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Chapter 1

Introduction

One of the government’s roles is the provision of public goods. Basically, there are two
types of public goods. First is consumption public good. Parks, fire fighting and police
services are consumption public goods. Second is production public good. This type of public
good is called public intermediate good. Roads, railways, airports and ports belong to public
intermediate goods. Meade (1952) recognizes two types of public intermediate goods. One
type is pure public intermediate good, which is called ‘creation of atmosphere’; the other type
is semi-public intermediate good, which is called ‘unpaid factors’. Pure public intermediate
good is fully available to every firm irrespective of the number of the firms. Free information
about technology is a typical example of pure public intermediate good. Semi-public
intermediate good suffers from congestion within an industry and thus a reduction of
availability to a firm when the number of firms in this industry increases. Roads and airports
are examples of semi-public intermediate good. The essential difference between these two
type of public intermediate goods is that in the case of pure public intermediate good there are
constant returns to scale for each individual industry but not for society as a whole, in the case
of semi-public intermediate good there are constant returns to scale as a whole but not for the
individual industry. The mathematic formulation of the production function for a private good
makes clear distinction between these two types of public intermediate goods. The production

functions are linear homogeneous in primary inputs and semi-public intermediate goods but



not in pure public intermediate goods.

When there exist public intermediate goods, the traditional trade theorems may be
invalid. First, the existence of public intermediate good induces scale economies in private
sectors. Based on the analysis of Marshallian externality, when scale economies arise, the
production possibility frontier will become convex to the origin, and the price—outputs
relationship will be abnormal. Second, the outputs of public intermediate good determine the
amount of resources available to the private sectors. The increase of output of public
intermediate good brings the same role for the private sectors like the progress of technologies.
However, the production of public intermediate good requires input of resources. Hence, the
more public intermediate good the government supplies, the less the resources available for
private sectors.

In international trade studies, there is a strand of literatures that examine the influences
of public intermediate good on traditional trade theorems. Manning and McMillan (1979)
introduce the public intermediate good to the Ricardian model and assume that the public
intermediate good is optimally provided by the government. They examine the shape of
production possibility frontier and the trade patterns. Tawada and Abe (1984) analyze how the
existence of public intermediate good affects the result of Heckscher-Ohlin model. They
examine the shape of production possibility frontier, the robustness of the Stolper-Samuelson,
the Rybczynski, the Heckscher-Ohlin theorems and the factor price equalization theorem.
However, there are special assumptions about the production functions in their model. First,
the production effects of public intermediate good on two industries are equal. Second, the

production effect of public intermediate good is constant irrespective of the amount of public



intermediate good. Third, the public intermediate good promotes the production of private
sectors by the form of Hicks neutrality. Okamoto (1985) and Ishizawa (1990) show that when
the equilibrium is local stable, the price-output ratio may be normal. They also derive the
conditions under which the Stolper-Samuelson theorem and Rybczynski theorem hold.
Altenburg (1987) finds some conditions which can assure the production possibility frontier is
concave to the origin. Ishizawa (1988) shows the existence of Leontief paradox in a model
consists of public intermediate good. However, these studies concentrate on a small open
economy and thus do not provide any explicit analysis in a two-country model. Moreover, the
normative issue of whether an economy will gain from trade was not dealt with in these
studies. Ishizawa (1991) shows in a Heckscher-Ohlin economy, despite the presence of
increasing returns to scale by a public intermediate good, the PPF is concave to the origin if
the market for the public intermediate good is Marshall stable. Suga and Tawada (2007)
develop a two-country international trade model, which consists of a one primary factor, two
consumer goods and a pure public intermediate good. Each country provides the
country-specific pure public intermediate good to get an efficient production. They show that
the country with lager factor endowment exports the good whose productivity is more
sensitive to the pure public intermediate good. They also find that: First, at least one country
gains from trade. Second, if a country incompletely specializes in the trade equilibrium, the
country necessarily loses from trade.

In public finance literatures, since the mid-1980s, tax competition has been extensively
investigated. Interest in this topic has been stimulated by publicized facts that U.S. states and

localities do seem to have engaged in tax competition. They offered large subsidies to foreign



and domestic automobile companies in order to influence plant location decisions. One of the
most important finds in tax competition is that tax competition induces inefficient low levels
of tax rates and under-provision of public goods (accurately speaking, this type of public
goods are the goods provided by the government, there are not externalities for these public
goods). Hence, tax harmonization is highly required. It is well recognized that cooperation
may arise in a repeated game. Then, a repeated tax competition game setting can provide a
meaningful insight to discuss tax competition problems. Coates (1993) first analyzes the
property tax competition problem in a repeated game setting. He partially examines the
open-loop equilibrium of a dynamic game of property tax competition. But he ignores the
externalities of one local government’s tax change on the tax rates of other governments, and
concentrates on the inter-temporal trade-off between current and future consumptions of
private and local public goods. He concludes that there may be incentives to subsidize capital.
Cardarelli et al. (2002) demonstrate that tax coordination can endogenously arise in a repeated
tax competition game. Additionally, they show that tax coordination does not happen when
regional asymmetries are too strong. But there are some assumptions which make their model
unusual with standard tax competition model. These assumptions are the following: (1) no
production activity occurs; (2) the interest rate is exogenously fixed at zero; (3) capital
mobility sunk costs are incurred when capital moves across regions. These rather peculiar
assumptions of their model make it difficult to have a straightforward comparison of their
results with those obtained from the existing literatures of tax competition. Extending this
study, Kawachi and Ogawa (2006) incorporate the benefit spillovers of local public goods to

show that the cooperative outcome tends to happen as the magnitude of spillover is significant.



Catenaro and Vidal (2006) examine tax competition in a standard tax competition with
repeated actions. The only departure from the standard tax competition is that the
government’s objective in their model is to maximize capital tax revenues rather the
well-being of the residents. They conclude that tax coordination is not sustainable if region
sizes are too different. Itaya et al. (2008) construct a standard tax competition with repeated
actions. The governments in their model maximize the well-being of their residents. The
regions are asymmetric with per capita capital endowments and production technologies. The
most important contribution of Itaya et al. (2008) is that they show regional asymmetries may
be advantageous to tax cooperation.

In the literatures of public finance, there is also another strand of literatures about fiscal
equalization scheme. Fiscal equalization scheme is an integral part in the existing federal
arrangements. In the US, the state tax sharing is one of the two forms of intergovernmental
aid to local governments, the largest element of state expenditure. Within the EU, the
Structural Fund and the Cohesion Fund allocate over 40% of the EU budget to
under-developed regions and states. Fiscal equalization schemes have also been implemented
in Canada, Australia, Denmark and Switzerland, and many developing countries. Then there
must be a systematic interaction between tax competition and fiscal equalization. Some public
finance literatures pay attention to this issue. They mainly consider tax competition and fiscal
equalization in a one-shot game framework. Janeba and Peters (2000) demonstrate that capital
tax rates increase if regions are combined into a single tax revenue equalization system; in
such a case, fiscal transfers partially internalize fiscal externalities. Kothenburger (2002)

shows when horizontal externality arises, a tax base equalization system can eliminate this



inefficiency perfectly. Kotsogiannis (2010) proves that when both horizontal externality and
vertical externality exist, an efficient level of lower-level government taxation can be
achieved when an appropriately adjusted standard tax base equalization formula is introduced.

Now we introduce each chapter in detail. In international trade theory, the specific
factors model is a favored vehicle for analyzing the economy-wide effects of changes in
commodity prices, factor endowments and other exogenous variables. In Chapter 1, we
examine how robust the predictions of the specific factors model are in presence of public
intermediate good. Ishizawa (1991) shows in a Heckscher-Ohlin economy, despite the
presence of increasing returns to scale by a public intermediate good, the PPF is concave to
the origin if the market for the public intermediate good is Marshall stable. We want to
examine whether the Marshallian stability condition of public intermediate good market can
assure the PPF is concave to the origin in a Specific factors model. We consider an economy
with two private goods, two primary factors one of which is industry-specific, a public
intermediate good. Following Ishizawa (1991), the public intermediate good is supplied by
the government, which follows the Lindal-Samuelson-Kaizuka rule to obtain an efficient
production. The government can not respond to the exogenous change in the price ratio of
private goods instantly, but adjusts the level of public intermediate good in the course of a
Marshallian adjustment process. We find that without the assumption that the factor
intensities are different in two private good industries as in the Heckscher-Ohilin model, even
the public intermediate good gives rise to increasing returns to scale for the economy, the PPF
of the specific factors economy is concave to the origin when the public intermediate good

market is stable under a Marshallian quantity adjustment process. The symmetry assumption



that the public intermediate good can increase the production of two private good industries
equi-proportionally is a sufficiently condition for the Marshallian stability. It is also shows
that when the symmetry assumption holds, most but not all of the results of the standard
specific factors model, which are about the effect of changes in terms of trade and factor
endowments, remain robust in presence of public intermediate good.

Chapter 3 investigates how the semi-public intermediate good affects the trade pattern
and gains from trade in a two-country model. This research is supplementary to Suga and
Tawada (2007) which examines the effects of pure public intermediate good on trade patterns
and trade gains in a two-country trade model. We develop a one primary factor, two consumer
goods, one semi-public intermediate good and two-country model. The productivity of
private industry 2 is more sensitive to the semi-public intermediate good than that of private
industry 1. We assume that the semi-public intermediate good is provided by the government
to get an efficient production. From the optimal supply condition, we show that the
production possibility frontier is concave to the origin. For any given supply price, the
production point is the point where the budget line is tangent with the production possibility
frontier. It is demonstrated that when the supply price is given, the relative supply Q,/0,
decreases with the increase of the factor endowment of labor. Since the homothetic
preferences are the same in two countries, we can determine that the autarky price of good 1
is lower in the country with larger labor endowment. Hence, the large (small) country exports
(imports) the good whose productivity is less sensitive to the semi-public intermediate good.
About the normative analysis, when trade opens, both countries will gain from trade.

Chapter 4 examines the relationship between tax competition and fiscal equalization in a



repeated tax competition game (Itaya et al., 2008). In particular, it asks the question how the
fiscal equalization scheme affects the tax cooperation condition. Itaya et al. (2008) shows the
larger the regional asymmetries, the easier the tax coordination is. They also demonstrate the
best cooperation tax rate-the one that provides the strongest potential for voluntary
cooperation-is zero. However, in practice the cooperative tax rate in Europe is not zero.
Countries in Europe set the same positive tax rate as the form of tax cooperation. Hence, Itaya
et al. (2008)’s model can not explain the economic facts in reality. It must ignore some things
in the federal economy. We introduce the fiscal equalization scheme into Itaya et al. (2008)’s
model. It is shown that when the scale of fiscal equalization scheme increases, the capital
exporter (importer) has stronger (weaker) incentives to tax coordination. Since the existence
of fiscal equalization scheme, the best cooperative tax rate becomes a positive value and

increases with the scale of the fiscal equalization scheme.



Chapter 2

International Trade and Public Inputs under the Specific Factors Model in

a Small Open Economy

2.1 Introduction
In recent decades, trade theorists have been increasingly interested in the role of public
inputs in international trade models. Manning and McMillan (1979) introduced public inputs
into the Ricardian model, and analyzed the shape of the production possibility frontier and the
pattern of trade. Tawada and Abe (1984), Altenburg (1987), Ishizawa (1991), etc. extended
the analysis to the Heckscher-Ohlin model. They examined the shape of the production
possibility frontier, the validity of the Stolper-Samuelson, Rybczynski, Heckscher-Ohlin
theorems and the factor price equalization theorem. However, these models assume all
production factors are mobile among industries and neglect the role played by those factors
that are somehow specific to each industry. Neary (1978) argued that “the intersectoral capital
mobility is the source of all the paradoxes which is peculiar to international trade theory, with
the exception of those which arise from the failure to adopt first-best policies....” In light of
these views in the literature, it is of interest to investigate the role of public inputs under the

specific factors model.
This chapter considers an economy with two private goods, two primary factors one of
which is industry-specific, and a public input. Following Ishizawa (1991), the public input is

provided by the government, which follows the Lindahl-Samuelson-Kaizuka rule to obtain an



efficient allocation of resources. The government can not respond to the exogenous change in
the price ratio of private goods quickly but revises the level of the public input in the course
of a Marshallian adjustment process. It will be shown that although the public input gives rise
to increasing returns to scale for the economy as a whole, the production possibility frontier is
concave to the origin when the public input market is stable under the Marshallian quantity
adjustment process. The symmetry assumption that the public input increases the production
of each private good industry equi-proportionately is a sufficient condition for the Marshallian
stability. Then, most but not all results of the standard specific factors model, which are about
the effect of changes in terms of trade and factor endowments, remain valid under the
symmetry assumption.

The chapter is organized as follows. In the next section, the basic model is presented. In
section 2. 3, we analyze the stability condition of the equilibrium and its relationship with the
shape of the production possibility frontier. Section 2. 4 does comparative static analysis with
respect to changes in terms of trade and factor endowments. Section 2. 5 makes some

concluding remarks and the appendix provides necessary mathematical details.

2.2 The Model

Let us consider an economy where there exist three industries: two private good
industries and a public input industry. The government supplies the public input which is
freely available to each private good industry. Assume X, represents the output level of the
public input, X, and X, are the output level of private good 1 and private good 2. Let [,

and K, denote the labor and capital used in the i th industry and K, is specific to each
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industry. The production function of each industry can be written as

Xo=F"(L»K,) (1)

X =f(X)F(L.K), i=12, (2)

where function F' is assumed to have the following ordinary properties: constant returns to
scale; the marginal productivity is positive and is diminishing. f' is concave that
df(X,)/dx,>0 and &’f(X.,)/dX;<0. If every pair of input (L.,K.) in private industry
i is doubled, the output of private industry i is more doubled. Hence, the aggregate
technology of the economy exhibits increasing returns to scale.

The economy is perfectly competitive. For private good industry i, when they make
production decision, wage rate w, rental rate », and public input X, are exogenously given.
Hence, the unit cost function for private good i is ¢'(Xo,w,r;). The zero profit condition

under the perfect competition implies the price of the private good i equals to its unit cost

p=c(Xuw.r), (3)

1=c"(Xosw »ra), 4)

where p is the relative price of good 1 in terms of good 2.
The unit cost for public input is ¢'(w,r,). Following the Lindahl-Samuelson-Kaizuka
rule, the government purchases the public input up to point where the marginal cost of the

public input equals its marginal social benefit, which implies
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w.r)=pd (X)X +¢ (X)X (5)

where ¢'(X,) denotes the percentage change in the output of private good i per unit

increase in the public input.
We assume the economy is endowed with labor L which is mobile among industries and

capital K, which is specific to i th industry for i=0,1,2. If all resources are fully

employed, we can obtain

L =I'w,r)Xo+ 2 (Xow r)X., (6)
K'=k'(w,r)Xo, (7
K'=k'Xow,r)X, (8)

K =k'(Xowr)Xo 9)

where ['(X,w,r.) and k'(X.,w,r;) represent, respectively, the unit demand for labor and
capital in private good industry i. [°(w,r,) and k'(w,r,) are defined similarly.

Seven equations (3)-(9) constitute a public input economy. In these seven equations there
exist seven unknowns (X, X, X w ,r»rs»ro) and parameters (p,L,K,, K. K,). For simplici-
ty we take I ,K,, K., K, as fixed for time being. Each unknown can be solved as a

function of p, thus we can derive

Xo=X"(p), (10)

Xi=X"(p), (an
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X:=X"(p), (12)

w =w(p), (13)
ro=r"(p), (14)
r=r(p), (15)
r=r’(p). (16)

If the Lindahl-Samuelson-Kaizuka rule is dropped, which means that the public input X, is
determined exogenously. We only have six equations for six unknowns. The solution

functions for this equation system can be written as

X =X(p.Xo). (17)
X:=X(p. X0, (13)
w =w(p,X,), (19)
ro=r'(p,X.) . (20)
r=r(p.Xo, 21
r:=r'(p, Xo). (22)

2.3 Stability of the Equilibrium and the Shape of the PPF

The present public input economy is assumed to be a small trading country with the
terms of trade p as given. Facing every p, the government chooses the amount of public
input X,; the market forces determine the output of private good X, and wage rate w

and rental rate r,. Supposing the adjustments in the market are rapid enough to produce an
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equilibrium before the government can revise the level of the public input X,. The
equilibrium output of private good X, and wage rate w and rental rate r; satisfy equations
(3), (4) and (6)-(9). They can be expressed by equations (17)-(22).

Let H(.) be the difference between the marginal social benefit and cost of the public
input. According to equation (17)-(22), it is a function of terms of trade p and the output

level of public input  X,:

H(p,X,)=[pd' (X)X (P, X))+ (X)X (P X)]—c'Tw (P, X0)»r P » X)) (23)

Following equation (5), the above function equals to zero when X, is evaluated at X"(p).

It implies

H(p, X" (p))=0, forall p. (24)

We characterize the adjustment process of the government illustrated previously as follows:

X.=H(p.X.). (25)

The local stability can be derived if H(.) has a negative derivative with respect to X, when

the value of X, is X“(p):

Ho(p,X"(p))<0. (26)
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This Marshallian stability condition plays a central role in our analysis. Lemma 1 gives an
intuitive explanation for this condition.

Lemma 1. When all three goods are produced in the public input economy for given p and
Xo, and the national income function is defined as: m(p,X.,)=pX'(p,X.)+ X (p,X,). Then

forall such p and X,, we can obtain (proved in appendix)

H(p,Xo)=mdp,X)=pXo(p, Xo)+ Xo(p, X0). (27)

From lemma 1, the Lindahl-Samuelson-Kaizuka rule and the stability condition given in

equation (24) and (26) which are expressed in the form of H(.) can be translated into

equivalent conditions in terms of m(.) when it is evaluated at X"(p):

mi(p,X"(p)) =0, (28)

ma(p, X" (p)) <0. (29)

Equation (28) says that the national income takes an extremal value for given p when X,
is setequal to X “(p). Equation (29) implies this extremal is local maximal.

As will be proved that there is a tight relationship between the Marshallian stability
condition and the shape of the production possibility frontier.

It is demonstrated that X'(.) and X°(.) in equation (17) and (18) satisfy the following

properties (see the appendix A):
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X,>0, (30)

pX,+X,=0, (1)

where the subscript of a function refers to partial derivative of that function.

To proceed, consider the following expression:

X'(p)=X(p,X"(p)) forall p i=12 (32)

which is obtained by evaluating equation (17) and (18) at the point where X°(.) is set equal

to X (). Differentiation of (32) with respectto p for private good 1 yields

X, =X+ X, X, (33)

X, is the pure price effect, which keeps a constant level of public input. As is shown in
equation (30), X, preserves the nice property established in the traditional Heckscher-Ohlin
model. X;X, denotes the public input effect which measures effect of a change in the public
input induced by the change in the price ratio on the production of private good 1. Equation
(33) implies that the total price effect can be decomposed into pure price effect and public
input effect.

From equation (33), we can find that in order to determine the sign of X', it is critical to

examine the sign of X,X, . For preparation, the following equation is derived (proved in the

appendix A):

16



H,(P,X0) = Xo(p, Xo)- (34)

Proposition 1 below shows the supply curve is upward sloping, when the Marshallian

stability of the public input market is satisfied.
Proposition 1. Assume that all three goods are produced in the public input economy. Assume

also that the market for the public input is Marshall stable. Then, the supply curve is upward

sloping around a neighborhood of a given P :

X, >0.

Proof: Following equation (30) and (33), the proposition can be established if XuX, is non-negative.

Differentiation of (24) yields

H,+H.X,=0. (35)

Combining equation (34) and (35), we can obtain

XX =—(X))/H,>0,

in which the last inequality follows from the Marshallian stability condition (26).
For convenience, we establish the following assumption:

Assumption 1. The public input increases the production of each private good industry

17



equi-proportionately:

¢'(X0) = ¢)2(X0) for all Xx,.

We call assumption 1 the symmetry assumption.

The following proposition 2 shows the Marshallian stability condition is more general
than the symmetry assumption.

Proposition 2. Assume all three goods are produced in the public input economy under the
symmetry assumption for a given p. The market for the public input is Marshall stable
around a neighborhood of any given p.
Proof: With differentiation of H(.) in (23) with respectto Xo, we obtain
Ho=(p@uX'+ 0oX") + (p9' Xo + 97 X0) = co(w.r.). (36)

Since ¢; <0(see the appendix A) for all Xo, the first parenthetic term is negative. In view of the symmetry
assumption, the second term can be expressed as ¢'(pX¢+ Xi) which is zero when it is evaluated in X"(p)
by equation (28). We can prove that ¢i(w,r,) >0 (proved in the appendix A). All these implies Ho, <0 at the
point where X°(p) equals . Then we derive the proposition 2.

With intersectoral capital mobility, Ishizawa (1991) also derived that the symmetry
assumption is a sufficient condition for the Marshallian stability. But the mechanism behind
proposition 2 is different from that of Ishizawa (1991). In order to get the Marshallian
stability condition, it is critical that an increase in the output of public input can raise the unit
cost of public input. When capital is intersectorally mobile, the unit cost of public input is

positively related to the overall wage rate w and overall rental rate r. An increase in the
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output of public input will raise both the overall wage rate w and overall rental rate r, so
an increase in the public input will increase the unit cost of public input. Under specific
factors framework, the unit cost of public input is positively related to the overall wage rate
w and the rental rate to the specific factor in the public input industry ,. A rise in the
output of public input will increase both overall wage rate w and the rental rate to the
specific factor in the public input industry r,. Then, when the output level of public input
increases, the unit cost of public input still goes up.

Following equation (33) and the corresponding equation for private-good 2, we can obtain

PX,+ X, =(pX +X)+(pX,+X)X, =0. (37)

Hence, there exists no distortion in this public input economy.

Following the above analysis, we can get:
Corollary 1. If all three goods are produced in the public economy, and the market for the
public input is Marshall stable, then the production possibility frontier is locally concave to
the origin for a givenp. If all three goods are produced in the public economy, and the
production effect of the public input on the two private-good industries is symmetric, the
production possibility frontier is globally concave to the origin for any given p.

Each of the dotted curves in Fig 2. 1 denotes the production possibility frontier of the
economy when the public input is given at some constant level. Equation (30) implies this
kind of production possibility frontiers is locally concave to the origin for a given p.

Equation (31) says the relative price line is tangent to the production possibility frontier at the

19
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Figure 2. 1

the production possibility frontier
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point given by (X'(p,X.),X’(p,X.)). Point A corresponds to the production combination
(X'(p,X.), X (p.X,) for p where the value of X°(p) is adjusted to X“(p). X*“(p) varies
as p varies. This variation yields a collection of dotted production possibility frontier. The
curve ZZ, which is the envelope of the collection of the dotted production possibility frontier,
is the production possibility frontier of the economy when the public input is provided at the
optimal level for a given p. Base on the corollary, if all three goods are produced in the
economy, the production possibility frontier ZZ is locally concave to the origin for a given p
when the market for the public input is Marshall stable; the symmetry assumption is a
sufficient condition to ensure that the production possibility frontier ZZ is globally concave to
the origin for any given p.

In the standard specific factors model the production possibility frontier is concave to the
origin. Proposition 1 and corollary 1 show that even there exists public input which brings
increasing returns to scale for the economy, the supply curve of private good is upward
sloping and the production possibility frontier is still concave when the public input market is
Marshall stable. Under the framework of Heckscher-Ohlin model, Ishizawa (1991) proved
that when the factor intensities of two private good industries is different, the supply curve is
upward sloping and the production possibility frontier is concave if the market for the public
input is Marshall stable. Proposition 1 and corollary 1 make no assumption about the factor
intensities in two private good industries. They say that, regardless of the factor intensities in
two private good industries, the supply curve is upward sloping and the production possibility

frontier is concave to the origin when the Marshallian stability condition is satisfied.
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2.4 The Comparative Static Analysis of a Small Country

Total differentiation of (3)-(9) yields the following equation system

0. O 0 0 0 0 —e | w P
0. 0 O 0 0 0 -e | n 0
0. 0 0 00 -5 -6 1 || r o
S0 A0uGr AuBes: AibuGe A Aw Aw || m |F| L
6.0, 0 0  —6uo. 0 0 1 || x K
0.6, —-6.0. 0 0 10 - | X K,
6.0, 0  —6.o. 0 0 1 - | X || K

where 0,=wl'/C", ¢.,=rk/c'» Au=L/L , A«=K/K (i=1,2,0), ¢, is the elasticity of
substitution in the i th industry. We also stipulate that:

S1= 4101000+ 40101+ A1.01:0>

Ao = Ao= Ae(Xo) = Azex(Xo)

8. = pe(X)X/[pe(X)X +eAX0)X:]

8: = ex(X)X:/[Pe( X)X+ ex(X) X

&= (de/dX,)(X./e).

We assume the symmetry assumption is satisfied in the following comparative analysis. It
is proved that the symmetry assumption can ensure the determinant of the matrix in the LHSS
of the above equation system A is positive (proved in the appendix A). We also assume that
the production effect is constant, hence g,=0.

First, let us examine the effect of an increase in the factor supply on the output level of
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two private good industries. We can derive

X,
= [0K19L2620L00-052e1 + 0K19K20L00-n€1 + 9L10'.9/<29L00'o(1 - 8) +0.00x.0k+6..0, (38)
L
Gmeuﬂoel(l - 62)] /A>0
X.
S [9K19L20-20L00-0 + 9K10L20-29K0 - 9K10L20-20L00-051e1 +04.0x:0.000e:1 04.0..0:¢: (39)
L
0..0,+ 6L1615[8K20L00-062 + 6L16]5|9L2620L06062 - 6L10'1€15|9L2(720L060] /A>0
X,
~ = [91400'(,9K11L10'z - 91‘00'09K|521L1610L20'2 - 91‘0009K11L20-262e2 + 01_0000“62)@20-2 -
K,
QLOO-UBKIGMZ,U& - BLOO-()Z/LIOKIO-lekzézeZ - OLOO-()Z/LIGK10-162520LZO-Z + OLOG(;A«LIGKI (40)
0-1(1 - 8)01(2 + 0L060)&L10K10-1€1520L20-2 + GLOO-OA«LIQK]O-IeIHKZ + ekzekolueklcl +
6:0:1.06:0..0:+ 00 A0+ 01(191(2/11‘00-0] /A>0
~ - = [9L(JO-(POK]5I}.«L1619L20-Z - GLUG(IGKJ.L]QL:OH + 9L<>O-o9m}u20-25162 - eLoO-oemekzlu
K,
€~ 9L0000K1€2/1L|0L20-2 + 0L()GOA«LIOK16]0K25]€2 + 9LoGolL|9mGlez519Lsz - BL(I (41)
GoluemGI&SIHLzO-z = 010..0:0x A — 0K10L2622«L(10051] /A<O (lfO'I < 1,010 < eu)
)A(] = [0L00()9K2521L26]9L10-1 - 9L(JO-(19K2)~L20LIO-1 + GLOO'UGKJ,L.O'I&& - 9L(JO-(10K10K224L2
K
e — QL()O-()Okzel/leeuo-l + 0L06021L20K2629K16261 + &oO‘o/Lz@mO‘z&&@uO'l - 9L(l (42)
UoleOszzezazeuo-] = 010,00k A1~ 0K20LIGIA«L(IGO52] /A<O (lfo-z < 1,91(2 < 0L2)
X.

= [OU)GOBKZ)LMO-I - 9L()0-00K2511L2620L161 - OL(]O-QQKZZ«L]O-I5161 + Ou)ooemeﬁuual -

A

K
OLOO-OQK]QKz)bLzez - QL(,O'O/LszO'zOm&eI - 9L<.0'01L29K26.el519uO'z + Qmo-oluekl

0:01:10.0004.:0:0:0.0.0 +60.00:1.:0:0:€:0F 0:0x04.:0.0:>F 0120 Ao
000.0,*60::0A.0,+ 001001 /A>0.

(43)

These inequalities can be summarized as
Proposition 3. When the relative commodity price is constant, an increase in the supply of
labor will expand the output level of two private good industries. Provided that

0.<1,6.<86., when the commodity price is constant, an increase in the endowment of one
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specific factor will raise the output level of the private good industry using that specific factor,
and lower that of the other private good industry.

The output-factor supply relationship of proposition 3 is the same as that of the standard
specific factors model. However, in this public input economy, to ensure a rise in the supply
of one specific factor K, (K,) will lower the output of the private good X, (X,), we have
to assume the elasticity of substitution ¢, (o) is less than 1, and the income share of capital
O« (6O,) 1s less than the income share of labor @, (@,.,). Both assumptions are not
necessary in the standard specific factors model.

Now we consider the effect of the change in terms of trade. We have

w—p

A

[A«Llo'lexzeko + ﬂzuo-lekzewo-o(l —&E— 6151 - 6252) - luo-leuo-zezézewo-o +

P
01410-101(2512/L060 + 0L16]€26]Z«L2620L00-0 + 9K10K21L0605] + A/LZO-ZGKIQLOO-()eZsl +

lLlGlekzeLOGoelal - 01(1leGzeko—eklleo-zeLoGn(l - 8) - 9K19L2621L06052 - 01(1
91(2)“00-0 - /lL]GleKzeko - leuGIQmO'o(l - 8) - 0K29L10-1612~L00-0] / A<O

(44)

A A

r—

- p = [OLUO-OALIGIQM(I - 6151 - 6252) - 9L060)‘L10I€2520L262 + 9L00'0/1L20'2(1 - el) +
p

01000 A1.0:6:F 0.1000A1:6:€:0,01.0.+ 0:41.0000.1:0:F 1120200+ L1060kt
2000052800 +0:: 4.0 050 = 2.0600,0.1.05: = 6,0.1€:2.:6:0.,:00F § e 1.0 (45)
0,000+ 5.:€0::A.,0.0.000— 0x41:0:00— 014 1,0:0.000— 060..0:4100.6. —
001221000 — 01116 00— 0416101600 — 020,60 A0,/ A>0

A

r—p = [_OI‘ZA«MGIQKO_QLZALIGIBLOO-O(I —&E— 6151 - 6262)—91_291‘10-111‘060514'91‘261

A

p

9K1)«L00-0+9L261€1luo-lewo-o - 626L20-252Z«L]619L00-0 - 629L00-021L10-1 + €20L00-0 (46)

512«L20-28L]O-1 - ek11L2629K0—0K1)~L20-20L00-0 - QKleLzo-zﬂuLoO-o&z - emekzlwo-o
- ekzﬂ«ug191(0—01(2}«L10—10L00-0 - 61(20“0-1)%06051] / A < 0
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These results can be summarized in
Proposition 4. With fixed factor supplies, the real return to the mobile factor will decrease in
terms of the good experiencing price increase. A rise in the relative price of a good raises the
real return to the factor specific to that good and lowers the real return to the specific factor
of the other private good industry.

As is shown is proposition 4, the factor return rate-commodity price relationship is the
same as that of the standard specific factors model.

Finally, we analyze the effect of an increase in the factor supplies on the return to each

factor. We can get

N

r

-~ = [euekzeko + 01410“914060(1 - el) - 8L]€29L262520L00-0 + 619L262520L060 +e.0.0.0 (47)
L

ot e]9K20L0609L10-15]] / A> 0

A

g = [0K19L29K0 + 0K19L20L00-0(1 - 61) + Hmez@LoGo + 0K1629L262520L00-0 + 0L10-1519L00-0 (48)
L

€~ 0L16151€10L20L060] / A > 0

A

i = [9K19K20KOZ/LI - 0KI9K2612/Llel0L00-0+9K10K2(1_8)2’“9L00-0+9K10K2512’1‘no-0 - 91(191(2
K.

62622/L10L000 - 9[(le20L000522vL10L20-2+9K1620L00-06121L202 + eleKzlngKlo-leLoo-o (49)
ol/A>0

A

VAV = [eklekzekﬂlLZ - 0[(]9K2521L2€29L00-0+0K10K21L291.00-0+9K19KZallLOGO - 01(191(26151]42
K

9LOO-0 - 9K2610L060612/L20L]Gl+0K2eleLUO-O5224L]G] + 620K11L20K20-20L00062] / A > O'

(50)

These inequalities can be summarized as

Proposition 5. When relative commodity price is constant, an increase in the supply of
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labor will raise the return to the specific factors in two private good industries. An increase in
either specific factor will raise the return to labor.

The results of proposition 5 are the same as that of the standard specific factors model. In
the standard specific factors economy, an increase in the supply of labor will lower the wage
rate to labor, and a rise in the supply of one specific factor will decrease the rental rate to both

specific factors. However, these effects are ambiguous in the present public input economy.

2.5 Conclusion

Ishizawa (1991) assumed that the public input is supplied under a Marshallian quantity
adjustment process in a Heckscher-Ohlin economy. It was shown that the supply curve of a
private good is upward sloping and the production possibility frontier is concave to the origin
if the public input market is Marshall stable, and the symmetry assumption is a sufficient
condition for the Marshallian stability.

To examine the role of public inputs in the specific factors model, this chapter considers
a specific factors economy in which the public input is provided by the same rule as that of
Ishizawa (1991). Proposition 1 and corollary 1 have demonstrated that even though the
aggregate technology of the economy exhibits increasing returns to scale, the supply curve of
a private good is upward sloping and the production possibility frontier is concave to the
origin when the Marshallian stability for the public market is satisfied. This is proved without
assumption that factor intensities in two private good industries are different as Ishizawa
(1991). Proposition 2 establishes that the symmetry assumption is still a sufficient condition

for the Marshallian stability even in the specific factors economy.
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The comparative static analysis demonstrates that with the symmetry assumption, most
but not all of the results of the standard specific factors model remain valid in presence of the
public input. In this public input economy, in order to ensure a rise in the supply of specific
factor K, (K,) will lower the output of private good X, (X,), we have to make the
assumption that the elasticity of substitution ¢, (¢,) is less than 1, and the income share of
capital @, (8y.) is less than the income share of labor @, (@,,). The standard specific
factors model makes no such assumption. And in the standard specific factors economy, a rise
in the supply of labor will decrease the wage rate to labor, and an increase in the endowment
of one specific factor will lower the rental rate to the specific factors in two private good

industries. However, these effects are ambiguous when a public input arises in the economy.

27



Appendix A:

This appendix will prove lemma 1, (30), (31), (34), (36).

For notational

simplicity,

le LD(XO,Xl,Xz,W ,rl,rz,}"o) 5 KDO(XU,W,rO) 5 KDI(XO,Xl,W,}"l) 5 and

K"*(Xo,X2,w ,r2) denote the demands for labor and capital representing the RHSS of (6)-(9) respectively. Then

given parameters, the solution functions in (17)-(22) satisfy the following equations:

p=c'(Xo,w ,r)
1=¢*(Xo,w ,r2)
L =L°(Xo,X1,X2,W ,F1572,70)
K" =K""(Xo,w ,r0)

K'= K" (X0, X1,w ,r1)

K> = K" (X0, X2,w ,r2)

(AT)
(A2)
(A3)
(A4)
(A5)
(A6)

I'() and k'() are homogeneous of degree zero in factor prices and symmetric, [, =k, >0,i=0,1,2. It
follows from the definitions of L”, K”°, K”', K> that

L)=0Xo+1.X:+12X>

LY =1 X,
LP=1X,
LY =1X,
K2’ =kuXo
K2’ =k X,
K2 =koX
K =k X,
K =k X»

K> =kl X,

thus

Low+Liro+ Lin+Lor=Kew+ K ro=Ke'w+ K r=Kow+ K r,=0
L)=K)>0
Now, differentiate (A1)-(A6) with respect to P , X, ; then use Shephard’s lemma to obtain

-
12
LY
k- Xo
kv X,
ki X

0
0

17 Xo
ky Xo
0
0

x
0
X\
0
k. X,
0

To

0 0 0 [[gw]
K0 0 |9
Lx. 1" I o
0 0 0 | o
0 %' 0 |lodx,
X, 0 & |L9X-]

dp +

o oo o o -

| —koX: |

1
—Co

2
—Co
-L¢
—k°
—koX\

9Xo

Let A denote the determinant of the matrix on the LHS of the above equation system, we have

= ="K’k Xol, Xik'k* + 'k ko, X oko Xil'k* — K'k), X ol 7, Xo k'K + k' ey, Xok, Xok'I = k'K Lk, X ok ko X 2 + k'

A
() LK Xok' = K'(K7) 1% X ok Xy — K'(K7) 12 X okS X ok

Since ky, ky ky, <0, 1,1

ro

2

2 kwkn>0, L-<0,wecandetermine A >0

Proof of equations (30) and (31). Using the Cramer’s rule, we can derive equations (30) and (31).
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(A9)
(A10)
(All)
(A12)
(A13)
(Al14)
(A15)
(A16)

(A17)
(A18)

(A19)



Proof of lemma 1. To prove lemma 1, the effect of X, on the cost function ¢'(-) and demand functions for
labour L”(-) and capital K"°,K"', K" must be examined first. For these, we consider the ‘unit-cost> function
gi(w ,ri) associated with the ‘production function’ F'(l;,k:) for private good industry i, and denote the
‘unit-demand’ function for labour and capital associated with that cost function by ['(w,r)and k'(w,r:),
respectively. From the homogeneity property of F'(-), these functions are related with ordinary functions used in
the text:

F (X0 (Xoswar) = o (w,72)

F XN Xoyw,r) = 1 (wor2)

XK (Xoyw,r) = O09,7) i=12 (A20)
Partial differentiation of the first equation with respectto X, yields
co(Xo,w,1:) = =@ (Xo)c'(Xo, w, 1) i=12 (A21)

Similarly, from the last two equations of (A20) and the definition of L”(:) and K”°,K”',K"*, differentiation
of (A3)-(A6) with respect to X, yields

LR X0, X0y Xagw sy ri) = 100 70) = S8 (X (X)X (A22)

Ko (Xo,w yr0) = k*(w ,r0) i (A23)

KO (Xos Xiyw »11) = =0 (Xo)k' (Xosw, r) X, (A24)

Ko™ (Xo, X2 w 511) = =9" (XK (Xo, W, 72) X (A25)
From this and the definition of cost function ¢’ = wi'+ r:k', we have

Liw+ K ro+ K8'ri+ K&?r =" — g¢i6‘[Xi (A26)

Now apply the Cramer’s rule to the equation system, we derive

! 0 k' 0 —co 0
r 0 0 K —c? 0

o L) 0[Xo LX LX: -Li =l
APXEXD=l oy KX, 0 0 & 0

kile 0 klr‘Xl 0 _k(l)Xl _Czkl
kiX. 0 0 kX, —kX. c'k

multiply the fourth, fifth and sixth row of the above matrix by ro,¢'r,@’r. respectively, add to the third row
multiplied by w, and use (A17), (A18) and (A26) to obtain
! 0 k' 0 0
o 2 2
>¢'c'Xi~c" Ol OO 0 k 0 s
A(pX:) + X(%) == kaO krUXO 0 0 0 — A(z ¢1CiXi_C0)
w i=1
kX, 0 kxi 0 =%
kvX. 0 0 kX

M

this equation, (A1), (A2) and (23) establish lemma 1.

Proof of (34). Differentiation of the national income function m(p, Xo) = pX'(p, Xo) + X*(p, Xo) with respect to
4

yields

my(p, Xo) = X'(p, Xo) + pX,(p, Xo) + X,(p, Xo) (A27)
From (31)

my(p, Xo) = X'(p, Xo) (A28)

Differentiation with (A28) with respect to X, , we can get
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mpo(P, Xo) = Xo(p, Xo) (A29)
Using the Young’s theorem and lemma 1, we have

H,(p,Xo) = Xo(p, Xo)

dinf(xo) _ 1 df(Xo) 1 df (Xo) 1 d*f(Xo)

Proof of (36). Since ¢' = = , then ¢, =— [ 1+ . Because
f of (36) ¢ dXx, f(Xo) dX, T dX, f(xo) dx,
2 .
f() is concave, we get d f(XZO) <0 .Hence, ¢,<0.
dx,
: 0 0 0 0 0 dw 0 aro
In view of ¢ =1"(w ,ro)w(p,Xo) + k' (W ,ro)ro(p, Xo) , we must have co=1"(w ,ro)W‘Fk (w ,ro) ax.
0 0

From (A19), we derive

0 11 .
a;” = K;[kﬂ,Xn¢](cl)2(k2)2ki,Xl +E X0 () (K'Y KX+ KXok (k') ki X
0
) 11 o
a; = K;[c'(kz)z(—llkoklle — kb X KO X ok + KKk X2 — KO X0 'k X)) + ) (—IPK° K X2 — ks X ok
0

Xk + KKk X2 — K Xo@ ¢kl X )]
From (A20), we obtain
ko(Xo,w,7:) = =" (Xo)k'(Xo,w, ) < O
This inequality and A >0, ky, k.. k2 <0, kw, kv >0 give

Bw arg

>0, >0
90X, X,

0 .
Hence, co=1"(w ,ro)—w + k0w ,r) =2 > 0 is established.

BXO aXo
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Chapter 3

Semi-public Intermediate Goods and International Trade in a Two-country

Model

3.1 Introduction

The existence of public intermediate goods induces externalities in an economy. Then
the production possibility frontier may become convex to the origin. The traditional trade
theorems which are based on a concave production possibility frontier may not be robust.
Hence, many literatures-e.g. Manning and McMillan (1979), Khan (1980), Tawada and
Okamoto (1983), Tawada and Abe (1984), Okamoto (1985), Altenburg (1987), and Ishizawa
(1988)-have examined the influences of public intermediate goods on the fundamental
theorems in tradition trade theories. However, these studies mainly are analyzed in a small
open economy model, which means the trade patterns and terms of trade are exogenous. But
both of them are critical to discuss the gains from trade. It is better to discuss in a two-country
model. Suga and Tawada (2007) analyzed the role of pure public intermediate goods on trade
patterns and gains from trade in a two-country model. They showed that the country with
large factor endowment exports the good whose productivity is more sensitive to pure public
intermediate goods. They also find that at least one country gains from trade, and if a country
incompletely specializes in the trade equilibrium, the country necessarily loses from trade.

Meade (1952) recognized two types of public intermediate goods. One type is pure

public intermediate goods, which are called °‘creation of atmosphere’. Pure public
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intermediate goods are fully available to every firm irrespective of the number of firms. Free
information about technology is pure public intermediate good. Another type is semi-public
intermediate goods, which are called ‘unpaid factors’. Semi-public intermediate goods suffer
from congestion within an industry and thus a reduction of availability to a firm when the
number of firms in this industry increases. Railways, airports are semi-public intermediate
goods.

In this chapter, we develop a two-country trade model in which one primary factor, two
consumer goods, and one semi-public intermediate good exist. We also assume the
semi-public intermediate goods are efficiently supplied by the government. It is shown that
the country with large (small) factor endowment exports (imports) the good whose
productivity is less sensitive to the semi-public intermediate goods. When trade opens, both of

the countries gain from trade.

3.2 The Model
We present an economy with two consumer goods called good 1 and good 2, and one
semi-public intermediate good. Now we only consider an economy with L units of labor,

which is the primary factor of production.

Production Technologies

The production functions of two consumer goods and semi-public intermediate good

take the following forms:
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0.=R“L"™ 0<a:<l, i=1,2, (1)

R =f(Lg),f(*)>0,f (+)<0, ()

where Q,and R are the outputs of good i and the semi-public intermediate good, [, and
Ly are the labor used in relative industries. We impose the following assumption:
Assumption 1. For all R>0, about the elasticity of output Q. with respect to the
semi-public intermediate good, (0Q,/0R )*(R /Q,) = a:, satisfies o, <.

This assumption implies that productivity of the first industry is less sensitive to the

semi-public intermediate good than that of the second industry.

The Semi-public Intermediate Good Supply
We assume that the government supplies the semi-public intermediate good to get an
efficient production of the economy. The production of the semi-public intermediate good is

assumed to financed by the lump-sum income tax.

The production possibility frontier is the locus of pairs Q, and Q,. We define

sz r (Q]aL )9 where r (Ql’L ) is

1—0(2
r©Q.L)= mx Rep,

L2 LR

st Rlelial:Ql R=f(Lr) LitLtLr=1L.

The optimal conditions of the above problem are
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1 1 e 1 1
Yoo a1+ o .
1-o l-a; S (Lg)

1 o, 1 (043

0,1~ R a1 +Q,l~c.p a1 + f(R)=L .

3)

(4)

Equation (3) represents the Samuelson-Kaizuka condition for the efficient supply of the

semi-public intermediate good. Equation (4) is the budget constraint of labor endowment.

Based on (3) and (4), we can derive how the efficient supply of the semi-public intermediate

good and the output of good 2 change to increases in Q, and L. We have the following

equations

oo
00, _ (1-9)Ra-1Q/1-an _ 0

20,

o, (0%
(1-9)Ra,-10,! -

—>0,
oL

90,
oL

>0.

Partial differentiation of (6) with respectto Q, and L yields

00,0L
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(6)

(7

(8)
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0,

Figure 3.1 Production Possibility Frontier
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Equation (9) implies the PPF is strictly concave to the origin. (This concavity property have
been proved by Tawada, 1980, Proposition 2). The PPF is depicted in Figure 3. 1 as the curve
0,0,

Assume that all firms within each industry take the quantity of semi-public intermediate
good as given and use it as ‘unpaid factors’. Perfect competition and profit maximization in

all private industries, together with (6), induces

(oA oy
p_ (1-0)Ra 1Q1-o _ 90, .
) - o o, __aQ ’ (11
2 (I1-9)Rq,-1 0,1~ !

where p, is the price of good i. Hence, production take places at the point on the PPF

where the budget line is tangent. In Figure 3. 1, the line BB is the budget line, and E is

the production point.

Preferences

We assume that preferences are homothetic. Denoting the price of good 1 relative to

good 2 by P, the expenditure function with the level of utility u is

E(P, u)=e(P)pu), €'(-)>0, e(-)<0, ¢(-)>0,

where e(-) is the unit expenditure function. Then the relative demand is
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Ci/C2=v/(A=7)P=Z(P), (12)

where y =e'(P)P/e(P) is the share of income spent on good 1.

We have the relative demand (;/C, is declining in P, because

dZ)dP =—¢e+Z/(1-y)P <0, (13)

where € =—e"(P)P/e'(P) is the price elasticity of compensated demand for good 1.

3.3 Trade Pattern

We now examine the trade pattern between two countries. The two countries are
identical in both production technologies and preferences but not in labor endowments. The
large country’s labor endowment is [,;, the small country’s labor endowment is [y, and
L1 > Ls . The semi-public intermediate good has no international spillovers. The footnote (L)
denotes the large country’s variables, the footnote (s ) denotes the small country’s variables.

Total differentiation with equations (1)-(4) and (11) yields

9(Q,/Q)
= =<0, (14)

We can summarize the result as

Lemma 1. Under assumption 1, given the supply price P, when the labor endowment L

increases, the relative supply Q,/Q, decreases.
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Figure 3.2 The relative supply with different factor endowment
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In Figure 3. 2, Given the supply price P, the relative supply of the small country is

(Q,/0)° and the relative supply of the large country is (Q,/Q)" . We have
(Q,/ QI)L< (Q,/ QI)S, which means that for the same supply price P, the relative supply
decreases when the labor endowment increases. From Lemma 1, we can derive
Proposition 1. Under assumption 1, the relative price of good 1 is lower (higher) in the
autarky equilibrium in the large (small) country. Then the large (small) country becomes an
exporter (importer) of the good whose productivity is less sensitive to the semi-public
intermediate goods.
Proof: From Lemma 1, the increase in labor endowment in the large country leads to a decrease of the relative
supply Q2 / Q1 for the same supply price. Given the homothetic preferences, the output changes leads to an
excess supply of the good 1 and an excess demand of good 2. A new autarky supply equilibrium in the large
country is formed, with a lower price ratio of good 1 than that in the small country.

The result of proposition 1 is opposite to that of Suga and Tawada (2007), in which the
large (small) country is an exporter (importer) of the good whose productivity is more
sensitive to the pure public intermediate goods. Hence, the two types of public intermediate
goods affect the trade patterns quite differently.

In Figure 3. 3, the autarky price in the small country is P% and the autarky price in the
large country is P4. p% is less than P35 . Hence the large (small) country is an exporter

(importer) of good 1 whose productivity is less sensitive to the semi-public intermediate good.

3.4 Gains from Trade

By Proposition 1, the Autarky price of good 1 is lower in the large country than in the
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Figure 3. 3 The Autarky Equilibrium with different factor endowments
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small country. Hence, we have

Q1SA < Q1SA + QILA < QILA
r QL) T (©Q,L)+T QL) T (Q/,L)

(15)

where QfA(QlL ") 1s the small (large) country’s output level of good 1 in the autarky
equilibrium.
Proof of (15): Since the autarky price can clear the market, we have

S L
Q14 =Z(Pi) and Qi

— —A—=Z(PH.
T QL) T QL) !

From P3% > P4 and Z'(+) <0, we can derive

04 0,
S < L :
L (@Q,L) T(QL)

Then we can get equation (15).

From (14), we can derive
P> Pp> P%. (16)
When trade opens, the demand price in the world market is lower (higher) compared to the

small (large) country’ supply price. This means that QF <0(QF>0).

We can summarize the following result

Proposition 2. When trade happens, both countries gain from trade.
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Figure 3.4 The Gains from Trade in Two Countries
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In Figure 3. 4, for the small country the autarky production point is AS. In the trade
equilibrium, the new production point is BS, the new consumption point is C°. Hence, the
small country imports good 1 by 0°C?, and exports good 2 by 0°B®. For the large country
AL is the autarky production point. After trade, the new production point becomes B, the
new consumption point becomes C. Then the large country exports good 1 by OfB’, and

imports good 2 by OC* . We can conclude that both countries gain from trade.

3.5 Conclusion

We analyzed how semi-public intermediate goods affect the trade pattern and gains from
trade in a two-country model. When semi-public intermediate good is sufficiently supplied,
the large (small) country is an exporter (importer) of the good whose production is less
sensitive in the semi-public intermediate goods. When trade opens, both of the two countries

will gain from trade.
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Chapter 4

Tax Competition and Fiscal Equalization in a Repeated Game Setting

4.1 Introduction

The efficiency and redistributive effects of tax competition have been extensively
investigated in the literature of public finance. When a region increases its tax rate, the
outflow of the tax base generates a positive fiscal externality. Tax competition thus induces an
inefficient low tax rate and low public service level, implying that tax harmonization is
needed to eliminate this inefficiency.

The potential for cooperation to arise in a repeated interaction setting is well known.
Hence, a repeated interactions model would provide a better perspective on how to obtain
sustained and efficient tax coordination among local governments. Only recently have a few
studies confirmed this motivation. Coates (1993) investigates the open-loop equilibrium of a
dynamic game of property tax competition. He pays atention to the intertemporal trade-off
between current and future consumptions of private and local public goods, finding that there
may be incentives to subsidize capital. Cardarelli et al. (2002) prove that tax coordination can
endogenously arise in a conventional repeated game, and that tax coordination does not
prevail when regional asymmetries are too strong. Their study assumes that: (1) production
activity does not occur; (2) the interest rate is exogenously determined at zero; and (3) when
capital is invested abroad, a sunk cost occurs. Extending this study, Kawachi and Ogawa

(2006) incorporate the benefit spillovers of local public goods to show that the cooperative
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outcome tends to take as the magnitude of spillover is significant. Catenaro and Vidal (2006),
using the standard tax competition model with repeated interactions, demonstrate that tax
coordination is not sustainable when region sizes are too different. In their model, however,
the government’s objective is to maximize the revenue from capital income tax rather than the
welfare of its citizens. Itaya et al. (2008) construct a repeated game model of tax competition,
wherein regions are asymmetrical in per capita capital endowments and production
technologies. They conclude that: the larger the differences in per capita capital endowments,
the easier the tax coordination; the larger the differences in production technologies, the more
difficult the tax coordination; they also find that the larger the differences among net capital
exporting positions, the more likely is tax coordination across regions. Their study further
indicates that the best cooperative tax rate, which conduces to the highest possibility of
cooperation, is zero; this finding justifies the rule of no-tax on mobile capital.

However, the theoretical analyses of tax competition within a repeated game model have
not yet taken the fiscal equalization scheme into account. The fiscal equalization scheme is an
integral part of existing federal arrangements. In the US, the state tax sharing is one of the two
forms of intergovernmental aid to local governments, the largest element of state expenditure.
Within the EU, the Structural Fund and the Cohesion Fund allocate over 40% of the EU
budget to under-developed regions and states. Fiscal equalization schemes have also been
implemented in Canada, Australia, Denmark and Switzerland, and many developing countries.
These facts suggest that the existence of a systematic interaction between tax competition and
fiscal equalization.

This issue has recently been formally addressed in literature. Janeba and Peters (2000)
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demonstrate that capital tax rates increase if regions are combined into a single tax revenue
equalization system; in such a case, fiscal transfers partially internalize fiscal externalities.
Kothenburger (2002) analyzes the relationship between fiscal equalization and tax
competition in a standard model of capital tax competition among regions that are allowed to
have differing labor endowments (Wilson, 1991). The study shows that fiscal equalization
may eliminate the externalities induced by tax competition. Especially, when the tax base
equalization is introduced, efficient tax rates arise. Kotsogiannis (2010) extends the analysis
to a standard capital tax competition model wherein there are horizontal tax externalities
between regions and vertical tax externalities between the levels of government. He shows
that an efficient level of lower-level government taxation can be achieved with an
appropriately adjusted standard tax base equalization formula.

Within the framework of a repeated tax competition game (Itaya et al., 2008), in which
regions differ in per capita capital endowments and production technologies, this paper
investigates the relationship between tax competition and fiscal equalization. In particular, it
focuses on the question of how the fiscal equalization scheme affects the cooperation
condition of tax competition with repeated interactions.

The main results of this chapter are the following: (i) when the scale of fiscal
equalization scheme increases, the capital exporter is more likely to cooperate, but the capital
importer is less likely to cooperate; (ii)) while the best cooperative tax rate without fiscal
transfers is zero, as argued by Itaya et al. (2008), it becomes 2¢ in the presence of fiscal
transfers, in which o is the scale of the fiscal equalization scheme. Interestingly, when the

cooperative tax rate is set at 2¢, even the scale of fiscal equalization ¢ changes, the
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willingness of both regions to cooperate in tax coordination keeps the same level; (iii) in the
cooperation phase, the introduction of the fiscal equalization scheme lowers the welfare of the
large region, raises the welfare of the small region, and has no effect on the total welfare of
the federal economy.

This chapter is organized as follows. Section 4. 2 describes a basic model of tax
competition; the introduction of a fiscal equalization transfers is a central feature of this
model. Section 4. 3 presents the relative results in a repeated game. Section 4. 4 briefly

concludes the chapter.

4.2 The Model

The structure and parameters of the model are identical to those of Itaya et al. (2008), the
only difference being the introduction of a fiscal equalization scheme into the federation.

The model considers a federal economy consisting of two regions, that are asymmetric in
their per capita capital endowments and production technologies. Both regions have the same
populations. The per capita capital endowment of region S (small) and region L (large) are
ks=k—¢e and k.=k+e respectively, where €€ (0,k]. We can see that the average per
capita capital in the economy is k= (ks+k.)/2. Capital can costlessly and freely flow
across regions; however, workers are fixed in each region. A homogeneous consumption good
is produced. The production function in per capita terms is f'(k;) = (A;—k)k:i»i =S, L; A; is
the technology parameter of each region. A;>2k;, i=S, L, then the marginal productivity of
capital is positive but diminishing. k; denotes the capital employed in region i. Firms in

each region maximize profits. Given a source-based capital tax 7;, the profit maximizing
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input equilibrium can be characterized as the interest rate r = f ;(k,.)—z-,.: A—2k—1.:, and
the wage rates w, = f'(k)—k.f.(k) =k, .

The federation implements a fiscal equalization transfer system. Here, we consider a tax
base equalization scheme’, which is conditioned by the difference in tax base capacity

between two regions. This means that

Bs=olk.—k,),

ﬂL = a(k& - kL) 5

where f3, is the fiscal transfer component allocated to region i, and « is the scale of

the fiscal equalization system. We assume that the federal government can freely adjust o
and 0<oa <1/27. Tt should be noted that this fiscal equalization scheme is budget-balancing,
(ie., B,+pB,=0).

In the capital market equilibrium, we obtain the interest rate and the capital allocation as

r*:%[AS-i_AL_(TSJ’_TL)]_Zl;’ (1)
K =1€+%[(TL—TS>—<AL—AS)], @)
k2=/;+%[(T5—TL)+(AL—As)]- (3)

Basically, there are two kinds of fiscal equalization schemes: tax revenue equalization scheme and tax base equalization scheme.
Kothenburger (2002) proves that while a tax base equalization scheme can completely eliminate the fiscal externality, a tax revenue
equalization scheme may deteriorate the fiscal externality. Tax base equalization schemes are adopted , e.g., in Canada, Denmark,
Switzerland, and Australia.

T

0<a<1/2 can ensure that the rich region gets a big share of the difference of tax base, the poor region gets a small share of the

difference of tax base. 1/2 < o <1 induces that the rich region gets a small share of the difference of tax base, the poor region gets a big

share of the difference of tax base. Then the incentive of the fiscal equalization scheme will be bad.
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We assume A,— A;=6 in the following.
In addition to the capital endowment, each resident inelastically provides one unit of

labor. Thus, the total income constitutes wage, w,, and the interest income, r]: The

residents use these incomes to consume private goods, ¢,. The public good in each region is

financed by the capital tax revenue and the fiscal equalization transfer from the federation.

Therefore, the budget constraint on the regional government is g, =7k, + .. The regional
governments maximize the utility of a representative resident by choosing an optimal tax rate,

then

7,eargmax u(c.g)=cit+g = fi(kf)—r%(kf—l;)+ﬁi,i =S,L. 4)
T

we can obtain the reaction functions as

=ty = 5
=373 77373 )
1, 4e 4a 0
=3 _ =y T 6
=373 77373 ©)

Since the slope of the reaction functions is positive and less than one, there exists a Nash

equilibrium. We derive the Nash equilibrium in a one-shot game as follows:
0
=209, 20—, ™)

Since the fiscal equalization can partially internalize the fiscal externality, the tax rates in both
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regions increase by 2c¢ . Based on Egs. (1), (2), (3), and (7), the Nash equilibrium interest

rate, ", and the per capita capital demand in each region, k; are

1 _
rN:E(AS+AL)—20¢—2k, (8)
_ 1 6
2/: 5+_ 8__7 9
ks =k 2( 4) )
_ 1 6
Y=k, ——(e=2). 10
ki=k 2( 4) (10)

When 6=0, a small region imposes high taxation to import capital, and a large region
imposes low taxation to export capital. This result is induced by the pecuniary externality or
the terms-of-trade effect, which is the same as that in Depater and Myers (1994), Peralta and
van Ypersele (2005), and Itaya et al. (2008). However, the effects on the terms of trade,
manipulated by both regions, cancel each other out. The interest rate " is then unchanged
as Eq. (8).

It is completely consistently Itaya et al. (2008) that: since the higher marginal capital
product can induce greater capital demand in the large region, exceeding its large capital
endowment. The technology difference (6 >0 ) can thus reverse the above net capital exporter
position and tax policy. In order to summarize, we state the following proposition:
Proposition 1. The sign of ® =¢e—(0/4)determines the net capital positions of the two
regions, when ® >(<)0, the large (small) region is a capital exporter.

Using Egs. (4), (8), (9), and (10), we derive the Nash equilibrium utility level of each

regions, y, as

50



i Lo o Les N A
us—[k+2(e 49)][k 2(8+49)]+r (k—&)+20k, (11)
S D P2 D P ;
u, =k 2(8 4t9)][k+2(£+40)]+r (k+e)+2o0k. (12)

From Egs. (11) and (12), we can obtain 5} —y) =60k+2&" >0, meaning that the large
region’s payoff outweighs that of the small region. When « increases, the interest rate "
decreases, as implied by Eq. (8). We can conclude that a fiscal equalization scheme can

reduce the payoff differences between two regions.

4.3 A Repeated Game

We now consider a repeated game between the two regions. The discount factor of each
region is §,€[0,1). We assume that each region cooperates in tax competition on the current
stage, if the other region cooperated in the last stage; if a region defects, cooperation between
two regions collapses, triggering the punishment stage which means Nash equilibrium persists

forever. The conditions of sustained cooperation in region i=S, L, are

| S,
2w+ ——u,i=S,L, 13
T =

where 5 for j=C, D, and N, denote the utility levels of the cooperation, deviation, and
punishment phases, respectively. The left side of Eq. (13) indexes the total discounted utility
of the residents in region i, when both regions cooperate infinitely in taxation. The right side

of Eq. (13) indexes the sum of the current period’s utility of tax deviation and the total
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discounted utility of Nash equilibrium in the following periods.
The cooperative tax rate 7° maximizes the federation’s utilitarian welfare, which is

givenby y, =us+u. = f (ks)+ f (k.). We can derive the cooperative tax rate as

T =15=1.. (14)

Although the cooperative tax rate is indeterminate, the capital allocation of the cooperative

phase is unique:

ki=k,+® , (15)

ki=k,—® . (16)

Based on Egs. (1), (4), (14), (15), and (16), we obtain the following utility levels in the

cooperative phase:

— 0 - 0 = (0(?]

C= (k1= )k =)+ (k= &)+ —, 17

us=(k+rt 4)( 4) ritk—e) 5 (17)
— 0 - 0 = (0(?]

C=(k+ 1+ )k +—)+r(k+€)— —, 18

ur=(k+rt 4)( 4) ritk+é€) 5 (18)

ur = us tui = Aks — kS + Ak — ki (19)

where = [(AS+AL)/2]—1-C—21; , u; for i=S, L, and F, represent the utility levels of the
small region, the large region, and the federation, respectively. Thus, we can state the

following proposition:
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Proposition 2. The introduction of a fiscal equalization scheme increases the utility level of
the small region, decreases the utility level of the large region and has no effect on the total
utility level of the federation in the cooperation phase.

Following Eqgs. (11), (12), (17) and (18), the participation constraint for each region, (i.e.,

u 2u , i=38,L,)1is as follows:

_ 1

s —us =5 @'+ 7@ =200 20, (20)
_ 1

ui—ul =7 @ =7 @+200 20, (21)

which implies that the necessary condition to sustain cooperation is
. 1
1t - 20 SZ|CI)|. (22)

Assuming the rival region’s tax rate is 7, the best-deviation tax rates 7, maximize the

utility of region i’s residents. It can then be derived that

< 4 4

75:%+§<I>+§(x, (23)
< 4 4

rf:%—§<l>+§(x. (24)
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200—D/4

Figure 4. 1 The reaction curves of two regions, when the large (small) region is an exporter (importer); that

is D=e—(0/4)>0
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Figure 4. 2 The reaction curves of two regions, when the small (large) region is an exporter (importer); that

is d=¢e-(0/4)<0
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The utility levels of deviation y;,i=S, and L, are respectively

Cc

2ak b o or

—[k——(@ T —28)][](——(0 T +28)+}"5(k 8)+T+?+?— 3 S (25)
u’=[k+— (0+T —2e)[k+~ (9+¢ +2s)+m(k+g)+2i3k—%9—%+“; (26)

Substituting (11), (12), (17), (18), (25) and (26) for (13), we can obtain the threshold of

the discount factor in each region i as

S5 = us —us _ 407 —4a+60—-4¢e) o7
= ul—u) (417 —8a—T70+28e)(4T — 8o — 0+ 4¢)

LU 4027t - 4o — 4€Y
_L:u‘ u. 2t oa—0+4¢) 28)

W —ul (417 —80+760-28e)41° —8a+0—4¢e)

When the actual discount factor exceeds both discount factor thresholds &, i=S, L, in two
regions, then tax cooperation can be a sub-game perfect Nash equilibrium of the repeated tax
interaction.

We can regard §. as a function of 7°. Substituting the upper- and lower-bound val-ues
of 7°, given by Eq. (22), in Egs. (27) and (28), produces d,2a—-®/4)=96,2a+d/4)=1,
0,20-D/4)=90,20+D/4)=49/145. Differentiating Eqs. (27) and (28) with respect to

° yields
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38,

S —

o€

98

L —

1536@(z° - 200 —2®@)(27° -4 + 5P)
[(47° -8 —T70+28e) (47— 8o — 0 +4d¢)|

15360Q2P +7° - 20)(5P - 27 + 4x)

aT(,‘

(41 —80— 70+ 28e)(41° — 8t — O+ 4¢)]

implying the following results:

%,

N

a7

%,

N

a7

<0,aéL>Oif d>0,
or°¢

>O,aéL<0 if ®<0.

ar°

(29)

(30)

(31

(32)

It is shown that &, (9,) is a decreasing (increasing) function of z°, if ®>0 and vice

versa if ®<0, and 0,2a)=0,2)=4/7. We define § =max{d,0,}. In Fig 4. 3,

6 =0, for t°e2a,200+D /4], whereas § =9, for t“€[2a-®/4,2a] if ®>0. Fig

4. 2 shows the case @ <0. However, the following two features are independent of the sign

of ®: § €[4/7,1); the closer the value of 7° isto 2a, the easier it is for the two regions

to enter tax cooperation. We can summarize the above results in the following proposition:

Proposition 3. A capital exporter (importer) has a relatively stronger incentive to deviate

from the cooperative tax rate, when the cooperative tax rate is higher (lower) than 2o . The

closer the value of the cooperative tax rate is to 20, the easier it is to cooperate in tax

coordination.

Note that sign[d(u; —u,)/dt]=sign(—®) and sign[d(u;—u;)/ 7] =sign® (proved

in appendix B). When ® >0, since dr°/dr <0, the large region-capital exporter-prefers a
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lower cooperative tax rate, which is coordinated with dy;/dz <0, and y; is independent
with 7. Hence 9d(yf—u))/07°<0, which indicates when 7 increases, the deviation cost
for the large region decreases. d(u;—u;)/9dt >0 is easy to understand. In Fig 4. 1, when
cooperative tax rate 7° increases, the width between the reaction curve of the large region
and the cooperative tax rate line becomes broader. This means when the cooperative tax rate
¢ becomes higher, the deviation ability of the large region becomes stronger. This indicates
when 7 increases, the deviation gain for the large region increases. We can conclude that
when the cooperative tax rate 7° increases, the incentive to deviate for the large region
becomes stronger. Then the large region’s minimum discount rate §, increases with the
cooperative tax rate. Since the conditions faced by the small region are opposite with that of
the large region, the small region’s minimum discount rate J, decreases, when the
cooperative tax rate 7° increases. About the case ® <0, we can analyze it with the same
way as the case @ >0.

It is important that the best cooperative tax rate is 2 in Proposition 3. By introducing
the fiscal equalization scheme, our model is a more general case of Itaya et al. (2008). When
a =0, our model reduces to their model. And the best cooperative tax rate becomes zero. But
the cooperative tax rate is not zero in the EU. Itaya et al. (2008)’s model cannot completely
explain the economic reality. Our model implies that since the existence of fiscal equalization

scheme in every federal economy, the best cooperative tax rate should take a positive value

and increase with the scale of equalization transfers.
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Figure 4. 3 The effects of an increase in & on O .» =S, L, when the large (small) region is an exporter

(importer); thatis ®=e—-(0/4)>0
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Figure 4. 4 The effects of an increase in & on O .» =S, L, when the small (large) region is an exporter

(importer); thatis ®=e—-(0/4)<0
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We now examine the effect of increasing the scale of fiscal equalization o on the
willingness of each region i to engage in tax cooperation. We differentiate 9., i=S, L, in

Egs. (27) and (28) with respect to « , then

% 307202P - 1+ 2a) (5D + 27" —4)

- - 33
do [(47°—8or—70+28e)(41° -8 — O+ 4¢)| (33)
9, _ 30720(z" - 20+ 20)(21° ~ 40~ 5P) (34)
do  [(47°—8a—70+28¢e)(41° —8a—O+4e)|

implying that

%02 o i 020, .
oo oo
%<0,8§L>0 if ®<0. (36)
oo oo

The above analysis allows us to state the following proposition:
Proposition 4. When the scale of fiscal equalization o increases, the capital exporter
(importer) is more (less) cooperative in implementing tax coordination.

It holds that sign[d(y;—u,)/da]=sign® and sign[d(u; —u;)/dar] = sign(—P)
(proved in appendix B). In the case of @ >0, for the large region (capital exporter), when the
scale of fiscal equalization scheme « increases, the deviation cost increases, the deviation
gain decreases, then the incentive to cooperate becomes stronger. It also holds that

sign[0(us —us)/ dar] = sign(—®) and sign[d(us —us)/ oo ] = sign® (proved in appendix B).
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In the case of ®>0, for the small region (capital importer), when the scale of fiscal
equalization scheme ¢ increases, the deviation cost becomes smaller, the deviation gain
becomes larger, then incentive to cooperate becomes weaker. Obviously, we can proceed the
analysis of the case @ <0 with the same root as above.

In Figure 4. 3 and Figure 4. 4, when « increases, the locus &, of a capital exporter
will parallel shift right, the locus §, of a capital importer will also parallel shift right. And it
should be noted that & (2a)=9,(2c) =4 /7 . Thus we have the following result:

Proposition 5. When the cooperative tax rate is set at 2a, even o changes, the willingness
of both regions to cooperate remains at the same level.

In Fig 4. 1 and Fig 4. 2, when the scale of fiscal equalization scheme o« increases, the
triangle which consists of the cooperative tax rate line, two reaction curves parallel shifts.

Then the relationships among cooperation, deviation and punishment do not change.

4.4 Conclusion

Itaya et al. (2008) analyze how the increased regional differences in per capita capital
endowment and /or production technologies affect the willingness of each region to engage in
tax cooperation in a repeated game model of capital tax coordination. They show that regional
asymmetries in net capital exporting position may be advanntageous to the achievement of tax
coordination. However, the best cooperative tax rate is zero in their model. Motivated by this
finding, this chapter introduces a fiscal equalization scheme into Itaya et al. (2008)’s model.
Its purpose is to examine how the fiscal equalization scheme affects the tax cooperation

condition. It has shown that: with an unchanged federal utility level, the best cooperative tax
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rate becomes 2« ; when the scale of fiscal equalization « increases, a capital exporter is
more cooperative in tax coordination, a capital importer is less cooperative in tax coordination;
interestingly, when the cooperative tax rate is set at 2¢r, even « changes, whereas the

willingness of both regions to implement tax coordination remains constant.
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Appendix B

o(us—us)

i ¢
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Chapter 5

Conclusion

This paper consists of two small topics related with public goods. One is international
trade and public intermediate goods, the other is tax competition.

Chapter 2 and Chapter 3 are about international trade and public intermediate goods.
Chapter 2 analyzes how the existence of public intermediate goods affects the result of the
specific factors model. We introduce the public intermediate goods into the standard specific
factors model. We assume the public intermediate goods are supplied by the government by
the Lindal-Samuelson-Kaizuka rule. However, the government can not respond the exogenous
change in the price ratio of the private goods instantly. It can only revise the level of public
intermediate goods by a Marshallian quantity adjustment process. It is shown that even the
public intermediate goods give rise to increasing returns to scale in the specific factors
economy, the production possibility frontier is concave to the origin, when the market of
public intermediate goods is Marshall stable. The symmetry assumption that the public
intermediate goods promote the production of the two private industries equi-proportionally is
a sufficient condition of the Marshallian stability. Under the symmetry assumption most but
not all of the results of the standard specific factors model are still robust even in presence of
the public intermediate goods.

Suga and Tawada (2007) investigate the influence of pure public intermediate goods on

the trade patterns and gains from trade in a two-country model. Chapter 3 examines how the
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semi-public intermediate goods affect the trade pattern and trade gains in a two-country trade
model. We construct a one primary factor, two consumer goods, one semi-public intermediate
good and two-country model. We assume that the productivity of good 1 is less sensitive to
the semi-public intermediate goods that that of good 2. It is also assumed that the semi-public
intermediate goods are supplied by the government to get an efficient production. We show
that the production possibility frontier is concave to the origin. The production take places in
the point where the budget line is tangent with the production possibility frontier. Given the
relative price of good 1, when the labor endowment increases, the relative supply of good 2
with respect good 1 decreases. Since the same homothetic preferences in two countries, the
autarky price of good 1 is lower in the large country than that of the small country. Then the
large (small) country is an exporter (importer) of the good whose productivity is less sensitive
to the semi-public intermediate goods. This result is opposite with that of Suga and Tawada
(2007). We also find that when trade opens, both countries gain from trade.

In Chapter 4, we introduce a fiscal equalization scheme into the model of Itaya et al.
(2008). We ask the question that how the fiscal equalization scheme affects the tax
cooperation condition. It is show that the introduction of the fiscal equalization transfer
increases the utility of the small region, decreases the utility of the large region, has no effect
on the federal utility level. When the scale of the fiscal equalization scheme increases, the
capital exporter (importer) has more (less) incentives to tax cooperation. Since the existence
of the fiscal equalization transfer, the best cooperative tax rate takes a positive value and
increases with the scale of the fiscal equalization scheme.

About international trade and public intermediate goods, we can consider follow
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directions to extend the analysis. First, most of the existing studies concentrate on national
public intermediate good, however, railways, highways are constructed across national boards
recently. Hence, we can consider international public intermediate good in trade models.
Second, public intermediate goods are considered only as production factors, we can
accommodate them as tradable goods in the trade models. The international market of public
goods like high-speed rail, is flourishing in reality.

Basically, there are two kinds of fiscal equalization scheme: tax base equalization
scheme and tax revenue equalization scheme. In Chapter 4, we analyze how the tax base
equalization scheme affects tax cooperation condition. We may consider how the tax revenue

equalization scheme affects the tax cooperation condition in the further research.
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