

2. Announcement of the redistributive tax rate ¢ and a commitment to redistribute tax
revenues, net of the costs of public good provision, equally to each region, in each
possible state of the world.

This is followed by the simultaneous realization of the random variables in the model
i.e. shocks to income and usefulness of the public good, in each region. Following the
shocks, the tax revenues are collected and distributedequally among the regions, net of the
costs of public good provision. The sequence is shown below.



Regime Policy choice: Resolution of Tax revenues,

Choice —w Choice of — uncertainty, ] transfers

f:, gi' Vg’ s ‘-C"g' s Zj

Generic Sequence Of Moves

2.5. Types of Policy Regimes

The paper analyzes six main policy regimes; autarky, centralization, devolution, regulated
devolution, direct democracy and a risk-averse but revenue maximising leviathan. The
first four regimes are in the normative tradition, while the last two are in the political
economy tradition. An explanation of the regimes, and consumption/ transfers in each is

given below.

2.5.1. Regional Autarky

In this case, each of the regional governments specifies a choice of redistributive income
tax t; and a commitment to supply g; units of the regional public good. Ex-post, i.e. after
the realisation of uncertainty, tax revenues in any state of the world are T; = t;y;, where
y; is the realisation of Y;, and so the regional government’s budget constraint is

a; = t;Y; — gi- (2.4)

Notice that the regional transfer, «;, is net of the regional public good, g¢;, which is
committed upfront. Regional consumption in any state of the world, ¢;, is defined as

ci = (1—t)y + . (2.5)
Substituting (2.4) in (2.5) it follows that consumption in any state is given by
Ci = Yi — Gi-

Since ¢; is offset one for one with additional public good provision in the region, the
region fully internalises the cost of extra public good provision.

2.5.2. Centralization

In this case, prior to the resolution of any uncertainty, the constitution specifies that an

overarching federal government will commit to (1) a uniform federal redistributive tax rate,



t, and (2) the provision of regional public goods, g;, i = 1, ...,n. Regional governments are
redundant in this case. Denote total income in the federation by Y = . Y;. The total
tax revenues in any state of the world are given by T'= )" ; tyj where y; is a realisation of
Y;. Each region now receives an equal lumpsum transfer of income, «;, from the federal
government, net of the total cost of public good provision. This is given by

a; = % (ZJ ty; — Zj g]) . (2.6)

Consumption in the i’ region is ¢; = (1 — ¢;)y; + ;. On substituting (2.6), ¢; equals

¢ =(1—t:)y + % (Zy ty; — Zj gj) ' (2.7)

2.5.3. Devolution

In a devolved regime, the constitution specifies the division of responsibilities for redistrib-
utive taxation and public good provision among, respectively, the federal and the regional
governments. The federal tax rate ‘¢’ is uniform across the regions. The regional gov-
ernments then simultaneously choose the levels of public good provision. The lumpsum
transfers and private consumption of the i*" region are given by (2.6) and (2.7) respectively,
however, the level of public good provision in this case is different from the centralised
regime. In particular, from (2.7), for each extra umit of public good that the i** region
chooses, ceteris-paribus, it offsets its private consumption by only %, giving rise to the

“raiding the commons” problem.

2.5.4. Regulated Devolution

Devolution can produce perverse incentives for public good provision. Regions attempt to
raid the commons and ignore inter-regional spillovers arising from public good provision.
Under this regime, by giving appropriate incentives to the regional government, in the
form of matching grants, spillovers can be internalised. By adopting appropriate fiscal
institutions such as requiring regions to raise benefit taxes in order to finance their public
goods, the “raiding the commons” problem can be eliminated. Each region now gets two
kinds of grants

1. A matching-grant, m;g;, where m; is the per-unit endogenous federal grant.

2. A lumpsum-grant, c;, which equals (%)th of tax revenues net of matching grants i.e.

Q; = % (Zy ty; — Zj mjgj) . (2.8)



Private consumption must now take full account of the benefit taxes imposed on the
region to finance its local public good, hence

1
¢ =1 —t)y — g +mig; + - (Zj ty; — Zj mjgj) (2.9)

Thus, each unit of g; now offsets one unit of ¢;, forcing regions to internalise the true
cost of public good provision.

2.5.5. Direct Democracy

Under direct democracy, the median region is decisive under appropriate conditions in
directly choosing the federal redistributive tax rate. The lumpsum transfers and private
consumption of the i region are still given by (2.6) and (2.7). Since preferences are separa-
ble between public and private consumption, a variety of regimes for public good provision
can be allowed, without altering the focus of this regime which is on the redistributive tax
rate chosen by the median voter.

2.5.6. Risk-Averse But Revenue Maximising Leviathan

This regime follows from the public choice tradition of Brennan and Buchanan (1980) but
adapts the definition of a revenue maximising leviathan to situations of uncertainty. The
revenue maximising but risk-averse federal leviathan commits to a tax rate that maximises

its expected utility, given by
1
WIT|=FEI[T] - §Var (T (2.10)

where E [T] and Var [T] are respectively the mean and variance of tax revenues, 7T
Hence, the leviathan’s optimisation problem is

t* € argmax W [T] (2.11)

The focus of this section is on the redistributive tax rate chosen by the federal leviathan.
The tax revenues are used, as in the other regimes, for regional redistribution, net of
public good provision. Under separability of regional preferences between public and
private consumption, a variety of modes of public good provision, as, for instance, under
devolution or regulated devolution, are possible.

3. NORMATIVE ANALYSIS

This section examines the properties of the four normative regimes - Autarky, Central-
ization, Devolution, and Regulated Devolution. The optimal values will be superscripted

10



with the first lowercase letter of the type of the regime. For pedagogical ease, the nor-
mative analysis restricts the non-stochastic endowment of each region to x; = 1 for all 4,
hence, the exogenous income of each region is Y; = 1 + ¢;. The political economy analysis
in Section 4 allows for a distribution of x;, which is crucial in determining the median

region.

3.1. REGIONAL AUTARKY

Using (2.5) check that F[C;] = 1 — g; and Var[C;] = o?. Recall that by the local
government’s estimation, v; is distributed with mean »; and variance 6. Substituting

these values in (2.2), the optimization problem of the i'* regional government is given by

1 1
g7, t7 € argmax A; = {Digi - 59229221 + Z €ijg; + {1 —gi — 50?] . (3.1)
JJF#i
The first order condition with respect to g; is
on;
9 = (D; — 1) — 62g; = 0. (3.2)
From (3.2) the optimal value of public good provision under autarky, g¢, is
v, —1
¢ = , 3.3

and the following properties follow in a straightforward manner.

Lemma 1 : Regional public good provision under autarky is increasing in its mean use-
fulness, 7;, and decreasing in the uncertainty about its usefulness, 3.

A drawback of public good provision under autarky is that it does not internalize
the externality Zkk 4 €rigi caused by gi' to all other regions; this is well known in the
literature.

The objective function in (3.1) is independent of the tax rate because under autarky,
there is no possibility of sharing correlated inter-regional incomes through the tax system.
Substituting (3.3) into (2.4), the government budget constraint in any state of the world
is given by

a; =ty — gi. (3.4)

Hence, all combinations of «;,t; that satisfy (3.4) are admissible, as they all give the
same payoff to the region. For a single region under autarky, there are no opportunities
for insurance, hence, one solution to the model is:

gq
af =0; tf == 3.5

11



Feasibility requires t¢ € [0, 1] which implies the restriction that g¢ < y;!'?
Substituting (3.5) and (3.3) in (3.1) the indirect utility of the region under autarky is
2
7

1/—1 1/—1 .
Ag_ Z +Zem L A

e 2 (3.6)

The comparative static properties of A? are stated, without proof, in Proposition 1.

Proposition 1 : The i*" region’s payoff under autarky, A¢, is increasing in v; but decreas-
ing in the two sources of uncertainty, c? and 7. Furthermore, A? is decreasing (increasing)
in 0? if e; is positive (negative).

Uncertainty in the usefulness of “own public good” and in the regional income dimin-
ishes the welfare of the i"* region. However, if the region suffers negative externalities
from the j*" region’s public good provision, its welfare is increasing in the j** region’s un-
certainty in estimating the usefulness of its public goods, 6’32-, which lowers g; and, hence,
reduces inter-regional spillovers. The converse intuition applies to the case of positive

externalities.

3.2. CENTRALISATION

Using (2.7), the mean and variance of consumption of the i’ region under centralisation
are given by

ple]=1--3% (3.7
Var[Cy] = <(1—t)2+%2t(1—t)) ( ) ZZ%+ =t(1—1)> oy (38)

Ji#

Under centralisation, the federal government, whose respon81b1hty it is to provide public
goods, estimates that v; is distributed with mean 7; and variance 67 + ¢2. Using this, and
substituting (3.7), (3.8) in (2.2) the payoff function of the i’ region under centralisation
is given by

Aiz[mgi = (02 + €2 911 D g +1l—— Zgy

JsJ i

_%<((1—t)2+%2t(1—t)) ( ) ZZUU—F Zot(1 — 1) Z%>.

JiJFi

12GQimilar feasibility conditions are required for each regime; these are straightforward, and omitted in
the subsequent analysis.

12



The maximization problem of the central government now is:

91y Gy t€ € argmax A = Z-Ai (3.10)

where A; is defined in (3.9).
The first order condition with respect to the tax rate is given by

aa_jt\:(l;t) <(n—2);ai+;;mj)§0;t20 (3_11)

Since n > 2, the first term in the braces in (3.11) is positive. The second term is simply
the variance of aggregate federation-wide income, » i Y;, which is also positive. Hence,
the only interior solution to the federal redistributive tax rate is unity, i.e.

=1 (3.12)

In the absence of any distortions in the tax system, the federal government provides
complete regional insurance; so, in all states of the world, all regional incomes are pooled
and equally distributed to the regions. In the presence of tax distortions there is an addi-
tional tradeoff to consider, namely, insurance provided by the tax system and additional
tax distortions. This only lowers the optimal tax rate (incomplete insurance) but does not
alter any qualitative results'.

The first order condition with respect to public good provision in the i** region is

0N\
— = —-1) - (Hf—l—é*?)gi—l—Zeﬁ:O,
9gi —
JJF
which can be solved for the optimal provision under centralisation, gy,
i — 1430 i e
;+&

Public good provision under centralisation does not suffer from the “raiding the com-

9; = (3.13)

mons” problem because the federal government accounts for the correct opportunity cost
of regional public good provision i.e. unity. The federal government also takes account of
the federation-wide spillovers caused by public good provision in any region. Furthermore,
public good provision is decreasing in the degree of coarseness, 7, of federal estimates
about the usefulness of regional public goods.

13 An earlier version of the paper verified this by assuming that a fraction of tax revenues, representing
deadweight losses of taxation, are lost in the redistributive process. Results are available from the author.
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3.2.1. Comparison of public good provision under Autarky and Centralisation

Using (3.13) and (3.3), the comparison of public good provision under autarky and cen-
tralization is given by
g2 g as St Lot (3.14)
Hi v; — 1

Inequality (3.14) implies the following straightforward inference, stated without proof.

Proposition 2 : If aggregate spillovers from the provision of g; are negativei.e. > i Gt <

0, then g > gf. If aggregate spillovers are positive i.e. > ej; > 0 and large relative to

JJFi
the federal government’s information disadvantage, as captured by the term 2 /67 then it

is possible that g > gi' .

The intuition behind Proposition 2 is simple. Relatively coarser information on the
part of the federal government leads it to supply a lower amount of public goods relative
to the autarkic solution. Negative spillovers complement this reduction in public good
provision and so in this case g{' > g¢5. Positive spillovers increases public good provision
under centralisation but coarser federal information reduces it; the net effect, relative to
the autarkic solution, can be positive or negative.

3.2.2. Constrained first best level of public good provision

The constrained first best level of public good provision, ¢;, would (1) internalize spillovers,
(2) use the correct opportunity cost of public good provision, and (3) use the best possible

information. Therefore, g can be written as

P Dz D
9; = 2
ei

When expressed in terms of the constrained first best, the level of public good provision

(3.15)

under the autarkic and the centralized regimes can be written as

o 2t G
9; _gi_Ta
)

-1
LG
gfzgi{l“‘? .

The following Proposition is now self evident.

Proposition 3 : Centralized provision of public goods is always below the first best i.e.
g5 < gf. However, the autarkic provision can be greater or lower than the first best. In
particular, gi < g when ), ., e;; >0 and gf > g; when 3, ;e <0.
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3.2.3. Indirect utility under Centralisation

Substituting (3.12) and (3.13) in (3.9) one obtains the indirect utility of the i region

under a centralized regime, A§.

2 07 + &

2
b ) Vi 14 X i)
AC — < 1) (Vz 1+Zj,j7§i 63@) 1 1 (l/ +ZM¢Z €

1\ (vj—1+ : €kj 1
+ 3 (e-3) ( ezgfék#ﬂ‘(ﬁ)iz(fﬁ (3.16)
J J i

JJ#i
The effect of various parameters on A{ is summarised, without proof, in Proposition 4.

Proposition 4 : The payoff of the i'" region under centralisation, A$, is decreasing in
(1) federation-wide risk, Y, > . 0i;, and (2) federal uncertainty in the usefulness of public
good provision in the i region, 67 4+ £7. Furthermore, A¢ is increasing (decreasing) in
federal uncertainty in the usefulness of public good provision in the j*" region, 9? + 532-, if
eij — + is negative (positive).

The intuition behind the results stated in Proposition 4 is as follows.

1. Federal uncertainty about usefulness of public good provision in “own” region, 67 +
5?, creates two reinforcing effects which reduce welfare. First, using (3.13), own
uncertainty reduces the amount of own public good in equilibrium. Second, this
creates greater uncertainty for the ex-post transfer received by the risk-averse region
because transfers are net of the cost of public good provision.

2. A reduction in federal uncertainty about the usefulness of public good provision in
the “neighboring” region, 6’?—1—5?, increases public good provision in the neighbouring
region, g;. An increase in g§ has two effects. First, it reduces the transfers received
by the the i*" region by an amount % Second, it create a positive (negative) spillover
for the /' region as e;; is positive (negative). When e;; is negative the two effects
reinforce each other, whereas, if e;; is positive, the relative magnitudes of the two
effects, e;; — %, determines the overall outcome.

3. Federation-wide uncertainty in incomes, ), > . 0y;, induces greater uncertainty in
the consumption of the i** region because each region receives a transfer equal to %
of the total income of the federation.
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3.2.4. Comparison of indirect utility under autarky and centralisation

Consider the case of symmetric uncertainty for public good production.

Definition 1 : Public goods are produced under “symmetric uncertainty” if for all i, j,
DZ‘ZD, 6?:92, gz :f 7eij=e.

If public goods are produced under symmetric uncertainty and v = 1, then, the utility
of region 7 under autarky, A{, and centralisation, A§, is respectively given by
2
A=1-%
2

c_(n_l) . o
AS w?+§)+1 (%ﬂ>§:§:zj (3.17)

Check that in this case,

— 1 2 o2 2 . N ory
U VI Gl RGPy RO L (3.18)
! 2 ¢ 2 o?
20 (1 + 9—2> :
The following conclusions are self evident from (3.18) and stated without proof in

Proposition 5

Proposition 5 : If public goods are produced under “symmetric uncertainty” and v =1,
then a region is likely to benefit from centralisation relative to autarky if (1) spillovers,

(n — 1) e are high, (2) federal government’s information is not too coarse, i.e. g—; is low,
(3) federation-wide risk is low relative to the risk in that region , i.e. % is low.

i

Proposition 5 shows that an autarkic region is more likely to prefer a centralised regime
if the level of overall risk in the federation is relatively low, spillovers are important and

the federal government’s information is not too coarse.

3.2.5. Number of regions in a federation

The results are best conveyed if public goods are produced under “symmetric uncertainty”

and there is “symmetric income uncertainty”.

Definition 2 : A federation is characterised by “symmetric income uncertainty” if for all

i,j,0? =0 and 0;; = 7.

Definition 3 : The “common pairwise correlation coefficient” between two regions in the

case of symmetric income uncertainty is defined as r = 7 /0?.
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If public goods are produced under symmetric uncertainty, 7 = 1, and there is sym-
metric income uncertainty then (3.18) can be rewritten as

e? o? ( n! 1 )
Az A s — 2T (g 4 (3.19)
= 262 (1+§5) S22\ (n—1% (n—1

The following proposition draws the implications of this comparison.

Proposition 6 : Suppose that public goods are produced under “symmetric uncertainty”,
v = 1, and there is “symmetric income uncertainty”. If n — oo and r > 0 then autarky
unambiguously dominates centralisation. If n — oo and r < 0 then centralisation unam-
biguously dominates autarky. Finally, as n — oo the regional variances have a vanishing
effect on the relatively optimality of the two regimes while regional covariances dominate
in the relative payoffs under the two regimes.

Proposition 6 shows that when r < 0, the gains from centralisation, in terms of the
risk sharing benefits, are increasing in the number of regions, n, that form the federation,
whereas the autarkic outcome is unaffected by n. Also, as n increases, the covariance
terms increase at a much faster rate than the variance terms, making them the main
determinants of the choice between the two regimes.

If g—z is high and so the federal government’s information is very coarse, a much better
outcome can be achieved if the regions produce their own public goods through the regime
of “Devolution”. Under devolution, the regions will ignore externalities arising through
spillovers and not internalise the full costs of public good provision (because of raiding
the commons problem), hence, a regime of “Regulated Devolution” might do even better.

These issues are examined in the next two subsections.

3.3. UNREGULATED DEVOLUTION

The devolution problem is stated in subsection 2.5.3 above. The federal government and
the regional governments take respective responsibility for redistribution and public good
provision. The optimal magnitudes are superscripted with a ‘d’. The solution is by back-

ward induction.

Stage-II: The Regional Government’s Problem Given any tax rate announced by
the federal government, each regional government simultaneously chooses the level of its
own public good. For any region i, the problem is to choose g; in order to maximise A;,
where A; is defined in (3.9). Solving out the first order condition, the optimal regional
choice of public good provision, g¢, can be seen to equal

1
Vi_ﬁ

H>

g = (3.20)
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Comparing (3.20) with the level of public good provision under autarky in (3.3) (3.13),
as under autarky, regional governments do not take account of spillovers. However, unlike
autarky, public good provision under devolution does not take account of the full cost of
public good provision. It engages in “raiding the commons” and takes account of only
(%)th of the total cost of providing for its own public good.

Comparing (3.20) and (3.13) it can be checked that the relative public good provision
under Centralisation and Unregulated Devolution is given by

c Iji_1+2“i€ji £2
s B B (1, €)

v n

While an increase in spillovers, > ;. ji € and a decrease in the relative coarseness of
federal information, g—z, are conducive to greater public good provision under centralisation,
an increase in the number of regions, n, by making it easier to ‘raid the commons’, is

conducive to greater public good provision under devolution.

3.3.1. Stage-I The Federal Government’s Problem

Given the subsequent provision of regional public goods given in (3.20), the federal govern-
ment chooses the federal redistributive tax rate to maximise A given in (3.10). Since the
objective is separable in the tax rate and public good provision, the federal government’s
choice of the optimal tax rate is unaltered relative to centralisation, hence, the optimal
tax rate t = t¢ is given by

th=1 (3.21)

The federal government carries responsibility for regional redistribution under centrali-
sation and unregulated devolution. In each case, in the absence of any tax distortions, and
separability of the tax problem from public good provision, it provides complete insurance.

3.3.2. Regional payoff under Unregulated Devolution

Substituting (3.20), (3.21) in (3.9), the payoff of the i’ region under unregulated devolu-
tion, A¢, is given by

M (=) e (=) L (=) 1= (L) Yo 622)
i_29? i & T 932. i 2n2 i jU” '

The explanation of the payoff is similar to that under centralisation (see Proposition
4) with three differences. First, in the unregulated devolution case, there is a “raiding
the commons” problem. Second, public good provision is not subject to the coarseness of
the federal government’s information. Third, the regions do not take account of spillovers
arising from public good provision.
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3.3.3. Relative payoffs under Centralisation and Unregulated Devolution

The relative payoffs are best illustrated when public good production takes place under
“symmetric uncertainty” (see Definition 1) and 7 = 1. Check that in this case, the utility
of region ¢ under unregulated devolution is given by

Ad = 222 (n—1) (1 - l) +1— (ﬁ) Z Z% (3.23)

Comparing (3.17) and (3.23) it follows that
1 1 1
AY = AS as ———— <1 — —) > —— (3.24)
SR U P Y Y
Using (3.24), the following inferences, stated without proof, can be made.
Proposition 7 : If public good production takes place under symmetric uncertainty and
v = 1 then the regional payoff under unregulated devolution is likely to dominate that

under centralisation if (1) spillovers, (n — 1) e, are small, (2) n is large, and (3) federal
information is too coarse i.e. % is high.

An advantage of centralisation is its ability to internalise spillovers, while a disadvan-
tage is coarseness of federal information. If the former is not too important and the latter
is a severe problem then devolution is likely to be more attractive than centralisation. An-
other attractiveness of devolution for a region, relative to centralisation, and that depends
on the number of regions, is the possibility of raiding the commons.

3.4. REGULATED DEVOLUTION

Regional consumption under regulated devolution is defined in (2.9). The expected value
of the (random) consumption is given by

1
ElC]=1—y i — — i 3.25
[Ci] gi + Mg nEjmagy (3.25)
while the variance of consumption is given by

Var [C)] = <(1—t)2+%2t(1—t)) ( ) ZZ%+ 2i-03 oy (320

3:J7#4
Using the distributional properties of v; and substltutlng (3.25), (3.26) in (2.2) the
utility of the i’* region under regulated devolution is given by

1 1
A= {Vigi - 59?9?} +jjz7éi€ijgj +1—g +migi — " Zj m;gj

_%<((1—t)2+%2t(1—t)) < ) ZZ% 2t1—t Zaw> (3.27)

J i
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3.4.1. The optimal choice of public good provision

Subsequent to the choice of the redistributive tax rate by the federal government, but prior
to the resolution of uncertainty, each of the regional governments simultaneously chooses
its public good provision. The problem faced by the i region is to maximise A; given
in (3.27) by a suitable choice of g;, given that g; is financed from the region’s own tax
revenues. Solving out for the optimal g; = ¢; one obtains

1/ 1
gl = 0—? (yi —1+m <1 — 5)) (3.28)

Choosing the endogenous matching grants m;, ¢ = 1, ..., n appropriately, it is obvious
that one can produce the constrained first best level of public good for each region. This
is shown in Proposition 8.

Proposition 8 : By setting m; = 5 > ;. ji €jis the constrained first best level of public
good provision, g;, can be decentralized under the regime of regulated devolution. In the
case of symmetric spillovers i.e. ej; = e for all i, j the matching grant rate that decentralises
the constrained first best is m; = ne.

The regulated devolution regime corrects for the two drawbacks of devolution which
distort public good provision. First, externalities are corrected by using matching grants.
Second, benefit taxes raised in each region ensure that the propensity to raid commons is

eliminated.

3.4.2. Federal government’s choice of the redistributive tax rate

Given the subsequent choice of public good provision given in (3.28), the federal gov-
ernment chooses the tax rate t in order to maximise ) . A; where A; is given in (3.27).
Since each region’s payoff is separable in public and private consumption, the first order
condition is identical to (3.11) and, hence, the optimal tax, ¢t = t", is

t"=1.

Thus, in all regimes where the federal government is responsible for the provision of
regional insurance, in the absence of any tax distortions and separability of its objective
function in redistribution and public good provision, it provides full insurance.

4. POLITICAL ECONOMY

The two regimes considered in this section are (i) direct democracy, and (ii) a risk averse
federal leviathan. Each region has an exogenously given income Y; = z; (1 + ¢;) where

20



x;, the non-stochastic endowment of the region is ordered across the n regions such that
T < T < ... < ZTy.

4.1. DIRECT DEMOCRACY

Under direct democracy, the analysis makes the following assumptions.

Al. The distribution of ¢; is identical for each region i.e. the federation is characterised
by “symmetric income uncertainty” (see Definition 2 above). Hence, the source of
hetergeniety among the regions is the non-stochastic component of income, x;.

A2. The number of regions, n, is odd.

A3. Each region supplies its own public good as under unregulated devolution'*

Formally, the problem under direct democracy is similar to the devolution regime except
that the redistributive federal tax is chosen by the median region, rather than the federal
government. The payoff of any i region is similar to (3.9)

A = {yigi—%é’?gf] +Zeng+xz (1—1) Z x; ——Z 9j

JJF#i
1 ( (1= 1 + 2201 = ) a2 + (£)" (02 X2, 02 + 20 50, X0, s it ) ) (4.1)

+12¢(1 - t)oz; > ik T

2
Given assumption A3, optimal public good provision, g; = g/", is

Differentiating (4.1), an interior solution to the ideal tax rate preferred by the i*" region
is found by solving the following first order condition

A, 1 1
aat::nz (1——>x0 ——sz Tj

Jig i

_t<(1_%)x2a2+( ) ( DI +zazzxz%>_%axiz%>:o

(N JiJFi

14The focus of this section is on the redistributive tax rate chosen by the median region. The separability
of the problem in public and private consumption ensures that the properties of the redistributive tax
chosen do not depend on the institutional structure of public good provision.
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The second order condition, which is sufficient for a unique interior solution is

JiFi i gJF
The second order condition always holds if ¢ < 0, where & is the pairwise covariance
between any two regions. & < 0 ensures the first term in (4.2) is negative, the second term
is positive and the third term, which is the variance of aggregate income in the federation,
is also positive. The literature typically focusses only on the case ¢ < —1;for instance
Persson and Tabellini (1996), in which case the preferences are always single peaked over
the tax rate and so the median voter theorem applies. From (??), the ideal tax rate of the

m" region, t*, is

%Zj xj+ (1 — %) 22 0% — %6mm Zj,#mxj
2 _ _
(1—2)a20%+ () (02 D TE 203 xixj) — 26, D jm T

Proposition 9 formalises the applicability of the median voter theorem.

- (4.3)

Proposition 9 : If ¢ < 0, then the region with non-stochastic income x,, such that x,,
is the median of the strictly ordered sequence x1 < x5 < ... < x,, is decisive in the choice
of the federation-wide tax rate when the regions directly and sincerely vote on the federal
tax rate. Furthermore, the ideal tax rate of any region is increasing in x;.

The properties of the median voter’s choice, t;,, are given in Proposition 10.

Proposition 10 : The federal tax rate most preferred by the median voter, t* | is increas-

) Ymo?
ing in (i) average non-stochastic endowment of the federation, + 3. x;, and (ii) income
> n 7 70

2 o2, Furthermore, t¥, is decreasing in (i) income un-

uncertainty in the median region x5,
certainty in any other reg1on ac 02, j # m, and (ii) covariance in incomes between any

two regions other than the m'™ region, 26x;x;.

Under direct democracy, the redistributive tax rate is predicted to be higher if the
average federal income, % > ; %, is higher. There is some evidence that richer democracies
engage in greater redistribution; for instance, Persson and Tabellini (2000). The federal
redistributive tax will also be high if income uncertainty in the decisive median region,
22,02, is high. This is analogous to the social insurance role of taxation uncovered by
Varlan (1980). However, the converse occurs following an increase in uncertainty in any

262, j # m which increases the variance in consumption of the median

non-median region, z7
voter, arising from sharlng the average tax proceeds of the federation-wide tax revenues;
an increase in the federal tax rate mitigates this increase in variance. For the same reason,
ty, is decreasing in 20x;x; : the covariance in income between any two non-median regions.
An interesting insight of the analysis is that the median region reacts asymmetrically to

an increase in “own uncertainty”, relative to uncertainty in non-median regions.
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4.2. RISK AVERSE FEDERAL LEVIATHAN

In the public choice approach to federalism, exemplified in Brennan and Buchanan (1980),
the federal government is thought of as a revenue maximising leviathan, which is reminis-
cent of Niskanen’s idea of budget maximising bureaucrats. In their model, Brennan and
Buchanan argue that competition among regional governments, in the presence of mobile
households, acts as a fiscal constraint on their power to tax. Since, such competition is
not faced by a leviathan federal government, decentralisation can be welfare improving.

Subsection 2.5.6 sets up the problem of a risk averse federal leviathan. The analysis
below identifies another weakness of a federal leviathan. It might not fully provide regional
insurance. Since the utility functions of regions are separable in private and public good
consumption, one can assume any fiscal mode for public good provision, and focus on the
redistributive tax rate chosen by the leviathan. Tax revenues in any state of the world are
given by T =1t ; y; and each region receives a federal transfer, a; such that

1 n
=~ Z(tyj — 9;)
j=1

where g; = g;l if, for instance, the public goods are provided by each region as in unreg-
ulated devolution and g; = g7 if public goods are provided as under regulated devolution.
The first order condition to (2.11) is given by

Y EN]—tVar | Y Y| =0 (4.4)
J J
where E'[Y;] = z; and Var [Zj Yj} = > 2305 + 237,50, w0y, From (4.4) the
optimal tax rate, ¢/, of the federal leviathan can be solved out as

B 1
Pijj

where p is the coefficient of variation of total federal income. A risk averse federal

tl

(4.5)

leviathan chooses a higher tax rate if average federal income is higher but a lower tax rate
if variance of aggregate federal income is lower. There is no presumption that p iy <1
Indeed, when pzj z; > 1, t' < 1, and so, relative to a utilitarian federal government,
the federal leviathan provides incomplete insurance. Decentralisation of taxing powers to
regional governments, in the presence of mobility (which is not explored in this paper),
would then carry even greater merit, especially the larger is p > ;T

Each of the two regimes in a political economy setting have important implications for
the magnitude of regional insurance, relative to the utilitarian federal government in the
normative analysis. The implications of the other three margins: raiding the commons,
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internalisation of spillovers and information, depend on the modes of public good provision
that are chosen.

5. Conclusions

The paper provides new results, insights and a synthesis of several important results in
the literature on fiscal federalism under uncertainty. Four of the regimes, namely, au-
tarky, centralisation, devolution, and regulated devolution, undertake a normative investi-
gation while two regimes, namely, direct democracy and a risk-averse revenue maximising
leviathan undertake a positive investigation. The regimes differ in the appropriate division
of powers between hierarchical levels of government.

The paper demonstrates the mechanism by which the following factors, viz. infor-
mation, internalisation of spillovers, insurance and problems of a soft budget constraint,
interact with each other to influence the tradeoff between redistribution and public good
provision. Furthermore, the optimality of the regimes is also influenced by the balance of
several, simultaneous, sources of uncertainty arising from regional incomes and estimates
about the usefulness of public goods.

Regulated devolution can provide the constrained first best level of public goods. In
the absence of tax distortions, utilitarian federal governments provide complete regional
insurance. However, federal insurance under (i) direct democracy and (ii) a risk-averse
federal leviathan, can be inadequate. The median region’s choice of redistribution under
direct democracy is influenced asymmetrically by an increase in uncertainty about own
income relative to that in non-median regions. This helps clarify the operation of different
channels; social insurance in the first case and a dampening of uncertainty that feeds into
the median region on account of sharing in the federal tax revenues, in the second case.

An increase in the number of regions has important implications that are relevant in
light of, say, the recent expansion in the European Union. Such an increase helps provide
for better federal insurance if regional incomes are negatively correlated. However, the
downside is that it exacerbates the ‘raiding the commons’ problem, because, in providing
for its public good each region takes account of only % (where n is the number of regions)
of the cost in terms of foregone transfers.

The paper can potentially be extended in several directions. The most obvious being
the incorporation of explicit information revelation mechanisms that allow federal govern-
ments to elicit the better estimates of the regional governments. While this will remove
the distortion arising from coarser federal information, it will create an extra distortion
that arises from providing information rents to regions. Hence, the federal government
will not always want to elicit local information, especially if the cost of its own, coarser,
information is not too high. Furthermore, such an approach can be fairly difficult to
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apply in the presence of insurance considerations (both parties are risk averse) and its
application will then involve a substantial simplication of the model in this paper; see for
instance, Lockwood (1999). The second potential extension is to adapt the results in the
paper about an increase in the number of regions to issues of European expansion, by
introducing appropriate fiscal institutions and features such as the growth and stability
pact. Finally, a fruitful area of research would be the design of institutions that eliminate
or reduce the raiding the commons problem. Some research on this has already been done;
for instance, Oates (2004).

6. Appendix

Proof of Proposition 6
The first part of the Proposition can be simply inferred from (3.19) by noting that

lim,,_, ’;L;_%' = 00. To see the second part of the proposition, rewrite (3.19) as
2 | 2
7 2 % (U(n ﬁ'1)2 - (na— 1))
20 (1 + 9—2)
The proof now follows by noting that lim,, (n"—fl) =0, lim,,_, ﬁ = 0o and noting

that the coefficient of # is o.l

Proof of Proposition 8

Comparing (3.15) with (3.28) it follows that gf = g¢ when m; = —2= > j.jzi i For the
case of symmetric spillovers i.e. ej; = e, —*5 Zj7#i eji = ne, m; = ne.l

Proof of Proposition 9

Implicitly differentiating (4.3)

* 274 11
22 = [—%ﬁl] (2:@02 (n—1)(n—2) —3azxj) >0

JyF

Because o < 0, the second order condition holds. Thus, each region prefers a unique
federal tax rate and it is increasing in x;. Since n is odd and x; < x5 < ... < x,,, hence, 3
Zm, the median region, with some ideal tax rate ¢, such that half the regions prefer a tax
rate lower than ¢;, while the other half prefer a tax rate higher than ¢, when voting takes
place sincerely on the federal tax rate. l

Proof of Proposition 10

Differentiating (4.3) with respect to the exogenous variables in the Proposition:

otx, 92N
IS o S 1 = {_—(‘%2 ] >0 (6.1)
n 7 7
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7.

The sign of (6.1) follows from the second order condition.

otr, 92N 1 Lt 1
R R T R Y R

The sign of (6.2) follows from n > 2, t¥ € [0, 1], and the second order condition.

o, ot [PN] T
ot?
The sign of (6.3) follows from t¥, € [0, 1], and the second order condition. W

<0 (6.3)

020wy Orio? n? —
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