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Summary. In a neoclassical growth model with many regions and a mobile factor,
two federal arrangements are considered. In the ﬁrst federal arrangement the central government chooses a uniform tax policy, whereas in the second each regional
government chooses its own tax policy. The main result is that the ﬁrst federal
arrangement leads to high tax rates and economic stagnation, whereas the second
leads to low tax rates and economic growth. This result stems from a time consistency problem. The lack of tax competition forces a time consistency problem on
the central government under the ﬁrst federal arrangement. In contrast, regional tax
competition acts as a commitment device under the second federal arrangement.
The fundamental feature in the environment that gives rise to different abilities of
the state to commit is the different structure of authority within the state.
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1 Introduction
Motivated in large part by the pioneering work of Riker (1964), there has been
increased interest in federalism and its effects on economic performance. Many
 This is a revision of Chapter 3 of my University of Minnesota Ph.D. I thank my advisor Edward
C. Prescott for his encouragement and numerous helpful discussions. I also thank Tim Kehoe for many
useful discussions as well as Beth Allen, Berthold Herrendorf, Arilton Teixeira and two anonymous
referees for helpful comments. This research was assisted by an International Predissertation Fellowship
from the Social Science Research Council and the American Council of Learned Societies with funds
provided by the Ford Foundation.
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scholars argue in various ways that federalism has ﬁrst-order effects on economic
development. This paper makes a theoretical contribution to this literature by formalizing an environment in which federal arrangements with different structures
of authority lead to different equilibrium growth rates.
Most closely related to the main theme of this paper is recent research on
federalism that addresses a fundamental problem in government: how to design the
state so that it can commit not to expropriate in the future. This classic problem
is called the time consistency problem in the macroeconomics literature.1 Some
recent work on this issue includes North and Weingast (1989), Weingast (1995)
and Greif (1998). North and Weingast (1989) argue that the separation and balance
of powers within the central government are main checks. Weingast (1995) argues
that by challenging policy transgressions, citizens keep the government in check. In
the historical case of Genoa, Greif (1998) suggests that a balance of power among
clans within government limits intrusive policies. This paper formalizes a different
mechanism: regional tax competition that can commit the state not to expropriate
in the future.
I consider two federal arrangements in a standard neoclassical growth model
with many regions and a mobile factor, human capital, which is the key factor to economic growth. The fundamental difference between the two federal arrangements
is their different structures of policy authority within the state. In the ﬁrst federal
arrangement, the central government chooses a uniform tax policy for all regions.
In the second federal arrangement, each regional government non-cooperatively
chooses its own regional tax policy. Due to the mobile factor, regional governments
face tax competition under the second federal arrangement. In contrast, the central
government, which chooses a uniform tax policy, faces no tax competition under
the ﬁrst federal arrangement. The main result is that different choices of economic
policy arise in equilibrium under the two different federal arrangements, which
lead to different rates of human capital investment and thus different growth rates.
This result stems from a time consistency problem. Under the ﬁrst federal arrangement, the lack of regional tax competition forces a time consistency problem on
the central government. While under the second federal arrangement, regional tax
competition acts as a commitment device. In this particular environment, the devolution of tax policy authority from the central government to regional governments
introduces regional tax competition, which removes the time consistency problem
and commits the state not to expropriate in the future. The fundamental feature in
the environment that gives rise to different abilities of the state to commit is the
different structure of authority within the state.
This paper is also related to branches of research within growth theory including
human capital, political elites and total factor productivity as well as local public
ﬁnance. Speciﬁcally, there is a large body of related literature on human capital,
which is largely due to the pioneering work of Romer (1986) and Lucas (1988),
and more recently Lucas (2002). Recent work by Acemoglu and Robinson (2000,
2002) has introduced political elites into a growth theory framework, offering a
1 See Kydland and Prescott (1977). Related recent research on government in macroeconomics
includes Persson and Tabellini (2000), which explores various aspects of policy decision.
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complementary approach to the general theme of this paper. While the focus of
this paper is on the discovery of new technologies, another related tradition within
growth theory emphasizes the adoption of existing technologies.2 This model extends many tax competition results, which are related to a body of literature on
local public ﬁnance stemming from Tiebout (1956) (such as Kehoe (1989)), into a
dynamic general equilibrium framework.
The remainder of this paper is organized as follows. In Section 2, the environment is described. Section 3 introduces groups in the dynamic game, federal
arrangements and equilibrium deﬁnitions. Section 4 presents the main result of existence and characterization of equilibrium under both federal arrangements, Section
5 concludes and the Appendix gives all proofs.
2 Model environment
This section describes regions, preferences, endowments, land ownership, technology, the groups in and the timing of the sequence of actions in the dynamic game.
Before specifying the environment, however, a brief comment about notation and
dynamic games is in order.
Introducing game theoretic elements into growth theory presents many notational problems. One method to simplify the presentation of the desired economics
is not to present the model in its most general framework. For example, symmetry
can be exploited to drastically reduce notation. In this model groups play a dynamic
game. In a model with measure one of regions, only regionally symmetric equilibria
are considered. This could be modeled formally as an anonymous game. A state
space of type deﬁning characteristics could be given for each period. A measure,
deﬁned on the Borel sigma algebra of the state space and describing the measure of
regions with a set of types, could be used to keep track of the relevant groups in the
regions. However, since only regionally symmetric equilibria are considered, this
would amount to keeping track of a Dirac measure across time. In this paper the
players and their choices are not formally introduced in game theoretic language,
but rather more closely follow the dynamic general equilibrium tradition. Many
opportunities to simplify notation in the environment will be exploited, including
using some obvious equilibrium conditions. This approach reduces notation and
illustrates the desired economics more clearly.
There is measure one of ex ante identical regions, each of which has an initial
population of measure two and a land endowment of L = 1. There is no population
growth and each region has a maximum population limit of measure M > 4.
There is no cost for either people or goods to move across regions. Only regionally
symmetric equilibria are considered.
People live two periods and preferences over consumption are ordered by
U (ct , ct+1 ) = log ct + β log ct+1 , where β > 0. People are endowed with (ω, ω)
2 This literature emphasizes the importance of cross-country differences in total factor productivity
(TFP); see Klenow and Rodriguez-Clare (1997), Prescott (1998), and Hall and Jones (1999). One well
established theory of cross-country TFP differences is that of vested interests blocking new technologies; see Olson (1982), Mokyr (1990), Krusell and Rios-Rull (1996), Parente and Prescott (2000), and
Herrendorf and Teixeira (2003).

632

R.A. Edwards

units of the consumption good and (1, ε) units of labor services, where 0 < ω and
0 < ε < 1.3 A young either becomes a student or worker. A date t student has
a factory when old that can be operated anywhere or not at all. This factory is of
type ht+1 , which is also his level of human capital and is a function of the date t
aggregate knowledge.
Land in each region is owned by that region’s old. Land does not depreciate and
at the end of the period each region’s land is inherited by the young in that region.
The consumption good is produced by both factory and household technologies,
which are available in all regions. The factory technology requires human capital
and labor services as inputs. A person with ht units of human capital who hires
nf,t units of labor services produces Bf hθt n1−θ
f,t units of the consumption good
(0 < θ < 1). A factory is the factory manager and his workers producing in a city
away from the household and farm. The household technology requires both land
and labor services as inputs. The application of nh,t units of labor services on lt
units of land produces Bh ltφ n1−φ
h,t units of the consumption good (0 < φ < 1).
A household ﬁrm is the labor and land used in household and farm production.
Household ﬁrms, which are tied to land, are not mobile, whereas factories are
mobile.
Human capital is accumulated from a learning externality, which is related to
the aggregate stock of knowledge, At . One region’s stock of knowledge, at , is
the product of that region’s measure of factory managers with the average factory
manager’s level of human capital, i.e. at = zf,t ht . The aggregate stock of knowledge, At , is the sum of stocks of knowledge across regions. A date t young who
becomes a student will, when old, have a level of human capital determined by the
expression, ht+1 = Φ(At ) = max{1, γAt }, where γ > 1. No current period consumption good is produced from learning. The initial stock of aggregate knowledge
is normalized to one, i.e. A1 = 1.
Output is subject to taxation, which includes expropriation. Tax rates are technology speciﬁc. Output from factories can be taxed at any rate, while household
output, being relatively difﬁcult to observe, has a maximum feasible tax rate of
τ < 1. Let τt = (τf,t , τh,t ) denote the period t factory and household tax rate pair
or tax policy. Feasible tax rates satisfy: 0 ≤ τf,t ≤ 1 and 0 ≤ τh,t ≤ τ < 1.
In this environment, within each period we can consider the players in this
dynamic game as three groups: government(s), young and old. Under the ﬁrst
federal arrangement, the central government chooses a uniform tax policy for all
regions. Under the second federal arrangement, each regional government noncooperatively chooses its own tax policy. Governments are the only large players
in the dynamic game and maximize current period tax revenue.4

3 Note that a strictly positive amount of goods and labor services is assumed in order to ensure
continuity of the budget correspondence in the proof of existence.
4 Note that a period in this model is about 30 years. Also note that under the second federal arrangement regional governments are large only in their own region. They do not affect aggregate variables
since there is a maximum population limit in the region. Under the ﬁrst federal arrangement the central
government can affect aggregate variables. The fundamental cause of these different effects is different
distributions of authority within government.
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There are young and old groups in the regions and borrowing and lending can
occur within but not across generations. Each young group lives in a region and can
allocate a fraction of its members to be students and the remainder to be workers.
The young group maximizes its utility. Lotteries could be used to determine which
young are allocated as chosen by the group. Given the convexity of preferences,
however, all members of the group receive the same consumption plan so that
lotteries are not formally required. In each region a young group is of some measure,
which can be assumed to be one without loss of generality, so having one young
group per region sufﬁces. Each young group inherits the region’s land at the end
of the period. When old, this group maximizes its consumption and outcomes
are determined competitively.5 Thus each region will have a group of young and
old each of measure one. Since only symmetric equilibria are considered we may
restrict our attention to the representative region. Thus in this dynamic game the
players consist of three groups: government(s), and the representative young and
old groups.
In each period these groups play a three-stage game with the following choices.
At stage 1, young groups assign members as student or worker. At stage 2, the date
t government(s) chooses tax rates. At stage 3, factories move to the region with
the lowest tax rate and outcomes are determined competitively. Note in stage 3 the
wage rate will be the same in all regions.
3 Federal arrangements and equilibrium deﬁnitions
In each period two tax policies will be considered, τt = (τf,t , τh,t ) and τ t =
(τ f,t , τ h,t ). These tax policies are interpreted as the tax policy in one region, τt ,
and the tax policy in all other regions, τ t (hereafter τ t = (τt , τ t )). In Section 3.1
a sequence of tax policies, τ = {τ t }∞
t=1 , is taken as given and the representative young and old groups’ utility maximization problems are formally introduced.
Given, τ , a τ -equilibrium is deﬁned. In Sections 3.2 and 3.3 the ﬁrst and second federal arrangements are described, the government(s) problem is formally presented
and equilibrium is deﬁned for both federal arrangements.
3.1 Young and old groups and τ -equilibrium
It will be useful to introduce some notation for aggregate variables. Given that
each member of a young and old group will receive the same allocation, it follows
that in each region all factories will be identical and similarly for household ﬁrms.
Introducing measures of factories and household ﬁrms in each region and exploiting regional symmetry, one can then express economy-wide aggregate output as:
1−φ
1−θ
Bf Aθt Nf,t
+ Bh Nh,t
, where Nf,t and Nh,t are aggregate factory and household
labor demands; hereafter Nt = (Nf,t , Nh,t ).6 Note that since there is measure one
5

Note that it is assumed that loan repayment within a group can be enforced even if one moves to
another region.
6 This simpliﬁcation in notation requires the labor and land market clearing conditions, regional
symmetry and the law of motion for the economy-wide stock of knowledge.
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of regions and only regional symmetric equilibria are considered, the economywide aggregate output and the representative region’s output will be equal.7 To
economize further on notation other aggregate variables will be denoted as follows: old group’s labor supply to factories and households, Et = (Ef,t , Eh,t );
the young group’s labor supply to factories and households and the number of
young allocated to be students, Xt = (Xf,t , Xh,t , Xs,t ); factory and household
wages, Wt = (Wf,t , Wh,t ); and generation t’s consumption when young and old,
t
C t = (Ctt , Ct+1
). Next the representative old and young groups’ utility maximization problems will be formally introduced.
Given A1 , W1 and τ 1 the initial old maximize their utility:
max log C10

(1)

C10 ,N1 ,E1

s.t.
1−φ
− Wh,1 Nh,1
C10 ≤ (1 − τh,1 )Bh Nh,1
θ
+(1 − min{τf,1 , τ f,1 })Bf Aθ1 Nf,1
− Wf,1 Nf,1

+Eh,1 Wh,1 + Ef,1 Wf,1 + ω,
Eh,1 + Ef,1 = ε .
Note that given the option of two factory tax rates, τf,1 and τ f,1 , the factory manager
will migrate to a region that offers the lowest tax rate. This feature represents the
third stage of the period game. After regions choose their tax policies, factories
migrate accordingly. Formally, this could be modeled as the factory manager’s best
response function given the tax policy τ t = (τt , τ t ). In the above formulation
notation is reduced by simply using the smaller tax rate in the computation of after
tax income. The formulation of generation t’s problem is introduced in a similar
way.
For a generation t − 1 group that allocated Xs,t−1 young to be students, each
having Φ(At−1 ) units of human capital, given taxes and wages, after tax income
from factory and household production can be expressed as:
πf (Xs,t−1 , At−1 , Wf,t , τ t , Nf,t )
1−θ
= (1 − min{τf,t , τ f,t })Bf (Φ(At−1 )Xs,t−1 )θ Nf,t
− Wf,t Nf,t
and

1−φ
πh (Wh,t , τ t , Nh,t ) = (1 − τh,t )Bh Nh,t
− Wh,t Nh,t

respectively .

7 Note that although the values of the representative region’s and the economy-wide aggregate output
agree, they are with respect to measures of different dimensions. Nonetheless, notation shall be abused
here and capital letters will be used to represent both the representative region’s and the economy-wide
aggregate variables. The context of their use will determine their interpretation, with the exception of
At , which will always be interpreted to be the economy-wide stock of knowledge.
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Given At , Wt , Wt+1 and τ t+1 , the generation t young group maximize lifetime
utility:8
max

C t ,Xt ,Nt+1 ,Et+1

t
log Ctt + β log Ct+1

(2)

s.t.
Ctt ≤ Wf,t Xf,t + Wh,t Xh,t + ω,

t
Ct+1
≤ πf (Xs,t , At , Wf,t+1 , τ t+1 , Nf,t+1 )

+πh (Wh,t+1 , τ t+1 , Nh,t+1 )
+Ef,t+1 Wf,t+1 + Eh,t+1 Wh,t+1 + ω,

Xs,t + Xf,t + Xh,t = 1 and Ef,t+1 + Eh,t+1 = ε .
Deﬁnition T. Given a sequence of tax policies,τ = {τ t }∞
t=1 , a τ -equilibrium is a
non-negative sequence C10 , {At+1 , Wt , Xt , Et , Nt , C t }∞
t=1 such that for all t ≥ 1
the following four conditions hold:
1. Given A1 , W1 and τ 1 the initial old group’s problem is solved by C10 , N1 , E1 ;
i.e. it solves (1),
2. Given At , Wt , Wt+1 and τ t+1 the generation t young group’s problem is solved
by C t , Xt , Nt+1 , Et+1 ; i.e. it solves (2),
3. The consumption good, labor and land markets clear,
4. The young group’s choices are consistent with the law of motion for the
economy- wide stock of knowledge; i.e. At+1 = Φ(At )Xs,t .

3.2 First federal arrangement and deﬁnition of equilibrium
In this section the ﬁrst federal arrangement is described and the central government’s
problem is fully speciﬁed. Lastly, equilibrium under the ﬁrst federal arrangement
is deﬁned.
In the ﬁrst federal arrangement the central government has the authority to
choose tax policy. The central government chooses a uniform tax policy for all
regions that maximizes current period aggregate tax revenue. In the ﬁrst federal
arrangement the regional governments enforce the central government’s choice of
policy and we otherwise abstract from the regional governments.
8 Note that formally X
t+1 . This function would be the best response function in
s,t depends on τ
the dynamic game. The best response function, Xs,t (τ t+1 ), would provide the value to be taken as
given in the government problems. In order to reduce notation, these best response functions are not
presented. Rather they are treated as ﬁxed values. It should be pointed out that this minimal exposition
is sufﬁcient in order to prove and characterize equilibrium. If equilibrium values for these variables are
proved to exist one can easily formally deﬁne a best response function where the desired equilibrium
results by appropriately deﬁning best responses for off equilibrium tax policies.
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Given At−1 , Xt−1 and Nt the period t central government maximizes current
tax revenue:9
1−φ
1−θ
max
τf,t Bf (Φ(At−1 )Xt−1 )θ Nf,t
+ τh,t Bh Nh,t
t
τ

(3)

s.t.
0 ≤ τf,t ≤ 1,

0 ≤ τh,t ≤ τ < 1

and τt = τ t .

Since the central government picks a uniform tax policy for all regions, there
is no possibility of factory migration. Lastly, the deﬁnition of equilibrium is given
for the ﬁrst federal arrangement.
Deﬁnition F1. Under the ﬁrst federal arrangement, a symmetric equilibrium
is a sequence of tax policies, τ = {τ t }∞
t=1 , and a non-negative sequence
C10 , {At+1 , Wt , Xt , Et , Nt , C t }∞
t=1 such that the later is a τ -equilibrium and such
that for every t ≥ 1, given At−1 , Xt−1 and Nt the period t central government’s
choice of τ t solves (3).10
3.3 Second federal arrangement and deﬁnition of equilibrium
In this section the second federal arrangement is described and the regional government’s problem is fully speciﬁed. Lastly, equilibrium under the second federal
arrangement is given.
Under the second federal arrangement each regional government has the authority to choose its own regional tax policy. Each regional government behaves
non-cooperatively with respect to other regions and maximizes current period regional tax revenue. We abstract entirely from the central government in the second
federal arrangement.
The key feature of the second federal arrangement, which is absent in the ﬁrst, is
regional tax competition. An important aspect of the regional government’s problem
will be to consider an off equilibrium event, namely factory migration to a region
with a lower tax rate. Since only regionally symmetric equilibria are considered,
we can restrict our attention to the case of a single regional government when all
other regional governments choose the same tax policy.
Formally, given, At−1 , Xt−1 , Nt and the tax policy, τ t , of all other period t
regional governments, the regional government chooses τt to solve:
max
τt

1−φ
1−θ
τf,t λ(τt ; τ t )Bf (Φ(At−1 )Xt−1 )θ Nf,t
+ τh,t Bh Nh,t

(4)

9 A subtle but important feature of this speciﬁcation in this environment is that the period t central
government’s choice of current period tax rates has no strategic interaction with future central government choices. The current old managers do not consider future central government taxes since they are
only concerned with current consumption. Since the young choose their actions ﬁrst, the central government takes the young’s actions as given. This eliminates any inﬂuence between central governments of
different periods. Consequently, there is no strategic interaction among the big players. It is likely that
by considering Markov equilibria in terms of tax policies, the main result of this paper would remain if
the sequence of government and young actions were reversed.
10 Here, let Φ(A )X ≡ A . Recall A is a parameter that is normalized to one.
0
0
1
1
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s.t.
0 ≤ τf,t ≤ 1
where,

and 0 ≤ τh,t ≤ τ < 1


0, if τf,t > τ f,t



λ(τt ; τ t ) = 1, if τf,t = τ f,t



λ̃, otherwise.

In the region considered, the measure of factories λ(τt ; τ t ), depends on both the
region’s tax policy τt , the tax policy of other regions τ t , and many other variables.11
If τf,t > τ f,t , all factories in the region move to other regions to produce at the
lower factory tax rate τ f,t . If τf,t = τ f,t , then factories stay and factory output
is the same in all regions. If τf,t < τ f,t , then factories from other regions will
move into the region until the maximum regional population density is reached and
1−θ 12
total factory output in the region will be λ̃Bf (Φ(At−1 )Xt−1 )θ Nf,t
. The factory
migrations can be modeled formally by a lottery that has the property that no other
region’s variables or the economy-wide variables are affected.13
Deﬁnition F2. Under the second federal arrangement, a symmetric equilibrium is a sequence of tax policies τ = {τ t }∞
t=1 and a non-negative sequence
C10 , {At+1 , Wt , Xt , Et , Nt , C t }∞
such
that
the
later is a τ -equilibrium and such
t=1
that for every t ≥ 1, given At−1 , Xt−1 , Nt and the tax policy in other regions, τ t ,
the regional government’s choice of τt solves (4) and τt = τ t .
4 Main result: equilibrium existence and characterization
Theorem – Main result. There exists a non-empty, open set of parameters, Ω,
such that for any economy µ ∈ Ω, both federal arrangements admit the existence
of a symmetric equilibrium. In addition, all symmetric equilibria are characterized
as follows:
(F1) For any symmetric equilibrium under the ﬁrst federal arrangement forµ, the
following three properties hold for all t ≥ 1:
11 Implicitly embedded in this measure is the best response of factory managers given the tax policies,
τt and τ t . Note that since only symmetric equilibria are considered, all factories will be the same. This
feature is exploited in the expression for the regional factory tax revenue. Note that there is one situation
for which this formulation is not completely satisfactory. Consider the case where one region undercuts
all the other regions’ factory tax rate. Implicitly, there is a lottery for the chance to migrate since there is
a population limit. Those afforded the opportunity may, when young, invest more in human capital than
all other young. Off equilibrium events such as this could be handled by a more general functional form
for factory tax revenue, which would depend on the same variables but would not include the expression
of the product of a measure and the typical factory output. This type of factory output function could
express the region’s factory output for all such off equilibrium events. To keep notation to a minimum
in this paper, the more general form of the regional factory output, which would be a function of τ t and
many other variables, is not given.
12 The region’s total factory output will be greater than that of other regions and will depend on many
variables.
13 This lottery is described in the Part 4 of the proof of the main result.
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F1-1. τt+1 = (1, τ ),
F1-2. Xs,t = 0,
F1-3. At+1 = 0 and Yt = Bh (1 + ε)1−φ ,
(F2) For any symmetric equilibrium under the second federal arrangement forµ,
the following three properties hold for all t ≥ 1:
F2-1. τt+1 = (0, τ ),
F2-2. Xs,t > 0,
F2-3. limt→∞ At = ∞ and limt→∞ Yt = ∞.
Proof. See Appendix.
The intuition behind this result is simple. The key to growth is the increase of the
stock of knowledge, which is determined by individual human capital investment
decisions. Consider a young person deciding whether to invest in human capital
today. The expected future return on this investment is crucial. Under the ﬁrst federal
arrangement, the young person knows that in the future he will have nowhere to run.
Therefore, the central government will expropriate the returns of his investment.
Consequently, he does not invest in human capital, the aggregate stock of knowledge
remains constant and stagnation results. Under the second federal arrangement, the
young person knows that in the future he will be able to move to another region if
any regional government raises its tax rate. Moreover, he knows that tax competition
for factory tax revenue will then drive the factory tax rates to zero. Consequently,
he invests in human capital, the aggregate stock of knowledge increases and growth
results.

5 Conclusion
This paper introduces two federal arrangements into a neoclassical growth model
with many regions and a mobile factor, human capital, which is the key to growth.
Under the ﬁrst federal arrangement the central government chooses a uniform tax
policy for all regions, whereas under the second, each regional government noncooperatively chooses its own tax policy. For both federal arrangements, equilibrium is shown to exist. Under the ﬁrst federal arrangement, equilibrium is characterized by high tax rates, no human capital investment and stagnation. Under the
second federal arrangement, equilibrium is characterized by low tax rates, positive
human capital investment and growth. This result stems from a time consistency
problem. The lack of tax competition in the ﬁrst federal arrangement forces a time
consistency problem on the central government so that the state is unable to commit
not to expropriate in the future. In contrast, regional tax competition in the second
federal arrangement acts as a commitment device and allows the state to commit
not to expropriate in the future. In this particular environment, the devolution of
tax policy authority from the central government to the regional governments introduces regional tax competition, which removes the time consistency problem,
and commits the state not to expropriate in the future. It must be emphasized that
this is only a theoretical argument and that its relevance to the process of long run
economic growth requires an analysis of evidence.
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This paper contributes to an emerging body of literature in growth theory (particularly Acemoglu and Robinson, 2000, 2002) that emphasizes the role of government in long run economic performance. An interesting extension of the growth
model with federal arrangements presented here would be to formally introduce
government ofﬁcials into the model by giving them utility functions. Government
could be formally modeled as a dynamic coalition including both young and old
ofﬁcials. A dynamic problem for the government would allow the old ofﬁcials to
set tax rates to maximize their utility subject to a participation constraint, where the
young ofﬁcials were offered a consumption plan that gave a lifetime utility level at
least that of other career options.
This paper shows that the relationship between the state and long run economic
performance can be analyzed by introducing game theoretic elements into a standard neoclassical growth model in a tractable way. This relationship can also be
analyzed by considering how different structures of authority within the state affect the interactions between government ofﬁcials and vested interest groups in the
economy. When vested interest groups seek to inﬂuence government policy, different structures of authority within the state will give rise to different equilibrium
policy choices in response. Exploration of the various ways the structure of authority within the state affects the government’s equilibrium economic policy choice
and property right enforcement is an important and promising direction of future
research in economic development.

Appendix
The proof of the main result is broken into four parts. A subspace of parameters is
deﬁned that is non-empty and open with respect to the standard Euclidean subspace
topology. Parts 1 and 2 prove existence and characterize symmetric equilibria under
the ﬁrst federal arrangement (F1), and similarly for Parts 3 and 4 under the second
federal arrangement (F2).
12
Deﬁne our non-empty, open set of parameters P ⊆ R+
as
12
P ≡ {(L, A1 , M, θ, Bf , Bh , φ, γ, τ , ε, ω, β) ∈ R+
|L

= 1, A1 = 1, M > 4, 1 > θ > 0,
Bf > 0, Bh > 0, 1 > φ > 0, γ > 1, 1 > τ > 0, 1 > ε, ω > 0, β > 0}.
Part (1). Existence under F1. This is a constructive existence proof. Fix µ ∈ P .
For all t ≥ 1 set At+1 = 0, τt = τ t = (1, τ ), Wh,t = (1 − φ)(1 − τ )Bh (1 +
t
ε)−φ , Wf,t = Xs,t = Xf,t = Ef,t = Nf,t = 0, Ct+1
= (1 − τ )Bh (1 + ε)1−φ −
0
Wh,t+1 +ω, Nh,t −ε = Xh,t = 1, C1 = (1−τ )Bh (1+ε)1−φ −Wh,1 +ω, Eh,t = ε,
and Ctt = Wh,t + ω. It is easy to show that this sequence satisﬁes deﬁnition F1.


Part (2). Characterization under F1. Fix any µ ∈ P and consider any
symmetric equilibrium under the ﬁrst federal arrangement, τ = {τ t }∞
t=1 and
C10 , {At+1 , Wt , Xt , Et , Nt , C t }∞
t=1 .
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For all t ≥ 1, τt = (1, τ ): Since labor supply and demand were determined
before policy was chosen, household tax rates must be maximal. It follows that if
some factory tax rate was not maximal, factory output must be positive. Since all
regions have the same factory tax rate, the previous argument also applies to factory
tax rates. Thus tax rates must be maximal for all t ≥ 1.
For all t ≥ 1, Xs,t = 0 : Suppose by way of contradiction that for some
t ≥ 1, Xs,t > 0. Since factory tax rates are maximal it is easy to show that
generation t could have increased its lifetime utility by sending Xs,t to work for a
strictly positive household wage. Thus Xs,t = 0 for all t ≥ 1.
For all t ≥ 1, At+1 = 0 and Yt = Bh (1 + ε)1−φ : Follows from Xs,t = 0 for
all t ≥ 1.


Part (3). Existence under F2. This proof follows standard pure exchange overlapping generations equilibrium existence proofs, such as in Balasko and Shell (1980),
with some modiﬁcations to accommodate both production and an externality. Fix
any µ ∈ P . The existence proof is presented in ﬁve steps. Step 1 introduces a modiﬁed economy and its equilibrium concept. Step 2 constructs a set, ∆, that is compact
in the product topology and contains all equilibria for the modiﬁed economy. Step
3 deﬁnes and proves the existence of a T-period truncated, modiﬁed economy. In
this key step, a modiﬁcation to the standard existence proof will be introduced in
order to accommodate the learning externality. Step 4 exploits the compactness of
∆ to ﬁnd a limit of a sequence of truncated economies and shows that the limit is an
equilibrium for the modiﬁed economy. Step 5 uses the equilibrium for the modiﬁed
economy to produce the desired symmetric equilibrium.
Step 1) Introduce a modiﬁed economy and its deﬁnition of equilibrium.
First, set τt = τ t = (0, τ ) for all t ≥ 1. Before introducing the modiﬁed utility
functions, it will be helpful to ﬁrst bound equilibrium wages. Consider only wages
where Wf,t = Wh,t = Wt > 0 for all t ≥ 1. An equilibrium with such wages
will be produced. We can now simplify the analysis by abstracting from the splits
in labor supply decisions. The young’s labor supply will be (1 − Xs,t ) and the old
will inelastically supply ε units of labor services. Since wages in the two sectors
are equal, any split that gives rise to the total labor supply will be an equilibrium,
i.e. there will be a continuum of labor splits for the equilibrium total labor supply.
Later, we will produce one split that gives rise to the equilibrium total labor supply.
Next we bound equilibrium wages.
Lemma 3.1. Given µ ∈ P, there exists W > W > 0, such that for any feasible
stocks of knowledge, if Wt = Wf,t = Wh,t > 0 and the period t labor market
clears, it must be that
W ≤ Wt

and Wt ≤ W t ≡ γ t W .

Proof. Using household and factory labor demands, the inelastic labor supply of
the old, ε, and the maximum labor supply M , it is straightforward to derive the
desired W > W > 0, (which do not depend on β) from labor market clearing
conditions.
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We next introduce a modiﬁed economy. The utility functions and the consumption sets will be modiﬁed and then modiﬁed utility maximization problems will be
presented.
It shall be helpful to load production into the utility function so that a linear
Arrow-Debreu budget constraint can be used. Deﬁne,
Ũt (ct , kt , xt , nf,t+1 , nh,t+1 )
θ 1−θ
≡ log ct + β log[(1 − τ )Bh n1−φ
h,t+1 + Bf (Φ(At )xt ) nf,t+1 + kt ],

where ct is consumption when young, xt is the measure of young sent to learn,
and where nf,t+1 and nh,t+1 are the labor demands for the factory and household
ﬁrms respectively. Lastly, the sum of after tax production and kt is consumption
when old. Restrictions will be imposed on consumption sets to guarantee that only
strictly positive arguments enter the log functions.
Next, we produce a modiﬁed utility function and consumption set for each
generation. Consider the standard utility function log x + β log y deﬁned on and
2
the closed, convex upper contour set Uω = {(x, y) ∈ R++
| log x + β log y ≥
log ω + β log ω}. In any equilibrium the consumption plan of any generation will
be an element of Uω , since everyone has an endowment (ω, ω) of the consumption good. In addition we can bound period t consumption by feasible aggregate
production. For all t ≥ 1, let Y t = Bh M 1−φ + Bf (γ t+1 )θ M 1−θ + 2ω and
2
|x, y ≤ Y t }. Any equilibrium consumption plan
Uωt = Uω ∩ {(x, y) ∈ R++
t
t
clearly must satisfy, (Ct , Ct+1
) ∈ Uωt . Therefore there exists a strictly positive
t t
2
2
vector, (ct , ct+1 ) ∈ R++ , such that the set {(x, y) ∈ R++
|x ≥ ctt , y ≥ ctt+1 }
t
t
contains the set Uω in its interior. Now let ut = log ct + β log ctt+1 and deﬁne our
modiﬁed utility function for generation t as:
Ut (ct , kt , xt , nf,t+1 , nh,t+1 ) ≡ Ũt (ct , kt , xt , nf,t+1 , nh,t+1 ) − ut .
The generation t consumption set is deﬁned as:
Z t ≡ {(ct , kt , xt , nf,t+1 , nh,t+1 ) ∈ R5 |ct ≥ ctt , 1 ≥ xt ≥ 0, nf,t+1 , nh,t+1 ≥ 0
and
kt ≥ k t (ct , xt , nf,t+1 , nh,t+1 )},
where,
k t (ct , xt , nf,t+1 , nh,t+1 )
θ 1−θ
≡ ctt+1 − min{Y t+1 , (1 − τ )Bh n1−φ
h,t+1 + Bf (Φ(At )xt ) nf,t+1 }.

This formulation of the consumption set is standard with the exception of the lower
bound on kt . The lower bound guarantees that the sum of after tax production and
kt is at least ctt+1 > 0. The consumption set also guarantees a minimum level
for young consumption of ctt > 0, so that the utility function is well deﬁned.
Thus by construction, the consumption set is bounded below by (ctt , ctt+1 ), i.e.
2
(ctt , ctt+1 ) ≤ (ctt , ctt+1 ) for all (ctt , ctt+1 ) ∈ Z t , where (ctt , ctt+1 ) ∈ R++
, ctt ≡ ct
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θ 1−θ
and ctt+1 ≡ (1 − τ )Bh n1−φ
h,t+1 + Bf (Φ(At )xt ) nf,t+1 + kt . This fact will be used
later to bound consumption good prices. Deﬁne the initial old’s utility function and
consumption set as follows,
θ 1−θ
U0 (k0 , nf,1 , nh,1 ) ≡ log[(1 − τ )Bh n1−φ
h,1 + Bf A1 nf,1 + k0 ] − log

ω
2

and
Z 0 ≡ {(k0 , nf,1 , nh,1 ) ∈ R3 |nf,1 , nh,1 ≥ 0
and
θ 1−θ
k0 ≥ ω/2 − min[Y 1 , (1 − τ )Bh n1−φ
h,1 + Bf A1 nf,1 ]}.

Finally note that the restrictions imposed on all consumption sets exclude no equilibrium household allocations, since only equilibrium conditions were used. We
next introduce the modiﬁed utility maximization problems.
Initial old group’s utility maximization problem: Given A1 , p1 and w1 the initial
old group’s problem is given by:
max U0 (k0 , nf,1 , nh,1 )
(k0 , nf,1 , nh,1 ) ∈ Z 0

(5)

s.t.
p1 k0 ≤ w1 (ε − nf,1 − nh,1 ) + p1 ω.
Generation t young group’s utility maximization problem: Given At , pt , pt+1 , wt
and wt+1 the generation t young group’s problem is given by:
max Ut (ct , kt , xt , nf,t+1 , nh,t+1 )
(ct , kt , xt , nf,t+1 , nh,t+1 ) ∈ Z

(6)

t

s.t.
pt ct + pt+1 kt ≤ wt (1 − xt ) + wt+1 (ε − nf,t+1 − nh,t+1 ) + (pt + pt+1 )ω .
Note that the proﬁt maximization problems are embedded in the modiﬁed utility
maximization problems (5) and (6). In their essentials, these modiﬁed utility maximization problems resemble standard utility maximization problems for a pure
exchange overlapping generations economy with two goods in each period. The
consumption sets, Z t , Z 0 are all closed, convex and bounded below. In addition the
utility functions Ut , U0 are well deﬁned on Z t , Z 0 respectively, non-negative, C 2 ,
strictly increasing in all their arguments, and strictly concave. Furthermore, each
generation has a linear Arrow-Debreu budget constraint. Note that each generation
is endowed with a strictly positive amount of each good, so there is an element
in the interior of the consumption set that is affordable at any non-negative set of
prices. Next, equilibrium good and labor market clearing conditions are presented.
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Period t consumption good and labor market clearing:
ct + kt−1 = 2ω

and nf,t + nh,t = (1 − xt ) + ε .

Recall kt−1 is generation t − 1 consumption when old less period t after tax production.
Deﬁnition ME. For the modiﬁed economy associated with µ, an equilibrium
is a non-negative sequence {At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }∞
t=1 such that the
following four conditions hold:
1. Given A1 , p1 and w1 , (5) is solved by k0 , nf,1 , nh,1 ,
2. For t ≥ 1, given At , pt , pt+1 , wt and wt+1 , (6) is solved by
ct , kt , xt , nf,t+1 , nh,t+1 ,
3. The consumption good and labor markets clear in all periods,
4. Consistency of the law of motion, i.e. for all t ≥ 1, At+1 = Φ(At )xt .
Step 2) Construct a compact set ∆ that contains all equilibria of the modiﬁed
economy.
The desired set, ∆, will be a product of sets that contain elements of the form
{At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }∞
t=1 . The key to guaranteeing compactness in
the product topology will be to bound each element of the sequence in a compact
interval.
We ﬁrst consider consumption good prices, {pt }∞
t=1 . The construction of a
closed and bounded interval that contains each equilibrium pt will be outlined
here. Consider the utility maximization problem of any young generation t where
pt = 1. It can be shown from the necessary ﬁrst order condition involving t and
t + 1 consumption and the fact that any equilibrium consumption plan must lie
in the previously deﬁned set Uωt that any equilibrium pt+1 admits strictly positive
lower and upper bounds. Normalize prices so that p1 = 1. It is straightforward
to use a product of t of these upper and lower bounds to construct an interval,
[pt , pt ] ⊆ R++ , which contains all equilibrium pt . This is a standard technique
used to bound equilibrium prices in overlapping generation models (i.e. Balasko and
Shell, 1980, pp. 287–288). The inﬁnite Cartesian product of these intervals contains
all equilibrium prices, {pt }∞
t=1 . Similarly, using these bounds for consumption good
prices and the real wage bounds from Lemma 3.1, we can produce similar wage
intervals, the product of which contains all equilibrium wages, {wt }∞
t=1 . Using the
deﬁnition of the law of motion for knowledge, and minimum and maximum values
for the supply of consumption and labor goods, we can produce similar products for
the other seven components of an equilibrium. The product of these eight inﬁnite
products will be deﬁned as the desired set, ∆. By construction any equilibrium for
the modiﬁed economy will satisfy, {At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }∞
t=1 ∈ ∆.
Since ∆ is the Cartesian product of a collection of compact topological spaces, by
Tychonoff’s theorem, ∆ is compact in the product topology (see Kelly, 1991, p.
143).
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Step 3) Deﬁne and prove the existence of an equilibrium for a truncated, modiﬁed
economy.
Fix T ≥ 2 and we will construct a T -period truncated, modiﬁed economy. There
are two differences between the T -period economy and the modiﬁed economy. First
the terminal generation T young group’s utility maximization problem is modiﬁed
as follows. Since effectively there is no period T + 1 in this truncated economy, we
set xT = 1/2.
Given pT and wT the terminal young group’s problem is given by:
max log cT − log

ω
2

(7)

2
(cT , xT ) ∈ Z Y T = {(x, y) ∈ R++
|x ≥ ω/2, 1 ≥ y ≥ 1/2}

s.t.
pT cT ≤ wT (1 − xT ) + pT ω.
The second difference is that the T-period equilibrium is truncated. That is
{At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }Tt=1 is a truncated sequence such that condition 2 in deﬁnition ME holds for all 1 ≤ t ≤ T − 1. The initial old and terminal
young both solve their problems, i.e. problems (5) and (7) are solved. Also for all
1 ≤ t ≤ T , the consumption good and labor markets clear. Lastly, At+1 = Φ(At )xt
for 1 ≤ t ≤ T . Any sequence, {At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }Tt=1 that satisﬁes the above conditions is called an equilibrium for the T -period truncated,
modiﬁed economy.
Lemma 3.2. For all T ≥ 2, there exists an equilibrium for the T -period truncated,
modiﬁed economy.
Proof. This is the key step in the proof of existence under F2. The proof closely follows the standard techniques used to prove existence for a truncated T -period pure
exchange overlapping generations economy, since the modiﬁed economy meets
almost all the technical conditions of a standard pure exchange economy. The utility functions are non-negative, C 2 , strictly increasing in all their arguments, and
strictly concave. The consumption sets are closed, convex, and bounded below
and all utility maximization problems have a standard linear Arrow-Debreu budget
constraint. Since each generation is endowed with a strictly positive amount of all
consumption and labor goods throughout their lives, the interior of their consumption set is non-empty and their endowments are affordable under all non-negative
prices. Given a ﬁxed {At+1 }Tt=1 , it is straightforward to show that a compensated
equilibrium for this economy exists. It also is easy to establish that every household is indirectly resource related to every other household, as in Arrow and Hahn
(1971), Ch. 5. Therefore the compensated equilibrium gives rise to the existence of
a competitive equilibrium for this economy. The one condition not satisﬁed by the
standard proof is the consistency of the law of motion for knowledge stocks. This is
an externality that the standard proof does not handle. We can slightly modify the
proof of existence in the key step in order to guarantee that this condition is satisﬁed.
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In what follows, an outline of a modiﬁcation of the correspondence used in Arrow
and Hahn’s proof of existence of a compensated equilibrium is presented. The modiﬁcation will imply that a ﬁxed point resulting from an application of Kakutani’s
Fixed Point Theorem will produce a desired equilibrium. The correspondence will
be brieﬂy introduced and the modiﬁcation will be outlined.
Arrow and Hahn deﬁne a correspondence, Ψ : P × U × X → P × U × X, as:
Ψ (p, u, x) = Ψ P (p, u, x) × Ψ U (p, u, x) × Ψ X (p, u, x),
where generally speaking the sets P, U and X correspond to sets of prices, utility
levels and allocations. It is shown that P × U × X is a compact, convex subset
of a ﬁnite dimensional Euclidean space, that Ψ : P × U × X → P × U × X is
upper hemi-continuous, and that Ψ (p, u, x) is non-empty and convex valued for all
(p, u, x) ∈ P ×U ×X. Kakutani’s Fixed Point Theorem is applied and a ﬁxed point
gives rise to a compensated equilibrium (Arrow and Hahn, 1971, pp. 114–116).
The modiﬁcation needed adds a fourth set to the domain and a fourth component to the correspondence. The fourth set, S T , contains all feasible sequences of
truncated stocks of knowledge, AT ≡ {At+1 }Tt=1 ∈ S T , where S T is the Cartesian
product of the ﬁrst T bounding intervals for the stocks of knowledge in the construction of ∆, which was outlined in Step 2. Deﬁne the new domain by P ×U ×X ×S T .
We can naturally extend the original three components of the correspondence Ψ to
correspondences that formally depend on AT , Ψ̃ P , Ψ̃ U and Ψ̃ X . Note that since the
stocks of knowledge enter utility functions and consumption sets in a continuous
fashion, Ψ̃ P , Ψ̃ U and Ψ̃ X all retain their desired properties [a similar extension is
outlined by Arrow and Hahn (1971), pp. 132–136]. The fourth component of the
new correspondence will have the property that a ﬁxed point implies the consistency
of the law of motion. Consider the natural cost minimization problem associated
with the utility maximization in (6). Let Xt (p, u, x, AT ) denote the compensated
demand correspondence for the variable xt . It is straightforward to show that this
correspondence is non-empty and convex valued. Since the utility function is continuous and strictly concave, the standard proof by contradiction shows that it is
also upper hemi-continuous. Now deﬁne:
Ψ̃ S (p, u, x, AT )≡{ÃT ∈S T |Ãt+1 =Φ(At )xt

for some xt ∈Xt (p, u, x, AT )} ,

for all (p, u, x, AT ) ∈ P × U × X × S T . Since all the compensated demand
functions are non-empty, convex valued and upper hemi-continuous, Ψ̃ S inherits
all these properties.
Finally, deﬁne Ψ̃ : P × U × X × S T → P × U × X × S T by:
Ψ̃ (p, u, x, AT ) = Ψ̃ P (p, u, x, AT ) × Ψ̃ U (p, u, x, AT )
× Ψ̃ X (p, u, x, AT ) × Ψ̃ S (p, u, x, AT ) .
Therefore the set P × U × X × S T is a compact subset of a ﬁnite dimensional
Euclidean space and the correspondence Ψ̃ : P × U × X × S T → P × U × X × S T
is non-empty, convex valued and upper hemi-continuous. By Kakutani’s Fixed
Point Theorem there exists a ﬁxed point, i.e. (p̂, û, x̂, ÂT ) ∈ Ψ̃ (p̂, û, x̂, ÂT ). Note
ÂT ∈ Ψ̃ S (p̂, û, x̂, ÂT ) implies the consistency condition for the law of motion.
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Thus a compensated demand exists, where the law of motion for knowledge stocks
is consistent. Since every household is indirectly resource related to every other
household, this compensated equilibrium gives rise to a competitive equilibrium
for the T-period truncated, modiﬁed economy.


Step 4) Existence of an equilibrium for the modiﬁed economy.
By Lemma 3.2 for all T ≥ 2, there exists an equilibrium for the T-period
truncated, modiﬁed economy, {At+1 , pt , wt , ct , kt−1 , xt , nf,t , nh,t }Tt=1 . It is easy
to afﬁx a tail onto this sequence so that the resulting inﬁnite sequence satisﬁes
δT ∈ ∆ and the ﬁrst T − 1 components satisfy the deﬁnition of equilibrium for
the modiﬁed economy presented in Step 1. Since ∆ is compact in the product
topology, the sequence {δT }∞
T =2 admits a convergent subsequence with limit in ∆,
⊆
{δT }∞
i.e. there is some {δ̂n }∞
n=2
T =2 and δ̂ ∈ ∆, with limn→∞ δ̂n = δ̂. Since
each single equilibrium condition in deﬁnition ME only involves a ﬁnite number of
variables, each of the equilibrium conditions is continuous in the product topology.
Since limn→∞ δ̂n = δ̂ with respect to the product topology, the continuity of the
equilibrium conditions in the product topology imply the equilibrium conditions
also hold for the limit, δ̂. Thus δ̂ is an equilibrium for the modiﬁed economy.
Step 5) Existence of a symmetric equilibrium.
It is straightforward to use an equilibrium from the modiﬁed economy to naturally deﬁne a candidate-symmetric equilibrium under the second federal arrangement. Deﬁnition ME conditions 1, 3 and 4 imply conditions 1, 3 and 4 in deﬁnition
T (τ -equilibrium). We need to establish condition 2 in deﬁnition T. One can manipulate the ﬁrst order Kuhn-Tucker conditions and Lagrange multipliers to show that
necessary conditions from utility maximization in (6) imply sufﬁcient conditions for
maximization of (2). Thus condition 2 is satisﬁed, so that we have a τ -equilibrium.
Lastly, it is easy to show that τt = (0, τ ) solves the regional government’s problem,
(4), for all t ≥ 1, so that deﬁnition F2 is satisﬁed. Thus a symmetric equilibrium
exists under the second federal arrangement.


Part (4) Characterization under F2. Clearly, household tax rates are maximal.
The main difﬁculty lies in proving factory tax rates are zero. Since an implication
of zero factory tax rates is Xs,t ≥ X > 0 for all t ≥ 1, the stocks of knowledge
and aggregate output grow without bound.
We shall prove τ f,t+1 = 0 for all t ≥ 1 by the method of proof by contradiction
(note τf,t+1 = τ f,t+1 by deﬁnition F2). Assume for some t ≥ 1 we have τ f,t+1 > 0
for some symmetric equilibrium under F2. This implies that tax revenue could not
have been maximized for such a positive factory tax rate in a symmetric equilibrium
under F2. In particular we will show that one region can cut the tax rate in half,
induce factories to move into the region and increase its tax revenue. This will
involve the use of a lottery. Lotteries in this model environment select households
from other regions in the previous period and offer the option of moving to the region
and paying taxes at half of the rate in other regions. If the symmetric equilibrium is
such that there are factories in the other regions, all such households will want to
move. In this case, the migration of factories until the population limit is reached will
more than double factory output, creating a net increase in factory tax revenue. This
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is a contradiction. If there are no factories in the current period and if preferences
are sufﬁciently patient, the lottery-winning households will accept the offer, send
some young members to school and move when old. In this case, the factory tax
revenue will clearly increase. Thus we have a contradiction. Note that lotteries
can be administered so that no variable in any region is affected: we can pick one
household from each region and the result follows from properties of real numbers.
It remains to be shown that for the symmetric equilibrium where there are no
factories in the current period, households of the previous period are sufﬁciently
patient.
When factory output is zero in period t + 1, a lottery will be held in period
t and the young household winners will be announced before their decisions are
made. In this case they have the opportunity to send some young to learn and
to have their factories move to the region when old to produce at the factory tax
rate τ f,t+1 /2. To ensure that the young household will accept such an offer they
must be sufﬁciently patient. Note that in any symmetric equilibrium labor market
clearing implies Wh,t ≥ Wf,t , so that workers will earn Wh,t . Consider the ﬁrst
order necessary condition in the young’s utility maximization problem (2), where
we have substituted consumption when young and old with the values in terms of
income:
1/θ

θ(1 − θ)(1−θ)/θ (1/2)Bf (Wf,t+1 )(θ−1)/θ Φ(At )
Wh,t
=β
.
Wh,t (1 − Xs,t ) + ω
πh (Wh,t+1 ) + πf (Xs,t , Wf,t+1 ) + εWh,t+1 + ω
(8)
We wish to impose a condition on β that implies LHS (8) < RHS (8) for all t ≥ 1
and for all Xs,t < X, for some 1 ≥ X > 1/γ. This will imply any reduced factory
tax rate (note τ f,t+1 /2 ≤ 1/2) will be accepted by the young since (8) can hold only
if Xs,t ≥ X. It is straightforward to bound the LHS (8) above by a term, K LHS ,
which depends on parameters other than β and t. Similarly, using wage bounds
from Lemma 3.1 (in the proof of Part 3) we can bound the RHS (8) from below
by an expression of the form β · K RHS , where the later term depends on terms
other than β and t. Thus when we restrict our attention to β ≥ K LHS /K RHS ,
for any t ≥ 1, (8) implies Xs,t ≥ X > 1/γ. Any such generation would accept
such an offer to move into an undercutting tax region. Since factory output is zero
in the case under consideration here, factory tax revenue would increase for the
undercutting region in period t + 1.
Consider any µ ∈ Ω ≡ {η ∈ P |β ≥ K LHS /K RHS }. For any symmetric
equilibrium, the above arguments imply τt = τ t = (0, τ ) and that Xs,t ≥ X > 1/γ
for all t ≥ 1. It is easy to show the later condition implies both At and aggregate
output grow without bound.


Proof of Theorem. Clearly, Ω ⊆ P is non-empty and open with respect to the
subspace topology of R12 . The proofs of Parts 1 through 4 are valid for any µ ∈ Ω
and imply the main result.
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