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1. Introduction

To our knowledge, most existing papers dis-
cussing spatial competition model the interaction
between firms’ decisions. However, governments
compete with each other for revenues. Specific
examples are the taxes on retail trade imposed
by governments. In Europe, with the establish-
ment of the European Community, the European
market has become more open. This gives more
healthy competition among the European coun-
tries as is the case among the states in America.
The sales tax in Luxembourg is relatively low
compared with Belgium, France and Germany.
Accordingly, many people from Belgium, France
and Germany go shopping to Luxembourg to seek
a good bargain. In addition, most tourists pass-
ing through Luxembourg gas up their cars at gas
stations there. This is because the gasoline taxes
of Luxembourg are low, making the cost of gaso-
line in Luxembourg the cheapest in Europe. By
underselling their competitors, both the govern-
ment in Luxembourg are able ‘to obtain a lot of
revenues and make high profits. As, in the United
States, many people go shopping to other states
to obtain good bargains because the sales taxes
are different between states. For many states
sales taxes are among the principal sources of rev-
enues. As a result, the state governments regard
the strategy of price controls such as local taxes
as important.

Obviously, a decrease in the tax of a govern-
ment extends its market area. However, the rev-
enues obtainable from its firms decreases. Thus
governments face a trade-off, and attempt to
make this trade-off effective. The spatial com-
petition situation analyzed here differs from the
standard version of the spatial competition model
only in that the governments which divide the
whole market segment compete by optimizing its
government revenues.

The objective of this paper is to formulate the
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spatial competition model of imposing a tax be-
tween N(> 2) governments on a line segment,
and to examine the relationships between the rev-
enues in equilibria and the spatial arrangements
of the governments and between the revenues in
equilibria and the sizes of the governments. More
specifically, we shall compute all taxes in equilib-
ria for some sets of geographical and technological
parameters.

2. The model for ordinary firms

Consider the line segment along which customers
and firms are evenly spread with a unit den-
sity. There are N(> 2) governments which divide
this whole market segment into N line segments.
They are indexed by 1,---, N. There is a sin-
gle homogeneous commodity that is produced by
all firms at zero marginal production cost. The
assumption of zero marginal production cost is
introduced here so as to simplify the analysis;
however, our results do not depend on it. Each
government demands a tax, denoted by p;, from
the firms within it. Each customer buys the com-
modity from the firm offering the lowest full price,
defined as the mill price plus the transport cost
between the firm and the customer, irrespective
of its full price. Thus, the demand is perfectly
inelastic. Transport costs are linear in distance
and equal to vy per unit distance. It should be

" noted that all firms in the i-th government would

charge the same and constant mill prices, p;. This
is because as the firms compete with each other
for customers, given the continuum of firms all
firms would price at marginal cost.

We define the revenue of the i-th government
as the sum of the taxes from all firms within
it, referred to as m;(py,...,pn). And we define
the total demand of the i-th government as the
sum of the demands of all the firms within it,
referred to as D;(p1,...,pn). Then each gov-
ernment maximizes its revenue by changing its
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tax, assuming that it considers the others’ taxes

as fixed. In this paper, we define a tax equilib-

rium by a Nash equilibrium of a non-cooperative

N-person game whose players are governments,

strategies are taxes and payoffs are revenues. Let

the tax and the size for the i-th government be
denoted by p; and L;(> 0) respectively. As usual,

a vector (p*y,...,p*y) is a taz wvector in equi-

libriwm if and only if m(p*y,...,piy...,0%N) <

7i(p"y, -, P%s -, p"y) for any p; > 0 and i =

1,---,N. To make our notation simpler, we de-

note mi(p"y, -+, p* ) by " and Di(p*y, -+, p"y)

by D*;. - .

Proposition 1. When the number of govern-

ments is two, there exists a unique tax vector in
" equilibrium as follows:

* v " v ;

P = 5(2L1 + L), p= '3‘(L1 +2Ly).
Proposition 2a. When the number of govern-
ments is three and the sizes of the peripheral gov-
ernments are the same, i.e., Ly = L3(= L), there
exists a unique tax vector in equilibrium given by

p*l = %(4L+L2)’

P's = 2(4L+ Ly).

p*Z = %(ZL + ZLZ)’

Proposition 2b. When the number of govern-
ments is three and the sizes of the adjoining gov-
ernments are the same, i.e., Ly = L3(= L), there
exists a unique tax vector in equilibrium if and
only if Iy < 31 (x 5.141L,). Whenever it
exists, it is given by
p*, = L(T1Li+3L), p*y=—-(2L; +6L)
! 12 ’ 2712 ’

o
p'y = 12(131+9L)-

Proposition 3. When the sizes of all govern-
ments are the same, there exists a unique tax
vector in equilibrium. It is given by

k=1

where,
ar E {2+ VR + (2 - VAL AWN) €
an + 2 nor Nk + 0.

N
p* = —— Z min{o, o;} min{ay 41—k, AN $1-i }-

Proposition 4. For the transportation firms
and Ly > L,, there exists a unique tax vector
in equilibrium if and only if

L1 > Ly+3/TL, - 2T.
Whenever it exists, it is given by:

Pt = 1(2[11 + Ly — ZT),

3 Py =

w |2

3. Conclusions

In summary, the following conclusions can be

drawn from the preceding discussion:

(c1) When two government compete for revenues,
for ordinary firms a Nash equilibrium neces-
sarily and uniquely exists. For transporta-
tion firms the existence -of a Nash equilib-
rium depends on the spatial configurations -
of governments.

(c2) The taxes and the revenues in equilibrium
that we have obtained suggests that the spa-
tial configuration and the sizes of contries
are essential for governments. This is be-
cause, for interior governments, encroach-
ments on the market areas of neighbours
become profitable to the government, thus
making the competitive process more strin-
gent. While, the peripheral government en-
joys a local monopoly.

(c3) Considering the size ratios of countries,
smaller countries, like Luxembourg, will gen-
erate more revenues than bigger countries
like France and Germany when the Euro-
pean market is opened. This conclusion is
more apparent when the length of trips is in-
creased. '
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