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1 Introduction

The corporate tax rates in many OECD countries have been decreasing over the
past two decades. For example, the corporate tax rate in Japan has fallen from
30% in 2000 to 23.4% in 2017 and that in the United Kingdom has dropped
from 30% to 19% over the same period. In the United States, by contrast, the
corporate tax rate has remained stable at 35%. However, U.S. President Trump
is plannning to reduce the corporate tax rate to 15% to "make the United States
more competitive". OECD countries have reduced their corporate tax rates to
attract multinational firms to their countries and raise the employment. Bond
et al. (2000), Devereux et al. (2002), and Griffith and Klemm (2004) investigate
the declines in the corporate tax rates in OECD countries and show that one
driver is a fall in the cost of income shifting and expansions in activities of
multinational firms.

Further motivation for this study comes from the finding of recent empirical
research. Mittermaier and Rincke (2013) show the relationship between the
minimum wage and the corporate tax rate theoretically and empirically. By
using the real compensation costs of 16 European countries, they find that
an increase in the compensation cost lowers the statutory corporate tax rate.
Ljungqvist and Smolyansky (2014) find that the corporate tax rate in the United
States affects employment and income. These results suggest three questions,
which are investigated in this study: Why have OECD countries reduced their
corporate tax rates in recent decades? Why do countries set different corporate
tax rates? And does a cut in the corporate tax rate reduce the unemployment
rate?

To tackle these three questions, we construct a two-country model to analyze
the effect of corporate tax competition on the unemployment rate and welfare.
In our model, there is a competitive sector and an oligopolistic sector. The wage
rate is assumed to be constant, meaning that unemployed agents exist in both
countries. In the oligopolistic sector, there are a fixed number of oligopolists in
the world and these firms can choose their location and output. The government
in each country levies the corporate tax rate on the profits of those firms located
in the domestic country to maximize its own welfare.

This study provides four main results. First, our model shows that there
exists a unique and stable Nash equilibrium of corporate tax rates. Secondly,
we can show that the country with the larger market sets a higher corporate tax
rate at the Nash equilibrium. Thirds, we examine the relation between the wage
level and the Nash equilibrium corporate tax rate. A rise in the wage rate in a
country lowers the corporate tax rate. Since an increase in the wage rate in a
country encourages some firms to relocate to the other country, the government
reduces its corporate tax rate to attract firms. The last result concerns the effect
of an increase in the share of equities for firms on the equilibrium corporate tax
rate.! A rise in the share of equities owned by residents in a country lowers the

1Peralta and van Ypersel (2005) investigate the capital tax competition with asymmetric
capital endowment. They show that capital importing country levies the positive unit capital
tax rate and capital exporting country subsidizes capital.



corporate tax rate in that country and raises that in the other country. If the
share of equities owned by domestic residents rises, profit becomes an important
factor in welfare. Therefore, the government reduces its corporate tax rate.

We calibrate our model by using Japanese and U.S. data in 2014. To use
the corporate tax rates in both countries in this year, we compute the key
variables predicted in our model and investigate the effect of a 10% increase
in the Japanese corporate tax rate. We find that a decrease in the corporate
tax rate in Japan by 10%, with the corporate tax rate in the United States
remaining constant, decreases employment in Japan by 1% and the number of
firms in Japan by 0.6%. On the contrary, a decrease in the corporate tax rate in
Japan by 10% reduces employment in the United States by 0.4% and increases
the number of U.S. firms by 0.5%.

The remainder of this paper is structured as follows. In the next subsection,
we describe the literature related to this study. We construct the model in
Section 2. In Section 3, we show that there exists a unique equilibrium and
describe some of the comparative statistics of this equilibrium. In section 4, we
calibrate our model by using Japanese and U.S. data. Section 5 concludes.

1.1 Related Literature

Many researchers have investigated tax competition between countries, pio-
neered by the seminal studies of Zodorow and Mieszkowski (1986) and Wil-
son (1986). In these models, governments maximize the welfare levels in their
country. Neglecting other countries’ behavior, governments set an inefficiently
low capital tax rate because of the fiscal externality, which suggests that an
increase in the capital tax rate moves capital from one country to the other
and thus increases the tax base in the other country. Bucovetsky (1991) and
Wilson (1991) construct asymmetric country models to investigate the capital
tax rate, showing that the larger country sets a higher capital tax rate. Haufler
and Stéhler (2013) construct a two-country model with firms that have differ-
ent productivity level and show that the larger country sets a higher corporate
tax rate, which in turn attracts lower productivity firms. On the contrary, a
smaller country sets a lower corporate tax rate and attracts higher productivity
firms. However, although the results of these studies are the same as those of
our model, they do not consider unemployment, as we do herein.

In the literature on tax competition, some studies investigate the capital tax
rate by considering imperfect labor markets. Fuest and Huber (1999), Ogawa,
Sato, and Tamai (2006, 2016), and Sato (2009) describe the relationship be-
tween the capital tax rate and unemployment in a perfectly competitive market
whereas Haufler and Mittermaier (2011), Egger and Seidel (2011), and Morita,
Sawada, and Yamamoto (2016) construct models with imperfectly competitive
market to examine the effect of the capital tax rate on the unemployment rate.?

2Fuest and Huber (1999) introduce a wage bargaining. Ogawa, Sato, and Tamai (2006)
introduce a minimum wage. Egger and Seidel (2011) introduce a fair-wage. Haufler and
Mittermaier (2011), Exbrayat, Gaigné, and Riou (2012), and Ogawa, Sato, and Tamai (2016)
introduce labor unions. Sato (2009) and Morita, Sawada, and Yamamoto (2016) introduce



In particular, Exbrayat, Gaigné, and Riou (2012) and Mittermaier and
Rincke (2013) are closely related to the present study. The former theoreti-
cally analyze the effect of wage rigidities on the tax competition between two
countries, showing that a country whose union places a higher wage compared
with the other country’s union sets a higher capital tax rate and that the wage
rate is lower. There are some differences between Exbrayat, Gaigné, and Riou
(2012) and our study, however. Firstly, in their model, they assume that under
Cournot competition in a sector, the marginal costs are zero and there exist
fixed costs of capital and labor. Therefore, in their analysis, an output change
does not affect employment. By contrast, we consider the general situation in
which both firms’ location and output affect employment. Secondly, they deter-
mine the wage rate based on the monopoly labor union maximizing its utility,
whereas this study assumes that wage rates are fixed, meaning that unemploy-
ment exist in the market. Thus, we examine the extent to which a change in the
wage rate affects various endogenous variables. Thirdly, in Exbrayat, Gaigné,
and Riou (2012), the governments in both countries levy the capital tax rate in
a unit form. By contrast, this study imposes a corporate tax on the profits of
firms, (i.e., the tax is in an ad valorem form). While such an ad valorem form of
tax complicates the analysis because it yields an indirect effect on the real tax
rate through price changes, as indicated by Lockwood (2004) and Akai, Ogawa,
and Ogawa (2011) it does make the analysis more realistic.

Mittermaier and Rincke (2013) construct a two-country tax competition
model and study the effect of wage differences on the capital tax rate. In their
model, the wage rate is constant in one country, whereas the labor market in
the other country is perfectly competitive. The production inputs are labor and
capital, and capital is owned by the agents in the outside model. They find that
a country in which the wage rate is larger than that of the other country levies
a lower capital tax rate.

In contrast to both Exbrayat, Gaigné, and Riou (2012) and Mittermaier and
Rincke (2013), the present study assumes that each household owns the same
share of equity across all firms. Then, we allow an asymmetric equity share
between countries. This study therefore examines the effects of these shares of
equities on the Nash equilibrium tax rates and unemployment.

2 The Model

There are two countries, country 1 and 2, and two commodities. One production
sector is perfectly competitive and the other is oligopolistic. Each oligopolist
engages in Cournot competition. We assume that the commodity produced in
the perfectly competitive sector is tradable between the two countries without
trade costs and is chosen to be the numeraire. Both governments levy corporate
tax on the firms located in their countries.

There are L; workers in country ¢ and each worker holds one unit of labor
which she supplies inelastically. While workers are mobile between sectors, they

search frictions.



are immobile between countries. The utility function of representative agent in
country ¢ is given by
Bi

Ui =2 — EXzQ + i X, (1)

where z; denotes the demand for the commodity produced in the perfectly com-
petitive sector, X; the consumption of the oligopoly-produced commodity, and
a; and (; are constant parameters. The budget constraint of each agent in
country 1 is R
zi +piXi = I,

where p; denotes the price of the oligopoly-produced commodity in country i
and I; the income in country <.

We assume segmented markets for the oligopoly-produced commodity be-
cause of sufficiently high transportation costs. Thus, from the utility maximiza-
tion problem, the inverse demand function of the oligopoly-produced commodity

in country 7 becomes
X,
pizai—ﬁiﬁ, (2)

where X;(= L; X;) represents total demand in country i. From (1) and (2), we
obtain the indirect utility function, such as

2
vi=% () + 5 3

Here, we describe the production structure of both sectors. We assume that
the production function of the competitive sector in country ¢ is given by

zi = Bifi(l§),

where [7 is the labor employed in the competitive sector, B; is the productivity
of the sector in country 4, and z; is the output produced in country ¢. We assume
that f/(IZ) > 0 and f/(1#) < 0. The pre-tax profit of the competitive sector is

m; = Bifi(l7) — wil, (4)

where w; is the minimum wage in country 7. From the profit-maximization
problem, labor demand in the competitive sector is given as the function of w;,
that is,

I =17 (w;). (5)

As long as w; is constant, labor demand in the competitive sector is unchanged.
(4) and (5) imply that the profit in the perfectly competitive sector is also
constant.

In the oligopolistic sector, there are an exogenous number of firms N and
each firm can choose its location:

ny +ng =N, (6)



where n; is the number of firms located in country ¢. The firms in the oligopolis-
tic sector are assumed to be symmetric. The pre-tax profit of the oligopolist
located in country ¢ is

T = PiTi — C;T; Wi, (7)

where 7; represents gross profit, x; is output, and ¢; is a unit of labor required
to produce a unit of the commodity. Owing to the symmetric assumption,
y; = X;/n;. From (2), (7), and the profit maximization of the oligopolist, the
demand function of the oligopoly-produced commodity and pre-tax profits are
given by

- Lioi— e (8)

B; 1+mn

Ll' Q; — C;W; ) 2

== — . 9
B ( L+n; )

Then, a rise in the number of firms lowers output and profit because the
oligopoly market becomes more competitive. By using (2), (8), and the fact
that n;xz; = X;, we obtain

Zg

a; + c;n;w;

An increase in n; lowers the price in country i. Because oligopolists can
move freely between countries, the after-tax profits are the same

i =

(1 — t1)7T1 = (1 — tz)ﬂ'g, (10)

where ¢; is the corporate tax rate in country 7. From (6), (9), and (10), the
numbers of oligopolists in both countries are given by

1+ N—A¢ Ap(1+N) -1
ny = P ng = 3 (11)
1+ Ao 1+ Ao
where A = }:tf and ¢ = ;’f%ﬁgf % If the countries are symmetric, ¢ = 1,

and they impose the same tax rate, A = 1; then, n; = ny = 1/2. From this, we
find that an increase in N raises the number of oligopolists in both countries.
From (11), dn1/0¢ = —0ny/d¢p = —(2 + N)A/(1 + A¢)? < 0. This implies
that an increase in a7 and a decrease in c¢; increase the number of oligopolists
in country 1. In addition, from (11), we immediately obtain

on; (1+n:)(1+ ny) on;  (1+n)(1+ny)

o " A erN) < o, aiopern o @

The intuition for this is clear. An increase in the corporate tax in country ¢
lowers the after-tax profits of country ¢ and hence induces some firms to move
to country j. Therefore, an increase in the corporate tax rate in country i
increases the number of firms in that country and decreases that in the other
country.



Using (8), (9) and (12) yields

Oyi _ (A tnjlei Oy _ (4 nj)w
o Ao+ " a - ai-merm o 1)

87‘(’1‘ o 51(1 + nj)x? 87'(1‘ o ﬂl(l + nj)xf

&i_ldl—mx2+N)>0’ mj__141_gx2+N)<0' (14)

Raising the corporate tax rate increases output and pre-tax profits in the focal
country and lowers output and pre-tax profits in the other country. This is
because raising the tax rate in country j encourages some firms to relocate
to the other country and hence market competition in country ¢ becomes less
severe. From (12) and (13), we obtain the following properties, which are used
in the later analysis:

0Xi (L4 mnj)
o~ 20—tye+n % (15)

6((1 — ti)ﬂ'i) _ _ﬂix? 1+n; <0 (16)

ot; L, 2+ N
In both countries, the government maximizes its own welfare by manipulat-
ing the corporate tax rate. Allowing for (3), the welfare function of country i is

given by
X2
W, =L;U; = L; [ﬁl <l> + Ii] . (17)

2 \ L,

The first term in the brackets represents the consumer surplus in country 4.

In this model, we assume that each household owns the same share of equities
across all oligopolists. The equity share of households in country ¢ is denoted
by s;. Tax revenues are paid to, and subsidy funds are collected from, each
country’s households as lump-sum amounts. The income in country ¢ satisfies

where s; denotes the share of total profits in country ¢ and T; the lump-sum
transfer. The first and second terms on the right-hand side are the labor income
obtained in the perfectly competitive and oligopolistic sectors, respectively. The
third and forth terms represent the after-tax profits obtained in the perfectly
competitive and oligopolistic sectors, respectively. The budget constraint of the
government in country @ is

Ti :ti(nim—&-ﬂf). (19)

Because unemployed agents in both countries exist in this model, we assume
that the following inequality holds:

7(w;) + eingw; = LE < Ly, i=1,2, (20)



where LE denotes the number of employees in country i. The left-hand side,
17 4+ ¢;n;x;, represents labor demand. Since L; is labor supply in country 4, (20)
implies unemployment in both countries. In this model, we assume that labor
supply is larger than labor demand in both countries.

By using (18) and (19), (17) can be rewritten as

2

W, = % + c;w; X; + SiN(l — ti)ﬂ'i +tingm; + lf(u’)b)u’)z + 7Tf. (21)
1

The first term describes the consumer surplus. The second to fourth terms are

the labor income, profit income, and tax revenue obtained from the oligopolistic

sector. The final two terms are the labor income and profit income in the

perfectly competitive sector, which are constant as long as the wage rate is

constant.

3 Nash Equilibrium Corporate Tax Rates

In both countries, the governments choose the corporate tax rate to maximize
their own welfare. By differentiating (21) with respect to ¢;, we obtain the
following equation:

ot; L, 0Ot TS

0X; (1 —t;)m;) n O(tin;m;)

From (15), raising the tax rate reduces the consumer surplus and labor demand
in the oligopolistic sector. Therefore, the first two terms are negative. From
(16), raising the tax rate reduces the after-tax profit and hence, the third term
is also negative. Raising the tax rate increases tax revenue if the tax rate is
sufficiently small.

3.1 Nash Equilibrium Tax Rates

In this subsection, we examine the properties of Nash equilibrium taxes. By
substituting (12) and (14)—(16) into (22) and making use of (6), (9), and (11), we
find that the optimal corporate tax rates of countries 1 and 2 satisfy, respectively,

F(ty,ta;w1,w2,51,52) =0,  G(ty,t2;w1, W, 51,52) = 0, (23)
where
B 24+ Ap)(1+ N — Ap) — 2(1 + Ag)s1N — (24 N)AoT,

Bty t2) =t = 21+ N) + ApN —2(1 + Ap)s1 N  (24)

Gltrta) = ts — (2Ap+ 1) [(1+ N — 53N)Ap — 1] — Ap [saN + (2 + N) 5]

b= Ap2A¢(1 + N) + N — 2(1 + Ap)syN] ’
B (25)

g, = A% Sy,
Q; — C;Ww;



The reaction function t; = 4 (t2) obtains as a solution of the first condition of
(23) and t2 = p,(t1) as that of the second condition.

Because we consider a general model, deriving an analytical solution in our
model is somewhat challenging. Thus, hereafter, we assume that s; = so = %
initially holds to simplify for the analysis. This assumption allows us to avoid
the effects of the distribution of profits on the Nash equilibrium taxes. Under
this assumption, we obtain the following proposition (see the Appendix for the

proof).

Proposition 1 Suppose that s1 = so = % and (20) hold. There exists a unique
and stable equilibrium at which t7 = @1 (t3) and t5 = @4 (t7).

Figure 1 depicts the reaction functions in both countries. The policy deci-
sions of these two countries are strategic complements. The reaction function
of country i is the convex function of the corporate tax rate in country j.3
Hereafter, we focus on the case where the equilibrium corporate tax rates are
positive in both countries.

Assumption 1 The optimum corporate tax rate are positive in both countries.

In the equilibrium, we investigate the effect of an increase in the relative
population size on the corporate tax rate in both countries. In this study, we
term the country that has the larger (smaller) population size the large (small)
country. By totally differentiating (23), we obtain the following proposition (see
the Appendix for the proof).

Proposition 2 At the Nash equilibrium, (i) the tax rate in the larger country
is higher than that in the smaller country, and (ii) the number of workers in the
larger country is less than that in the smaller country.

The intuition is simple. It is beneficial for oligopolists to be located in a
country with a large market. The large country has a larger tax base and hence
imposes a higher tax rate. On the contrary, the small country levies a lower
corporate tax rate to attract oligopolists in order to expand labor income and
tax revenue. This result is consistent with the data as well as the results of
Bucovetsky (1991) and Wilson (1991).

By investigating the effect of an increase in relative labor supply on the
number of oligopolists and labor demand for the oligopoly-produced commodity,
we obtain the following proposition (see the Appendix for the proof).

Proposition 3 An increase in labor supply (L; ) in country i decreases the num-
ber of oligopolists and the number of workers and increases the unemployment
rate in country ¢ due to changes the optimum corporate tax rates in both coun-
tries.

3When a country sets 100% corporate tax rate, the firms do not produce the commodity.
Therefore, we need not to consider the case of 100% tax rate as an equilibrium.



According to Proposition 2, following rise in labor supply in country i, the
government in country ¢ sets a higher corporate tax rate and the government in
the other country sets a lower corporate tax rate. Then, this induces oligopolists
to relocate from country ¢ to the other country and increases the unemployment
rate in country é. From (15), a reduction in the corporate tax rate raises la-
bor demand in commodity X and lowers the unemployment rate in the other
country.

3.2 Minimum Wage and Equilibrium Tax Rates

Next, we examine the effect of an increase in the minimum wage on the corporate
tax rates in the countries. By totally differentiating (23) with respect to ¢; and
w;, we obtain the following proposition (see the Appendix for the proof).

Proposition 4 A rise in the minimum wage rate in a country lowers the corpo-
rate tax rate in that country. An increase in the wage rate in country 1 increases
(decreases) the corporate tax rate in country 2 if and only if N < (>)A¢ — 1,
while an increase in the wage rate in country 2 decreases (increases) the corpo-

rate tax rate in country 1 if and only if N < (>) 1742‘1’.

We explain this proposition intuitively. A rise in the wage rate in country ¢
reduces the production of each oligopolist located in country ¢ and induces some
oligopolists to move to the other country. This decreases employment and the
consumer surplus in country ¢. Then, the government in the focal country lowers
the tax rate to withhold the oligopolists. On the contrary, the other country
faces a lower tax rate than that country ¢ but has a larger tax base because of
relocation of some oligopolists from country ¢. Therefore, the direction of the
change in the tax rate in the other country depends on the change in the tax
base, which is related to the condition in Proposition 4.

By using the effect of the minimum wage rate on the corporate tax rate, we
obtain the effect of the minimum wage on the unemployment rate as follows
(see the Appendix for the proof).

Proposition 5 An increase in the minimum wage rate in a country increases
the number of oligopolists and that of workers in the oligopolistic sector as well
as reduces the unemployment rate in its own country, while it decreases that
of workers in the oligopolistic sector and increases the unemployment rate in
the other country due to changes in the optimum corporate tax rates in both
countries.

An increase in the minimum wage rate in country 7 raises the marginal costs
of firms in country i. Then, firms prefer to relocate to the other country because
its relative marginal costs are cheaper. However, from the result of Proposition
4, the government in country ¢ sets a lower corporate tax rate compared with
that in the other country to retain commodity x producing firms. Then, because
the latter effect is larger than the former, a rise in the minimum wage rate in
country 4 raises the number of firms in country i. An increase in the number

10



of firms in country ¢ increases labor demand and this increases the number of
workers in the oligopolistic sector in country ¢ and thus reduces unemployment.
On the contrary, a reduction in the number of firms in the other country lowers
labor demand and this reduces the number of workers in the oligopolistic sector
in the other country, which raises the unemployment rate.

3.3 Equity Holding and Equilibrium Tax Rates

Focusing on the symmetric equilibrium, we investigate the effect of an increase
in the share of equities owned by country ¢ on the corporate tax rates in both
countries. In the symmetric equilibrium, ¢ = 1, ¥; = ¥y = ¥, and A = 1
hold. By totally differentiating (23) with respect to ¢; and s; at the symmet-
ric equilibrium, we obtain the following proposition (see the Appendix for the
proof).

Proposition 6 If the countries are initially symmetric, an increase in the share
of equities owned by country i decreases the corporate tax rate in country i and
increases that in the other country.

An increase in the share of total profits in country ¢ increases the negative
effect of the corporate tax rate on profit income, which represents the third term
in (22). In addition, from (10), a reduction in the corporate tax rate raises the
after-tax profits of oligopolists. Therefore, the government in country ¢ holding
the share of equities lowers its corporate tax rate. On the contrary, because
the large share of equities owned by the other country belongs to the agents
in country ¢, the government in the other country levies a higher corporate tax
rate.

By investigating the effect of the share of equities on the unemployment rate,
we obtain the following proposition.

Proposition 7 If the countries are initially symmetric, an increase in the share
of equities owned by country i increases the number of firms in country i as well
as the number of workers in the oligopolistic sector in country i due to changes
in the optimum corporate tax rates in both countries.

From Proposition 6, an increase in the share of total profits level in country 4
decreases the corporate tax rate in country 7. Because of a fall in the corporate
tax rate in country 4, firms prefer to be located there, and this raises the number
of firms in country i. Then, a rise in the number of firms raises labor demand,
and the number of workers in the oligopolistic sector rises. On the contrary, from
Proposition 6, the government in the other country sets the higher corporate
tax rate and firms avoid relocating to the other country. Then, labor demand
in the other country decreases.

4 Numerical Simulation

In this section, we present a numerical simulation to assess the effect of a reduc-
tion in corporate tax rate in a country. We use data on the statutory corporate

11



tax rates and the number of workers in the United States and Japan in 2014. In
2014, the corporate tax rates of the United States and Japan were about 39% and
37%, respectively. We assume that the number of oligopolistic firms is N = 100,
¢1 = ¢z = 1 and the production function of sector z is B;f;(I7) = 1555 (17)"".
Then, by using the data on the statutory corporate tax rates and the number of
workers, we estimate the unknown parameters of (a1, ag, w1, ws) from the labor
market equilibrium conditions and reaction functions in both countries.

Using these parameter values, we estimate two counterfactual examples. One
is that the Japanese government cuts the corporate tax rate by 10%, (i.e., to
33%), while the U.S. corporate tax rate is constant. The other example is
that the U.S. corporate tax rate becomes 15% from the statement of President
Trump. We show that if the Japanese government cuts the corporate tax rate
by 10%, this lowers the number of workers in Japan by 2% and increase that
in United States by 0.1% because the costs in Japan rise by 4% and those
in United States lowers by 0.2%. Moreover, the number of firms in Japan
decreases by 0.2% and that in the United States increases by 0.2%. Next, if the
U.S. government sets its statutory corporate tax rate at 15% and the Japanese
corporate tax rate is constant, this raises the number of workers in Japan by
0.2% and lowers the number of worker in the United States by 14% because
the costs in Japan decrease by 0.5% and those in the United States increase by
21%. In addition, the number of firms in Japan lowers by 0.4% and that in the
United States rises by 0.3%.

5 Conclusion

In this study, we have investigated the impacts of the wage rate and share of
equity holdings on the corporate tax competition between asymmetric countries
with imperfect labor markets. We have found that a unique equilibrium exists
and that the corporate tax rate in the large country is higher than that in the
small country. An increase in wages in a country decreases the corporate tax rate
in that country and may decrease the corporate tax rate in the other country,
too. We have also showed that an increase in the share of equity holdings in a
country decreases its corporate tax rate and increases the corporate tax rate in
the other country.

Appendix

Proof of Proposition 1

First, we investigate the shape of reaction functions in both countries. From
(23), the slope of the reaction function in country 1 is given by

dt F
71 — _72 > O’
dts R

12



where

F1 ( 8F> A <1+2A¢>+\Ijl> o

= ot 20—t) \ 2+ N
_OF\ _ A¢ 1+ 246
F2<8t2) 2(1—t2)<2+N +\IJ1><O'

The reaction function in country 1 shows that t; is strategic complement to ts.
The curvature of the reaction function of country 1 satisfies

(8) (B o(B)
iy oh dn | oh
_ BB -Fuk (_F2> Iy — Fioly
2 Fy B2
=

where

Fl = F11F22 — 2F12F1F2 + F22F12.

Because F; > 0, the sign of d (%) /dty depends on the sign of T'y. The second
derivatives of F' are given by

_OR\  Ag 3 +84¢
F“<: 8t1>_4(1—t1)2<2+N +3\Ij1>>0’
_OR\ A 1
Pz (Z c%) T a1 —t)? (2+N +‘I'1> <0,
_OR\ Ad 1+4A¢
F12<: 8t2>_ 4(1t1)(1t2)(2+N +W ) <0

By using F} =1 — A2F,, we can rewrite I'; as follows:
[y = —2Fy(Fig + A*Fag) + Foo + F5 (A Fag + 2A%Fyp + F11).

The third term of this equation is zero. Then, I'y is given by

I =-

A2¢? 14 24¢ 2
U, ) + Fas <0,
2(1—t1)(1—t2)2<2+N + 1) i <0

dty
dtz

Next, we examine the slope of the reaction function in country 2. When
s2 = 1/2, From (23), the slope of the reaction function in country 2 is given by
dito G

&1
i G,

Therefore, the sign of I'; is negative and d ( ) /dty also has a positive value.

where

13



oGy 1 Ap+2 Wy
@ < 6t1) Tt [<2+N)A2¢2 " A«é] <0

_ 09GN 1 Ap + 2 Uy
Gz (: 8152) =1 2(1 — t3) {(2+N)A2¢2 - AQJ -0

The reaction function in country 2 shows that to is a strategic complement to
t1. The curvature of the reaction function in country 2 satisfies

() o(8) (B
dty oty Ots  dty
GGy — GGy L G1 G12G2 — G2Gy
= e s e
G

where

Iy = Glng —2G12G1Gy + GQQG%.

Because G2 > 0, the sign of d (Z—f?) /dt; depends on the sign of I's. The second

derivatives of G are given by

_ac\ 1 1 Ty
G <_ am) T A -h) [<2+N)A¢ - AA <0
0G| 1 8+ 346 30,
G2z <: Oty ) 41— t)? {(2+N)A2¢2 + AQJ >0
AN 1 4+ A Uy
Gz <_ 3752) A1 =) (1~ to) {(2 + N)A2¢? " AQJ <0

By using Go =1 — %, we can rewrite I'y as follows:
A4F2 = —2A2G1(A2G12 + G11) + A4G11 + G%(A4G22 + 2A2G12 + Gn).

The third term of this equation is zero. Then, the sign of I'; is negative and
d (%) /dts also has a positive value.

By comparing the slopes of the reaction functions when s; = so = %, the
following equation can be obtained:

I3 GQ) G,y
= =) = <1, A-1
(Fl)/<G1 1— A2F, - 4 + F,Gy (A1)

because F; = 1 — A%2F,, and G, = 1 — %. Then, % < g—f holds. Therefore,
the equilibrium at which t7 = p,(¢t5) and t5 = ¢, (t]) is stable.

14



Proof of Propositions 2 and 3

Here, we investigate the effect of the relative market size of % on the corpo-

rate tax rates in both countries. By totally differentiating (233, the following
equation can be obtained:

d dF
B d(th/lLl) _ | TdA@/mn
G G dto - ___dG !
1 2 d(L2/Ly) d(Lz2/L1)

% and % are given by
dF A(l+2A9) } 0¢
= + AV | =—— >0,
d(La/Ly) [ 2+ N ' 9 (Ly/Ly)
dG __{ 2+ A¢ +\I/2} d¢ <0
d(L2/Ly) (24 N)A26® ' A¢?] O(La/L1)
where 9
¢ = ¢ > 0.

O(L2/L1)  2(L2/Ln)

By using Cramer’s rule, we obtain the following equations:

dF dG
dty _ —G2 d(L2/L1) + B d(L2/L1)
d(Ly/Ly) FiGy — G Fy ’
dG dF
dts _ —F d(L2/L1) + G d(L2/Ly1)
d(Ly/Ly) FiGy — G Fy ’

The denominators of these equations are positive from (A-1). The numerators
of these equations are

o AP 4G AP
2d(Ly/Ly) ' ?d(L2/Ly) d(L2/Ly) 7
dG dF dG
—F +G =— > 0.
Yd(La/Ly) " T Yd(La/Ly)  d(La/L1)

Therefore, an increase in % decreases the corporate tax rate in country 1 and
increases the corporate tax rate in country 2.

The effects of an increase in % on the number of firms in both countries are
given by

dn1 _ % |:614 dtl % dtz :| >0
d(La/Ly) OA |0t1 d(Ly/Ly)  Otad(La/Ly) ’

dns Ono [OA dtq 0A dto
d(L2/L1) T 9A |:atld(L2/L1) * %d(LQ/Ll):| O

because %’2 <0, g—ﬁ > 0, and % < 0. An increase in labor supply in country

2 increases the number of firms in country 1 and decreases that in country 2.

15



By differentiating labor demand in commodity x with respect to the relative
market size, we obtain the following equation:

d(e1 Xy) _ 01 X1) dt, A1 X1) dts 50
d(Ls/Ly) oty 0 (La/Ly) Oty d(Ls/Ly) ’
d(coX3) _ O(caXs)  dio O(caXs)  dig <0
d(La/L1) 8ty d(La/Ly) © 0ty d(LajLy)

because (15). An increase in f—f increases (decreases) labor demand for com-
modity x in country 1 (2).

Proof of Propositions 4 and 5

We show the effect of an increase in the wage rate in country ¢ on the corporate
tax rate in both countries. By totally differentiating (23), the following equation

can be obtained:
P B =\ _ (i
Goa )\ )= )

j,—i and j,—gl are given by
dr A(1+2A4¢) 0¢ oy
dw, [ 2+ N +AY 8@1+A¢8w1 >0,
ar A(1+2A¢) 0¢
CZIU2_|: 2+ N +A\P1}6w2<0’
dG 2+ A v 0
-V— = — I: + ¢ 3 + 22:| 7? < Oa
din (2+ N)A%¢ Ag® | 0w
0 [ Etds , w)o0 40w,
dwy  [(2+4 N)A2¢®  A¢?| 0wy AgOwy ~
where 96 p 96 5
_ C1 e _ C2
(97117}1 a 2(0&1 — Clwl) >0, 0o 2(052 — CQ’LUQ) <0
8\IJZ‘ o Oéi\I’Z‘

= —>0.
8’[[)1‘ wi(ai — C,’J)Z)

By using Cramer’s rule, we can obtain the following equations:
dity —Gzc%i + sz%
dw; o FiGy — G Fy ’

dty —Flj%—FGldflz
dw; a Fi1Gy — G Fy

16



The denominators of these equations are positive. The numerators of these
equations are

R (1 20y ) 56 _ G2A¢6‘I’1 <0,

dwq N +2 own
_p 3G dF_[Mb ‘Pz] [1%_%3‘1’1]
Vo dw @Az T Ag] [sown 20— n) 0w

dF dG 1+2A4¢ 0¢ 1 oWy
~C2 g, T, T <2+N ”’){Aa o | (1—t2)8w2}’
dG dF 24+ Ag U, } 0¢ F, 09,
SR G = e R
' dw Wa + dwz [(2 + N) A2¢3 + AP? | 0wy A¢ Ows

Therefore an increase in wl decreases the corporate tax rate in country i. The

When N < (>)A¢ — 1 = Ny, the numerator of di? is positive (negative) and

% is positive (negative). When N < (> )1 49 =

NQ, the numerator of ‘“;12 is

negative (positive) and dtl is negative (posmve)

Next, we investigate the effect of an increase in w; on the number of firms
and number of workers engaged in the commodity z sector. From (11), by
differentiating the number of firms in country ¢ with respect to w;, the following
equation can be obtained:

ow; 0A \ Oty dw; Otq dw;
on, A [(A2G2 + G AL (A2F, + Fy) 48
EXs 2(1 — t2)(F1Gy — G1 Fy)

By using Fy, Fy, G, and Ga, A2G2 + Gy = A? and A2F2 + F} =1 hold. Then,
above equation becomes

on; on; A (A2 ddi jﬁ )

ow;  0A2(1 —ty)(F1Ga — G1 Fy)

Therefore, an increase in w; increases the number of firms in country 4.
We differentiate the number of workers engaged in the commodity x sector
with respect to w; in countries 1 and 2 as follows:

d dG
8(01X1) Clxl(l + n2) (A2 dul)?l - dﬁ)l)

> 0.

= >0,

0wy 2(1 —t2)(2+ N)(F1G2 — G1 F3)
8(62X2) . 62(1-1-711)1‘2 (AQTW_%UGI> 0
owy  2(1—t2)(2+ N)(F1Gy — G1F»)

Then, an increase in the wage rate in country 1 increases the number of workers

engaged in the commodity x sector in country 1 and decreases that in country
2.
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Proof of Proposition 6

Here, we show the effect of an increase in the share of total profits in country
1 on the corporate tax rate in the symmetric equilibrium. In the symmetric
equilibrium, ¢ =1, ¥1 = U5 = ¥, and A = 1 hold. In this model, because total
profits are perfectly allocated in both countries, s; + s = 1 holds. By totally
differentiating (23) at s1 = %, the following equation can be obtained:

dF

d —_ ==
( Filuoy Py ) ( i ) |
e AL - al, s
s1=73

% - and % ot are given by

dF| _ _dG|  _4N[2+(2+ N)9]

dsy s1=1 - dsy o1 (2+N)2

By using Cramer’s rule, we obtain the following equations:

dty  dty  AN[2+(2+ N)UJ? “0
ds;,  dsi Q2+ N:Z[BE+(2+N)¥]

Therefore, in the symmetric equilibrium, an increase in the share of total profits

in country 1 decreases (increases) the corporate tax rate in country 1 (2).

By differentiating s; with respect to nq at s; = 1 we obtain the following

29

equation:
0
Om |  _Om oAl dh 041 db)
881 51:% 0A Sl:% 8t1 51:% dSl 3252 81:% dSQ

because %"Al <0, %ﬁ > 0, and g—g < 0. Then, a rise in the share of total profits
in country 1 increases the number of firms in country 1. Next, we investigate
the relationship between the share of total profits in country 1 and the number

of workers engaged in the commodity x sector:

d(Cle) _ a(Cle)& + 8(01X1)@ =0
d51 91=% Btl d81 atg d51 ’
d(CQXQ) _ 8(02X2)@ + 8(c2X2) @ <0
d81 _1 (’%1 d81 8t2 d81 ’

S1 3

because (15). An increase in s; increases (decreases) labor demand in the com-
modity x sector in country 1 (2).
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Figure 1: Reaction functions in both countries
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