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Taxation of MNE profits in an R&D driven
economy: Beneficial tax havens and minimum
taxes
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Research and development (R&D) by multinational
Correspondence enterprises (MNESs) generates substantial positive cross-
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country spillovers. With R&D incentives primarily

bear the entire cost of incentivising R&D but only
reap a fraction of the benefits, resulting in inefficiently
low R&D incentives and investment from a global
perspective. Allowing MNEs to shift their profit to a tax
haven shelters the firms' profit from foreign taxation
and increases the net returns to R&D without reducing
the domestic tax base. In this setting, tax havens can be
welfare beneficial because they help to internalise the
positive cross-country spillovers of R&D. The optimal
effective minimum tax balances a reduction in wasteful
profit shifting and more efficient R&D incentives for
MNEs. Regardless of the welfare effect of R&D, a strictly
positive minimum tax is optimal for each country.
Uncoordinated minimum taxes may be excessively high,
if R&D investment has a strong impact on productivity.
Under certain circumstances, IP boxes are a welfare-

improving substitute for tax havens.
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1 | INTRODUCTION

Research and development (R&D) activities by multinational enterprises (MNEs) generate
substantial positive cross-country spillovers, for instance via increased consumer surplus or
employment. With R&D incentives primarily provided by the MNEs' host countries, these
nations bear the entire cost of incentivising R&D but only reap a fraction of the benefits.
Thus, the nationally optimal R&D incentives for MNEs and the resulting levels of R&D in-
vestment are inefficiently low from a global perspective. In this paper, I show that profit shift-
ing by MNEs may help to overcome the resulting inefficiency. The mechanism is as follows.
Allowing MNEs to shift their foreign profit to a tax haven reduces effective tax rates on the
firms' profit without reducing the domestic tax base. This increases the net returns to R&D
investment and, thus, incentivises additional R&D investment by profit shifting MNEs. That
is, tax haven access by MNEs may be beneficial because it is a tool to internalise the positive
cross-country spillover of R&D by providing additional R&D incentives to domestic MNEs at
the expense of foreign countries.

The prevailing view on tax havens is, however, that they are ‘parasitic’ (Slemrod & Wilson, 2009),
that is they steal tax base from high-tax countries without providing any benefits on their own.
Building on this view and the insight that MNEs are successfully using tax havens to avoid to pay
taxes in high-tax countries," policymakers have agreed to introduce a global effective minimum
tax on MNE profit. Under this agreement, tax havens no longer have the opportunity to tax MNE
profit at rates below 15 %. For instance, if an MNE is in the habit of shifting its intellectual prop-
erty (IP) to Bermuda, the implementation of a global minimum tax will increase effective tax rates
on the MNE's returns to its IP to 15%, reducing the MNE's incentive to invest in R&D. In this
paper, I argue that, if tax havens are used as a tool to provide R&D incentives to MNEs, a trade-off
between a reduction in wasteful profit shifting and additional R&D incentives for MNEs emerges
and investigate how the optimal effective minimum tax balances these effects.

Preferential tax regimes for returns to intellectual property (IP boxes) are introduced with the
stipulated goal to provide additional R&D incentives to MNEs by reducing the effective tax rates
on MNE profit. In the real world, IP boxes often serve as on-shore tax havens.” In light of the
double purpose of these preferential tax regimes, the political debate has shifted in favour of a
stricter rules on preferential tax regimes for returns to IP. In this paper, I investigate whether IP
boxes can be beneficial in a manner similar to tax havens. As tax havens, IP boxes may serve as a
means to internalise the positive cross-country spillovers of R&D by reducing the effective tax
rate on foreign (and domestic) returns to IP. I argue that, under some circumstances, IP boxes are
a welfare-enhancing substitute for tax havens.

I consider a setting with two countries and a tax haven. Each country hosts a continuum of
heterogeneous multinational firms, which are active in both countries. Firms differ in produc-
tivity, as in Melitz (2003) and Helpman et al. (2004). However, instead of considering the choice
whether to export or to make an FDI, I consider the choice of using a tax haven and upgrading
the firm's technology via R&D, as in Bustos (2011). An upgrade implies lower marginal cost and
an additional fixed cost. Each country's government allows domestic MNEs to shift their foreign

'In a meta study, Heckemeyer and Overesch (2017) find a semi-elasticity of reported subsidiary profits of —0.8. Beer
et al. (2020) report a semi-elasticity of —1.5 for more recent years. Torslov et al. (2022) estimate that, from a global
perspective, $600bn per year are rerouted to tax havens.

“Numerous studies suggest that governments implement IP boxes to shelter the profit of domestic MNEs from foreign
taxation. See for instance Baumann et al. (2020), Kothenbiirger et al. (2018) and Mohnen et al. (2017).
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profit to a tax haven, which levies no corporate tax. In contrast, domestic income is taxed in the
country of residence. Tax haven use involves a fixed setup cost. In the market equilibrium, tax
haven use and technology upgrades are chosen by the more productive firm types. It turns out
to be crucial for my results whether the productivity threshold for tax haven access is above or
below the productivity threshold for R&D investment. If more firms choose an upgrade than use
a tax haven, havens are unambiguously ‘parasitic’, that is shutting them down increases welfare.
If the opposite holds, tax havens are potentially beneficial. I, therefore, focus on the case in which
upgrading firms are a subset of tax haven using firms.

Profits are taxed at source and the home country provides a tax incentive for R&D. Since
R&D lowers consumer prices and increases local tax revenue, there is a positive cross-country
spillover from R&D activities. In the competitive equilibrium with each country optimally
setting R&D incentives, R&D is inefficiently low from a global perspective. Allowing firms
to access tax havens, increases MNEs R&D incentives and, consequently, makes R&D deci-
sions more efficient. In this restricted sense, tax havens are beneficial. I show that, somewhat
counter-intuitively, tax havens are only desirable as a policy instrument if firms respond to a
reduction in the minimum tax rate by manipulating royalty payments (i.e. by shifting profits
in the narrow sense), because this forces the foreign country to contribute to the R&D incen-
tive for domestic MNEs.

In my framework, the optimal minimum tax trades off reducing wasteful profit shifting and
providing additional R&D incentives to MNEs. With optimal tax deductions for R&D, I show that
the optimal minimum tax is strictly positive. This is noteworthy since it highlights that a mini-
mum tax is desirable for high-tax countries, regardless of the welfare effect of R&D. The optimal
minimum tax is inefficiently high (from a global perspective) if profit shifting and R&D spillovers
are large. In the absence of profit shifting (i.e. if firms do not manipulate the royalty fees for tax
saving purposes), the optimal minimum tax equals the residence country's corporate tax rate —
which implies that tax havens are effectively shut down.

I show under which circumstances IP boxes are a welfare-improving substitute for beneficial
tax havens and under which the two may coexist in equilibrium. In my model IP boxes only apply
to own-developed IP and IP cannot be moved to other countries.” I show that the optimal tax on
IP income within the box is strictly positive. Uncoordinated tax incentives for R&D may be inef-
ficiently low if R&D has little impact on productivity and inefficiently high if profit shifting is
unpronounced. As tax havens, preferential tax regimes for returns to R&D are only attractive to
countries as a policy instrument (compared to tax deductibility of R&D fixed cost), if there is
profit shifting into the IP box, which serves as a means to make the foreign country contribute to
the R&D incentive. If IP boxes are used to foster R&D, tax havens may be useful to mitigate the
revenue cost of offering preferential tax treatment in IP boxes. If tax havens are used to incentiv-
ise R&D, IP boxes may be used to mitigate the private cost from using tax havens.

The argument that tax havens may be beneficial has first been developed by Hong and
Smart (2010) and Johannesen (2010), who build upon theoretical work by Keen (2001) and
empirical work by Desai et al. (2006)." In these contributions, tax havens are used to achieve a
differentiation in taxation that is, for some reason, infeasible within the domestic tax system. A

3That is, the IP boxes in the model are compliant with the OECD's nexus requirements.

“In Marceau et al. (2010), preferential tax regimes for mobile firms are only desirable if countries differ in their
productivity, Mongrain and Wilson (2018) show that, if countries differ in size, smaller countries find preferential
regimes desirable. Mongrain et al. (2020) find that, when countries compete for mobile firms, less strict anti profit-
shifting policies allow policymakers to set higher statutory tax rates, potentially resulting in increased tax revenues.
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similar role is taken by tax havens in my model, however, with an additional feature. Tax havens
are not only used as a specific tax break; they are rather used to make the foreign country contrib-
ute to incentivising R&D. IP boxes can have the same effect if they make the firm shift profit from
abroad to the firm's home country. However, tax deductibility of R&D expenses does not have this
effect. Lastly, replacing tax havens with IP boxes for own-developed IP is potentially welfare en-
hancing, depending on country characteristics.

This paper builds on the observation, that profit-shifting opportunities affect real activities.
Notably, Sudrez Serrato (2018) finds that restricting the access of US MNEs to tax havens reduces
the affected firms’ investment activity within the US. Analogously, de Mooij and Liu (2020) doc-
ument significant reductions in the investment of MNEs in their home country in response to
stricter anti profit-shifting policies. Schwab and Todtenhaupt (2021) find an increase in R&D
expenditures and the number of patents granted in non-haven countries, if an MNE gains access
to a tax haven.” In this paper, I argue that this effect is driven by the location of returns to the
newly generated IP in low tax jurisdictions. In line with empirical findings, I assume that the
location of an MNE's headquarter has an effect on the location of IP. More precisely, only the
foreign returns to IP are shifted to the tax haven, domestic returns to IP are fully taxed in the
MNEs' home country.®

The effects of minimum taxes (as in the OECD/G20 Inclusive Framework's proposal) enjoy
increased attention. Hindriks and Nishimura (2021) show that a minimum tax may make high-
tax countries worse of, because it could induce low tax countries to pull out of international coor-
dination efforts.” Hebous and Keen (2023) find room for Pareto-improvements (among high-tax
countries) via the introduction of a worldwide minimum tax rate. By investigating potential wel-
fare benefits of tax havens, I provide more restrictive conditions for a scenario in which effective
minimum taxes are desirable for all non-haven countries. Johannesen (2022) focuses on the
trade-offs between net profit losses and additional tax revenue when implementing a global min-
imum tax threshold. Dyrda et al. (2022) show that, whilst it significantly increases global tax rev-
enue, an effective minimum tax would result in a reduction of global economic growth and
output.

The remainder of the paper is organised as follows. The Section 2 describes the model setup
and derives the equilibrium. Section 3 analyses a range of policy experiments, for example the
introduction of minimum taxes and IP boxes. Section 4 concludes.

2 | THE MODEL
21 | Setup
Consider two countries, domestic (d) and foreign (f), and a tax haven. In each of the two countries,

there is a representative household and a continuum of firms. Each country's government levies
taxes to finance a public good.

°If R&D can be exploited across all affiliates of an MNE, activity within the firm may become complementary. See Desai
et al. (2009), Becker and Riedel (2012) as well as Kovak et al. (2021) for empirical evidence.

®There is a large literature proving (indirect) evidence for the use of IP in profit shifting activities, see for instance Desai
et al. (2006) or Mutti and Grubert (2009).

"See also Peralta and van Ypersele (2006) and Kiss (2012).
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2.1.1 | Households

The representative household in each country is endowed with one unit of labour and owns all
domestic firms. The household derives utility from consuming a numéraire good z and varieties
Q of a differentiated consumption good as well as a public good B. Preferences are represented by
a quasi-linear utility function with a standard CES utility subfunction.

U=z+p7Q% +B 1)

with

N
Q=J 9(@)"do @)

0

where () denotes the quantity consumed of variety @, N is the total number of variety producing
firms, §, o,y > 0 are fixed preference parameters with ¢, f < 1and y > 1. Varieties are pairwise sub-
stitutes (due to o < 1). Furthermore, I assume f < ¢ such that the utility function is convex in Q.8 The
numeéraire’s role is mainly to facilitate the analysis and to allow for tractable policy analysis later on.
It takes up all income effects, that is policy changes affecting household income but not relative
prices will not affect the demand for Q.

The household's budget constraint is

N
I=z+ J p(w)q(@)dw (3)
0

where I is the household's total income. p(w) denotes the price of variety w. Utility maximising de-
mand for variety w is

(@)= 4)

1
where P = fév p(w)!~¢dw ) '™ is the price index for varieties of the consumption good sold in d and
f.e= ﬁ is the elasticity of substitution between varieties. With € > 1% (due to 6 > p), the price
level drives up demand for variety w, whereas its own price decreases demand for it.

Inserting (3) in (1) I get

1-f_ b
U:I+TﬁP 1 +yB ©)

2.1.2 | Firms

The numéraire is produced by a large number of competitive firms using a constant returns to
scale technology with labour as the only input. Since z can be traded freely across d and f without

8As a consequence, the marginal utility of a variety @ decreases in the amount of Q.
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additional cost, the wage cost is identical in both countries and normalised to one. Accordingly,
the representative household's wage income is 1.

Firms in the differentiated good sector operate under monopolistic competition. That is, each
of the firms has monopoly power over its own variety w. Each firm transforms one unit of labour
into 0 units of the differentiated good. Total cost of production is given by C(q,0) = F + %where
F denotes the fixed cost of production. Firms in each country differ in the productivity level
0e [9_, 0+]. Since there is an unambiguous mapping of varieties w on productivity levels within
a country, I will refer to a variety w by indicating the associated productivity level 6; of a firm from
country i. The index i is necessary since there are two firms (one from d and one from f) of the
same productivity offering two different varieties.

Each firm may invest in R&D, which leads to an upgrade of its production technology with
certainty, as in Bustos (2011). The upgrade reduces marginal cost to /1—10, with 4 > 1. The cost of
R&D is A*F which adds to the fixed cost of production. That is, total cost of a firm of type 6 with
upgraded technology (u) is C*(q,0) =F(1 + A*) + %. With ¢™(0) € {%, %} denoting marginal
cost, variable profit of a firm of type 6 from country i is given by

(p(6:) =™ (8:))a(61) ©6)

L
Using q(Gi) = % (and assuming that each individual firm takes P as given), the profit-
maximising price is"

p(6;) = . ™)

i.e. each firm sets a constant (i.e. type-independent) mark-up of % = ITT”

cost. Variable profit is thus

over marginal

m=1-0)(p(6;) P, 7 ®)

2.1.3 | Taxation and tax havens

Each country taxes profit at source with the tax rate given by t;. Without tax haven access or up-
grade, the source tax base at a firm's headquarters is z; + rz_; — w°F and its foreign tax base is
(1 — r)z_; where r represents the share of foreign profit that is paid as a royalty fee to the firm's
headquarters. The fixed entry cost is deductible at rate ¢ > 0.

Royalty payments refer to existing and newly generated firm-specific IP. Note that, if a firm
upgrades its technology, there is an upward jump in the royalty share r (since the eligible IP in-
come is increased to r*).

I assume that countries let their firms shift the right to exploit their IP for foreign business
purposes to a tax haven. The income from exploiting IP on the domestic market is fully taxed at
home. This assumption is in line with the observable practice of many existing MNEs. My results
do not, however, crucially depend on them. I will discuss relaxing this assumption in the sec-
tion 3. With access to tax havens, the royalty payment rz_; is accounted for in the tax haven. The
firm's headquarters' jurisdiction may levy a minimum tax ™" on the profit accounted for in the
tax haven. Such a minimum tax is similar to the main instrument in the Pillar 2 package: a min-
imum tax based on the income inclusion rule (ITR), which allows the parent firm's jurisdiction
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to include (a part of) the income accounted for in the tax haven in the domestic tax base such
that the effective tax on this income equals the minimum tax rate. Let f; € {timin, t;} denote the
tax on foreign profit depending on whether the firm has access to a tax haven or not. Let 7(z_;)
denote the ‘true’ royalty share, that is the level of r which the firm is entitled to pay out, given a
profit level of #_;. The firm may deviate from r(x_;) at a convex cost of a(r), which is short for
a(r —7(z_;)). If the tax on royalty fees, T;, is below the tax on ‘normal’ profit, ¢_;, such a deviation
pays off. The optimal royalty share is implied by o’ (r) = t_; — f; implying % = - ai < 0. Without
manipulation, the cost a(r) is zero. l

Using the tax haven implies a fixed cost of A"F, measured in units of labour.” This fixed cost
is non-deductible from the tax base in i (it is straightforward to show that the government in i has
no interest in making the fixed cost deductible as long as a switch into the haven does not in-
crease domestic tax payments).'’

The additional fixed cost A“F in case of an upgrade is deductible at a rate of y*. Since the
upgrade implies higher profit, the share of profit accounted for as royalty payments is increased
to r*. Taxes paid by an upgrading firm headquartered in i are thus

(7} —wiF —w{A"F) +7izt, ©)

7} =Tr+ t_;1—r*) + a(r*). Total profit for a firm with an upgrade and tax haven access is
thus

M =7r"(1-5) +a%,(1-7%) = F(1—w’) — (1 —y¥) AF — APF (10)
2.2 | Firm behaviour
2.2.1 | Marketentry
Firms with negative profit do not enter the market. Assuming that the marginal firm
(the one that just breaks even) neither upgrades nor uses a tax haven, its total profit is

I =m;(1-¢;) +7_;(1—-t;) — F(1—y?;). The threshold productivity for market entry is
defined by I1(6°) = 0 and is given by

o
| =
—

(11)

°A fixed cost of tax haven use is one way of modelling non-monotonicities in the response to tax rate differentials. For
instance, Dowd et al. (2017) find that the effect of changes in the net of tax rate of US MNE's foreign subsidiaries
strongly depends on whether the subsidiary is located in a high or low tax region. They estimate an elasticity of up to
4.7 (with respect to the net of tax rate) for subsidiary profits located in tax havens and much lower responses for
subsidiaries in locations with higher tax rates.

1970 be precise, this case may actually occur with strong profit shifting and relatively large minimum taxes. However,
even then, tax deductibility may be undesirable if the fiscal cost of it is important enough. I will ignore these cases in
the following.
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That is, the number of firms entering the market decreases in the fixed cost of production F and in
the price levels of both countries.
With the definition of 0?, I can write the price index P; as follows

1

% 0; 1-e
P, = (J_ p(0)1_5d0+J_e p(9)1—€d9> (12)

0 o
2.2.2 | Technology upgrade

Which firms choose to upgrade? Upgrading is more attractive for more productive firms.
Independent of whether the firm uses a tax haven or not it is indifferent between upgrading and
not if

Note that 7} < z; since higher IP income allows for higher royalty fees, r* > r. If the firm uses
a tax haven, this reduces the effective tax rate on foreign profit; if it does not, the effective tax rate
may vary depending on the difference between t; and t_,. Let 6" denote the type of firm which is
indifferent between upgrading or not. The threshold is

1
1
| (1-yht;) AYF

(14)

i 1

“la-o) B (et o1y (1-1) 4P T (1) - (1—Ti))]

The upgrading threshold increases in the fixed cost parameter A* and decreases in the effi-
ciency of R&D, measured by 4.

2.2.3 | Taxhaven use

Which firms use tax havens? Consider first the case in which the marginal firm (the
one being indifferent between using the tax haven and not) does not upgrade. With
o =Myl 4t (1-r") + (") being the tax rate on foreign profit with tax haven use and
7; = tir +t_;(1 — r) without, the firm is indifferent between accessing a tax haven or not, if

zﬂi(l—ti) +7l'_i(1—Ti) —F(l—l[/ftl)

Thus, the threshold 5? is

1

e-1
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That is, if r approaches r;, the threshold Wlll at some point, reach 6" and no firm will use a tax
haven. The threshold with an upgrade equals 9

I W111 restrict my attention to the case in whlch the firm of type 0 has no upgrade, that is
9 < 9 In the case where the tax haven threshold is among firms w1th upgrades, 9 > 6 tax
havens are unambiguously harmful. Therefore, this scenario is not interesting for the purpose
of this study. For a better understanding, note that there is no effect on the price level if the
marginal firm chooses to use the tax haven. Therefore, denying access to the tax haven for firms
above the threshold 5? does not affect the overall level of R&D. In this case, tax havens provide
windfall profit for firms, which already upgrade, but imply a loss in tax revenue and wasteful
concealment cost. As a consequence, each country has an incentive to set the mlnlmum rate such
that the tax haven use dries out. However, if tax havens are pervasive enough (0 <0"), the fight
against tax havens becomes hesitant, as I will show below.

3 | POLICY ANALYSIS

In the following, I will refer to symmetric equilibria in which policy instruments and statutory
tax rates ¢; are the same in both countries d and f. As a consequence, z; = z_j, 7}’ = 7", etc.

3.1 | Government objective

I assume that governments maximise the representative household's utility

1-p -5

The Appendix provides detailed expressions for I1; and B; under symmetry.

The following two Lemmas will prove to be useful for the subsequent analysis. The first
states that, in each country, an increase in the price level reduces the representative house-
hold's utility.

Lemma 1. Utility U strictly decreases in the price level P.
Proof.  See the Appendix. i

The second Lemma states that the price level increases in 5? and 5? and is not affected by
0.

1

Lemma 2.
(i) The price level decreases in the number of firms entering the market, 5; > 0 for
j=d.f. !

(ii) The price level decreases in the number of upgrading firms, % > 0forj=d,f.

(iii) The price level is unaffected by the number of haven-using firms, ; =0 for
J = d5f J
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Proof. See the Appendix.

3.2 | Optimal tax deductions for market entry and R&D

In the non-cooperative equilibrium, both countries set the deduction parameter y{ in order to
maximise their representative household's utility. The first order condition is given by

a = —(r —DLNF - yti(ﬂ'<§f> - l//fF) d@f + du; dp =

—_— 16
dy? dy{ dP dy? (16)

Note that :—;e < Osince az; < 0(see the Appendix). It follows that a country is willing to lose tax rev-
enue with the entering firm, that is = 9? — w{F must be negative, if y is sufficiently close to 1. How

is the other country's representative household's utility affected by a small increase in y{?

du_; def au_; dp
oyt (1 (0 + —t
dy* 7ii(t=n7_i( )dy/f dP dy?¢

an
1
Thus, in equilibrium, a small increase in y; unambiguously increases welfare by exerting a
positive externality on the foreign country.
A similar argument can be made for the nationally optimal R&D tax credits for R&D ex-
penses. The first order condition for y' is given by

du; _ min .k g s 99;

T ==t A F = ( (64 ™0 (67 ) -7y (] ) ) - avF ) W
v ap _,
dP dy"

Again, if the marginal value of public funds, y, is close to 1, country i is willing to lose tax revenue
with the marginal upgrading firm in order to increase consumer surplus (% ddpu > 0).
What is the effect on the foreign country's representative household? A small increase in

affects U_; as follows:

O e P (7)o (7) i+ S B )

In equilibrium, a small increase in y;' unambiguously increases welfare by exerting a positive exter-
nality on the foreign household, via increased tax revenue and consumer surplus.
The following Proposition summarises these findings.

Proposition 1. In the policy competition equilibrium, nationally optimal tax cred-
its for R&D and market entry are inefficiently low from a global perspective.

Tax credits for R&D (and market entry) are inefficiently low from a global perspective, be-
cause the positive cross-country externality resulting from R&D (or market entry) remains unac-
counted for in the nationally optimal R&D (or market entry) incentives. Therefore, any increase
in these incentives would make foreign countries better off.
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The above Proposition holds independent of tax haven use. Tax havens reduce the tax burden
on foreign income for all firms with tax haven access. As discussed above, if haven-using firms
are a subset of upgrading firms, tax havens provide windfall profit for those already upgrading. In
this case, tax havens are wasteful, since they imply a fixed cost and trigger costly profit shifting.
However, if upgrading firms are a subset of haven-using firms, there is a trade-off. On the one
hand, havens provide an additional incentive to engage in R&D; on the other hand, havens re-
duce tax revenue (which is a welfare loss as long as y > 1) and create cost (fixed access cost APland
concealment cost a(r)).u

For the following analysis, it is helpful to understand that the marginal firm's decision to use a
tax haven has a negative externality on the foreign country (as long as there is profit shifting, r* > r):

oU_;
—h
90,

:yt_i(rh—r) l<9 ><0 (20)

The effect on the domestic representative household depends on the elasticity of profit shift-
ing with respect to the marginal tax on foreign royalty fees:

oU; . —n

5 = (= ") 7, (87 ) 20 (1)

If ¥ is much larger than r, the revenue effect may be positive (provided that t™" > 0). In this
case, the domestic government has an interest in the marginal firm getting tax haven access,
since it participates in the gains from profit shifting (via the minimum tax).

3.3 | Optimum minimum taxation

What is each country's optimal choice of the minimum tax rate? The first order condition is given
by

dy; OR; dU; dp
=(—DR+1My ——  — —
tmln =(r-1 - 4 ormin dP dimin y
. o\ d0) _ o' 22)
h u u h
=) ) o )2
S _

where R; = j 7 7_;(6;)do + j_glz p rm_;(6;)d6 denotes royalty income from business abroad and

—wh
oR, _ (07" gt
atmin - .[—h atmm
i 91‘

7_;(0;)do + f_uh atmm” 1(6;)d6 measures the response of royalty payments to a
small increase in min (holding constant 0" h)
Te(6)) - () = 1(5 (7)) - (5;‘)) e (i (87 ) = rha_y (6] ) ) - wiavr denotes
the change in tax payments when the marginal firm upgrades its technology. In words, the optimum tax
equates the marginal welfare effects of reallocating funds from the private to the public sector (first
term), from affecting the firms' choices of royalty payments (second term), the price level (third term),

preferential tax regimes for returns to IP induce a similar trade-off although they have a higher fiscal cost, because
they apply to domestic and foreign returns to IP.
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the firms' decision to use a tax haven (fourth term) and the firms' decision to upgrade their technology
(fifth term).

At first glance, it is unclear whether, at tl.min =0, the marginal welfare effect is negative. In
this case, a country would refrain from levying a minimum tax at all. The following Proposition
establishes that, given the optimal choice of y, a country will always opt to levy strictly positive
minimum taxes.

Proposition 2. Consider an uncoordinated competitive equilibrium with both
countries optimally setting v} and tl.min. Then, the following holds:

(i) Each country sets a strictly positive minimum tax, t™" > 0.

(ii) If y = 1, the minimum tax stays strictly below the local tax rate, t™™ < t, if royalty
payments respond to a change in ™" and equals the local tax rate, t™™ = t, if not.

Proof.  See the Appendix. [l

The above Proposition is noteworthy (and not as unsurprising as it may seem), since it states
that a minimum tax is desirable independent of how important the R&D margin is. The intuition
can be understood assuming y = 1. In this case, the optimal choice of y' optimises the welfare
effects of a change in 9?, see Equation (18). The minimum tax can then be used to optimise profit
shifting and tax haven use. Both activities redistribute income from the public to the private
sector — which is irrelevant for welfare due to y = 1. However, they also imply a resource cost.
Reducing both activities, therefore, is a net gain in total. However, since the foreign country reaps
part of the gain (because it sees its tax base increase), the optimum minimum tax is below ¢; (i.e.
below the point at which profit shifting and tax haven use are eliminated). Thus, each country
allows its firms some extent of tax haven use in order to provide an R&D incentive. Lower mini-
mum taxes imply larger net benefits from investment in R&D compared to the fixed investment
cost. If the marginal value of public funds increases, that is if y > 1, the case for minimum taxes
becomes even stronger since they imply more tax revenue than reducing y ' (the reason being
that minimum taxes also affect firms that do not engage in R&D).

Corollary 1. If royalty payments cannot be manipulated for profit shifting pur-
poses, a complete shutdown of tax havens is optimal, that is t;nin =t

The above Corollary states that tax havens are only attractive for the residence countries if
there is profit shifting at the intensive margin. The reason is that this makes the foreign country
(involuntarily) contribute to the R&D incentive, because any reduction in the minimum tax im-
plies an increase in the proportion of MNE profits that is shifted out of the country. In this case,
the optimal minimum tax trades off reduced R&D incentives versus higher tax revenue. If there
is no profit shifting in the narrow sense, a reduction in tl.’"i" results solely in reduced tax revenue,
therefore, tlf’“" =t

In the setting considered here, the minimum tax has ambiguous effects on welfare: it reduces
profit shifting and the firm's incentive to engage in R&D. The following Proposition clarifies how
a small increase in the minimum tax affects the other country's welfare.

Proposition 3. In the competitive equilibrium, a small increase in the minimum
tax rate has an ambiguous impact on the other country's welfare.
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(i) If upgrading is sufficiently ineffective (i.e. if AL is sufficiently close to 1), the equilib-
rium minimum tax rates are inefficiently low.

(i) If the marginal cost of profit shifting is strongly increasing (i.e. if a'(r)is sufficiently
large), the equilibrium minimum tax rates are inefficiently high.

Proof. See the Appendix. i

The above Proposition reflects the welfare ambiguity of minimum taxation in the framework
considered here. Minimum taxes curb profit shifting (thus increasing tax revenue and saving
on concealment as well as fixed cost of tax haven use) but reduce R&D activities and, therefore,
consumer surplus as well as tax revenue. The welfare properties of minimum taxation thus cru-
cially depend on the relative strength of each of these channels. If upgrading is ineffective, for
instance if 4 = 1, a complete shutdown of tax havens would be desirable from a global point of
view. However, by Proposition 2, each country allows some extent of tax haven use, because
it increases its firm's net profit. Therefore, the foreign country would find a higher minimum
tax desirable. In the latter case, profit shifting is relatively unpronounced and the positive R&D
externality remains largely unaccounted for. Then, if R&D subsidies are set optimally (from the
host countries perspective), the country has little incentive to provide additional R&D incentives
via tax havens, resulting in excessively high minimum taxes, especially if upgrading has a strong
effect on firm productivity.

The question arises, though, whether there are better instruments to foster R&D than letting
firms use a tax haven. In principle, the same effect could be reached by offering a tax rebate for
foreign royalty income, which would in effect imply that the MNE's host country becomes tax
haven. In most countries, however, there are rules in place that stipulate the equal treatment of
foreign and domestic income.

3.4 | IPboxes

In the following, I will explore the introduction of IP boxes, which serve as on-shore tax
havens for royalty income from both, foreign and domestic sources. IP boxes can provide
additional R&D incentives for MNEs by sheltering the returns to IP from taxation. In the
policy debate, IP boxes are considered harmful due to their role as ‘on-shore tax havens’. In
this section, I investigate whether IP boxes can be welfare beneficial, in a sense similar to tax
havens, that is by correcting the externality generated by positive cross-country spillovers.
I find that, interestingly, IP boxes can be welfare enhancing, even in presence of minimum
taxes.

I model IP boxes compliant with the criteria stated in Action 5 of the OECD's BEPS propos-
als. This is, preferential tax regimes can only be offered for own-developed IP and apply exclu-
sively to direct returns to the exploitation of it.!* After-tax profit of an upgrading firm is given

by

I, = 'zd}fﬂ;(l — (1= rPY G = PP — a(PP1)) — F(1 - ywlt) — (1 - ywht) AYF
j=

(23)

12Ip hoxes that only apply to foreign returns to R&D would effectively take the role of tax havens.
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For now, I assume that IP boxes replace tax havens, that is a country has no interest in offering
IP boxes and letting its firms use tax havens. This raises the question how the allocation with tax
haven access differs from the allocation with IP boxes.

Asit turns out, this question is not easily answered. A firm without tax haven access has a gain
of z;(t; — r ) with ¢/ Tz ==y +r? tl.IP + a(rf); the domestic government has an associated
loss of — ( —t?)rPx; and the foreign government of — t_;(r'f — r)7x_;. A firm with tax haven
access sees its after-tax profit change according to

m(t - Tfp) + ﬂ_i(Tﬁ. - TI_Pi) + AMF (24)

1

whereas, for the government, the difference is
— (6 = B)rPa; + (4P — mingh) 1, (25)

and for the foreign government this is — ¢_; (r — r") z_.."* Due to saving the fixed setup cost associ-
ated with tax haven use, the firm may gain from the IP box (compared to using the tax haven), even
if its tax payments increase compared to the situation with tax havens.

The first order condition for the tax on IP income within the box is

dy; dU; dp
— 1 RIP RIP l_
dlIP =(r— )( ) dpP dtfp o)
oR™ ORP do’
P =1l I IP,u 1P L
+y<t - >—atw> (5(@)-11(3)) =0
with RF = f i Vir( i)d9+f§; rim(6;)do and

T/ (67 ) - P (6 ) = =4 (8 ) (((1- rIP’“)ti 2P — (87 ) (1= 1)t + 20PEP) = qyAUF ). T can

1

now state the following Proposition.

Proposition 4. Consider the symmetric uncoordinated equilibrium with both
countries optimally setting y}' and tl.IP . Then, the following holds:

(i) Each country sets a strictly positive tax on royalty income within the IP box, t'¥ > 0.
(i) If y = 1 and if royalty shares respond to changes in the tax differential t; — tIP the IP
tax stays strictly below the local tax rate, t'F < t, Under symmetry, the optimal £IP, equals X,
(iii) If royalty payments do not respond to changes in the tax differential t; — tl.IP , there
is no positive welfare effect of preferential tax treatments for royalty income within the
IP box.

Proof.  See the Appendix. [l

The above proposition shows that countries find it optimal to levy a strictly positive tax on re-
turns to R&D, regardless of how important R&D is in terms of welfare. However, especially if the

370 be precise, the changes in profit and tax revenue depend on whether the firm upgrades its technology. If the firm
upgrades, the effective tax rate is 7/ = (1 — r/P4), + rP#fIP 4 g (rIPH) with rP4 > 1P,
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marginal value of public funds is low, countries find it desirable to offer preferential tax regimes
for returns to R&D, if royalty shares can be manipulated. If royalty shares respond to changes in
t'P, a reduction in t'F reduces tax revenue but increases R&D incentives. The increase in royalty
shares in response to the reduced tax rate forces the foreign country to carry a fraction of the
R&D incentives fiscal cost. If royalty shares are fixed, the optimal choice of y ensures that R&D
incentives are set optimally from the host country's point of view. Preferential IP regimes only
benefit the foreign country. The following proposition clarifies the effect of a small increase in tl.IP
on the foreign countries welfare.

Proposition 5. In the competitive equilibrium, a small increase in the IP tax rate
has an ambiguous impact on the other country's welfare.

(i) If upgrading is sufficiently ineffective (i.e. if AL is sufficiently close to 1), the equilib-
rium IP tax rates are inefficiently low.

(ii) If the marginal cost of profit shifting is strongly increasing (i.e. if a (r)is sufficiently
large), the equilibrium IP tax rates are inefficiently high.

Proof.  See the Appendix. [l

These findings resemble my insights on the minimum tax. In the first case, the MNEs host
country effectively becomes a tax haven itself, that is it chooses low IP tax rates to shelter domes-
tic profit from foreign taxation. In the latter case, profit shifting is not sufficiently pronounced to
incentivise the MNE's host country to provide additional R&D incentives.

It is not straightforward to compare the tax haven regime with the IP box regime. The IP
box creates profit-shifting incentives at two margins instead of just one. In addition, due to the
missing fixed cost of IP box use, more firms are attracted to this tax saving opportunity. Using the
symmetry property, I can make the following statement.

Corollary 2. In the symmetric equilibrium, the average tax rate on royalty income
is lower with IP boxes than with tax havens.

Proof.  Proposition 2 has shown that ™" > 0. Proposition 4 has shown that t/¥ = [—2‘
. 4 ¢min .
The average tax rate on royalty income is, thus, % under tax havens and % with

IP boxes. i

Note, though, that the above Corollary does not necessarily imply that there is more tech-
nological upgrading in IP boxes. For more upgrading, it would be required that ¢; + T? > ZT{P .
Without profit shifting (in the sense of manipulating r), this is implied by ¢ = % With strong
profit shifting, it is not.

3.5 | Coexistence of tax havens and IP boxes
So far, I have assumed that both countries’ governments shut down tax havens (by setting

min — t;) when introducing an IP box. In this subsection, I discuss the coexistence of tax havens
and IP boxes. Starting from ¢/ = t;, a small reduction in ¢/ increases the after-tax profit of all
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firms with royalty income, 6 > 5?, which do not use the tax haven and lures some firms out of the
tax haven. The resulting savings of fixed and concealment cost « (rh) may compensate for the loss
in tax revenue. To be precise, a small increase in tl.IP in the range where the marginal upgrading
firm still chooses the tax haven has the following effect on utility U;:

i or’?
[ [(y—l)rlp(ﬂi+7r_i)—yatT(t—tIP)(ﬂi+ﬂ_i) a9

K . 27)
min\ .k IP agi
+y((t=™) " r_— (-t )r(ﬂi+ﬁ_i))ﬁ
Where (t - tmin)rhﬂ'_i - (t - tIP)rIP(ﬂ'i + ﬂ'_i) = a(rh)ﬂ'_i + AhF - a(r)(ﬂ'i + ﬂ'_i), that iS the dlf‘
ference in concealment cost. At tl.IP =1, T have

s . _py 00,
L;? [(r = D (z(6;) + 7_(6;))]dO + ¥ (¢ — ™)z _ i(9h> 7 (28)
which is negative if y — 1is sufficiently small. In this case the government wants to introduce an IP
box. If Equation (27) holds with equality for some 9 < 9 IP boxes and tax havens coexist in the
equilibrium. In this case, IP boxes are not intended to increase R&D, but rather to mitigate the pri-
vate cost from using a tax haven.

Now, consider the case in which the IP box is attractive enough such that the marginal upgrad-
ing firm is in it. In this case, the tax haven threshold is above the upgrading threshold, 5? > 5;‘. In
this case, a small increase in tiIP has the following effect on utility:

du, oRP ORP
— =@y -D(REP+RE) +y| F —= — (t,—tF)—
dl‘l.IP (J/ )( i —1) 4 ati[P (l ) al’iIP

e C I LG )
do; du,
—(r4(@") -7 ())dtmg;_g%

Zh Zu Zh

Wlth RIP J‘_(; }"IP ( l)d@ + J‘;ﬁ VIP’uﬂ'i(ei)dg and RI_Pl = Jl;(; rIPn'_i(Hl-)dQ + J‘;l; FIP’un'_i(Gi)dG. If
the above equation holds with equality for some 5? < 0%, coexistence of IP box and tax haven exists
if the optimal minimum tax satisfies the following condition for some tl.min <t

U, OR!
in =(r— DRh +tmmy mlin
at® ot}
dah (30)
+y<(t—tmi“)r”’hn_i<5?) - (t—t“’)r"(n (0 )+n_i<5h))> — =
dt;mn
with Rl = j_h rhx_;(6;)do and =L atmm = §+ aﬁ%”—i (6;)do. In this case, tax havens are not intended

to foster R&D, but rather to mitigate the public cost from offering IP boxes. As in the initial setting,
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this implies that tax havens serve as a means of incentivising R&D at the expense of foreign tax rev-
enue. Whether or not tax havens are beneficial in this case is ambiguous, depending on the welfare
effects of R&D.

4 | CONCLUSION

In the above analysis, I considered optimal minimum taxation and optimal taxation of IP income
(within boxes) in a setting, in which R&D is suboptimally low. The foreign country benefits
from R&D investments made by domestic MNEs. Due to this externality, R&D and market entry
incentives set by the countries are inefficiently low in equilibrium. Tax havens are a tool to
make the foreign country contribute to the R&D incentive. Therefore, shutting down tax havens
completely may reduce welfare. Interestingly, tax havens and IP boxes are only interesting as a
policy instrument if the firm shifts profit at the intensive margin (i.e. if it manipulates royalty
shares). This forces the foreign country to involuntarily contribute to the R&D incentive. In this
setting, I show that, despite the reduction in R&D incentives and independent of the relative
strength of the R&D and the profit-shifting channel, the optimal minimum tax is strictly positive.
I find that uncoordinated minimum taxes on MNE profits may be excessively high, especially if
R&D activity by MNEs has a strong impact on productivity.

In practice, IP boxes often serve as on-shore tax havens. In this paper, I show that, as tax ha-
vens, IP boxes can be beneficial in presence of positive cross-country spillovers. In fact, IP boxes
may be welfare enhancing substitutes for tax havens, because they are better targeted towards
firms that actually invest in R&D. In this restricted sense, I suggest that IP boxes and minimum
taxes may be complementary, because preferential tax regimes for returns to IP are a tool to miti-
gate the reduction in investment incentives resulting from a crackdown on tax havens. However,
IP boxes may be inferior to tax havens due to their higher fiscal cost (more firms are eligible, and
both, foreign and domestic IP income benefit from the preferential tax treatment). As tax havens,
IP boxes are only interesting for the government as a policy instrument, if they attract tax base
from the foreign country.

My model is built upon the assumption that tax havens only attract foreign profit. I relax this
assumption in the analysis of IP boxes, which apply to all returns to R&D. I show that, under cer-
tain circumstances, policymakers still find preferential tax regimes for MNEs desirable. Whilst
there are some structural differences between tax havens and IP boxes, this allows me to con-
clude that my results remain intact if domestic profit can be shifted to tax havens.

This paper analyses a setting in which R&D incentives for MNEs are inefficiently low result-
ing from positive cross-country spillovers of R&D by MNEs. In this scenario, tax havens (and
IP boxes) are only beneficial, because they internalise the R&D externality as they force for-
eign countries to contribute to the R&D incentive. Other mechanisms, for instance coordinated
international subsidies for R&D by MNEs, would also be suited to overcome the inefficiency.
However, this requires a high level of cooperation between countries and is, therefore, unlikely
to be sustainable. Additionally, there is a number of concerns to the political feasibility of direct
subsidies to foreign MNEs. I argue that tax havens and preferential tax treatments of returns to IP
can serve as a feasible and easy to enforce second best solution to overcome existing inefficiencies
in the provision of R&D incentives for MNEs.
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APPENDIX

Expressions for B; and IJ;
Tax revenue in country i is given by
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1
With 7 = (1 — 6)(p(w))~¢P° " -3, I can write, using symmetry,

_L . Eu §+
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where N; denotes the domestic number of firms in the market and n} the number of firms with
upgrades.
Total net profit of domestic firms is
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which can be expressed (under symmetry) as
-t
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where nfl denotes the number of firms with tax haven access.

Proof of Lemma 1

Under symmetry,
1-p -5
Ul=1+Hl+TPi +)/Bl-
ie.
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1-8_ -5

—nIA"F+—=P

1
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Now, consider an exogenous 1ncrease in the price level P. The price level affects utility directly
and indirectly via the threshold 9 9 and 9 The effect of is given by

U B -t
—P_—(1+(y—1)tl-)ﬁP 7

r) [ =D (6= )+ ()] (6;) o

— g__ =i
6

+j (= 1) (15— ™) ()] 7 (6;)d8
eu

oy, aee au; ae aU;, 00,

L
_P 15

with
=(1+(-Dyit)F>0
Z?—AhF+[(y 1) (6= (™) 4 )]ﬂ_i(a’l)
: -1 ti—tmin r“+a(r
With a_i((ty = ™) P — a(rh)) = APF and

(1 - w;‘ti)A”F = (7[1‘ - ni)(l - ti) + [(1 - T:fl)ﬂ"’_li - (1 - Ti)ﬂ'_i] follows

a_U_}, ltAuF+< <§u>_ﬁi<§:l)>(1_ti)+ (1—ti+}’(ti—tmin)ru)ﬂ_zi(5?>

1

i (o) (7)) |7

With all three thresholds decreasing in P, I may conclude that an increase in P unambiguously
drives down welfare.

Proof of Lemma 2 B _
The price level is a function of individual prices and thresholds 9‘;’ and 6":

—+

R 5 e
P= < Z(J@ p(9)1_5dw+J‘5y p(9)1_‘€da)>>

L L
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1
20-) 1wl g |eT
e 1 s —u 1-tj+1-7; 1=y Y —e . . .
with 0; = | ——L—| and @, = ’ﬁl_—ll” 9;. Total differentiation with respect to
L -
2(1-0)P TP

1
e —_
l—wi t e—1

all variables and some domestic variable x* and x®:

a5t =% g % g d do“" =L dg°
d _W = 9d an Hf —? 9f
d —/
1 =1 1 04
do’, = 0 -— |dp+—2
d= g1 dP( 1—ﬁ> T oxe
— 1 =l 1
dg; = — ~(e- dp
T e p\FT1p
—u 1 —u 1 e\ ¢
dP=——P° Y p(8}) (41 -1)db}+—=P* Yp(;) ]
L L
It follows
LPS—I‘C’_ ﬁ <5”)1_‘E (/15—1 _ 1)5” —y
dgu,h= 1- e—1 e—1 P\Yq d %dx”
4 1 e—lg_ﬁ —u\17¢ e-1 e A oxtt
1+ Pt T2 (3 (p(8)) (-8 +p(5]) G
Note that x* and x® may be identical (e.g. x* = x® = F) or different. It follows
1 1-¢ 05“ 1 1-¢ 05e
dP= —P* (5”) 271 1) —L gt 4 —Pp* (52) —d e
e—1 P\%a ( ) 0x e—1 izp d 0x*®

-u
1 —u\ 1€ 0; — 1 —e\17¢ 1 —1 1
— P Yp(0F) (7 -1)=d+ - P Yp(0) =05 (e- = )ap
+6—1 izp ! ( )gf it e—1 Z‘P ! e—1ipP\° 1-p

and

u
1 —u\1-¢ _ d 1 —e d
pe (9 ) gl g g L pe (9 ) —d
e—1 P\Y% ( )0x e—1 Zp d o0x®
1 —u 1-¢ _ .
L pe (9.) A1) 2L d ge
+s—1 lZP ! ( )gf 0x®
—u

1 —\1-¢ 0, 1 =1 1

p¢ (9.) o)L 2 2 (e—— )ap
e—1 Zp i) )gfs— P\ T1-p

1
—\ 1= —
e Se() g (e )

e—1

dP=

which can be summarised as
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—u\1-e, 00" 1 —e\1-¢€ _ o} 00",
Lopep(7) (i 1—1)d—;dx”+:P£<Zip<0d) <1+(/15 1_1)5_;3))0_);
dP = : _
1 11 1 24\ el 7 —E—
1+:P6§:<f—m><2i<l’(9i) (471 =1); +p(}) 9i>)

Thus, if x% # x¢ affects 53, but not 52,
—U
00 96,

5; =sign p ifx" #x°
dpP 00d ;
e s1gn< p ifx" #x°

_E
If X = x¢ = x, %% has the same sign as a_ and , prov1ded that the latter two have the same

sign (e.g. x* =x¢ = F).
Thus, it follows that

00,
dP _ o dP
dy! gy dgmin
ﬁtmln

Proof of Proposition 2

Proof.  The first order condition with respect to y}' is

au; 4 au; dp
= - Dy, AYF do+ —
dy" r=1 J TP dyt

() (s2(7) - )>_tinguF> =0
1

@5? _ f —u 651‘ _ Af’lr”—rh —u
From = T 1—11/;‘&91' andatim = (1—ri)(,15—1—1)+(1—71!‘),15—1—(141-)01' follows
do; 4 (-u)T =N+ (o)A - (1-1) doy
dy (1-yht) AeTLpu — ph dgmin
ﬂ 1 1
vl g ()T -D+(-rf)a T -(1-7) gp it
g demin T (1-vhy) Ae~lpu _yh dgmin’
atimin
follows for the above equation
( " ) Ag_l u__ rh " 0"
1-ylt (y=DA"F|_ df
) )+ () - (1r)
del?‘

y( (t,+min ) ( i(@‘)—m@ ))‘tW"A”F)dtmm
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Plug the right hand side into the first order condition for the minimum tax in

Equation (22):

— - —h
du; arh 1/ (° o o dO
g l(y r +tmmyatm‘n] (Jé%‘ ”—i(‘gi)dﬁjaf* 7,00 )+ (= 1mnr")x_ (7] )dﬂnlin

i i — l

Ae—Lpu _ ph Je
—(1=wtt. —DAYF | do
(1-vi l)(1—ti)(,15—1—1)+(1—T;‘)/1€—1—(1—ri)(y ) o
=0
and rewrite:
o
J i, (0,)do ,
du; A . ’
dtmin=(y_1) NG AT - S (1-wi't;) AF d Jgu a0
i + (0,) - N
' [5;‘ (%) (1-5;) (A1 =1)+(1-74) 4= = (1-7y)

— —
+tminy<I;; a‘j;h n_i(e,-)d9+J_0u aar’r:nﬂ_l( )d0>+y(tr grmin ) 7 _i(é?)d‘i;im ~0
From the indifference condition for 9i follows:
(A =) (1= t) + (1= )2 = (1= )| (] ) = (1 - whey) A%F
Replacing (1 — w!t;) A“F above gives:

du; 51‘ h u o u e-1 rh
dt min =-1 7 —i(ei)d0+r 7 ﬂ—i(ei) -4 V_ 77"1 9 d9
i i i

1 L
h

. o; h 0" u _
+tmmy<j or ﬂ(Qi)d9+J o, (91)d9>+y(tr (mingh) 7 i(ef‘) o _
5? atimm 5“ atmln dtmm

i i

The expression in the first line is positive as long as y > 1. Therefore, consider the case of
y = 1. Then, att™" = 0, the marginal welfare impact of increasing the minimum rate equals

oh
—h\ do; . i , .
tim_i<9fl) oo > 0 (iDAt y=1 and ™' =¢, the first order condition reads

h s ot
or <ji§ m_i(0;)do + gu 7r‘_‘i(9i)d0> <0. Wlth ort =0, this expression is zero, from
0 i

i Hymin /min
i

which follows that £ = ¢; is optimal. Il

Proof of Proposition 3

Proof. A small increase of the minimum tax has the following effect on the other
country's welfare:



LUTTMANN

du

=i

min =
dt!
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oR; dU_; dp

dP dt;nin + [ - —t

de™™®

(i) If 2571 is sufficiently close to 1, 5? > #*, there is no firm optin§Pfor upgrades (in this
sense, the R&D channel is shut down). Then, 7[5‘(9) =7;(6) and gmm = 0. The remaining
parts of the right hand side of the above equation are unambiguously positive. (ii) If a (r)is

sufficiently large

orh _
’ ggmin T

4 .
— L aswell as r" — r are small. For « (r) = o0, both expressions
a

approach zero. In this case, remaining parts of the right hand side of the above equation
are unambiguously negative. [l

Proof of Proposition 4

Proof.  The first order condition with respect to y' is

— .
dU; ¢ du; dp — _\ dO
= —(y=DtAYF | do+ — 4= _ (TIP’”<9.>—TIP<9,>> i _o
dy* (r =Dy Jg? dP dy” Y ; ) ay
1
1-ylt —1
. (1—zl-)< — ) R
With IP boxes, the R&D threshold is 0, = — i 6;. From
(1—1'1. ’u)ie_l—(l—rfp)
051‘ _ 1 L, U 05:{ 1 Ae~1pPu _ L IP —u
all/:-‘ T T l—v/;‘ti i and W T e-1 (1_T{P,u)/1571_(1_,r{p) i follows
— IP,u '\ je—1 IP —
a o (=) --) g . .
dy? T T (1-y) Je I IPu _ 1P al” Using this and
ﬂ IP,u\ je—1 iz
o _whap oy (=)0 g
dy¥ —WW— - - P E, it follows for the above
oulP
equation
e—=1,IPu _ ,IP 0"
ATt —
- (1-vl) (y—l)AFJ' de

((1=eP)aet= (1=41)) 7

_dUid_P_y<TIP,u<§:t>_TIP(52))aei —0

_d_Pdt{P

Y] od
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Plug the right hand side into the first order condition in Equation (26):

dU, 1) (RIP RIP) JE-1pIPu _ 4 IP
tIP

((1_ IP,u)/ls—l_(1_11{};))(7—1)(1 l//lt)AuFLi ol7

1

OR? ORP
P P i —
+y<t o =) 3 ) =0
1

1

and rewrite:

du, o
dtlp—(y D(L. r'z;(0;)do

/18—1 _ r?

0 L __
+rIP’”J 7(6;) - e (1-y;) A“F |d+RI”

il ((1=eP)aet= (1=41))
ORI ORIP

+y[ F—=—(t,-tF)— | =0
( ol (4 )ar{P

1

From the indifference condition for Elu follows:

2 (1=eP)at = (1=l | (8) = (1 - wie) AMF
Replacing (1 — w!t;) A“F above gives:

Zu o+

du; 0; 0 _ P
dt,P—(y 1)<L Pﬂ(ei)dewﬂ”“ku [n“(ei)—<xfl Cpu)zn( )]d0+RIP>

i i

oR? oR?®
+y<t’P—I;’ - (4—-1")— ) =0
ot ot;

The expression in the first line is positive as long as y > 1. Therefore, consider the case
of y = 1. Then, at tP = 0, the marginal welfare impact of increasing the tax rate equals

ORIP ) . oRP .
- tiat_flP >0. At y=1 and ¢ =¢, the first order condition reads f;—z' =0 <0. With

()RIP aRIP
atIP , aHP = 0, this expression is zero, from which follows that the introduction of the IP

IP RIP

box has no welfare effect. If 2=t t”’ = at“” optimality implies /¥ = % [ |

Proof of Proposition 5

Proof. A small increase of the IP tax has the following effect on the other country's
welfare:

ke 1P
= aw g (1) 1) G o
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Tﬂ?“(&?) - T{Ij(e;‘) =t (1=rzt — (A =nx_) >0 and =0

L

. . _

‘%n(ai)de + Ig'f"‘ ‘);i;; 7*(6;)d6 < 0. (i) If 2~ Lis sufficiently close to 1, 6; > 6%, there is no

firm opting for upgrades (in this sense, the R&D channel is shut down). Then,

Tﬁ’u@:‘) =TF (0?> and % = 0. The remaining parts of the right hand side of the above
i or

equation are unambiguously positive. (ii) If a(r) is sufficiently large, Py % as well as

oR™ . . .
—iare small. For a”’(r) — oo, both expressions approach zero. In this case, remaining parts
ol

1

of the right hand side of the above equation are unambiguously negative. |l
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