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Abstract

Agglomeration tendencies of industrial firms significantly affect the nature of tax competi-

tion. This paper analyzes tax competition between two countries over an infinite time horizon

in an economy with trade costs and internationally mobile industrial firms. Most of the pre-

vious studies on tax competition in the ‘new economic geography’ framework employ static

models. In this study, two governments dynamically compete with each other to attract firms

through their choices of taxes and subsidies. It is shown that the commitment of the gov-

ernments to their policies is crucial in determining the distribution of firms in the long run.

Specifically, if governments find each others’ tax policies credible, then one country will at-

tract all the firms when trade costs are low enough to make agglomeration forces dominant.

If policies are not credible, both countries may attract an equal share of firms even when trade

costs are low, as the lack of commitment by governments acts as a dispersion force.
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1 Introduction

Since the 1990s, low corporate tax rates have been a main driver for attracting foreign

direct investment (FDI) and thereby promoting economic growth in some European countries

such as Luxembourg and Ireland. Ireland is particularly noteworthy, as it drastically reduced

its corporate income tax rate from 45% to 12.5% from 1998 to 2003. This rate is much

lower than that of other EU15 countries, which was 25% in 2012. Due to this reduction,

Ireland succeeded in hosting several multinational enterprises including Hewlett-Packard and

Intel, and achieved a massive inflow of FDI. The geometric mean of the ratio of the net

inflow of FDI to GDP in Ireland was 15.8% from 1998 to 2003, far higher than that of

other EU15 countries: 3.3%(data are from UNCTAD). The success of Ireland seems to have

fanned the fear of fierce tax competition among European countries, which had led to the

international pressure on Ireland to raise its tax rate. France and Germany, for example, have

requested Ireland to raise its taxes in return for its bailout rescue since 2010 (see, e.g. Mitchell

(2009); Stewart (2011)). However, Ireland confirmed its commitment to the 12.5% tax rate

and has since maintained this rate. Through this commitment, Ireland has tried to establish a

reputation that it will continue to keep its tax rate low among rival countries.

The objective of this paper is to investigate how government commitment affects the loca-

tion of industrial firms as a result of tax competition. In a symmetric two-country economy

with agglomeration forces, I model the strategic interactions between two governments as an

infinite-horizon dynamic game. The governments maximize their life-time payoffs through

taxes and subsidies while considering the migration process of myopic firms. Assuming the

governments care mostly about future payoffs and that they will agree on Pareto efficient

locations, I examine two forms of commitment governments may make: full commitment

and no commitment. The former corresponds to the open-loop Nash equilibrium while the

latter corresponds the Markov-perfect Nash equilibrium. In the full commitment case, both

governments announce a tax schedule over the entire horizon at the outset of the game and

never change it. In the no commitment case, however, they choose their tax rate at each point

in time by observing the current distribution of firms.

The results of tax competition dramatically change depending on whether or not commit-

ment is possible. I find that tax competition with full commitment leads to the core-periphery

configuration of firms when trade costs are low enough for the concentration of firms to sup-
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ply an ample tax base. This result can be explained by the fact that the governments face

the situation known as ‘battle of sexes’. The dispersed configuration where both the gov-

ernments share firms evenly is too costly for them because they must provide negative taxes

(or subsidies) to prevent firms with strong agglomeration motives from clustering into one

country. Of course the core position where all firms are clustered is the most desirable for

both governments. However, the peripheral position where no firms are located is better than

the dispersed configuration because the government in the periphery does not have to sub-

sidize firms and avoid the intense competition. Either country may become the core so that

self-fulfilling expectations of both governments select the long-run outcome; the country that

succeeds in convincing the counterpart will eventually attract all the firms. I also find that

the tax competition without commitment may result in the dispersed configuration of firms

even when trade costs are so low that benefits from agglomeration are large. Compared to the

full-commitment case, the governments have more incentive to raise their tax rate because

they know that the loss of firms from raising their own tax rate will be partially diminished

by the reaction (i.e., tax increase) of the other. Both governments may set a higher tax rate

while sharing firms evenly so that the dispersed pattern may be more desirable than the core

status.

With these results, I draw the implication that, in the contemporary environment of deepen-

ing economic integration, effective tax competition relies critically on a government’s com-

mitment to its policies and its ability to convince foreign rivals that they will be implemented.

This may explain the success of Ireland. But, at the same time, I also emphasize the weak-

ness of commitment strategies. Credible policies imply that governments promise to keep

their original policies even if they are aware that the policies are no longer optimal. Thus,

such rigid policies are vulnerable to unexpected events such as sudden changes in the indus-

trial location or policy changes in foreign rivals. When policymakers decide attitudes toward

policies, it is worth recognizing the positive and negative aspects of such rigorous commit-

ment.

1.1 Related literature

This paper draws from the literature on tax competition in an agglomeration economy. The

‘new economic geography’ formulates an imperfect competition trade model with mobile fac-

tors and trade costs, which is the so called ‘core-periphery model’. This model demonstrates
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that as economic integration proceeds, which is modeled as falling trade costs, internationally

mobile firms are more likely to cluster in one country.*1 Based on the core-periphery model,

some researchers have studied the effects on firm locations of taxes strategically chosen by

governments. Earlier contributions include Ludema and Wooton (2000); Kind et al. (2000);

Andersson and Forslid (2003); Baldwin and Krugman (2004). The main findings of the litera-

ture on agglomeration and tax competition are the superiority of the core country and a ‘race

to the top’ (Baldwin and Krugman (2004); Borck and Pflüger (2006), among others); the

ability of the core country to charge a higher tax rate, and the inverted U-shaped relationship

of the tax differential in terms of trade costs between the core and periphery.*2 For example,

Baldwin and Krugman (2004) consider a Stackelberg game played by the core (leader) and

peripheral country (follower), and show that, when trade costs are low, the industrial cluster

brings about to the core a taxable rent (‘agglomeration rent’). They also show that a decline

in trade costs first increases and then decreases the tax gap. Borck and Pflüger (2006) confirm

the result in a core-periphery model allowing for partial agglomeration. These results contrast

with the conclusion of the standard neoclassical tax competition model that tax competition

results in a ‘race to the bottom’.*3 The existence of a taxable agglomeration rent is also sup-

ported by some empirical research (e.g., Charlot and Paty (2007) for French data; Coulibaly

(2008) and Brülhart et al. (2012) for Swiss data).

The conclusions of the previous studies crucially depend on the initial industrial locations.

To avoid the difficulty of discontinuities in the reaction functions, which is a by-product of

the core-periphery model, most existing studies assume that one country is the core from the

beginning. Because policy implementation and firm migration are allowed to occur after the

announcement of the policy in these models, the number of firms located in each country

at the beginning of the game plays a decisive role in determining the equilibrium outcome.

The advantages of the agglomerated position are thus assumed, and the strategic aspect of

competition over mobile factors is not completely captured. Also, since the policy schedule

consists of one tax rate, the effect of the government commitment to the policy cannot be

fully examined.

*1 See Fujita and Thisse (2013) for a recent survey. Baldwin et al. (2003) focus more on policy issues including
tax competition.

*2 Recent studies such as the work of Ottaviano and Ypersele (2005), which allows for the difference in size
of immobile factors, and the work of Baldwin and Okubo (2014), which introduces firm heterogeneity in
productivity, also observe the superiority of the core country.

*3 See Keen and Konrad (2012) for a comprehensive survey on tax competition in the neoclassical framework.
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This paper differs from the previous studies in that it considers tax competition in a fully

dynamic context so as to treat agglomeration forces endogenously. By analyzing an infinite-

horizon game, I avoid the difficulty of discontinuities and allow for all possible initial condi-

tions in order to not be restricted to the core-periphery configuration. Moreover, by utilizing

the differential game theory, I can analyze the impact of different forms of government com-

mitment, which is not addressed in the previous studies. I show that, contrary to previous

research, the core-periphery pattern may not emerge as a result of tax competition between

governments without commitment. Even when the core-periphery pattern emerges in the

full-commitment case, initially being the core is of little importance, as expectations of gov-

ernments instead determine which country will be the core. However, the ‘race to the top’

result on the relationship between the core’s tax rate and trade costs still holds whenever the

core-periphery pattern emerges.

This paper is not the first to incorporate the forward-looking agent into the new economic

geography framework (see, e.g.,Baldwin (2001); Ottaviano (2001); Ottaviano et al. (2002)

Section 6; Oyama (2009a,b)).*4 These studies deal only with the forward-looking behavior

of industrial firms*5 and do not model governments explicitly. In contrast, the present study

allows only governments to be forward-looking agents. This paper and the studies just men-

tioned should be seen as complements because both try to investigate the role of far-sighted

behavior but of different agents. In spite of this difference, one of the results I obtain that

‘expectations matter’ for equilibrium selection can be found in Baldwin (2001), Ottaviano

(2001) and Ottaviano et al. (2002).

Dynamic aspects and commitment issues have been addressed in the literature of the stan-

dard tax competition without agglomeration forces (see, e.g., Janeba (2000); Keen and Kon-

rad (2012), Section 2.3 and the references therein). The closest study in that field to this paper

is Han et al. (2014). They consider an infinite-horizon tax game between two countries of

unequal size. An asymmetric form of government commitment, which is not addressed in

this paper, is assumed and the larger country adopts open-loop strategies while the smaller

*4 The first three consider the Krugman (1991) type of migration dynamics, where firms can move freely by
paying costs determined by the current flow of migrants. The last one adopts Matsuyama (1991) type of
migration dynamics, where only firms which receive an opportunity to revise their location choice can move
without any costs. This paper and most of the studies in the new economic geography are in line with the
myopic version of the Krugman (1991)’s dynamics.

*5 Oyama (2009a) discusses tax policy and points out that agglomeration rents should be much smaller because
of the possibility of self-fulfilling coordinated migration, but the paper does not explicitly model governments.
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country adopts Markov-perfect strategies. They show that, if mobility of firms is high and the

future payoff is important (as in this paper), the smaller country will lose all the firms in the

long run. The result that a government without commitment will be the periphery is similar

to one of the results I obtain. However, the model I present describes not only the conflict

between governments but also the interaction among governments and firms with agglomer-

ation motives. When considering the world economy in which FDI is motivated mainly by

reducing transport costs and exploiting economies of scale (see, e.g., Markusen and Maskus

(2002)), examining tax competition in the core-periphery model may be more relevant today

than in the neoclassical world with constant returns to scale and perfect competition.

The rest of the paper proceeds as follows. The next section develops a simple general

equilibrium model that induces agglomeration forces. Section 3 introduces governments and

formulates a dynamic tax competition. The two equilibrium concepts in dynamic games,

the open-loop Nash equilibrium (OLNE) and the Markov-perfect Nash equilibrium (MPNE),

are also explained. The assumptions imposed on the analysis are also discussed. Section 4

presents the results whereby I characterize the stable steady state both under OLNE and under

MPNE. Section 5 concludes.

2 The model

In this section, I consider the Ludema and Wooton (2000) and Thisse (2010) version of the

core-periphery model. The model may be viewed as the ‘minimalist framework’ of economic

geography and has several distinctive features that make the analysis simple. First, the model

follows the ‘footloose entrepreneur’ setting as in Forslid and Ottaviano (2003) whereby the

manufacturing industry needs internationally immobile workers for variable inputs and mo-

bile entrepreneurs for fixed inputs. Second, consumers’ preferences are described by the

quadratic quasi-linear utility function as in Ottaviano et al. (2002). Third, contrary to most of

the core-periphery models, manufacturing firms produce a homogeneous product and engage

in Cournot competition. Due to these simplifications, closed-form solutions can be obtained

with a reduced number of parameters, though qualitative results are quite similar to the linear

version of the core-periphery model by Ottaviano et al. (2002).
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2.1 The basic setup

In this model, the economy consists of two countries (home, h, and foreign, f ), two homo-

geneous goods (agricultural and manufactured goods), and two factors of production (workers

and entrepreneurs). Total mass of workers in the world is I > 1, and that of entrepreneurs is

L > 1. While workers are equally distributed between countries, the 100 × λ percent of the

entrepreneurs reside in country h where λ ∈ [0, 1]. The total population of country i ∈ {h, f }
becomes S i = I/2 + λiL, where λh ≡ λ and λ f ≡ 1 − λ.

The two types of factors are different in their place of employment and in their mobility.

Each entrepreneur can move between countries and provides one unit of headquarter ser-

vice with the manufacturing sector in the country where she resides, while each worker is

immobile and provides one unit of labor service with the agricultural sector.

The agricultural sector is characterized by perfect competition and constant returns-to-scale

technology. The goods are freely traded internationally without any trade costs. The price of

the agricultural good is chosen as a numéraire, and only labor service by workers are required

as variable inputs. The manufacturing sector, on the other hand, is characterized by imperfect

competition and increasing returns to scale technology. The shipment of one unit of the

manufactured good incurs an additional τ units of trade costs. To start a business, a potential

firm in the sector hires one entrepreneur as a fixed input, but needs no variable inputs.

2.2 Demand Side

Every individual in country h has the same preferences, and their utility function takes the

following quasi-linear quadratic form:*6

uh =

[
1 − 1

2

(
Qh

S h

)] (
Qh

S h

)
+

Qa
h

S h
, (1)

where Qh (Qh/S h, respectively) is the total (per-capita, resp.) demand for the manufactured

good and Qa
h (Qa

h/S h, resp.) is total (per-capita, resp.) demand for the agricultural good.

Aggregating across individuals, total utility in the home country is given by the following:

Uh = S huh =

[
1 − 1

2

(
Qh

S h

)]
Qh + Qa

h. (2)

*6 In what follows, I concentrate on h. Symmetric expressions hold for f .
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The national budget constraint requires that the expenditure on the two goods equals the

remuneration of production factors and the endowment of the numéraire good. I focus only

on the case where Q
a

is sufficiently large for the numéraire good to be consumed. Letting pi

be the price of the manufactured good, Yi the total reward for factors,*7 and Q
a
h the endowment

of numéraire good, the national budget constraint can be written as follows:

phQh + Qa
h = Yh + Q

a
h. (3)

The representative agent in country h maximizes aggregate utility (2) subject to the national

budget constraint (3) by choosing the total demand for the industrial good, Qh. Optimization

yields a linear-demand function for the manufactured product independent of income level:

ph = 1 − Qh

S h
.

2.3 Supply Side

For the agricultural sector, perfect competition and costless trade lead to the equalization

of price between countries. One unit of labor by worker produces one unit of the agricultural

good so that its price denoted by pa
i and the wage of a worker denoted by wa

i in both countries

are equalized to unity: pa
h = pa

f = wa
h = wa

f = 1.

For the manufacturing sector, firms located in i provide their goods to both domestic and

foreign markets. Since an entrepreneur is needed to launch one industrial firm, country h has

λL firms and country f has (1 − λ)L firms. The operating profit of a firm in i can be written

as follows:

πh = phqhh + (p f − τ)qh f , (4)

where qi j denotes the amount of production by a firm in i, sold in j (i, j ∈ {h, f }). For the

industrial good market to clear, it must hold that:

Qh = λLqhh + (1 − λ)Lq f h.

*7 As will be clear in the following discussion, suppose wa is the wage for a worker and w for a entrepreneur,
the reward to a worker is wa

h and the reward to a entrepreneur is wh. Total reward to the factors in h becomes
Yh = wa

hI/2 + whλhL.
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Due to the separation of markets, firms can choose different quantities for each market

given the inverse demand functions they face. As a result of Cournot competition, the market

outcome is determined by a Nash equilibrium:

q∗hh = S h p∗h, q∗f h = S f (p∗f − τ),

where

p∗h =
1 + (1 − λ)Lτ

L + 1
. p∗f =

1 + λLτ
L + 1

.

The increase in the share of domestic firms and decline in trade costs make the domestic price

go down.

For international trade to occur, trade costs must be low enough for the mill price p∗f − τ to

be positive whatever the distribution of firms may be:

Assumption 1. τ < τtrade ≡
1

L + 1
.

This assumption holds throughout the analysis.

By substituting equilibrium prices and quantities into (4), the equilibrium operating profit

can be calculated as follows:

π∗h = S h(p∗h)2 + S f (p∗f − τ)2,

=

( I
2
+ λL

)
· [1 + (1 − λ)Lτ]2

(L + 1)2 +

( I
2
+ (1 − λ)L

)
· [1 − {1 + (1 − λ)L} τ]2

(L + 1)2 .

Under Assumption 1, falling trade costs decrease the profits from the domestic market but

increase those from the foreign market. Allowing for free entry and exit, the operating profit

of a firm goes to the entrepreneur so that it becomes equal to the reward. Letting wi be the

reward to an entrepreneur in i, it holds that π∗i = wi. Since there is one entrepreneur for every

manufacturing firms, I refer to them interchangeably in what follows.

The utility of an entrepreneur in h evaluated at the equilibrium prices and quantities is

expressed as

u∗h = CS h + wh + qa.

where qa
= Q

a
h/S h is the endowment for individuals*8 and CS h is the individual consumer

*8 qa is supposed to be sufficiently large for taxes, which will be introduced in the next section, to be paid.
Further, qa is assumed to be identical between countries so that it does not affect international differences in
indirect utility.
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surplus:

CS h =
L2

2(L + 1)2 [1 − (1 − λ)τ]2.

CS h is increasing in the domestic firm’s share, but is decreasing in trade costs as long as

Assumption 1 holds. An entrepreneur, as a consumer, benefits from a lower price due to the

expansion of the domestic firm’s share.

2.4 Location equilibrium

The gap of the indirect utility, which determines the entrepreneurs’ location choice, can be

expressed as

∆u∗(λ) ≡ u∗h − u∗f
= CS h + wh − (CS f + w f )

= Z
(
λ − 1

2

)
,

where

Z =
L[2L2 + (2I + 5)L + 2(I + 1)]

(L + 1)2 τ(τ∗ − τ), τ∗ = 2(3L + 2)
2L2 + (2I + 5)L + 2(I + 1)

.

Fig. 1 shows the relationship between Z and trade costs. Parameter values are L = 1 and

I = 5 so that I have τtrade = 0.5.

Fig. 1. Slope of the migration equation Z.
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Z captures a firm’s incentive to agglomerate (disperse, resp.) if it is positive (negative,

resp.). Agglomeration forces reach the peak (Z) when trade costs are intermediate (τ∗/2),

while they become smallest (Z) when trade costs are highest (τtrade). The intuition behind the

inverted U-shaped relationship between τ and Z is easy to grasp when considering the two

extreme cases.*9 When τ = τtrade and the costs of shipping industrial goods are prohibitively

high, agglomeration of firms in one country is harmful because they earn little from the

foreign market and operate solely in the domestic market. However, when τ = 0 and trade is

completely free, agglomeration is not necessary because the location choice does not matter.

When trade costs are intermediate, agglomeration is profitable. The positive utility difference

between the core and periphery (∆u∗(λ = 1) = Z/2) is the so called ‘agglomeration rent’.

Following the tradition of the core-periphery model, I consider the myopic behavior of

firms. That is, entrepreneurs, the owners of firms, relocate to the country that affords the

higher current utility Therefore, the movement of firms is governed by a simple migration

equation λ̇ ≡ dλ/dt = ∆u∗(λ). I simply assume that the motion stops if the economy hits

either of the boundaries λ ∈ {0, 1}. This restriction will be removed in the next section.

When τ > τ∗, the slope of the migration equation Z is negative and the dispersed distri-

bution λ = 1/2 is stable, while when τ < τ∗, the slope is positive and the agglomerated

distributions λ ∈ {0, 1} are stable. For the dispersed location to emerge, I impose the ‘no-

black-hole’ condition:

Assumption 2. τ∗ < τtrade,

⇒ L <
1
8

[
2I − 5 +

√
(2I − 5)2 + 32(I − 1)

]
.

The condition simply states that, to prevent agglomeration forces from being too strong, the

number of entrepreneurs should be small compared to that of workers.

The following lemma is the central finding of the core-periphery model:

Lemma. If trade costs are high (τ > τ∗), the symmetric configuration is the only stable

one. If trade costs are low (τ < τ∗), the core-periphery structure is the only stable one.

*9 Note that the difference of consumer surplus is increasing in τ as long as Assumption 1 holds: CS h(λ =
1)−CS f (λ = 1) = L2τ(1−τ)/2(L+1)2. Note also that the wage gap has an inverted U-shaped relationship in
terms of τ as long as I > 1, Assumption 1 and 2 hold: wh(λ = 1) − w f (λ = 1) = Lτ[2 − (L + I + 1)τ]/(L + 1).
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In this linear model, the ‘break point’ at which the symmetric state is no longer stable coin-

cides with the ‘sustain point’ at which the concentrated states become stable.

3 Tax competition over an infinite horizon

Having presented the base model, I now introduce taxes and a government for each country

that plays tax competition over an infinite time horizon. This section also explains equilib-

rium concepts in the dynamic game and includes a few additional assumptions.

3.1 The governments’ problem

Following Ludema and Wooton (2000) and Borck and Pflüger (2006), taxes are levied in

a lump-sum manner. The government in country i ∈ {h, f } imposes lump sum taxes on each

domestic firm so that the migration equation for firms is modified as follows:

λ̇

γ
= (u∗h − Th) − (u∗f − T f )

= Z
(
λ − 1

2

)
− (Th − T f ), λ ∈ [0, 1],

where γ is a positive constant that represents the migration speed, and Ti denotes the taxes

in i if it is positive or subsidies if negative. Unlike the previous section, hereafter, I do not

require λ̇ to be zero when λ hits a boundary. The governments redistribute their tax revenues

to the domestic immobile workers as numéraire goods so that the governments’ budgets are

balanced at each point in time.

Taking into account the firms’ incentive to relocate, both governments try to maximize the

following discounted sum of the instantaneous payoff Wi :

max
{Ti(t)}∞t=0

∫ ∞

0
exp(−ρt)Wi(λ(t),Ti(t))dt ≡ Ji, (5)

s.t.

λ̇(t)/γ = Z[λ(t) − 1/2] − [Th(t) − T f (t)],
λ(t) ∈ [0, 1], λ(0) = λ0 given,

where ρ > 0 is a discount rate. Following Baldwin and Krugman (2004) and Borck and

Pflüger (2006), I adopt a simple instantaneous objective function:

Wi(λ(t),Ti(t)) ≡ Lλi(t)Ti(t) −
k
2

T 2
i (t),
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where λh ≡ λ and λ f ≡ 1 − λ, and k > 0 is a parameter. The first term on the right hand side

is the total tax revenue for country i and the second term is the quadratic loss from taxation.

This simple instantaneous objective function captures the basic conflicts governments face:

they seek to raise more tax revenue while maintaining a low tax rate. It is regarded as a

reduced-form objective function that either selfish or benevolent governments adopt (Baldwin

and Krugman (2004), Section 5). From a different point of view, the second term can be

considered the administrative cost incurred in collecting taxes (see, e.g. Kenny and Winer

(2006) for empirical evidence). The second term may also be interpreted as the costs of

tax changes which are analogous to adjustment costs of price (e.g., Rotemberg (1982)) and

investment (e.g., Summers (1981)). Since the model has a long time dimension, it would be

reasonable to assume that an excessive tax increase or cut within a short period would be too

costly and that governments prefer tax smoothing.

3.2 Equilibrium concepts: Is commitment credible?

This subsection introduces two equilibrium concepts, the open-loop Nash equilibrium

(OLNE) and the Markov-perfect Nash equilibrium (MPNE). Intuitively speaking, OLNEs

consider situations in which both governments can make a precommitment; they stick to their

strategies announced at the beginning of the game. Conversely, MLNEs assume such a pre-

commitment away, so both governments may deviate from their predetermined tax policies.

Precommitment to tax schedules is possible in two coses.*10 One case is that the governments

cannot observe the time path of the distribution of firms (except for the initial one) nor the

tax path of the rival country. The other case is that the governments can observe the state and

other player’s actions but they can precommit to their future policies with the aid of com-

mitment device such as national legislations with compelling power. In the context of tax

competition, I adopt the latter explanation why precommitment is possible.*11

*10 The following explanation is based on Reynolds (1987) Section 3.
*11 It does not seem plausible that the actual governments adopt the open-loop strategies, but there are some

countries that appear to do this. In particular, as discussed in Introduction, Ireland is a good example. A
government report released in 2013 (Department of Finance of Ireland (2013)) firmly asserts the commitment
toward its tax rate: “Our competitive taxation system is, of course, an element of the Irish package and we
remain committed to our competitive 12.5% tax rate.”(p.3)
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3.2.1 Open-loop Nash equilibrium

In this model, an open-loop strategy for country i is a tax policy Ti which is a function

of time and the boundaries of the state variable λ ∈ {0, 1}. A pair of open-loop strategies

{T o
h (t, λ ∈ {0, 1}),T o

f (t, λ ∈ {0, 1})} forms an OLNE such that

Ji(T o
i ,T

o
j ; λ) ≥ Ji(Ti,T o

j ; λ), for every open-loop strategy Ti(t, λ ∈ {0, 1}), i, j ∈ {h, f }; i , j,

where Ji(·, ·) is a maximized value of the objective function defined in (5). At an OLNE,

the payoffs of both governments are maximized and neither has an incentive to deviate from

its open-loop strategies, given the open-loop strategy of the other. To solve for OLNEs, the

optimal control method can be applied. I formulate the current-value Hamiltonian for the

home governmentHh and the Lagrangian Lh as follows:

Hh = LλTh −
k
2

T 2
h + µhγ

[
Z

(
λ − 1

2

)
− (Th − T f )

]
,

and

Lh = Hh(λ,Th,T f ) + ν1hλ + ν
2
h(1 − λ),

where µh is the co-state variable associated with the state variable, and ν1h and ν2h are the

Lagrange multipliers on the boundaries of the state variable. The optimal control problem

here is somewhat different from the standard problem in that the state variable λ should lie

in between [0, 1]. In order to deal with the state variable constraints, I employ ‘Informal

theorem’ 4.1 in Hartl et al. (1995) (see, e.g., Oyama (2009b) for applications in economics).

Given an open-loop strategy of the foreign government T f , an open-loop strategy of the home

government Th is characterized by the following necessary conditions for optimality:

λ̇

γ
= Z

(
λ − 1

2

)
− (Th − T f ), λ ∈ [0, 1], (6-1)

∂Hh

∂Th
= Lλ − kTh − γµh, (6-2)

ρµh − µ̇h =
∂Hh

∂λ
= LTh + γZµh, (6-3)

lim
t→∞

exp(−ρt)µh = 0, (6-4)

ν1h(t)

> 0 if λ(t) = 0
= 0 if λ(t) > 0

, ν2h(t)

> 0 if λ(t) = 1
= 0 if λ(t) < 1

, (6-5)
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and for any time s in a boundary interval and for any contact time s,*12 µh(·) may have a

discontinuity governed by the following jump conditions :

µh(s−) − µh(s+) = η1
h(s) − η2

h(s), (6-6)

η1
h(s)

> 0 if λ(s) = 0
= 0 if λ(s) > 0

, η2
h(z)

> 0 if λ(s) = 1
= 0 if λ(s) < 1

, (6-7)

for some η1
h(z), η2

h(z) for each s, where µh(s−) ≡ limt→s− µh(t) and µh(s+) ≡ limt→s+ µh(t).

An open-loop strategy of f , given an open-loop strategy of h, is derived in a similar manner.

I obtain an OLNE as a pair of tax policies that simultaneously satisfies both governments’

necessary conditions for optimality just described.

OLNEs assume open-loop strategies, where both players announce the action schedule at

the outset of the game and commit themselves to it. Because open-loop strategies depend on

time,*13 the government sticks to the original plan even if it is no longer optimal to do so on

account of the counterpart’s deviations from the original tax policy, or due to shocks that pull

the distribution of firms off the predetermined path. Hence, an OLNE is not robust against

any deviations from the equilibrium path.

3.2.2 Markov-perfect Nash equilibrium

A Markov-perfect strategy and a MPNE are defined similarly to the open-loop case. An

Markov-perfect strategy for country i is a tax policy Ti which is a function only of the state

variable λ ∈ [0, 1]. An pair of Markov-perfect strategy {T m
h (λ(t)),T m

f (λ(t))} forms an MPNE

such that

Ji(T m
i ,T

m
j ; λ) ≥ Ji(Ti,T m

j ; λ), for every Markov-perfect strategy Ti(λ(t)), i, j ∈ {h, f }; i , j,

As in the open-loop case, I obtain an MPNE as a solution to the two governments’ dy-

namic optimization problems. Necessary conditions for each government’s problem here

are slightly different from the ones in the open-loop case. Condition (6-3) is replaced with

*12 An interval [t1, t2] ⊂ [0,∞) with t1 < t2 is said to be a boundary interval if λ(t) ∈ [0, 1] for all t ∈ [t1, t2]. An
interval (t1, t2) ⊂ [0,∞) with t1 < t2 is said to be an interior interval of λ(·) if λ(t) ∈ (0, 1) for all t ∈ (t1, t2). If
the trajectory is in the interior interval just before and just after s, s is said to be a contact time.

*13 The open-loop strategies we consider are slightly different from the standard one; the former depends both on
time and the boundaries of the state variable, whereas the latter depends only on time. However, the argument
does not change much.
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the following condition:

ρµh − µ̇h =
∂Hh

∂λ
+
∂Hh

∂T f

∂T f

∂λ
, (7)

= LTh + γZµh + γµh
∂T f

∂λ
.

The necessary conditions from (6-1) to (6-7) other than (6-3) are the same. Symmetric ex-

pressions hold for the foreign government.

The second term in the right hand side of (7) captures the feedback effect of the counterparts

on the change of the state variable. In the Markov-perfect case, the government takes into

account how the other government changes its tax policy by responding to the changes of the

distribution of firms. In the open-loop case, the government ignores this feedback effect so

that the term does not appear.

Since the government utilizes the counterpart’s decisions at each point in time, a credible

precommitment for implementing the tax schedule determined at the beginning of the game

is no longer possible. Markov strategies that depend only on the state variable in the game

imply that the governments optimally choose their tax schedules at each time instant. Thus,

an MPNE is a subgame perfect equilibrium and is robust against any deviations from the

equilibrium path.*14

3.2.3 Assumptions

The subsequent analysis relies on several assumptions. First, to shed light on the dynamic

aspect of the analysis, I assume the following:

Assumption 3. ρ/γ is sufficiently close to zero.

The ratio of the governments’ discount rates to the migration speed ρ/γ is called the ‘degree

of friction’. The behavior of the dynamics does not depend on ρ or γ independently (see

Appendices for details), but on the ratio. This assumes that the governments greatly value the

future (small ρ) and/or the firms move quickly when responding to the tax differential (large

γ). Thus, when deciding tax policies, the governments put more emphasis on the steady states

where movement of firms stops, than on the short term payoffs on the way to the steady states.

*14 Both solution concepts are time consistent, which is a weaker requirement than the subgame perfectness. See
Dockner et al. (2000) Ch. 4.
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Second, I need a criterion to select the resulting outcomes among others because, as will

be seen in the analysis, the model has multiple stable steady states:

Assumption 4. Pareto inefficient steady states for governments (if any) are eliminated.

This refinement of the Nash equilibrium is known as ‘payoff dominance’ (without uncer-

tainty). Since the governments focus solely on the steady-state payoffs due to Assumption 3,

the resulting outcomes are determined by the steady-state payoffs. If the payoff at a stable

steady state dominates the others in a Pareto sense, both governments agree that the economy

reaches the state.

Finally, for analytical convenience, I restrict the range of parameter k, which captures the

intensity of loss from an increasing tax or subsidy rate:

Assumption 5. 0 < k <
(2 −

√
3)L

Z
≈ 0.27L

Z
, Z ≡ max Z =

L(3L + 2)2

(L + 1)2[2L2 + (2I + 5)L + 2(I + 1)]
.

This assumption eliminates the imaginary root in the linear MPNE (see Appendix B for de-

tails).

4 Results

This section characterizes the resulting industrial location both under OLNE and under

MPNE. The time path of the share of industry and taxes are also discussed.

4.1 Open-loop case: Both governments fully commit to their tax sched-
ules

I illustrate OLNEs by resorting to intuitive arguments, which are verified by the formal

proof in Appendix A. The present model is somewhat complicated because the economy by

nature may have multiple steady states, the symmetric state λ = 1/2 and the concentrated

states λ ∈ {0, 1}*15 However, since the future is sufficiently important for the governments

by Assumption 3, the governments are concerned mainly with the steady-state payoffs when

choosing equilibrium paths. Assumption 4 requires that the steady state configurations which

*15 Since the migration equation is linear with respect to λ, the interior points, other than the symmetric state,
cannot be steady states.
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bring higher payoffs to both governments than others are realized in equilibrium. By compar-

ing the payoffs between the symmetric state and the concentrated states, the resulting steady

states can be found. The stability of the states are proved in Appendix A.

First, I look at the symmetric steady state, which can be obtained by making λ̇ = µ̇h = µ̇ f =

0 and ν1h = ν
2
h = ν

1
f = ν

2
f = 0 in the necessary conditions. Since both governments have an

equal share of firms at the steady state, the tax rate will be equalized as a result of dynamic

competition:

T o
h

(
λo =

1
2

)
= T o

f

(
λo =

1
2

)
=

L(ρ − γZ)
2[kρ + γ(L − kZ)]

.

The expression is simplified by Assumption 3 that the degree of friction ρ/γ is sufficiently

close to zero:

T o
h

(
λo =

1
2

)
= T o

f

(
λo =

1
2

)
=

LZ
2(kZ − L)

≥ 0 if Z ≤ 0
< 0 if Z > 0

.

Note that, by Assumption 5, k is small enough for the denominator to always be negative.

The inverted U-shaped relationship between the slope of the migration equation Z and trade

costs τ (Fig. 1) implies that positive (negative, resp.) Z equals high trade costs τ > τ∗ (low

trade costs τ < τ∗, resp.).

It can be easily verified that if trade costs are high (τ > τ∗), making the dis-intensive to ag-

glomerate strong (Z < 0), the tax rate is positive and both governments earn positive payoffs

at the symmetric steady state. On the other hand, if trade costs are low (τ < τ∗), making the

incentive to agglomerate strong (Z > 0), the tax rate is negative and both governments incur

loss by providing subsidies to keep the symmetric location stable.

To see why the tax rate responds to trade costs as such, consider the motives of firms. High

trade costs lessen the profitability of export and make the domestic competition among firms

tougher so that firms try to avoid a country with many competitors. Because of the firms’

preference for diversified distribution, the governments can impose positive tax. Conversely,

low trade costs reverse the outcome: since low trade costs makes export more profitable,

firms try to locate in a country with many rivals in order to exploit scale economies. The

governments need to subsidize the domestic firms to prevent them from moving away. This

is reminiscent of the ‘race to the bottom’ result. Strong incentives for firms to gather make

the symmetric configuration unattractive for both governments.

Next, I look at the steady state with full agglomeration in the home country (λ = 1). For
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the concentrated configuration to be stable, the tax differential should be determined in such

a way that the motion of firms λ̇ evaluated at λ = 1 is equal to zero and Th − T f = Z/2.

Evidently, the optimal tax rate for country f is zero and it has zero payoff. Therefore, the

core country will set its tax rate at Z/2:

T o
h (λo = 1) =

Z
2
,

T o
f (λo = 1) = 0.

Both the tax rate and the payoff of country h at the steady state are negative under low ag-

glomeration incentive Z < 0 and equivalently high trade costs τ > τ∗, whereas they are

positive under high agglomeration incentive Z > 0 and low trade costs τ < τ∗.

The same reasoning for the symmetric case applies here. High trade costs strengthen the

incentive for firms to diversify so that the core country has to subsidize them to maintain

clustering. Under low trade costs, however, the incentive to concentrate is so strong that the

core earns the taxable agglomeration rent.

Fig. 2-(a) shows the tax rate of h at each steady state for a various level of trade costs.*16

The instantaneous payoff of h also exhibits a similar shape as in Fig. 2-(b). Parameter values

are L = 1, I = 5, and k = 1. By the symmetry of the model, it holds that T o
h (λo = 1) =

T o
f (λo = 0), T o

h (λo = 0) = T o
f (λo = 1) and T o

h (λo = 1/2) = T o
f (λo = 1/2). The same relations

hold for the payoffs of country f .

*16 Haufler and Wooton (2010) study a static tax game in a location model (‘footloose capital model’) which is
similar to the present model. Their model also obtains a U-shaped relationship with the tax rate and trade
costs in the symmetric equilibrium. But their paper and this paper are quite different in that their model
exhibits weaker agglomeration forces and their focus is only on interior equilibria.
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Fig. 2. Country h’s (a) tax rate and (b) payoff at the steady state under OLNE.

To sum up, high trade costs bring the dispersed equilibrium λ = 1/2, while low trade

costs bring the agglomerated equilibrium λ ∈ {0, 1}. When trade costs are high (Z < 0),

the governments share the equal number of firms while setting a positive tax rate by taking

advantage of the firms’ anti-agglomeration motive. Since the governments have to provide

subsidies to keep all the firms in their country, neither of them tries to achieve agglomeration.

In contrast, when trade costs are low (Z > 0), the governments have to set negative tax rates to

maintain the symmetric configuration because of the firms’ agglomeration motive and instead

they try to become the core. In this case, the governments face a ‘battle of sexes’ situation.
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Although both governments prefer the core-periphery patterns to the dispersed one, they have

a conflict of interests over which of them attains agglomeration. As in the battle of the sexes

game, the winner of tax competition cannot be determined in the model. These findings

reveal that the result of tax competition dramatically changes below and above the threshold,

which is called the ‘bifurcation of tax competition’.*17 The diversified distribution of firms

emerges when τ > τ∗, and the concentrated distribution emerges when τ < τ∗. Thus, I obtain

the following proposition:*18

Proposition 1. The OLNEs are characterized in the following way (except for the non-

generic case: τ = τ∗ or Z = 0)

(i) If trade costs are high (τ > τ∗ or Z < 0), the symmetric configuration is the only stable

steady state and the tax rates at the steady state are given by

T o
h

(
λo =

1
2

)
= T o

f

(
λo =

1
2

)
=

LZ
2(kZ − L)

.

(ii) If trade costs are low (τ < τ∗ or Z > 0), the only stable steady states are in the core-

periphery configuration and the tax rates at the steady states are given by

Case λo = 0 : T o
h (λo = 0) = 0, T o

f (λo = 0) =
Z
2
,

or

Case λo = 1 : T o
h (λo = 1) =

Z
2
, T o

f (λo = 1) = 0.

Proof. See Appendix A. It can be readily verified that the static analysis in the same setting

mimics the results in Proposition 1 (see Section 4.3).

Proposition 1 confirms the ‘race to the top’ result from Baldwin and Krugman (2004) in

a dynamic context. When trade costs are low, the core country eventually hosts all the firms

while setting a positive tax rate. The tax gap between the core and periphery (T o
h (λo = 1) −

T o
f (λo = 1) = Z/2) exhibits a inverted U-shaped curve as in the dashed line in Fig. 2-(a). In

contrast to their sequential move game, any initial location is allowed and the initial advantage

*17 I am grateful to Richard Baldwin for naming this.
*18 If trade costs happen to be the critical value τ∗, the slope of the migration equation Z equals zero and any

distribution is stable. But this particular case is unimportant.
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would disappear in the dynamic model. The country that becomes the core is determined

by ‘expectations’ of governments, not by ‘history’ of industrial locations. An analogous

argument can be found in the studies on the forward-looking behavior of entrepreneurs in the

core-periphery model (Baldwin (2001); Ottaviano (2001); Ottaviano et al. (2002), Section

6).*19 Consider why the peripheral country fails to attract firms even when competition lasts

an infinite time. Even if the peripheral country, say f , took back all the firms and achieved

the core position (λ = 0, Th = 0 and T f = Z/2), it could not commit itself to keep its tax rate

low enough to make the distribution of firms stable. f would have an incentive to increase its

tax rate after catching all the firms. Thus, it could not stop firms from relocating to the other

country.*20

Fig. 3 shows the transition path from the initial state to the steady state with high trade

costs (τ = 0.2 in Fig.3-(a)) and low trade costs (τ = 0.4 in Fig. 3-(b)). Initial distributions of

firms are λ0 = 0.7 in (a) and λ0 = 0.3 in (b), Other parameter values are L = 1, I = 5, k = 1

and ρ/γ = 0. In Fig. 3-(a), trade costs are higher than the bifurcation of tax competition

(τ = 0.4 > 0.3448 = τ∗). Country h, which has more firms at the beginning, will decrease its

tax rate gradually, while country f , which has fewer firms, will behave in the opposite way.

In Fig. 3-(b) where trade costs are low enough (τ = 0.2 < 0.3448 = τ∗), a more spectacular

change is observed. The prospective core country, h, reduces taxes excessively at the outset

and raises taxes as more firms relocate in h.

*19 Oyama (2009a,b) also examine the forward-looking expectations of entrepreneurs. In contrast to the three
papers cited in the text, these two papers obtain the uniqueness of stable steady state in a more general core-
periphery model with asymmetries of market size and trade costs.

*20 Mathematically, the discussion here corresponds to the choice of the Lagrange multipliers ν1i and ν2i on the
boundaries of the state variable. In steady states, the state and co-state (or control) variables are constant over
time (λ̇ = µ̇h = µ̇ f = 0). The multipliers are uniquely determined so as to attain a steady state. Since the
multipliers cannot be chosen in such a way that both the two concentrated states are steady states at the same
time, either one of the steady states is achieved.
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Fig. 3. Transition path under OLNE with (a) high trade costs and (b) low trade costs.

It is worthwhile to mention the limitation of OLNE. An OLNE is not subgame perfect

and is fragile to any unexpected events. Suppose that unanticipated shocks happen at a point

in time and thereby alter the path of λ from that time onwards that both governments have

expected. Although the original tax schedule that both governments announced at the initial

stage of the game is no longer optimal, they will stick to the original tax schedules. In the

case of Ireland discussed in Introduction, its aggressive tax policies have been effective for

attracting FDI at the expense of the flexibility.
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4.2 Markov-perfect case: Neither government commits to its tax sched-
ule

I turn to the analysis of MPNE. Only the symmetric linear strategy with respect to the state

variable is considered:

Th(λ) = aλ + bh,

T f (λ) = a(1 − λ) + b f ,

where a, bh and b f are constants that are determined in equilibrium.

As in the preceding analysis, consider the tax rate and payoff both at the symmetric and

concentrated steady states. In the later case, the tax rate is determined so as to keep the core-

periphery structure stable: the core country sets its rate at Z/2, while the peripheral country

sets at zero. Since the smaller Z makes the tax rate lower, the concentrated steady states

cannot be realized as long as Z < 0 or τ > τ∗.

The tax rates at the symmetric steady state are calculated as follows:

T m
h

(
λm =

1
2

)
=

L
(
Z − ∂T f

∂(1−λ)

)
2
[
k
(
Z − ∂T f

∂(1−λ)

)
− L

] ,
T m

f

(
λm =

1
2

)
=

L
(
Z − ∂Th

∂λ

)
2
[
k
(
Z − ∂Th

∂λ

)
− L

]
Unlike the open-loop case, the tax rates reflect the feedback of the rival country (∂Th/∂λ and

∂T f /∂(1 − λ)) because each government considers how its counterpart changes its tax rate in

response to changes in the distribution of firms. If these feedback terms were zero, the tax

rates would be the same as those under the open-loop case (see Proposition.1-(i)). It can be

verified in Appendix B that the feedback effect (∂Th/∂λ = ∂T f /∂(1−λ) = a) is positive. This

means that the tax rate of a country should be directly proportional to the share of firms in

that country.

The tax rates at the symmetric steady state in the Markov-perfect case is higher than that in

the open-loop case.*21 To see why, consider the situation where both countries stick to their

open-loop tax schedules predetermined at the beginning until some point in time and country

*21 Note that T m
i (λm = 1/2)−T o

i (λo = 1/2) = L2a/[2(L−kZ){L+k(a−Z)}] > 0 as long as a > 0 and Assumption
5 holds.
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h deviates from the schedule by increasing its tax rate. The tax increase of h will cause some

firms to move away from there to f . Under full commitment, country f will continue to stick

to the predetermined schedule so that such deviation of h will never improve its payoff. In the

absence of commitments, however, h believes that f will respond to this expansion of tax base

by raising its tax rate according to the linear strategy. This consideration is captured by the

feedback effect in the tax rates. The loss of firms in h by raising its tax rate will be mitigated

to some extent by the reaction of f . Thus, h’s deviation from the open-loop schedule will

increase its overall payoff. If f anticipates this, it is also desirable for f to deviate from the

open-loop schedule.

In the open-loop case, when trade costs are low and the firms’ incentive to agglomerate is

strong, the tax rates at the symmetric state are negative so that both governments agree on the

core-periphery outcomes. In the Markov-perfect case, however, competition becomes less

severe because of the lack of commitment and the tax rates at the symmetric state may bring

a higher payoff to both governments than those at the position of the core even when agglom-

eration forces are strong. The Pareto criterion of Assumption 4 implies that the dispersed

configuration emerges in a wider range of trade costs.

Figs. 4 and 5 graphically illustrate the above discussions. Parameter values are L = 1,

I = 5, k = 0.5 in Fig. 4 and k = 1 in Fig. 5. The tax and payoff of country f have a

mirror image. When parameter k is small and thus tax adjustment costs (−kT 2
i /2) are less

severe, the tax rate and the tax revenue (LλiTi) at the symmetric state become higher.*22 In

this case, the symmetric state generates a higher payoff than the agglomeration rent (Fig.

4-(b)) and emerges in equilibrium whatever trade costs may be by Assumption 4. When k

becomes larger and the motive of tax smoothing is strong, the tax rate and the tax revenue

become lower. The symmetric state may become less desirable than the concentrated states

(Fig. 5-(b)). The core-periphery patterns are observed in equilibrium when trade costs are

in between the two bifurcations of tax competition (τ ∈ (τm
1 , τ

m
2 )) where the agglomeration

rent is large. At the expense of firms, the governments’ payoff at the symmetric state under

MPNE is higher than that under OLNE.

*22 It can be checked that d(am
2 )/dk < 0 and d[T m

i (λm = 1/2)]/dk < 0.
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Fig. 4. Country h’s (a) tax rate and (b) payoff at the steady state under MPNE with small k.

26



Fig. 5. Country h’s (a) tax rate and (b) payoff at the steady state under MPNE with large k

Therefore, the following proposition is obtained:

Proposition 2. The MPNEs are characterized in the following way (except for the non-

generic cases: τ = τ∗ or Z = 0).

(i) If 0 < k ≤ (2 −
√

2 4√3)L/Z ≈ 0.14L/Z, the symmetric configuration is the only stable

steady state no matter what trade costs may be. The tax rates at the steady state are given by

T m
h

(
λm =

1
2

)
= T m

f

(
λm =

1
2

)
=

L(Z − am
2 )

2[k(Z − am
2 ) − L]

,
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where

am
2 =

1
3k

[
L + kZ +

√
(L + kZ)2 − 6kLZ

]
> 0.

(ii) If (2 −
√

2 4√3)L/Z < k < (2 −
√

3)L/Z, there are two cases:

(ii-i) If trade costs are sufficiently high (τ ≥ τm
2 ) or sufficiently low (τ ≤ τm

1 ), the symmetric

configuration is the only stable steady state and the tax rates at the steady state are given by

T m
h

(
λm =

1
2

)
= T m

f

(
λm =

1
2

)
=

L(Z − am
2 )

2[k(Z − am
2 ) − L]

.

(ii-ii) If trade costs are intermediate (τm
1 < τ < τ

m
2 ), both the symmetric and concentrated

configurations are stable steady states and the tax rates at each steady state are given by

Case λm = 0 : T m
h (λm = 0) = 0, T m

f (λm = 0) =
Z
2
,

Case λm =
1
2

: T m
h

(
λm =

1
2

)
= T m

f

(
λm =

1
2

)
=

L(Z − am
2 )

2[k(Z − am
2 ) − L]

,

or

Case λm = 1 : T m
h (λm = 1) =

Z
2
, T m

f (λm = 1) = 0,

where τm
1 and τm

2 are the solutions of Z = (2 −
√

2 4√3)L/k.

Proof. See Appendix.

Dynamic tax competition between governments that have no commitment leads to in-

creases in their taxes at the symmetric state and thereby acts as a dispersion force. Espe-

cially when the adjustment of tax is not so costly (small k), sharing firms between countries

is more desirable than collecting all the firms even when trade costs are intermediate and the

agglomeration rent is large. This result is in stark contrast to the results from OLNE and from

the existing literature that obtain the superiority of the core in a static setting (Baldwin and

Krugman (2004); Borck and Pflüger (2006)). In the fully dynamic model, the credibility of

policies significantly changes the result of tax competition.

The implication of MPNE that the lack of commitment gives governments a higher tax rate

may explain the recent corporate tax policies of France. France has been one of the highest-

corporate-tax countries in the EU since the mid-2000s, while at the same time it has been one

of the most strong opponent of the world’s lowest corporate tax rate of Ireland and has also
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been one of the biggest supporter of tax harmonization in the EU (see, e.g., Mitchell (2009);

Stewart (2011)). Part of reason for the high tax in France may be that France has urged other

countries to increase their tax rate and thereby expected to lessen losses from the relocation

of domestic firms to low-tax countries. It is also worth noting that the direction of tax policies

in France is sometimes subject to change (e.g., the regime change in 2012), which indicates

that commitment is not so stringent. This story follows exactly what happens in MPNE.

Not only at the steady state, but also in the interim, the tax rate at the symmetric state under

MPNE is higher than that under OLNE. Fig. 6 shows the transition paths with the same trade

costs τ = 0.4 as in Fig. 3-(a). Initial conditions and other parameter values are also the

same: λ0 = 0.7, L = 1, I = 5, k = 1, and ρ/γ = 0. Unlike the open-loop case, the core-

periphery patterns exhibit no transition dynamics (see Appendix B for details). Because of

the subgame perfectness of MPNE, even amidst unexpected shocks, governments optimally

alter their taxes according to the linear Markov-perfect strategies.

Fig. 6. Transition path under MPNE with the same trade costs as in Fig. 3-(a).
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4.3 Discussion: What if firms are forward looking?

The analysis has so far dealt with the situation where firms choose their location by looking

at their current payoffs (the migration equation (6-1)). This subsection briefly argues that the

main results would remain unchanged if firms are forward looking. Though a full charac-

terization of far-sighted firms is the outside scope of the paper, I can examine some stylized

cases.

The forward-looking behavior of firms is already reflected to some degree in the migration

equation. The speed of adjustment γ captures to what extent firms value their future payoffs

because the larger γ helps firms reach the stable steady state more quickly and thus makes

firms focus only on the long-run outcome.*23 With this interpretation in mind, two cases are

examined: in the one case firms are very far-sighted (γ = ∞) and in the other case they

discount their future payoffs to a certain extent (γ ∈ (0,∞).).*24

The case of γ = ∞ In this case, the firms reach the stable steady state in a moment and

therefore the governments also care solely about it regardless of their discount rate ρ. The

dynamic tax game reduces to the static game.*25 This means that the governments choose

their tax rate once and it does not matter whether or not they commit. As shown in the formal

analysis in Appendix C, the results are summarized as follows. When trade costs are high,

the dispersed configuration is the equilibrium one. When trade costs are low, however, the

core-periphery pattern is the equilibrium one where the country that has more firms at the

beginning of the game becomes the core. Since there is no transition path, what matters here

is in which state the game starts. In this sense, the initial state acts as an equilibrium selection

device. These location patterns are the same as those in the open-loop case discussed in

Section 4.1 except for the role of the initial state and are also consistent with many of the

existing studies on agglomeration and tax competition (e.g., Baldwin and Krugman (2004);

*23 The formal dynamic analysis of the new economic geography model by Oyama (2009b) shows that a suffi-
ciently high speed of adjustment and a sufficiently low future discount rate of firms give the same result.

*24 The very myopic firms, which values the today’s payoff most, can be represented as the almost zero speed
of adjustments γ = 0, in which case the firms stay in the initial state. The governments set their tax rate by
considering only the initial location of firms.

*25 At the steady state, condition (6-3) for the optimality of the open-loop strategies (or (7) for the optimality
of the Markov-perfect strategies) becomes: (ρ/γ − Z)µh = (L/γ)Th. When γ = ∞, the condition holds for
µh = 0. The zero co-state variable means that the current strategies of agents do not affect future payoffs and
makes the analysis static.
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Borck and Pflüger (2006)).

The case of γ ∈ (0,∞) If the governments are very far-sighted (ρ ≃ 0), the degree of

friction ρ/γ is sufficiently close to zero as in Assumption 3 and the results of the main analysis

hold. Consider the situation where the degree of friction is not so small. In this case, it is

expected that the analysis yields similar results to those under the sufficiently small degree of

frictions. It can be verified that the Markov-perfect strategies gives the governments a larger

incentive to tax at the symmetric steady state than the open-loop strategies.*26 Therefore,

the dispersed configuration may arise in a wider range of trade costs in the Markov-perfect

equilibrium than in the open-loop equilibrium as in Proposition 1 and 2.*27 The main results

under Assumption 3 (ρ/γ ≃ 0), in particular, the importance of commitment aspect, would

carry over to a more general case (ρ/γ ∈ (0,∞)).

In a complete dynamic analysis which rigorously considers forward-looking behavior of

governments and firms, government commitment toward both rival governments and firms

can be important. Since the expectations of both sides interact, multiple equilibria may occur

for a broad range of parameters. Commitment aspect as well as initial conditions may be

crucial in equilibrium selection. One possible way to deal with such indeterminacy is to

introduce asymmetries of market size and trade costs and utilize ‘potential methods’ as in

Oyama (2009a). Further research is needed in this area.

5 Conclusion

Previous studies on agglomeration and tax competition deal mainly with static situations

that imply that the initial industrial location matters and the core maintains its initially advan-

tageous status. This paper contributes to this literature by introducing fully dynamic strategic

interactions between governments.

This paper has considered OLNE and MPNE, contrasting equilibrium concepts in the sense

that the former presumes full commitment of governments and the latter does not. As a re-

sult of tax competition under open-loop strategies, a dispersed spatial configuration emerges

when trade costs are high, while when they are low, an agglomerated configuration appears.

*26 Note that T m
i (λm = 1/2) − T o

i (λo = 1/2) = L2a/[2{L + k(ρ/γ − Z)}{L + k(ρ/γ + a − Z)}] > 0 as long as a > 0
and Assumption 5 holds.

*27 Unlike the case of ρ/γ ≃ 0, since the governments put emphasis on the way to the steady state, the initial state
would starts to matter in determining which country will be the core.
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However, if the governments adopt Markov-perfect strategies, the dispersed configuration

may be observed regardless of trade costs (note that the agglomerated configuration may also

happen under low trade costs). The conclusion of the superiority of the core in the existing lit-

erature still holds in the dynamic model when the governments have full commitment, but the

initial position is no longer important. Instead, the expectations of governments are essential

in determining the core. The result that Markov-perfect strategies insulate the industrial firms

from locating together especially when agglomeration tendencies are prevailing is simply be-

cause a lack of government commitment to their tax policies induces the governments to raise

their tax rates, while an enormous decrease in tax is needed to convince firms to relocate.

These results suggest that, to become the winner of tax competition, it is necessary for

a government to make foreign rivals expect that it is committed to its tax policies. This

may explain why Ireland has succeeded in hosting large multinational enterprises. However,

fully credible policies are not free from problems; they do not guarantee optimality once any

unexpected events strike the economy. As an example, it may have been desirable if Ireland

had modified its tax schedule when it faced financial collapse in 2010.
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Appendix

Appendix A. Proof of Proposition 1.
First, I derive the system of differential equations that characterize the economy. Then, I

confirm that the symmetric state is the saddle stable when trade costs are high, and that the

concentrated states are stable when trade costs are low.

By combining the necessary conditions for h, (6-1), (6-2) and (6-3) with the corresponding

conditions for f , the dynamic system is obtained as follows:

λ̇

γ
= Z

(
λ − 1

2

)
− (Th − T f ),

kṪh = L(2γZ − ρ)λ + k(ρ − γZ)Th + γLT f −
γLZ

2
+ γ(ν1h − ν2h),

kṪ f = L(ρ − 2γZ)λ + γLTh + k(ρ − γZ)T f + L
(

3γZ
2
− ρ

)
− γ(ν1f − ν2f ).

To verify that the system depends only on a ratio between ρ and γ, I apply the change of

variables: λ′(t) = λ(t/γ), T ′h(t) = Th(t/γ) and T ′f (t) = T f (t/γ). The system can be rewritten

as the following:

λ̇′ = Z
(
λ′ − 1

2

)
− (T ′h − T ′f ),

kṪ ′h = L
(
2Z − ρ

γ

)
λ′ + k

(
ρ

γ
− Z

)
T ′h + LT ′f −

LZ
2
+ (ν1h − ν2h),

kṪ ′f = L
(
ρ

γ
− 2Z

)
λ′ + LTh + k

(
ρ

γ
− Z

)
T ′f + L

(
3Z
2
− ρ
γ

)
− (ν1f − ν2f ).

Assumption 5 requires that the ratio (the degree of friction) is sufficiently close to zero:

λ̇′ = Z
(
λ′ − 1

2

)
− (T ′h − T ′f ), (A.11)

kṪ ′h = 2LZλ′ − kZT ′h + LT ′f + (ν1h − ν2h) − LZ
2
, (A.1h)

kṪ ′f = −2LZλ′ + LT ′h − kZT ′f − (ν1f − ν2f ) +
3LZ

2
. (A.1f)

When trade costs are high: τ > τ∗ or Z < 0 In this case, as was discussed in Section 4.1,

the tax rate and the instantaneous payoff of both countries at the symmetric steady state are
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positive and those at the concentrated steady state are non-positive. Thus, only the symmetric

state is achieved in equilibrium. At the interior equilibrium, it holds that ν1h = ν
2
h = ν

1
f = ν

2
f =

0. The system can be rewritten in matrix form:
λ̇′

Ṫ ′h
Ṫ ′f

 =
 Z −1 1

2LZ/k −Z L/k
−2LZ/k L/k −Z




λ′ − 1/2
T ′h − T o (λo = 1/2)
T ′f − T o (λo = 1/2)

 ,
where the tax rate at the steady state is given by

T o
(
λo =

1
2

)
=

LZ
2(kZ − L)

> 0.

To examine the stability, we check the determinant of the coefficient matrix.∣∣∣∣∣∣∣∣
Z −1 1

2LZ/k −Z L/k
−2LZ/k L/k −Z

∣∣∣∣∣∣∣∣ = Z(3L − kZ)(L − kZ)
k2 .

Under Assumption 5 that k is positive but small enough, the determinant is negative. This

ensures that the matrix has one negative eigenvalue and two positive eigenvalues. Since the

system has one state variable λ′ and two control variables T ′h and T ′f , the negative determinant

implies the steady state is saddle stable. The transversality conditions limt→∞ exp(−ρt)µh =

limt→∞ exp(−ρt)µ f = 0 hold by construction. Since the trajectories of the variables continu-

ously approach the steady state, the jump conditions have no relevance here. □

When trade costs are low: τ < τ∗ or Z > 0 In this case, only the concentrated steady

states are possible because the payoff for both countries at the symmetric steady state is

negative. The proof of the stability is in two steps. First I show that the co-state variables

µ′h(t) = µh(t/γ) and µ′f (t) = µ f (t/γ) satisfy the jump conditions (6-6), (6-7) for h and their

correspondents for f for some η. Then I confirm the existence of the Lagrange multipliers

for the boundary conditions, ν1h, ν
2
h, ν

1
f and ν2f .

By using the necessary conditions, the migration equation can be written as a function of

the co-state variables:

λ̇′ =

(
Z − 2L

k

) (
λ′ − 1

2

)
+
γ

k
(µ′h + µ

′
f ).

Suppose that s is the time when the economy hits λ′ = 1. The payoff at the symmetric

steady state is negative; therefore, after the economy hits the boundary, it is optimal for both
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countries to keep their position. Thus, I obtain the following:

λ̇′(s−) =
1
2

(
Z − 2L

k

)
+
γ

k
[µ′h(s−) + µ′f (s−)] ≥ 0,

λ̇′(s+) =
1
2

(
Z − 2L

k

)
+
γ

k
[µ′h(s+) + µ′f (s+)] = 0.

The jump conditions require that η1
h(s) = η1

f (s) = 0, µh(s−) − µ′h(s+) = −η2
h(s) and µ f (s−) −

µ f (s+) = −η2
f (s). The difference of these equations becomes:

0 ≤ λ̇′(s−) − λ̇′(s+) =
γ

k
[µ′h(s−) − µ′h(s+) + µ′f (s−) − µ′f (s+)]

= −γ
k

[η2
h(s) + η2

f (s)].

Since η is non-negative, only η2
h(s) = η2

f (s) = 0 satisfies the above condition. Thus, the jump

conditions hold for η1
h(s) = η1

f (s) = η2
h(s) = η2

f (s) = 0. λ̇′(s−) = λ̇′(s+) = 0 implies that λ

continuously reaches the boundary and remains there. The co-state variables will not change

once the economy hits the boundary, so that the transversality conditions also hold.

From time s onwards, the tax rate is determined so as to satisfy λ̇′ = Z(1−1/2)−(T ′h−T ′f ) =

0. Country f , which has no firms, chooses T o
f (λo = 1) = 0. Thus country h sets a positive tax

rate T o
h (λo = 1) = Z/2.

Finally, I check that the Lagrange multipliers ν satisfy the conditions. The multipliers for

the left boundary are not binding so that I obtain ν1h = ν
1
f = 0. Those for the right boundary

ν2h and ν2f can be obtained by making Ṫ ′h = Ṫ ′f = 0 and substituting the steady state values

into (A.1h) and (A.1f):

0 = kṪ ′h = 2LZ · 1 − kZ · Z
2
+ L · 0 + (0 − ν2h) − LZ

2
,

⇒ ν2h =
Z(3L − kZ)

2
,

0 = kṪ ′f = −2LZ · 1 + L · Z
2
− kZ · 0 − (0 − ν2f ) +

3LZ
2
.

⇒ ν2f = 0.

ν2h is positive as long as Assumption 5 holds. □

Appendix B. Proof of Proposition 2.
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First, I solve for the parameters in the linear Markov strategy, a and b. Second, I compare

the payoff at the three steady states for different levels of trade costs and eliminate Pareto

inefficient states (if any) by Assumption 4. Finally, I confirm the stability of the selected

steady states.

Derivation of the parameters a and b in equilibrium As in Appendix A, from the

necessary conditions both for h and f , the dynamics of the tax rate of h is characterized as

follows:

kṪh = L
[
γ

(
2Z +

∂T f

∂λ

)
− ρ

]
λ + k

[
ρ − γ

(
Z +
∂T f

∂λ

)]
Th + γLT f −

γLZ
2
+ γ(ν1h − ν2h).

I apply the change of variables: λ(t) = λ′(t/γ), Th(t) = T ′h(t/γ) and Th(t) = T ′h(t/γ), and let

ρ/γ close to zero:

kṪ ′h = L
2Z +

∂T ′f
∂λ

 λ′ − k
Z + ∂T ′f

∂λ

 T ′h + LT ′f −
LZ
2
+ ν1h − ν2h.

Imposing the linear specification of the strategies T ′h = aλ′+bh and T ′f = a(1−λ′)+b f yields

kṪ ′h = L(2Z − a)λ′ − k(Z − a)(aλ + bh) + L[a(1 − λ′) + b f ] −
LZ
2
+ ν1h − ν2h. (B.1)

The motion of T ′h can be written in a different way:

Ṫ ′h =
∂T ′h
∂λ′

dλ
dt
= a

[
Z

(
λ′ − 1

2

)
− (aλ′ + bh) + {a(1 − λ′) + b f }

]
. (B.2)

Combining (B.1) with (B.2) yields:[
3ka2 − 2(L + kZ)a + 2LZ

]
λ′ − ka2 +

[
L + k

(Z
2
+ 2bh − b f

)]
a + Lb f − kZbh −

LZ
2
+ ν1h − ν2h = 0,

(B.3h)

which is an identity with respect to λ ∈ [0, 1]. For f , an analogous expression can be obtained:[
3ka2 − 2(L + kZ)a + 2LZ

]
λ′ − 2ka2 +

[
L + k

(Z
2
+ 2bh − 2b f

)]
a − Lbh + kb f Z − 3LZ + ν1f − ν2f = 0.

(B.3f)

I solve for a by making the coefficient of λ′ zero:

3ka2 − 2(L + kZ)a + 2LZ = 0,

⇒ am
1 =

1
3k

[
L + kZ −

√
(L + kZ)2 − 6kLZ

]
, am

2 =
1
3k

[
L + kZ +

√
(L + kZ)2 − 6kLZ

]
.
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Assumption 5 suggests that both roots are real. I then derive the tax rates at each steady state.

At the symmetric state, it holds that ν1h = ν
2
h = 0 and bh = b f = b by the symmetry of the

system. From the identity (B.3), I can solve for b:

− k(am)2 +

[
N + k

(Z
2
+ 2b − b

)]
am − NZ

2
+ Lb − kZb = 0,

⇒ bm =
LZ − (kZ − 2L)am

6[k(Z − am) − L]
.

Thus

T m
h

(
λm =

1
2

)
= T m

f

(
λm =

1
2

)
= am · 1

2
+ bm =

L(Z − am)
2[k(Z − am) − L]

.

As for the right boundary state, f has no tax base and sets its tax rate at zero. Then,

f chooses its tax rate so as to keep the distribution stable (λ̇′ = Z(1 − 1/2) − (T ′h − 0) =

Z/2 − T ′h = 0). Parameter b associated with the tax rate at the left boundary are determined

in the following way:

T m
h (λm = 1) = am · 1 + bm

c =
Z
2
⇒ bm

c =
Z
2
− am.

T m
f (λm = 1) = am · 0 + bm

p = 0 ⇒ bm
p = 0.

□

Ranking of payoffs at the steady states Next, I compare the payoff at the symmetric

state with the state at the right boundary. It is easy to check that the tax rate at λm = 1/2 for

am
2 is higher than that for am

1 and it is smaller than the unconstrained tax rate (0 < T m
i (λm =

1/2; am
1 ) < T m

i (λm = 1/2; am
2 ) < L/k = argmaxWi(λ = 1/2)). Thus am

2 always gives the

higher payoff than am
1 does. Assumption 4 suggests that am

2 should be adopted when the

symmetric equilibrium emerges. Denote Wh(λm = 1/2) ≡ LTh(λm = 1/2; am
2 )/2 − k[Th(λm =

1/2; am
2 )]2/2 and Wh(λm = 1) ≡ LZ/2 − kZ2/4. A tedious calculation reveals*28

*28 Note that

Wh

(
λm =

1
2

)
−Wh

(
λm = 1

)
=

(kZ − 2L)[5k3Z3 − 2k2(15L + 2
√

D)Z2 + 2kL(21L + 8
√

D)Z − 4L2(L +
√

D)]

8k[5k2Z2 − 4k(5L +
√

D)Z + L(17L + 8
√

D)]
,

where D ≡ (L + kZ)2 − 6kLZ. The solutions of Wh(λm = 1/2) −Wh(λm = 1) = 0 are Z = (2 ±
√

2 4√3)2L/k,
2L/k and 4L/k.
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Z ≤ (2 −
√

2 4√3)L
k

⇒ Wh (λm = 1) ≤ Wh

(
λm =

1
2

)
,

(2 −
√

2 4√3)L
k

< Z <
(2 −

√
3)L

k
⇒ Wh

(
λm =

1
2

)
< Wh (λm = 1) .

Remembering Wh(λm = 0) = 0, when 0 < k ≤ (2 −
√

2 4√3)L/Z, it follows that:

If 0 < τ < τtrade ⇒ Wh (λm = 0) < Wh

(
λm =

1
2

)
, Wh (λm = 1) ≤ Wh

(
λm =

1
2

)
.

And when (2 −
√

2 4√3)L/Z < k < (2 −
√

3)L/Z, it follows that:

If 0 < τ ≤ τm
1 ⇒ Wh (λm = 0) < Wh (λm = 1) ≤ Wh

(
λm =

1
2

)
,

If τm
1 < τ < τ

m
2 ⇒ Wh (λm = 0) < Wh

(
λm =

1
2

)
< Wh (λm = 1) ,

If τm
2 ≤ τ < τtrade ⇒ Wh (λm = 0) < Wh

(
λm =

1
2

)
, Wh (λm = 1) ≤ Wh

(
λm =

1
2

)
.

The solution of Wh (λm = 1/2) − Wh (λm = 1) = 0 which lies in τ ∈ (0, τtrade) is Z = (2 −
√

2 4√3)L/k. Solving this equation for τ gives τm
1 and τm

2 . τm
2 (> τm

1 ) is smaller than τ∗, which

is the positive solution of Z = 0. □

Stability of the symmetric state The boundary conditions are not binding so that I have

ν1h = ν
2
h = ν

1
f = ν

2
f = 0. To see that am

2 guarantees the stability of the symmetric state, I look

at the slope of the migration equation:

λ̇′ = Z
(
λ′ − 1

2

)
− (T ′h − T ′f ) = (Z − 2am)λ′ + am − Z

2
.

Z − 2am
2 is negative regardless of Z or τ, which ensures stability. The fact that the state

variable converges to a finite value implies that the co-state variables also do so. Thus the

transversality conditions also hold. The jump conditions trivially holds for η1
h = η

2
h = η

1
f =

η2
f = 0. □

Stability of the boundary states I focus on the situation where the economy hits the right

boundary. I can show that jump conditions are satisfied in the same manner as in Appendix

A. Consider the smaller root am
1 first. At λ = 1, the conditions for the left boundary are not

binding so that I obtain ν1h = ν
1
f = 0. Substituting am

1 , bm
c , bm

p into (B.3h), I can derive the
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Lagrange multiplier of h for the right boundary:

− k(am
1 )2 +

[
L + k

(Z
2
+ 2bm

c − bm
p

)]
am

1 + Lbm
p − kZbm

c −
LZ
2
− ν2h = 0

⇒ ν2h =
(

kZ
2
− L

)
am

1 +
Z(3L − kZ)

2
.

which is positive as long as Z > 0 or τ < τ∗ and Assumption 5 holds. The multiplier of f for

the right boundary is derived from (B.3f):

− 2k(am
1 )2 +

[
L + k

(
3Z
2
+ bm

c − 2bm
p

)]
am

1 − Lbm
c + kbm

p Z − 3LZ − ν2f = 0

⇒ ν2f = 0.

am
1 brings the negative slope of the migration equation (Z − 2am

1 < 0) so that there are no

transition paths and the economy reaches the boundary in a moment. The transversality

conditions trivially hold.

If the larger root am
2 is chosen, ν2h turns out to be negative so that the agglomerated distri-

butions, as well as the dispersed distribution, are never achieved in equilibrium. Therefore,

when the core-periphery patterns emerge in equilibrium, the smaller root am
1 and the associ-

ated bm
c and bm

p should be adopted. □

Appendix C. Analysis under very far-sighted firms.
I consider the situation where the migration speed is infinitely high (γ = ∞), i.e., firms

care only about the long-run payoff. As mentioned in the text, the problem now reduces to

an one-shot simultaneous game as in the literature. The game proceeds as follows. First,

each government announces an tax rate simultaneously and non-cooperatively. Then, firms

relocate to the country that affords a higher payoff in the steady states. The game should be

solved backward. That is, the governments choose their tax rate to maximize their one-shot

payoff while taking into account the steady-state distribution of firms. The economy without

governments has two stable steady states, the dispersed state when trade costs are high and

the agglomerated state when they are low (see Lemma). I treat these cases separately.

When trade costs are high: τ > τ∗ or Z < 0 In this case, the stable steady state will be λ
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that satisfies λ̇/γ = 0:

λ̇

γ
= Z

(
λ − 1

2

)
− (Th − T f ) = 0,

⇒ λ = 1
2
+

Th − T f

Z
.

By substituting this into the one-shot payoff of each government (Wi = LλiTi − kT 2
i /2, i ∈

{h, f }) and differentiating it with respect to its tax rate, I can obtain the response function of

each government (h and f respectively):(
2L
Z
− k

)
Th + L

(
1
2
−

T f

Z

)
= 0,(

2L
Z
− k

)
T f + L

(
1
2
− Th

Z

)
= 0.

I solve these equations and obtain the Nash equilibrium tax rates and the eventual share of

firms.

T s
h = T s

f =
LZ

2(kZ − L)
, λs =

1
2
.

These are the same as in the open-loop case (Proposition 1-(i)).

When trade costs are low: τ < τ∗ or Z > 0 In this case, the stable steady state will be

either λ = 0 or λ = 1. Suppose that∆u∗(λ0) = Z(λ0−1/2)−(Th−T f ) ≥ 0 holds given the rival’s

tax rate and the initial state and country h will achieve an agglomeration. Then h will set its

tax rate to the level where firms’ delocation never occurs, i.e., Th that satisfies ∆u∗(λ0) = 0,

or it will attain the unconstrained maximum by choosing Th = argmax[LTh − kT 2
h/2] =

L/2. Similar reasoning applies to the case of country f . The best response function of each

government becomes:

Th =

min
{
L/k, Z(λ0 − 1/2) + T f

}
, Z(λ0 − 1/2) − (Th − T f ) ≥ 0,

0, Z(λ0 − 1/2) − (Th − T f ) ≤ −ε.

T f =

min {L/k, Z(1/2 − λ0) + Th} , Z(λ0 − 1/2) − (Th − T f ) ≤ −ε,
0, Z(λ0 − 1/2) − (Th − T f ) ≥ 0.

where ε is a sufficiently small positive constant, which excludes the indeterminacy of equi-

librium tax rate. Since it always holds that L/k > Z(λ0 − 1/2) under Assumption 5, the Nash
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equilibrium tax rates are given by

T s
h = Z

(
λ0 −

1
2

)
, T s

f = 0, λs = 1.

It is worth noting that the tax rate of the core country T s
h is inverted U-shaped in trade costs τ

(see the definition of Z in Section 2.4). The result is so called a ‘race to the top’(Baldwin and

Krugman (2004); Borck and Pflüger (2006)).
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