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Abstract

Many countries have introduced patent box regimes in recent years, offering a reduced tax rate to
businesses for their IP-related income. Patent boxes are supposed to increase innovative activity,
but they are also suspected to aim at attracting inward profit shifting from multinational firms. In
this paper, we analyze the effects of patent box regimes when countries can simultaneously use
patent boxes and R&D subsidies to promote innovation. We show that when countries set their
tax policies unilaterally, innovation is fostered, at the margin, only by the R&D subsidy. The
patent box tax rate is instead targeted at attracting international profit shifting, and it is optimally
set below the corporate tax rate. With cooperative tax setting, the optimal royalty tax rate is instead
equal to, or even above, the statutory corporation tax. Hence, patent box regimes emerge in the
decentralized policy equilibrium, but never under policy coordination. Enforcing a nexus
principle, as proposed by the OECD, is helpful to mitigate harmful competition for paper profits,
but it comes at the price of increased strategic competition in direct R&D subsidies to attract
physical R&D units instead of intangible patents.
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1 Introduction

The importance of innovation for economic development and growth has received major
attention in the last 20 years, and providing public support for the underlying R&D in-
vestment has become an important policy objective. Out of 36 OECD countries, 83%
offered R&D tax incentives in 2018, up from 53% in the year 2000 (Appelt et al., 2019,
Figure 2). In the same period, the average implicit R&D subsidy rate for profit-making
firms has increased from 4-5% in the year 2000 to 14-16% in 2018.! The economic reason
for rising R&D subsidies are their impact on innovation, economic growth and market effi-
ciency (see Bloom et al., 2019, for an overview). Moreover, increasing market integration
strengthens both international R&D spillovers, and the case for R&D subsidies.?

At the same time, profit shifting by multinational corporations (henceforth MNCs)
remains high on the agenda of both academics and policymakers. A large empirical
literature has established convincing evidence that MNCs use various channels to transfer
their profits from high-tax to low-tax countries.® Current attempts to quantify the overall
extent of profit shifting estimate that close to 40% of all profits of MNCs are shifted to tax
havens (Torslgv et al., 2018). With the OECD’s (2013) action plan against base erosion
and profit shifting (BEPS), the topic has also taken center stage in international policy
debates.

A policy instrument that connects both policy issues are so-called ‘patent boxes’, which
introduce reduced corporate tax rates for income derived from patents and other intellec-
tual property. These have become a hotly debated issue after many countries, particularly
in Europe, but also elsewhere, opted for them.? Table 1 shows that 14 European countries
had introduced such patent boxes by the year 2019, and the number is rising.® In most
countries, patent boxes were introduced with the stated aim of fostering domestic R&D.
However, empirical research has established that placing patents in low-tax countries is
one prominent channel by which MNCs engage in profit shifting (Karkinsky and Riedel,
2012; Baumann et al., 2018). Therefore, it is widely believed that attracting inward profit
shifting from MNCs is a further main reason for introducing patent box regimes.

Given these twofold effects of patent box regimes, the policy debate surrounding them

has been highly controversial. The current policy compromise (OECD, 2015) is to permit

1See Appelt et al. (2019, Figure 7). This figure uses the OECD R&D tax incentives database to
aggregate various policies to promote R&D to an implied R&D subsidy rate.

2See Haaland and Kind (2008) for a theoretical analysis of the effects of market integration on R&D
subsidy choices, and Fracasso and Marzetti (2015) for empirical evidence that higher trade flows lead to
disproportionate increases in international R&D spillovers.

3See Cristea and Nguyen (2016) and Davies et al. (2018) for recent examples of this literature, and
for further references.

4Tn the United States, the 2017 tax reform includes a concessionary tax on foreign-derived intangible
income (FDII). Though not officially labelled so, this provision operates like a patent box with a maximum
tax rate of 13% (Mintz, 2018).

5In 2020, Switzerland introduced a nationwide patent box regime, expanding earlier measures that
were confined to individual cantons.



Table 1: Patent box regimes in Europe (2019)

year of qualifying assets patent box | statutory
country introduction | patents software other | tax rate (%) | CIT rate (%)
Belgium 2007 X X 4.5 29.6
Cyprus 2012 X X X 2.5 12.5
France 2000 X X 10 34.4
Hungary 2003 X X 0, 4.5¢ 9
Ireland 1973/2015 X X X 6.25 12.5
Italy 2015 14 28
Lithuania 2018 X X ) 15
Luxembourg 2008 X X 5.2 26
Netherlands 2007 X X X 7 20
Poland 2019 X X 5 19
Portugal 2014 X 10.5 21
Slovakia 2018 X 10.5 21
Spain 2008 X X 10 25
United Kingdom 2013 X 10 19

@ 0% for capital gains and 4.5% for royalty income

Sources: OECD Dataset Intellectual Property Regimes (2018), Tax Foundation Report: Patent
Box Regimes in Europe (2019). Years of patent box introduction from Fabris (2019, 40-41) and
EU Council reports (2019).

patent tax regimes, but to confine the preferential tax treatment to income from patents
that have been developed to a substantial degree in the country granting the tax rebate
(nexus requirement). This policy compromise follows empirical findings that the strategic
(re-) location of patents within MNCs is most sensitive to patent box regimes that do not
have a nexus requirement (Alstadseeter et al., 2018). However, even if tax concessions are
confined to IP-related income that meets the nexus requirement, a harmful race-to-the
bottom for the taxation of IP-related income that results in revenue losses for all countries
involved is still a possible, and perhaps even a likely, outcome (Griffith et al., 2014).

In this paper we analyse tax policy towards R&D incorporating the simultaneous goals
of governments to foster innovation and to attract profit shifting. In particular, we argue
that the analysis of patent box regimes must account for the fact that countries already
have a set of policy instruments to promote innovation, such as R&D subsidies or R&D tax
credits, which they are actively using. We show that if patent box regimes and R&D tax
subsidies are introduced as separate policy instruments in an optimal tax framework, then
a clear targeting result emerges: Direct R&D subsidies will be the marginal instrument
to increase R&D, whereas patent box regimes are used to attract MNCs’ profit shifting.

To formally derive our result, we set up a multi-country model of tax competition with
multi-affiliate MNCs where the parent company of an MNC actively develops a patent
that can be used in all its affiliates. Therefore, the MNC parent receives [P-related income

from each of its subsidiaries. Each government has three tax instruments at its disposal:



the standard corporate tax rate, the R&D subsidy rate, and a special tax rate that applies
to the royalty income of the parent firm. In the simplest case where R&D production
generates no pure profits, we show that when countries unilaterally choose their optimal
policies, each country will set the tax rate on royalty income below the statutory corporate
tax rate, in order to attract inward profit-shifting. Consequently, a patent box regime
emerges endogenously under tax competition.

We compare these results with the set of policies that emerges when countries coor-
dinate all policy instruments to maximize global welfare. When there are no pure profits
in the R&D sector, the optimal coordinated tax policy features an R&D subsidy, and it
equates the tax rate on patent income to the standard corporate tax rate. With pure
profits from R&D, the coordinated royalty tax rate is even higher than the statutory tax
rate to tax the rents generated in the R&D sector. Hence, patent box regimes are never
part of a coordinated set of tax policies. In sum, patent box regimes emerge from our
analysis as a classical beggar-thy-neighbor policy, and this is revealed by incorporating
countries’ simultaneous choice of R&D subsidies. Accordingly, our analysis provides a
theoretical underpinning for the claim that existing patent boxes should be replaced by
well-designed R&D tax credits (e.g., Bloom et al., 2019, p. 171).

In an extension of our benchmark model, we allow firms’ R&D units and patents
to move across jurisdictions. In particular, we compare the setting of non-cooperative
policies in the case where patents are bound in the country where R&D has occurred,
but R&D units are internationally mobile, to the case where patents can be relocated
across countries, but R&D units stay in the country of the multinational’s headquarters.
We argue that the first case is relevant for patent box regimes with a nexus requirement,
whereas the second case applies to patent boxes without this requirement. We find that
patent box regimes are likely to be more harmful in the second case where patents,
rather than R&D units, are internationally mobile. This result implies that the nexus
requirement is indeed a suitable coordination measure, which dampens the aggressiveness
of patent box regimes. At the same time, however, policy competition with a nexus
requirement leads countries to engage in an inefficient race to the top in the setting of
R&D subsidies. This suggests that the observed recent increase in the use of R&D tax
credits is at least partly driven by the strategic motive of governments to attract the
internationally mobile R&D units of large corporations.

Our paper contributes to the literatures on patent box regimes on the one hand, and on
R&D subsidies on the other, which have so far been almost completely separated. To the
best of our knowledge, there is no theoretical analysis that endogenously derives patent

box regimes in an optimal tax framework. The empirical literature on patent boxes has

6Sharma et al. (2020) analyze the location of patents when the R&D process is uncertain. Their
analysis is positive, however, and focuses on the effect of asymmetric loss-offset rules on patent location.
Patent box regimes are only modelled implicitly, and optimal policies are not endogenized.



come to different conclusions as to how effective patent boxes have been in terms of both
fostering R&D and attracting profit shifting.” Bradley et al. (2015) find some positive
effect of patent box regimes on patenting activity, but no effect on profit shifting. In
contrast, Gaessler et al. (2019) find no effect of patent boxes on innovation itself, but
a positive effect on trade in patents. Koethenbuerger et al. (2019) decompose the total
effect of introducing patent box regimes on national tax bases using a double difference-
in-difference analysis. They attribute most of the increase in the tax base to inward profit
shifting, and only a smaller fraction to the induced increase in R&D. Alstadsaeter et al.
(2018) show that the specific design of patent box regimes in individual countries has
important implications for how strongly patenting activity on the one hand, and profit-
shifting on the other, respond to the tax incentives offered by the patent box. Finally,
Schwab and Todtenhaupt (2019) empirically examine the cross-border effects of patent
boxes on real R&D activity in neighboring countries and show that these effects depend
critically on whether patent boxes are designed with or without a nexus requirement.

A separate literature studies the effectiveness of R&D incentives by means of tax
credits or direct subsidies. Bloom et al. (2019) provide a recent review of this literature
and evaluate its policy implications. Several recent studies have used administrative data
and quasi-experimental designs to evaluate the effectiveness of national R&D measures
(Rao, 2016; Guceri and Liu, 2018).® Boesenberg and Egger (2017) are one of the few
studies of R&D incentives that also incorporate patent box regimes. Controlling for a
broad range of simultaneous R&D incentives, they find that patent box regimes have
a very low, and sometimes even negative effect on the filing of patents, and thus, on
innovation activity. Finally, Knoll et al. (2019) study cross-border effects of input-related
R&D tax incentives and show that MNCs redirect the R&D investment of their affiliates
to subsidizing countries, with little change in the total R&D activity of the entire group.
This last empirical finding supports the relevance of an international policy competition
for mobile R&D units.

We also contribute to the literature on optimal corporate tax policy with several
tax and regulatory instruments, and in the presence of both capital mobility and profit
shifting. Examples of this literature are Peralta et al. (2006), Hong and Smart (2010),
Haufler et al. (2018), and Choi et al. (2020). The novel element in this paper is that
we add an R&D decision of the multinational firm, as well as policies to promote this
activity. Hence, we differentiate not only between policies to attract real capital versus
profit shifting, but also between policies that attract capital to either the final-good or
the R&D sector.

"For an early, yet comprehensive discussion of patent box regimes, see Evers et al. (2015).

8As recently stressed by Chen et al. (2018), an unbiased estimate of the effectiveness of R&D tax
incentives must account for the possibility that firms merely relabel expenses as R&D. For a Chinese
tax reform to promote R&D, they estimate that 30% of the increase in reported R&D was due to such
relabelling.



We proceed as follows. Section 2 presents our model of the MNCs’ R&D, production
and profit-shifting decisions. Section 3 analyzes the optimal set of tax policies when
countries unilaterally maximize domestic welfare. Section 4 contrasts these results to the
case where countries coordinate their tax policies and maximize global welfare. Section 5
extends the analysis by comparing policy competition when either R&D units or patents

are mobile internationally. Section 6 concludes.

2 The model

2.1 The basic framework

We assume a continuum of n large countries that are all identical and equipped with a
fixed stock of internationally mobile capital k. Each country is home to an MNC and hosts
both the headquarters (henceforth HQ) of this MNC and its R&D unit. The R&D unit
conducts research to improve the MNC’s production technology. Each MNC maintains one
production affiliate in each of the n countries, which produces a homogenous consumption
good. The affiliates sell the final good y to local customers at a world market price that
is normalized to unity. Finally, each country ¢ is home to one national firm that earns
profits 7%,. These profits are exogenous from the perspective of the national firm, but
they are affected by spillovers from the MNC’s R&D activity.

Capital is internationally mobile, but the location decisions of all MNC entities are
exogenously given. In particular, the R&D unit of an MNC is always located in the HQ
country in our benchmark model.” Each MNC uses capital k in its R&D process, and
for producing the final output good. The rental cost of capital is determined by the
endogenous world market interest rate r.

The R&D unit of the MNC headquartered in country i produces an MNC-specific
public good ¢ that enhances, as technological quality, output production in all affiliates
of the MNC. The capital input kg into R&D has a positive and non-increasing marginal

productivity, leading to a production function for innovation quality ¢* of
¢ =q'(kp) with ¢, >0, gy <0. (1)

The capital input for the production of the final output good is denoted k‘;, where the
subscript j stands for the host country of the affiliate, and the superscript i stands for
the HQ country of the MNC. Given the technological quality ¢* from the R&D process,
affiliate j of MNC ¢ generates output y;'» according to the production function

yi= Fkg) wWith fi> 0, fue <0, f, >0, fo <0, fiy > 0. (2)

9In Section 5, we will relax this assumption and make the R&D unit mobile internationally.




Hence, capital and technological quality both have positive, but decreasing marginal pro-
ductivities. Furthermore, technological quality and capital inputs are complements, i.e.,
the marginal productivity of capital k; increases with technological quality ¢'.

R&D investment in country ¢ provides a positive externality on the domestic economy.
For our purposes, it is immaterial whether the positive externality is driven by a direct
technology spillover or, for example, by a better trained workforce that benefits from
learning-on-the-job spillovers. Therefore, we simply capture the positive externality by
assuming that the profits of the national firm 7% depend positively on domestic R&D
investment k%, that is 7i (k%) with ol /0k% > 0.1°

In exchange for using the technological quality produced in the R&D unit, each produc-
tion affiliate pays royalties to the R&D unit. The tax authority in the deducting country,
i.e., the host country of a production affiliate, observes the average quality of technology
and its marginal product in the local market, f,. Tax authorities then base their arm’s
length transfer price p; on this average marginal productivity of R&D. Consequently, in
equilibrium, we have

pj = Jq- (3)

This average transfer price for R&D (the ‘blueprint price’) is exogenous from the perspec-
tive of each MNC.

Each MNC can, however, deviate from the average royalty payment p;q¢’ in a host
country j by (falsely) claiming that its technological quality differs from the average
quality. The deviation from the arm’s length transfer price is labelled aé-, with a§- 2 0.
The MNC-specific royalty payment is then p;q" + a}, thus permitting the MNC to transfer
an amount of profits a; from the production affiliate in country j to its R&D unit in
country ¢. This activity, however, involves tax planning costs C, which can be interpreted
as documentation or negotiation costs. Following the literature, we assume that the tax
planning costs C' are a convex and, for simplicity, quadratic function of the amount a§ by

which royalty payments are misdeclared:!!

(a5)”. (4)

The cost parameter § measures how difficult it is to justify deviations from the arm’s-

length payment. It can therefore be interpreted as an inverse measure for how strongly

10The empirical literature provides strong evidence for such positive externalities on the home economy;
see, e.g., Bloom et al. (2013). Moreover, these externalities can be derived from a general estimation
strategy without imposing specific spillover channels (Eberhardt et al., 2013).

Tn general, results in the profit shifting literature are sensitive to the exact specification of tax planning
costs. However, Juranek et al. (2018) have shown that the analysis of transfer pricing in intangibles,
such as royalties, is largely insensitive to the modelling of these costs. In addition, these authors show
that MINCs effectively determine the absolute amount of shifted paper profits without manipulating any
real investment decision. This is in line with our simplified approach of assuming a lump-sum shifting of
royalty incomes.



MNCs are integrated in the world economy. The more integrated the MNC is (the lower
is 3), the easier it is to hide excessive royalty payments (i.e., profit shifting) in its global,
intra-firm trade flows.

The government of each country ¢ has three tax instruments at its disposal. First, it
taxes the profits of all production affiliates that are active in country ¢, using the statutory
corporate tax rate t;. Second, each government can set a special royalty tax rate 7; that
falls on the returns of the R&D unit residing in country i. If the royalty tax rate is
lower than the corporate tax rate, 7; < t;, we obtain a preferential treatment of royalty
income that corresponds to a patent box (see Table 1 in the introduction). Finally, the
government can grant a direct R&D subsidy s;, or equivalently a R&D tax credit, that
reduces the rental costs per unit of capital in the R&D sector.!?

For simplicity, we assume that all capital investment is financed by equity. Following
most OECD countries’ tax codes, the cost of equity is not deductible from the corporate
tax base. Under the ruling international standard by which the residence country of an
MNC exempts foreign incomes from tax, the profits of an affiliate are then taxed in the af-
filiate’s host country, but dividend payments to the HQ country (i.e., profit repatriations)

do not cause additional tax payments in the country of the parent company.!3

2.2 The multinationals’ choices

The R&D unit of an MNC in country ¢ earns revenues from invoicing royalty payments
in all production affiliates of the MNC. These royalty payments consist of the ‘true’
transfer price p; applied to the MNC’s technological quality ¢, plus the profit-shifting
component a}. The tax rate on the profits of the R&D unit is the royalty tax rate 7;.
The capital costs of the R&D unit are given by the world market interest rate r, less the
R&D subsidy s; per unit of capital investment k%. The after-tax profits of the R&D unit
in country ¢, resulting from royalty payments by the producing affiliate in country ¢ and

in (n — 1) symmetric affiliate countries j are thus given by

= (1= 7) {lpi + (0 = Dpila’ + 0 + (0 = Daj} = (r = s:)p. (5)

A production affiliate in country j earns after-tax revenues from selling output y}, and
it deducts royalty payments at the host country’s corporate tax rate t;. In addition,

the affiliate carries non-deductible capital costs rkj- and the tax planning costs C (a;)

12ZA R&D tax credit leads to a dollar-for-dollar reduction in the firm’s tax payments. Therefore, direct
R&D subsidies and R&D tax credits have analogous effects as long as the net tax payment of the MNC
in its HQ country remains positive. The symmetry of the model ensures that this condition is fulfilled
throughout our analysis.

13The exemption method has traditionally been applied in countries of continental Europe. During the
last decade, the United Kingdom, Japan and the United States (in its 2017 tax reform) also switched to
the exemption method. This leaves Chile, Israel, Mexico, and South Korea as the only OECD countries
that still adhere to the system of taxing the worldwide profits of home-based companies.



For simplicity, and without affecting any of our qualitative results, we assume that tax
planning costs are not tax-deductible.!* The after-tax profits of a production affiliate of

MNC ¢ in country j are then

m = (1= t)[f (K, q") — psq’ — af] — vk} — 2(6@2- (6)

Total after-tax profits of an MNC headquartered in country 4, IT},, equal the sum of all
affiliates’ profits in (5) and (6). The MNC maximizes II%, by choosing investment in
the R&D unit (k}), investment in all producing affiliates (k?), and the levels of income

shifting to the R&D unit (a;) Using symmetry gives

max I}, =nap+m 4+ (n—1) (7)

kq,ki,kj,ai,aj

= (L=t)f(ki,q) + (n = DA = t;)f (K}, q") + (t: — 73)(pid’ + a}) — é(aﬁ)z

2
+  (n—=1)[(t; — ) (piq" +af) — §(aj)2] —rlkp + ki + (n — 1)kj] + sikg.
Capital investment k; in affiliate j follows from the first-order condition
oI
ak]; =1 —t)fx —7r=0. (8a)

Each producing affiliate balances marginal after-tax returns against marginal capital costs.
As revenues are taxed, whereas the costs of equity are non-deductible, the statutory tax
rate ¢; distorts each affiliate’s production decision and reduces investment. This subjects
countries to tax competition via the statutory tax rate ;.
The first-order condition for the optimal R&D investment of an MNC in country ¢ can
be simplified using the definition of the arm’s-length price, which implies p; = f, from (3).
This yields
(1 = 7)nfedy — (r —si) = 0. (8b)

In our setting, R&D investment is an MNC-specific public good. Therefore the first-
order condition (8b) corresponds to a Samuelson condition stating that the aggregated
marginal net returns from using the developed technology in the final-good production
of all affiliates must equal the marginal net investment costs. In the same way as in (8a)
above, the royalty tax rate 7; reduces R&D investment, as revenues are taxed but capital
inputs are not tax deductible. However, the R&D subsidy s; counteracts this distortion.

Finally, the MNC determines its level of profit shifting via royalty payments from the
affiliate in j to the R&D unit in ¢. There is no public-good character in profit shifting, and

1n reality, tax planning costs comprise deductible items such as the costs of tax consulting and legal
advice, but also non-deductible components such as expected penalties in case of detected misconduct.



on the margin, there are no economies of scale in the tax planning costs.!®> The deviation
from the arm’s-length price is country-specific and needs to be justified and defended
in each affiliate against the local tax authority. Hence, we obtain the standard transfer
pricing formula

;i — T

aj = 5 (8¢)

A positive tax rate differential ¢; — 7; between a production affiliate j and the R&D unit

sets incentives to shift profits, and thus causes an excessive royalty payment a;'-. Higher
costs for tax planning, as measured by the parameter 3, reduce the net gains from profit

shifting and hence reduce aj.

2.3 Capital market equilibrium

The world market interest rate r is endogenously determined in our symmetric n country

model. World capital market clearing requires
n[ké 4+ (n — 1)k + k%] = nk. (9)

Together with the capital demand functions characterized by the first-order conditions (8a)
and (8b), this condition determines the interest rate r. Appendix A.1 derives the effects

on the market interest rate for each of our policy instruments. These are:

dr dr dr

— <0, —<0, and — >0. 10a
The induced capital outflow from an increase in the corporate tax rate of country i
increases capital supply in the other countries and triggers a decrease in the world market
interest rate to accommodate the FDI flow. The same applies for an increase in the tax
rate on royalty payments 7; in country ¢. In contrast, an increase in the R&D subsidy s;
raises global capital demand and leads to a higher interest rate.

For investments into R&D, we get (see Appendix A.1):

dkt, dks, dks,

dict,
0 0 d = —
dtz e dSi e a dTZ' nquk dSi

<0. (10b)

An interesting result of our setup is that a higher statutory tax rate t; increases R&D
investment. A higher tax t; reduces investment in the production affiliate ¢ and thus
reduces the world market interest rate from (10a). This lowers the costs of R&D invest-

ment, whereas the returns to R&D investment (i.e., royalty incomes) are unaffected by the

5This does not preclude that tax planning causes some fixed costs in the HQ country besides the
variable costs in each affiliate. Such fixed costs would not matter for our analysis, as long as the MNC is
sufficiently large so that the tax savings from profit shifting overcompensate the fixed costs.



change in ¢;.1® Similarly, higher R&D subsidies reduce the costs of investing into R&D,
and raise k%. In contrast, an increase in the tax rate for royalty income, 7;, lowers R&D
investment. Note, finally, that the last two effects are linearly dependent on each other.

Capital investment in production affiliates reacts according to

dk? dk? dk? dk?
L < L> d L= I <0 10
dtz < ’ dSi - ’ an dTi nquk dSi < ’ ( C)

where we assume that the number of countries n is sufficiently large.'”

A higher tax rate t; reduces after-tax sales in the production affiliate ¢, discouraging
capital investment k:; In contrast, a higher R&D subsidy fosters technological quality and
renders capital investment k] more productive. Therefore, investment k] is increasing in s;.
The opposite holds for the tax rate 7; on royalty payments, which discourages investment
in R&D and makes capital investment k:f less profitable. Once again, the effects of the
R&D subsidy s; and the tax rate on royalty income 7; are linearly dependent.

Finally, there are two sets of externalities on the other countries. The first set is given
by the effects on R&D investment in countries j # i:

k), k], dk?,

b >0 <0, and 1
n =N
dtz ’ dSZ‘ ’ de‘ adk dSZ‘

> 0. (10d)

An increase in the corporate tax rate of country ¢ boosts R&D investment of all MNCs,
k{z, no matter where they are headquartered. This is because the higher corporate tax
rate in country 7 reduces the world market interest rate and thus fosters profitability of
R&D investments worldwide. In contrast, an increase in the R&D subsidy in country i
increases the world market interest rate and hence makes R&D investment in all other
countries j # ¢ less profitable. This is the standard capital-importing externality of a
capital subsidy. The reverse applies to an increase in the royalty tax rate ;.

The second set of externalities falls on the capital investment in producing affiliates:

g A "
dtz = dSl' =% o dTZ' = Mk dSZ' =Y ( e)

Higher tax rates ¢; and 7; reduce the world market interest rate and increase capital
investment k7" in all affiliates j # ¢ and for all MNCs m. The opposite holds for an

increase in R&D subsidies s;.

16In the absence of a patent box, i.e., with t; = 7;, this effect disappears and R&D falls in response to
a higher statutory tax rate.

ITThis ensures that the direct effects of policy instruments dominate the offsetting impact from the
change in the interest rate. See Appendix A.1.
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3 Unilaterally optimal tax policy

We are now ready to analyze optimal tax policies. We start with the case where each
government unilaterally chooses the policy vector (¢;, 7;, s;) to maximize domestic welfare.
Welfare in country ¢ is defined as the weighted sum of tax revenue in country ¢ and private
capital income. The private capital income of a representative resident in country ¢ equals
the return to her capital endowment, rk, and the after-tax profit of both the domestic
firm, (1 —¢;)7%, and of the MNC headquartered in country 4, IT},. Thus, we assume that
each MNC is fully owned by the resident of its HQ country.

We normalize the welfare weight of tax revenue to unity, whereas the welfare weight
of private capital income is v < 1. For 7 = 0, our specification thus includes the special
case of a Leviathan government that is solely interested in maximizing its tax revenues.
Weighing private income less than tax revenue is a standard assumption in the interna-
tional tax literature, which ensures positive corporate tax rates in equilibrium.'® This
assumption can be justified in at least two ways. One interpretation is that v < 1 reflects
redistributive (or political economy) motives when governments want to redistribute in-
come from capital owners to households that earn only labor income. Second, if there is
a (exogenous) deadweight loss associated with other taxes, corporate tax revenue can be
used to reduce these other distortive taxes, thus generating a welfare gain above unity
for each tax dollar earned. In both cases, one unit of tax revenue has a higher value for
domestic welfare, in comparison to one unit of private (capital) income.

With these specifications, each country’s tax problem is given by

trir,lriili Wi =t {ﬂ\’(k%) + f(kf, ql) - fq(k;‘:, qi)qi - aﬁ
+ (n—1) [f(lg? ¢) — f (K, j) ¢ —al]}
+ i { okl q)d + (n = 1) fy(kl,q')g’ + al+ (n = 1)al} — siky
+ 7{rk+ 1—t)7rN (ki) + I3, ). (11)

In (11), the investment levels k!(t;, 7;,s;) and k%(t;, 7, s;) depend on all policy parame-
ters. Note also that the arm’s-length price in country i, pi = f,[ki(t:, 7, 8:), ¢" (ti, T3, 8i)]
is endogenous from the perspective of each government, because the average marginal
productivity of technological quality will respond to changes in tax policy. On the other
hand, the profit shifting terms af (ti,7;) depend only on the difference between the statu-
tory corporate tax rate and the tax rate on royalty income.

Each country derives its unilaterally optimal tax policy by choosing its tax instruments

to maximize (11), neglecting the impact of its tax policy on welfare in other countries.

18See, for example, Keen and Lahiri (1998) and Haufler et al. (2018) for a similar procedure.
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3.1 Optimal policy choices

Optimal statutory tax rate ¢;. The first-order condition for the optimal statutory

tax rate t; in country ¢ follows as

oW _ i : j or', OkY,
G = (=)l B + (= DB = ad) + 6+ 90— )] G
Ok; [, Ok ok, da’ dal
+ ntlfka_tz — nt;q; {qua_ti + quQka—ti} - iati —(n—1)t; o,
; Ok; ok, i@k; dal ok, B
+ n7g; [qua—ti + quCIka—ti} + nquiqk(‘?_ti + Tia_si — Sia—ti =0, (12)

where By = f(k!,q")—psq’ and By = f(k!,¢7) —p;q’ are the tax bases before profit shifting
in affiliates in country i, and we have used the capital-market clearing condition (9) to
simplify the first-order condition.

Since the focus of our analysis is on the tax treatment of R&D, it is sufficient for our
purposes to show that the statutory corporate tax rate is positive in the optimum, i.e.,
tf > 0. Hence, we evaluate (12) in a situation in which the government does not use any
of its instruments and sets t; = 7, = s; = 0. Using symmetry, we then have B; = By and

al = al = 0. Hence, the first-order condition (12) simplifies to

oW
atl ti=71;=s;=0

orly, Okl
ok, Ot;

= (1 =)y +(n—7)Bi +7 > 0. (13)
Equation (13) shows that the profits earned by both national and multinational firms
generate a first-order incentive for the government to tax these profits. Regarding the
domestic firm, the tax generates a net welfare gain of (1 — =), as the tax redistributes
from private income to tax revenue. Regarding the MNCs, the corresponding welfare
gain is (n — 7), as the reduction in private income in each of the (n — 1) foreign-based
MNCs does not enter country i’s welfare function. In addition, a higher corporate tax
rate raises R&D investment, increasing the positive spillover effect on the national firm’s
profits. As all other tax distortions are of second order, and result only under a positive
corporate tax rate, the optimal statutory tax rate ¢; must be positive in the decentralized

tax equilibrium.

Optimal patent box tax rate. Next, we consider the optimal tax rate on royalty

income, 7;. The first-order condition for this tax instrument is derived in Appendix A.2
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and is given by

ow; i, 0d da’ o'y Okt k!
5 = (1 =n (fd' +a') ta +7in P + [t + (1 — t)]ﬁki o tfk
ki Ok, Ok ak:l

- (ti - ) qu + foq@k——| + Tinfotk—5— = 0. (14)

or; or,  or,

An increase in the royalty tax rate increases welfare by the direct revenue effect of the tax,
net of the reduction in private income. This is the first term in the first line of equation
(14). A higher tax rate on royalty income, however, reduces profit shifting via excessive
royalty payments from all n producing affiliates to the R&D unit of the home-based MNC.
These are the second and third terms in the first line. Via reduced R&D investment, an
increase in the royalty tax also lowers the spillover effect on the national firm, reducing
the revenue from taxing this firm’s profit (the fourth term in the first line). Moreover,
a higher royalty tax rate reduces capital investment in the domestic producing affiliate
from (10c), as given by the last term in the first line.

Furthermore, the change in 7; has ambiguous effects on the marginal productivity of
R&D, f,, and hence on the arm’s-length price of royalty payments. The total change
is weighted by the tax differential ¢; — 7;, as seen by the first term in the second line
of (14). The tax also reduces the quality of R&D, ¢*. This lowers royalty payments of the
domestic MNC to the patent box in country i, as seen in the second term in the second
line. Finally, the induced reduction in R&D investment reduces the payments on R&D

subsidies, as shown in the last term of (14).

Optimal R&D subsidies. Following equivalent steps, the first-order condition for
R&D subsidies s; results in

ow; ,. o Ok, Ok
95 = —(1 =7k +[ti +7(1 —1t)] ki s, tfk
ok! ok, 81#' Okt
- (tz’ - ) qu + quQk Os si ‘I’Tznquk Os si — 5 aslj =0. (15)

An increase in the R&D subsidy reduces tax revenues and this leads to a negative direct
effect on welfare, as given by the first term in the first line of (15). Via increased R&D
investment, however, an increase in the R&D subsidy boosts profits of national firms, due
to a larger positive spillover effect, and this leads to higher corporate tax revenues, as
captured by the second term. Similarly, the higher R&D subsidy fosters capital investment
in the domestic affiliate of the domestic MNC, increasing domestic corporate tax income
by the last term in the first line. Like the royalty tax rate, the change in s; has an
ambiguous effect on the arm’s-length price f,, as given in the first term in the second line

of (15). Moreover, the subsidy increases the R&D quality and boosts royalty payments
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of the domestic MNC, increasing revenue from the patent box in country i; the fifth
term. Finally, the subsidy fosters R&D investment and leads to higher R&D subsidy
expenditures for a given level of s;, as shown by the last term in the second line of (15).

Note from the last two terms in (15) that a lower royalty tax rate 7; (which implies
that the positive fifth term becomes smaller in absolute value) implies a lower direct R&D
subsidy, and hence a less negative last term, other things being equal. This shows that
the implicit subsidization of R&D, which occurs through a lower patent box tax rate, is

(partly) offset in the government’s tax optimum by a lower R&D subsidy.

3.2 The optimal policy mix

In the next step, we combine the first-order conditions (14) and (15), using the fact that
the patent box tax rate 7; and the R&D subsidy have linearly dependent effects on the
investment levels of both the R&D units and the producing affiliates [cf. egs. (10b)-(10e)].
As shown in Appendix A.2, this leads to a simplified first-order condition for the royalty

tax rate 7; when the R&D subsidy is simultaneously optimized:

(L= + it —[(1—7) +1n
B

+ (1 =) fold’ — arkiz) = 0. (16)

Eq. (16) has a straightforward interpretation. The optimal royalty tax 7;, and hence
the optimal design of the patent box, depends only on profit shifting considerations (the
first term on the left-hand side), and on the existence of supernormal profits from R&D
investment (the second term). The optimal royalty tax does not, however, depend on
any real effects that 7; has on R&D investment, or on the spillover on the host country’s
national firm. All the real effects on R&D and its externality on the domestic economy are
instead captured by the optimal R&D subsidy s; implicitly defined in (15). The optimal
R&D subsidy trades off the direct revenue cost of R&D subsidies against the revenue
increases that follow from the induced changes in R&D investment and total output
production. In general, the sign of the optimal R&D subsidy is ambiguous. However, if
the spillover effect on 7% [the second term in (15)] is sufficiently large, the optimal subsidy
will be positive, s > 0.1

In the following, we discuss the central equation (16) for two different cases, depending

on whether supernormal profits are earned in the R&D sector.

Zero profits in the R&D sector. We first assume that the production technology
for innovation ¢'(k%) is linear. In this case, there are no supernormal profits in the R&D

sector. Formally, ¢° = qxk% and the second term on the left-hand side of (16) is zero. The

YEmpirical studies suggest that the spillover effects are indeed large. Bloom et al. (2013, pp. 1383ff),
for example, estimate the marginal social return on R&D to be on average twice as high as the marginal
private return (58% to 20.8%).
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optimal tax pattern (¢;,7;) is then characterized by

iy (I=7)+1
1

= >1 Vn>1. 17
N " 1"

Eq. (17) shows that the royalty tax rate 7; is unambiguously below the statutory corporate
tax rate t; in the national tax optimum. Consequently, a patent box regime with a reduced
rate on royalty income emerges under tax competition. The reason is that, by reducing
T;, country i gives an incentive to all foreign affiliates of its home-based MNC to make
excessive royalty payments to the R&D unit in country ¢. Hence, a marginal reduction
in 7; leads to an inframarginal inflow of additional tax base from abroad. Evaluated at
t; = 7; there is, however, no first-order loss in tax revenue when the domestic affiliate of
the home-based MNC also shifts some of its profits into the patent box. Therefore, in the
tax optimum, 7;* < 7 must hold.

It is also straightforward to see from equation (17) that the tax discount on royalty
income becomes larger when the number of foreign affiliates of the domestic MNC grows
(i.e., when n rises). The more foreign affiliates a domestic MNC has, the more tax
base can be gained from other countries by reducing the royalty tax rate 7;, whereas the
domestic tax revenue cost of lowering 7; is unaffected by the parameter n. In this sense,
the continued integration of MNCs in the global economy (i.e., an increasing number of
affiliates n) increases the incentives for the domestic government to grant generous patent

box regimes with low royalty tax rates 7;.

Pure profits in the R&D sector. We now turn to the general case where the R&D
production function is concave, qxx < 0, and R&D investment generates supernormal
profits. Then, nf,(q" — qik}) > 0 in the second term of (16). This gives an incentive to
tax royalty income at a higher rate, all else equal.

This can be seen in the special case where profit shifting is prohibitively expensive for
the MNC (8 — 00). In this case, the first term in (16) is zero and the second term of this

equation is always positive. In combination with (15), we get

> 0. (18)

( 1 ow; N 8Wi> ‘ _ (1 —9)(¢" — qukh)
nquk or; 0s; B—o0 qk

The combination of a special tax rate 7; on royalty income and a R&D subsidy s; then
jointly implements a tax system that taxes the economic rent from R&D without creat-
ing distortions on the intensive R&D investment margin. The subsidy ensures that the
marginal return to kg in (8b) remains undistorted, while the royalty tax confiscates all
rents. The optimal royalty tax is then equal to one, and it must exceed the statutory tax
rate t;, which distorts the investment decisions of producing affiliates.

In the general case, the profit shifting effect [the first term in (16)] is present, however.
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As discussed above, this isolated effect works towards a lower tax on royalty income, as
compared to the statutory tax rate ¢;. Therefore, with positive profits from R&D and
profit shifting, the tax gap t; — 7; cannot be signed unambiguously. The easier is profit
shifting (the lower is 3), the more likely is it that the profit shifting motive dominates the
motive to tax the pure profits in the R&D sector. In the extreme case of costless profit
shifting (5 — 0), the second term in (16) becomes negligible, and we return to the case
where pure profits in the R&D sector play no role for optimal tax policy [eq. (17)].

We summarize our results for unilaterally optimal taxation of R&D in:

Proposition 1 When countries unilaterally optimize the set of tax policies (t;, 7, s;), the

following holds:

(i) The RED subsidy s; is the marginal instrument used to increase technological quality,

and to internalize the spillover effects from RED.

(ii) At the margin, the royalty tax rate 7; is determined only by profit shifting consider-
ations, and by the level of pure profits in the R€D sector.

(iii) When profits in the RED sector are sufficiently low, the optimal royalty tax rate is

below the statutory corporate taz rate, 7 < t;.

(iv) The tax gap (tf —77) is increasing in the ease of profit shifting (a fall in B), and in

(2

the number of affiliates n of each MNC.

Parts (i) and (2i) of Proposition 1 correspond to the fundamental principle of targeting.
Both the R&D subsidy s; and the royalty tax rate 7; are able to increase real R&D
activity, but the royalty tax rate has the additional affect of attracting inward profit
shifting through excessive royalty payments. Therefore, when all policy instruments are
simultaneously optimized, the R&D subsidy is directed exclusively at the R&D investment
margin, whereas the royalty tax rate is focused on the MNC’s profit shifting margin. This
pattern suggests that the rising trend in R&D subsidies (see Appelt et al., 2019) is to
be explained by a higher valuation of the technological improvements and their spillover
effects that are induced by higher R&D subsidies, or by the reduced costs of providing
such subsidies (for example, because of low interest rates on government debt).

On the other hand, the proliferation of patent box regimes shown in Table 1 can be
explained by increased levels of MNCs’ profit shifting (see Zucman, 2014, Figures 2 and 3).
This is at least partly caused by a growing number of MNCs that have a large number
n of affiliates abroad, and that own valuable intangible assets that make it relatively
easy to shift profits between countries (i.e., these MNCs face a low (). Indeed, the few
available time series on MNCs and their affiliates, based on UNCTAD data, report that
the number of MNCs almost tripled between 1995 and 2010 (from 38,500 to 104,000),
and the total number of affiliates increased by a factor 3.5 from 251,500 to 892,000. The
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average number of affiliates per MNC hit a maximum of about 10 just before the financial
crisis in 2007/08, see Jaworek and Kuzel (2015, p. 57 and Table 1). These trends are

captured in part (iv) of Proposition 1.

4 Global welfare maximization

In this section, we derive the optimal coordinated policies when governments maximize
global welfare. By doing so, we can compare the Pareto-efficient tax rules derived in this
section with the unilaterally chosen tax policies of Section 3 to identify strategic ‘beggar-
thy-neighbour’ policies. We will maintain the assumption that all countries are symmetric
and choose identical tax policies in the cooperative tax equilibrium.

Global welfare Wy is obtained by summing over the welfare levels of all countries,
Wea = nW,;. This gives

We = nt{my(q) + f(ki,q") = fo(ki,d')d" — ai+ (n = 1) [f(K], ') fq( @) —all}
+ nr{nfy(kl.¢")¢' + a'} —nsikly +ny {rk+ (1 —t;)my (") + 11}, (19)

where investment levels ki(t, 7, s) and k4 (t,7,s) and R&D output ¢'(t,7, s) now depend
on the coordinated tax instruments. Profit shifting af (t,7) will still arise whenever the

statutory tax rate and the royalty tax rate diverge in the coordinated tax equilibrium.

Globally optimal statutory tax rate. Differentiating global welfare in (19) with
respect to the statutory tax rate t, using the capital market clearing condition (9) and

dividing by n results in the first-order condition

LG (=) [k 40 (K ) = pig’ — )] + L+ (1 — 1)
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Again, it is sufficient to show that the optimal statutory tax rate is positive also under

tax coordination. Evaluating the first-order condition (20) at t =7 = s = 0 gives

We
ot

or'; Okt
okl ot

=n(l—7) [ry +n (f(k,¢) —pd')] +ny

> 0. (21)

t=7=5=0

Under policy coordination, there is no incentive to exploit the affiliates of foreign MNCs
through a higher statutory tax rate, as is the case under unilaterally optimal tax policy

[cf. the second term in (13)]. Nevertheless, the optimally coordinated statutory tax rate
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is positive, t* > 0, from the remaining effects.

Globally optimal patent box tax rate. The first-order condition for the coordinated
royalty tax 7 is derived in Appendix A.3 and is given by

1oWe i da, Omyy Ok 81#
okt ok ok ok’
— n(t—1)¢ qu -+ P 5 | T fon—2 5 8 aTR = 0. (22)

In comparison to the case of unilateral optimization [eq. (14)], the critical difference lies in
the second term in (22). The changes in tax base are now considered for all countries when
a reduced royalty tax rate 7 induces profit shifting from producing affiliates to the R&D
unit. Starting from a patent box regime with a lower tax rate on royalty income (¢ > 1),

an increase in 7 will therefore raise world welfare by this second effect (as da; /0T < 0).

Globally optimal R&D subsidy. Similarly, the first-order condition for the globally
optimal R&D subsidy is

1oWe ; or'; Okt 01{,‘@
Ok! ok, 81{:1 ok’
— n(t-— 7') qu —|— Joq@—— s + 7 foqk s — 5 83R =0. (23)

The main difference to the optimality condition under unilateral policy making [eq. (15)]
lies in the positive third effect in (23). For a rise in s, the positive corporate tax base
effects in all n affiliates of an MNC will now be taken into account, thus internalizing
the positive fiscal externality of R&D in one country on the remaining (n — 1) countries.
Other things equal, the optimal coordinated R&D subsidy will therefore be higher than
in the decentralized policy equilibrium.

As under unilateral tax policies, we can combine the first-order conditions (22) and (23),
using the linear relationship in the comparative-static effects of the royalty tax and the
R&D subsidy.?’ Appendix A.3 derives the simplified first-order condition for the coor-
dinated royalty tax rate when the R&D subsidy is simultaneously chosen to maximize

global welfare. This is

2= =7) + B =) fold" — axky) =0, (24)

where, in comparison to eq. (16) above, all terms have been multiplied by 5.

20The qualitative effects of changes in coordinated tax instruments on the capital market equilibrium
can be inferred by substituting n = 1 in the results in Appendix A.1. This is because the effects of
coordinated policy changes in a union of countries are analogous to policy changes in a closed economy.
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When there are no pure profits in the R&D sector, the second term in (24) is again
zero. In this case, it follows immediately that there is no reason to differentiate the
statutory and the royalty tax rates, and the optimal coordinated policy implies t* = 7*.
The reason for this is straightforward. The only effect of reducing 7 below t is to permit
MNCs to shift profits from their producing affiliates to a tax-privileged patent box. This
profit shifting increases private after-tax income while reducing global tax revenue by the
same amount. This can never be optimal when the welfare weight of tax revenue exceeds
that of private profit income.

With decreasing returns to scale and pure profits in the R&D sector, the second term
in (24) is instead positive. This implies that the royalty tax rate will ezceed the statutory
tax rate under global policy coordination. The intuition for this result is familiar from our
discussion of unilateral policy making in the previous section. The combination of a tax
on the returns to R&D and a subsidy on R&D inputs gives governments the possibility
to tax the profits in the R&D sector without distorting the MNC’s decision to invest in
R&D. This will lead to 7% > t7, as the statutory tax rate, but not the royalty tax, distorts
the MNC’s investment decision in the production of the final good.

Interestingly, the negative tax gap t* — 7* < 0 will now incentivize MNCs to underin-
voice their intangibles so as to reduce their royalty income. Effectively, the profit shifting
incentive is inverted and this constrains the extent to which the R&D profits can be con-
fiscated by governments. This effect is captured by the term [ in the second term of (24).
Full economic integration (5 — 0) implies that MNCs can shift income between tax bases
without costs. This makes it impossible to enforce a higher tax on royalty income and
leads to t* = 7* in the coordinated optimum. Higher costs of profit shifting (5 > 0)
will constrain the possibilities of MNCs to work around the higher royalty tax and the
coordinated tax differential 7" — ¢* > 0 increases. If profit shifting becomes prohibitively
expensive (f — 00), the royalty tax turns into a true lump-sum tax and the coordinated
level of the royalty tax will be 7% = 1.

We summarize these results in:

Proposition 2 When symmetric countries coordinate their taz policies (t, T, s), the fol-

lowing holds:

(i) When profits in the RED sector are zero, the optimal royalty tax rate equals the

statutory corporate tax rate, TF = t*.

(i) With positive profits in the R€ID sector, the optimal royalty taz exceeds the statutory
corporate tax rate, T* > t*. The tax gap 7" —t* falls when the costs of profit shifting
fall (a fall in beta).

It follows from this discussion that a tax discount for royalty income can never be

(Pareto) optimal, as long as the R&D production function has non-increasing returns to
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scale. This, however, seems to be the most relevant case. While the use of intangibles can
create increasing returns to scale in final good production in MNCs, the production of the
intangible asset, i.e., the R&D process itself, will generally feature decreasing returns to
scale. Therefore, we find that a patent box with ¢t — 7 > 0 is never part of a coordinated,
Pareto-optimal tax policy. A direct implication of this finding is that the emerging use
of patent box regimes reduces global welfare. Putting Propositions 1 and 2 together, our
analysis thus provides a theoretical underpinning for the claim that patent boxes are a
“harmful form of tax competition”, and that they should be replaced by “well-designed
research and development tax credits” (Bloom et al., 2019, p. 171).

5 Mobile R&D units vs. mobile patents

In our benchmark model of the previous sections, we have assumed that the location of
R&D units, and the location of patents from which royalty incomes are derived, are fixed
in the HQ country of the respective MNC. In this section, we relax these assumptions.
In doing so, we analyze the implications of imposing a ‘nexus requirement’ on the use of
patent box regimes, as introduced by the OECD (2015). A nexus requirement stipulates
that a reduced tax rate on royalty income is permissible only if the patent has been de-
veloped in the country that applies the preferential rate. However, the nexus requirement
implies that countries have an incentive to compete for mobile R€D units, to attract in-
ward profit shifting. Therefore, to analyze the effects of a nexus requirement, the location
of R&D units must be endogenized. This scenario is covered in Section 5.1. In the absence
of a nexus requirement, it will be possible to relocate patents after the R&D process has

been completed. This scenario of patent mobility is analyzed in Section 5.2.%!

5.1 International relocation of R&D units

With an endogenous location choice of R&D units, the game analyzed in this section has
three stages. In the third stage, MNCs choose their investment levels in the production
affiliates and in the R&D unit, as well as the transfer price, conditional on government
policies and the location of the R&D unit. All these decisions remain structurally un-
changed from the benchmark model in the previous section. In the second stage, each
MNC decides in which country its R&D unit shall reside, depending on the policy vector of
governments. In the first stage, countries therefore compete not only over FDI in produc-
tion affiliates and the shifting of profits, but also over the location of the internationally
mobile R&D unit. The game is solved by backward induction.

For simplicity, we assume in this section that there are only n = 2 countries. There are,

21The empirical analysis of Schwab and Todtenhaupt (2019) introduces a similar distinction and shows
that patent box regimes with a nexus requirement have very different effects from those without nexus.
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however, a large number of MNCs in each of the two countries. If an MNC headquartered
in country ¢ decides to set up its R&D unit in the foreign country j # 4, it incurs an
agency cost which is captured by the general cost parameter §.22 How severe the agency
conflict becomes when the R&D unit is separated from the HQ depends on the type «
of the MNC, which is uniformly distributed with support o € [, @]. High-a types face
higher agency costs than low-a types. The total MNC-specific agency costs of separating
the MNC’s R&D unit from its HQ are given by the product af.?

We extend the notation from our benchmark model by introducing an additional
subscript u € {i,j} for the country in which the R&D unit is hosted. Hence, the global
profits 1T, (before agency costs) of an optimally invested MNC with HQ in country i

and the R&D unit in country u can be written as

a oot gt gt
klu’k]u:filRu}’c 'Lu’ ]‘u M ﬂ-Ru ﬂ-lu Tr]u
z z i 7 6 7
+ (tJ - TU)(pJqu + CLju) - E(aju)Q - T[kzu + kju + kRu] + SUkRu? (25)

where 77, and 7%, denote the profits of the production affiliate in country j and the
R&D unit, respectively, of an MNC residing in country ¢ and hosting its R&D unit in
country u € {i,7}. The tax rate 7, is the patent box tax rate applicable in the R&D
unit’s host country u.

For the decision of where to locate the R&D unit, an MNC headquartered in country i
compares its global after-tax profits with the R&D unit also in country ¢ to the profits,
including agency costs, of placing the R&D unit in country j (where j # i); that is it
compares I3, to IIj;; — a'd. The pivotal MNC that is indifferent between locating its
R&D unit in either country ¢ or j is then defined by the cutoff value

&t = M (26)
0
MNCs of type o' > &' are too vulnerable to agency conflicts when locating their R&D
unit away from the HQ, and will decide to host their R&D unit in the HQ country.

For a uniform distribution of types «, the number of R&D units in country i is given

by 2 = 1 — &' + &/, where &' captures the share of MNCs headquartered in country i

that locates their R&D unit in country j, and &7 is the share of MNCs based in country j

22Dischinger et al. (2014) provide empirical evidence that HQ units of MNC’s are substantially more
profitable than foreign subsidiaries. This indicates that MNCs have non-tax reasons to locate profitable
units, such as R&D units, in their HQ country.

23 An alternative interpretation of the costs af is that FDI and the setting up of a foreign affiliate
require MNC-specific market entry costs (Arkolakis, 2010). These costs are heterogeneous and only
low-cost types will become an MNC and set up a foreign affiliate (here: a foreign R&D unit).
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that place their R&D unit in country i. Appendix A.4 derives the effects of changes in
country ¢’s policy parameters on the pivotal type &'. With symmetry, we get:
dé da da

=0 0
dtl ’ dTi e dSi

< 0. (27)

An increase in the corporate tax rate in country ¢ has no effect on &%, because the tax does
not directly affect the profits of the R&D unit, and the induced interest rate changes are
the same for R&D investments in countries 7 and j. A higher royalty tax rate 7; reduces
the return on R&D investment in country ¢. This induces more MNCs to locate their
R&D unit in the other country j, increasing &‘. In contrast, a higher R&D subsidy in
country ¢ reduces the costs of R&D investment and makes country ¢ more attractive for
R&D units, reducing &°. The effects of changes in the policy parameters of country j are
qualitatively equivalent, and of opposite sign.

Appendix A.4 further derives the optimal choices of the royalty tax rate 7;, and of the

R&D subsidy s;.2¢ Combining these two first-order conditions leads to

t; :4—27—43/«9 fola — aukr) (2 —2v —4B/0)

2 — 28
7, 3—2y—4B/0 & r (3—2y—4B/6)’ (28)
where P
B = 1y, — sikb 4+ 2kb5 [t + (1 — tz)]ﬂ
ok,

is the total net benefit of attracting an additional R&D unit. This net benefit equals
the additional tax revenue from the profits of the R&D unit, net of payments for the
R&D investment subsidy, and augmented by the effects of the positive externality that
increased local R&D has on the profits of the national firm.

It is straightforward to compare eq. (28) to (16) in our benchmark model. For pro-
hibitively high agency costs (8 — o), the first term in (28) corresponds to the first term
in (16) when n = 2. Therefore, the basic motivation for taxing R&D profits at a rate
below the corporate income tax remains unchanged in this extended setup. For finite
values of # the gap between ¢t and 7 is enlarged, however, due to the mobility of R&D
units.?” This is intuitive, because the profits of the R&D unit are taxed at the royalty
tax rate 7. Therefore, international competition for R&D units will reduce the royalty
tax rate 7 in equilibrium, relative to the statutory corporate tax rate ¢.

The interpretation of the second term in (28) is unchanged from our benchmark model.

If pure profits are earned in the R&D sector, this effect tends to increase the optimal

24The optimality condition for the statutory tax rate is extended from the benchmark model, as it
includes the effects of ¢; on the relocation of R&D units. However, this does not change our result that
the corporate tax rate t; will always be positive in the government’s optimum. Therefore, we omit the
first-order condition for the statutory tax rate from this extension.

25The parameter range for § must be restricted to ensure that the denominator in both terms of (28)
remains positive.
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royalty tax rate 7, other things being equal. The relative weight of this effect is the
stronger, the higher is # and hence the more costly is the shifting of profits from producing
affiliates to the R&D unit in the patent box. Also, note from (28) that there is no effect on
R&D investment on the margin. Consequently, with respect to the intensive investment
margin, the targeting property for the patent box tax rate and the R&D subsidy, as
identified in Proposition 1 (i) and (i¢), remains in place.

Finally, note that the competition for R&D units (i.e., the extensive margin) in this
setting occurs through both the patent box rate (as discussed above) and the R&D subsidy.
The optimality condition for the R&D subsidy is (cf. Appendix A.4)

8VVZ o 67T§V 8sz1 80?Z k’ 81{31
aSi = (1 ’y)kRZ + [t, ‘f"}/(l tl)]aRDl ( 88» 2kRz aSZ> + 2t, fk + 2T, qu 9y —F— a
. Ok, Ok Z. o6
+ 2( ) qu + qu 4 a :| Sia_slj- — 2[Ti7TR Sszz] 8SZ = 0. (29)

The main difference to the benchmark case [eq. (15)] lies in the positive last term of
eq. (29), which tends to raise the optimal R&D subsidy sf. Therefore, the optimal R&D
subsidy incorporates a strategic effect under this extension that is absent in the benchmark
model. This strategic use of R&D subsidies to attract internationally mobile R&D units is
consistent with recent findings in the empirical literature that MNCs relocate their R&D
units to countries where they receive the highest subsidy (Knoll et al., 2019). Our result
also corresponds to the finding of strategic business-stealing competition in R&D subsidies
in Haaland and Kind (2008). They analyze a model with immobile R&D units, but
imperfect competition in the final-good market, and identify cases in which governments
excessively subsidize cost-saving process innovation to increase the market share of their

domestic firm.

5.2 International relocation of patents

In this section, we consider the alternative case where patents, after having been ‘pro-
duced’ in the R&D unit in the MNC’s HQ country, can be relocated to another country,
benefitting there from a reduced patent box tax rate. This corresponds to a setting where
no internationally binding nexus requirements are introduced. In this analysis we assume,
however, that the location of the R&D unit is fixed in the MNC’s HQ country.

From an analytical perspective, this case has many parallels to the case where R&D
units are internationally mobile, but there are also important differences. We restrict
our analysis again to n = 2 countries. Hosting the patent in another country than the
country where the development has occurred causes additional costs, which we capture
with a general cost parameter p. One important cost that may arise from the relocation

of patents are ‘exit taxes’ that many countries levy when a patent that has been developed
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domestically is leaving the country. Our cost specification captures either the exit tax
that has to be paid, or the extra administrative and legal efforts needed to bypass these
exit taxes. Once again, we assume that MNCs are affected in different ways by these
costs, for example because exit taxes are easier to quantify and to enforce in some sectors
than in others. Therefore, we retain the individual cost parameter «, which is uniformly
distributed with support a € [, @]. Effective relocation costs of separating the patent
from the R&D unit are then given by the MNC-specific costs afp.

Once again, we have a three-stage game. In the third stage, all results on firms’ choices
remain unchanged, conditioned upon government policy and the location of the patent.
In the second stage, the MNC decides in which country to place the patent, depending on
the policy choices of governments. Hence, there is now international policy competition
over the location of patents, in addition to the competition for FDI and for profit shifting.

The global profits IT¢,, of an MNC now carry a subscript u to specify the location
of the patent in u € {i,7}. With analogous notation for other variables, the MNC’s
maximization problem is

max HMu = TRy + M + 7Tju

k.z k,z kz 7, ’L

tuju? Ru> %@ Ju

= (1 (R ) (L ) (K0 (= 7)) — ()

bt )y ) — S ()~ ol R K] sk, (30
where 7r§-u denotes profits in the production affiliate in country j of an MNC residing
in country ¢ and hosting its patent in country u. A critical difference to the case of
mobile R&D units is that the R&D subsidy s; in the last term is decided in the country
where the R&D activity is located (i.e., in the HQ country of the MNC). Hence the R&D
subsidy may now be granted by a different country than the country in which the patent
is eventually placed and to which royalty income flows.

For the decision of where to locate the patent, an MNC headquartered in country i
compares global after-tax profits with the patent located in its home country i to the
ones, including relocation costs, of placing the patent in country j. In equilibrium, the
cutoff value a4 for an MNC headquartered in country 4 that is just indifferent between
having its patent in country ¢ or in country j is

Y

aly = — (31)

Formally, the analysis is fully analogous to that in the previous section. Using these

analogies, Appendix A.5 derives the effects of all tax parameters on the MNC with the
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critical cost level &%. Imposing symmetry yields:

das dast das
P _ P, P

dtl o dTi dSZ‘

—0. (32)

The main difference to the case of mobile R&D units [eq. (27)] is that the R&D subsidy
s; has no effect on the pivotal MNC with patent relocation costs @’. This is because the
decision of where to locate the patent is made only after the MNC has collected R&D
subsidies in its parent country.

Appendix A.5 further derives the optimal choices of royalty tax rate 7; and R&D
subsidy s;. Combining these two first-order conditions leads to

ti 4—2v—4Bp/0p 481, ak'sBp/0p _ Bfq l¢" — qek][2(1 — ) — 4Bp/0p]

Ti 3—2’)/—4Bp/ep TZ<3—2’Y—4BP/GP) 71(3—2’)/—4Bp/9p) ’
(33)

where Bp = 7;m% are the benefits of attracting an additional patent. These are given

by the revenues derived from taxing the profits of the R&D unit, which all accrue in the
country where the patent is located.

It is then straightforward to compare the optimal patent box regime under the inter-
national mobility of R&D units in (28) with the patent box regime that results under
patent mobility in (33). The first terms are identical in structure and will always imply a
tax discount for R&D profits in the national optimum. However, these terms will gener-
ally differ quantitatively in the two regimes. They depend on the comparison of the net
benefits of attracting an additional R&D unit vs. attracting an additional patent (the
terms B vs. Bp), and on the relative mobility of these two tax bases (the terms 0 vs. 6p).

The net benefits B and Bp differ by two components. On the one hand, the costs of
R&D subsidies s;k% must be subtracted from the net benefit of attracting an additional
R&D unit in (28), but there is no corresponding cost in the term Bp in (33). As discussed
above, this is because patents are attracted after the R&D process is completed, and
subsidies from the host country of the R&D unit have been collected. On the other
hand, a positive spillover from R&D investment on the local economy will only result
when the R&D unit is attracted, whereas no corresponding gain accrues from attracting
an additional patent. This is because positive spillovers are associated with the R&D
process, not with the possession of a patent. In general, the comparison of the terms B
vs. Bp in (28) and (33) is therefore ambiguous. Note, however, that for 7 = ¢, only the
R&D subsidy s is used to internalize the spillover externality and to mitigate investment
distortions from the corporate tax. Consequently, at least in this benchmark case, the
subsidy will likely exceed the marginal externality such that Bp > B.

At the same time, the relative mobility of the two internationally mobile tax bases,
as measured by 6 vs. 0p, also matters. Arguably, the costs of relocating an R&D unit

are higher for an MNC as compared to the costs of relocating a patent. This holds in
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particular when exit taxes for relocating patents to other countries are low, or cannot be
properly enforced. This expectation is confirmed by the empirical results of Schwab and
Todtenhaupt (2019). Consistent with our setup, they find that some R&D units move, if
there is a nexus requirement in place, whereas R&D is conducted in the home affiliate,
and only the patent relocates, if the nexus is not enforced. They also show that the
externalities caused by mobile R&D units are far smaller than those caused by mobile
patents. The main reason for these results seems to be that there are large agglomeration
benefits from real R&D activity that is clustered in certain hubs, making R&D activity
rather unresponsive to international tax differentials (high 0p).

Overall, therefore, it is very likely that B/6 in (28) is smaller than Bp/fp in (33).
This implies that the tax wedge t* — 7* will be larger under international patent mobility
as compared to the international mobility of R&D units. In other words, mobile patents
lead to more aggressive patent box regimes, as compared to mobile R&D units.

It remains to discuss the positive second term in (33), which is not present in (28).
As we have discussed in our benchmark model, the instrument to foster R&D is the R&D
subsidy, whereas the patent box regime is primarily used to attract profit shifting. The
lower tax rate on R&D profits, which corresponds to an implicit output subsidy, will be
counteracted in the government’s optimum by a less generous direct subsidy for R&D
[cf. our discussion of eq. (15)]. This limits the effectiveness of a generous patent box
regime when R&D units are mobile. The interaction between 7; and s; is also present
when patents are internationally mobile, but in this case the reduced R&D subsidy that
accompanies a lower patent box tax rate does not affect the mobility of the patent. In
this sense, patent box regimes are more powerful under patent mobility than under the
mobility of R&D units. Consequently, this effect reinforces the result that the tax gap
t* — 7" is larger under patent mobility than under the mobility of R&D units.

Next, we turn to the first-order condition for the optimal R&D subsidy. This is (cf.
Appendix A.5)

oW . ori, Okt ki,
A = —(1 = )KL + [ti + (1 — t)]aRgza +2(7; — )¢’ qu +quka

ok; okt Okt
+ Qtfk +21qu;aR 8sR

~0. (34)

Comparing (34) with the globally efficient R&D subsidy in (23) shows that these are struc-
turally identical. The only difference is that the optimal level of 7; in (34) is smaller than
in the coordinated case in (23). From the interaction of 7; and s; discussed above, this
implies a lower subsidy s; in the tax competition equilibrium as compared to the globally
optimal policies in (23). However, different from the case of internationally mobile units
leq. (29)], there is no incentive to strategically increase R&D subsidies, as these are pow-

erless in attracting internationally mobile patents. Therefore, R&D subsidies will likely

26



be set more efficiently under patent mobility, as compared to the case of internationally
mobile R&D units.

We summarize our results in this section as follows:

Proposition 3 Comparing optimal policies under internationally mobile RED units [eq. (28)]
and under international patent mobility [eq. (33)] the following holds:

(i) The patent box tax rate is strategically used for competition for RED units and
patents on the extensive margin, but it does not affect marginal investment per R€D
unit. Thus, the targeting properties for the intensive margin [Proposition 1(i) and

(i1)] carry over to mobile RED units and mobile patents.

(i) If the condition B/0 < Bp/0p holds, then the tax gap t* — 7" will be larger, and
patent box regimes are more aggressive, when patents are internationally mobile, as

compared to internationally mobile RED units.

(iii) Direct RED subsidies are strategically increased under international mobility of

RED units, but not under international patent mobility.

Applying our results to the nexus debate is then straightforward. In Proposition 3(i7),
we have summarized that patent mobility will lead to more aggressive reductions in the
profit tax rate on R&D units, as compared to the international mobility of R&D units.
Moreover, we know from Proposition 2 that any preferential tax treatment for royalty
income is inefficient from a global welfare perspective. Therefore, our results for the
structure of patent box regimes support international arrangements that stipulate such a
nexus requirement, as this policy will likely curb a mutually destructive race to the bottom
in the setting of patent box tax rates.

However, as shown in Proposition 3(iiz), R&D subsidies will tend to be inefficiently
high when a nexus requirement is introduced and each country is trying to attract inter-
nationally mobile R&D units. In a wider normative perspective that also incorporates
direct policy tools to foster R&D, it is thus no longer clear that a nexus requirement leads
to a superior allocation. From a positive perspective, we would therefore expect that
the policy decision in favor of the nexus approach leads to a continued rise in the R&D

subsidies offered by competing countries.

6 Conclusions

Patent box regimes offer a reduced tax rate to business on their IP-related income. In
this paper, we have analyzed the effects of such special tax regimes when governments
can simultaneously choose optimal R&D subsidies. In this setting, the different policy

instruments take on specialized roles. The R&D subsidy operates as the marginal policy
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instrument to promote real R&D activity, whereas the special tax rate on royalty income
is used to attract profit shifting by MNCs. We have shown that patent box regimes with
a preferential tax rate on royalty income emerge endogenously when countries that host
large, well-integrated MNCs unilaterally optimize their tax policies. In contrast, patent
box regimes are never optimal under coordinated policy setting.

From a policy perspective, these results suggest that patent boxes can indeed be
seen as a measure of ‘harmful tax competition’ (Bloom et al., 2019, p. 171) that is
fundamentally similar to preferential tax regimes that have been identified, and abolished,
in the 1990s (see OECD, 1998; European Communities, 1998). Our analysis provides a
theoretical rationale for the nexus approach agreed upon by OECD countries, as the
nexus requirement prevents designs of patent box regimes that aim most aggressively
at attracting foreign profit tax bases. However, our findings also suggest that abolishing
patent box regimes altogether would be the best policy alternative. Finally, incorporating
R&D subsidies along with patent box regimes into the analysis also reveals that the nexus
approach is likely to lead to a race to the top in the setting of R&D subsidies, in order to
attract internationally mobile R&D units.

Our results have implications for empirical studies on patent box regimes and related
policies that reduce the tax rate on IP-related business income. In order to evaluate
whether these measures do indeed foster innovation, it is essential to control for simulta-
neous policies that directly subsidize R&D. Since R&D subsidies have increased substan-
tially in recent years, neglecting these policies may falsely attribute increased innovative
activity to the rise of patent box regimes. The results of Boesenberg and Egger (2017)
suggest that patent box regimes may cease to have any stimulating effects on patent-
ing activity when comprehensive measures of direct R&D subsidies are incorporated in
the regression analysis. Our analysis offers a theoretical underpinning for their findings.
Moreover, some additional testable hypotheses emerge from our analysis. In particular,
the generosity of the patent box regime in a particular country is expected to increase in
the connectedness (i.e., the number of affiliates) of this country’s MNCs, and in the ease

(the inverse of costs) with which profit shifting to the patent box occurs.
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A Appendix

A.1 Comparative static results

The market clearing condition (9) can be restated as
DD kn 4D kh=nk, (A1)

where the superscript u indicates the MNC to which the affiliates belongs and the subscript
m indicates the country in which a production affiliate is located.

The first-order conditions for capital inputs k% and k% in (8a) and (8b) are equal to

(1= ) fi(kte ") =7 = 0, (A.2)
(1=7) > fulkt q")a — (r = 5.) = 0. (A.3)

m

Totally differentiating the first-order conditions and using symmetry gives

u fkqQk u L L
A = Jrk I (1 —tm) frk A+ (1 —tm) fror (A.4)
w A=) fk (frgqr) nquIk Cdsy | (L =0) fk — (1 = 7)n(frqqn)
ke = = Al D dbn + A (1= DA ar,
(A5)
where .
A= d=7)n [fir (faa@h + fotrr) — (Fraar)?] <0 (A.6)

ik
because fir (foq@t + foqik) — (frgqr)? > 0 is implied by the second-order conditions for
optimal MNC behavior.
Substituting (A.5) into (A.4), we can derive changes in capital inputs in production
affiliates in response to changes in tax-policy variables and the interest rate. Collecting

terms results in

k" — (1 —7) fiSrr(frq@e)? Zdt n T ALk _IeATee (1_t)fkknququkd
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From (A.5) and (A.7) it follows that the direct effects of changes in royalty tax rate 7,
and the R&D subsidy s, are linearly dependent for a given interest rate (dr = 0). Hence

dk}”{ B dk;}g olk;‘1 - dkﬂn
ATy |dgr=o —nquk dsy | dar=o and ATy |ar—o nquk dsy |dr—o (A.8)
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Totally differentiating the market clearing condition (A.1) and inserting the expressions
from (A.5) and (A.7) yields

{0 = D)nfu(frg@r)” + felfor — A = T)nfrfor(fra@r) }
I = — T)N ]k JkqQk k Akk; T)INSk Sk JkqQk Zm:dtm
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where A = n (1 — 7)n(frgr)® + Afer — (1 — T)nfrr(frqar) + (L — 1) fi] > 0.

Since A < 0, it holds that d‘f—fn < 0, ddTTu < 0, and Cg‘i—’; > 0. It also follows that

the induced changes in the interest rate caused by changes in either 7; or s; are linearly

dependent. In conjunction with (A.8), we can thus conclude that

dk dk dk dk
de = —nf,qx dsf and o —nqukd—su. (A.10)

Inserting the interest rate effects (A.9) in (A.5) and collecting terms gives the following

comparative-static effects on capital investment in R&D:

dky _ (n— 1) {n( = 7)(frg@r)® — (1 — 7) fir (frg@) + (1 — ) fir}
ds, nAA
Srr[nA — (1 — 1) fiqQ]
- A > 0, (A.11)

where A is given in (A.9). From (A.10) then follows dk%/dr, < 0. Finally, we have

dkp _ fidnQ = 1) (@) + Af}

dt,, nAA

(A.12)

Inserting the interest rate effects (A.9) into (A.7), the comparative-static effects on capital

investment in final-good production are

dky, (n = D) {n(1 = 7)(frg@)® + Afar(frgqr) — (1 = 7) frr(frqqr)® + (1 =) fi (frq@e) }
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as long as the number of countries/affiliates n is sufficiently large to overcompensate the
two terms in the second line. From (A.10) then follows dk" /dr, < 0.
An increase in the corporate tax rate of another country v # m fosters capital invest-

ment in production affiliates in country m from

dit, fedn(1 = 7)(frqqr) [(1 = ) (frqk) = Alfrg@r) + Afir] + (1 = ) Afur(frqe) — A frr} 50
dt, nA fer\ ‘

(A.14)

Finally, an increase in ¢,, has a negative effect on capital in production affiliates in coun-
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try m:
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(A.15)

as long as the number of countries n is sufficiently large.

A.2 Deriving the unilaterally optimal R&D tax policy

Optimal royalty tax rate. Differentiating national welfare W; in (11) with respect to

7; leads to the first-order condition
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The term in squared brackets in the last line equals zero from the capital market clearing
condition (9). Imposing symmetry and collecting terms then gives (14) in the main text.
Using equation (A.10) in (14), the FOC for 7; can be rewritten as
oW, 4 - da’ dal or' Okt
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Optimal R&D subsidy. Differentiating W; in (11) with respect to s; gives
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Using capital market clearing from (9), applying symmetry and collecting terms gives the

first-order condition (15) in the main text.
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Inserting (15) into the rearranged first-order condition for 7; in (A.17) results in

oW; i i i aaé 3@2

873 s§=s8*
Using g—‘:% = —g—f = % from the optimal profit shifting function (8c) leads to the optimality
condition in equation (16) of the main text.

A.3 Deriving the globally optimal R&D tax policy

Differentiating global welfare W¢ in (19) for the simultaneous choice of the tax rate 7 in

all countries 7 leads to the first-order condition
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where capital market clearing [eq. (9)] has been used. Collecting terms leads to eq. (22)
in the main text.

Applying (A.10), condition (22) transforms into

vl n(l—-7) (qu + a@) —n(t—r71) 5 {[t + (1 =) == ok, Bs (A.20)
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Differentiating global welfare W in (19) with respect to the R&D subsidy s gives
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where the interest rate terms drop out from capital market clearing. Collecting terms and
dividing by n then leads to (23) in the main text.
Finally, inserting (23) into the rearranged FOC for 7; in (A.20) results in

oW, i i
aTG L. " {A =) fold' — @kl + (2 —7)ai} =0, (A.22)
where we made use of —(t —7)2% = g, from (8c). Solving this expression for a; and using

a; = t_TT gives eq. (24) of the main text.
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A.4 Location decision of the R&D unit

Applying the Envelope theorem to eq. (25) gives

Ot = (k) + i+ K+ K+ K)o
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The comparative-static effects of policy changes in country ¢ on the location decision of
R&D units can then be obtained by differentiating (26). This yields

da’ _ [f(kZW Q;) - pin’] - [f(kfw Qf) - piqﬂ - [a;:j - aiﬂ - Qﬁ >0
dt; ) oot S
di pid + pid, +al; +al;  Qor

_ _u A2
ar, 6 oo " (4.23)
dé ki, Qor

R Y 0.
s, 0 005

where () = (k}'%j - k‘le) + (kzlg - k;z) + (k;g - k;;z)
Importantly, all effects working via a change in the interest rate disappear under
symmetry. Moreover, the first term in the first line of (A.23) is also zero under symmetry.

In addition, under symmetry, the effects of changes in the same policy variable are identical

_d&?
dsj "

Under symmetry, we also know from comparative statics and equation (A.10) that

i
drj

. . A X
in absolute terms, and particularly —‘fﬁ_ = and _lcizj =
1 1

ddk—éj? = -2 qukzk—jf_i, since n = 2 holds in this extension. Hence,
dat dkiRi/dTi _ _2quskj§ o @ B da’ dk}éi/dn _ 2f, (qz — qkkjé) + 24d° =0

which will be used below.
With n = 2 countries, internationally mobile R&D units, and a continuum of het-

erogenous MNCs that are uniformly distributed on « € [a, @], the optimized social welfare
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function (11) from the main model of unilateral decision making can be restated as

nmax Wl =t {WﬁV(RDZ) + (1 - OA/ + &J)[f( ) qz) fq(kna qZ)Qz - CL“]

ti,Ti,Si
+ (1—a/+a")[f( ij) fq(k”,qj)q] —al]}
+ 71— &'+ dj {fq i) Qi)qi + fo(K; §is qi)Qi + aéi + a;i} —(1- &'+ @j)sik}}%
+

v {Tk? + (1 = t)my + (1 = &)y, + &'y, — 5(3/2} , (A.25)

where we have used kb, = kb, ki; = k

i
). and a!, = a’,. Furthermore, & fo ' a,0da’

gives total agency costs from placing the R&D unit abroad, Summed over all MNCs
headquartered in country 4. Finally, RD" = (1 —a'+a7)k%, captures total R&D spending

in country ¢ as driver for the spillover effect on national firms.

Optimal patent box tax rate. Differentiating national welfare W; in (A.25) with

respect to the corporate tax rate 7; gives

%Vg = [(1 =1 —a") +&][(pig} + aly) + (psqi + ay)]
b a0 -l {agg =k (?9% } gij)}
T ){fkakl —d [quak& + funt ka;m} —%%’}
+ ti(1—4&7 +é/’){ W quakfj + faq kaakj ”
+ 7(1—a" + &) {C]Z {quak:Z + faq kaakRZ:| + fq kagjljl + aaif;
. g {quak:l ‘i ka;ﬂ i kaakl,_jz N %L;} _(-d _{_dj)siaakizi
+ v {k- (k§+k§+kﬁi)}g—;+7 [Ty = My, — &' fﬁ
(= ) 4 — ik} (g;‘;f_ %f) 0. (A.26)

Using (9) and (27) and imposing symmetry, the first-order condition simplifies to

ow ,. oy [ Okps dé da;
or, = Ul F e = EE < or, ~ 2m an) Hen g
ok; - Okpg; Ok ;i ; Ok gi
+ 2t; fk + 27’1fq dr 8R — Sia—j + 2( ) |:qu qu qdi 8R :|
2[7}'7’(’% — SikRi]aa = 0. <A27)

(973-
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Inserting the linear dependence of the royalty tax and the R&D subsidy from (A.10), the

optimality condition turns into

aW _ i aai i 8#}\, 8/{;31
o 21 =) (fyq" +a;) + (21, — t;) or, 2 fqailti + (1 — ;)] ORD Os;
(. ok, Ohni Ok Ok
- 2fQQk: {2t fk + QTzquk; a f aSR + 2<Tl Z) |:qu fQQQk 8 f :| }
— 2[n "—s-k-—[t-+ (1—1t)] Omy 2k ](9@1_0 (A.28)
TZT‘-R iVRi 7 Y 8RD’L Ri aTi == U. .

Optimal R&D subsidy. The first-order condition for the optimal R&D subsidy is

ow - o or ORD? . (048 0N
- _ . Y AJ1LE ) e N 2=
0s; (1 =2)(1 = &%)+ &k + [t + (1 = 80)] ORD'? { 0s; i (582‘ 0s; ) }
Ny ok; ok; ; Ok,
+ ti(l—-a"+4d) {fk _‘L [qu + faas Bs; }}

. 81{:] 61{:5] 81{}]
+ ti(l_O‘J+O‘) qu +quk8

" Os;
Ok okt
+ (1—a+oﬂ{ [ “+quk RZ}—quk fu
0 0s;
okt ok, k',
+qz {qu : +quk:a}j} qua }
S 8k 9 A 94
C i ads T gk k)Y 2y [y, 1y — a] 2
J 0s; J 0s;
i i i i o0&’ 0d’
— {tz (ﬂ-iz’ - ﬂ-ij) + TiTp — SikRi} (8_31 — 881) = 0, (A29)
which simplifies by the usual steps under symmetry to eq.(29) in the main text.
Combining (A.28) and (29) and using (A.24) gives
o B B\ 27—t da;
gk (1 -y 22 1y 22 PNt A.
fold =ikt (1729 ) b (1o -2 )+ T 0 ()

where B = 7yl — s;kb + 2k§%[t- + (1 — ti)]%. Rearranging and using optimal profit
R
tz

shifting behavior a} = “Z™ gives (28) in the main text.
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A.5 Location decision of the patent

Applying the Envelope theorem to (30) gives

ag—éﬁ = (ki 40) + pigi + @i = [k + 5, +w§t
agj‘jf = —f(ki;,q}) + pigt +aly — [k + KL +I<;Rj]g:
T =t pyal] o ] — (b o+ K Rl S
agj‘jf' = —[k+ kK, +kR]§i

R L

agjjj = kb, — [kl + K +kgj]§—;.

The comparative-static effects of policy changes in country ¢ on the optimal location of a

patent are then obtained from differentiating eq. (31). This yields

daly [k ) —pig] = [f (K, @) — pag] — [af; —aii] — Q or
dt;, Op COp oty
dip _ it + P+t a  Qor S0,

dTi ep ep (‘37@

das,  kpy—kp  Q Or

ds; 0p  0p0s;’

where () is the same as in (A.23). Imposing symmetry yields (32) in the main text.

The government’s maximization problem under patent relocation is

max W =t {miy(RD') + (1 = ap) [f (ki a}) — fo(kii, a})a} — ai) + &b F (K, @) = fu(K] al)a] — o]
+ (L= ap) (K a) — fo(k, a)a) — alj] + &' [ (K, q)) — fo(kijs q))a) — aijl}
+ T {(1 — ) [fq( ki d) gl + fof ji)qz')C]f +aj; + ajz‘}
+ ap [fo(kh a)al + Sy, a)al + al + @]} — (1= ap)sikip: + dpsikiy
n

_ . ) ) ) S 0
y {rk: (1= )iy (RD) + (1 = @)y, + @plly; — o 13} (A.31)

where now RD' = (1 — &)k, + apkp;.
Differentiating (A.31) with respect to the tax rate 7;, using the market equilbria (9)
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and (32) and imposing symmetry, gives the first-order condition

or 21 =) (fod" + ai) + [ti + (1 tl)]aRDi o7, + (@2 — 1) o
ok; ; Okp; Ok g; , Okt
+ 2t fk +2Tlfq qy. aR _Sia_j+2( ) qu +qu (-~ or;
27,7 8 =0 (A.32)
RS 8@ - '

Inserting the linear dependence relations in (A.10), the optimality condition turns into

ow ; da; ; orly Okl
or 21 =) (fod" + ;) + (27 — &) o7, 2fq@i[ti + (1 t’)]aRDi Bs;
; ok; @ki ok? Ok
- 2n {onn g+ onnd G0 - WG - e [ 1S + i G|
27’m%% = 0. (A.33)

The first-order condition for the optimal R&D subsidy s; is derived analogously and leads
to eq. (34) in the main text. Combining (A.33) with (34) and using (A.31) leads to

L=y ¢ = ki) + (1= Y)a; + ——7— = 2-[f,q' +ai] =0, (A.34)
2 873 ep

where Bp = 1;1h. Using a} = t"g” from optimal profit shifting behavior gives

Ti 3—2’}/ 4Bp/9p T; (3—2’7—4313/913)

(A.35)

Decomposing the second term in (A.35) gives eq. (33) in the main text.
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