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Royalty Taxation under Tax Competition and
Profit Shifting

Abstract

The increasing use of intellectual property as a means to shift profits to low-tax jurisdictions or
jurisdictions with so-called ‘patent boxes’ is a major challenge for the corporate tax base of
medium- and high-tax countries. Extending a standard tax competition model for capital-
enhancing technology, royalty payments, and profit shifting, this paper suggests a simple fix: It
is optimal to set a withholding tax on (intra-firm) royalty payments equal to the corporate tax
rate and deny any deductibility of royalties. As the tax applies to the full payment, the problem
of identifying the arm’s-length component in a digital economy (OECD BEPS Action 1) does
not apply. Most importantly, the denial of royalty deductions is the Pareto-efficient solution
under coordination and the unilaterally optimal policy under competition for mobile capital. In
the latter case, a weakened thin capitalization rule is a crucial part of the policy package in order
to avoid negative investment effects. Our results question the ban of royalty taxes in double tax
treaties and the EU Interest and Royalty Directive.
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1 Introduction

In recent years, profit shifting by multinationals, or international corporate tax avoidance
in more general, has been perceived as a major challenge to public policy. The Organi-
sation for Economic Co-operation and Development (OECD) states in its “Base Erosion
and Profit Shifting” (BEPS) report that “at stake is the integrity of the corporate income
tax” (OECD, 2013, p. 8). The report identifies transfer pricing and debt shifting as the
major profit-shifting strategies. In particular, transfer pricing in intellectual properties
related to the digital economy is considered as a severe issue, because it is unclear how the
arm’s-length principle can be implemented and enforced there, see Action 1 in the OECD
Action Plan (OECD, 2015b). Indeed, empirical research already presents evidence that
the location of patents in multinational firms responds to tax incentives (e.g., Dischinger
and Riedel, 2011; Karkinsky and Riedel, 2012).

The challenge is amplified by the fact that many countries implemented so-called
patent boxes that offer preferential tax rates for intellectual property revenues, see Ta-
ble 1 for an overview. Many of these countries do not require a nexus between royalty
income and substantial domestic economic activity that generates the underlying intellec-
tual property. Thus, these patent boxes can be used as an instrument for tax competition
to attract corporate income. Empirical evidence documents that such tax competition
strategies have a significant effect on where multinational firms locate the ownership of
their intellectual property, especially for high-quality patents.! The problem is likely to
grow in the future. In its recent tax reform in December 2017, the U.S. also installed a
patent box at a 12.5% tax rate without any nexus requirements.? Furthermore, there is
some apprehension that the U.K., which already hosts a patent box with a 10% tax rate,

may turn itself into a tax haven after Brexit (Economist, 2017).

[Insert Table 1 about here]

Thus, all medium- and high-tax countries face the challenge of how to deal with royalty
payments on intellectual property and how to defend their domestic tax bases against
intensified global tax competition.® In its joint BEPS Action Plan, the G20 countries
and the OECD prominently argue in favor of controlled-foreign-company (CFC) rules

(Action 3) and thin capitalization rules (Action 4) as measures to curb profit shifting

1See, e.g., Griffith et al. (2014) and Bohm et al. (2015). Most recently, Kothenbiirger et al. (2018)
quantify the effects for European patent boxes and document that the ones without a nexus clause rather
are a tax-competition instrument than a means to promote local R&D investment.

2See H.R. 1, 115th Congress, “An Act to provide for reconciliation pursuant to titles II and V of the
concurrent resolution on the budget for fiscal year 2018.” (2017)

3Note that abusive royalty payments and its induced profit shifting do not have a positive intensive-
margin investment effect in high-tax countries (Juranek et al., 2018), and in contrast to debt shifting,
transfer pricing rather reduces welfare (Gresik et al., 2015). Hence, such profit shifting only comes with
costs, but does not provide any compensating investment effects for high-tax countries.



(OECD, 2015a). There is, however, a twofold problem with thin capitalization rules.
They primarily target debt shifting, i.e., the replacement of equity by (internal) debt,
and only have an indirect, if any, effect on transfer pricing. In addition, they are an
instrument for tax competition, and countries have incentives to set weak thin capital-
ization rules in order to attract FDI from multinational companies (Haufler and Runkel,
2012). Similarly, CFC rules only allow for mitigating profit shifting by multinationals,
headquartered domestically, not by affiliates of foreign-based multinationals. In partic-
ular U.S. multinationals such as Apple and Google have proven to be tax aggressive,
and it appears unlikely that the U.S. government will abolish the check-the-box regime
and reintroduce bite to the U.S. CFC rules (‘subpart F income’), see Blouin and Krull
(2015) for an overview. Consequently, countries need an instrument that directly tackles
abusive royalty payments made by domestic affiliates, and that can be sustained under
tax competition.

The results in this paper suggest a simple fix to the problem of abusive royalty pay-
ments on intellectual property. We show that it is optimal to set a withholding tax on
(intra-firm) royalty payments equal to the corporate tax rate and deny any deductibility
of royalty payments.? As the optimal royalty tax also applies to arm’s-length payments,
the problem of measuring the fair payment and implementing a tractable concept of
arm’s-length pricing vanishes. Most importantly, the denial of royalty deductions is both
the Pareto-efficient solution in a setting with multinational cooperations and the unilat-
erally optimal policy choice under tax competition. In the latter case, however, there are
negative investment effects from taxes falling on arm’s-length payments. Therefore, the
optimal policy package requires that countries grant investment incentives by relaxing
thin capitalization rules. In reality, many countries impose both thin capitalization rules
and royalty taxes already (see Table 1). But, the latter very often fall short of their
optimal level (see columns (1) and (3) of Table 1), and many double tax treaties and
multinational agreements, e.g., the EU Interest and Royalty Directive, limit the scope of
royalty taxes or even ban them completely.

The main driving force behind our finding is that abusive royalty payments only have
a mechanical investment effect on the extensive margin and this investment effect can
be fully reproduced by allowing for more thin capitalization, even if the royalties are

> Because firms balance marginal tax

a variable payment based on sales or revenues.
savings against marginal concealment costs, the decision on abusive profit shifting with
royalties does not affect the intensive investment margin. Hence, it is fully independent

from capital investment and has no behavioral effect on effective capital costs. Therefore,

4In our model, technology and the underlying R&D process to create the patent are exogenous. We
discuss the implications of endogenous R&D expenditures in the Subsection 5.3.

SEmpirical evidence shows that most royalty payments are made relative to sales revenue or units
sold or as a combination of a fixed payment and payments relative to sales. See San Martin and Saracho
(2010) for an overview.



when setting withholding taxes on royalties, countries do not need to trade off reduced
profit shifting against losses in investment, beyond the mechanical effect. The latter ef-
fect works via average capital costs only and can be compensated by weakening the thin
capitalization rule, allowing for more internal debt shifting. Consequently, the combina-
tion of a weaker policy against debt shifting and a tough shut-down of tax deductibility
of royalty payments avoids negative investment effects, but eliminates all incentives for
transfer pricing and in particular prevents that economic profits can be shifted.

In order to derive our results, we build on the standard tax competition model with do-
mestic and multinational firms and two large countries developed by Haufler and Runkel
(2012). In line with their model, all firms can respond to tax policies through an ad-
justment of their level of external debt, and multinational firms can additionally use
internal debt in order to reduce their capital costs further. We extend the basic model by
an intellectual property that provides a capital-enhancing technology and renders mobile
capital more productive (i.e., it increases the amount of effective capital available). More-
over, multinational firms are able to overcharge transfer prices for (intra-firm) royalties
and shift profits, in addition to arm’s-length payments, to a tax haven. We also extend
the set of policy instruments simultaneously available in Haufler and Runkel (2012), i.e.,
statutory tax rates and thin capitalization rules, by withholding taxes on royalties. While
thin capitalization rules are used to limit the tax deductibility of internal debt, withhold-
ing taxes on royalties specifically target profit shifting through abusive transfer prices for
royalties.

Our analysis contributes in several ways to the literature. First, we challenge the
dominant view that withholding taxes are always poor instruments. Generally, they
violate the production efficiency theorem and hamper an efficient factor allocation in an
integrated market. This view induced the European Union (EU) to ban royalty taxes in
its EU Interest and Royalty Directive. Another standard result in public finance states
that optimal withholding taxes under competition for FDI equal zero because countries
face a race to the bottom (e.g., Bucovetsky, 1991; Bucovetsky and Wilson, 1991).6 We
point out that both arguments do not apply to the case of royalty payments. We find
that, even under tax competition, countries set the royalty tax rate at its efficient level,
which is equal to the corporate tax rate. Denying tax deductibility of royalty payments
gives each country an instrument to curb transfer pricing effectively. All tax competition
is relegated to thin capitalization rules that are relaxed in order to neutralize adverse
investment effects. Hence, profit shifting can be eliminated without harming investment
and efficiency.

Second, we extend Haufler and Runkel (2012) in their findings on thin capitalization

6 Alternatively, withholding taxes are set too high in case of foreign ownership of firms in order to
extract rents and income from foreigners, see, e.g., Huizinga and Nielsen (1997). Note that our model
does not embed such a feature. For a broad review of the comprehensive literature on international tax
competition, see Keen and Konrad (2013).



rules. In a tax-competition setting where some capital is internationally mobile, these
authors find that it is optimal to grant some deductibility for internal debt in multina-
tionals in order to lower their effective capital costs. Thus, lax thin capitalization rules
are an instrument for tax competition.” We derive the optimal design of these rules in
equilibrium and highlight the driving forces behind them. In particular, our findings
show that the results in Haufler and Runkel (2012) carry over to a setting that also
features shifting of paper profits, intellectual property, differences in productivity of im-
mobile and mobile capital, and an extended tool set for the government. Actually, thin
capitalization rules become an even more important instrument for tax competition and
turn into a crucial complement to curb excessive profit shifting in intangibles. By weak-
ening thin capitalization rules, multinationals can be compensated for the overshooting
effect of royalty taxes that do not differentiate between arm’s-length remuneration for
intellectual property and abusive profit shifting. A laxer thin capitalization rule is a key
element to ensure an efficient treatment of royalties under tax competition. From this
follows that some internal debt shifting can be beneficial in a second-best optimum and
thin capitalization regulation should not become too strict. It is more important to curb
abusive royalty payments that do not contribute to domestic investment and production
in the same manner as internal debt.

Third, in a political dimension, our results call into question many provisions in double
tax treaties that waive royalty taxes on cross-border payments and the EU Interest and
Royalty Directive that bans royalty taxation for all payments between member states in
the European Economic Area. As a response to patent box competition within the EU
and challenges by the development in the U.S. and the ‘post-Brexit’ U.K., it may be
beneficial to impose strong royalty taxes. They provide a unilateral measure to protect
a country’s tax base against such tax competition. Because these taxes optimally fall on
both arm’s-length payments and abusive profit shifting, there is no need to differentiate
between these payments and the problem of identifying the arm’s-length component does
not apply. As long as a country supplements such withholding taxes with weakened thin
capitalization regulation, it does not suffer from any loss in physical capital investment
either.® We show that such a package is the dominant, welfare-maximizing choice even

under non-cooperative decision making and tax competition.

"Looking at one country in an optimal-tax approach, Hong and Smart (2010) established that some
debt shifting to implement discrimination between domestic and international firms is always optimal.
Again, lax thin capitalization rules allow for positive investment effects and more targeted firm-specific
tax rates. Gresik et al. (2015), however, show that adding transfer pricing to such a model questions
this view. Transfer pricing is welfare-deteriorating, and larger FDI and thin capitalization allow for more
transfer pricing.

8Problems can occur when domestic firms also need to wire royalty payments to foreign patent owners.
One solution could be to implement a royalty stripping rule similar to earnings stripping rules for thin
capitalization. Granting some deductibility and denying any royalty deductions above a certain threshold
from the tax base, relative to some earnings measure, should allow to handle this problem. We will
elaborate further on this in Subsection 5.2 and the concluding remarks.



Finally, the literature with respect to royalty taxes is scant. Fuest et al. (2013,
Section 5) propose withholding taxes on royalty payments that are creditable in the
residence country as one policy option to reduce BEPS. In a brief statement, the authors
verbally discuss the scope of such a measure.? For a small open economy without strategic
interaction, Juranek et al. (2018) provide a comprehensive positive analysis of the effects
of royalty taxation on firms’ investment and profit shifting behavior, depending on various
different OECD methods to regulate transfer pricing. One main finding is that under
standard OECD methods, transfer pricing in intellectual property does not have any
effect on the intensive investment margin. In all these papers, government policies are
exogenous. Our results confirm that there is no behavioral (‘intensive-margin’) effect,
but identify a mechanical investment effect on the extensive margin. But, this effect
can be reproduced by other instruments so that royalty taxation remains an effective
instrument to curb profit shifting in a package with several policy instruments. Most
importantly, we extend the analysis in this strand of the literature by bringing it on a
rigorous normative level. Royalty taxes are an efficient instrument to curb profit shifting
and can be maintained under tax competition, as long as they are accompanied by (lax)
thin capitalization rules.

The remainder of the paper is set up as follows. Section 2 develops the model. In
Section 3, the Pareto-optimal solution where policy instruments are coordinately chosen
is derived as a benchmark. Section 4 analyzes the non-cooperative symmetric equilibrium.
In Subsections 4.1 and 4.2, we discuss the equilibrium for special cases of available policy
instruments where either the withholding tax on royalties or internal debt (and the thin
capitalization rule) are not available. In Subsection 4.3, we then derive the equilibrium
for the full set of policy instruments. Section 5 discusses extensions of the basic model.

Section 6, finally, concludes.

2 The model

Our analysis rests on the standard model provided in Haufler and Runkel (2012). In order
to capture the challenges of the digital economy, intellectual properties, and intensified
tax competition for both physical capital and paper profits, we extend this model by
capital-augmented technological progress, royalty payments for the underlying intellec-
tual property, and differences in productivity of domestic (immobile) and international
(mobile) capital. Furthermore, a royalty tax provides an additional instrument for the

government.

9Related to this, a Norwegian government committee on capital taxation in a small open economy
discussed practical options for royalty taxation in 2014, but voiced mixed opinions (NOU, 2014, chapter
7.3). In contrast, Finke et al. (2014) estimate in an empirical analysis that most countries would benefit
from a withholding tax on royalty payments, whereas the U.S. that receives the largest royalty income
worldwide would lose a significant share of its revenue.



There are two symmetric countries i € {A, B} engaging in competition for mobile
capital. In each country, there are domestic and multinational firms (superscript n and m,
respectively). Each firm, independently whether it is domestic or multinational, uses one
unit of capital as a unique input factor in the production process. We denote capital used
in domestic firms (k') as immobile and capital used in multinational firms (k!") as mobile.
The net return for both types of capital differs for two reasons. First, multinational
firms have access to an intellectual property that allows them to use their capital inputs
more efficiently (i.e., they are more productive). Second, domestic and multinational
firms are treated differently by the tax system, because investment by multinationals is
internationally mobile.

In our analysis, we assume that all governments apply the tax-exemption method in
case of foreign-earned income, i.e., territorial income tax systems apply.!? We follow the
main tax-competition literature in modelling a capital tax per unit of capital input instead
of a (proportional) corporate tax rate on firms’ taxable profits. This choice simplifies the
analysis, but is known to not affect the qualitative results as long as there is no imperfect
competition (see, e.g., Haufler and Runkel, 2012, p. 1090). Thus, both types of firms in
our model face a statutory tax rate on effective capital input denoted by t;.

All firms decide about how much of their investment to finance by external debt.
Following most tax codes worldwide, (external) debt is tax deductible, while equity is
not. Hence, firms can reduce their effective tax rate by choosing their external leverage
a; € [0,1], i.e., the extent to which investment is financed by external debt. As is well
known from the trade-off literature, external debt causes additional non-tax benefits and

' On the one hand, it is seen as useful in mitigating moral-hazard problems in

costs.
incentivizing managers (e.g., lax management and empire-building strategies). On the
other hand, a higher external leverage increases the risk of bankruptcy and may cause
bankruptcy costs, or induce a debt-overhang situation, in which profitable investment
is not undertaken. In line with the standard finance literature, we summarize costs of
external debt by a U-shaped function C'(«; — @), where @& denotes the optimal external
leverage ratio in absence of taxation (i.e., the cost-minimizing level of external debt).
Any deviation from & causes marginal agency costs with C'(0) =0, C'(-) > 0 if o; > @,
C'(")<0if oy <@, and C"(-) >0V ;.*2

In addition, multinational firms host an affiliate in a tax haven that, for simplicity,

charges a zero tax rate on capital and corporate income.'® Thus, our model captures both

10Gince the U.S. went from worldwide to territorial taxation in its tax reform in December 2017, more
or less all major (OECD) countries operate a territorial tax system and the tax-exemption method.
Remaining exceptions are, e.g., Chile, Israel, and Mexico.

"See, e.g., Hovakimian et al. (2004) and Aggarwal and Kyaw (2010) for some overviews and more
detailed discussions of the full set of costs and benefits of external debt.

12In Subsection 5.1, we will discuss the case where agency and bankruptcy costs depend on both
external and internal leverage. For example, this might be the case for very high values of total leverage.

13This assumption corresponds, e.g., with Hong and Smart (2010), Haufler and Runkel (2012), and



shifting profits to offshore tax havens and cases where a third country implements a very
aggressive patent boxes with an effective tax rate close to zero. By investing equity in the
tax haven, the multinational can turn this affiliate into an internal bank that passes on
the equity as internal debt to the productive affiliate in country ¢. Because internal debt
is — per se — also tax deductible, the additional debt financing lowers the effective tax
rate in country ¢ further. Actually, multinational firms would like to replace the entire
equity in their productive affiliates by internal debt, but face a thin capitalization rule \;
that denotes the maximum internal leverage (i.e., the internal-debt-to-asset ratio) that is
tax deductible.'*

Finally, the multinational’s affiliate in country ¢ has access to intellectual property
(e.g., a capital-enhancing technology) owned by the tax-haven affiliate. In order to
capture the (technological) advantage of multinational firms over domestic entities, we
assume that the intellectual property implies that one unit of mobile capital is more
productive than one unit of immobile capital. Specifically, we assume that one unit of
immobile capital equals k£ < 1 units of mobile, or effective, capital units.'® In other words,
the multinationals’ technology enhances any unit of raw capital, used in their affiliates,
to 1/k > 1 units of effective capital. Both types of capital contribute to a country’s
aggregate production f(k;) where the aggregated production function is specified over
total effective capital units k; employed in country ¢ and features the standard proper-
ties f'(k;) > 0 and f”(k;) < 0. The total amount of effective capital units is given by
k; = k! + k". Capital supply is exogenous. The representative household in country i
owns n units of domestic ‘raw’ capital k' and one unit of mobile capital k*. Hence,
supply of effective capital units amounts to xkn + 1 in country .

For the use of the intellectual property, the tax-haven affiliate charges a royalty pay-
ment per unit of capital B; = R? + R? that is tax deductible in the productive affiliate in
country i. RY captures the arm’s-length payment that mirrors the actual value created

per unit of capital. Because the royalty can both be lump-sum in nature and depend on

Gresik et al. (2015). A positive tax rate in the tax haven would not affect our results at all as long as
tax payments on royalty income in the tax haven can be credited against potential royalty tax payments
in the productive affiliates (see also the proposal in Fuest et al., 2013, Section 5).

14 Accordingly, we focus on the traditional safe harbor rules when it comes to regulation of thin capital-
ization. The new trend, fostered by Action 4 in the OECD BEPS Action Plan, is to implement earnings
stripping rules which allow deductibility of (internal) interest expenses relative to some earnings mea-
sure. It is not trivial to implement such rules into a setting with tax competition, heterogeneous firms,
differences in productivity, and profit shifting. This would require a very different model set up than
the one to come, and a specification of firm-specific taxable-profit functions. Nevertheless, we believe
that our results with respect to royalty taxes carry over to a world with earnings stripping rules as well.
In what follows, the crucial role of thin capitalization rules will be to reduce effective capital costs for
multinationals, and this can be done both via safe harbor rules and by earnings stripping rules.

15Since the statutory tax t; is levied on effective capital units, domestic firms pay a lower effective tax
per unit of ‘raw’ capital (their endowment is worth xn, k < 1, effective capital units only). This effect
corresponds to a corporate tax on firms’ profits, where in absence of tax avoidance, domestic firms would
have a lower total tax payment as they are less productive and have lower profits than multinational
firms.



capital investment in various ways (e.g., on production f(k;) or on sales revenue pf(k;)
where p denotes the price), R’ depends on capital investment k; and an exogenous vector
b = (by,...,by)T that denotes the corresponding arm’s-length rates.' In contrast, R?
measures the amount of profit shifting that is achieved by the tax-haven affiliate charging
a surcharge above the arm’s-length royalty payment. This surcharge depends on capital
investment and an N-dimensional choice vector @ = (ay, ...,ax)” which elements allow
for adjustment of the arm’s-length rates. Hence, the abusive part of the royalty payment
is given by R%(a, k;). Put together, the total royalty payment per unit of capital is given
by Ri(a,k;) = R¥(a,k;) + R2(k;). We assume that the aggregated arm’s-length royalty
payment R?(k;)k; is increasing and concave in k;. The latter assumption implies that
the respective royalty payment per unit of capital, RP(k;), decreases in capital k;, i.e.,
ORY/Ok; < 0.17

To shift profits and deviate from the arm’s-length payment R?, i.e., in order to charge
an abusive surcharge payment R{, the multinational has to incur concealment costs.
These costs can be interpreted as the use of lawyers and accountants to justify the chosen
rates within a given leeway and disguise the abusive part of the royalty payment, or as
non-tax deductible fines related to abusive pricing.'®* The costs depend on the level of
mispricing, and the more profits are shifted, the higher these costs become. Juranek et al.
(2018) show that the OECD standard transfer pricing methods imply a functional form
of royalty-related concealment costs which defines its argument over the deviation from
the arm’s-length payment, i.e., over R; — R® = R®.'® Therefore, assuming the OECD
standard methods to apply, we define concealment costs as ¢ = ¢(RY) with ¢(0) = 0,
d(RY)RY > 0, and ¢"(R?) > 0.

The government has three tax instruments at its disposal. It charges a statutory
capital tax rate ¢; per unit of capital k; that is invested in country i. The thin capital-
ization rule sets the internal leverage \; that is tax deductible. Finally, a withholding
tax 7; € [0,¢;] on royalty payments can be charged in order to reduce profit shifting that
is undertaken through mispricing of royalties. The maximum of the withholding tax is
given by the capital tax rate ¢;. Total tax revenue is used to finance a public consumption
good g;. While all three instruments can be used for tax competition, thin capitalization

rules and withholding taxes additionally allow for discrimination between domestic and

16 A5 discussed in San Martin and Saracho (2010), most royalty payments are made relative to sales
revenue or units sold or as a combination of a fixed payment and payments relative to sales.

1"The aggregate arm’s-length payment may, for example, be determined proportional to output f(k;)
so that RY(k;) = bf(k;)/k; with b > 0. As the production function is concave, the royalty payment also
is concave.

18See, e.g., Kant (1988) and Haufler and Schjelderup (2000). Whether concealment costs are tax
deductible does not matter for the qualitative results to come.

19To the standard methods listed by the OECD (2015c¢, 2017a) belong the Controlled Unrelated Price
Method, Transactional Net Margin Method, and Cost Plus Method. For profit-allocation methods such
as the Transactional Profit Split Method, however, the specification does not work well. See Juranek et
al. (2018) for details.



multinational firms in order to attract mobile capital. As we are going to show later,
these two policy instruments are, however, differently affected by the competition for

mobile resources.

2.1 Firm behavior

Given the described tax system, the net return on immobile capital in country i, per
effective-capital unit, is
ri = f'(k) —t:i(1 — o) = Claf — @), (1)

which translates into a net return of xr] per unit of domestic ‘raw’ capital. The optimal

external leverage of domestic firms, i.e., aj"*, solves
ti = C'(a — @), (2)

for which marginal tax savings from deductibility balance marginal agency costs of ex-
ternal debt.

The net return on mobile capital in country ¢ is
rit = f'(ki) = ti(1 =X — o) = Clof" — &) + piRi(a, ki) — (R (a, k), (3)
where we define u; = t; — 7;. We interpret u; as the net deductibility rate for royalties.

The net return on mobile capital is higher than the net return on immobile capital for
three reasons. First, mobile capital is more productive due to the use of the intellectual
property. Second, multinationals can reroute equity via the internal bank and declare
some capital as internal debt (denoted by A;). This reduces their effective tax rate and,
therefore, their user costs of capital. Third, multinationals can lower their effective tax
rate via the deduction of royalty payments (captured by pu;R;(a, k;)). In order to do so,
the multinational has to incur concealment costs ¢(RY) for the part of royalties that are
abusive. But in the optimum, these concealment costs do not overcompensate the tax

deduction.

m*
%

The optimal external leverage chosen by multinational firms «[** is given by the

solution of

* n*

It corresponds to the choice of external leverage in domestic firms, ie., af = af* =
a™*, because the decision for external debt is independent of internal debt and royalty
payments.

Equation (4) allows us to analyze the effect of the capital tax rate, the thin capital-



ization rule, and the deductibility rate for royalties. We find that the optimal level of
external debt increases in the capital tax rate t;, but is not affected by changes in the
thin capitalization rule \; or the deductibility rate for royalties ;, i.e.,

do* 1 daj  doj

L = 0 d L = =0. 5
it~ C'ar—a) M AN T du (5)

The multinationals’ first-order condition with respect to the royalty structure follows as

o 9re(ak)

A = i ¢(R™(a, k)2 @k) — g ye—1,.. N = pu=c(R™). (6)

das i
The first-order condition shows that the vector a is indeterminate because the first-
order condition is the same for each element s = 1,...,N. Hence, it suffices for the
multinational to choose one surcharge element a,. However, the shape of the optimal
abusive-surcharge function R*(a,k;) is unambiguously determined by the inverse of the
marginal concealment cost function. Note further, that the optimal royalty payment per
unit of capital, R{*, is independent of capital investment k;. The reason is that any
effect that comes from changes in optimal capital investment can be neutralized by an
adjustment of the surcharge vector a in order to maintain the total profit shifting via
royalties on its optimal level (see also Juranek et al., 2018).

In the following, we hold the deductibility rate p; constant whenever we analyze the
effects of a change in the capital tax t;, that is, we assume that the royalty tax rate 7;
adjusts implicitly to hold p; = t; — 7; unchanged. Then, abusive royalties per unit of
capital are neither affected by the capital tax t; nor by the thin capitalization rule \;;
however, they increase in the deductibility rate for royalties p;, that is,

dR{"  dR§”

i, 7y =0 and

dRy* 1
d,uz N C”(R;”(CL, k?z))

> 0. (7)

Optimal demand for effective capital units k; in country ¢ is determined by the equi-

librium on the world capital market, i.e.,
ki +k;j =2(1+ kn). (8)

As we have assumed both countries to be symmetric, the representative households in
both countries own half of the total capital supply. Moreover, the net return on mobile
capital must be equal in both countries, that is, there is no possibility for arbitrage.
Capital demand in country i is, therefore, determined by

F(ki) = ti(1 = X = af) = Clo] — @) + [ Ry™ + Ri (k)] — c(R{")

)

= fl(k;) —t;(1 =X —a}) — Clof — a) + u[R* + Ry (k;)] — c(RS™), (9)

J
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where we have used the optimal solutions for external debt and abusive royalties, i.e.,
(2) and (6). Using equation (8) in order to substitute for k; in equation (9) and then
differentiating the arbitrage condition with respect to k; and t; yields

b b

|:f//(k7i) + MaRZ} dk; = [1 = X — o] dt; = — [f"(k’j) + #j%] dk;. (10

Ok;

Applying symmetry, i.e., of = of, kj = k;, t; = t;, and p; = p;, we can rewrite that

79

to

. 4 1\ — of
dri _ _dky _ A—ai (11)

T S b
dt; dt; 9 [f//(ki) + Mi%—Z]

Because both the production function and the aggregated arm’s-length royalty pay-
ment function are concave, it always holds 2 [ (ki) + m%—lg} < 0. Hence, an increase in
the statutory capital tax decreases capital demand in the respective country and leads to
an increase in capital demand in the other country. The result illustrates the standard
tax base externality arising from tax competition for mobile resources.

Analogously, we differentiate (9) with respect to k; and \; to obtain the effect of a
change in the thin capitalization rule on capital demand. It is

dk; dk; li

Sk > 0. (12)
P k) +

Relaxing the thin capitalization rule, that is, increasing \;, leads to an increase in capital
demand in the respective country and reduces the capital demand in the other country.
Finally, differentiating (9) with respect to k; and p; yields

ki dk; RCGR o (3

dpi dpsi 2| f"(ks) +Mi%—g]

The deductibility rate for royalties only has a mechanical effect on capital demand that
can be interpreted as an extensive-margin effect. A higher deductibility of the royalty
payment R; reduces the effective tax rate, increases the after-tax return on capital, and
makes investment more attractive, all else equal. Therefore, demand for capital in country
1 will be larger, and because each firm uses one unit of capital, this implies further set-
tlements and relocation of multinationals. Consequently, an increase in the deductibility
rate for royalties increases capital demand in the respective country and decreases capital
demand in the other country. There is, however, no behavioral effect via profit shifting.
It does not pay-off to increase capital beyond the mechanical effect in order to improve

the profit-shifting position, because (aggregate) capital investment does not affect the
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trade-off between abusive royalty payments and concealment costs. On the margin, the
behavioral effects cancel out. This is, with necessary modifications, equivalent to the
absence of an intensive-margin effect in a setting where firms can adjust the level of their
capital investment, see Juranek et al. (2018, Proposition 1).%
Importantly, the mechanical effect of the deductibility rate is proportional to the
effect of the thin capitalization rule, and thus, can be fully offset by adjusting the thin
dk; _ B +R? dk;

capitalization regulation, as G = i In other words, the investment incentives
K2 1 7

of all instruments are linearly dependent and the extensive investment margin can be

fully controlled by the available government instruments.

2.2 Tax system

Per capita utility in country ¢ is denoted by u(z;, g;) where x; and g; are private and public
consumption, respectively. Before we analyze the optimal tax policy with coordination
and under competition, we derive the effects of the three policy instruments on private
and public consumption. Based on the supply of n units of domestic ‘raw’ capital and
one unit of mobile capital as well as returns measured per unit of effective capital, private

consumption equals
x; = kel +rl+ f(k) — f(k)ki, (14)

where the returns on capital are given in (1) and (3), respectively. Private consumption
is determined by the aggregate return of mobile and immobile capital. Moreover, inelas-
tically supplied labor and the intellectual property give rise to decreasing returns to scale
in production and generate supernormal profits. These profits provide the representative
household with residual income that is captured by the last part of equation (14), i.e.,
by f(ki) = f'(ki)ki.

Analogously, the provision of public goods is determined by tax revenue and reads

9i = ti(l—ai)rn+[t;(1 =X — of) = wmRj] (ki — kn), (15)

where k; —rn denotes mobile capital used in country i and R} = R¥*+ Rb(k;). Considering
the optimal solutions for internal debt and royalties, i.e., (2) and (6), the partial deriva-

tives of private consumption with respect to the three policy instruments in a symmetric

20 Juranek et al. (2018) focus on a model with an intensive margin for capital investment and royalty
payments that are defined per firm, not per unit of capital. In such a setting, profit shifting via royalty
payments does not affect investment at all. In our setting with an aggregate production function, a
unit of capital can be seen as establishing an additional firm (or affiliate). An increased deductibility
of royalty payments then reduces the effective tax rate that is relevant for such an extensive-margin
decision.
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situation are®!

o i} . ORb Ok;
o —kn(l—a)— (1 =X —a))+ ok o1, (16a)
o - T oy (16b)

Taking into account the effects of the policy instruments on capital demand, i.e., (11),

ORY
(12), and (13), as well as 3

the standard direct effects, a higher statutory capital tax and a higher withholding tax

< 0, all three effects are generally ambiguous. Based on

reduce private consumption, while a laxer thin capitalization rule increases private con-
sumption. But, a decrease in capital demand increases the arm’s-length royalty payment
per unit of invested capital so that income of the investors in country ¢ increases, all else
equal. Equivalently, an increase in capital demand reduces the arm’s-length payment
per invested capital so that the owners of these capital units experience a reduction in
income, all else equal.

The effects of the three policy instruments on the private consumption in the other

country are

Ox; IR Ok; ORY Ok;
- __ 98 |
T o TR T TR (17)
Ox; IR Ok, IR Ok;
_ Aok O 1
W T W Tl W (17b)
, OR? OL . b Ok,
oz; b ok, ORYOk: 17

Op; B 'uja_kj Opu; - Ok; O

In a standard tax-competition model without royalty payments, private consumption
in country j is not affected by policy changes in country ¢ and all externalities work
via public consumption only (see, e.g., Haufler and Runkel, 2012, equations (9) and
(13)). The facts that owners of mobile capital earn an arm’s-length royalty payment
on their capital unit invested in country j and that this payment shrinks when capital
investment in country j expands, trigger a negative private-consumption externality of
capital taxation in country ¢, but positive externalities from thin capitalization rules and

deductibility rates in country i.

2INote that in the symmetric equilibrium, capital demand in country 4 is equal to k; = 1 + kn. We
use this condition to derive equations (16a) to (16¢)
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For public consumption, we obtain in a symmetric equilibrium

gi%’ = wn(l—a)+(1—-N—a)—(1+ m)ti%f - “i%_};fg_lz + Akg—’;;, (18)
gii = m%];fg—iz + ’“g_];i’ (18h)
gfz = R - m@;i* - “iaa}/jfg_,lz + Akg—zz. (18¢)
with
Ap=t;(1—-N—af)— R, >0 (19)

denoting the tax wedge of capital investment. The tax wedge is positive whenever the
deductibility of royalty payments y; is not too large.??
In general, the effects of the policy instruments on the public good in the same country

are ambiguous in sign. In its optimum, however, the government will never choose a tax

9gi
ot;

capital tax rate has three effects on public consumption. First, there is a direct, positive

rate on the decreasing side of the Laffer curve so that > 0. An increase in the
effect through an increase in tax revenue (first two terms of (18a)). Second, there is
a negative effect, because external debt increases due to an increase in the capital tax
rate so that tax revenue is reduced. Third, there is a negative revenue effect as the
deductible arm’s-length royalty payment per capital unit increases when capital demand
decreases. In addition, the decrease in capital demand also has a direct negative revenue
effect whenever the capital tax wedge is positive. A laxer thin capitalization rule has
two effects on public consumption. On the one hand, there is a direct reduction in tax
revenue. On the other hand, the induced increase in capital demand fosters the capital
tax base and reduces deductibility of arm’s-length royalties per unit of capital. The
effects of an increase in the deductibility rate for royalties on public consumption are
threefold: There is a negative, direct effect on tax revenue. Furthermore, an increase in
the deductibility rate of royalties increases the royalty through an increase in the abusive
part. This response reduces tax revenue. Finally, there is a positive effect via capital
demand, analogous to the capital-demand effect of the thin capitalization rule.

The effects of the policy instruments chosen by country ¢ on the provision of public

goods in country j arise due to changes in capital demand and are unambiguous for

22In an equilibrium with optimal government strategies, A, > 0 will always hold. Otherwise, the
government would have incentives to push capital out of the country in order to increase tax revenue
and public consumption. But, this implies that it would reduce the deductibility rate p; (i.e., increase
the withholding tax 7;) until A = 0.
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positive tax wedges:
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Both an increase in the statutory capital tax, a stricter thin capitalization rule (i.e., a
lower );), and a reduced deductibility rate of royalty payments (i.e., a lower pu;) have
positive external effects on the other country because such policies foster capital demand
in the other country. In a world with royalty payments, the standard tax base effects (i.e.,
the terms via Ay) are fostered by the reduction of arm’s-length royalty payments per unit
of capital (cf. the effect on private consumption in country 7). These effects via royalty
payments are the direct counterparts to the externalities on private consumption in coun-
try 7, that is, they have the same magnitude, but the opposite sign. Consequently, under
tax competition with royalty payments, the standard fiscal externalities are extended by
additional consumption externalities. An export of capital does not only foster the other’s
country tax base, it also reduces the royalty payments per unit of capital in this country.
Hence, private consumption decreases, but tax revenue and public consumption increase.

The latter effect is welfare-enhancing whenever there is underprovision of public goods.

3 The constrained Pareto-optimal solution

As a benchmark, we derive the optimal tax policy with coordination of policies in both
countries. A country’s welfare is determined by the utility of its representative household.
Under coordination, the countries maximize aggregate welfare W¢ = u(z;, g;) + u(x;, g;)
(where superscript ¢ refers to coordinated tax policies). In this situation, the tax base
externalities are taken into account so that the Pareto-optimal levels of the policy instru-
ments are determined. Nevertheless, the deductibility of external debt acts as a constraint

on the Pareto-optimal solution. The optimization problem can be stated as

max W =u(z;,¢;) +ulxj,g;) st. (8),(14), and (15). (21)

[N R IOV N

Proposition 1 summarizes the result where €,, denotes the elasticity of external lever-

age with respect to the capital tax.

Proposition 1 With symmetric countries, the constrained Pareto-optimal tax policy is
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characterized by underprovision of the public good, i.e.,

Ug 1
— = > 1 22
Uy 11— Eat ( )

dacf t
ot; 1—X; —a;

withholding tax ¥ = t§ (i.e., pu§ =0).

with €4 = > 0, a zero thin capitalization rule X = 0, and a mazimum

Proof: See Appendix A.1.

Even for a Pareto-efficient tax policy, the marginal rate of substitution between public
and private consumption is smaller than one, that is, smaller than the marginal rate of
transformation. Consequently, there is underprovision of public goods compared to a
fully undistorted decision. This result is driven by the deductibility of external debt
that allows firms to avoid the capital tax by strategically distorting the firm’s capital
structure. Hence, the increasing external leverage constraints the level of the capital tax,
and the elasticity of external leverage becomes a measure for the underprovision with
public consumption. The faster agency costs increase with external leverage (i.e., the
more convex the agency cost function is), the less tax-responsive leverage will be and the
higher the Pareto-optimal tax rate gets.?

Furthermore, internal debt is not tax deductible, because a positive thin capitalization
rule would further foster the excessive leverage, and therefore, would lower the tax base
even more. Both results are analogous to Proposition 1 in Haufler and Runkel (2012).

In addition, non-deductibility of royalty payments, i.e., a withholding tax on royalties
at its maximum, avoids any tax distortion from transfer pricing. Consequently, in an
Pareto-efficient equilibrium, abusive royalties are fully prevented and all profit shifting is

eliminated.

4 Tax competition

We now turn to the optimal tax system under competition where each country maximizes
utility of the domestic representative household u = u(x;, g;) only. As we have assumed
identical countries, we focus on the symmetric equilibrium. Thus, choosing all instru-
ments simultaneously, the non-cooperative optimization problem to maximize national

welfare W; is
max W; = u(z;,9;) st. (8),(9),(14), and (15). (23)

iy Aiy i

23As usual in public finance, the ‘optimal-tax expression’ does not represent an explicit solution for
the optimal tax rate (or in the following section, the other instruments). Generally, the elasticity in
equation (22), for example, is not constant and will depend on the chosen tax rate. But, the optimal-tax
expressions allow for highlighting relevant trade-offs and discussing their impacts on an optimal solution.
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The first-order condition for the statutory capital tax reads

0u(mi, gi) _ O; dg;

=, oy, 20, 24
P TR TS (24)
Using (16a) and (18a), we can rewrite the condition as
. OR
uy rn(l —af) + (1 =X — ) — iy 2’; o1 (25)
o * OR? oo ’
Yo gn(l—af)+(1—XN —af) — i 57 g]: (1+ kn)t i,

with the tax wedge Ay as defined in (19).
The term —(1 + /in)ti%_; + Ay g’:? < 0 implies that uy > u,. Consequently, in each

country, there is always underprovision of public goods and the optimal capital tax rate ¢}
is inefficiently lax. This inefficiency is driven by two effects: First, an increase in the capi-
tal tax fosters the distortion in firms’ capital structure. The resulting increase in external
leverage triggers a decrease in tax revenue, all else equal. This effect also appears with
policy coordination as shown in the proof of Proposition 1. Second, there is an additional
negative effect on tax revenue caused by a decrease in capital demand. This effect is not
present in an equilibrium with coordination, but emerges from unilateral competition for
mobile capital. Country i neglects the positive externality on welfare in country j that
is created by shifting capital from country ¢ to j. In sum, the underprovision is stronger

than under cooperation and can be measured as

_ 1+ &kn z—
Y —lo _ ( ), Tl (26)
Ug nn(l—@f)%—(l—)\i—ai) i gt g’;

where k; = 1+ kn.
In contrast to the statutory tax rate, both the thin capitalization rule and the with-
holding tax on royalties are targeted instruments to compete for mobile capital. They

only affect multinationals and their mobile investment. The respective first-order condi-

tions are
ou(x;, gl) 6?:UZ 99; ORt Ok; ok;
o oy, Hlagy, ~(e ) | it gty ) Hushigy <0 (27)
8u(a:z,gz) (‘)xz 091 8Rb 81{:1 8Ra* 01{:1
— = Ug g = —(Uz— S i — i —A <0, (2
Opi ! aui+ugaﬂi (u ug) Bitn Ok; Ou; s Op; kaui 0, (28)

with Ay as defined in (19) again.

In order to gain deeper insights into how both policy instruments are optimally used by
the governments, we start by analyzing the instruments separately for two special cases.
In Subsection 4.1, firms use both internal debt and royalty payments, but governments

can only set the thin capitalization rule. Royalty taxation is absent (u; = t¢;). This
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scenario captures the EU Interest and Royalty Directive and the current situation within
the EEA. In contrast, we restrict the model in Subsection 4.2 to royalties and assume
that internal debt is not available (A; = 0). Hence, we focus on the royalty tax and on
transfer pricing as the only means to discriminate between multinationals and domestic
firms.?* Finally, we derive the optimal combination of the instruments when both the thin

capitalization rule and the withholding tax on royalties are available (Subsection 4.3).

4.1 The case of a thin capitalization rule only

If the government in country ¢ cannot impose a withholding tax on royalty payments,
we have 7, = 0 so that u; = ¢;. In such a scenario, the government will use the thin
capitalization rule \; > 0 and discriminate between domestic and multinational firms

whenever

o, > 0. (29)

Ai=0,u;=t;

This condition transforms into the requirement that capital demand is sufficiently elastic
with respect to debt financing, that is, the incentives to engage in tax competition are
sufficiently strong. More precisely, an optimally positive thin capitalization rule A} > 0

requires (see Appendix A.2 for the derivation)

1—of ceu R €

at
g ————————— F+ —————— g Exr — > 0, 30
K l—af —Rfkn 1—of — R} ek e (30)
where g, = —‘gi,i—l > 0 is the (positively defined) tax elasticity of capital and egr =
_%}:ﬁ?% > 0 indicates the (positively defined) elasticity of royalty payments with re-

spect to capital investment, while €,; > 0 represents the leverage elasticity as defined in
Proposition 1.

A first insight is that condition (30) collapses to e, > =2t whenever there are no
royalty payments (i.e., Rf = 0) which fully corresponds to Proposition 2 in Haufler and
Runkel (2012). In the general case with royalty payments R; > 0, but no royalty taxes
(u; = t;), the condition for engaging in tax competition is tightened compared to Haufler
and Runkel (2012). Relative to their model, additional capital investment generates less
tax revenue because part of the generated revenue is deducted as royalty payment and
avoids home taxation. This is captured by 1_27—0:1?, > 1 in the second term. The new
effect is mitigated, but not reversed, by the fact tflat Zhigher capital investment reduces the
arm’s-length royalty payment per unit of capital so that the loss in revenue via royalty

payments is reduced, all else equal. The net effect still tightens the requirements for

24This scenario is related to Peralta et al. (2006) who analyze the optimal monitoring of transfer
pricing as additional instrument for tax competition. But, these authors only focus on a binary choice
where the governments either do not monitor at all (so that all profits will be shifted) or enforce perfect
monitoring (and shut down profit shifting).
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engaging in tax competition and granting some deductibility for internal debt. All losses
in tax revenue weigh more the larger is the underprovision with public goods which is
measured via the leverage elasticity ..

We can rewrite (30) in a more compact form as

1— Of!< Eat

31
l—af — R(1—ep eat)ﬁn’ (31)

Ekt >

where 1 —aj — Rj(1 —egg %t) > t;(1 —af — R}) > 0. The latter inequality holds because
the firm does not have any incentive to choose external debt and royalties such that the
tax base becomes negative (as the tax system does not grant ‘negative’ tax payments).
If condition (31) is fulfilled, the optimal thin capitalization rule in absence of royalty

taxation will be inefficiently lax. We summarize as

Proposition 2a In a non-cooperative symmetric Nash equilibrium where withholding
tazes on royalty payments are not available (p; = t;), the government will set the thin

capitalization rule inefficiently laxz (A\f > 0) whenever tax competition is sufficiently high,

1—af €at
—af—Rf(1—epp L) wn

i.e., when €x > 1

Whenever the government has incentives to engage in tax competition and uses its thin
capitalization rule, \; > 0, the optimal level of deductible internal debt A} is implicitly
defined by the optimal share of debt financing (d; = «f + \;) relative to taxable profit
per unit of capital (1 —\; — o — R}). In optimum, this fraction is given by the elasticity
rule (see Appendix A.3 for the derivation)

CK:—F)\Z Ekd
1—)\Z-—oz;-*—R;.“ <1+8R 8k)6at

K, (32)

Ok; O

_ Ok; aj XN
d = 9N, k;

d; = of + X\;. As an increase in tax deductlblhty increases capital 1nvestment and,

where ¢, > 0 is the elasticity of capital demand with respect to total leverage

Oki (),

therefore, reduces the arm’s-

8k; N
Equation (32) is a classic Ramsey rule that trades off the revenue gains from addi-

tional investment, measured by €4, against the net loss in tax revenue from granting tax

deductibility for existing capital investment. The cost measure takes into account that

higher capital investment reduces arm’s-length royalty payments, 0 < 1+ %I; g’ff < 1. The
welfare impact of the net revenue costs depends on the level of underprovision of public
goods, which is measured via the tax elasticity of leverage ¢,; again, see Proposition 1.
The more elastic capital investment is, the higher will be the optimal deductibility
rate for internal debt. In contrast, the higher the leverage elasticity is, the stronger
the underprovision and the costlier it is to grant tax deductibility. Therefore, a more

elastic external leverage tightens the optimal thin capitalization rule. If the technological
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advantage of multinationals is so large that domestic firms effectively do not have a share
in overall production (i.e., if K — 0), there is no longer a need to differentiate between
multinational and domestic firms. Hence, the thin capitalization rule will be set at its

lower bound (and become negative if possible). We summarize our result as

Proposition 2b The optimal thin capitalization rule trades off taz-revenue gains from
attracting additional capital against losses in revenue from subsidizing existing invest-
ment. The presence of royalty payments works in favor of stricter thin capitalization
rules, i.e., less tax competition, because royalties reduce the gains from additional capital

mvestment.

4.2 Pure transfer pricing and the royalty tax

Next, we turn to the scenario in which the government can set a withholding tax on
royalty payments, 7, > 0 and 0 < pu; < t;, but where internal debt is not available
so that the government does not have the thin capitalization rule at its disposal, i.e.,
A; = 0. We know from the benchmark case in a cooperative equilibrium that the efficient
choice of the withholding tax is 77 = ¢{ so that there is no deductibility of royalties,

i = 0. In a non-cooperative equilibrium, the government will engage in tax competition
£ Oulzig:)
8 .

7

> (0. After rearranging the first-
1 =0,7=0

order condition (28), we find that this is the case, whenever (see Appendix A.4 for the

and allow for some deductibility i

derivation)
du(;, gi)
Opi

— R [k:iekt A u”*} > 0. (33)
Ai=0,1;=0 Ug

At p; = 0, there is no abusive transfer pricing so that R!* = 0. Then, two insights
follow directly from condition (33). First, profit shifting is only of second order at p; = 0
and does not matter for the decision to grant some deductibility of royalty payments in
order to attract capital. Second, a necessary condition for an inefficiently low royalty tax
is a positive arm’s-length royalty payment R? > 0. If the royalties are only used for profit
shifting (R? = 0), relaxing the royalty tax from pu; = 0 (i.e., 7; = #;) does not generate
any inflow of capital, because g—/IZ_ =0 for R? = R%* =0, cf. equation (13). Accordingly,
the royalty tax is no instrument for tax competition, and it is preferable to maintain a
strict non-deductibility policy in order to prevent profit shifting.

In all cases with positive arm’s-length payments on intellectual property (R? > 0),
the government will reduce the royalty tax below the corporate tax and attract some
foreign capital investment with p; > 0 if, after utilizing equation (26) to replace %
(see Appendix A .4),

Eat
> —. 34
Ekt on ( )

An inefficiently lax deductibility rate pu; > 0 is optimal whenever the underprovision

of public goods is not too severe, which is equivalent to assuming a sufficiently convex
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agency cost function of external debt, i.e., ¢ to be sufficiently low (cf. equation (22)).
Alternatively, capital investment must respond sufficiently elastic to tax incentives, or the
technological advantage of multinational firms (i.e., 1/x) must not be too large. In these
cases, the expansion of the tax base via additional capital investment overcompensates
the loss in tax revenue from subsidizing existing capital via some deductibility of royalty

payments. We summarize this result as

Proposition 3a In a non-cooperative symmetric Nash equilibrium where internal debt
cannot be used for tax purposes and thin capitalization rules are not available (A\; = 0), the
government will set the deductibility rate for royalties inefficiently high (1} > 0) whenever
(i) there is a positive arm’s-length royalty payment, i.e., R? > 0, and (i) tax competition

is sufficiently strong, i.e., ep > sal,

If the government decides to set its royalty tax below the efficient level under cooper-

ation, the optimal deductibility rate p; > 0 follows from (see Appendix A.5)

Ag

il (35)
Ui = KN :
’ é’:‘at(l — ERE &Tk#) + 83#(1 — %)
where ¢, = g/’jﬁ £ > 0 is the capital elasticity with respect to tax deductibility of royalty
payments p and eg, = afj % > 0 represents the elasticity of royalty payments with

respect to their deductibility rate.

The government allows for deductibility of royalties in order to induce higher capital
investment and benefit from higher tax revenue A, per unit of newly installed capital
(see the numerator). The downside of such a policy is once more that existing capital
also becomes subsidized. These windfall gains are more costly, the higher the original
underprovision problem is (measured via £, once more). In addition, allowing for de-
ductibility fosters profit shifting which reduces tax revenue further. The deductibility
rate will be the lower the more responsive abusive royalty payments react to an increase
in the deductibility rate, that is the higher is ez, > 0. Both negative effects are mit-
igated by the fact that higher capital investment reduces the arm’s-length royalty rate
per unit of capital. This is captured by the two terms in parentheses in the denominator.
As in the case where only the thin capitalization rule can be used, there is no need to
differentiate between multinational and domestic firms if the technological advantage of
multinationals is so large that domestic firms effectively do not have a share in overall
production. Hence, the deductibility rate on royalties will be set to zero if kK — 0. We

summarize these findings as

Proposition 3b The optimal deductibility rate for royalties trades off tax-revenue gains
from attracting additional capital against losses in revenue from subsidizing existing in-

vestment and higher profit shifting.

21



If the multinationals could not use their intellectual property for profit shifting, only
the tax-competition motive would be present and the standard result on withholding

taxes (e.g., Bucovetsky and Wilson, 1991) applied.

4.3 Combining thin capitalization rules and royalty taxation

Finally, we will derive the optimal setting of royalty taxes and thin capitalization rules
when both instruments are available and can be chosen simultaneously. Thereby, we

will make use of the fact that both instruments are linearly dependent when it comes to

o, R} Ou; > 0.

By applying this relationship in the first-order condition (27) for the optimal thin

attracting mobile capital. From equations (12) and (13) follows

capitalization rule A; and using (27) then in the first-order condition (28) for the optimal
deductibility rate p;, straightforward rearrangements lead to (see Appendix A.6)

u(zi, gi) <0 = —u MOR?*
O~ o

<0 = pu =0 (36)
Consequently, the optimal deductibility rate is always zero, the optimal royalty tax rate
meets the corporate tax rate, i.e., 77 = ¢}, and the unilaterally chosen policy under tax
competition meets the efficient level under coordinated policies. If the government does
not face tax-competition incentives to use its thin capitalization rule (i.e., if %ﬁ;g") <0
and A\I = 0), it does not want to grant any deductibility for royalties either, and p; = 0
results as a corner solution. Whenever the government uses its thin capitalization rule to
attract mobile capital (i.e., if %ﬁ;gi) = 0 and A} > 0), there is also an interior solution
for the deductibility rate of royalty payments. But, this interior solution is still strict
non-deductibility of all royalty payments, that is, pf = 0.

Strict non-deductibility implies that the multinationals will not engage in abusive
transfer pricing so that pf = R®* = 0. Inserting this in the first-order condition (27)
and assuming an interior solution for now, the optimal thin capitalization rule can be
characterized by the ratio of debt-to-equity financing as (see Appendix A.7)

* *
where we made use of the measure for public-good underprovision (26) and where, as
before, €4 > 0 and €, > 0 represent the elasticity of capital investment with respect
to debt financing, and the one of external leverage with respect to capital taxation,
respectively.

Underprovision of public goods, triggered by external leverage o and captured by
the leverage elasticity €, in the denominator of equation (37), makes the tax-revenue

loss from subsidizing existing capital investment via a relaxed thin capitalization rule
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expensive. Therefore, a larger leverage elasticity tightens the thin capitalization rule and
increases 7. In contrast, the capital elasticity x4 measures how successful internal debt
financing is in attracting mobile capital and enlarging the tax base. Thus, a larger cap-
ital elasticity increases A} and fosters tax competition via thin capitalization rules. The
induced discrimination between domestic and multinational firms becomes more impor-
tant the more effective capital units (kn) are provided by immobile firms. In contrast, if
multinational firms have a huge technological advantage so that production by domestic
firms becomes negligible (k — 0), there is no need to discriminate between firms, and the
capital tax rate becomes the only instrument for tax competition, once again.

Put together, royalty taxation only focuses on profit shifting and shuts it fully down by
denying any deductibility of royalty payments. This also avoids any problem of evaluating
what the fair arm’s-length payment on the intellectual property is. Hence, all problems
raised by intangibles and the digital economy, as discussed in OECD (2015b), are avoided.
The price for this simplification is an investment distortion, see equation (13), because
the royalty tax falls on real costs R?. However, this distortion can be fully neutralized by
relaxing the thin capitalization rule and granting a higher deductibility of internal debt.
Importantly, the arm’s-length component is not required to determine the optimal thin
capitalization rule either, cf. equation (37). The leverage elasticity ,; does not depend
on royalty payments, and the capital elasticity ey does not directly depend on royalties
and can be determined empirically.

In combination, profit shifting is prevented, but an efficient position in the competition
for mobile capital is still preserved. Indeed, comparing the optimal thin capitalization
rule (37) to the rule in equation (32), which is set if there is no royalty tax available, we
see that the revenue-reducing effect of royalty payments does not enter in (37). Thus, an
optimal thin capitalization rule with royalty taxation will be laxer than one in absence
of royalty taxation.

When does the government want to use its thin capitalization rule for tax competition?
When we evaluate the first-order condition (27) at uf = 0 and utilize the underprovision
measure (26), we find that (see Appendix A.8)

ou(z;, g;)

>0 = 4 < KnEp. (38)
OA; Xi=0,1;=0

The thin capitalization rule will be inefficiently lax whenever the underprovision of public
goods is not too severe; the condition is identical to the one for a lax deductibility rate
in the restricted equilibrium without internal debt, cf. equation (34).

We summarize our main findings in this subsection as

Proposition 4 In a symmetric Nash equilibrium with tax competition and a complete

set of instruments, the optimal royalty tax rate targets profit shifting and always meets its
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efficient level T =7 > 0. In contrast, the thin capitalization rule is set inefficiently lazx
(A\f > 0) in order to accommodate taz-competition incentives, whenever external leverage
s sufficiently taz-inelastic with €4 < knege. The capital tax rate tf is inefficiently low

compared to the constrained Pareto-optimum.

Denying tax deducibility for royalty payments (i.e., u; = 0), eliminates profit shifting
via the intellectual property. All competition for mobile capital is relegated to the thin
capitalization rule which is set inefficiently lax, whenever the underprovision of public
goods is not too severe and capital investment reacts sufficiently on tax incentives (g, <
kneg). Thereby, compensating for the negative mechanical effect that the royalty tax
exerts on the extensive margin of capital investment weakens the thin capitalization rule
further.

The intuition behind our finding is similar to the one for the Atkinson-Stiglitz theorem
where the capital tax is effectively a labor tax plus additional distortions in intertempo-
ral consumption (Atkinson and Stiglitz, 1976). In our case, granting tax deductibility
for royalty payments as instrument for tax competition has the equivalent effects like
weakening the thin capitalization rule, both with respect to attracting investment and
generating windfall gains for existing capital investment. In addition, however, lowering
the royalty tax causes extra costs via transfer pricing, while the thin capitalization rule
does not. Hence, it is optimal not to allow for royalty deductibility and to compete for
investment in thin capitalization rules only. Our result is also related to the finding on the
optimal type of thin capitalization rules in Gresik et al. (2017). These authors document
that a binding safe harbor rule has a strong negative effect on investment while it does
not reduce transfer pricing. Therefore, it is found to be optimal to implement a weak (or
no) safe harbor rule to foster investment, and rely on a binding earnings stripping rule
that indirectly reduces welfare-deteriorating transfer pricing.

When we look at the actual tax rates in European and OECD countries, see Table 1,
there is no clear picture, however. Indeed, many countries set their royalty taxes equal to
their statutory corporate tax rate (e.g., Australia, Denmark, Sweden) or at a level that
is very close to it (e.g., Canada, France). But, there are also many countries that either
grant a substantial discount on the royalty tax rate (e.g., Japan and the U.S.) or do not
use royalty taxes at all (e.g., the Netherlands, Norway, Switzerland). In contrast, some
countries even charge higher royalty than corporate tax rates (e.g., Ireland, Italy). The
picture becomes even more blurry if one checks the correlation between tight royalty taxes
and thin capitalization rules. In addition, the statutory royalty tax rates do not apply
to most transaction, because they are either banned by bilateral double tax treaties or
the EU Interest and Royalty Directive for payments between EEA member states. Most
likely, the fact that royalty taxes effectively hardly apply is driven by the widespread

idea that withholding taxes are highly distortive and face a race to the bottom under tax
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competition.

Our analysis and Proposition 4 challenge this traditional view. The crucial point here
is that governments face both competition for physical capital and shifting of paper prof-
its. Then, it is optimal to devote the withholding tax to profit shifting and to concentrate
all competition for mobile capital in the thin capitalization rule. The policy implications
are twofold. First, the complete ban of royalty taxes in many double tax treaties and
in the EU Interest and Royalty Directive is counterproductive and welfare-deteriorating.
It prevents countries from insulating themselves against intensified tax competition for
paper profits, see the emergence of patent boxes with preferential tax treatment of in-
come from intellectual property (cf. Table 1). With enacting a patent box with a 12.5%
tax rate and no nexus, the U.S., in December 2017, made another major step towards
intensified paper-profit competition.?> After Brexit, the U.K., which already hosts an
aggressive patent box with a 10% tax rate, might follow (Economist, 2017; Shaxson,
2017). Therefore, counter-policies will become even more important in the future and
royalty taxes seem to provide a simple and efficient instrument that additionally over-
comes the problem of identifying arm’s-length payments in a digital economy (OECD,
2015b). Second, for royalty taxes to be efficient, it is necessary to allow for more internal
debt shifting, viz., weaker thin capitalization rules. While there are good reasons for the
OECD’s (2015a, Action 4) push for stricter regulation of thin capitalization, the results in
this subsection indicate that some leeway needs to remain and overshooting in regulation

needs to be avoided.

5 Extensions and limitations

Our model that we used to derive the results rests on a few simplifications. In this
section, we will discuss what happens if the most important of these simplifications are
relaxed. A detailed formal analysis of these issues is beyond the scope of this section.
Such an analysis would not change the main insight either: Even under tax competition,
it is always optimal to raise some royalty taxes and a complete ban of such taxes is not

efficient.

5.1 Agency costs of internal debt

So far, we have assumed that internal debt has the same properties as equity and does
not affect the agency and bankruptcy costs of external debt. This follows a significant
part of the finance literature (e.g., Gertner et al., 1994; Chowdhry and Coval, 1998) that

views internal debt as ‘tax-preferred equity’. For high levels of total leverage, however,

25See H.R. 1, 115th Congress, “An Act to provide for reconciliation pursuant to titles II and V of the
concurrent resolution on the budget for fiscal year 2018.” (2017)
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internal debt can still affect bankruptcy risk and in particular might weaken the commit-
ment of the multinational (as principal) to incentive agreements with the managers (as
agents) in the local subsidiaries. In such cases, increasing the level of internal debt would
cause additional moral hazard costs because local managers lose trust into the implicit
agreements with the multinationals on remuneration of managerial effort.26

If such an interaction between costs of external and internal debt occurs, weakening the
thin capitalization rule and reducing royalty taxation are no longer equivalent instruments
for tax competition. More internal debt might lead to less external debt which will have an
adverse effect on effective capital costs, all else equal. In addition, the additional agency
costs do not appear for reduced royalty taxation. Hence, the analogy to the Atkinson-
Stiglitz result will be destroyed, and thin capitalization is no longer the dominating
instrument for attracting multinational’s capital investment. There will rather be a trade-
off between the additional agency costs of thin capitalization and the higher transfer
pricing caused by reduced royalty taxation. Accordingly, both instruments will be used
for tax competition, and there will be an interior solution for the optimal royalty tax rate
with 0 < 7% < t*.

We believe that these additional costs only matter for high levels of debt financing.
For affiliates with average or low leverage ratios, the negative effect on the royalty tax
rate might well be low or zero. Importantly, as long as external and internal debt are
no perfect substitutes with an additive cost function C(c; + A\; — @), internal debt can
always be used to mitigate investment distortions and there will always be a role for some

royalty taxation 7* > 0. Thus, the main result will be robust to such extensions.

5.2 Royalty payments by domestic firms

Because domestic firms’ production also requires royalty payments for external technolo-
gies, domestic firms are also affected by a tax on royalty payments if the royalty is paid
to a foreign company. Different from multinationals, however, the domestic firms cannot
rely on internal debt for tax optimization, and thus, do not benefit from weakened thin
capitalization rules. Hence, investment distortions created by royalty taxes on domestic
firms cannot be eliminated by allowing for more internal debt shifting. At the same time,
the cross-border royalty payments by domestic firms are not related to profit shifting
as they go to unrelated, third parties. Consequently, royalty taxes falling on domestic
firms rather create additional costs without producing any benefits to society. All else
equal, this speaks against royalty taxation, in particular if a level playing field between
multinational and domestic firms is desirable.

However, this problem can be avoided by granting a suitable allowance. A promising

26Recently, Fahn et al. (2018) pointed out the commitment role of equity and the adverse incentive
effects of debt in general.
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way appears to be a ‘royalty stripping rule’ which would be designed similarly to an
earnings stripping rule for interest deductions. This would imply to introduce a ceiling
for deductible royalty payments relative to an earnings measure (e.g., EBITDA). If this
ceiling is defined as the average (or higher quintiles’) royalty payment that domestic
firms pay to third parties, the burden on domestic firms is minimized and investment
distortions are largely removed. At the same time, profit shifting is capped effectively,
because tax deductibility is still denied for payments that exceed the defined EBITDA

27 Importantly, introducing such a

share, i.e., comparable payments to third parties.
royalty stripping rule corresponds to our finding that taxable royalty payments should

be burdened with a source tax that equals the corporate tax rate.

5.3 Endogenous technological progress and R&D investment

Our formal analysis treats technological progress and its underlying R&D investment as
exogenous. For a single, small country, this is a sensible assumption, because innovation
investments by a (large) multinational firm are unlikely to react to policy changes in a
small country. If several countries or big economic blocks such as the European Union,
however, introduce royalty taxes where the arm’s-length remuneration on R&D invest-
ment is no longer tax deductible, incentives to innovate will be affected. Over time, the
welfare costs from adverse effects on R&D activities in multinationals and innovation in
general may counter the benefits of curbing profit-shifting.

Instead of recognizing the R&D remuneration as taxable expense ex post (and allowing
for additional profit-shifting), the investment distortion can also be avoided by a direct
subsidy of R&D expenditures. Actually, this is likely to be a more efficient way to foster
innovation investments, because the literature on patent boxes finds that preferential
tax treatments for royalty income rather fosters tax competition than innovation and
patents (e.g., Kothenbiirger et al., 2018). Unfortunately, there would be a coordination
issue between the subsidizing home country of the multinationals’ R&D division and all
other countries that host affiliates using the created technology. Therefore, an elegant,
complementing or alternative solution may be to install a royalty stripping rule that allows
tax deductibility up to a certain threshold, defined relative to an earnings measure (e.g.,
EBITA again, see Subsection 5.2). Such a threshold allows productive and innovative
firms to deduct a larger compensation for their effective intellectual property. Properly
designed, it would exempt an average remuneration to R&D investment and mitigate
negative effects on innovation. Modeling the details of such a royalty stripping rule, in

particular the impact on R&D investment and innovation (i.e., technological change), are

2"Highly productive, cost-efficient multinationals will be able to shift some profits because their
marginal costs for the underlying technology are likely lower than the average royalty payment of do-
mestic firms. This effect, however, is inherent to the standard arm’s-length pricing anyway, see Bauer
and Langenmayr (2013).
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beyond the scope of this paper but constitute interesting avenues for future research.?®

6 Conclusion

This paper analyzes a model with both profit shifting via royalty payments on intellectual
property and international competition for mobile capital. Two symmetric countries host
immobile domestic and mobile multinational firms and their set of policy instruments
consists of statutory capital tax rates, thin capitalization rules, and withholding taxes on
royalties. Thin capitalization rules are used to limit profit shifting through internal debt.
Withholding taxes on royalties target profit shifting through abusive transfer prices on
royalty payments. All three instruments can be used for tax competition.

We find that under tax competition, both statutory capital tax rates and thin capital-
ization rules are set inefficiently low. In contrast, unilaterally optimized royalty taxes are
chosen at their Pareto-efficient level and set equal to the capital tax rate. Consequently,
all tax competition by a positive discrimination of multinationals, relative to domestic
firms, takes place via thin capitalization rules. Royalty taxation only focuses on profit
shifting in intellectual property and eliminates any incentive for transfer pricing. As the
royalty tax also falls on the arm’s-length payment for the intellectual property, however,
it causes a negative investment effect. But, this effect is fully neutralized by an addi-
tional weakening of the thin capitalization rule so that the country remains competitive
and royalty taxation effectively does not distort investment.

This result surprises as, in general, one may expect that optimal withholding taxes on
royalties also face the traditional ‘race to the bottom’ under tax competition for mobile
capital and distort factor allocation. Thus, our findings question both the standard view
that withholding taxes are always inefficient and the ban of royalty taxes in double tax
treaties and the EU Interest and Royalty Directive. The crucial differences to standard
models on withholding taxes are that we incorporate profit shifting in intellectual prop-
erty, which effectively can only be targeted by royalty taxes, and analyze withholding
taxes in combination with thin capitalization rules. Weakening thin capitalization rules
can compensate for all disadvantageous effects of royalty taxation.

The policy implications of our results are strong. The ban of royalty taxes in double
tax treaties and particularly in the EU Interest and Royalty Directive appears detrimen-
tal to both national and supra-national welfare. At the same time, thin capitalization
regulation should not become too restrictive. With the combination of some (tough)
royalty taxes and weakened thin capitalization rules, countries would have an effective
and efficient tool to insulate themselves against competition for paper profits without

harming their position in the competition for mobile real investment. Since competition

28Intuitively, a combination of direct R&D subsidies and a royalty stripping rule seems to be most
promising to control the negative effects of a royalty tax.
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for paper profits on intellectual property seems to intensify (see, for example, the new
tax-aggressive patent box in the U.S. tax code since 2018), the availability of such a tool
is likely to become even more important in the future. Furthermore, our results suggest
a relatively simple fix to the problem of determining the correct arm’s-length payment
on intellectual property in a digital economy (OECD, 2015b). In order to specify the
appropriate regulation of transfer payments, knowledge about this component would be
necessary, but is hardly available. The use of royalty taxes, in particular when any de-
ductibility of royalties is denied, circumvents this problem as the arm’s-length component
does not matter for the withholding tax. It is not necessary for determining the optimal
thin capitalization rules either.

Although we believe that our analysis provides a strong case in favor of royalty taxes
(combined with relaxed thin capitalization rules), we want to stress that our model rests
on a few simplifications that have to be taken into account for the implementation of
royalty taxes. First, our analysis focused on traditional safe harbor rules while many
countries, e.g., in the EU, follow the OECD proposal in Action 4 of the BEPS Action
Plan (OECD, 2015a) and implement earnings stripping rules now. The latter approach
of restricting interest payments relative to an earnings measure cannot be easily incor-
porated into the standard model of tax competition. But, in our context, the main role
of a (weak) thin capitalization rule is to attract capital investment and compensate for
royalty tax payments that fall on the arm’s-length remuneration of intellectual property.
These aims can be achieved both by safe harbor rules and earnings stripping rules so that
we are optimistic that our results carry over to other settings.

Second, domestic firms also use patents, licensed by other firms, and might have
cross-border royalty payments that are not related to profit shifting. As these domestic
firms cannot use internal debt for tax planning, they cannot be compensated by a weak
thin capitalization rule and would face a substantial tax payment on real costs. Third,
in a static model, it is rational for a single country to treat innovation as exogenous
and to neglect R&D investment in its policy considerations. In a dynamic context,
denying royalty deductions and taxing arm’s-length payments on intellectual property
might, however, have adverse effects on R&D activities in multinationals and innovation
in general.

An elegant way to circumvent these problems might be to implement the royalty tax in
form of a royalty stripping rule which would be designed similarly to an earnings stripping
rule for interest deductions. Legally, the advantage of defining some allowance for royalty
payments and introducing a ceiling relative to an earnings measure (e.g., EBITDA) would
be to bypass the ban of royalty taxes in double tax treaties and the EU Interest and

29

Royalty Directive.”” Economically, defining the ceiling such that the average royalty

29For example, since January 1, 2018, Germany has a provision that restricts the deductibility of
royalty payments, see §4j, German Income Tax Act. But, it becomes effective only for payments to
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payment of domestic firms to third parties remains tax deductible avoids burdening these
firms. Finally, a threshold relative to earnings allows productive and innovative firms to
deduct a larger compensation for their effective intellectual property. This should mitigate
negative effects on R&D investment and innovation. Modeling the details of such a royalty
stripping rule, in particular how to avoid double taxation of royalty income, as well as
the impact on R&D investment and innovation (i.e., technological change) are beyond

the scope of this paper, however, and constitute interesting avenues for future research.

low-tax countries and the limitation is calculated by a relative tax difference. Thus, it does neither
correspond to our royalty tax, nor to a limitation rule relative to earnings.
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A Appendix

Throughout the Appendix we make use of the following elasticity definitions:

1. Elasticity of external leverage with respect to the capital tax: satz% — b

7
. *
Ai—a

2. Elasticity of capital with respect to the capital tax (positively defined): 5“5—%’;? Z—

3. Elasticity of royalty payments with respect to capital investment (positively de-

OR? .
fined): epp=— 5 1’;—%
4. Elasticity of capital demand with respect to total leverage d;=a;+\;: er4= g’;% O‘k—“‘l

5. Elasticity of capital demand with respect to tax deductibility of royalty payments:

__Ok; i
Sk =D k.
6. Elasticity of royalty payments with respect to their deductibility rate: ¢ Ruzaaij*%

A.1 Proof of Proposition 1

Aggregate welfare is W*° = u(z;, g;) + u(z;, g;). The first-order condition with respect to
the statutory capital tax then reads

owe o 8952 aZL‘j agz 8gj o
o, " (8@» * c‘)ti> Tl (8_ti+ o, ) =

which gives, using eqs. (16a), (17a), (18a), and (20a),

ug rn(l—af)+ (1 =X\ —af) o1 (A1)

Uy /fn(l—oz;-k)—i-(l—)\i—af)—(1""{0”)75:(?9?

The effect of a change in the thin capitalization rule on welfare is

owe Ox; Ox; d9; % B B '
DV uw(akiﬂLaAi)Jrug(a)\ijLaAi = (uy —ug)t; <0

where we have used egs. (16b), (17b), (18b), (20b), and u, < u, according to (A.1). The
thin capitalization rule J\; is, therefore, optimally set to zero. The effect of a change in

the deductibility rate for royalties on welfare is

owe 8ZEZ 8xj 391 8gj OR
— u, — (uy — uy)R* — Uyt < 0
O ! (aﬂz‘ - 3Mz‘> T <3Mz‘ * Opi (u ug) s O <

where we have used egs. (16¢), (17¢), (18¢), (20c), and again u, < u, according to (A.1).
The deductibility rate for royalties is optimally set to zero, that is, the withholding tax
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on royalties is optimally set to its maximum, i.e., 77 = t§. Using A{ = 0 and pf = 0 we

can rewrite (A.1) as

1

= gar 1 1

U T -
which replicates the result of Haufler and Runkel (2012; Proposition 1). O
A.2 Derivation of Egs. (30) and (31)
With (16b) and (18b) we rewrite W . as

* i=0,u;=t;
N o T ax ) T\ T T Mok an T TN )

Using the first-order condition for the corporate tax rate, i.e.,

* * OR} ok,
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as
Ai=0,p;=t;

we can rewrite

OR? ok,
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where I' = kn(l—af) + (1 -\, —af) —ui%if g’; —(1 —l—/ﬁn)ti%f +Akg’:f > 0 by the first-

order condition for the corporate tax rate. Applying \; = 0 and u; = t; the tax wedge

on capital becomes Ay = t;(1 — af — R}). Moreover, we use k; = 1+ kn to rearrange the

expression as
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Substituting for I" and collecting terms, we can further write

— |1 : kiti—+ (1 —af — R))ti— + k(1 —a — R)(1 —
r [ ( "ok, aAi) or, T o T Bl k(1= al = R)Q = ad) 53
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as ‘g—’;" = —%g—ii and k; = 1 + kn. Substituting for the elasticity expressions, we can
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also write

r Ok; O\,
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kt— EREEkt—
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Since I' > 0, we have W > 0 if and only if
¢ Ai=0,p;=t;
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Rearranging and collecting terms lead to a compact condition
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A.3 Derivation of Eq. (32)

Analogously to Appendix A.2, we use (16b), (18b), and the first-order condition for the
Ou(i,9:)
E)Y

corporate tax rate, i.e., (25), to rewrite _
i IN>0,u=t;
T Nu’l_ 1

as
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where ' = kn(l—af)+ (1 =\, —af) — Mz%l,j g’; (14 kn)t; at’ + Ak % > 0. Applying
i = t;, and Ay = t;(1 — \; — of — RY), substituting for I and collectlng terms, we can

rewrite the expression as
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Therefore, the optimal share of debt financing d; = o] + \;, relative to taxable profit

per unit of capital, and implicitly the optimal level of deductible internal debt A} is given
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by the elasticity rule

A
— A, — O — : i i | Eat
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A.4 Derivation of Egs. (33) and (34)
Using (16¢) and (18c), we can rewrite M > 0 as
Bi 1 x;=0,p;=0
OR® Ok; OR™ Ok;
T R i L ! — i_z — A ! > 0.
! < R am) o (M Opi k(%-)
Applying A; = 0, p; = 0 as well as the definition of the tax wedge, i.e., Ay = (1 — af)t;
leads to ok
— R+ (L= o)t > 0.
Ug Opi
Taking into account that R$* = 0 if ju; = 0 and, therefore, R} = RY as well as g—fj =
— fi* g’tﬁ, we can rewrite the condition as

Rf <ki5kt — Yy — um) >0

Ug

which is (33). For a positive arm’s-length royalty payment R? > 0 the condition turns

into

U, — U
2 >0.
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Using eq. (26) gives
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kick —

Substituting e,, ex, and k; — 1 = kn gives eq. (34).

A.5 Derivation of Eq. (35)

With (16¢) and (18c) we rewrite M =0 as
i

Ai=0

OR? Ok; OR® Ok; ORY* ok;
- R* . ] 2 _R* —y 7 2 . Z—'L A (3 — 0
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Using the first-order condition for the corporate tax rate, i.e.,

" OR?
Ug Kn<1_az)+(1_/\l_a) ,U/zak g];
29— > 1
Uy T
where I' = k;(1 — of) — ma@z}: g’; (1+ /m)tl-agit: g]; (as \; = 0), we can rewrite
ou(zi.gi) —
o N 0 as

Uy 8Rb ok; OR? Ok; OR ok; ORY Ok;
2| R I—( Ri4p— A feo(1—a) — s 220 —
I K Bk (M) ( ks o o k8u¢>< (=ad)=u Ok; 3ti)]

where A, =t;(1 — af) — p; Rf. Substituting I' we can rewrite
OR? Ok; oot ok; ORY ok; OR® Ok;
Ri4puf—+— k;t; +A i——A k;(1— i =
( ™ au)( En k(?t) (“ D1 ’“am)( (o 8ti))

Substituting the elasticities, the first-order condition reads

* * € k ERKE
—RI(1—a))k; {(1 — ERKEky) (aat + g* Ak> (eRu Ay —— R* ) (1 _ %)1 —0.

For R} > 0 (which is the case with y; > 0) the first-order condition simplifies to

k; ERKE
(1 — 5Rk5k:p) <5at + Z* Ak) <5Ru Ap—— R* ) (1 - RZi k,u) = 0.

Rearranging and using 1 — k; = —kn gives

1
2% [(1 - 5Rk€ku)5at + €Rrp (1 - 51%2&)] — KnAy =0

which directly gives eq. (35).

A.6 Derivation of Eq. (36)

We rewrite the first-order condition for the thin capitalization rule, i.e., (27), by using

Oki _ t; Ok o .
= It%_; D and multiplying with R}/t; as

OR! 8k-) ok _

_ « o, 90 IR A, 2l
(Uy ug) (Rz + i ok, O, + Uy kam

Taking this into account, we can rewrite the first-order condition for the optimal
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b ax
deductibility rate, i.e., (u; — ug) (Rf + ui%iz gﬁ) — u, (ui% — Akg_;lji) <0, as

Therefore, pf = 0.

A.7 Derivation of Eq. (37)

With u; = 0 the first-order condition for the thin capitalization rule, i.e., (27), reads

ok;

which is equivalent to

el gy~ ap)

= 0.
s O

Using eq. (26) we can rewrite

(]_ — )\z — Oé;k)tzg—];: — kz<1 — af)gat

rn(l—a7) + (1= A — af)

Ok;

= 0.
o\

. . 1-N—* Ok . . .
With g’; =—-— - g];:- and g’;z = 5kdﬁ rearrangement gives (37).

A.8 Derivation of Eq. (38)

Ou(zi,g:)

7

Using (27) we can rewrite >0 as

Ai=0,u;=0

Ok;

Using eq. (26) it is

(1- af)tigﬁf —ki(1 — af)ea (- oﬁ)aki

> 0.

Ok; — t; Ok;

o\ 1—af ot

Substituting ez, and results in eq. (38) .
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Country CIT! 1IP Box WHT TCR TCR

on Royalties?® type? ratio
Australia 30.0 - 30.0 SHR 1.5:14
Austria 25.0 - 20.0 - -
Belgium 34.0 5.1° 30.0 SHR 5:16
Bulgaria 10.0 - 10.0 SHR 3:14
Canada 26.7 - 25.0 SHR 1.5:1%
Chile 25.0 - 30.0 SHR 3:16
Croatia 18.0 - 15.0 SHR 4:16
Cyprus 12.5 2.57 0.0 - -
Czech Republic 19.0 - 15.08 SHR 4:16
Denmark 22.0 - 22.0 SHR/ESR 4:1/80% EBIT?
Estonia 20.0 - 10.0 - -
Finland 20.0 - 20.0 ESR 25% EBITDAS
France 34.4  15.0-15.5 33.33 SHR/ESR  1.5:1/25% EBITDA®%1?
Germany 30.2 - 15.0 ESR 30% EBITDA*
Greece 29.0 - 20.0 ESR 30% EBITDA*
Hungary 10.8"  4.5-9.0 0.0 SHR 3:14
Iceland 20.0 - 20.0 - -
Ireland 12.5 6.25 20.0 - -
Israel 24.0 6.0 24.0 - -
Italy 27.8 13.95 30.0° ESR 30% EBITDA*
Japan 30.0 - 20.0 SHR/ESR  3:1/50% EBITDA*?
Korea 24.2 - 20.0 SHR 2:14
Latvia 15.0 - 0.0'2 SHR 4:1%
Lithuania 15.0 - 10.0 SHR 4:16
Luxembourg 27.1 5.7613 0.0 SHR 85:156
Malta 35.0 0.0 0.0 - -
Mexico 30.0 - 30.0 SHR 3:14
Netherlands 25.0 5.0 0.0 - -
New Zealand 28.0 - 15.0 SHR 60%,/110%%14
Norway 24.0 - 0.0 ESR 25% EBITDA!?
Poland 19.0 - 20.0 SHR 1:16
Portugal 29.5 11.5 25.01° ESR 30% EBITDA*
Romania 16.0 - 16.0 SHR 3:14
Slovak Republic ~ 21.0 - 19.016 ESR 25% EBITDAS
Slovenia 19.0 - 15.0 SHR 4:16
Spain 25.0 10.0 24.0 ESR -
Sweden 22.0 - 22.0 - -
Switzerland 21.2 - 0.0 SHR asset class specific
Turkey 20.0 - 20.0 SHR 3:16
United Kingdom 19.0%7 10.0 20.018 - -
United States 38.9 - 30.0 SHR 1.5:1

Table 1: Corporate tax rates, Intellectual Property (IP) Box rates, and withholding taxes
(WHT) on royalties for European and OECD countries in 2017.

Sources: Corporate tax rates: Eurostat (2017) and OECD (2017b); IP Box rates: PWC
(2017a, 2017b); WHTSs on royalties and TCRs: PWC (2017a) and EY (2017).
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I Statutory corporate income tax rate. Combined tax rate, i.e., central and federal level. 2 WHT on
royalties refer to general rates; special Double Taxation Treaty (DTT) may apply in addition.

3 Safe harbor rule (SHR) or earnings stripping rule (ESR).

4 Ratio refers to total debt.

> The ‘old’ Patent Box regime has been abolished as of 1July 2016 (grandfathered for five years) and
has been replaced by an Innovation Income Deduction regime.

6 Ratio refers to related party debt.

7 According to the old system wich is grandfathered until 30 June 2021.

8 35.0% if payments are to countries with which no enforceable Double Taxation Treaty (DTT) or Tax
Information Exchange Agreement (TTEA) exists.

9 Refers to related party debt/total party debt; one violation suffices for deduction not to be granted.
10 Both violations necessary for deduction not to be granted.

11 Tncluding the local business tax of maximum 2% that applies on the gross operating profit (turnover
minus costs) and which is deductible from the CIT. In the typical case of a local tax of 2%, the total tax
paid is 2 + (9 x 0.98) = 10.82.

12 For companies located in a tax haven.

13 According to the ‘old’ IP regime with grandfathering until 30 June 2021.

14 Refers to ‘inbound’ thin capitalization /refers to worldwide group’s debt percentage.

15 Rate increases to 35% when the income is paid or due to entities resident in black-listed jurisdictions.
16 35% rate applies on payments to taxpayers from non-contracting states.

7 Since 1. April 2017, before 20.0%.

18 Some types of royalties are not subject to UK WHT, incl. film royalties and equipment royalties.
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