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NON-TECHNICAL SUMMARY

In virtually every country the public sector transfers huge amounts across
regions and localities. On the one hand, specially designed institutions and
programmes, like the intergovernment fiscal equalization schemes in federal
states, can organize the regional transfers. On the other hand, these transfers
can evolve from a general government programme such as a centralized and
tax-financed social insurance system. Whatever their nature, the inter-regional
transfers are huge and ceniral both to the current process of integration, as we
observe in Germany and in Europe, and to the process of disintegration in
Belgium, Canada, ltaly and also the former Soviet Union.

The goal of this paper is to study the politicai and economic determinants of
the regional transfers. A region is defined here as a primitive entity,
determined by historical and geographical factors. It has control over a local
fiscal policy instrument, with which it redistributes among local residents under
regional majority rule. The emphasis lies not so much on the intraregional
policy choices, but on how alternative fiscal constitutions shape the inter-
regional transfers. By a fiscal constitution, we mean a set of fiscal instruments,
which govern — directly or indirectly — the extent of regional transfers, as well
as a procedure for the collective choice of these fiscal instruments.

in the same vein as the public choice literature, we thus ask a positive, rather
than normative, question. We do believe, however, that many public
programmes of inter-regional redistribution also serve an efficiency enhancing
role, namely that they enable different regions to share macroeconomic risks.
With this motivation we develop a stylized model of a federation consisting of
two regions. Inhabitants of each region are heterogeneous in the sense that
they tace different risks of suffering an income loss. Regional outputs are also
risky, but negatively correlated across regions. There is thus no aggregate risk
in the federation and there are obvious opportunities to share the regional
risks. The paper focuses on asymmetries between regions, so that the federal
risk-sharing programme rnay favour one region over the other.

If a rich set of fiscal instruments is available, it is possible to keep separate the
risk sharing and redistributive aspects of federal policy even if regions are
different. In this case everyone agrees that an efficient risk-sharing
arrangement should provide full regional insurance, even though there is a
natural disagreement over how to redistribute resources across regions.
Separation of risk sharing and redistribution requires that the federal policy is
fully contingent on all aggregate states of nature. Full state contingency is



difficult, however, and almast impossible te incorporate in laws concerning
fiscal policy because it is hard to foresee and verify all possible contingencies.
In the case of very asymmetric regions, state-contingent policies may be hard
to implement as federal constitutions normally require that residents or firms in
different regions are treated equaily. This requirement imposes additional
constraints on the instruments of fiscal policy. If the federal policy is
constrained to be less than fully state contingent, residents in the federation
face a trade-off between risk sharing and redistribution. They may accept an
inefficient risk-sharing arrangement, with over or underprovision of insurance,
if the policy embodies an ex anfe redistribution in their favour. The main
contribution of this paper lies in the fact that it clarifies how this trade-off is
rasolved in political equitibrium under alternative fiscal constitutions.

Specifically, we consider a scheme of simple non-state-contingent transfers
between regional governments. Under the voting procedure, this type of
intergovernment transfer scheme increases inter-regional conflict. There is no
formation of inter-regional voting coalitions, and the largest region wins. The
region with a more favourable output distribution wants the transfers to be
smaller than the voters in the other region. This suggests that federation-wide
voting is a bad procedure for choosing the size of direct intergovernment
transfers. A more natural procedure is 10 let representatives of each region
bargain over the policy. If autarky is the threat point, a political equilibrium
under bargaining entails incomplete insurance. This result is optimal for the
low-risk region and follows from the fact that this region has more bargaining
power, because autarky is less harmful to it.

An alternative risk-sharing agreement is to centralize social insurance at the
federal government level. This type of scheme distributes indirectly between
regions. 1t is superficially equivalent to a simple intergovernment transfer
scheme in the sense that the same inter-regicnal allocations are feasible
under the two systems. Under bargaining, the result is the same as with simple
intergovernment transfers. Under the voting procedure, the coalitions of voters
that form under the two systems are very different. Hence the equilibrium
allocations also differ. Under this federally-organized scheme voters form inter-
regional coalitions. The programme is tilted in favour of the high-risk region so
that there exists overinsurance in political equilibrium. Moreover, the
programme is larger the greater are the asymmetries across regions. This
results from the fact that a large number of voters in the high-risk region want
a large federal programme because it redistributes in their favour. Against this,
a majority of the low-risk voters want to trim the proegramme down, but under
empirically plausible assumptions about the distribution of risks the coalition of
the high-risk voters prevails.




1. Introduction

In virtually every country, the public sector transfers large amounts across regions and
localities. Sometimes, these transfers emanate from institutions and programs that have
been designed precisely for that purpose, like the intergovernment fiscal egualization
schemes that are present in many federal staies. Sometimes, the regional transfers are
instead a byprodact of a general government program, like a centralized and tax—financed
social insurance system. Whatever their nature, these interregional transfers are huge and
central to the curremt process of integration in Europe or Germany, as well as in the
current process of disintegration in Belgium, Canada, Italy, or the former Soviet Union. In
both Italy and Germany, for instance, the overall regional redistribution induced by
government policies around 1990 exceeded +60 % of the poorest regions’ GDP and —5% of
the richest regions” GDP (See Fondazione Agnelli {1992) and Brocker and Raffelhuschen
{1993)).

Qur goal in this paper is to study the political and economic determinants of
regional public transfers. V“Ve take the notion of a region {or state in a federation) as a
primitive entity, given by historical or geographical circumstances. Each region controls a
local fiscal policy instrument which redistributes among local residents under regional
majority rule. We focus not so much on these intraregional policy choices, as on how
interregional tramsfers are shaped by altermative fiscal constitutions. By a fiscal
constitution we mean a set of fiscal instruments, which govern—directly or
indirectl):—-the extent of interregional transfers, as well as a procedure for the collective
choice of these fiscal insiruments.

In the same vein as much of the public—choice literature, we thus ask a positive, not
a normative, question. We do believe, however, that many public programs of

interregional redistribution also serve an efficiency—enhancing role, namely they enable



different regions to share macroeconomic risks. With this motivation, Section 2 of the
paper lays out a stylized model of a federation consisting of two regions. Inhabitants of
each region are heterogenecus in the sense that they face different risks of suffering an
income loss. Regional outputs are also risky, but perfectly negatively correlated across
regions. Therefore, there is no aggregate risk in the federation and there are obvious
opportunities to share the regional risks. The paper focuses on asymmetries between
regions, so that the federal risk—sbaring program may favor one region over the other.

With a rich encugh menu of fiscal instruments, the risk sharing and redistributive
aspects of federal policy can be kept separate even if the regions are different. In this case,
which we discuss in Section 3 of the paper, everyone agrees that an efficient risk—sharing
arrangement should provide full regional insurance, even though there is 2 natural
disagreement over how to redisiribute resources across regions,

Se,pa.ra.tion of risk sharing and redistribution requires that the federal policy is fully
contingent on all aggregate states of nature. Full state—contingency is difficult or
impossible to embody in the laws governing fiscal policy, for the familiar reason that it is
hard to foresee and verify all possible contingencies. If regions are very asymmetric,
state-contingent policies may be hard to implement for another reason: federal
constitutions typically require that residents or firms in different regions be treated
equally. This requirement——which aims at avoiding exploitation of minorities—imposes
additional constraints on the instruments of federal fiscal policy. But if the federal policy
is comstrained to be iess than fully state contingent, residents in the federation face a
tradeoff between risk sharing and redistribution. They may accept an inefficient
risk—sharing arrangement, with over or underprovision of insurance, if the policy embodies
an ez ante redistribution in their favor. To claxify how this tradeoff is resolved in political
equilibrinm under alternative fiscal constitutions is the main contribution of this paper.

Specifically, in Section 4 of the paper, we consider a scheme of simple non—state

contingent transfers between regional governments. We prove two results. First, this kind




of intergovernment transfer scheme exacerbates interregional conflict, in the sense that no
coalition of voters forms across borders: all voters in the region with a more favorable
output distribution want smaller transfers than all the voters in the other region.
Federation—wide voting is therefore 2 bad procedure for choosing intergovernment
iransfers. A more natural procedure is to let representatives of each region bargain over
the policy. If autarky is the threat point, a political equilibrium under bargaining entails
incomplete insurance, because this is optimal for the low—risk region which has more
bargaining power.

Section 5 then goes on to consider a ceniralized social insurance scheme at the level
of the federal government. This system disiributes indirectly bétween regions and it is
superficially equivalent to a simple intergovernment transfer scheme, in the sense that the
same interregional allocations are feasible under the two systems. The political incentives
are very different, however, and both previous resulis are reversed. We now see
interregional coalitions of voters forming. And—more importanily—under voting the
program is tilted in favor of the high—zisk region, so that we get over—insurance, rather
than under—insurance, in political equilibrium. Moreover, the program is larger the greater
are the asymmetries across regions. The reason is that a large number of voters in the
high—zisk region want a large federal program because it redistributes in their favor.
Against this, a majority of the voters in the low—risk region would like to trim the program
down, but under empirically plausible assumptions about the distribution of income risks
the coalition of high-zisk voters prevails.

Thus, the paper points to an important difference between two alternative federal
fiscal constitutions. Interregional transfers can be determined by a federation—wide vote
over a centralized social insurance system, or by bargaining over intergovernment transfers.
When the regions are asymmetric, the former system leads to a larger fiscal program.

There is, of course, a large literature on fiscal federalism. Much of it studies

mobility of voters or tax bases. This paper abstract from mobility, not because we think it



is important, but because it has already received a great deal of attention—see for instance
Wilson (1987) or Epple and Romer (1991}. A more recent group of contributions takes a
similar approach as this paper, focusing on the political comsequences of imstrument
asgsignment to different levels of government and of the procedures for collective choice.!
The closest antecedent is Persson and Tabellini (1992), who use a similar model to analyze
the normative problem of how to design a federal constitution 5o as to resolve the tradeoff
between interregional risk sharing and moral hazard of local governments. Casella (1992)
studies economic and political integration of two asymmetric regions, each populated by
heterogeneous individuals, but focuses on public~goods provision. Perotti (1993) and
Persson and Tabellini (1993) investigate how centralization of government programs
changes their equilihrium size, bui neither paper studies social insuramee or risk sharing
between regions. Finally, Buchanan and Faith (1987), and Bolton and Roland (1993)
address issues of regional tedistribution in purely redistributive models, where the threat of

secession imposes a binding constraint on federal policy.

2. The Model

2.1 The Basic Model

Consider a federation made up of two regions of equal population size. We describe the
home region first. Individuals are risk averse, they all have the same preferences for
consamption, captured by a concave utility function U{.}). They live only one period and
are indexed by i Their income is 1 with probability pi and 0 with probability (l—pi).
Individuals with income are called "empioyed"; those with no income are called
"mnemployed”. Individual income is not verifiable, which means thai individuals canmnot

1 Sec, in particular, lomen and Fitts (3999), Inman and Rubinfeld (1992) and Weingast (1993),
An carly énalysis of insutance arangements among collective bodies is Wilson (1968).




self-ingure through the market. This strong assumption has two advantages. First, it
provides a potential 1ole for a public palicy of risk sharing. Second, it enables us to
compare different policy environments on the basis of individual weifare, while retaining
simplicity and tractability.?

There is both aggregate and idiosyncratic risk. Moreover, individuals differ in their
idiosyncratic risk: some individuals are exposed to more risk than others. This assumption
makes the political equilibriz non—trivial, in the sense that individuals differ over their
preferred policy.

Specifically, we assume that pi = pri, where ri is distributed in the population
according to a2 known distribution G(ari). Furthermore, we assume
Assumption 1

The distribution G(r) has a mean value of 1, but is skewed to the left, such that the

median value x> 1 and such that G(aT + A)~1/2 > 1/2 — G{x"—A) for

any positive A.

Thus, p denotes the fraction of employed individuals in the population, and hence it also
denotes average income. The assumption that 7 is skewed to the left is realistic. It
imphes that the unemployment risk is concentraied in a relatively small number of
individuals in the population.

'l‘io allow for aggregate risk in a simple way, we assume p can take only two values:

p =7 with probability @,
p=f with probability 1-@,
where we set 7 > §. Hence, 7 denotes the good aggregate state in the home region, while

f denotes the bad aggregate state.

2 It would be meore convincing to base the macket failure in private insurance on adverse selection

(p: in the model unobservable} or moral hasard (some action affecting the probability p‘ unobservable),
rather than on prohibitively costly state verification. The major argument for the present formulation is
convenience: with imperfect private insurance, we would have to keep irack of an endogenous private
contract equilibtium and its ipteraction with fiscal policy across different federal constitutions.



We assume away 21l aggregate risk in the federation by taking the regional shocks to
be perfectly negatively correlated. So, the probability of being in the good aggregate state
in the foreign region is 1 — Q. But in all other respects the two regions are symmetric. In
particular, the two regions have the same values for 7 and f, the same preferences and
the same distribution G{-) of individual risks. Thus, aggregate output is always equal to
¥+ # and is distributed according to:

p=- and p*= 8 with probability @
p=f and p* =7 with probability 1-@,
with an asterigk "*", denoting the foreign region.

In.this setup there is clearly scope for risk sharing across regioms. In our stark
formulation of the model, there are uo private markets that can serve this function. The
formulation is motivated by plausibility and simplicity. It ie a wel—known fact that
private international risk sharing is far from perfect: domestic portfolics have a much
greater share of domestic securities and domestic consumpiion shows a far greater
correlation with income than standard models of risk sharing suggest. Our formulation
should therefore be viewed az a simplified version of a more complicated model, where
some, but not all, domestic sk could be diversified away via private markets.

Policies ate chosen before the state of nature is revealed. There are two policies,
one regional, the other federal. Throughout the paper the regional policy always consists
of a "social insurance" program, chosen under majority rule by the residents of each region.
This regional policy is coniingent on the state of nature and redistributes among
individuals of that region. We leave the exact nature of the policy unspecified and we tale
the cutcome of the policy o be an allocation of consumption between the employed and
unemployed individuals within the region. Thus, the regional government chooses an
allocation of consumption between the employed and unemployed individuals, «p, p*)
and b(p, p*) respectively, contingent on the realization of the state of the world, p, p*.

This allocation can be implemented by the government for instance by means of an output




tax {subsidy), accompanied by a lump—sum transfer (tax) to every individual, and thus it
has only limited informational requirements. In particular, the regional government does
not have to observe nen—verifiable individual income.?

In the paper we consider different federal policy instruments. Their economic rcle is
to share risks and possibly to redistribute income actoss the two regions. We investigate
how the political equilibria differ under different policy instruments and under different
procedures for choosing them.

Whatever the federal policy instrument, the resource constraint of the home region
can be written as:

1 p dp,g%) + (1-p) b(p.p*) = p—1(p—F*)[2 + 5.

The left—hand side denotes the consumption of the employed and unemployed; there are p
and (i-p) respectively of them. The right~hand side denotes average per capita income,
7 , plus the transfer from the other region. Thus r is the proportion of the difference in
regional income that is transferred across the two Tegions and is determined by the federal
policy. And x is 2 lump—sum transfer, nnrelated to the state of the world, that can be
thought of as an insurance prepmium. Together, these two federal instruments, 7 and =,
can achieve any state contingent allocation of income actoss the two regions. The resource
constraint for the foreign country is analogous to {1), except that the terms in 7 and &
have the reverse sign.

Even though the regional resource comstraint is given by (1) irrespective of the
federal policy regime, the interpretation of 7and x depends on the exact nature of the
federal policy. In Section 3 we study interregional risk sharing via a system of unrestricted
intergovernment tramsfers. In Section 4, the intergovernment transfer scheme is operated
under the constzaint x = 0. In Section 5, finally, we study a system of federal socal

insurance. In that system equation (1) with x=0 gtill holds, but + represents an

3 For instance, we could assume that the government does not observe individuals’ employment
status, but does observe firms' output.



ouiput tax that finances transfers to individuals rather than to governments.

In other words, different federal arrangements for sharing regional risks may lead to
the same form of the regional resource constraint. Given the simplicity of the underlying
model, these arrangements are thus economically equivalent, in the sense that they can
implement the same allocations. This equivalence is only superficial, however: it neglects
the difference in the incentive constraints perceived by the voters or federal policymakers
in different political regimes. As the paper will show, different procedures for collectively
choosing the federal policy instruments lead to very different equilibrium allocations.

2.2 Regional Social Insurance

It is easy to characterize the regional social insmrance policies chosen in a political
equilibrium (see also Persson and Tabellini (1992)). The voters preferences—heir
expected utility function—in the home region can be written as:

(2) o = Q Vinh) + (1-Q) Vs,
where Vi(p, 7*) is the expected utility of the #1 voter in state », r¥,
&) Vs, 7*) = U (cln,5%)) + (1) U (5(5,8%)).

The only source of heterogeneity among voters is the parameter x* that enters
linearly in the voters’ preferences. Ii is then easy to show that the voters preferences are
single peaked, and the mediau-voter result applies (see Persson and Tabellini (1992)). The
regional political equilibrium is the policy preferred by the median voter, namely the
indiv-idua:l with the mediar value of =, 7 The equilibrium regicnal policy can then be
computed by maximizing the median voter expected utility function (defined as in (2) and
{3)), subject to the resource constraint (1) and for a given federal policy, (7, s). The
choice variables are the functions o[p, p*}) and &(p, p*). The first order condiiion
characterizing the solution to the median—voter optimum probiem can be written as:
Uldes®)) 2 (1=p™)

Ufbe®)  (-n) "

(4)




where a subscript denotes a derivative. To pin down both ¢ and b we also need the
budget consiraint (1), of course. Since by assumption g 2 p, the equilibrium policy
satisfies ¢ > b for all pp* Thatis a majority of the voiers prefers incomplete risk
sharing across individuals, even though full risk sharing through the government would be
feasible at no loss of efficiency. The reason is that individual risk is concentrated in a few
"high risk" subjects. More generally, the smaller is §™ (i, the closeris 7 to 1) the
more generous is equilibrinm social insurance. The equilibrium social insurance in the
foreign tegion is completely analogous.

As will be shown in the subsequent sections, changing the federal fiscal constitution
does not change in any relevant respects the domestic optimization problem faced by the
regional median voters. The reason is that in sll cases we consider, the regional policy is
never determined before the federal policy. Hence the regional policymaker always takes
the federal policy as gh'reu‘ Throughout the paper, then, equation {4) continues to hold and
to characterize the regional social insurance and the allocation of consumption between

employed and unemployed individuals in both regions.

3. State Contingent Intergovernment Transfers

The simplest risk-sharing arrangement between the two regions is a dirsct
siate—contingent transfer from ome regional government to the other. As explained in the
previous section, this corresponds to a combination of federal instruments T and & on the
right hand side of equation (1). What are the features of efficient transfers? What
particular efficient iransfer is selected if the two couniries bargain with each other , with

autarky as the threat point? And how does this bargaining outcome compare t0 an

4 See Wright (1986) for a related result on unempioyment insurance.
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actuarially fair insurance system when the iwo regions differ from each oth& in the
probability @ 7 These are the questions addressed in this section, to provide a normative
benchmark for the more positive analysis that follows in the rest of the paper. We assume
throughout that the regional sodal insurance policy is set after the federal risk sharing
arrangement has been choser, and thus that it always satisfies the equilibrizm condition in

(4).

3.1 Efficient state contingent transfers
The set of efficient tramsfers is a pair (v , x) that maximizes the following social welfare

function:
(5) j (A + &%) dor),
ﬂ_i
where A’ is an individual specific weight, & is the relative weight on the foreign region,

and where we have relied on the assumption that the regional distribution of 7 is the same
in the two regions.

Let us denote by ¢™(p,0*), c*™(p,p*) the consumption of the employed individuals
in the home and foreign regions in state (p, p*) and given the regional medians »™ = x*™,
Naturally, both ¢™ and ¢*™ are functions of the federal policy instruments = and =x.
For future reference, et TS be the value of 7 that achieves full comsumption smoothing
of the empioyed individuals. That is, when T = rS, 6 = By = ¢ and
#™(y,8) = ™(31) = ¢* Note that 7° in general will not equal 1. To achieve full
consumption smoothing of the employed, we do not want to have full income equalization
across the two regions. The reason is that the number of employed individuals is different
aCross Tegions.

The following proposition proves that efficient allocations always achieve fall
interregional insurance. But consumption is equalized across regions if and only if the two

regions receive equal weighting in the social welfare function (& = 1).




11

Proposition 1
For any individual weighting Ai, an efficient federal policy sets 7 = -r's end
£ = K(3), with K(1) = 0 end Kz <0.

To prove it, simply take the first order conditions for the problem of maximizing (5) with

respect to T and k, subject to (1) — (3). After some rewriting, one obtains:

UL ) UL )

U(™B, M) ULETE M)

v BN
U™ )

Equation {6a) characterizes the allocation of consumption across states in both regioms.

(62)

(6b)

Clearly, it does not depend on the individual weights Ai. Since there is no aggregate risk
in the federation as a whole, the resource consiraint for the whole federation is satisfied
only if both sides of (6a) are equal to 1—that is, only if there is full comsumpiion
smoothing across the two states of the world within each region. Equation (6b) describes
the allocation of comsumption across regions. Clearly, the home and foreign regions
consume in equal amounts only if & =1, and more geperally the home region consumes
more relative to the foreign one the smaller is the relative weight & Hence x i set as
stated in the proposition, and the function A{-) is defined implicitly by {6). QED.
Proposition 1 is quite intuitive. Since there is no aggregate risk in the federation,
everyone agrees that it is opfimal to achieve full comsumption smoothing. There is a
conflict, however, over the interregional allocation of resources. Since both regions have
the ssme social insutance policy, determined by the same median voter T, every
individual in the home region evaluates this regional conflict in the same way, and likewise
in the foreign region. Hence, the efficient allocation of consumption across regions only
reflects the relative weight parameter §, and not the individual weights. Finally, it is
importa.ntJ to note that efficient policies do not depend oo @ and @*. Given 6,

asymmetries in the stochastic distribution of output across the two regions are not reflected
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in the efficient federal policy.

3.2 Nash Barpaining
Whai point on the Pareto frontier is likely to be selected ? The answer depends on the

procedures for determining the federal policy. A natural case is that in which the two
regions bargain with each other, with autarky as the threat point.5 This subsection then
characterizes the Nash Bargaining solution for this game. For simplicity, we assume that
bargaining takes place between the two regional medians.® Since Nash bargaining picks a
point on the Pareto fromtier, we continue to have 7 = -rS and & = K{§). The question ig
what value of 4, say JN, corresponds to the Nask Bargaining outcome. The following
proposition proves that the low risk (high ) region has more bargaining power.
Proposition 2

The Nosh Bargaining solution with unrestricted intergovernment transfers implies

that 6% is decreasing in Q, and that 51w QS
To prove it, note first of all that the Nash bargaining cutcome is the point on the Pareto
frontier that maximizes (v™ — V™) (*™ — 7*™). The terms 7™ and 7™ denote the
expected utilities in autarky of the home and foreign medians, respectively. The solution

to this optimization problem gives :

(1) N= @™ T ™ _ ),

From Proposition 1, we know that

(8) Ty B) = B9 = ¢

5 This is the natutal threat point for regions that are considering whether to form & union, Lke

European couniries now. For regions that are reconsidering their fincal arrangement, like Germany,
Canada, or Italy, the threat point could bec very different depending on the statur guo and the form of
the constitution.

¢ This assumption does involve some loss of generality, since both regions have an incentive to
incrense their bargaining power by delegating the bargaining to a "fough" representative, namely one
who does not suffer much in autarky. This issue of straiegic delegation is already weil understood—-cf.
Persson and Tabellin (1992)~—and is not central to our anaiysis. Therefors, we chovse o neglect it.
Note, however, that dealing adequately with it would not raise any indeterminacy of equlibrium in this
taodel, since the distribution of posaible agent types has bourded support.
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#My, f) = ™87 =

Moreover, by the resource constraint for the federation as 2 whole, ¢ = C¥(¢), with
Ch < 0. Let J™c) be the indirect utility function of the home—region median voter,
when op, 7*) = ¢ and b(p, p*) is given by the domestic social insurance condition (4).
Similarly, let J7(p) be indirect utility in state p under autarky, namely the (¢, &)
allocation that maximizes p™I{e) + (1-p™) U8} subject to (1) with the right-hand gide
equal to p. Using the defimitions of +™ and of 7 and (6b) to replace il , We can rewrite
(7) as:

v Y- @) - (-9 I 8)
v (o) I - @O - (1-9) /™%
When @ = 1/2, equation (9) is satisfied for ¢* = ¢, and both sides (and hence also &

9

are equal to 1. Moreover, the lefi—hand side of (9) is decreasing in ¢, while the right—hand
side is increasing in ¢ and decreasing in @. Thus, ¢ & Z ¢t oas 0z 2 1/2, and the inequalities
get stronger as the distance | Q - 1/2| increases. This, together with {6b) completes the
proof. QED.

Combining Propositions 1 and 2, we obtain a very intuitive result. In a Nagh
bargaining equilibrium, the two regions achieve full insurance. But the high risk (low Q)
Tegion pays a lump sum transfer K{#) to the low risk region, as a compensation for its
higher risk. The larger is the asymmetry between the two regions, the larger is this
compensation-

Thus, a Nash bargaining equilibrium has the same qualitative feature as an
actuarially fair insurance system, in that the high risk country pays a premium to the low
risk country. An actuarially fair sysiem would set & so that the expected value of the
transfers across Tegions is zero. This would imply that k=7 (T—ﬂ)(Q —1/2) [2.) Bat the
premium uynder Nash bargaining can be larger or smaller than the actuarially fair premiumm,
depending on the curvature of the atility function. The reason is that the bargaining power
of a region depends on its welfare in autarky versus its welfare when insured. And that
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relation depends on the degree of risk aversion of the regional median voters at different

levels of income.

3.3 Voting
What would happen if the iniergovernment transfers were instead chogen by a

federation—wide vote? Without going through any formal argument, it ig clear that this
would be 2 bad mechanism for selecting the intergovernment transfers. The reason is that
the policy preferences of all voters in the home region aze in stark conlici with the policy
preferences of all voters in the foreign region. Deciding mon—cooperatively on the desired
transfers, every home—tegion voter wants to drive & to its uppermost corner, while every
foreign—region voter wants to dtive & to its lowermost cormer. Some resirictions om the
redistributive component in the risk-sharing scheme, or some modifications of the principle
of simple majority, are thus mecessary to make a voting mechanism viable without one

region ending up completely exploited by the other.

4. Simple Intergovernment Transfers

Suppose that the intergovernment transfer scheme is indeed restricted such that only some
interregional income allocations across states of the world can be implemented. Actual
intergovernment transfer schemes in existing federations, such as Canada and Germany, do
in fact rely on preset formulas, which allocate equalization grants across regions according
to the relation between regional and average tax bases or incomes.

In our model, a natural restriction is to set the lump—sum component k in the
regional resource cosstraints equal to zero. With this constraint, the cutput tax and
transfer to each regional government are state~independent and equal across regions. Asa

resplt, risk sharing and redistribution become intertwined and cannot be separated as in
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the previous section. This section shows that such asymmetries lead to sharp interregional
disagreement over the extent of risk sharing. Moreover, the equilibrium with bargaining
typically exhibits incomplete insurance, the more so the greater the asymmetries. We
assame throughout that the regional social imsurance policy is set after the federal risk
sharing policy has been chosen, and thus that it always satisfies the equilibrium condition
in (4).

4.1 Voting
To start, suppose that the transfer is chosen by a majority vote.
Definition 1
The equilibrium restricted intergovernment transfer under voting is o value of T that
is preferred to any other value by o majority of the voters in the two regions
combined.
Consider the preferences of an arbitrary voter rf in the home region. The optimal value
of r for this voter maximizes her expected utility function (2) subject to (1), given that
x=0 and that the regional social insurance policy satisfies the equilibrium condition (4).
The first—order condition coresponding to this optimization problem is:
(10) (1= B~ U (™, B)) + (1-Q) UL™(B, /2 = o.
Notice that the term within square brackets is the same for all voters, independently of
their rf Thus all home—region voiers agres that the optimal value of 7 should satisfy:
QU )
(1-Q) UL™B, 7))

The intuwitive reason for this agreement is that the consumption allocation across employed

(11)

and unemployed individuals is decided by the domestic pivotal voter 7. The value of 7
only affects the distribution of aggregaie income across states, which is something all voters

agree upon.
To interpret (11), notice that when & = 0, the rate at which income can be
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transferred across the two states of nature with a direct intergovernment transier is equal
to unity. The Jeft-hand side measures the marginal rate at which the individual voters
wish to transfer income across the two aggregate states—iheir marginal rate of
substitution between income in the two states. At the voter optimum, these two rates
must be equal. Clearly, home voters’ marginal rate of substitution is decreasingin r: 2
larger value of t shifts income from state (7,3) to state (5,7), leading to more
consumption in the former state. By (11}, under the restricted transfer scheme, voters
want full comsumption smoothing only when @ =1/2. Otherwise, they want to tilt
consumption towards the state which is more likely to occur. Thus, the more favorable is
the aggregate distribution of cutput in the home region (the higher iz @), the less voters in
the home region want to insure (the lower ig their preferred 7).

What about the voters in the foreign region? Going through the same steps, one
obtains that foreign voters too want to set their marginal rate of substitution between
income in the two states equal to unity. The only difference is that, for any foreign voter,
the analogous expression is:

(1—Q) U ™8, 1) .
Q U™ £)

Foreign voters are thus also unanimous in their desired value for . As in (11), the

(12)

left—hand side of (12) is decreasing in 7. This is because a higher vale of 7 shifis income
from the foreign high—income state {5, 7) to the foreign low—income state (7, §). Butin
(12), unlike in (11), the left—hand side is decreasing in Q. A higher @ therefore entails a
preference for a higher r, by residents in the foreign region.
We are now ready to prove some simple bui important results.
Proposition 3
Under voting over simple intergovernment transfers, there is unanimily within each
region. Unless Q= 1/2 there is disagreement in the federation; the disagreement is
increasing in the distance |Q—1/2}. The higher is @, the lower the desired value
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of T in the home region, while the reverse holds in the foreign region.

‘We have already proved unanimity within each region. The proof of the rest is very simple
once we note that the resource comsiraints and the domestic social insurance conditions
with identical medians p™ = p*'™, imply that ¢"(1, A) = "B, 1) amd (7, H) =
™8, 4). That is, consumption of employed individuals in the good aggregate state must
be equal in the two regions. Thus, we can rewtite (12) as:
(-0 0" 8) _

Q UL™e M
1t follows immediately from (11) and (13) that home and foreign voters prefer the same

(13)

value of + only if @ = 1/2. If not, the discrepancy between their desired solutions is
larger, the larger is the distance |@ — 1/2|. Moreover, the lefi—hand sides of {11) and
(13) are both decreasing in (. Hence, a higher value of Q leads to a preference for 2
lower 7 in the home region, but a higher 7 in the foreign region. QED

To summarize, if @ > 1/2, the restricted intergovernment transfer scheme makes
the home region more likely to pay a transfer to the other region. Hence, it wants less risk
sharing. Exactly the reverse is true for the foreign region. What is perhaps more striking
is the unanimity within each region, even though the voters are heterogeneous. This
suggests that voting in the federation is still a very poor procedure for choosing the size of
direct intergovernment transfers. The nature of the policy imstrument-—even when
restricted—exacerbates interregional conlict, since it emphasizes the redistributive
implications of asymmetries between regions. No coalition of voters forms across the
borders, and the largest region wins. A more natural way of choosing the size of
intergovernment transfers is instead bargaining between representatives of each regiom.

This procedure is discussed next.

4.2 Nash Bargaining

Suppose that the size of the restricied intergovernment tramsfer is defermined by a
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bargaining process. We assume, as in Section 3, that the bargaining takes place between
the median voters in the two regions:
Definition 2
A political equilibrivm with restricted intergovernment transfers under bargaining is
given by the Nash bargaining selution for the home and foreign median voters with
eutarky as the threaf point.
Let be the Nash equilibfium value of 7. We then have the following result:
Proposition 4 _
With the restriction x=0, ™ =15 if Q=1/2, but 7 < if Q#1/2 and
with smaller, the larger the distance | ¢ —1/2 |.
The proof is contained in Appendix 1.
Proposition 4 relies on the same kind of intuition as Proposition 3. The region with
a more favorable distribution of output has more bargaining power, because antarky is less
harmful for it. But here the bargaining is over 7, not over & When the risk—sharing
scheme is restricted to the parameter 7, the low—isk region wants a smaller value of 7,
because on average it ends up paying rather than receiving. The more different are the
countries, the smaller is therefore the Nash bargaining equilibrium Jevel of risk sharing.
Thus, the tradecff beiween risk sharing and redistribution plays a key role in the argument.

5. Federal Social Insurance

An alternative risk—tharing arrangement is 0 centralize social insurance at the level of the
federal government. A centralized social insurance system automatically redistributes
across regions, by collecting more taxes in the rich than in the poor region. In existing
federations, centralized fiscal programe typically operate under the comstraimt that
individuals and firms in different regions be treated equally. A simple way fo capture this
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restriction in our model is to assume that the federal social insurance scheme is nbn——state
contingent.?

This restriction will create a tradeoff between risk sharing and redistribution similar
to the one studied in the previcus section. In fact, federal sodal insurance under this
restriction turms out to be economically equivalent to the previous system with restricted
intergovernment transfers, in the sense that any allocation reached with intergovernment
transfers can also be reproduced by federal social insurance. The coalitions of voters that
form under the two systems, however, are very different, and hence the equilibrium
allocations also differ. The nature of these political differences is investigated in this
section.

Individual income and preferences are exactly like in the previous sections. Now,
however, both the local and the federal government levy output taxes to finance lump—sum
payments to individuals. Thus there is social insurance at botk levels of government. As
explained above, we assume that the federal tax rate is not state contingent and the federal
transfer to individuale is residually determined. To facilitate comparisons with our
previous results, the local tax rate on the other hand is state contingent, and so is the
associated local transfer to individuals. There are no intergovernment transfers.

It is easy to show that under these assumptions, consumption of the empioyed and
unemployed individuals in the home region can be written as:

(14) d2.5*) = 1= {p,g*)(1 - p) — {1 — p)
Wp.s*) = {ps")p + 77,
where ¢ and r demote the local and federal tax rates, respectively, and ;9 s(y+ 0)/2 is

7 In our simple model, with only two aggregate states and pecfectly negatively correlated ghocks, a
centralived socizl insurance scheme with state—coutingent taxes and payments would treat tndividuals
in the two regions differently, in the sense that their expected net payments would depend on the
probability of & bad shock in the region where they reside, cven though the state—dependent tax rates
would be equal across regions. As in Section 3, two policy instruments would be encugh to apan the
two—dimensionsl state space and hence effectively separate risk sharing from redistribution. However, in
3 lese stylived world, spanning by fuily state—contingent policy instruments would be muck harder to
achieve, particularly under a constraint of equal treatment across regions.
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average income in the federation. The foreign region is analogous in all Ieapects.‘ Besides
(14), both levels of government are subject to constraints on ¢ and T ihat correspond to
non—negativity constraints on ¢ and b Throughout the section we only consider interior
equilibria where these corner constraints are not binding. This amounts 6 assuming that
the U/(-) function has sufficient concavity as consumption approaches zero.

What is the equilibrium policy in this setup? That tums oui to depend on the

procedure for choosing the federal policy.

With Nash bargaining the nature of the palicy instrument is irrelevant:
Proposition 5
If the federal tax rate i set under Nash bargaining by the two regional medians, the
equilibrium with federal social insurance is identical to the equilibrium with
infergovernment transfers described in Proposition 4.
The proof of this equivalence is contained in the above discussion. Combining the two
equations in (14), we obtain the resonrce constraint (1) with =0, where T now demotes
+he same federal tax rate that enters (14). That is, the regions’ resource constraints are
identical to what they are in a system with intergovernment transfers. The regional
medians therefore perceive exactly the same constrzints a8 with 2 system of
intergovernment transfers, and have the same threat points. Hence, the Nash bargaining

outcome is the same. QED.

5.2 Voting

The equivalence is broken if instead federal social insurance is chosen by a majority vote in
the federation. The reason is that the equilibrium outcomeé nOW depends on the coalitions
of voters that will form. And the coalitions with federal social insurance differ from those

that form under a sysiem of intergovernment transiers. To address this issue we now
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investigate 3 political equilibrium, defined as follows.
Definition 3
Federal and regional policies are chosen simultancously under majority rule.
Equilibrium federal policy is & value of T preferred to any other by a majority of
Jederal voters, given the equilibrium regional taz rate in both regions.
The equilibrium regional policy is analogousiy defined, except that the quornm is now
made up of residents of that region only.
Consider domestic voter /. Her preferred federal tax rate ig obtained taking the
first—order condition of her expected utility function with respect to 7, subject to (14) and

given the regional tax rate &

@ [~u -8 « - o omney 21 4
(1-Q) [-Bf U (B0 -8 + (1-4) AUEE)) Egl] = o

A similar condition holds for the foreign voter . In an interior equilibrium regional

(18)

social insurance must continue to satisfy (4). Equation (15) defines the optimal federal tax
rate T for voter zf, given ¢ and given the regional tax rates #7,4) aud #4,4).
Or—alternatively and more conveniently—{(15) implicitly defines a function
o= I(r, @& ~.8), 48,7)), identifying the domestic federal voter  for whom T is
optimal, given. @, #{v,4) and {B,7). The analogous function defined for the foreign
country =/ = U(r, 1~ @ #(4,7), #(15)) is identical—except that that its second
argument is {1—() rather than . Thus, for any 1, there is a combination of 7rf and
@, which makes that particular + optimal; and similarly for the foreign country.

In Appendix 2 we prove that the voters preferences are single—peaked, and that the
function H(-), evaluated at the equilibrium values of #1,5) and #5,7), has the following
properties:

Lemma §
(i) o= 0(r, 1~ @ #8,7), {1,8)) is decreasing in =
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(i) o = T(r, 1 — @ 487), {nh)) is decreasing in Q@ and, at 7 =1,
convez in Q
(i) 1(+5, 1/2; 46,7, {1.8) = 7™

Intuitively, the voters preferences for the federal tax rate r are affected by two risk
components: an individual component, capiured by the probability rf , and a regional
component, captured by the probability ¢. Under the aspumed timing—that is, for given
regional tax rates—the federal tax redistributes across individuals as well as across regions.
Hence, both risk components affect the optimal 7. The higher is either risk component
(i.e. the lower is o or the lower is @), the greater is the amount of redistribution desired
by a given federal voter. This explains property {i): as r rises, to find 2 voter rf who
finds the higher r optimal we need to move towards a higher risk (lower xf) voter.
Property (i) is illustzated for the home region in Figure 1, which draws the locns of points
rf and @ for which 'rs is optimal. This locus is downward sloping because a drop in
regional risk (a higher Q ) induces a preference for a smaller federal tax . To find a voter
who still finds 7> optimal, we must move to 8 higher risk (lower o ) individual. The
foreign region has the same curve except that the horizontal axis is labeled 1-@. The
convexity of the locus means thai the regional rsk component becomes less important,
relative to the individeal rsk component, as ¢ rises. By property (i), all points above the
downward—sloping curve cortespond to voters (in either region) who would prefer a lower
federal tax rate, whereas 2ll points below it correspond to voters who would like a higher
federal tax rate. Finally property (iii} says that this curve passes through the point
(«™, 1/2), point S in Figure L.

We can now define more precisely the political equilibrium. Since preferences are
single—peaked (see Appendix 2), the equilibrium has the usual median-voier property.
The equilibrium is 3 tax rate TV that is preferred by the median voters in the federation.
Recalling that G{-) denotes the distribution function of the individual risk parameter
within each region, the equilibrium is a value of -rV that satisfies ihe following equation:
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(16) om(r", @ 4n8), 481 + K=Y, 1-G; #(8,7), #(xB) = 1.

‘The first texm on the left—hand side of (16) measures the size of the coalition of home tic
voters who want taxes higher than 1 (i-e., the voters with i < H(TV, @ 4.8, H8,M).
The second term measures the size of the corresponding foreign coalition. For g to be
an equilibrium, these two coalitions must make up half of the eiectorate (recall that each
region has the same population, unity).

Consider first the case in which the two regions are idemtical. Lemma 1
immediately implies:

Proposition 6

FQ@=1/2 7" =45
By Property (iif) in Lemma 1, the two regional medians agree that ~ i optimal. Hence,
it is a median—voter equilibrium in the federation. QED.

In this case both regional medians find themselves in full agreement at point S in
Figure 1. Consider instead the case in which the two countries have a different distribution
of average output (say @ > 1/2). Then, the two regional medians disagree. Clearly, the
equilibrinm federal tax must be in between that preferred by the two regional medians.
For at the tax rate preferred by =, the coalition of federal voters in favor of higher
federal taxes consists of exactly 50% of the home voters pius a strict majority of foreign
voters. The opposite is true at the tax rate preferred by »*™, where a majority of federal
voters prefers lower federal taxes.

In other words, when the two regions differ, voters with the same risk parameters zf
and r*f, but residing in different regions, vote in different manners: residents of the
domestic (low risk) region tend to prefer lower federal tax rates than their foreign
counterparts. This regional disagreement, however, is milder than in the case of
intergovernment iramsfer; it is mitigated by the fact that a centralized social insurance
system also redistributes across individuals, while am intergovernment transfer only

redistributes across regions. For this reason, under federal social insurance the voters form
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coalitions across regioms, whereas that was not true for intergovernment iransfers—cf
Proposition 3.

The political équ.i]ibrium with asymmetries satisfies:
Proposition T

If Q¢ 12, 77 > 7. Furthermore, in a neighborhood of @ =12, #V is higher

the larger the distance | @ —1/2 |.
To ptove it, consider first what happens as Q rises above 1/2. From Figure 1, we know
ihat voters in the home region now prefer a smaller value of r. To find someone who still
favors 5 one has to look for a higher risk (lower %) individual. And the opposite happens
in the foreign region. To capture this formally define:

AQ) = T =1, & {7B), 4B
A%(Q) = I(, 1- @ (87, E(mAN) =7 -

Thus, for any @, A(Q) measures by how much you have to move to the left of o
find a home region voter for whom ~ s optimal, givex @ By Figure 1, A(Q) >0 if
Q> 1/2. A¥(Q) is similarly defined for the foreign region. Since by Lemma 1 0(-) is
downward sloping and convexin &, we immediately have:
Lemma 2

IFQ>1/2, A%(Q)25(Q) >0
The higher value of @ means that you loose 1 12 - G(z™ — A(Q)) high—isk voters in the
home region who were earlier prepared to vote for a higher tax rate. But you also gain
G(x™ + A¥(Q)) — 1/2 low-isk voters in the foreign region who ate now prepared to vote
for a higher tax rate than before. If the distribution G were symmetric, the fact that
AY(Q) > A(Q) would mean that the coalition prepared to support a higher tax rate than
TS is now larger, which naturally would imply LN rs . But in Assumption 1 we instead
asiumed that the distribution was skewed to the left. That assumption can be
reformulated as:
Lemma 3
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Forany A*> A > 0, G(r™—A)+ Gz + A¥) > L.

Thus, the skewness assumption implies that you in fact gain more voters in the foreign
region than you loose voters in the home region, ever wher A(Q) = A¥(Q). This just
reindforces the pressure for a higher federal tax rate.

‘We can put the above pieces formally together. Lemmas 2 and 3 together imply
that the right—hand side of equation (16) evaluated 2t 7 = 7° is above nity, when O >
if2. Going through the same steps, it is easy to show ihat the same is true for Q < 1/2.
it follows from Figure 1 that A(Q) and A*(Q) are both increasing in the distance
| @—1/2|. Since, the lefi~hand side of (16) is decreasing in 7, by Lemma 1, Proposition
T follows. Note however that the proof is valid only locally, in a neighborhood of Q = 1/2.
The reason is that we have only established the convexity of #(-) in @ in a neighborhood
of = ro—f Lemma 1 and Appendix 2. QED.

The conclusién is thus that 77 is higher than 7‘S for two reasons. The
distribution of voters is more dense to the right than to the left of 7' c.f Lemma 3. And
to find a voter who favors 1-3 when ¢ is above 1/2 ome kas to move further to the right
in the foreign (high—risk) region than one has to move left in the home (low—tisk)
region—cf. Lemma 2. Taken together, these properties increase the gize of the coalition
who supports a higher federal tax rate.

The conclusion iz that regional asymmetries have opposite effects on the equilibria
in a federal social insurance system uynder voting and under bargaining. Under bargaining,
we have seen that regional asymmetzies reduce the equilibrium value of r. Under voting,
they increase it. The reason is that under bargaining, the balance of power shifts towards
the low—risk region, something which weakens the demands for redistribution, whereas
under vo;;ing the opposite happens.

There 1s another interesting difference between the two collective choice
mechanisms. The bargaining mechanism clearly guarantees that the participation

constraint of both countries is satisfied. Since the bargzining outcome, by definition, is
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better than autarky for the pivotal voter, it follows that a referendum in each region would
validate the federal arrangement.? The voting mechanism has no such guarantee. For
large enough asymmetries between the regions, the median voter in the low—risk region
may actually be better off in autarky, so that the federal arrangement would be rejected in
2 Jocal referendum. This suggests two questions for further work. First, how would 2
requirement that the participation constraint be respected modify the federal policy
outcome in political equilibrium with voting?® Second, could the simple-majoriiy,
equal—representation voting mechanism that we have studied be modified to eliminate the

threat of secession, or would it be necessary to alter the assignment of policy instrumenta?

6. Conclusions

Realistic restrictions on the policy instruments for interregional risk sharing introduce a
tradeoff between efficiency and redistzribution, How the conflicting interests of the regions
are resolved depends critically on the mechanism for collective choice. As we have seen,
the equilibrium solutions nnder bargaining and voting are pushed in opposite directions
relative to an efficient unrestricted risk—sharing scheme. The model predicts that federal
social insurance schemes decided upon by voting will oversupply regional risk gharing,
whereas federal intergovernment trausfer schemes decided upon by bargaining will
undersupply it. It would be interesting, but difficult, to confront these predictions with
data on the varation of fiscal programs across existing federations and time.

Even though the paper deals with positive issues, its demonstration of how federal
fiscal constitutions shape policy ontcomes obviously points towards the normative problem

8 If the bargaining gome bad a different threst point than sutarky, validation of the federal
arrangement would obviously not be automaticaily guarantecd (cf. Footnote 4 above).
9 See the papess by Buchanas and Faith {1987) and Bolton and Raland {1993) mentioned in the

Introduction.
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of institution design. When thinking about assigning policies to different levels of
government, many economisis would resort to Musgrave's dassical scheme, which
separates the public policy imstruments into different branches dealing with allocation,
distribution and stabilization, respectively. That framework is based on a Pigovian
perspective of benevolent government. But if policy decisions at different levels of
government are treated 2s political equilibrium outcomes—as they have been here-—the
Musgravian logic is unlikely to survive. In 3 companion paper (Persson and Tabellini
(1992)) we have made 2 preliminary attempt to address the institution—design issues as a
hierarchical princpal-agent problem augmented with collective choice.
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Appendix 1
Proof of Proposition 4
To prove Proposition 4 we proceed in steps. First, we compute the Pareto frontier of the
bargaining game. Next, we find the poini on the frontier that corresponds to the Nash
bargaining solution.

The Pareto frontier is the solution to the problem of maximizing a weighted sum of
the expected utilities of the median voters of both regions, (v + ™), with respect to
7, for an arbitrary weight 6. The first—order coadition for 2 maximum can be written as:
_eUL™(r, A) - (1-QUL (B, 7))

QU (™, B) ~ (-QUL™(B, 1)
By the discussion in the proof of Proposition 3, we can write cm('y, B =8 =73

(A1)

and =™y, f) = €™(f, 1) = &. Furthermore, from the world resource constraint, it follows
that ¢= ({¢), with C, < 0. We can thus rewrite (A.1) a5

_QU(d) - 1-9) U, (D)

CQUQD) - (1~Q) U (9
The point on the Pareto frontier that corresponds to the Nash bargaining solution is
still given by (7). Let J™(c), /™(c) and J™(p) be the indirect utility of the median
votexs in the good aggregate state, in the bad aggregate state, and in state p under

(A.2)

autarky, respectively. We can then characterize the equilibrium point by
_ Q) + (1-@)I™E(D) - (%) - (1-Q)I(B)
T QAR + (1979 — QB - (-QT(n)
Combining {A.2) and (A.3), we have
QU() - (1-Q) U (X?)
QU (Q@) - (1-Q)U(D)
QI™(E) + (1-@)J™(C(7)) — @I™(7) - 1-QI™(B)
@™ qe)) + (1-QI™E) - @IE) - (1~

(A3)

(A.8)
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We start by assuming @ > 1/2. Let us then evaluate (A4) at the point ¢ = ¢ At that
point, the lefi-hand side is equal to unity and decreasing in ¢ The right—hand side is
smaller than upity—since J79{7) > J7(f)—and increasing in ¢ Thus, the equilibrium
must have &> ¢, which in turn requires 77 < r°. Furthermore, the lefi~hand side of
(A.4) is increzsing in @, whereas the right—hand side is decreasing in Q. It follows that
A is lower if @ is higher.

Bepeating the same argument, for ¢ < 1/2, we find that  is smaller than 7°
and smaller in value the smaller is Q. Finally, if @ = 1/2, the only possible solution to
(A4)has T= ¢, implying 7" = r°. This completes the proof of Proposition 4. QED.

Appendix 2

Proof of I;emma i
Rewrite {15) as:
(A.5) Hr, «, & 420, 4,7)) =0 -

Simple algebra proves that H rf < 0. By the second—order conditions, HT < 0. By the

implicit function theorem, we then obtain properiy (i). Single-peakedness of preferences
. follows from the second—order conditions and from noting that the preferences belong to
the class of intermediate preferences studied by Grandmont (1978).

When evaluated at the eguilibrium values of v,5) and #g,7), obtained from (4),
¢quation (15) can be rewritten as
(A6) QU™ MF™ (7, ©) + (-QU L BNFE, ) = o,
where F™(, xl) = —(/™p(1 — (B+1)/2) + (B+1)1-p)(i—pr)f2(1—ps™), p =, 6,
and where it is undersiood that, ¢"{p,p*) is a function of 7. Holding r constant, (A.6)
can in turn be rewritten as

(A7) K, «, @ ™).
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Some algebra proves that K Q < 0 and that K QQ <@ for r= 5. This proves property
(ii). Finally, property (iii) is obtained by uoting that K(r°, 2™ 1/2; 1™) = 0 is satisfied

for any value of P






