
B. Supplementary appendix (not for publication)

B1. Welfare maximization

As a first extension, we consider the case where governments maximize the utility of a

representative consumer, rather than tax revenue. We specify the direct utility function

of the consumer in country i by the following quasi-linear and quadratic form

ui = Aixi − 1

2
x2

i + yi ∀ i ∈ {1, 2}, (B.1)

where yi is the consumption of the numeraire good. The consumer in each country

maximizes the direct utility function (B.1) subject to the budget constraint pixi + yi =

Ii ≡ W i + Ti , where pi = Ai − ni follows from the linear demand function and Ii is

national income. National income is in turn composed of the exogenous wage income

W i and tax revenues Ti = tiΠi, where Πi is a short-hand notation for aggregate profit

incomes as defined in equation (8) of the main paper.1 We assume that these profit tax

revenues are redistributed to the representative consumer as a lump sum. Maximizing

the consumer’s utility with respect to xi and using the budget constraint to substitute

out for yi yields the consumer’s indirect utility function

vi =
1

2
n2

i + tiΠi + W i ∀ i ∈ {1, 2}. (B.2)

Equation (B.2) incorporates the consumer surplus in market x, which is proportional

to the squared number of firms (and hence output) in country i, and tax revenue.

Each government thus trades off the extra income from profit tax revenue against the

reduced consumer surplus resulting from a tax increase.

Even with the simple specification of indirect utility in (B.2) it is not possible to test

the robustness of our results in the preceding sections analytically. We therefore present

the results of numerical simulations, which are summarized in Table B.1.

1We thus assume that the internationally mobile firms are owned by citizens in the rest of the

world so that profit incomes realized in country i are not part of national income. If profit incomes are

included in national income, then tax revenues must enter the welfare measure with an (exogenous)

extra weight, in order to maintain a motive for profit taxation. Simulation results for such an alter-

native specification result in the possibility of negative tax rates in equilibrium, but yield the same

qualitative conclusions for the allocation of firms and the effects of market size increases as the results

presented in Table B.1.
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Table B.1: Simulation results for welfare maximizing governments

A1 A2 ĉ t1 t2

80 60 4.330 0.223 0.081

90 70 4.356 0.194 0.070

100 80 4.375 0.172 0.061

120 100 4.402 0.140 0.049

160 140 4.431 0.102 0.035

200 180 4.447 0.080 0.028

Notes: N = 20, c = 12, c = 2.

Table B.1 shows that tax rates are generally lower for welfare maximizing governments

than they are for revenue maximizing governments. This is seen by comparing the

results in the first line of Table B.1 with those in the first lines of Tables 2 and 3

in the main paper, which cover an identical scenario except for the difference in the

government objective. Clearly, the reason for this difference is the additional concern to

increase consumer surplus by attracting additional firms. At the same time, however,

none of the qualitative results from our benchmark model is affected by the switch to

welfare maximizing governments. First, it is still true in all cases that the large country

levies the higher tax rate (Proposition 2). Moreover, and most importantly, an equal

increase in the size of both markets still leads to an unambiguous fall in both tax rates

(Proposition 4).

B2. Endogenous market entry

We endogenize market entry by a fixed entry investment cost of size F , which each firm

has to incur in order to set up a production plant. We assume that firms do not know

their productivity when they undertake this investment. After the investment has been

made, firms learn their productivity and governments set tax rates. In the last stage,

each firm decides where to locate. From condition (10), each firm’s operating profit

(before deducting F ) will be strictly positive in either market, irrespective of the cost

draw.

Solving the game backwards, the last two stages with governments setting taxes and

firms deciding on their location are the same as in the benchmark model. The additional
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question is how many firms will enter the market in the new, first stage. Each firm knows

that it will draw its production cost from the uniform distribution and it correctly

anticipates the tax rates set by the governments and its location decision in the last

stage, which depends on the cost draw. Ignoring the integer constraint, the number of

firms can then be determined by the condition that the expected after-tax operating

profits π̂ must be equal to the fixed cost F :

π̂(N) ≡ (1−t1)

∫ c

ĉ

[A1 − φ(c− ĉ)− c]
dc

c− c
+(1−t2)

∫ ĉ

c

[A2 − φ(ĉ− c)− c]
dc

c− c
= F.

The first term of π̂(N) is the expected operating profit if the firm draws a high pro-

duction cost above ĉ. In this case the firm will locate in country 1, which is correctly

anticipated to be the high-tax country. The second term is the expected operating

profit if the firm draws a low production cost below ĉ, leading the firm to locate in

the low-tax country 2. Since ∂π̂/∂ĉ = 0 holds due to the arbitrage condition (1), each

firm’s operating profit strictly declines with additional market entry:

dπ̂(N)

dN
=

∂π̂(N)

∂N
= −(1− t1)(c− ĉ) + (1− t2)(ĉ− c)

c− c
< 0.

This guarantees that there is a unique level of N for which expected aggregate profits

are equal to zero. Hence our basic model can be easily extended to endogenous market

entry, as long as the fixed cost of entry is the same for all potential entrants.

To see how endogenous market entry changes the results of our model, we first analyze

how the identity of the pivotal firm changes when the number of entrants is increased.

This yields
∂ĉ

∂N
=

(c− ĉ)(1− t1)− (ĉ− c)(1− t2)

Θ(c− c)
≷ 0,

which is ambiguous in sign. The effect depends on the number of firms located in each

country, measured by (c − ĉ) and (ĉ − c), respectively, and on the difference in the

two countries’ tax rates. As a result, an increase in the number of firms resulting, for

example, from a reduction in the fixed costs F , may increase either the proportion of

firms located in country 1 or in country 2, changing the relative taxing powers of the

two jurisdictions accordingly.

The main additional effect arising in a setting with endogenous market entry is that

increases in market size will also raise the number of firms in equilibrium. As our simu-

lation results in Table 2 of the main paper show, a rising number of firms increases the

taxing power of countries and leads to rising tax rates, other things being equal. This
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effect counteracts the fall in both countries’ tax rates that results from the increas-

ing tax sensitivity of more profitable firms when both markets expand simultaneously

(Proposition 4). Our simulation results in the right panel of Table 2 also show, however,

that tax rates in both countries will still fall, on net, when the number of firms rises in

the same proportion as the size of both markets. Hence, our result in Proposition 4 can

still be expected to hold in a setting with endogenous market entry when the market

entry response is not too strong, relative to the exogenous increase in market size.

B3. The model with variable outputs

As a final extension, we consider an extended version of our model where each firm,

when deciding to locate in a particular country, simultaneously decides to set up a plant

of a certain capacity. Hence the location and output choices are made simultaneously,

before each firm learns the cost structure of its competitors.

Let qi(c) denote the output of a firm of type c locating in country i. This output is

determined from maximizing expected after-tax profits πi = (1 − ti)qi(pi − c). The

first-order condition for a firm in country i is pi(qi + Q̂−i) + qip
′(qi + Q̂−i) − c = 0,

where Q̂−i denotes the aggregate expected output of all rival firms in country i and

p′ is the derivative of the demand function. With linear demand, the optimal output

choice of a firm with cost c in country i is

qi(c) = (Ai − Q̂−i − c)/2 . (B.3)

Using (B.3) leads to optimized after-tax profits equal to πi = (1−ti)[qi(c)]
2 ∀ i ∈ {1, 2}.

If an interior equilibrium exists with firms locating in both countries, then there must

be a firm with a critical cost level ĉ that is indifferent between the two locations:

(1− t1)[q1(ĉ)]
2 = (1− t2)[q2(ĉ)]

2 ⇐⇒ q1(ĉ) =

√
(1− t2)

(1− t1)
q2(ĉ). (B.4)

It follows from (B.4) that the pivotal firm produces a higher level of output in the

high-tax country. In Regime I, where country 1 chooses the higher tax rate, the pivotal

firm’s output will thus be higher in country 1.

Where do firms with costs slightly above ĉ locate? To answer this question, we consider

the effects of a small increase in costs on after-tax profits in each of the two countries,
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starting from the critical cost level ĉ. Using (B.3) and (B.4) yields

dπ1(ĉ)

dc
= −(1− t1)q1(ĉ) = −(1− t2)

√
(1− t1)

(1− t2)
q2(ĉ),

dπ2(ĉ)

dc
= −(1− t2)q2(ĉ). (B.5)

Equation (B.5) shows that the negative effects on after-tax profits of an increase in

production costs are smaller in absolute value in the high-tax country 1. As maximized

profits are monotonic in c this implies that all firms with c > ĉ will have higher after-

tax profits in country 1, whereas all firms with c < ĉ have higher after-tax profits in

country 2. Hence, as in our benchmark model [cf. eq. (2)], high-cost firms will locate

in the high-tax country in the location equilibrium.

It is then straightforward to derive the rival firms’ aggregate output in each country,

Q̂−1 and Q̂−2. When all high-cost firms locate in country 1, a firm that wants to locate

in this country expects an aggregate output of all rival firms equal to

Q̂−1 = (N − 1)

∫ c

ĉ

(A1 − Q̂−1 − c)

2

dc

c− c
=

(N − 1)[2(A1 − Q̂−1)− ĉ− c](c− ĉ)

c− c
.

Solving this for Q̂−1 gives

Q̂−1 =
(N − 1)(2A1 − ĉ− c)(c− ĉ)

2[(N + 1)c− (N − 1)ĉ− 2c]
. (B.6)

Similarly, for a firm contemplating to locate in country 2 the expected output of all

rival firms in this country is

Q̂−2 = (N − 1)

∫ ĉ

c

(A2 − Q̂−2 − c)

2

dc

c− c
⇒ Q̂−2 =

(N − 1)(2A2 − ĉ− c)(ĉ− c)

2[(N − 1)ĉ− (N + 1)c + 2c]
.

(B.7)

We can now derive expected tax revenues in the two countries. These are given by

T1 = t1φ

∫ c

ĉ

[q1(c)]
2dc = t1φ

(A1 − ĉ− Q̂−1)
3 − (A1 − c− Q̂−1)

3

12
,

T2 = t2φ

∫ ĉ

c

[q2(c)]
2dc = t2φ

(A2 − c− Q̂−2)
3 − (A2 − ĉ− Q̂−2)

3

12
, (B.8)

where Q̂−1 and Q̂−2 are given in (B.6) and (B.7), respectively.

The extended model is too complex to be solved analytically. We therefore carried

out simulation analyses, whose primary aim is to establish conditions under which a
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Table B.2: Nash equilibria in the extended model with variable output

(1) (2) (3) (4) (5) (6) (7) (8) (9)

A1 A2 t1 t2 ĉ Q1 Q2 q̂1 q̂2 T1 T2

70 60 – – – – – – – – –

75 60 0.835 0.759 11.29 22.77 14.88 13.31 11.53 571.89 292.00

80 60 0.845 0.746 11.25 24.98 14.55 14.27 11.64 679.08 283.47

90 60 0.861 0.722 11.18 29.45 13.92 16.18 11.80 921.75 267.54

Notes : N = 3, c = 13, c = 10, Qi: total production; q̂i: production per firm (= Qi/ni)

Nash equilibrium in taxes exists in the extended model. Some representative simulation

results are presented in Table B.2.

In Table B.2 we fix the value of A2 = 60 and consider different values of A1. For

A1 = 70 the size differential between the two markets is too small to permit the

existence of a pure strategy Nash equilibrium. For all values of A1 ≥ 75, however,

a Nash equilibrium will exist with country 1 as the high-tax country [see columns

(1)-(2)].2 In these equilibria column (3) shows that the expected number of firms in

country 1 exceeds that in country 2 and columns (4)-(5) indicate that aggregate output

is also higher in country 1. Moreover, columns (6) and (7) show that the average output

per firm is higher in country 1, even though this country hosts the high-cost firms. As

discussed above [eq. (B.4)], this is due to the discontinuous jump in output at the

cost level ĉ. Finally columns (8)-(9) give equilibrium tax revenues. To summarize,

endogenizing the output of firms magnifies the effects of the larger market size of

country 1 on this country’s tax revenue, but the basic properties of the non-cooperative

tax equilibrium are similar to those in the benchmark model.

2To determine the existence of a pure-strategy Nash equilibrium, we compute tax rates and tax

revenues in a constrained equilibrium where country 1 is exogenously taken to be the high-tax country.

We then test whether country 1 can increase its tax revenue by marginally undercutting the tax rate

that country 2 chooses in this constrained equilibrium. An (unconstrained) Nash equilibrium in taxes

exists iff country 1 can not increase its revenues by switching to Regime II.
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