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Abstract

The studies on capital tax competition have assumed that the gov-
ernments compete for mobile capital in unit tax, and this assumption is
justified by Lockwood (2004) which proves that unit tax competition is
always welfare superior to ad valorem tax competition among symmet-
ric countries. This paper presents the reexamination of governments’
choice on tax method in the framework of asymmetric tax competition.
The asymmetric countries do not compete in the same tax instrument,
as assumed in the literature; The capital importing countries compete
in ad valorem tax while the capital exporting countries employ unit
tax as a policy instrument.

1 Introduction

In the tax competition models, it has been often assumed that the govern-
ments compete for mobile capital in unit tax. This assumption is simply
justified by the equivalence property of unit and ad valorem tax when the
number of competing government is sufficiently large. As the tax elasticity
of capital is infinite when there are sufficiently large number of countries,

there exists no essential impacts on equilibrium property between unit and

*Preliminary: not for quotation.



ad valorem tax competition. Hence, assuming unit tax competition is rea-
sonable way for analytical tractability. Even in the tax competition among
small number of governments, a justification of the unit-tax assumption has
also been offered by Lockwood (2004). He shows that the unit tax com-
petition is always welfare superior to ad valorem tax competition in the
symmetric tax competition, so that the assumption of unit tax competition
is plausible!.

The main purpose of this paper is to show that the ad valorem tax
competition prevails in a framework of asymmetric tax competition; If the
number of countries competing for mobile capital is sufficiently small, and if
the governments have some kind of regional asymmetries, such as in capital
endowment and production technology, then one government endogenously
chooses ad valorem tax and the other employs unit tax as a policy instru-
ment. The almost every preceding studies of tax competition with regional
asymmetries have assumed that the different countries employ same tax
method, i.e., the unit tax [Bucovetsky (1991, 2009), DePater and Myers
(1994), Peralta and van Ypersele, (2005), Itaya, Okamura, and Yamaguchi
(2008), and among others]. Extending Lockwood (2004)’s analysis into the
two-stage model of tax competition with regional asymmetries, this paper
re-examines the tax method endogenously employed by the asymmetric gov-
ernments and clarifies the reason the tax competition with different tax
method prevails.

Although the results are derived under specific functional form for ana-
lytical tractability, this result, at least, differs considerably from Lockwood’s
result and the conventional assumption made in the literature. The explana-

tion for this new result is made by using the regional difference of incentive

!Lockwood (2004) compares the equilibrium properties between unit tax and ad val-
orem tax competition. Extending this study, Akai et al. (2010) formally solves an en-
dogenous choice problem of tax instruments and shows that selecting unit tax as a policy
instrument is the dominant strategy of governments.



in controlling capital price, and the importance of this result is referred by
applying the model to the environment of infinite repeated game.

The critical factor that leads us to have different result from Lockwood
(2004) is that the asymmetric countries have incentives to manipulate the
terms of trade. Lockwood studies the choice of tax instrument within a
symmetric tax competition model, in which the terms of trade effect is van-
ished altogether. In our model, the asymmetry among countries produces
the capital flow in the equilibrium. Hence, the capital importing country
aims to lower the capital price so as to hold down import cost, while the
capital exporting country tries to raise the capital price to swell the income
from capital export. For an exactly contrary incentive to manipulate the

capital price, the asymmetric countries employ different tax instrument.

2 Model

There are two countries, and in each country i (i = S, L), there are homo-
geneous residents normalized by 1. The government in country ¢ provides
public good that is solely financed by taxation on capital. Production of
private goods in country ¢ requires using capital and labor. We assume that
the production per capita in country i is conducted by the function, fi(k;),
where k; is the amount of capital per capita located in country i and A
is the country-specific parameter that represents the productive efficiency.
The resident in country i has a initial endowment of capital, k;. We express
the per capita capital endowments for countries S and L as kg = k — € and
kr = k + ¢, respectively, where € € (0,k) and k = (ks + kz)/2. Capital is
perfectly mobile among countries, while residents/workers are immobile.
The resident’s preference in country i is given by wu(c;, g;) defined over
consumption of a private numeraire good ¢; and a public good g;. The

resident in country i receives labor income, fi(k;) — fi(ki)k;, and the rent



from capital, rk;. Hence, the budget constraint of the resident requires
ci = (ki) — fl(ki)ki + rk;. (1)

To finance the public good, the government in each country can only use
capital tax, but it can choose either a method of unit tax or ad valorem tax?.
If the government ¢ employs the ad valorem tax method, the government

budget constraint in country 7 is given by
gi = Tikifr(ki), (2)

where 7; is the ad valorem tax rate. On the other hand, if the government
imposes unit tax on mobile capital, then the budget constraint of country ¢
becomes

where T; is the unit tax rate.
With two countries, there are four possible combinations of tax methods

employed by the governments;
(i) both governments compete for mobile capital in ad valorem tax,
(ii) both governments compete in unit tax,

(iii) government S employs unit tax while government L employs ad val-

orem tax,
(iv) government S and L employ ad valorem tax and unit tax, respectively.

In Section 3, we analyze four cases in turn and make the equilibrium prop-
erties clear.
Since the capital is perfectly mobile among countries, in the equilibrium,

the net (after tax) return to capital will be equalized across the countries, i.e.,

2Tt might be plausible to denote g; as the lump-sum public transfer to the resident
since it may take negative value, as shown in Section 3.



r = fi(k;)—T; if the government i employs the unit tax and 7 = (1—7;) f1 (k;)
if it employs the ad valorem tax, where r is the price of capital.

We here pay attention to the equivalent translation between ad valorem
tax and unit tax3. Assume that country i employs the ad valorem tax, 7;.
We can define the effective unit tax rate for country i as T; = 7;f;(k;), by
replacing the ad valorem tax with the unit tax. This equivalent unit tax
changes neither the capital price nor the government’s tax revenue. Corre-
spondingly, we can define the equivalent ad valorem tax rate for country ¢

as 7; = T;/ fi(k;) if country i employs the unit tax.

3 Equilibrium

Let us consider a simple two-stage tax competition model in which the issue
of tax method endogenously chosen by governments can be addressed. In
our model of two-stage game, the governments choose either unit tax or ad
valorem tax method in the first stage. In the second stage, they choose the
tax rate of tax instrument selected in the former stage*.

Before entering the discussion in detail, we specify the form of utility
and production function to show our main argument the most explicitly.
Following Itaya et al. (2008) and among others, the utility function is simply
given by

u'(ci, gi) = ¢i + gi- (4)

There are three reasons we follow Itaya et al. (2008)’s setting and use the
linear utility function. First, as will be studied in Section 4, we compare
the equilibrium in which countries employ different tax method with the

equilibrium derived by Itaya et al. (2008) in which all governments employ

3See, for instance, Salanié (2002, p.21) and Lockwood (2004).

4The tax competition model with two stage-game is first presented by Wildasin (1991)
and extended by Perrson and Tabelini (1992), Bayindir-Upmann (1998), Hindriks et
al.(2008), and Akai et al. (2010).



same tax method. Second, the linear utility function can avoid the existence
of fiscal externality which makes governments to prefer the unit tax than
the ad valorem tax. This enables us to abstract the fundamental reason
which makes governments compete in different tax method. That is, by
removing the fiscal externality from the model, we can observe the role of
terms of trade effect in choosing the tax instrument as it happens. Third,
the linear utility function makes it possible to solve the two-stage game of
tax competition explicitly.

The production function is also simply given by the quadratic form,;
f(ki) = (A — k;)k;, which follows Bucovetsky (1991), Wildasin (1991), Hau-
fler (1997), Grazzini van Ypersele (2003), Peralta and van Ypsersele (2006),
Devereux et al. (2008), and Itaya et al. (2008). Under the quadratic tech-

nology, the marginal product of capital is given by
Filks) = A = 2k;, (5)
where A — 2k; > 0 is assumed.
3.1 Capital Market
Under the specification, the capital allocation in the equilibrium satisfies
2k = ki, + kg (6)

and one of the following equations;

() 7= (A—2k)(1 - m) = (A 2kg)(1 - 75), (7)
(i) r=A—2k,— T, =A—2kg—Ts, (8)
(i) r=A—-2k)(1—71)=A—-2ks—Ts, (9)
(iv) r=A— 2k —Tp = (A—2kg)(1 —5). (10)
Using (6)-(10), we have the price and the amount of capital as follows.
) r:QQ(;:Z)ElT;TS),kLZk—%,ks:k—%,
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where Q = A — 2k.

3.2 Choice on Tax Rate

We start our analysis with the second-stage and examine four possible equi-
libria in order. Let us begin with the case where two governments employ

the ad valorem tax.

Case (i). Both governments employ ad valorem tax. This case is called as
the AA case. In this case, by substituting (1) and (2) into (4) and using (5),
the government i’s (i = S, L) problem at the beginning of the second-stage

is given by

max,, up = (A — kq)ki + (ki — k),
s.t. (11),

The objective function reveals that the capital-importing country has an

incentive to reduce the capital price, r, while the capital-exporting country

benefits if r increases. Taking account for tax effects on capital price as

or)or; = —2Q(1 — 77)%/(2 — 7 — 7;)? < 0, the first-order conditions are
Ts (24 2€) — 4e

15
L 30 — 2¢ (15)
7L (2 — 2€) + 4e
= 16
7S 3 + 2¢ (16)
which give us the equilibrium unit tax rates as
o= —— (17)



T§ = —=. (18)

ko= ks, (19)

ks = E—%, (20)
Q-9 (Q+e)

A (21)

We here mention that, from (19) and (20), country L exports capital, kj, —
kr < 0, while country S imports it, kg — kg > 0. Furthermore, at this
stage, we assume ) > € to ensure the positive price of capital. However,
this assumption does not meet our needs in other form of tax competition,
and we make stricter assumption in the later sections.

The utilities (payoffs) in country L and S in case (i) are, thus, given by
2 3

AA 72 7. e <«
up® = k°+Q k+e 130 (22)
uft = B +Q k—e —f+i (23)
s 420

Case (ii). Both governments employ unit tax. We call this case hereafter
the UU case. In this case, by substituting (1) and (3) into (4) and using (5),
the government i’s (i = S, L) problem at the beginning of the second-stage
is given by
maxr, wi = (A — ki)k; + (ki — ks),
s.t. (12).

Taking account for tax effects on capital price as dr/9T; = —1/2 < 0, the
first-order conditions are T, = (Ts — 4¢)/3 and Ts = (T, + 4¢)/3, which
give us the equilibrium unit tax rates as

TgU = € (24)

7YY = (25)



The unit tax rate can be converted to ad valorem tax rate through the
intermediary of

T; = 7i fi(Kq). (26)
A simple conversion process gives the reaction function expressed by the

converted (ad valorem) tax rate as

(Q+ 2¢)Ts — 4e

2
L 30— 2¢ — 2075’ (27)
(Q —2€)1L + 4e
_ 2
7S 30+ 2¢ — 207, (28)

Solving (27) and (28), when both governments compete in unit tax, the tax

rate measured by the ad valorem tax are given by

€
U= — a_¢ (29)
vU  _ €

(27)-(30) are used later to depict the reaction curves in Section 4. Using

(12), (24), and (25), we have the equilibrium values as

kp = k+ %, (31)
€

ks = k-3, (32)

r o= Q (33)

The utilities (payoffs) in country L and S in case (ii) are, thus, given by

62

up’ = B+ Qk+e) -, (34)
2
uZV = B4+ Qk—e) - R (35)

@]

At this stage, we reach our first result which can be contrasted with

Lockwood (2004).



Proposition 1. If both countries use same tax method, country L prefers

unit tax competition, but country .S prefers ad valorem tax competition.

Proof. From (22), (23), (34), and (35), we have u¥U — uf4 = €3/2Q > 0,

and u§V —ufdt = —€3/2Q < 0.

While Lockwood (2004) argues that unit tax competition gives higher
utility than ad valorem tax competition for two governments in the sym-
metric equilibrium, Proposition 1 shows that one of two countries prefers to
compete in unit tax, but other prefers to compete in ad valorem tax.

We next derive the equilibrium outcome when the governments employ

different tax method.

Case (iii). Country L competes in ad valorem tax while country S competes
in unit tax. In this case, the government i’s (i = S, L) problem at the
beginning of the second-stage is given by

max u; = (A — /{TZ)ICZ + T(EZ — k‘z),

st (13).

The instrument variable of country L is the ad valorem tax rate, 7, and

the variable of country S is the unit tax rate, 7. The first-order conditions

are
_ Ts — 4e
[T p
(1—77) (4e+ (Q —2¢)71)
Ts = .
3— QTL
which give us the equilibrium unit tax rates as®
200 —3e — F
= — 36
LT 30 —4e+2F (36)

5Two of three solutions are invalid which do not ensure positive capital price.
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23Q +e€—-3F
Ts = ( z ), (37)

where F = V2 — 2 —Qe. We assume Q > (v/5 4 1)e/2 which ensures
0? — € — Qe > 0. With the same procedure in case (ii), using (26), the

reaction function expressed by the converted (ad valorem) tax rate as

(Q+ 2€)Ts — 4e

L 30 — 2¢ — 2075’ (38)
7L (2 — 2€) + 4e
7S 30+ 2¢ (39)

Notice that (38) coincides with (27) and (39) is identical to (16), indicating
that while country L tries to control capital price, r, by way of tax rate, the
effective tax rate chosen by country L has no difference between ad valorem
and unit tax as long as country S uses unit tax. Same argument can apply
to country L’s choice on tax rate when country L employs ad valorem tax.

Solving (38) and (39), the (ad valorem) tax rates when country L employs

ad valorem tax and country S employs unit tax are given by

2QQ—€e—F)
e S A 4
TL O _ 2% ) (0)
_2Q+e—F)
ST T 3042 (41)

Using (13), (36), and (37), we have the equilibrium values as

Q42— F

[ k+++, (42)
Q42 -F

kg = k—%, (43)

o Q+2;+4F' )

The utilities (payoffs) in country L and S in case (iii) are, thus, given by

602 — 210 — 2 — 6(Q — 3¢e)F

25 ’
(Q—¢)(22 — e —2F)
= :

ufl

— B+ Q(k+eo+ (45)

ut = B+ k- —

(46)

11



The superscript km denotes that a country employs tax method k = (U, A)

while the rival country uses tax method m(= A,U).

Case (iv). Country L competes in unit tax while country S competes in ad
valorem tax. In this case, the government i’s (i = S, L) problem at the

beginning of the second-stage is given by

max  wu; = (A — ki)k; + (ki — k;),
s.t. (14).

The policy variable of country L is the unit tax, 77, and the variable of

country S is the ad valorem tax, 7g. The first-order conditions are

(1 —75)[(Q2+ 2¢)Tg — 4¢€]
TL = )
3 — 27’5
46 +TL

3Q—{—26—TL7

Ts =

which give us the significant unit tax rates in the equilibrium as

230 — ¢ — 3E
r, - 20-cIE) (47)
2Q+3¢—-FE
_ 2Q+43c—FE 4
7S 30+ dc + 2E (48)

where £ = v/Q2 — €2 + Qe. As we assume Q > (V54 1)e/2, Q2 — € 4 Qe >
0. With the same procedure in case (i), using (26), the reaction function

expressed by the converted (ad valorem) tax rate as

(Q+ 2¢)Ts — 4e

o= 30 — 2¢ ’ (49)
(Q — 2€)1r + 4e
7S 30+ 2¢ — 207, (50)

We find that (49) and (50) are identical to (15) and (28), respectively. This
indicates that while country L tries to control capital price, r, by way of tax

rate, the effective tax rate chosen by country L has no difference whether

12



it uses ad valorem or unit tax as long as country S uses ad valorem tax.
Same argument can apply to country S’s choice on tax rate when country
L employs unit tax.

Solving (49) and (50), the (ad valorem) tax rates when country L uses

unit tax and country S uses ad valorem tax are given by
2Q—e—E)

T 1)

e = 2(QQ++62—6 E) (52)

Furthermore, using (14), (47), and (48), we have the equilibrium values as
b= B Q—QTE—E (53)

by = Rl E (54

A Q—2;—|—4E. (55)

The utilities (payoffs) in country L and S in case (iv) are, thus, given by

, , Q+e)(20+e—2E

A = Ry e LN 5” ) (56)
- - 02 — 2 4+ 210e — 6(2 E

WAV R Qe S F A 6@ 3IE o

25
3.3 Choice on tax method
In the first stage, there are four possible cases for the decision of the tax

method. Let us list the payoff of both countries in each case as a matrix

table (Table 1).

Country S chooses U | Country S chooses A

Country L chooses U ufY, ugY uf A, udv
Country L chooses A upl ugA4 upt, ugh

13



Table 1. Payoff Matrix

Using (22), (23), (34), (35), (45), (46), (56), and (57), we have®

Y > A < o <,

resulting in the following result.

Proposition 2. When countries differ in the initial capital endowment,
€ > 0, employing the unit tax is a dominant strategy for country L, while

the employment of ad valorem tax is the dominant strategy for country S.

According to Proposition 2, we find that the unique sub-game perfect
equilibrium consists of country L competes for mobile capital by way of unit
tax, and country .S using ad valorem tax.

This result can be explained as follows. Since country L is capital ex-
porter, it tries to raise capital price, r, which brings country L higher capital
income. To increase the capital price, country L tries to make country S set
a low tax rate. By contrast, country S is a capital importer, so that it tries
to reduce capital price to save cost of capital borrowing. Thus, country S
tries to make country L choose higher tax rate. It is no surprise that, in the
first stage, country S employs tax method which gives country L more in-
centives to choose higher tax rate, and country L chooses tax method which
gives country S incentive to choose lower tax rate.

Proposition 2 shows that to make country L set a high tax rate, it is an
effective strategy for country S to employ ad valorem tax. This is because
while the employment of ad valorem tax produces a side effect that gives

country L an incentive to increase tax rate, the employment of unit tax

5See Appendix A.
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does not have such a favorable effect. To demonstrate this, we consider the
tax setting of country L. When country S employs unit tax in the first
stage, given country S’s unit tax rate in the second stage, country L sets its
tax rate to equate the marginal benefits of tax increase (an increase in tax
revenue) with marginal cost (a decrease in country’s output accompanied
by capital outflow). When country S employs ad valorem tax, country L
also sets its tax rate to equate the marginal benefit and marginal cost. In
this case, however, country L receives additional benefit for tax increase,
thereby has incentive to choose higher tax rate. The additional benefit is
emerged as follows. Since the effective (unit) tax rate of country S is given
by Ts = 75 f,f (ks), the tax increase in country L increases kg and decreases
f,;9 , which lowers the effective tax rate of country S even if 7g is fixed. This
will cause further increase in capital price, resulting in country L choosing a
higher tax rate. As country S tries to make country L higher tax rate, and
owing to the presence of the side effect for country L’s tax increase in the
case of ad valorem tax, country S commits itself to employing ad valorem
tax.

The reason that country L chooses unit tax can be made alike. To make
country S lower tax rate, country L employs unit tax. When country L
employs unit tax, country S chooses its tax rate to equate marginal benefit
and marginal cost explained above. If country L employs ad valorem tax,
country S faces additional favorable side effect when it increases the tax
rate; as the tax rate in country S increases, the capital in country L increase,
which reduces the effective tax rate in country L as T; = 7r, ka (k). The
decrease in effective tax rate in country L increases the capital price, which
is favorable for country S, so that country .S has incentives to choose higher
tax rate. Since country L wants country S to choose lower tax rate, it is not

good strategy for country L to employ ad valorem tax, thereby it employs

15



the unit tax.

Figure 1. Reaction Curves

To put the explanation in more detail, let us provide an alternative ex-
pression that coincides with the above intuitive explanation, using Figure 1,
where the ad valorem tax rate of country ¢, 7; € (0,1), is taken in the axis.
In Figure 1, R represents the reaction curve of country 7 in the second
stage when country ¢ chooses tax instrument m for m = U, A and the other
country chooses tax instrument A for h = U, A, where U indicates the choice
of unit tax and A, that of the ad valorem tax. When both governments
employ the ad valorem tax is plotted by the curve R;“A, and the stable equi-
librium is given by point a. The reaction function when both governments
employ the unit tax can by plotted in this figure since we can replace the
unit tax by the effective ad valorem tax. The curve RYY represents the gov-
ernment ¢’s reaction function when both governments employ the unit tax.
The point b shows the (converted) ad valorem tax rates in the equilibrium
when both governments employ the unit tax. Furthermore, the government
1’s reaction function when it employs the ad valorem tax, but government j
employs the unit tax is plotted by the curve R;“U. Symmetrically, the curve
RZU 4 represents the government 4’s reaction curve when it employs the unit
tax, but government j employs the ad valorem tax. The points ¢ and d
are the equilibria obtained in the tax competition in which one government
employs the unit tax while the other government employs the ad valorem
tax.

Choosing tax method in the first-stage is equivalent to choosing the
reaction curve the other country faces in the second-stage. As country L

wants to make country S lower tax rate, focusing on the third quadrant,

16



it is more favorable for country L if country S faces the reaction curve of
RYY(= R?U). country L ensures this environment if it commits to employ
the unit tax in the first-stage. By contrast, as country S wants to make
country L to choose higher tax, it wants to make country L face the reaction
curve represented by R4 (= RY4). To realize this environment, in the first-

stage, country S commits to employ ad valorem tax.

3.4 Alternative form of Regional Asymmetry

The result obtained in Section 3 can be applied to the case in which country
differs in production technology. Let us define the production function as
fi(k;) = (A; — k;)k;, where A; represents the technology in country i. Defin-
ing = A, — Ag > 0 and € = 0 as in Itaya et al. (2008), it is easily find
that country L is now capital importer and country S exporter. Applying

above explanation, we have the following result.

Corollary. When countries differ only in the production technology,
0 > 0,e = 0, employing the ad valorem tax is a dominant strategy for
country L, while the employment of unit tax is the dominant strategy for

country S.

In sum, the essential reason that whether the unit tax or ad valorem
tax is endogenously employed in the tax competition model is on whether
the country of interest is capital exporter or importer. Therefore, as long
as we allow some kind of asymmetries among the countries that result in
capital flow, the different countries employ different tax method, i.e., the
asymmetric countries compete in different tax method in the framework of

conventional tax competition.
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4 Tax Coordination

This section presents a simple example that refers to the importance of
reviewing the assumption of tax method made in the canonical models of
strategic tax competition.

The tax competition generally results in an inefficient outcome, and
that the tax coordination has been required. The tax coordination can be
achieved by enforceable agreement or it can be voluntary achieved under the
environment of repeated tax competition. The studies related to the latter
issue include, for instance, Cardarelli et al.(2002) and Kawachi and Ogawa
(2006)". The recent study of Itaya et al.(2008) also presents a repeated game
model of tax competition to derive two important results; (i)the coordinate
tax rate is likely achieved as the regional asymmetries in initial endowment
and production technology are large, and (ii)although the optimal coordi-
nate tax for social welfare maximization is not unique, the coordinate tax
rate of zero, i.e., no-tax on mobile capital, is the best coordinate tax rate
in the sense that the asymmetric countries are most likely to choose this
coordinate tax rate. In this section, we simply demonstrate that the second
result of Itaya et al. (2008) critically depends on the assumption that asym-
metric countries engage in unit tax competition, and if this assumption does
not hold, as we have shown in Section 3, their result does not preserve.

Let us consider the case of § = 0,¢ > 0. Before presenting the model of
repeated game, we mention to the coordinate tax rate, which can be derived
by the condition for social optimum. We here lift restrictions on the tax
instrument and allow country S for using ad valorem tax. Then, as derived

in Itaya et al. (2008), the coordinate tax rate can be found by maximizing

"Cardarelli et al. (2002) first presents the repeated game model of tax competition
and shows that the coordinate tax rate is likely achieved if the regional asymmetry in
resident’s preferences is small. Kawachi and Ogawa (2006) finds that the coordinate tax
rate is more likely achieved as the benefit spillover of public goods is substance.
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the sum of utilities across the countries by assuming that country L employs
unit tax and country S ad valorem tax. The problem is formulated by

max V= (A—k)ki+r(k— k),

75,11

where kr, ks and r are given by (14). The optimal choice of 7¢ and Tp,
yield 0V/d1s = —(Ty — Qr5)(Ty, — 22)/(2 — 75)® = 0 and 9V/ITy, =
—(Ty, — Q75)/(2 — 75)? = 0, indicating that the coordinated tax rate is in
determinant; Ty, = Q7g. The indeterminacy is also a feature of the results
of Peralta and van Ypersele (2005) and Itaya et al. (2008), which critically
depends on the assumption of linear utility function. We here denote the co-
ordinate tax rate according to T¢ = Ty, = Qrg. Then, our research question
in this section is what value of TC gives the highest possibility to achieve
this coordinate tax rate in the repeated tax competition.

We now consider the possibility that government L and S choose coor-
dinate tax rate, Ty, = T¢ and 7¢ = TC¢Q~!. This paper focuses on simple
trigger strategies to provide punishments. That is, profitable deviations
from a prescribed equilibrium will be punished by switching to the selfish

Nash equilibrium;

Tria = T¢ if  1e,=T9Q7",
= Ty otherwise,

Toer = TOQTif T, =TC,
= 7 otherwise,

where T and 74 are given by (47) and (48), respectively.

We follow the usual assumptions in the infinitely-repeated game litera-
ture that the game continues for infinite periods, t = 0,1, 2, ..., 00, and that
each government discounts its future residents’ welfare by the discount fac-

tor 0;. In period t, government i decides to choose either cooperation or
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defection. As usual, 5; exists as the critical value of §; for government ¢, So
that government ¢ chooses coordinate tax rates; for all §; > &, government
i chooses the coordinate tax rate, while for §; < 52-, an coordinate tax rate
can not be supported.

The critical value of §; would be obtained by

~ D _ ,C
gmk — M T Wi (58)
O R
(3 K3

where ul-D is the welfare earned when country ¢ defects from the cooperation,

uf

¢ is the welfare level in the coordinate equilibrium, and u) is welfare

obtained in the single-shot Nash equilibrium. Setting €2 = 1, with a trivial
calculation, the critical value of 6; when country L uses the unit tax and

country S the ad valorem tax will be given by®

504 _ 5(Tc (1 — 2€) + 2¢)°

- 5T2 (1+2€)° —16Tc (14 ¢) (14+3e — E) +4(6+¢(9+8¢) —6(1+¢) E)
AU _ 25 (T — 2¢)? .

S (5Tc —2(3 —€) +6E) (5Tc + 2 (3 + 19¢) — 6F)

In (59) and (60), the cooperative ad valorem tax rate for country S is con-
verted by using To = Q7¢. In Figure 2, we depict (59) and (60) as 6LﬁA
and 6§Uwith the critical discount factors when two countries use the unit
tax, 6gU and 6gU. Note that 6LﬁU and 6gU have been obtained by Itaya et
al. (2008). The figures clearly shows that when both countries compete in
unit tax, the coordinate tax rate that should be chosen as the international
agreement is T = 0. However, it also shows that when country L use unit
tax and country S uses the ad valorem tax, the coordinate tax rate for in-

ternational agreement is Tc = 7¢ > 0, indicating that ‘no tax on mobile

capital’ agreement brings low possibility to make both governments play the

8See Appendix B.
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agreement when they employ different tax method. In return for ‘no tax on
mobile capital’ agreement, the concerted approach to impose positive tax

on capital raises the possibility that both governments act harmoniously.

Figure 2. Critical level of é;.

5 Concluding Remarks

We have a stab at reexamining the conventional assumption on tax method
employed in the tax competition model. It has been assumed that all gov-
ernments compete in unit tax even though they have different characteristics
in technology and capital endowments. Being opposite to the traditional ar-
gument, the main result of our study sheds perhaps a new light on the choice
on tax instrument in tax competition analysis. In a asymmetric tax compe-
tition model, the best choice for the capital importing countries could be to
use unit tax, but the best tax instrument for capital importing countries is
the ad valorem tax.

Our result can provide the alternative explanation why almost every
country, in fact, employs ad valorem tax method in the environment of
tax competition. If almost every country is capital importer, except for a
few capital exporting countries, it is the best strategy for almost capital
importing country to employ ad valorem tax, so that the ad valorem tax

competition prevails.

Appendix A
The comparison gives

WU Z WAV 8FQ — 24Fc — 802 — 7% + 2800
< <

21



ugAiuéA — 803 —10e® — Qe + 120% — 8Q%FE — 8Q€E§0
< >

ugAzuéA o —80% —10€% + 8FO2 + O +1202%¢ — SFQGEO

WUZGAU o 802 4 7 4 280 — SQE — 24 E—0.
< >

Since we focus on the regional differential in the capital endowment, in the
following analysis, we set 2 = 1 for simplification of notation. This setting
restricts the value of € to be sufficiently small to satisfy Q > (v/5 + 1)e/2,
ie. € <2/(v/5+1)~0.61803. Then, we have

WU —ufV = 286—72—8—8(3¢—1) 1—ec—e2>0

uWA —uft = 1088+ —12¢—84+8(1+¢€) 14+e—e2>0

uZt —uft = 8412+ 103 +8(1—¢) 1—e—e2<0

uZV —ufU = 8(3e+1) 1+e—e2 -T2 —28—8<0.
Appendix B

ul are obtained by (56) and (57) and u{ will be obtained by

uf = k2 + Qk + Qe (1 — 7¢),
u§ =k +Qk — Qe (1 —10).

Finally, uP” will be given by
(Q+26)* 72 — 8¢ (20 + €) 7o + 4€ (3Q + €)
4(3 — 27¢)
QQT% — 12Q€ + 8Qerc + 4€2
12
Since 67, = (uf — ul)/(uP — u§), setting Q = 1, we have (59) and (60).

u? = K4 Qk+

W2 = Rrok4
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Figure 2. Critical level of §;: Q =1,e = i
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