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Abstract: This paper constructs asymmetric regions model in which the numbers of borders are various by extend-
ing one country model of Lucas (2004) to two countries model. We consider the following three cases: an inte-
grated world, a unitary nation and a decentralization. The integrated world means that a supranational government
uniformly implements the policy: the outcome in this case is the second-best optimum. The unitary nation is that
each central government takes a non-coordinated policy. The decentralization is that the central and local govern-
ments in both countries take non-coordinated policies. We show that the central governments cannot internalize
fiscal externalities attributed to the existence of a national border under the unitary nation and the decentralization.
Under the unitary nation, the central governments set a lower tax rate in the region with national border than in the
region without national border.
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1. Introduction

Horizontal and vertical fiscal externalities are major factors for the difficulty of fiscal management when govern-
ments -between central and local and/or between local governments- implement their own policies. It is well
known that, under the existence of cross-border shopping, commodity taxation on which the same level of gov-
ernments impose produces the horizontal fiscal externality. All governments set a lower tax rate to attract cross-
border consumers. In contrast, when different levels of governments, such as central and local governments, im-
pose taxes on the same tax base, vertical fiscal externalities arise. For example, the local governments set the local
tax rate higher because they do not consider the negative effect of their own taxation on the central government’s
tax revenue. As a result, the higher local tax rate shrinks a tax base, so that the central government’s tax revenue
decreases: a negative fiscal externality occurs. Thus, horizontal and vertical externalities work in the opposite
directions.

In the 2000s, the coexistence of these two kinds of fiscal externalities has been analyzed in symmetric regions
model. However, to the best of our knowledge, there has been no research of asymmetric regions model treating
both vertical and horizontal fiscal externalities. Therefore, this paper considers both vertical and horizontal fiscal
externalities caused by the central and local governments, constructing two symmetric countries model with asym-
metric two regions. We consider the following three cases: an integrated world, a unitary nation and a decentrali-
zation. The integrated world means that a supranational government uniformly implements the policy: the outcome
in this case is the second-best optimum. The unitary nation is that each central government takes a hon-coordinated
policy. The decentralization is that the central and local governments in both countries take non-coordinated poli-
cies.

2. Model

This paper extends Lucas (2004) model, which treats horizontal and vertical fiscal externalities in a cross-border
shopping model, from one country to two countries. We consider a Hotelling framework, described in Figure 2.1,
consisting of two symmetric countries, i = 1, 2 with asymmetric regions j = A, B. We refer to region j in country
i as region ij. The location space of each country is given by 8 € [—1, 1], divided into two regions at 8 = 0: the
length of each country is 2. As shown in Fig. 1, region B in each country (region 1B and region 2B) has borders
not only with region A in domestic country but also with region B in foreign country; region A in each country has
a border with region B only in domestic country. In each region, population size is normalized to one. Consumers
are uniformly distributed and the ones living in region ij are identified by given distance d;; from the regional
border within the country and distance D;; from the national border.

There are two private goods x and y in each region. Consumers can move to the other region to buy the good
y: a good y can be bought in the other region; however, a good x cannot. We assume that the commaodity tax is
imposed only on a good y in this economy.

There is a central government and two local governments in each country. The central and the local governments
supply a national public good G and a local public good g, respectively. The benefit of national public good ac-
crues to all consumers irrespective of where they live, while that of local public good accrues only to consumers
of the region.
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Figure 1: The location space
Firms are located in all regions and maximize their profits in perfectly competitive markets. The output can be
used interchangeably for the production of x, y, g and G: the marginal rates of transformation between public
goods of each government and private goods are normalized to one. The production is subject to a linear technol-
ogy where one unit of labor produces one unit of private goods or public goods.

2.1 Consumers
Consumers in region ij obtain utility from two private goods, x;; and y;;, and local public goods, g;;, and national
public goods, G;;. The utility function is given by the following separable quasi-linear utility function:

xl-j + U(yl]) + b(gU) + B(Gl),

where v(y;;), b(g;;) and B(G;) are increasing and strictly concave functions.

While consumers can buy a private good without transportation cost in their own regions, they must burden
transportation cost to the border when they buy the private good in other region. As the case with Lucas (2004),
we suppose that a private consumption good x is non-taxable and a good y is subject to taxable in destination
principle. Let ¢;; be the tax rate which the local government in region ij sets, and T;; be the one which the central
government in country i sets in region ij. Only a good y is taxed at a rate of 7;; = t;; + T;; in region ij. Both
consumption goods x and y are assumed to be a numeraire: consumers’ prices of x;; and y;; are 1and 1 + 7;;,
respectively. In what follows, as both countries are symmetric, we consider only the economy in country i.

2.1.1. Consumers who buy a good in their own region
When consumers living in region ij buy a good y in their own region, they solve the following problem:
max x;; + v(yl-j) + b(gij) + B(Gy),
XijpYij Q)
s.t.x;; + (1 + Ti]-)yi]- = wl;,
where [; is labor supply which is constant. From (2.1), we obtain demand functions represented by x;;(z;;) and
yij(ti;) (j = A, B). By substituting these functions into utility function, an indirect utility function can be obtained

as VI,](TL]) + b(gl]) + B(Gl) Roy’s ldentlty ylelds the fO“OWing result: 0 VU(TU)/aTU = _y’-J

2.1.2 Consumers who buy a good in the other region of domestic country
We consider consumers in region ij buy a good y in the other region of their own country. We refer to i’ and ;'
as foreign country for country i and the other region for region j, respectively. If 7;; > 7;;, they may buy a good
y in the other region. They choose to buy a good y in their own or in the other region, depending on the difference
between 7;; and 7;;» and the distance d;; from the regional boarder. This distance d;; € [0, 1] is distributed ac-
cording to a continuous distribution function N[d;;] with the positive density n[d;;] , where n;; =
foln[dij] dd” =1.

When consumers in region ij buy a good y in the other region of their own country, they solve the following
utility maximization problem:



max xi; +v(yy) +b(gy) + BG)
@)
s.t. Xy + (1 + i) yij' + dij = wl;.

This gives the demand function x;;(7;;7, d;;) and y;;(7;;7). Substituting these demand functions into the utility

ij's
function given in (2) again yields the indirect utility function V;; (‘[L- i j) + b(gi j) + B(G;). From Roy’s iden-
tity, we obtain the following results: @ V;; (7, d;;)/07;; = —y;; and 0 V;(z;;, dy;) /0d;; = —1.
2.1.3 Consumers who buy a good in a foreign country
In this subsection, we consider a case in which consumers in region iB of country i buy a good y in region i'B.
Such a situation can occur if ;75 < 7;5. Suppose the consumers who live at a distance of D;z from the border. D;
is the same distributive feature as d;;. Then, utility maximization problem of the consumers is represented by:
max x;z + v(y;yg) + b(gip) + B(Gy)
XiB,YiIB (3)
s.t. xig + (L +t75)y;75 + Digp = wi;.
Solving this problem, we obtain the demand functions x;5 (t;/5, D;5) and y;/5(7;75), and therefore, the indirect
utility function vig(t;75, Dig) + b(g;5) + B(G;) . From Roy’s identity, we obtain the following features:
a vl‘B(Ti’B, Dl‘B)/aTi/B = _yi’B and a UiB (TiIB’ DLB)/aDLB = _1

2.2. Threshold
Consumers decide where to buy a good y, depending on the distance from national border or regional border. To
see this, we solve the threshold in which consumers are indifferent as to whether they buy a good y in their own
region or in the other region of a domestic country.

Consumers in region ij obtain the utility v;;(z;;) + b(g:;) + B(G;) and vy;(7;jr, dy;) + b(gy;) + B(G,) if they
buy a good y in their own region j or if they buy in the other region j', respectively. A condition in which con-
sumers are indifferent as to whether they buy a good y in their own region or in the other region can be given by:

vij (i) = vij (70, dij)- 4)

We represent the distance at which (4) holds as d;; (tj, 7;;7). If vij(7;;) > v;j(7;j7, dy;), the consumers buy a good
y in their own region j; if vi]-(rl-j) < vl-j(‘rijr, dij), they buy it in the other region j’. That is, consumers who live
atd;; > &ij buy a good y in their own region j; consumers who live at d;; < &ij buy a good y in the other region

!
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Differentiating (4) with respect to ¢;;, t;j,, T;; and T;;,, we obtain the following results:

j
ad;; _ ad;; _ ad;; _ ad;;
atU aTl] y”’ ati]-/ aTl-]-/

= —Yij’- 5)

The threshold of the distance &i]- increases (decreases) if the commodity tax rate in their own region increases
(decreases), and decreases (increases) if tax rate in the other region of their own country increases (decreases).

We turn to obtain the threshold in which consumers in region iB are indifferent as to whether they buy a good y
in their own region or foreign country. The condition is expressed by:

vip(Tip) = Vi (T;75, Dip). (6)

We denote the distance which (6) holds as D;z (z;5, T;/). Differentiating (6) with respect to t;z, t; 5,T;z and Ty,
we obtain the following:

6tiB - aTiB - yiB’ ati’B - 6Tir3 - _yi’B.
These results show that the threshold of the distance D, increases (decreases) if a commodity tax rate in their own
region (in the other country) increases.

The above thresholds are depicted in Figure 2.1. If t,, > 1,5, all consumers in region 1B of country buy a
good y in their own region because they have no incentive to go shopping in region 14 (d;z = 0). In contrast,
while consumers in region 14 located within the distance d, 4 < d;, buy a good y in region 1B, those who are
located in the distance d,, > d, 4 do in their own region 14.

()



Next, if 7,5 < 1,5, all consumers in region 1B buy a good y in their own country because they have no incen-
tive to go shopping in country 2 (D,5 = 0). In contrast, while consumers in region 2B located in the distance
D, < D, buy a good y in region 1B, they located in the distance D, > D, in their own region 2B.

3. Integrated world and unitary nations

3.1. Integrated world

This section considers an integrated world in which a supranational government uniformly imposes a tax on a good
y and provides public goods to consumers in each region: 7,4 = T1p = T4 = Tog =T, J14 = 158 = J24 =
9o = g and G4 = G5 = G4 = G, = G. Welfare maximization problem in integrated world is formulated by:

max 4{v(t) + b(g) + B(G)}, s.t. 49 +2G =41y (7). (8)
7.9,
We obtain the following necessary condition:
y(7)
b =2B" = —>~-°~
0 (12)
y(@) +7 }é(f)

The most right-hand side in this equation represents the social marginal cost of public fund (SMCPF), while b’
and 2B’ does the social marginal benefits (SMB) of the local public goods and national public good, respectively.
These equations mean the optimality conditions for the supply of public goods noted as Atkinson and Stern (1974)
rule. This condition obtained from equations (12), together with the budget constraint (8), gives the second-best
optimum, denoted by (t*, g*, G*).

3.2. Unitary nations

Next, we consider a unitary nation in which each central government chooses all policies in its own country.
Central government in country i behaves as a Nash competitor and chooses their tax rates t;, and ;5. The central
government supply local public goods and national public good with tax revenue. The central government max-
imizes social welfare to choose 7;4, T;5, gia, 9ip and G;, taking ;75 as given. If t;, > 7,5 and 7,75 > 75, the cen-
tral government in country i’s maximization problem is formulated by:

1 dia

max  V(gg)+ | V@ dd+ | Vs d)ddy + ) blgy) + 286D,
TiATiB9iA9iBGi dia 0 Py
s.t. gia + 9ip + Gi (13)

D 1

dia i'B
=T <yiB(TiB) + j Yis(Tip)ddis + J yiB(TiB)dDi’B) Tia JA Yia(Tia)dd;g .
0 0 dia

We obtain the following necessary conditions for the local public goods and the national public good:
R . (1= dia)yia
2B; = bjy = bz = - Bl ad.
(1 —dia)yia(l — £ra) + (TipYin — TiaVia) anA
N iA
(1 +du)ys

. ad,, , aDy adis
Yis |(1+dia) (1 = nip) + i <6Til; + OTLL-BB)] —tiaYia afilg

(19)

where &,;; = —7;;8y;;(ti;)/ i (t17)97;;) > 0. These conditions mean that marginal benefits (MB) of public
goods, 2B;, b;4, and by are equal to the marginal cost of public funds (MCPF) of the local public good A4 and that
of the local public good B. Comparing (12) with (19), we can verify that the central governments in the unitary
nations cannot replicate the second-best optimum. This is intuitively clear because each central government plays

a Nash competition.

Proposition 1 Under unitary nations, the tax rate in region A is higher than that in region B.



This is because region B has more borders than region A: region B faces the intensified tax competition. This result
cannot be acknowledged in Lucas (2004) who considers two symmetric regions in one country model.

4. Decentralization

This section considers the following decentralization. The local governments supply the local public goods by
using commodity tax revenue and intergovernmental transfers from the central government to maximize social
welfare in its own region. Then, the central government chooses the central tax rates T;;, the national public good
and the matching grant to maximize social welfare in its own country. Intergovernmental transfer is a form of
matching grant on local tax rates, t;;. The central government is a first-mover and the local governments are fol-
lower. However, the governments of the same levels behave as Nash competitors.

We consider the following two stage game. In the first stage, the central government has Stackelberg advantage
vis a vis the local governments. However, each central government behaves as Nash competitors with respect to
all other country’s governments. In the second stage, each local government, a follower to the central government,
behaves as Nash competitors with respect to all other country’s governments.

4.1. Local governments’ behavior
The central government provides fiscal transfer by using a matching grant on the local tax rate, m;;. The local
governments supply the local public goods by using commaodity tax revenue and intergovernmental transfers from
the central government to maximize social welfare in its own region. In the situation of 7;4, > 7,5 and 7,3 < 7,75,
budget constraints of the local governments are given by:
1
9ia = 1+ ma)tia | yia(tia)ddig (20)
dig

Because countries are symmetric, we focus on the only regions in country i. The local government in region iA
which is follower and has the only one border chooses t;, and g;, to maximize utility of consumers in region iA4,
taking T;,, T;5, G;, m;, and m;g as given. In the situation of t;, > t;5, maximization problem for the local gov-
ernment in region iA is given by:

1

dia
max V(TiA) ddiA + f V(TiB) ddiA + b(glA) + B(Gl) , S.t. (320) (31)
0

tiagia Jg, ,

We obtain the following necessary condition for public good provision in region iA:

' (1 - dAiA)yiA
b'(gia) = R 2d: .Y (34)
(1 +mia)yia {(1 —dip)(1 — &) — tia F:}
where g4 = — s téf )ay;“‘t(”“) > 0 is elasticity of demand for a good y;, with respect to tax rate in region iA.
iA\tiA iA

The local government in region iB which has two borders chooses t;; and g;z to maximize utility of consumers
in region iB, taking T;g, T4, T;/g, M4 and m;g as given. In the situation of t;, > 1,5 and 7,75 > 7;5, the maximi-
zation problem for the local government in region iB is given by:

max V(z;5) + b(gis) + B(G;), s.t. (21). (35)
ti.diB
We obtain the following necessary conditions for public good provision in region iB:

Vi

) ddiy Dy \| 38
(1 +mp)yip {(1 +dia) (1 — eup) — tip <8‘L'i: * aTiBB)} +

b'(gi8) =

tip  9yip(Tip)
yip(tip) Otip
This condition is interpreted in a similar way to (34). The left-hand side of (38) is marginal benefit of the public
good and the right-hand side is MCPF. If m;, = m;z = 0, (34) and (38) are not identical to (12) and (19). That is,

where g5 = — > 0 is elasticity of demand for a good y;z with respect to tax rate in region iB.



in the decentralization without the matching grant, the central government cannot replicate the second-best out-
comes and equilibrium outcomes under unitary nation.

4.2. Central governments’ behavior
The central government supplies the national public good by taxing a good y and setting matching grants. If t;, >

7;3 and T3 > 15, the budget constraint of the central government in country i is:
1

Gi = (Tia — tiamia) | Yia(Tia) ddig + (Tip
dia
dia By (39)
— tipm;p) (yiB (Tip) + yis(tig)ddiy + f Yip (TiB)dDi’B)-
0 0
In the situation of t;, > 7;5 and t;7; > 1,5, the maximization problem for the central government in country i is
given by:

d; 0

iA
L omax V() + [ V(@ didddi + [ V(@addi+ b + b(gw) »
iaTipmiamip,Gi 0 dia ( )
+ 2B(Gy), s.t. (19)
We obtain the following optimal matching grants:
: 3y, ad
(1= dia)Tia % + (TpYis — TiaYia) 3o
_ 1A iA
miy = N ay ad ) (49)
(1—dia) (yiA +tia ﬁ) — tiaVia ﬁ
—d.,En + T iB __ LA“iB hl iB o Fip — A ,EA LA
AT T B Ot ( (1 +diy) )y B (1 +dyy,) 9T (50)

miB = ~
(1 +din)Eip — tigYisFis

where Eip = y;5(tip) + tip0y:5(Ti5)/07i5 and Fip = 0d;4/07;5 + 0D;15/07:5. Substituting (49) and (50) into
(34) and (38), respectively, we obtain the condition (19).

Therefore, we see that the central government under the decentralization can replicate equilibrium outcomes
under the unitary nation by using the matching grants on the local tax rate. It should be noted that, similar to the
case of the unitary nation, when the central government uses the matching grant, the tax rates are different in region
A and B.

Proposition 2 Under the decentralization, the central government can achieve the equilibrium outcomes under
the unitary nation by the matching grant on the local tax rate.
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