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Abstract

We develop a stylized model of international tax competition between a large coun-
try and a tax haven. In the large country, firms in a monopolistically competitive
industry generate positive profits which can be taxed by the government. Firms have
heterogeneous productivity levels and can choose to undertake ‘profit shifting” FDI
in order to benefit from lower tax rates abroad. We find that economies with a low
degree of firm heterogeneity and a high degree of monopolistic market power are less
affected by international tax competition. They face lower outflows of the tax base
and can set higher tax rates.
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1 Introduction

International financial integration enables multinational companies to use international tax plan-
ing strategies to reduce their tax payments. As a consequence, when choosing their tax policy,
governments are competing for a potentially mobile tax base.

Very few studies have considered the role of firm heterogeneity in the analysis of international
tax competition.! Recent empirical evidence shows, however, that firm heterogeneity does mat-
ter for the extent of international tax optimization. Using affiliate-level data of American firms,
Desai, Foley, and Hines (2006) show that firm size, internationalization and R&D intensity in-
crease the probability of using tax haven operations. 2

This paper proposes a fully solvable model of international tax competition with heterogeneous
firms and monopolistic competition. The model allows to analyze how the main policy tradeoffs
in international tax competition are affected by firm heterogeneity and monopolistic market
power. These two factors determine the distribution of profits (the tax base) across firms. This
distribution in turn is key for optimal government policies as some firms are more prone to
shifting profits abroad than others. The analysis reveals that the effects of international tax
competition are strongest in economies with a low degree of firm heterogeneity (relatively many
productive firms) and high substitutability across goods (low monopolistic market power).

The model features a large country, in which firms are active in a monopolistically competitive
industry and earn positive profits. These profits can be taxed by the government. In order to
avoid taxation at home, firms can become multinationals by opening an affiliate in a foreign ju-
risdiction, the ‘tax haven’. This tax haven is small in the sense that it does not have an industry
of its own producing differentiated products. Using methods of profit shifting, multinationals
can transfer all profits to their affiliates and thus effectively pay taxes in the tax haven only.?
The governments of the large country and the tax haven set their tax rates non-cooperatively.
In the unique Nash-equilibrium of the model, the tax haven sets a tax rate below the one set by
the large country. This gives firms an incentive to do ‘profit shifting’ FDI. While the fixed cost
of opening an affiliate in the tax haven is the same for all firms, the gains from profit shifting

depend on the level of profits a firm is making. In line with the findings of Desai, Foley, and

!Some notable exceptions will be discussed below.

2They analyze data on American multinational firms from the Bureau of Economic Analysis annual survey of
U.S. Direct Investment Abroad for the years 1982 to 1999. Grouping countries with US affiliates into tax havens
and non-havens allows them to find correlations between tax haven activities and firm level characteristics.

3In order to keep the analysis focused, we only allow for this ‘profit shifting’ aspect of FDI. We only consider
the case where firms can shift their total profits abroad. Introducing partial profit shifting would neither affect
the mechanisms in the model nor the qualitative results.



Hines (2006), in equilibrium the most productive (and thus largest and most profitable) firms
become multinationals while less productive firms continue to pay taxes at home.

The higher the tax rate of the large country relative to the tax rate of the tax haven, the more
firms create an affiliate in the tax haven to pay taxes abroad. An increase in the tax rate in
the large country thus has two opposing effects on tax revenues at home. On the one hand it
increases revenues per unit of profits taxed (intensive margin), on the other hand it decreases
the size of the tax base itself by making profit shifting more attractive (extensive margin).

A key determinant of the optimal tax policies is how strongly the tax base reacts to tax differ-
ences. Since the most productive firms earn the highest individual profits they are the first to
do ‘profit shifting’ FDI. When these firms account for a large fraction of aggregate profits, the
tax base reacts strongly to tax differences. Whether this is the case depends on industry- and
market structure. For the industry structure, a high degree of firm heterogeneity implies a larger
number of very productive firms. In addition, these high productivity firms have relatively high
individual profits when the degree of substitutability between goods is high, i.e. monopolistic
market power is low. Thus high firm heterogeneity and low monopolistic market power imply
strong reactions of the tax base to tax differences.

In this case, the large country suffers substantial outflows of tax base. The tax haven gains as
it can set a relatively high tax rate and still attract a considerable fraction of the tax base.
When instead there is low firm heterogeneity and high monopolistic market power, the tax base
does not react strongly to tax differences and the large country is ‘protected’ from international
tax competition. It can set a relatively high tax rate without loosing much of its tax base. The

tax haven is forced to undercut the large country strongly in order to attract some of the tax base.

This paper relates to two different strands of the literature on international tax competi-
tion. One is the Public Finance literature on international tax competition which builds on the
seminal contributions of Zodrow and Mieszkowski (1986) and Wilson (1986) (see e.g. Wilson
(1999) or Fuest, Huber, and Mintz (2005) for surveys). This literature mainly uses models with
identical firms under perfect competition. Usually there are two factors of production: labor and
capital. The former is in general assumed to be immobile and the latter to some degree mobile
between countries. A benevolent government sets a capital tax rate to maximize welfare of its
citizens. It faces a trade-off between increasing its budget for public good provision and the
capital outflow implied by a higher tax rate. In equilibrium governments set inefficiently low tax

rates.



Bucovetsky (1991) extends the model to asymmetric countries. He finds that in the Nash equi-
librium the smaller country sets a lower tax rate and thus has net capital inflows. When the size
difference is sufficiently large the small country can be better off under tax competition than
when the two countries merge, while the large country always looses from tax competition.
Our analysis has some similarities with Bucovetsky (1991) as we consider ‘very’ asymmetric
countries, a large country and a tax haven. Thus, some of the mechanisms are the same. Also in
line with this strand of literature we allow for one single tax instrument only. We do, however,
not consider per unit capital taxes but a proportional profit tax, which we believe to be the
relevant instrument to study.

Building on this literature, Burbidge, Cuff, and Leach (2006) introduce a type of firm hetero-
geneity into a model with perfect competition, immobile labor and mobile capital. They model
firm heterogeneity as an ideosyncratic, exogenous comparative advantage in one of the loca-
tions. So firms are heterogeneous in the sense that they are more productive in one country
or the other. This is reflected by a country-firm specific TFP term in a decreasing returns to
scale production function. Their analysis shows that these location-specific productivities can
lead firms owned by residents of the home country to locate in the foreign market. The type of
heterogeneity they use is fundamentally different from Melitz (2003) where independent of the
location of their production firms differ in productivity and thus sales and profits.

Our model is also related to the literature on tax competition in a ‘New Economic Geography’
(NEG) context (see e.g. Baldwin and Krugman (2004), Borck and Pflueger (2006) and Otta-
viano and van Ypersele (2005)). The analysis of NEG models is usually focused on the effect of
taxation and tax competition on the allocation of monopolistically competitive firms between
countries of different sizes. Due to the well known ‘home-market effect’ (Krugman (1980)), the
larger country attracts more firms and can thus afford to set higher taxes on capital than the

smaller country. The larger country thereby taxes capital owned by agents in the foreign market.*

At first sight it might seem to be a straightforward generalization of NEG models of tax
competition to introduce firm heterogeneity as in Melitz (2003). To the best of our knowledge,
however, there have not been many attempts to do so in the literature. Baldwin and Okubo
(2008) outline a basic NEG model with tax competition and heterogeneous firms. However,

they do not derive the equilibrium of their model. Instead, they focus their analysis on the

4Sato and Thisse (2007) show that in a setting with imperfect matching between firms and workers, this home
market effect can be reversed.



investigation of a trade-off between two different tax instruments for an exogenous (possibly
off-equilibrium) tax difference.

Davies and Eckel (2007) also propose an NEG-type model of tax competition with heterogeneous
firms. In order to achieve tractability they make a particular assumption on the ownership struc-
ture of firms and thereby on the effect of profits and taxation on demand. They assume that
firms belong to individual entrepreneurs which do not have an individual demand of their own.
Once entrepreneurs change the country (to maximize profits of their firms), they pay taxes in
that country and since they do not consume, profits go to the consumers in that country. With
this ownership structure it seems unclear why firms would maximize profits at all as their owners
do not benefit from them. This might also make the model less useful for the analysis of the
effect of profit taxes.

In our paper we use the more standard assumption that firms belong to consumers. To the
best of our knowledge our paper provides the first model of international tax competition with
heterogenous firms and monopolistic competition as in Melitz (2003) and standard ownership
assumptions that is fully solvable in closed-form. To achieve tractability, we abstract from sev-
eral issues that are crucial in the analysis of the NEG literature, but not in our context: we
consider a case of ‘very’ asymmetric countries considering a large country and tax haven. We
are not analyzing firm creation or endogenous (re)location of firms but focus on existing firms.
We abstract from international trade and focus on ‘profit shifting’ FDI. Furthermore, we assume
quasi-linear preferences that are linear in a homogeneous good and the public good. In this setup
both the total expenditure on differentiated goods and the aggregate price level are independent
of the tax rates. While these are strong simplifications, we believe them to be appropriate for
the purpose of the paper. They allow us to solve the model in closed form and to investigate
the role of firm heterogeneity and monopolistic market power in international tax competition
further than has been done so far in the literature.

The remainder of the paper is structured as follows. Section two presents the case of a large coun-
try in financial autarky. In section three the tax haven and ‘profit shifting” FDI are introduced.
In section four the best response functions of the international tax game are derived. Section
five analyzes the equilibrium. Section six discusses the main implications of firm heterogeneity

for international tax competition. Section seven concludes.



2 Financial Autarky

We first outline the structure of the large country in financial autarky. It is endowed with
L workers. There are two sectors, one producing varieties of a differentiated good and one
producing a homogeneous good with constant returns to scale. The homogeneous good is used
as the numeraire with its price normalized to one. As standard in such a setting only equilibria are
considered in which the homogeneous good is produced. Wages are normalized to unity. Labor
is supplied inelastically and is the only input in production. There is a fixed and exogenous

measure of firms which are owned by consumers in the large country.

Preferences: The workers are all identical and share the same quasi-linear preferences over

consumption of the two goods and a good provided by the government:

el

UsalnQ@+5G+q with Q= (/QqW;ldw) )

Where ¢(w) is the quantity consumed of variety w. The elasticity of substitution between va-
rieties is given by ¢ > 1 and @ thus represents consumption of a preference weighted basket
of differentiated goods. G is the quantity of a public good provided by the government. The
consumption of the numeraire good is given by qo. a and 3 are parameters with 0 < a < 1 < 3.5
Taking prices and available varieties as given, the demand for one particular variety takes the

usual form:

aw) = B2 q. (2)

Where p(w) is the price of variety w, the aggregate price index of the differentiated goods sector
1
is given by P = ([3™ p(a)'™?dG(a)) ™7 and o = P Q is the overall expenditure on goods in

this sector.b

The government: The only tax instrument of the government is a proportional tax on the

profits of firms in the home country.” Tax income can be used to provide government services G

SThese preferences are similar to those used in Baldwin and Okubo (2006) and Baldwin and Okubo (2008).
To generate demand for the public good we add the term § G. The public good thus enters utility in the same
way as the numeraire good except that it yields higher per unit utility (6 > 1).

5G(a) is the distribution function of cost levels of firms and a,, is the maximum cost level.

"This is a stylized way of looking at corporate taxation based on the ‘source principal’. By allowing for one
tax instrument only, we place our model in the tradition of the large literature on tax competition surveyed by
Wilson (1999). Following Hamada (1966), some authors add a lump sum tax on labor, which usually leads to



to the consumers. The government can transform one unit of the numeraire good into one unit

of the government services. The government is assumed to maximize welfare of its own citizens.

Firms: In the homogeneous good sector firms produce with a constant returns to scale tech-
nology and earn zero profits.

Similar to Chaney (2008), there is a fixed and exogenous measure of firms in the differentiated
good sector that is without loss of generality normalized to one. Each firm produces a different
variety. Firms differ in their levels of marginal cost, which is constant for each firm. We as-
sume that these marginal cost levels reach over an interval of [0, a,,] and are following a Pareto

distribution with the distribution function given by

o (2)

with a,, defined as the highest marginal cost i.e. the lowest marginal productivity. The degree
of firm heterogeneity (technically: the variance of the distribution) is determined by a,, and
the shape parameter v of the Pareto distribution.® As standard in the literature, we assume
~v > (0—1) in order to assure that aggregate profits are finite. There is no fixed cost of production
for firms, so that in equilibrium all firms produce.”

Firms in the differentiated good sector charge a constant mark-up over marginal cost:

pla) = a. 3)

The level of the mark-up depends on the elasticity of substitution between varieties. When o is
high, firms have a low degree of monopolistic market power and can only afford to charge a low
mark-up.

A firm’s gross profits are given by 7(a) = r(a)/o which implies

(o1
nla)=a'"° Ty with Ty= % (7((;)> agt. (4)

negative tax rates on capital (see for example Burbidge, DePater, Myers, and Sengupta (1997) or Ottaviano and
van Ypersele (2005)).

8The parameter v affects both the mean and the variance of the cost distribution. When we analyze the role of
firm heterogeneity for tax competition we isolate the effect v has via the variance by considering a mean preserving
spread. For the time being just note that for a given a.,, a change in v always implies a change in the degree of
firm heterogeneity.

9We abstract from the fixed cost of production for notational simplicity. Since we do not allow for firm entry
or exit the introduction of a fixed cost of production would not qualitatively change the results.



Ty is a constant that only depends on parameters of the model and the price index, which is
also constant.!?

Net profits are given by 7(a)"¢* = (1—t) m(a), where t € [0,1] is a tax rate set by the government
and taken to be exogenous by the firm. Firm choices that maximize gross profits also maximize

net profits. The tax is thus not distorting the optimal behavior of the firms.!!

The tax base - aggregate profits: In financial autarky all firms pay taxes at home. The tax

base is thus given by aggregate profits of firms 114 = Oam m(a) dG(a). Evaluating the integral

using (4) leads to

()

or, expressed differently for later reference, Hg = Ty Ty ©. For notational convenience we have

defined

1
-1 and T, = <t T,
€

It is of interest to note that € combines two of the crucial parameters of the model: the
shape parameter of the cost distribution and the elasticity of substitution between varieties.

Recall that above, we have assumed that v > (¢ — 1) which implies € > 0.

Optimal tax rate in autarky: Households have income from labor and receive the net profits

of firms in their country. In autarky the aggregate income I* of consumers is thus
I =L+ (1 -ty
Welfare in financial autarky is then given by:
UA=U+(1—t3)) I + 6 t4 T4 (6)

Where U = o In (%) — a + L collects terms that are unaffected by the taxation decision. The

first term in U reflects utility of consuming the basket of differentiated products, a reflects the

. a, _ 1 )
We have Ty = ("T_l)g_l %1. The price index is defined as P = (f;"" p(a)'~?dG(a)) ™7 . Evaluating the

1
integral using (3) leads to P = -Z5 am (%) '~ which is a constant. This implies Ty = < (@) aZl.
11f we allowed for firm entry and exit this statement would still be true for active firms, but the tax rate would
affect the set of active firms.



opportunity cost of consuming this basket instead of consuming the homogeneous good. L is
labor income which is spent either on the basket or on the homogeneous good. The last term in
(6) represents the part of aggregate firm profits that is payed to the government and transformed
into the government service. The profits retained by consumers are used for consumption of the
numeraire good.

The following proposition states the main result of this section.

Proposition 1 In financial autarky the welfare mazimizing tax rate of the large country is given
A
byt = 1.

Proof: This follows directly from the fact that U is constant, Hf] >0and g > 1. q.e.d.

While this result is of course very stylized, it provides a good benchmark for the analysis

of the tax haven below.

3 Introducing ‘profit shifting’ FDI

We now consider the case where the large country described above is financially integrated with
a small independent jurisdiction: the tax haven. Financial integration in our context means that
firms in the large country have the possibility to become multinationals by opening an affiliate
in the tax haven and shifting their profits from the headquarters to the affiliate. These profits
are then taxed according to the tax rate in the tax haven, but not at home, where the firm

declares zero profits. Opening an affiliate in the tax haven requires paying a fixed cost f;.

Individual firm behavior and the tax base: Whether an individual firm chooses to pay
the fixed cost of shifting profits abroad depends on the tax differential and on the level of profits
the firm generates. The lower the marginal cost of a firm, the higher are the firm’s profits and
thus the more likely it is that the firm chooses to pay the fixed cost of ‘profit-shifting’” FDI.

We define the ‘profit shifting cutoff cost level’ as the cost level a* for which a firm is indifferent
between paying taxes at home and paying taxes in the tax haven. This cost level is determined

by the following condition:
(I —tg) m(a") = (1 —tx) 7(a”) — fi.

Where 7(a*) are gross profits of a firm with marginal cost of a*, ¢y is the domestic tax rate

and tx is the rate set by the tax haven. This condition only holds with equality if the tax



difference p =ty — tx is positive. When the tax difference is zero or negative no profit shifting
takes place which corresponds to the financial autarky case described above. Rewriting the tax

evasion cutoff condition gives

m(a*) = fi/p (7)

and the ‘tax evasion cost cutoff level’ is

We can now state the following Proposition:

Proposition 2 Under financial integration when firms have the possibility to do profit shifting
FDI, the most productive firms (with a cost level below a*) self-select into profit-shifting FDI.

Proof: This follows directly from (8). q.e.d.

This Proposition states an important result of the model: the most productive firms self-
select into profit shifting FDI. In the model with heterogeneous firms, the mass of firms is thus
endogenously split into multinationals and domestic firms. Each firm has the possibility to shift
profits abroad, but only the most productive firms actually decide to do so. This pattern is in
line with the empirical evidence on the determinants of the use of tax haven operations (see

Desai, Foley, and Hines (2006)).

Tax base and number of multinationals: The tax base in the home country is given by
aggregate profits of firms that have not become multinationals and thus pay taxes at home:
Iy = [ 7(a) dG(a). The tax base taxed in the tax haven is given by IIx = foa* 7(a) dG(a).

Evaluating the integrals leads to

Ox = pff “Tra,,’ 9)

My = I —x =T (T “ap,® — o f; “a,)) (10)

The measure of firms paying taxes in the tax haven is given by the measure of firms with marginal

cost level below the cutoff level.

N, = G(a*) = (a*) a;,) (11)



Household Income: In addition to their income from labor, households receive the net profits
of firms paying taxes at home and of firms paying taxes in the tax haven. Under financial

integration, the aggregate income I of consumers is thus given by
I=L+(1—tyg)g+(1—tx)x — Nyft. (12)

Where the last term accounts for the fact that net profits of firms paying taxes in the tax haven

are also net of the fixed cost payed to become a multinational.!?

Governments: Under financial integration governments have to take into account the tax
rate set in the other legislation. Taxes are set in a simultaneous one-shot game.!® To analyze

the tax game, we first derive the best response functions of the two governments.

4 Welfare Maximization under Financial Integration

Just as in financial autarky, the only variable governments can set are the profit tax rates in
their legislations. In this section we derive the best response functions of the two governments

in the international tax game. We start with the tax haven and then turn to the large country.

4.1 Optimization of the Tax Haven

The structure of the tax haven is kept as simple as possible. It does not have a tax base of its
own. Its only source of revenue stems from taxing multinational companies that have an affiliate
in the tax haven. Taking the tax rate in the large country as given, the tax haven maximizes
total revenue V = txIIx."* The attracted tax base IIx will only be positive if the tax haven
sets a lower tax rate than the large country. Thus for any given (positive) tax rate of the large
country tg, it will always be optimal for the tax haven to undercut, so that p > 0. Revenue

maximization leads to

. p 1 ty c—1 _
tx = - = = ty. 13
X mzn{€,€+1} e+ 1 ol H (13)

12WWe implicitly assume, that the fixed cost of tax avoidance is not tax-deductible, i.e. profits are not taxed net
of these fixed costs.

13The case where one country has a first mover advantage is discussed in the appendix.

1YWe can think of the tax haven as the limit case of a very small country. The measure of differentiated goods
firms is proportional to the mass of consumers, which are close to zero. In this case the tax haven’s own tax base is
‘almost zero’. The same holds for demand for the differentiated good (imported from the large country with zero
trade cost). In this case welfare maximization of the government in the tax haven boils down to maximization of
tax revenues.

10



Note that e + 1 = v/(0 — 1) > 1. The tax haven sets a tax rate that is a constant fraction of
the rate of the large country. The extent to which the tax haven undercuts the large country is
determined by the shape parameter of the cost distribution and the elasticity of substitution.

We can now state the following proposition:

Proposition 3 Under financial integration when firms have the possibility to do profit shifting
FDI,

(i) the best response of the tax haven for a given ty > 0 is given by (13) and implies that

the tax haven always undercuts the large country.

(ii) the undercutting is the stronger the higher the shape parameter vy and the stronger

the market power of individual firms (lower o).

(iii) the best response of the tax haven for ty = 0 is indeterminate.

Proof: (i) follows from the fact that for 5 > 0, a tax rate of tx >ty implies [Tx = 0 and thus
V =0, while any 0 < tx < ¢ty implies IIx > 0 and thus V > 0. (4) follows directly from (13).

For tf7 = 0 any tx € [0,1] implies I[Tx = 0 and thus V = 0, which proves (i). q.e.d.

4.2 Optimization of the Large Country

For any given tax rate of the tax haven tx, the government of the large country sets its tax rate
ty to maximize welfare of its citizens U(ty,tx).

For certain parameter values the best response function of the large country is discontinuous. In
these cases we find that the there is a threshold level of ¢ x depending on parameters. Below this
threshold level the large country chooses a tax rate implying a strictly positive tax difference,
above this level it chooses a tax difference of zero, i.e. ty = tx. As the best response of the tax
haven always implies a positive tax differential, any equilibrium has to lie below the threshold.

For notational convenience we define T35 which collects constants
Ty = ff T a) Y,

The following proposition describes the discontinuous best response function of the large country.

Proposition 4 Under financial integration, the implicit best response of the large country for

a given tx is

t?fo = min { (8 el,; (pj}_l ) : 1} (14)

11



as long as the implied value of ty is large enough to satisfy

(1-e)(B-1)
c> T 15
F om0 (15)
Otherwise the best response is given by
=0 = Ix. (16)

Proof: Because this is an important result and in order to build intuition, we go into some detail
proving this proposition. We first derive equations (16) and (14). They represent two different
cases which we discuss separately. In case 1 the large country sets a tax rate below or equal the
rate of the tax haven. In case 2 it sets a higher rate. Which of the two cases represents the best
response of the large country is determined by condition (15). The derivation of this condition
and the proof that (14) is indeed a welfare maximum as long as (15) holds are provided in the

appendix.

Case 1: First consider the case in which the government sets a tax rate below or equal to the

tax haven’s rate. All firms then pay taxes at home. Total welfare in this case is:
UPSO(ty,tx) = U+ (1 — tg) I§ + B ty 4. (17)

Since the government values public expenditure more than expenditure on the homogenous good
by its citizens (3 > 1) it sets the highest possible tax rate that satisfies tf; < fx.'® This tax rate

is given by (16).

Case 2: Now consider the case where the government sets a tax rate that satisfies ty > tx.

Welfare in the large country is then given by
Uty tx) = U+ (1 —tg) Mg + (1 — tx)lx — Nxfi + 0 tn My (18)

Where IIg = Hﬁ, — IIx reflects the fact that some of the tax base in the home country flows to
the tax haven when the tax differential is positive.

From the first order condition of the maximization problem, we derive (14). Where tx and t’;o

5Note that in the autarky equilibrium, the large country also sets the highest possible tax rate under the
condition that t4 < 1.

12



enter in the tax differential p. Equation (14) provides a relatively simple implicit solution for
the best response function of the government which only depends on the tax differential and
parameters of the model. For the time being we assume that the second order condition for a

welfare maximum is satisfied. We will see below that this is indeed the case in all relevant cases.

The best response function of the large country: For any possible value of ¢x it is opti-
mal for the large country to set its tax rate either according to (16) or to (14). The government
chooses ty according to (14) as long as U(té’;o,fx) > U(tﬁfo,fx) and according to (16) oth-
erwise. In appendix A we show that (under the assumption that the second order condition in
the derivation of (14) is satisfied) (14) is the best response iff condition (15) is satisfied. The

best response is (16) otherwise. Furthermore we show that for all values of ty that satisfy (15),

equation (14) is indeed a welfare maximum. This proves Proposition 4. q.e.d.

The following Corollary to Proposition 4 states for which values of the tax haven’s tax rate

the best response of the large country is given by (14) and for which values it is given by (16).

Corollary 1 Under financial integration when firms have the possibility to do profit shifting
FDI, (14) is the best response of the large country to all values of the tax rate of the tax haven
that satisfy

1—¢

= 1/€ 1/e
(1-9E-1) a-a6-n\"\ o
tx < -1 | —= —(B—1+¢€ - . 19

For all values of tx that do not satisfy this condition, (16) is the best response of the large
country.

Proof: see appendix B.

While conditions (15) and (19) might look a bit complicated, it is important to note that
they only depend on preference parameters, the fixed cost of becoming a multinational and the

degree of firm heterogeneity.

5 Equilibrium

In this section the equilibrium of the model is derived and the effect of firm heterogeneity and

market structure on existence and shape of the equilibrium is discussed. We focus on the case

13



where governments set tax rates simultaneously. The case where the large country has a first

mover advantage is discussed in the appendix C.

5.1 Equilibrium of the Tax Game

Any intersection of the two best response functions is a Nash equilibrium. As the tax haven
always undercuts, (13) and (16) never intersect. Only (13) and (14) can intersect. Label 5 and
t7; the tax rates at the intersection. The following Proposition states under which condition this

intersection is a Nash equilibrium of the tax game and what the equilibrium tax rates are.

Proposition 5 An intersection of (13) and (14), is a Nash Equilibrium of the tax game if and
only if for the tax rate of the taz haven at the intersection, the tf, implied by (14) is large enough
to satisfy (15). Equivalently, if t% satisfies condition (19). The equilibrium taz rates are then
given by

1 1
* 1 B—1 < ft o1 " e+1 B—1 < ft o1
— _ - f— f— . 2
=1 <eﬁ+25—1) T Om and 1y = — (eﬁ—i—Qﬁ—l 7, Om o (20)

Proof: First note that equations (13) and (16) never intersect for any positive tax rate.!® This
implies that p = 0 can never be an equilibrium. The intersection of (13) and (14) is only an
equilibrium of the tax game if at the intersection (14) is the best response function of the large
country. This is the case if the tax rates at the intersection imply a tax difference that satisfies
(15) or equivalently if t% satisfies (19). When this condition is satisfied the equilibrium tax
rates can be derived taking the difference of (14) and (13) and solving for the equilibrium tax

difference

* ﬁ_l % ft o—
() ne =

Combined with (13) the equilibrium tax rates in (20) follow directly. q.e.d.

We can simplify the condition for equilibrium existence as stated in the following Corollary:

Corollary 2 An equilibrium of the tax game exists iff

B(+2¢*—1) — € >0. (22)

6The two functions do share a common value for tg = tx = 0 but tx = 0 always violates (19) so at this
common point (16) does not coincide with the best response of the large country.
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Proof: This follows directly from plugging (21) into condition (15) and simplifying. q.e.d. !”

Note for later reference that the equilibrium tax rates do not depend on the maximum cost
level. This can be seen using the definition of T} in equation (4). Based on these results, we can

derive the equilibrium cutoff cost in equilibrium:

*k 5_1 ﬁ
a™ = <6ﬂ+25—1> [ (23)

The equilibrium number of firms choosing ‘profit shifting’ FDI is

. /8—1 e—:l
Ny = <eﬁ+2ﬁ—1> ‘ (24)

The tax base that flows to the tax haven in equilibrium is

* ﬂ_l g
e

U= G- (25)

To give some intuition, the following subsection provides some graphical examples of best re-
sponse functions calculated for specific parameter values. They illustrate the equilibrium for
different parameter constellations (in particular € > 1 and € < 1) as well as the case when no

equilibrium exists.

5.2 Cost Distribution, Market Power and Equilibrium Existence

here: Figure 1

Figure 1 illustrates the case of € > 1. For this parameter value condition (15) always holds.
The best response function of the large country is continuous and is given by (14) for all values
of tx. It is represented by the solid line. The dashed line plots the best response of the tax
haven, equation (13). As stated in Proposition 3 for a given positive ty > 0 the tax haven

always undercuts the large country.

here: Figure 2 and Figure 3

17The result in Corollary 2 allows to narrow down the possible range for € in our model. Given 3 > 1 we
find a lower bound for equilibrium existence at about 0.618. This can be obtained by solving the equation
—1+ 26?2 4+ €8 = 0, which represents the limit case for 3 — oco.
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Figures 2 and 3 illustrate the case of € < 1. Now the best response of the large country is
discontinuous and the equilibrium does not always exist. For low values of ¢y the best response
of the large country is given by (14). For high values, the optimal response of the large country
is to set the same tax rate as the tax haven.

In Figure 2 the equilibrium exists. The discontinuity of the best response function of the large
country is far enough to the right, so that the two best response functions intersect and an
equilibrium exists. Figure 3 uses the same parameter values except for the fact that v is lower,
which implies a lower €. In this case the best response function of the tax haven never intersects
with the response function of the large country and thus no equilibrium exists. Condition (15)
is violated: the discontinuity lies too far to the left.

To build intuition consider the best response of the large country to tx = 1. By setting tg = 1
the large country maximizes tax revenue as no firms will leave the country. For a lower tx the
large country faces a trade off between extensive and intensive margin. When it sets ty = tx < 1
it eliminates the extensive margin effect but it suffers a loss at the intensive margin as it has
to lower its tax rate. We will see below that for a low value of € the tax base reacts strongly
to tax differences i.e. the extensive margin effect is strong. So for values of tx sufficiently close
to unity it can be optimal for the large country to prevent any outflows by setting ty = tx.
As we lower tx, however, the losses of the large country on the intensive margin become larger
until the point is reached, where the large country accepts some outflows in order to tax the
remaining firms at a higher rate.

The lower the shape parameter of the cost distribution and the higher the substitutability
across goods (together implying a low €) the earlier (i.e. for lower values of ¢x) the discontinuity
arises. Additionally, equation (13) implies that when € is low the tax haven undercuts the large
country by less. Graphically, this translates into a reaction function that is closer to the diagonal.
Through both effects a low € makes the existence of an equilibrium less likely.

Clearly, the value of € is crucial in the model. Using French firm level data, Eaton, Kortum, and
Kramarz (2008) provide an estimate of € of 1.46.!® This value is larger than one so in our model
the equilibrium would always exist. They do, however, also provide some evidence that points
at a value of € smaller unity. It is thus important not to exclude the possibility of € < 1 from

the theoretical analysis.

18Using the method of simulated moments, they provide an estimate of (in our notation) € + 1 of 2.46 with a
standard error of 0.1.
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6 The Role of Industry Structure and Market Power

As discussed before all firms with a unit cost below the cutoff cost level in equation (8) opt for
‘profit shifting” FDI when a positive tax difference emerges. For the tax game the distribution
of profits across different cost levels is thus crucial. In this context it is especially important
whether the most productive firms (the most likely to shift profits) account for a large fraction
of aggregate profits. In this section we show how the distribution of firm profits is determined
by the cost distribution and the extent of market power in the economy. Furthermore we show
that the elasticity of the tax base also depends on these two determinants. Finally we analyze
the impact of firm heterogeneity on the equilibrium outflow of tax base and on equilibrium tax

rates.

6.1 Cost Distribution, Market Power and the Tax Base

In this subsection we investigate the role of the distribution of cost levels and market power
on the distribution of aggregate profits (the tax base) across firms. Define II(a) as the share
of aggregate profits accounted for by firms with cost level a: II(a) = [r(a)g(a)]/I14. Tt can be
shown that (9/0a)ll(a) = (v — o)(y — (0 — 1)) a?~?~1. The sign of this partial derivative thus

depends on the relative size of v and o.
here: Figure 4

Figure 4 provides a graphical illustration of the distribution of the tax base across cost
levels.'? The thick dashed line plots the density of firms with cost level a and the solid line
represents the share of profits of these firms in aggregate profits.?? The thin vertical dashed line
marks the equilibrium cutoff cost level given by (23). The area under the solid curve that is to
the left of the o™ line thus represents the fraction of aggregate profits shifted to the tax haven.
While the area under the dashed line represents the measure of firms that account for these
profits: the multinationals.

The four graphs in Figure 4 illustrate how an increase in € affects the distribution of the tax base.
In the first three graphs we set ¢ = 6 and increase the Pareto parameter v such that we obtain
values of e = 0.75, ¢ = 1 and € = 1.5. The latter value corresponds to the estimate of Eaton, Kor-

tum, and Kramarz (2008). The lowest value corresponds to the value of € implied in their analysis

19Tn all graphs we have set the maximum cost level a,, to unity.

20While an increase in the Pareto parameter v does not affect aggregate profits, changes in the elasticity of
substitution o do. Normalizing with aggregate profits, the area under the solid line remains equal to unity in all
graphs.
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based on the sales of French firms in France conditioned on entry into a particular foreign mar-

ket.?! In the last graph we keep the value of v = 13.75 and lower o to 4 which increases € to 3.58.

The four graphs illustrate how the shape parameter of the cost distribution v and the
elasticity of substitution o affect the distribution of the tax base and the equilibrium cutoff. In
the first graph firms are very heterogeneous in the sense that there is a relatively large number
of firms with low cost levels. The solid line shows that these firms account for a relatively large
fraction of aggregate profits. As ~y rises in the next two graphs, the measure of firms with high
cost levels increases. Since these firms are more numerous they also account for a larger fraction
of aggregate profits. The last graph shows that a decrease in ¢ has a similar effect. Keeping ~
constant and reducing o to 4, the high cost firms account for an even higher share of aggregate
profits. The intuition is that since consumers are less able to substitute the goods of the high
cost producers, the share of profits of this group rises.

The graphs in Figure 4 illustrate the crucial role the shape of the distribution of aggregate profits
plays for the mechanisms of the model. The more the distribution of firms is skewed to the left,
i.e. the more of the profits is generated by low productivity firms, the less the tax base reacts
to tax differences. We have seen above that the low productivity firms are the least likely to
opt for profit shifting FDI. When these firms account for a large fraction of aggregate profits
(which is the case when e is high) a given tax difference leads to lower outflows as only the (few)
productive firms are shifting profits abroad.

A low degree of firm heterogeneity thus ‘protects’ the large country from tax competition as it
makes its tax base less reactive to differences in tax rates.?? In order to attract tax base the
tax haven has to undercut strongly to increase the cutoff cost level and to attract the firms and

their profits. This mechanism is explained in more detail in the following subsection.

2'Baton, Kortum, and Kramarz (2008) estimate e using the method of simulated moments. As mentioned
above their estimate is 1.46. They provide some additional information of plausible values of € exploiting the
relation between € and some observations in the data. In their Figure 3a they plot average sales of firms in France
(conditional on entry into market n) against the number of French firms selling in market n. They find that firms
that serve markets which are served by a low number of firms tend to have higher sales in France. From the slope
of this relationship they deduce a value of € of 0.75. A different way to obtain a value for € is to use the plot of
the export intensity on the number of firms selling an a particular market. The slope implies an € of 1.63 which
is much closer to their estimate of 1.46.

22We will investigate the role of firm heterogeneity using a mean preserving spread of the productivity distri-
bution below.
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6.2 The Elasticity of the Tax Base

To gain a better understanding of the role industry- and market structure play in the tax game
it is of interest to look at the elasticity of the tax base with respect to the tax rate. For a given
tax rate of the large country the tax haven faces an elasticity of

e X :<’Y 1>75X (26)

€ = — = .
tg —tx oc—1 tg —tx

It is determined by three factors: the degree of firm heterogeneity, the substitutability between
goods and the tax rate of the tax haven.

The elasticity increases in ty and becomes very large when tx is close to ty. In its revenue
maximization the tax haven faces a trade off between the tax revenues per firm taxed (intensive
margin) and the number of firms taxed (extensive margin). When tx is close to ¢y, the elasticity
is high and the extensive margin effect on tax revenues dominates. Revenue maximization implies
that the tax haven lowers its tax rate until the intensive- and extensive margin effect exactly
offset. This is the case when the elasticity equals unity.

How strongly the tax haven undercuts the large country thus depends on € i.e. on industry
structure and market power. The higher €, the lower the level of tx necessary to equate the
elasticity to unity. This explains the pattern of the cutoff cost level observed in Figure 4. The
case of a high v and low ¢ corresponds to the last graph in Figure 4. The productive firms only
account for a small part of the tax base so that the tax haven has to decrease its tax rate a lot
until it reaches a point where the intensive margin effect is strong enough to offset the extensive
margin effect. In equilibrium this policy results in a higher cutoff cost level. The opposite is
the case in the first graph where firm heterogeneity is stronger and market power lower. In this
case already a moderate degree of undercutting allows the tax haven to attract a relatively large
fraction of the tax base as high productivity firms account for a large fraction of profits. As a
result the tax haven undercuts less, which implies a low cutoff cost level.

It is important to note that the reason for a strong undercutting of the tax haven when € is high is
that it is difficult for it to attract tax base. A policy of strong undercutting might look aggressive
when comparing equilibrium tax rates. According to the model, however, strong undercutting
reveals that the tax haven is not a great danger for the tax base of the large country: the tax
haven sets the low rate because its industry and market structure protect the large country from

tax competition.
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6.3 Heterogeneity, Equilibrium Profit Shifting and Tax Rates

In this section we investigate the role of firm heterogeneity a bit further. We have seen above
that the shape parameter of the cost distribution plays a crucial role. Together with the maxi-
mum cost level a,, it determines the number of firms with different cost levels. Keeping a,, fixed
at unity we first illustrate how an increase in ~ affects the tax rates set, the number of multi-
nationals and the fraction of the tax base leaving the country. We then illustrate how ~ affects
these variables via its impact on the degree of firm heterogeneity (as opposed to its impact on

average productivity).

here: Figure 5

The first graph in Figure 5 plots the fraction of the tax base flowing to the tax haven (solid
line) as a function of the shape parameter . The fraction of firms that choose ‘profit shifting’
FDI is given by the dashed line. An increase in v implies that the tax base is less reactive to
tax differences and thus the fraction of the tax base attracted by the tax haven decreases. The
vertical line represents € = 1. For too low values of gamma no equilibrium exists. The second
graph plots the equilibrium tax rates of the large country (solid line) and the rate set by the
tax haven (dashed line). As v increases, the tax base becomes less reactive to tax differences.
The equilibrium tax difference increases in gamma. The reason is that the high v ‘protects’ the
large country from tax competition as most of the tax base is generated by small and medium
sized firms. It can thus afford to set a higher tax rate. Accordingly, it is more difficult for the tax
haven to attract tax base. It is forced to undercut by a larger fraction as 7 increases (although

tx can be increasing for low values of +y, the tax difference is always increasing).

here: Figure 6

The correct measure of firm heterogeneity is the variance of the cost distribution. When
the shape parameter v changes, both the variance and the expectation of the cost distribution
change. It is thus conceivable that the results in Figure 5 are driven by the change in the mean of
the unit costs. In order to directly asses the effect of the variance, in Figure 6 we look at changes
in firm heterogeneity through a mean preserving spread of the cost distribution. For each value
of v we compute the value of a,, that keeps the mean of the distribution constant. We then
use these values of a,, and = to calculate the variance and then plot it against the equilibrium

tax rates and outflows in Figure 6. As expected from the reasoning above we observe the same

20



effects.
These results imply that countries with more homogeneous industry structures are ceteris paribus

less affected by international tax competition.?

7 Conclusions

In this paper we have proposed a stylized model of international tax competition between a
large country and a tax haven. The methodological contribution is to provide a fully solvable
model of international tax competition with heterogeneous firms and monopolistic competition.
Our analysis reveals that firm heterogeneity and monopolistic market power are key for the
tradeoffs the governments are facing. While all firms have the possibility to do ‘profit shifting’
FDI, only the most productive firms choose to do so.

When the very productive firms account for a large fraction of aggregate profits, the tax base
reacts strongly to tax differences. This is the case when firms are very heterogeneous (relatively
many relatively productive firms) and monopolistic market power is low (high degree of substi-
tutability between goods). With such an industry- and market structure, the large country is
forced to set low tax rates to limit outflows. The tax haven undercuts the large country only
moderately and still attracts a large fraction of the tax base.

In the opposite case where small and medium sized firms account for a larger fraction of ag-
gregate profits (low heterogeneity and high market power) the large country is ‘protected’ from

international tax competition. It can set a relatively high tax rate without facing large outflows.

231t is clear from the analysis in the previous subsection that a country specialized in industries with low
substitutability or in which the differentiated goods markets are less competitive should also be less affected by
international tax competition.
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Appendix

A Proof of Proposition 4

To complete the proof of Proposition 4 in the main text, we proceed in two steps. We first derive
condition (15) under the assumption that the second order condition for a welfare maximum
holds for (14). In a second step we show that this is the case whenever (14) is the countries’ best

response function derived in step 1.

Step 1: To see (i), note that the large country will set ¢ty such that p > 0 (i.e. according
to (14)) as long as U(th " Tx) > U(t?°,fx). Plugging in (18) and (17) into this condition,

rearranging and using (16) and (1 —tx) — (1 — tfo) = p we get:
p(B=1) 11 = (857"~ p) Ix +Nx fi (27)

Now first using f;Ny = Ilx p 7, then H’?I =Ty Ty € al77 and lx = p¢ Ty f; € am’, simplifying

and solving for t’;o gives:

1
t?o < (B =115+ Psm.

T (28)

To see for which values of p the tax rate in (14) satisfies condition (28), we plug (14) into (28),

which gives:

(1-e@B-1

pf ==
gt B-1)

Ts.

As long as for a given tx the ¢z implied by (14) is high enough to satisfy this condition, we will
have U(t’;fo, tx) > U (t?fo, tx) and thus the best response function of the large country given
by (14). When the above condition is violated, we have U(t5 %, Tx) < U(t%=", fx). In this case

the best response of the large country is given by (16) because it maximizes U (tﬁfo, tx).

Step 2: It remains to be shown that for any given ¢y equation (14) is a welfare maximum (and
not a minimum) for all relevant values of ¢7. Relevant values are all values of ¢ty that satisfy
(15) for a given x.24

First note that the second derivative of the welfare function with respect to the tax rate of the

24 All values that do not satisfy (15) are irrelevant as in these cases the best response of the large country is
given by the ‘case 1’ best response (16) anyway.
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large country is given by:

U 8HX %Iy 0*N,
=20-1)—— — —=— — 1)t tx| — —=—ft-
For notational convenience, we define Ts = Toep ™ f; “am’ > 0. We then use %t = Ty together
with dagx = 1T and 8&1;@ ft = €T to get:
0*U

e—1
o, = T3 (2(ﬁ—1)+€+p[(ﬂ—1)tH+tX])

_ —T5<2(5—1)+e—(e—1)+(e—1),@tg)

From (14) it follows that %H = (i —/31)/)3“3 (ﬁe /81 ) 50 that:

gig_—ﬁ(Q(ﬂ—l)—i-e—i-(ﬁ_l)e()(?—1)—64-1)- (29)

We need to show that equation (15) is a sufficient condition for (29) to be negative. To do so,
we proceed in two steps. We first show that it is negative when the above condition holds with
equality. We then show that this is also true for larger values of p.

Define p* as the value of p, where (15) holds with equality. We will first determine the sign of
(29) for p* i.e.

p*e

2 ) (e —
o o= s (26— + 11, - L2UEED) (30)

375%{ €

2
8t2

_ (B-1)(1—¢) mz+(B-D _
With T = ( )( )(511)16) E—}l—l+ﬂe >0

Simplifying and recalling that 75 > 0 then gives:

0*U
@ |p* = —T5 ((ﬁ - 1) + +1> < 0. (31)

This implies that for p = p* the second order condition holds and (14) is indeed the optimal
response.
To see that this is true for all p > p*, note that any value of p > p* can be written as p = = p*

with > 1. In order to obtain U | . we have plugged in p* into (29). Now considering any

2
otz

value of p > p*, we can plug p = x p* into to (29).

It can be seen in (29) that p enters twice in the expression for Z¥. Entering via Ty it does

8t2
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not affect the sign. To see the effect of a higher p on the second term, note that when we use
p=x p*, Tj in equation (30), is replaced by T} I% < T}. The positive effect of T; on the sign of
02U

2z s thus dampened for a any p > p*. This shows that (15) is indeed a sufficient condition for
H

(14) to be a utility maximum. q.e.d.

B Proof of Corollary 1

Define p/“™P as the tax differential just before the regime switch to p = 0. For p?“"?, (15) holds
with equality. Note that t%™ = t77°[p/¥mP] — pJ“mP combining this with (14) and (15), the

value of tx for which the best response for the large country switches from p > 0 to p = 0 is

given by
g (BT (B4 ((1—6)(ﬂ—1) TS)“
X - e—1 _€ _ 1 .
algn)T 0 AT

This can be simplified to

16;6 1/e 1/e
jump . (1 — 6)(ﬁ_ 1) _ o c (1 _6)(ﬁ_ 1) Tsi

To prove the inequality in Corollary 1, it remains to be shown that all values of tx below tj)? me
imply that the large country sets its tax rate such that p > 0.

We know that the utility of the best response with p > 0 dominates for tx = tgg P A sufficient
condition for this to hold for ty < t]; P as well, is that p decreases in ty V tx < t])}‘ P From

before we have:

(8 —1)(T5 - p°)
eﬂpe—l

subtracting tx on both sides and multiplying by €3p

tg =

1 we get:

eBp° = (8- 1)T3 — (8 — 1)p — txefp™"

This can be rewritten as:

tx = QUp) = 5[5~ VT~ — B+ 5~ 1))

It remains to show that Q'(p) < 0V tx < ti™

Qp)=(1—-€e(B-1)T3p = (eB+5-1)<0
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This condition can be rewritten to:

c_(1-a9B-1)
B A-0)

Condition (15) gives a lower bound for p. Plugging in this bound into the previous condition

T3

delivers:

(1-9(G-1) , _(1-a@B-1

S r5-1 07 (@Brso1)

which can be simplified to:

e+ 1

which is always true. q.e.d.

C The Stackelberg Case

In the main text we have analyzed the Nash equilibrium of the tax game. We have focused on
the Nash equilibrium as it is not clear to us why a country should be a Stackelberg leader in this
game. To complement our analysis of the Nash equilibrium in the main text, we now consider
the tax game with Stackelberg leadership of the large country.?’ This can be done relatively
easily due to the simple best response function obtained for the tax haven.

The aim is to compare the Nash and the Stackelberg equilibrium. For this comparison we can
normalize a,, = 1. It turns out that the two tax rates are strategic complements and that both

countries set higher tax rates and are both better off than in the Nash equilibrium.

The Stackelberg Equilibrium: Recall that welfare of the large country is given by:
U=U+Hy + (8- tylly + (1 —tx)[Iy — Nx f;.

When setting its tax rate, the large country takes into account the best response of the tax haven

given by equation (13). The best response implies p = tyE where we have defined E = =T

Using the best response of the tax haven we can write:

My = To(Ty ¢ — tSE°f,7°) Iy =t ETof; € Ny =t B2y fet

25To avoid significant analytical complexity, we refrain from analyzing the reverse case i.e. the case with the
tax haven being the Stackelberg leader.
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The partial derivatives are given by:

Olly
Oty

_ _ Ollx olly ONx e
— _¢ff lEeT € - _ — ¢t Ee—l—lT e—1
“n 2 Oty oty Oty H 2/

and gi—x = —L-_ The partial derivative of welfare with respect to the large countries tax rate
H e+1

is:
v _
Oty N

fe.

e+ 1 - X oty

1 aHH 1 8NX
(B—1Dy +ty {(ﬁ—1)+ ](%H 6+1H - —=

Plugging in delivers:

ou —e e—1 e p—e
=B -1D)LIT — (B - Dt Efy Ty — tp[(B —1) + J(ets, LB fCTy)
8tH e+1
1 € € f—€ € € € —€
o E T (e + Dt BT fe
Which can be simplified to:
oUu _ ft € 62
— =Thf - =]) -t E° 1 -1 1 .
s =T |- (5] B nE- D414

At this point it is convenient to check the second order condition. Differentiation delivers:

2

e+1

9*U
0%ty

=Tof {etz_lEE((e +DB-1)+1+ )} <0.

Setting the first derivative to zero and rearranging gives:

e+1 -1 %ﬁ
e \(e+1)B-D+1+55) Tv

st __
t;, =

This is the optimal tax rate of the large country as the Stackelberg leader. The tax haven then

sets:

1
st 1 f-1 ‘e
5= - —| =
e\(e+)B-1)+1+5) T

Stackelberg vs. Nash: In the following we compare this result to the Nash Equilibrium

derived in the main text. It turns out that the two tax rates are strategic complements and that

both countries are better off in the Stackelberg case. The following Proposition summarizes the

results of this comparison.

Proposition 6 In the Stackelberg equilibrium,
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(i) the large country and the tax haven both set higher tax rates than in the Nash equilib-

rium. Le. 55 > t5, and t5f > t%.

(ii) the cutoff cost level is higher, the measure of multinationals is larger and a larger
share of profits is shifted abroad than in the Nash equilibrium. Le. a3, > a*, Ny, > N

and H},St > IT%.

(iii)  the large country and the tax haven both have higher levels of welfare than in the

Nash equilibrium.

Proof: The equilibrium tax rates in the unique Nash equilibrium are given by equation (20).

To show (i) we have to show that:

2

eﬁ+2ﬁ—1>(e—l—l)(ﬂ—l)—kl—i—eil.

This can be simplified to: B(e + 1) > 1 which is always true. Thus ¢;' > ¢}, and ¢5 > t%.

(ii) can be established using the above result and noting that:

1
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To prove (7ii) note that for the large country the Nash equilibrium is a point on the best response

*

function of the tax haven. Thus it is part of the choice set of the large country in the Stackelberg
case. The First and Second order conditions deliver a unique maximum. This unique maximum is
different to the Nash Equilibrium. Thus Us; > U,,asp. For the tax haven, note that Vi, = ¢5L1I5.

From (i) and (i) it follows that Vi > V*. q.e.d.
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D Figures

Best Response Functions
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sigma=4, eps.=1.2, gamma=6.6, f_t=0.2

Figure 1: This Figure provides a numerical example for the equilibrium of the tax game for € > 1. In
this case the best response function of the large country is continuous (bold solid line) and there exists
a unique intersection with the best response function of the tax haven (dashed line). The best response
of the large country implies p > 0 for all tax rates of the tax haven. The parameter values chosen are
o =4,y =06.6 (implying e = 1.2), a,, = 1 and f; = 0.2.
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Best Response Functions
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sigma=4, eps.=0.9, gamma=5.7, f_t=0.5

Figure 2: This numerical example illustrates that for ¢ < 1 the reaction function of the large country
(bold solid line) is discontinuous. For low values of tx the large country sets a higher tax rate to finance
public expenditure accepting an outflow of tax base. A low € implies, however, that the most productive
firms account for a large fraction of the tax base. Setting the tax differences to zero (keeping the most
productive firms paying taxes at home) is optimal for high values of ¢x. In this example with e = 0.9 the
equilibrium exists. The parameter values chosen are 0 =4, v = 5.7, a,,, = 1 and f; = 0.5.
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Figure 3: This numerical example uses the same parameter values as Figure 2 except that v (and thus
€) is lower. This implies that the most productive firms account for a large fraction of the tax base and
that the tax base thus reacts strongly to tax differences. Trying to avoid these firms from paying taxes
abroad, the large country sets the tax difference to zero already for low levels of ¢x. Since the tax haven
always undercuts, this cannot be an equilibrium. In this example no equilibrium exists. The parameter
values chosen are o =4, v = 4.8 (implying € = 0.6), a,,, = 1 and f; = 0.5.
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Measure of Firms and Tax Base by Productivity

Measure of Firms and Tax Base by Productivity
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Figure 4: These three graphs illustrate the effect of the Pareto parameter v and the elasticity of sub-
stitution o on the distribution of the tax base (solid line). Profits are normalized by overall aggregate

profits (H‘I‘_‘I) thus the area under the curve is unity in all cases. A point on the curve represents the share
of overall profits firms with cost level a account for. The dashed line plots the density of firms g(a). The

dashed vertical line plots the equilibrium cutoff level. We use a,, = 1. In the first three graphs we set
o = 6 and vary «y such that € rises from 0.75 (7 = 8.75) to 1 (v = 10) and then to 1.5 (y = 13.75). In the

last graph we keep v = 13.75 and decrease ¢ to 4 which implies € = 3.58.
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The effect of heterogeneity on equilibrium profit shifting The effect of heterogeneity on equilibrium tax rates
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Figure 5: In the first graph the solid line represents the fraction of the tax base flowing to the tax haven
as a function of 7. The fraction of firms that choose ‘profit shifting’ FDI is given by the dashed line. The
second graph plots the equilibrium tax rates of the large country (solid line) and the rate set by the tax
haven (dashed line). In both graphs the vertical line represents € = 1. For too low values of gamma no

equilibrium exists.
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Figure 6: These graphs plot the same variables as in Figure 5 against the variance of the cost distribution
which is a direct measure of firm heterogeneity. We vary v and a,, simultaneously to generate a mean
preserving spread. In line with the results in Figure 5 outflows increase and the tax difference decreases
when firms are more heterogeneous.
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