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Abstract

The present dissertation focuses on two subjects: the dynamics of interjurisdictional
competition for mobile tax bases and the impact of controlled-foreign-company
rules on tax competition. Against this background, issues regarding dynamic tax
competition and the mitigation of ‘harmful’ tax avoidance practices of multinational
firms are investigated.
Tax Competition - An Intertemporal Perspective (joint with Patrice Pieretti and Benteng Zou). This work focuses on intertemporal tax competition between unequallysized jurisdictions. Given that the existing literature is mainly based on static models,
it is interesting to investigate which new insights tax competition in an intertemporal
setting may provide. In this respect, how does the fact that agents anticipate possible
future changes, once they moved capital abroad, modify their behavior and the tax
policy of the competing jurisdictions? Does tax competition become more intense?
Are capital outflows and tax losses incurred by high tax jurisdictions exacerbated?
To answer these questions, we assume that a small and a large country compete for
internationally mobile capital within a two-period model. We demonstrate that tax
competition is less fierce in an intertemporal setting relative to a static one. It also
appears that the tax loss of the large country induced by tax competition is higher
relative to a static model. This means that tax competition becomes more deleterious
for the country that suffers from capital outflows.
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Is a Dynamic Approach of Tax Games Relevant? (joint with Patrice Pieretti and
Benteng Zou). In this work, we argue that static models provide an incomplete
analysis of interjurisdictional tax competition. Accordingly, one can doubt whether
a one-shot view is suitable for analyzing real world tax competition.
There are basically two ways of introducing a dynamic environment. Either jurisdictions commit to a tax path at the start of the game without future updates (open-loop
behavior) or, they continuously update their tax rates according to changing state
variables (Markovian behavior).
We demonstrate that the intensity of tax competition is impacted by the temporal
nature of the game. It appears that commitment to predetermined tax rates leads to
less intense competition relative to Markovian and static games. As a result, social
welfare is relatively higher. However, comparing the outcome between static and
Markovian games is not straightforward. In a Markovian game, tax rates are lower
than in the static game, if the speed of capital adjustment is high and the marginal
valuation of public goods is sufficiently low. In this case, tax competition is relatively
fiercer in the Markovian game. This is not the case, if capital adjustment is relatively
sluggish and the jurisdictions put a high weight on collecting tax revenue.
The Impact of Controlled-Foreign-Company Rules on Tax Competition (single
author). On July 16th 2016 the Economic and Financial Council of the European Union
adopted the Anti-Tax-Avoidance Directive (ATAD). The proposed controlled-foreigncompany (CFC) rule in the ATAD requires a minimum tax rate in the host country of
a multinational’s controlled foreign subsidiary in order to avoid the reattribution of
the subsidiary’s income to the country of its parent company. The Directive allows
member states to remain free to set the CFC threshold autonomously by laying
down a minimum standard. Member states can thus either opt for a loose CFC
rule by setting the minimum required control threshold (i.e. 50% of the country’s
own corporate income tax rate) or impose a tight CFC rule by applying a higher
threshold.
Against this background, we analyze the effect of CFC rules on tax competition
for foreign direct investments. It appears that, although CFC rules are effective in
curbing offshore profit shifting, they can induce non-havens to compete aggressively
for mobile capital. In this context, CFC rules can exacerbate capital outflows from

v
the large to the small country to a larger extent than in standard models of tax
competition. Moreover, the study highlights that governments choose between two
extreme options when deciding on their CFC rule. Either they opt for the lowest or
the highest possible control threshold.
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Chapter

1

General Introduction
1.1

The Dynamics of Interjurisdictional Tax Competition

Interjurisdictional tax competition for internationally mobile production factors
by means of an attractive tax system is a commonly observed and pervasive phenomenon. Wildasin & Wilson (2004) define tax competition as “a noncooperative tax
setting by independent governments, under which each government’s policy choices influence
the allocation of a mobile tax base among regions represented by these governments”.
The vast majority of the contributions on interjurisdictional competition for mobile
tax bases conclude that competition results in low corporate tax rates leading to
economic inefficiencies.
Efficiency problems induced by tax competition were first studied by Oates (1972).
Accordingly, the efforts of local governments to attract new businesses and income
by offering low taxes lead in particular to the underprovision of public goods. The
work of Oates (1972) can be seen as the reference point for the classical approach
to international tax competition. Inspired by Oates (1972), Zodrow & Mieszkowski
(1986) and Wilson (1986) developed what is known as the standard model of tax
competition. These authors analyze the effects of tax competition on the provision
of public goods and conclude that “the use of a distorting property tax on mobile capital
decreases the level of residential public services ”. Thus, international tax competition
1
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induces a ‘race-to-the-bottom’ in tax rates resulting in a drop of tax revenues and
the underprovision of public goods.
Contrary to this strand, Tiebout (1956) argues that competition between jurisdictions can be welfare-enhancing by leading to a socially optimal level of public good
provision. Tiebout’s contribution focused on mobile households only. Fischel (1975)
and White (1975) extended Tiebout’s framework to analyze interjurisdictional competition for mobile tax bases in general. Hong & Smart (2010) set up a general
equilibrium model and demonstrate that the inhabitants of high-tax countries can
benefit if multinationals are allowed to shift profits to low-tax jurisdictions. According to Wildasin & Wilson (2004), the strongest counterargument against the
opinion that international tax competition reduces a country’s overall welfare, comes
from the Leviathan models. As Brennan & Buchanan (1980) show, the excessive
power to tax of a Leviathan government can be curbed by tax competition. Thus,
tax competition can be welfare increasing.
It follows that the welfare implications of interjurisdictional competition are complex
and ambiguous. As Nicodème (2007) mentions, the consequences of interjurisdictional tax competition depend on a number of different characteristics (e.g., size
asymmetries between the jurisdictions, asymmetries in factor endowments, the
existence of trade, multiple tax instruments, investors’ attachment to home, among
others). This explains why the seminal contributions of Tiebout (1956), Zodrow &
Mieszkowski (1986) and Wilson (1986) have been extended in different ways1 .
One common trait of the existing literature on tax competition is that the models
that have been analyzed are mainly static. Accordingly, the jurisdictions’ capital
stocks adjust instantaneously to policy changes and the equilibrium tax rates don’t
evolve over time. However, such a one-shot view is not suitable for analyzing real
world aspects of tax competition.
Indeed, the corporate tax rates plotted in Figure 1.1 confirm that tax rates do evolve
over time and that a tax-invariant framework is not suitable for the analysis of
interjurisdictional competition. In addition, investors and firms react to changes in
jurisdictions’ tax rates and reallocate their capital stock accordingly. It follows that a
dynamic framework, which incorporates the interplay between taxation and capital
1

For comprehensive surveys, see Wilson (1999), Wildasin & Wilson (2004), Fuest et al. (2005),
Zodrow (2010), and Boadway & Tremblay (2012).
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mobility is indispensable.

Figure 1.1: The Evolution of Tax Rates over Time
Data Source: OECD Corporate Tax Statistics Database

According to Wilson (1987), a static tax competition model might predict the longrun outcomes of government decision making in a dynamic setting2 . However,
Wilson (1987) notes that “there still remains a need for an explicit treatment of the
dynamic issues”. A more recent contribution of Chirinko & Wilson (2017) empirically
validates this statement. These authors allow for time lags in the tax variable, thus
reflecting “that tax policy responses by states are not instantaneous because of adjustment
frictions and/or dynamic strategic interactions”. Contrary to prior results based on static
models Chirinko & Wilson (2017) find that, in a dynamic framework, the tax reaction
functions of competing jurisdictions have negative slopes. So, they conclude that the
“frequently-used static tax competition models are misspecified”. Thus, the question arises
whether the results of standard contributions in tax competition can be amended
within a dynamic version.
There are three different strands in the literature of dynamic tax competition.
2

A similar statement has been put forward by Wildasin (2003) who emphasizes that the results
from his dynamic analysis “emerge as direct generalizations of those derived within standard static models”.
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The first focuses on tax competition in a world of imperfect capital mobility. In
this vein, Lee (1997) investigates the effects of imperfect capital mobility, induced
by transaction costs, on interjurisdictional competition. The author sets up a twoperiod model and assumes that capital is perfectly mobile in the first period, while
imperfectly mobile in the second period. He demonstrates that imperfect factor
mobility increases the intensity of competition between the jurisdictions in the
first period. Moreover, imperfect factor mobility might induce an overprovision of
public goods in the equilibrium. Inspired by Lee (1997), Wildasin (2000, 2003, 2011)
analyses tax competition in a dynamic framework and highlights the importance of
imperfect factor mobility. According to Wildasin (2000), the existing contributions
on fiscal competition can be criticized for a lack of realism, as they only concentrate
on extreme cases, namely autarky (i.e., production factors are completely immobile)
and perfect integration (i.e., production factors are perfectly mobile). The author
characterizes the movement of capital as a process that takes time and doesn’t
occur instantaneously. Indeed, investment allocations adjust gradually to policy
changes and capital flows take more or less time according to the speed of capital
adjustments. Hence, Wildasin (2000) emphasizes that “simple atemporal models of of
factor mobility, though they provide many insights into the analysis of fiscal policies, are too
stark in characterizing factors of production as either perfectly mobile or perfectly immobile”.
Against this background, Wildasin (2000) proposes a dynamic framework which
allows to analyze tax competition in a temporal setting with imperfect factor mobility.
This dynamic framework has been extended and modified in Wildasin (2003) and
Wildasin (2011). In these contributions, the dynamics result from the existence of
adjustment costs, which preclude the instantaneous adjustment of capital to tax
changes. Wildasin (2003) demonstrates that governments face a trade-off between
short-run benefits and long-run losses, while deciding on the taxation of mobile
factors which are owned by non-residents. The speed of capital adjustment to policy
changes plays a crucial role in the government’s decision making. Moreover, the
author shows that unexpected tax changes on imperfectly mobile factors are more
beneficial for the governments than anticipated taxes. Along the same line, Wildasin
(2011) sets up a dynamic model with two imperfectly mobile factors, namely capital
and labor. He analyzes the incidence of a local tax policy, targeted at one of the two
factors, on the equilibrium allocation of both factors. The paper shows that, while
deciding on the taxation of one factor of production, policymakers must take into
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consideration the indirect effects on the other resource.
Nonetheless, in the seminal contributions of Wildasin (2000, 2003, 2011) tax rates
are exogenously given and don’t evolve over time. According to Becker (2008b),
Wildasin “does not solve for the Nash Equilibrium for a system of jurisdictions", but rather
analyzes the optimal policy decision of a single government, given that investors
can shift capital across jurisdictions. Indeed, the tax rates in his models don’t result
from strategic decisions.
A second branch focuses on interjurisdictional competition and growth. Standard
static tax competition models and the endogenous growth literature have first been
combined in the seminal contribution of Lejour & Verbon (1997). These authors
develop a dynamic model with endogenous growth and imperfect capital mobility
to analyze the effects of tax competition on economic growth and the provision
of public goods. They show that tax rates can be inefficiently high if countries do
not coordinate their fiscal policies. This is opposed to the findings of the static tax
competition literature that competition results in inefficiently low taxes leading to
economic inefficiencies. Razin & Yuen (1999) set up an endogenous-growth model
that includes endogenous population growth and capital mobility. Their numerical
results indicate that the effects of tax rates on economic growth are more intense,
when the degree of capital mobility increases. Rauscher (2005) investigates whether
interjurisdictional competition can be beneficial for economic growth. The author
finds that tax competition can both, foster and impede economic growth. Becker &
Rauscher (2007) try to answer the same question by applying Wildasin’s (2003) model
on tax competition in space and time to an endogenous-growth framework. The
authors show that higher factor mobility might lead to higher tax rates. Moreover,
they demonstrate that more intense competition for capital, respectively labor, is
beneficial for economic growth. This contrasts with the findings of Palomba (2008)
who uses an overlapping generations model to show that reductions in capital
income taxes can decelerate economic growth.
Note, however, that these contributions do not incorporate the strategic interactions
between governments and thus do not model tax competition as a differential game.
The third strand of the literature focuses on the strategic interactions between governments with regard to their tax policies. In this context, Coates (1993) sets up a
repeated game model of property tax competition. The author derives an open-loop

6

CHAPTER 1. GENERAL INTRODUCTION

equilibrium of a dynamic game and finds that, unlike in a one-shot game, competition induces governments to subsidize mobile capital. Moreover, he demonstrates
that collusion among the jurisdictions to impose a zero property tax rate can be
welfare-enhancing. Cardarelli et al. (2002) complement the work of Coates (1993) by
incorporating trigger-type strategies in a repeated interactions model. The authors
derive the conditions under which repeated interactions from policymakers can
lead to tax harmonization. They find that tax harmonization is only sustainable
when there are no regional asymmetries between the competing jurisdictions and
policymakers are sufficiently patient. In the case of regional asymmetries, tax harmonization is only possible in the presence of a central fiscal authority.
Han et al. (2014) and Kato (2015) use a differential-game setting to study dynamic
tax competition. In Han et al. (2014) two countries of uneven size compete for mobile
firms with two instruments, namely taxes and infrastructure. They assume that the
small country commits to a tax path at the start of the game (open-loop behavior),
while the large country continuously resets the policy variables (markovian-feedback
behavior). The mobile firms are heterogeneous in their attachment to home and
these preferences are continuously updated. The authors show that the economy
of the smaller jurisdiction can collapse if the mobility of firms is high and public
services are inefficiently provided. In the case of low firm mobility, the economy
of the smaller jurisdiction always expands. Kato (2015) analyzes the impact of agglomeration forces on the nature of interjurisdictional competition and international
trade. He demonstrates that the consequences of tax competition depend on whether
governments can credibly commit to a policy path, or not. More precisely, if policies
are credible, then one jurisdiction will attract all the companies in the case of low
trade costs. Along the same line, Arcalean (2018) investigates the effects of capital
mobility on a tax policy, considering changing tax rates over time. In his model, tax
revenue is used to fund public expenditures designed to attract mobile capital. The
author compares non-cooperative tax policies with international tax coordination.
Although these contributions model the strategic interaction between policymakers,
capital adjusts instantaneously to tax changes.
Against the background of the above mentioned shortcomings, the next two chapters
of the present dissertation aim at expanding the literature on dynamic tax competition by incorporating the interplay between changing tax rates and sluggish factor
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adjustments.

1.2

The Anti-Tax-Avoidance Directive: An Initiative to
Successfully Curb ‘Harmful’ Tax Competition?

Over the past decades, the process of globalization has intensified interjurisdictional
factor mobility, entailing downward-pressure on corporate tax rates.
According to Hong & Smart (2010), there are two main aspects of the growing
economic integration which intensify international competition for mobile tax bases.
On one hand, the decrease in transportation and communication costs increases real
activity shifted across jurisdictions. On the other hand, financial innovation and
liberalization facilitate international tax avoidance by what they call ‘less footloose’
companies. The heads of states of the G7 countries addressed this concern in a
Communiqué issued at their Summit in Lyon in 1996: “Finally, globalization is creating
new challenges in the field of tax policy. Tax schemes aimed at attracting financial and other
geographically mobile activities can create harmful tax competition between states, carrying
risks of distorting trade and investment and could lead to the erosion of national tax bases.”
Accordingly, countries offering zero or low taxation, have attracted a considerable
amount of foreign direct investment (FDI) over the past years. Such countries are
often referred to as tax havens. The OECD defines a tax haven as “a jurisdiction,
which actively makes itself available for the avoidance of tax which would otherwise be paid
in relatively high tax countries3 ”. In 2012, the FDI flows to tax havens and offshore
financial centers made up around 6% of the worldwide FDI flows4 . To illustrate this
increase in FDI flows to tax havens, we show in Figure 1.2 the change of the total
inward FDI stock of countries listed on the EU Tax Haven Blacklist 20195 over time.
3

For further information, see the OECD (1996) Controlled Foreign Company Legislation: Studies
in Taxation of Foreign Source Income.
4
See the UNCTAD World Investment Report (2013).
5
The EU Tax Haven Blacklist 2019 comprises the following 15 countries: American Samoa, Aruba,
Barbados, Belize, Bermuda, Dominica, Fiji, Guam, the Marshall Islands, Oman, Samoa, Trinidad
and Tobago, Vanuatu, the United Arab Emirates and the U.S. Virgin Islands (for further information,
see https://ec.europa.eu/taxation_customs/tax-common-eu-list_en). Note that we excluded Dominica,
American Samoa and the U.S. Virgin Islands in the graphical representation because of missing data.
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Figure 1.2: The Evolution of the Inward FDI Stock of Tax Havens over Time
Data Source: UNCTAD FDI Database (www.unctad.org/fdistatistics)

The total inward FDI stock in tax havens increased from approximately 13.468
million USD to 217.046 million USD between 2001 and 2019. As a consequence,
more and more countries have seen a need to react to the ‘harmful’ tax avoidance
practices of multinationals by questioning the current tax regimes. In June 2012, the
heads of states and governments of the G20 countries urged the OECD to pursue its
work in fighting harmful tax competition between jurisdictions and to implement
an action plan against base erosion and profit shifting6 . One year later, the OECD
published its Action Plan on Base Erosion and Profit Shifting (BEPS), addressing the
perceived deficiencies regarding current tax regimes.
According to Plowgian (2013), the BEPS project can be seen as “the most ambitious
update to the international tax standards in decades”. The 40-page Action Plan contains
fifteen separate action items, as well as deadlines and a brief description of the
expected output7 . However, the OECD cannot impose any coercive power on the
member states to comply with these new rules. In other words, the rules released in
the BEPS Action Plan were recommendations and the member states could decide
6
7

For further information, see the G20 Leader’s Declaration at Los Cabos (2012).
For further information, see the OECD (2013) Action Plan on Base Erosion and Profit Shifting.
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whether to implement them into domestic law, or not. As a consequence, several
countries insisted on the implementation of more binding regulations. On July
16th 2016 the Economic and Financial Affairs Council of the European Union thus
adopted the Anti-Tax-Avoidance Directive (ATAD). Unlike BEPS, the ATAD is a
supranational law and EU member states had to introduce the according measures
into national legislation by January 1st 2019. The ATAD contains five anti-abuse
measures that are, interest limitation rules, controlled-foreign-company (CFC) rules, the
exit tax, the general anti-abuse rule (GAAR), and anti-hybrid rules.
In the underlying dissertation, we focus on the second ATAD anti-abuse measure,
namely the CFC rule. This rule requires that a firm’s controlled foreign subsidiary
pays a minimum tax rate in the host country to avoid the reattribution of the subsidiary’s profits to its parent company. More precisely, if a firm’s affiliate classified
as a “controlled-foreign-corporation" operates in a jurisdiction where the tax rate is
below the required minimum, the country of the parent firm can deploy CFC rules.
It follows that this country can tax the profits generated by the affiliate in the tax
haven by adding them to the tax base of the parent firm (see Haufler et al. (2018)).
CFC rules were already in place in several countries before the adoption of the
ATAD. In 1972, Germany was the first EU member state to introduce CFC rules
into national legislation. France and the UK followed in 1980, respectively 1984.
However, despite the recommendations contained in the BEPS Action Plan, only 13
out of 28 EU member states had CFC rules in place in 20168 . It was only with the
transposition of the ATAD in 2019 that each member state introduced CFC rules.
There is empirical support that CFC regulations are effective in limiting the amount
of capital shifted to offshore subsidiaries. The effectiveness of CFC rules has first
been discussed by Altshuler & Hubbard (2003). The authors analyze the implications
of the Tax Reform Act of 1986 in the U.S., which led to a tightening of the CFC
regulation (known as subpart F provisions). They show that the tightening of
these rules reduced the incentive of multinational firms to lower their tax base
by intra-company loans. Mutti & Grubert (2009) identify possible loopholes for
multinationals to circumvent the United States’ CFC rules in order to lower their tax
liabilities. They find an increased use of hybrid arrangements which facilitate the
8

Source: Taxation Trends in the EU: Data for the EU Member States & Norway (2016).
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multinationals’ tax avoidance practices9 . Using German data, Ruf & Weichenrieder
(2012) show that the German CFC rules significantly decrease the amount of passive
assets held in subsidiaries of German-based multinationals. Egger & Wamser (2015)
investigate the role of CFC rules on real investment abroad. They find that CFC
rules lead to an increase in capital costs and decrease real investment in low tax
jurisdictions. Along the same line, Clifford (2019) shows that CFC rules induce
multinationals to redirect profits away from low tax countries to higher tax countries
with a tax rate just above the CFC control threshold specified by the host country.
These results suggest that CFC regulations are effective in curbing offshore profit
shifting.
According to Haufler et al. (2018), “the existing literature on CFC rules is almost exclusively empirical.” Indeed, the only theoretical studies on CFC rules are the contributions of Weichenrieder (1996) and Haufler et al. (2018). Weichenrieder (1996)
demonstrates that CFC rules can increase real investments abroad, leading to the
distortion of investment allocations. The author thus concludes that ´´the main
message for jurisdictions contemplating whether to embark on anti-tax-avoidance provisions
is that there may be a significant tradeoff between the collection of taxes on foreign income
and the amount of direct investment abroad”. Haufler et al. (2018) analyze the effects of
CFC and thin-capitalization rules on firms’ decisions and optimal tax policies. They
demonstrate that a decrease in the transaction costs of FDI induces governments to
opt for a relatively loose CFC rule. However, a decrease in the costs of debt shifting
leads to a tightening of the CFC rule. Note that in Haufler et al. (2018) CFC rules
are not binding. These authors derive conditions under which policymakers should
make use of CFC rules to fight profit shifting.
The fourth chapter of the present dissertation aims at expanding the theoretical
literature on the effects of CFC rules on interjurisdictional tax competition.

9
Note that the introduction of the “check-the-box” regulation in 1997 made it easier for U.S.
multinationals to implement tax-saving strategies by using hybrid entities. According to a survey
of the Bureau of Economic Analysis (BEA), the income held in holding firms abroad increased
significantly after the introduction of the “check-the-box” rules (see Altshuler & Grubert (2005)).
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Overview

The present dissertation analyzes two main subjects: the dynamics of interjurisdictional competition for mobile tax bases and the mitigation of ‘harmful’ tax avoidance
practices of multinational firms.
In Chapter 2 we propose a framework which allows to analyze tax competition
in a temporal setting. Given that the existing literature is mainly based on static
models, it is interesting to investigate which new insights tax competition within
an intertemporal setting may provide. In this respect, the following questions
arise. How does the fact that agents anticipate possible future changes, once they
moved capital abroad, modify their behavior and the tax policy of the competing
jurisdictions? Does tax competition become more intense? Are capital outflows and
tax losses incurred by high tax jurisdictions exacerbated? To answer these questions,
we assume that a small and a large country compete for internationally mobile
capital within a two-period model.
The main results of the chapter may be summarized as follows. First, we show that
forward-looking governments facing forward-looking investors have no incentive
to change their taxation policy from one period to the next. In other words, the
governments’ taxation policies remain stable through time. This results from rational decisions and is not an assumption. More precisely, we demonstrate that the
capital owners have no incentive to relocate their capital from one country to the
other between the two periods. Only unanticipated changes could induce reverse
investments. If an investor invests his capital in his home country in the first period,
he will do the same in the second period. The same scenario holds for an investor
who invests his capital abroad. A second message is that interjurisdictional tax
competition is less intense in a multi-period approach. Despite this, the impact of tax
competition on capital relocation is more important in an intertemporal setting relative to a static one. The reason can be explained as follows. Since forward-looking
agents expect to gain in information about a foreign destination when they move
capital abroad (for example, they become more accustomed to new institutional environments), the value of their future attachment to home decreases. Consequently,
more capital owners will find it advantageous to invest capital in the low tax country.
Finally, we note that the tax loss of the high tax country induced by tax competition
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is more important within a temporal setting with forward-looking agents. We can
thus conclude that tax competition is more deleterious for the large country in an
intertemporal setting.
In Chapter 3 we develop a dynamic game to analyze interjurisdictional competition
for mobile capital. There are two different ways of modeling dynamic tax competition. One way is to assume that the competing jurisdictions play an open-loop game
in which they commit initially to a tax path without future update. Another is to
model a Markovian game where the competing countries continuously update their
tax rates according to their capital stock.
According to Wilson (1987), a static tax competition model might predict the longrun outcomes of government decision making in a dynamic setting. In this chapter
we show that this conjecture is only true when jurisdictions play an open-loop game,
namely when they commit at the outset to a tax path without future updates with the
proviso that they are perfectly “time-indifferent” and/or capital is perfectly mobile.
However, static models never predict future outcomes in a Markovian game when
the competing governments continuously update their tax rates according to their
current capital stock. In other words, the steady state equilibrium in the Markovian
case does not coincide with the equilibrium of a static model game. This is consistent
with Wilson’s (1987) statement that “there still remains a need for an explicit treatment of
the dynamic issues”.
The dynamics developed in this chapter are determined by the interplay between
taxes and sluggish capital adjustments. We demonstrate that the intensity of tax
competition, measured by the level of equilibrium tax (subsidy) rates, is impacted
by the temporal nature of the game. It appears that commitment to predetermined
tax rates leads to less intense competition relative to Markovian and static games.
As a result, social welfare is relatively higher. However, comparing the outcome
between static and Markovian games is not straightforward. In a Markovian game,
tax rates are lower than in the static game, if the speed of capital adjustment is
high and the marginal valuation of public goods is sufficiently low. In this case,
tax competition is relatively fiercer in the Markovian game. This is not the case, if
capital adjustment is relatively sluggish and the jurisdictions put a high weight on
collecting tax revenue. Finally the model shows that the governments can either
compete in taxes or provide subsidies to attract foreign capital. The governments’
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decision to tax profits or to grant subsidies depends on how much they weigh up
private against public consumption.
Chapter 4 of the present dissertation focuses on the analysis of the effects of CFC
rules on interjurisdictional tax competition. CFC rules belong to the anti-abuse
measures contained in the Anti-Tax-Avoidance Directive, which has been adopted
on July 16th 2016 by the Economic and Financial Affairs Council of the European
Union. The proposed CFC rule in the ATAD requires a minimum tax rate in the
host country of a multinational’s controlled foreign subsidiary in order to avoid the
reattribution of the subsidiary’s income to the country of its parent company. The
Directive allows member states to remain free to set the CFC threshold autonomously
by laying down a minimum standard. Member states can thus either opt for a
loose CFC rule by setting the minimum required control threshold (i.e. 50% of the
country’s own corporate tax rate) or impose a tight CFC rule by imposing a higher
threshold. Against the background that CFC rules don’t have to be implemented in
a coordinated way across jurisdictions, the following questions arise. What is the
effect of CFC rules on tax competition for foreign direct investments? Do countries
compete more aggressively via tax rates when CFC rules are in place? Moreover,
have member states an interest to choose between tight or loose CFC rules?
The main results of the chapter can be summarized as follows. Although CFC
rules are effective in curbing offshore profit shifting they can induce non-havens to
compete aggressively for mobile capital. In this context, CFC rules can exacerbate
capital outflows from the large to the small country to a larger extent than in standard
models of tax competition. In particular, when the smaller country imposes a lower
control threshold than its bigger rival, we find that capital outflows can be higher
when CFC rules are in place. In this case, a harmonization of the control thresholds
among the member states could mitigate capital outflows from the large to the small
jurisdiction. However, it can also occur that the small country experiences capital
outflows when CFC rules are in place. This happens in particular, when the small
country opts for a much smaller control threshold than its larger rival and firms
can easily find a haven where profit taxation is consistent with the CFC rule. In
that case, the large jurisdiction undercuts the tax rate of the small one in a way that
its disadvantage resulting from a tighter CFC rule is overcompensated by the tax
advantage it offers.

Chapter

2

Tax Competition - An Intertemporal
Perspective
2.1

Introduction

The existing literature on tax competition among jurisdictions of uneven size is
mainly based on static models (see for example Bucovetsky (1991), Kanbur & Keen
(1993) and Trandel (1994)). However, one can doubt whether such a one-shot view
is suitable for analyzing real world aspects of tax competition. In this context,
does tax competition within an intertemporal setting provide new insights relative
to atemporal models? Indeed, several questions arise. Does the fact that agents
anticipate possible future changes once they moved capital abroad modify their
behavior and the tax policy of the competing jurisdictions? Does tax competition
become more intense? Are capital outflows and tax losses incurred by high tax
jurisdictions exacerbated ? To answer these questions, we add a temporal dimension
to the analysis of tax competition among jurisdictions.
The intertemporal aspect of tax competition has already been addressed in different
publications.
Wildasin (2000, 2003, 2011) analyses competition for capital in a dynamic setting
and highlights the relevance of endogenous adjustment costs, which preclude the
instantaneous adjustment of capital to changes in tax policies. According to Wildasin
(2000), the existing contributions on fiscal competition only focus on two extreme
15
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cases, namely autarky and perfect integration. The author characterizes the movement of capital as a process that takes time and doesn’t occur instantaneously.
Nevertheless, in his models agents don’t have to anticipate future tax changes because competition unfolds under a tax-invariant framework that is exogenously
given. Indeed, the tax rates in Wildasin (2003, 2011) don’t result from a strategic
game between the competing jurisdictions. Han et al. (2013, 2014) analyze dynamic
tax competition within a differential-game setting. In Han et al. (2014) two unequally
sized countries compete for capital with two instruments (namely taxes and infrastructure)1 . The mobile firms are assumed to be heterogeneous in their attachment
to home and these preferences are updated after each period. This explains why
tax rates evolve over time but investors and governments are myopic and thus
don’t care about possible future changes induced by preference updates. Ferrett
et al. (2019) consider a region made up of two countries that try to attract, in a
two-period world, an internationally mobile firm owned by a MNC. Accordingly,
they examine under which conditions this firm remains in its initial location in the
second period, or moves to the other jurisdiction when external conditions (market
size, population growth, improvements in local infrastructure,...) change over time.
The firm chooses between two locations taking taxes and subsidies as exogenously
given. Moreover, in their model, the jurisdictions’ capacity to attract the mobile firm
depends on country-specific location profits and the local valuations for hosting the
FDI. Interjurisdictional differences in these exogenous advantages determine the
location choice of the firm and its possible location switch during the second period.
The jurisdictions bid for an inward foreign investment with a tax and/or subsidy
offer. Taxes that are levied in the second period result from non-tax differences
across jurisdictions and their present value is rebated through subsidies to the MNC
in the first period. If none jurisdiction has any geographical advantage over the
other, the model does not allow for tax (subsidy) attractiveness.
The model we develop has the following features. Two jurisdictions of unequal
size attempt to attract firms by competing in taxes. The size is determined by the
number of capital owners initially located in each jurisdiction. The governments of
the competing jurisdictions are forward-looking and maximize their tax revenues
relative to their respective tax rates. We introduce heterogeneity among the capital
1

Note that the dynamic setting used by the authors can only be applied to asymmetric jurisdictions.
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owners by assuming that they are different in their reluctance to invest in a foreign
country. This last assumption is empirically validated by recent research dealing
with the home bias regarding investment decisions (see, for example, Feldstein &
Horioka (1980), French & Poterba (1991) and Tesar & Werner (1995)). Levis et al.
(2016) provide evidence that the “home bias" exists not only in equity markets
but also in foreign investment decisions of domestic investors. Important sources
of investors’ reluctance to invest abroad are informational asymmetries regarding
the investment destination (see Ahearne et al. (2004)). According to Levis et al.
(2016), “investors might find it more difficult to gather information on more ‘distant’
investment possibilities". Consequently, shifting activities to a foreign country
requires a lot of information that increases transaction costs.
As in Ferrett et al. (2019), the world in our model lasts for two periods. However,
unlike them, taxation accounts for the size of the competing jurisdictions and no
jurisdiction has a natural advantage on the other. Consequently, tax differentials
are the only (endogenous) source of attractiveness to internationally mobile capital.
Note that the model allows for tax competition even if there is complete symmetry
(included size symmetry) between the competing jurisdictions.
Moreover, we assume that the investors’ home preference decreases in the second
period if they already invested abroad in the first period. In the first period, the
capital owners who want to transfer activities abroad have to gather information
about the destination country. This in turn increases transaction costs, as well
as the time needed to set up a firm. After the first period, the investors who
moved capital in a foreign location where they set up a firm acquire more countryspecific information about economic conditions such as laws and regulations, local
culture and institutional arrangements. Consequently, their initial information
disadvantage can diminish or even disappear over the years. This is consistent with
Van Nieuwerburgh & Veldkamp (2009) who use a similar assumption and criticize
the information-based theory of the home bias, which assumes that investors are
unable to learn about foreign firms.
The main results of the chapter can be summarized as follows. First, we show that
forward-looking governments facing forward-looking investors have no incentive
to change their taxation policy from one period to the next. In other words, the
governments’ taxation policies remain stable through time. This results from ratio-
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nal decisions and is not an assumption. More precisely, we demonstrate that the
capital owners have no incentive to relocate their capital from one country to the
other between the two periods. Only unanticipated changes could induce reverse
investments. If an investor invests his capital in his home country in the first period,
he will do the same in the second period. The same scenario holds for an investor
who invests his capital abroad. A second message is that interjurisdictional tax
competition is less intense2 in a multi-period approach. Despite this, the impact of
tax competition on capital relocation is more important in an intertemporal setting
relative to a static one. The reason can be explained as follows. Since forward-looking
agents expect to gain in information about a foreign destination when they move
capital abroad (for example, they become more accustomed to new institutional
environments), the value of their future attachment to home decreases. Consequently, more capital owners will find it advantageous to invest capital in the low
tax country. Finally, we note that the tax loss of the high tax country induced by
tax competition is more important within a temporal setting with forward-looking
agents. Consequently, tax competition is more deleterious for the large country in
an intertemporal setting.
The chapter is organized as follows. The next section models intertemporal tax
competition between two unequally-sized countries. Section 2.3 characterizes as
a benchmark the case of a one-shot game between competing governments for
internationally mobile capital. In Section 2.4 we solve a two-period tax game with
forward-looking agents. Section 2.5 concludes the chapter and discusses possible
extensions.

2.2

The Model Setting

Suppose that the world is composed of two jurisdictions of uneven size, denoted
by h (home) and f (foreign). The two jurisdictions are defined on an interval [0, 1] .
There are two types of agents living in both jurisdictions, workers and capital owners.
Labor is internationally immobile while capital is imperfectly mobile. The capital
owners are endowed with an initial quantity of capital they can invest in their
home-country or abroad. Let us denote by k i,j the amount of capital owned by an
2

If we measure the intensity of tax competition by the tax gap between the competing jurisdictions.
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individual in country i = h, f who invests in country j = h, f and lj the labor supply
of one worker in country j = h, f . We assume that the labor supplied by one worker
is given and the same across the jurisdictions. This means that lj = l. Given the fact
that every individual is endowed with the same quantity of capital, we can write
k i,j = k. One homogeneous good is produced that is sold in a competitive market at
a price normalized to 1. Each firm of country j = h, f produces q j units of this good
according to a Leontief production function q j = f (k, l) = min {ak, bl} with k units
of capital and l units of labor. The technological coefficients a and b are positive.
Throughout the chapter we assume that capital is the limiting factor, which means
that ak < bl. It follows that labor is provided in excess of demand and the wage rate
tends to the lowest bound that equals the level required for subsistence or the legal
minimum. In other words, we can write, q j = ak. Production in excess of capital
replacement and tax payments is consumed by the capitalists and the workers.
As in Han et al. (2013), the capital owners are evenly distributed with unit density
on a segment [0, 1]. The mass of capital owners in country h is s and 1 − s in country
f . We shall refer to s and 1 − s as being the size of countries h and f . In the sequel,
we set s < 12 , which means that the home country is small relative to the foreign
country. More precisely, the small country extends from 0 to s and the larger from
s to 1. It follows that the geometric border is given at s on the interval of unit
length. The capital owners are supposed to be heterogeneous in their reluctance
to invest in a foreign country. In other words, we assume that the investors have
different preferences for investing abroad. The "closer" the investors are to the
border separating both jurisdictions, the less they are reluctant to invest abroad.
More precisely, a capitalist of type x ∈ [0, 1] who invests one unit of capital abroad
incurs a "moving" cost (disutility) |x − s|. The difference |x − s| is the “distance”
between the border s and the individual x (see Han et al. (2013)).
The world lasts for two periods, labeled 1 and 2. The two competing jurisdictions
maximize the present value of their respective tax revenues and the capital owners
maximize the present value of their after tax profits. The discount factor ρ (1 > ρ > 0)
is supposed to be the same for the competing governments and all the investors.
As we highlight above, we assume that the capital owners’ reluctance to keep on
investing abroad weakens in the second period if they invested abroad in the first
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period.3 In the second period, the disutility of these agents will thus be lower
relative to the first period. More precisely, all capital owners of type x who continue
investing abroad in the second period incur a disutility of |x − s| − β in the second
period with 0 < β 6 |x − s|. The disutility to continue investing abroad in the
second period decreases with β. The parameter β captures the investors’ ability to
adapt to a new institutional environment.
The government of country j = h, f levies a tax τ j that is proportional to the profits
generated within its jurisdiction. Consequently, the net income per capita earned in
country j by a capital owner of type x equals (1 − τ j )ak.

2.3

The Benchmark Case: The One-Shot Tax Game

Before analyzing how time impacts tax competition relative to a static model, we
develop a one-shot game as a benchmark case.
We thus assume that the world lasts for only one period and the investors characterized above decide where to set up a firm by investing their capital. It follows that an
investor, who lives, for example, in country h earns (1 − τ h )a k if she invests k units
of capital at home and (1 − τ f )a k − (s − x) k if capital is invested in country f , given
that (s − x) is the disutility incurred by investing abroad. For sake of simplicity, we
normalize k to 1. The investor x is indifferent between investing in h or f if

(1 − τ h )a = 1 − τ f a − (s − x) .
An investor living in the large country f is indifferent between investing in h or f


1 − τ f a = 1 − τ h a − (x − s) .
The above two conditions yield the same value

x = a τ f − τ h + s.
3

(2.1)

In other words, the preference for their home country does not change for the investors who
don’t move their capital abroad in the first period.
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It follows that capital can move from country h to f (s > x) or from f to h (s < x)
depending on the value of both countries’ tax rates τ h , τ f . In other words, the
number of firms (capital) moving from country h to f equals (s − x) or (x − s) if
firms (capital) move from f to h.
Suppose that the jurisdictions seek to attract capital by competing in tax rates. The
policymakers of the two competing jurisdictions choose non-cooperatively the tax
rates that maximize their respective total tax revenue T j . The assumption that the
governments maximize their tax revenue can also be found in Kanbur & Keen (1993),
Trandel (1994), and Pieretti & Zanaj (2011). This assumption reflects a welfarist view
according to which agents put a relatively high weight on public goods, which are
financed by tax revenue (see Kanbur & Keen (1993)). It follows that:
M ax
T j = τ j · Qj ,
j
τ

(2.2)

where Qh = xa and Qf = (1 − x)a represent the total amount of output produced
in jurisdiction h and f , respectively. Because the objective functions are concave in
2 j
their own tax rates ( ∂∂τTj2 = −2a2 < 0), the first order conditions yield the following
equilibrium rates.
1+s
,
3a
2−s
=
.
3a

τh =

(2.3)

τf

(2.4)

Let us denote by φ the difference between the tax rates set by both governments. It
is straightforward to show that φ = τ f − τ h = 1−2s
> 0 for s < 12 . In other words,
3a
the small country undercuts the tax rate of the large country. This is in line with
standard findings (see Bucovetsky (1991), Kanbur & Keen (1993) and Trandel (1994)).
Furthermore, if the size asymmetry between the competing countries increases
(lower s), the tax rate will increase in the large jurisdiction and decrease in the small
jurisdiction. Consequently, a higher size asymmetry leads the small country to more
aggressive taxing. The reason is that the tax elasticity of the tax base decreases in the
large country and increases in the small country4 .
By plugging (2.3) and (2.4) in (2.1), we obtain the marginal investor who is indifferent
4

If hτh and fτ f are the tax elasticities in countries h and f respectively, it is convenient to show that
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between investing in h or in f :
x=

1+s
.
3

(2.5)

The variable x is also the number of firms producing in country h. It is straightforward to show that x > s for any s < 12 . Consequently, there are x − s = 1−2s
investors
3
of the large country f who set up a firm in the small country h. Note that capital
outflows increase when the size of the small jurisdiction is decreased.
The equilibrium tax revenues in countries h and f are T h =
respectively. The joint tax revenue becomes
T =

(1+s)2
9

and T f =

5 − 2s(1 − s)
.
9

(2−s)2
,
9

(2.6)

It follows that if the size asymmetry (lower s) between the competing jurisdictions
increases, there will be higher tax revenues in the large country and lower revenues
in the small country. The reason is that the tax base x and the tax rate τ h decrease in
country h , while the tax base 1−x and the tax rate τ f increase in country f . Moreover,
higher revenues in the large country overcompensate the revenue decrease in the
small country. In other words, the size effect (tax base increase in countryf ) induced
by reducing s dominates the competition effect (increase of the tax gap τ f − τ h ).

2.4
2.4.1

Two-Period Tax Competition
Spatial Pattern of Dynamic Investment Decisions

Now, we extend the above analysis by assuming that the world lasts for two periods
labeled 1 and 2.
The policy-makers and the capital owners are assumed to be forward-looking and
thus maximize the discounted value of tax revenues and after tax profits, respectively.
We further assume that the investors’ attachment to their home-country weakens in
the second period for those who already moved capital abroad in the first period. As
for given tax rates,

d|h
|
τh
ds

< 0 and

d f f
τ

ds

> 0 with hτh =

aτ h
a(τ f −τ h )+s

and fτ f =

aτ f
.
−a(τ f −τ h )+1−s
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explained above, this is due to the fact that investors gain experience in the foreign
country after having moved abroad. Formally, all investors of type x who continue
investing abroad in the second period incur in the second period a reduced disutility
of |x − s| − β, with 0 < β 6 |x − s|. Moreover, the capital fully depreciates at the end
of each period.
An individual of type x who is located in country j = h, f can invest her capital in
country j 0 = h, f , namely at home or abroad. At the beginning of the first period,
she thus faces four possible cases. When she invests in j in period 1 and 2, the
corresponding discounted profit stream equals ΠI . The discounted profit is ΠII
when she invests in j in period 1 and in j 0 6= j in period 2 and ΠIII when she invests
in j 0 in period 1 and in j 6= j 0 in period 2. Finally, the discounted profit is ΠIV when
she invests j 0 in period 1 and 2.
The different cases are summarized as follows.



ΠI = a 1 − τ1j + ρah 1 − τ2j , 


i


0


 ΠII = a 1 − τ1j + ρ a 1 − τ2j − |x − s| ,



Π=
j0

Π
=
a
1
−
τ
− |x − s| + ρa 1 − τ2j ,
III

1



h 

i


 Π = a 1 − τ j 0 − |x − s| + ρ a 1 − τ j 0 − (|x − s| − β) .
IV

1

2

We now consider the following question. If an investor living in country j = h, f
decides to invest in country h or f during period 1, does she have an incentive
to change the location of her investment during period 2 ? Before answering this
question, assume that xt is the marginal investor who is indifferent between investing
at home or abroad in period t (t = 1, 2).
Two cases are considered. First capital owners can invest abroad in period 1 and
then repatriate their capital in period 2. The difference |x1 − x2 | is the number of
capital owners that repatriate their capital in period 2. Second, capital owners can
invest in their home country in period 1 and move capital abroad in period 2. In
that case, the difference |x1 − x2 | is the additional number of individuals who invest
abroad in period 2.
In the Appendix 2.A, we demonstrate two results. First, the small country h attracts
capital from the large country f , which implies that x1 and x2 are larger than s.
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Second, no investor decides to relocate his capital in period 2, which implies that
|x1 − x2 | = 0.5
The following lemma states these results.
Lemma 1. (1) Capital flows from the large to the small country.
(2) No forward-looking investor has an incentive to change the location of its capital in a
future period.

2.4.2

Equilibrium

The above lemma simplifies the resolution of the tax competition game by focusing
on only two different decisional time patterns. Either investors decide to invest
in their home country in the first and the second period, or they decide to invest
abroad in both periods. Consequently, we only consider the profits streams ΠI and
ΠIV . Moreover, capital flows from the large (f ) to the small (h) country. Because no
investor relocates his capital in the second period, we can state that x1 = x2 = x,
which we obtain from the following arbitrage equation








a 1 − τ1f + ρa 1 − τ2f = a 1 − τ1h − (x − s) + ρ a 1 − τ2h − (x − s − β) .
This yields
x=




i
1 h
s(1 + ρ) + βρ + a τ1f − τ1h + aρ τ2f − τ2h .
1+ρ

(2.7)

At the beginning of the first period both jurisdictions maximize the present discounted value of the total tax revenue T j = τ1j · Qj1 + ρ · τ2j · Qj2 and commit to the
resulting rates. It follows that
Mj ax
T j = τ1j · Qj1 + ρ · τ2j · Qj2 ,
j

j = h, f.

(2.8)

τ1 ,τ2

5

In this chapter, we assume that the jurisdictions maximize the present discounted value of the
total tax revenue relative to their own tax rates and commit to these results. We also obtain no
relocation decisions in the second period if the policymakers can update their second period tax
rates according to the locational decisions in the first period. In this case, policymakers adopt a
markovian-feedback behavior (i.e they can continuously reset the tax rates according to changing
state variables).
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j

2

2a
The objective functions are concave in their own tax rates ( ∂∂τTj2 = − 1+ρ
< 0 and
∂2T j
∂τ2j2

1

2 2

= − 2a1+ρρ < 0). The mark (ˆ) stands for two period equilibrium values. The first
order conditions yield the equilibrium tax rates for the first and the second period,
respectively
1 + s(1 + ρ) + ρ (1 + β)
,
3a(1 + ρ)
2 − s(1 + ρ) + ρ (2 − β)
.
= b
τ f2 =
3a(1 + ρ)

b
τ h1 = b
τ h2 =
b
τ f1

(2.9)
(2.10)

We can easily verify that an intertemporal approach with short-sighted agents (i.e.
ρ = 0) is equivalent to the benchmark case. By plugging (2.9) and (2.10) in (2.7), we
obtain the marginal investor who is indifferent between investing in h or in f
x
b=

ρβ
1+s
+
.
3
3 (1 + ρ)

(2.11)

ρβ
It follows that there are x
b − s = 1−2s
+ 3(1+ρ)
investors of the large country who set
3
up a firm in the small country. As in the benchmark case, capital outflows increase
when the size of the small country is reduced. But, reducing the size parameter s
causes a decrease of the tax base x
b in the small country and an increase of the tax
base 1 − x
b in the large country.
ρβ
Note that x
b − x = 3(1+ρ)
> 0, which means that capital outflows are now higher than
in the one-shot game. It also appears that capital outflows increase if investors care
more about the future (higher ρ) and if their reluctance to continue investing abroad
decreases (higher β). The intuition underlying this result can be explained as follows.
If β > 0, we know that the initial information disadvantage of foreign investors
diminishes or even disappears over the years. It follows that investors anticipate
that once they move capital abroad they will gain experience in the foreign location
and become more accustomed to the new institutional environment. Consequently,
the anticipated value of future attachment to home is lowered by ρβ, which makes it
more attractive to invest capital abroad.

It follows that the number of agents who live in the high-tax country and invest in
the low-tax country is higher in an intertemporal setting relative to a one-shot game.
This highlights that static models underestimate the impact of tax competition on
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capital relocation.
We conclude with the following proposition.
Proposition 1. Tax competition exacerbates capital outflows in an intertemporal setting
relative to a static one.
The equilibrium tax rates, which are given by (2.9) and (2.10), do not change across
different periods. In other words, the governments’ taxation policy remains stable
through time.6
b the difference between the equilibrium tax rates of the comLet us denote by φ
b = b
τf − b
τh =
peting jurisdictions in an intertemporal world. We verify that φ
1−2s(1+ρ)+ρ(1−2β)
3a(1+ρ)

b − s = (1−2s)(1+ρ)
. Moreover, the tax differ> 0 for s < 12 and β < x
3+2ρ
ential decreases with β. In other words, a decrease in the investors’ attachment to
home in period 2 lowers the difference between interjurisdictional tax rates.

We now analyze how intertemporal tax competition impacts the tax rate differential
relative to the one-shot tax game. To this purpose, we calculate φ− φ̂, that is the
difference between the tax gap in the intertemporal and static cases. It follows that
−2ρβ
φ̂ − φ = 3a(1+ρ)
< 0. Given that the tax gap decreases in the intertemporal setting,
we conclude that tax competition is less fierce in an intertemporal setting. More
precisely, the large jurisdiction sets a lower tax rate in a two-period world compared
to a timeless world (i.e., b
τ f < τ f ), whereas the small country sets a higher rate (i.e.,
b
τ h > τ h ). The small country is thus less aggressive in a two-period setting and the
large country less inclined to raise its tax rate. This is due to the fact that investors
expect to become more accustomed to a new institutional environment, once they
move capital abroad. Therefore, the value of their future attachment to home is
lowered by ρβ, which makes it more attractive to invest in the small country.
Consequently, the tax rate resulting from the game will be higher (lower) in the
small (large) country relative to a static world. More technically, the tax elasticity of
the tax base increases (decreases) in the small (large) country relative to static tax
6

In Wildasin (2000, 2003, 2011), the tax rates do not change across different periods, but this
happens by assumption. However, in our model, tax rates can a priori evolve over time and tax
invariance results from endogenous choices.
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competition.7
As in the one-shot game, a higher size asymmetry (lower s) between the competing
jurisdictions increases the equilibrium tax rate in the large country and decreases the
tax rate in the small country. In other words, intertemporal tax competition makes
the small jurisdiction more tax aggressive with increasing size asymmetry.
The following proposition concludes.
Proposition 2. The intensity of tax competition is lower in an intertemporal setting relative
to a static one and increases with the size asymmetry between the competing countries. The
tax differential between the competing jurisdictions increases if investors care more about the
future (higher ρ) and if the anticipated value of their future attachment to home decreases
(higher β) after having moved capital abroad.
We now investigate how intertemporal tax competition impacts the competing
jurisdictions’ tax revenues. The per period8 equilibrium tax revenues of countries h
and f in the two-period game are given by
(1 + s(1 + ρ) + ρ(1 + β))2
Tbh =
9(1 + ρ)2
(2 − s(1 + ρ) + ρ(2 − β))2
f
b
T =
9(1 + ρ)2

(2.12)
(2.13)

It is straightforward to show that Tbf > Tbh for s < 12 and β ≤ (1−2s)(1+ρ)
. For country
3+2ρ
h, the difference between the equilibrium tax revenues obtained in the static and the
intertemporal settings is given by
1 2s + 2ρ + 2sρ + βρ + 2
∆h = Tbh − T h = βρ
.
9
(ρ + 1)2

(2.14)

7

If we use the symbol (ˆ) to designate the intertemporal case, it is easy to demonstrate that for
given tax rates, the tax elasticities meet the following conditions:
bfτ f > fτ f and bhτf < hτf , with bfτ f =
f

h

aτ f
βρ
−a(τ f −τ h )− 1+ρ
+(1−s)

aτ
aτ
h
fτ f = −a(τ f −τ
h )+1−s , τ h = a(τ f −τ h )+s .
8
Note that the tax revenue is the same during both periods.

, bhτh =

aτ h
βρ
a(τ f −τ h )+ 1+ρ
+s

and
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It is easy to show that ∆h > 0, which means that the tax revenue of the small country
is higher in the intertemporal setting relative to a timeless world. This is due to the
fact that the rate τh and capital inflows in country h are higher in the intertemporal
setting.
For country f we have
1 2s − 4ρ + 2sρ + βρ − 4
.
∆f = Tbf − T f = βρ
9
(ρ + 1)2

(2.15)

Note that ∆f < 0 for s < 12 and β ≤ (1−2s)(1+ρ)
. Indeed, the tax revenue of the large
3+2ρ
country f is lower in the intertemporal relative to the static setting. The reason is
that the tax rate τf is lower and the capital outflows are higher in the intertemporal
case.
By adding (2.12) and (2.13) we obtain the per period joint tax revenue
(1 + ρ)2 (5 − 2s) + 2s2 (1 + ρ)2 − 2ρβ (1 − 2s(1 + ρ) + ρ(1 − β))
,
Tb =
9(1 + ρ)2

(2.16)

where Tb is positive for s < 21 and β ≤ (1−2s)(1+ρ)
. As we noted above, if the agents
3+2ρ
are short-sighted (i.e. ρ = 0), the intertemporal approach is equivalent to the static
case.
This allows us to compare the joint tax revenue per period that results from the
two-period game with a one-shot game, by subtracting (2.16) from (2.6).
2βρ (1 − 2s(1 + ρ) + ρ(1 − β))
Tb − T =
.
9 (1 + ρ)2

(2.17)

It is straightforward to show that the global tax revenue differential Tb − T is negative
for s < 12 and β ≤ (1−2s)(1+ρ)
. In other words, the joint tax revenue decreases in the
3+2ρ
inter-temporal setting relative to the static case.
More precisely, the revenue loss T f − Tbf in the large country is not compensated
by the gain T h − Tbh in the small country, or T f − Tbf > T h − Tbh . Hence, despite
the fact that interjurisdictional competition is less intense in a multi-period approach,
the tax loss of the high tax country is more important. This is due to the fact that
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capital outflows are higher in an intertemporal setting than in a timeless world.
Actually, the negative effect of capital outflows on the large jurisdiction’s total
tax revenue dominates the positive effect of less intense competition between the
jurisdictions. Consequently, tax competition is more deleterious for the large country
in an intertemporal setting.
The following proposition summarizes the above stated results.
Proposition 3. (1) In the small country, the tax revenue resulting from intertemporal
competition increases relative to the static case but decreases for the large country.
(2) However, the revenue gain in the small country does not compensate the revenue loss
in the large country. It follows that the joint (per period) tax revenue of the competing
jurisdictions is lower in an intertemporal setting than in a static world.

2.5

Conclusion

In this chapter, we argue that static models are not accurate enough to analyze the
consequences of tax competition. For this reason, we propose a framework which
allows to analyze tax competition in a temporal setting. We then investigate whether
intertemporal tax competition provides new insights relative to atemporal models.
In this context, does tax competition become more intense in an intertemporal model
relative to a static setting? Are capital outflows and tax losses incurred by high tax
jurisdictions exacerbated in a multi-period approach?
To answer these questions, we develop a two-period model, in which policy-makers
and capital owners are forward-looking agents. We assume that investors are
heterogeneous with respect to their reluctance to invest in a foreign country. One
key element of the model is to assume that capital owners who set up a firm in a
foreign location improve their future knowledge about the destination country (i.e.,
investors acquire more country-specific information about economic conditions such
as laws and regulations, local culture and institutional arrangements). Consequently,
their initial information disadvantage can diminish or even disappear over the years.
It follows that their reluctance to keep on investing abroad decreases in the second
period if they already invested abroad in the first period.
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The model shows that capital always flows from the large to the small country.
Moreover, we show that forward-looking investors have no incentive to change the
location of their capital in the second period. Only unanticipated changes could
induce reverse investments. If capital owners invest in the home country in the
first period, they will do the same in the second period. If investors shift capital
abroad in the first period, they continue investing abroad in the second period.
Furthermore, the equilibrium tax rates do not change across time. In other words,
the governments’ taxation policies remain stable through time. However, this results
from rational decisions and is not an assumption.
In order to highlight the relevance of a dynamic perspective, we use static tax competition as a benchmark. First, we demonstrate that the intensity of interjurisdictional
tax competition is lower in a multi-period game. Despite this fact, the impact of
tax competition on the extent of capital outflows increases in a dynamic setting.
The reason is explained as follows. Since forward-looking agents expect to gain in
information about a foreign destination when they move capital abroad, the value
of their future attachment to home weakens. Consequently, more capital owners
will find it advantageous to invest capital in the small country. Second, we show
that tax losses in the large country that result from capital outflows, are higher in
an intertemporal setting. Consequently, tax competition is more deleterious for the
large country in a multi-period approach.
This chapter can be extended in the following way. In the present study, production
in excess of capital replacement and tax payments is entirely consumed. In a future
study, it would be interesting to assume that investors save and thus decide to
increase their capital endowments. This would allow to analyze whether interjurisdictional competition for mobile capital fosters or impedes economic growth.
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Appendix

Investors’ Relocation Decisions in Period 2
Remember that the investors are ranked (in their respective countries ) according
to their home preference (see Figures 1 and 2 below). Assume that x1 and x2 are
the marginal investors who are indifferent between investing in country h or f in
period 1 and 2, respectively. The difference |x1 − s| represents the set of investors
of the origin country j = h, f who shift capital to the destination country j 0 = h, f
(with j 6= j 0 ). Analogously, the difference |x2 − s| represents the set of investors of
country j who shift capital to country j 0 in period 2.
1. When |x1 − s| > |x2 − s|, there are less investors of country j = h, f that invest in
country j 0 = h, f (with j 6= j 0 ) in period 1. In other words, there is capital return in
period 2.
2. When |x1 − s| < |x2 − s|, there are more investors of country j that invest in
country j 0 in period 2 compared to period 1. In other words, more capital is moved
abroad in period 2.
3. When |x1 − s| = |x2 − s|, either investors decide to invest in their home country
in the first and the second period, or they decide to invest abroad in both periods.

Case 1: Capital Reflux at Date t =2

Figure 2.1: Capital Reflux in Period 2
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First note that Figure 2.1 illustrates the case in which capital flows form the large
country f to the small country h. However, in the following we consider that capital
can flow in both directions, i.e. from country f to country h, as well as from country
h to country f .
In Case 1 we assume that the number of capital owners of country j = h, f who
invest abroad (in country j 0 = h, f with j 6= j 0 ) decreases in the second period.
Consequently, the marginal investor x1 belongs to the set of those who invest their
capital at home (in country j = h, f ) in period 2. This situation is anticipated in
period t = 1. Hence, when the marginal investor decides moving capital abroad
(in country j0 = h, f with j 6= j 0 ) or investing at home (in country j = h, f ) she
considers investing at home in period 2. In other words, she compares ΠI with ΠIII .
It follows that the marginal investor x1 , who is indifferent between investing her
capital at home (j) or abroad (j 0 ) in period 1 (conditional upon the assumption that
she invests at home in the second period), is given by




a 1 − τ1j + ρa 1 − τ2j = a 1 − τ1j0 − |x1 − s| + ρa 1 − τ2j .
Considering that j can be either h or f , which involves that j0 equals f and h
respectively, it follows that


x1 = s + a τ1f − τ1h .

(2.18)

In order to determine the number of investors who repatriate their capital, we have
to consider the marginal investor x2 in the second period.
0

From Figure 2.1 it appears that the investor of type x2 moved its capital abroad (j )
in period 1. Consequently, when the investor considers staying abroad or moving
back her capital she assumes that in period 1 she invested abroad. In other words,
she compares ΠIII with ΠIV . Because the disutility of investing abroad equals now
|x − s| − β for those capital owners who decide to continue investing abroad in the
second period, the individual of type x2 verifies the following indifference condition
in the first period.
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a 1 − τ1j0 − |x2 − s| + ρa 1 − τ2j = a 1 − τ1j0 − |x2 − s|



+ ρ a 1 − τ2j0 − (|x2 − s| − β) .

(2.19)

This condition states that the investor of type x2 is indifferent between repatriating
(first member) his capital in period 2 and keeping on investing abroad (second
member).
Considering that j can be either h or f , which involves that j0 equals f and h
respectively, it follows that



 s + β + a τ2f − τ2h


x2 =
 s − β + a τ2f − τ2h

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.20)

Suppose now that the jurisdictions seek to attract capital by competing in tax rates.
The policymakers of the two competing jurisdictions are forward-looking and choose
non-cooperatively the tax rates that maximize their respective objective functions. It
follows that
Mj ax
T j = τ1j · Qj1 + ρ · τ2j · Qj2 ,
j

j = h, f.

(2.21)

τ1 ,τ2

It is convenient to show that the objective functions are concave in their own tax
2 j
2 j
rates ( ∂∂τTj2 = −2a2 < 0 and ∂∂τTj2 = −2ρa2 < 0). The first order conditions yield the
1
2
equilibrium tax rates for the first and the second period.
In the first period, the tax rates set by both governments are, respectively
1+s
,
3a
2−s
=
.
3a

τ1h =

(2.22)

τ1f

(2.23)

It is straightforward to show that τ1f − τ1h =

1−2s
3a

> 0 for s < 12 .

In other words, the small country (h) undercuts the tax rate of the large country (f )
in the first period.
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In the second period, the tax rates set by both governments are, respectively
(
τ2h

=
(

τ2f =

1+s+β
3a
1+s−β
3a

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.24)

2−s−β
3a
2−s+β
3a

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.25)

Hence, the marginal investor who is indifferent between investing in country h or f
in the first period is
1+s
x1 =
.
(2.26)
3
The marginal investor who is indifferent between investing in h or in f in the second
period is defined by
(
x2 =

1+s+β
3
1+s−β
3

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.27)

Given the restriction that β ≤ |x2 − s| , it is straightforward to show that x2 is always
larger than s, for j = h and j 0 = f . This means that there is no capital flow from the
small country to the large country. Consequently, the small country attracts capital
from the large country, given that x1 and x2 are larger than s for j = f and j 0 = h.
Moreover, it appears that x2 ≥ x1 for j = f and j 0 = h. In other words, the number
of foreign investors does not decrease, which contradicts our initial assumption
(x1 > x2 ) of capital repatriation. It follows that, once capital is invested abroad in
the first period it remains invested abroad in the following period (x2 = x1 ).
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Case 2: Additional Capital Outflow at Date t = 2

Figure 2.2: Additional Capital Outflow in Period 2

Again, note that Figure 2.2 illustrates the case in which capital flows form the large
country f to the small country h. However, we consider that capital can flow in both
directions.
Now assume that the number of capital owners of country j = h, f who invest
abroad (in country j 0 = h, f with j 6= j 0 ) increases in the second period. Hence, the
marginal investor x1 belongs to the set of those who invest their capital at home (j)
in period 2 (see Figure 2.2). This situation is anticipated at the beginning of period
t = 1. Consequently, when the investor considers moving abroad (j 0 ) or investing
at home (j) in period 1 she anticipates that she invests abroad in period 2. In other
words, she compares ΠII with ΠIV .
It follows that the marginal investor who is indifferent between investing her capital
at home (j) or abroad (j0) in period 1 (conditional upon the assumption that she
invests abroad in the second period), is given by the following condition

a 1−

τ1j



h 

i


j0
j0
+ ρ a 1 − τ2 − |x1 − s| = a 1 − τ1 − |x1 − s|
h 

i
0
+ ρ a 1 − τ2j − (|x1 − s| − β) .

(2.28)

Considering that j can be either h or f , which involves that j0 equals f and h
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respectively, it follows that



 s + ρβ + a τ1f − τ1h


x1 =
 s − ρβ + a τ1f − τ1h

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.29)

Consider now the marginal investor in the second period.
From Figure 2.2 it appears that the investor of type x2 invested capital at home (j)
in period 1. Consequently, when the investor considers continuing investing at
home (j) or moving capital abroad (j 0 ) in period 2 she assumes that in period 1 she
invested at home (j).
In other words, she compares ΠI with ΠII . It follows that the marginal investor
of type x2 verifies the following indifference condition at the beginning of the first
period.
a 1−

τ1j



+ ρa 1 −

τ2j



=a 1−

τ1j



h 

i
j0
+ ρ a 1 − τ2 − (x2 − s) .

(2.30)

Considering that j can be either h or f , which involves that j0 equals f and h
respectively, it follows that


x2 = s + a τ2f − τ2h .

(2.31)

We now assume that the jurisdictions seek to attract capital by competing in taxes.
Each jurisdiction j is assumed to be forward-looking and to maximize its total tax
revenue T j = τ1j · Qj1 + ρ · τ2j · Qj2 with respect to its own tax rates, namely τ1j and τ2j .
Mj ax
T j = τ1j · Qj1 + ρ · τ2j · Qj2 ,
j

(2.32)

j = h, f.

τ1 ,τ2

2

j

The objective functions are concave in their own tax rates ( ∂∂τTj2 = −2a2 < 0 and
1

∂2T j
∂τ2j2

= −2ρa2 < 0). The first order condition yields the equilibrium tax rates for the
first and the second period.
In the first period, the tax rates set by both governments are, respectively
(
τ1h =

1+s+ρβ
3a
1+s−ρβ
3a

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.33)
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(
τ1f =

2−s−ρβ
3a
2−s+ρβ
3a

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.34)

In the second period, the tax rates set by both governments are, respectively
1+s
,
3a
2−s
=
.
3a

τ2h =

(2.35)

τ2f

(2.36)

It is straightforward to show that τ2f − τ2h = 1−2s
> 0 for s < 21 . In other words, the
3a
small country (h) undercuts the tax rate of the large country (f ) in the second period.
The marginal investor who is indifferent between investing in h or in f in the first
period, is of type x1 :
(
x1 =

1+s+ρβ
3
1+s−ρβ
3

for j = f and j 0 = h,
for j = h and j 0 = f .

(2.37)

The marginal investor, who is indifferent between investing in h or in f in the
second period is defined by
1+s
x2 =
.
3
Remembering the condition β < |x1 − s|, it is straightforward to show that x1 is
always larger than s, if j = h and j 0 = f . In that case, there is no capital flow from
the small country to the large country.
It follows that the small country attracts capital from the large country given that x1
and x2 are larger than s for j = f and j 0 = h. Moreover it appears that x1 ≥ x2 for
j = f and j 0 = h. In other words, the number of foreign investors does not increase,
which contradicts our initial assumption that the number of capital owners who
invest abroad increases between the two periods (x1 < x2 ). It follows that we have
x1 = x2 .
Conclusion
It results from the above analysis in cases 1 and 2 that x1 = x2 . In other words, the
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capital owners keep on investing at home in period 2 if they invest at home in period
1. The same scenario holds for an investor who invests his capital abroad.

Chapter

3

Is a Dynamic Approach of Tax Games
Relevant?
3.1

Introduction

National tax policies can be seen as one of the key factors that determine investors’
and firms’ decisions of where to invest capital. Empirical research dealing with
the effects of international taxation on foreign direct investment has shown that a
reduction in a jurisdiction’s tax rate raises foreign direct investment1 . In other words,
investors and firms respond to changes in jurisdictions’ tax policies and reallocate
their capital stock accordingly. Wildasin (2003, 2011) characterizes this movement
of capital as a process that takes time and doesn’t occur instantaneously. In fact,
investment allocations need time to adjust (see for example, Wildasin (2003, 2011) )
and capital flows between jurisdictions take more or less time according to the speed
of capital adjustments.
The existing literature on tax competition is mainly based on static models, in which
capital stocks adjust instantaneously to policy changes and tax rates don’t evolve
over time (see for example Kanbur & Keen (1993), Wilson (1991) and Wildasin &
Wilson (2004)). However, one can doubt whether such a one-shot view is suitable
for analyzing real world tax competition.
1

See for example Hartman (1984, 1985), Slemrod (1990a,b), Devereux & Freeman (1995) and more
recently, Altshuler & Grubert (2006) who use American data of multinational companies; Becker &
Riedel (2012) and Becker et al. (2012) who use data on European foreign direct investments.
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There are basically two ways of introducing a dynamic environment. The jurisdictions commit to a tax path at the start of the game without future updates (open-loop
behavior) or, they continuously update their tax rates according to changing state
variables (Markovian or closed-loop behavior).
According to Wilson (1987), a static tax competition model might predict the longrun outcomes of government decision making in a dynamic setting2 . In the present
chapter we show that this conjecture is only true when jurisdictions play an openloop game, namely when they commit at the outset to a tax path without future
updates with the proviso that they are perfectly “time-indifferent”and/or capital
is perfectly mobile. However, static models never predict future outcomes in a
Markovian game when the competing governments continuously update their
tax rates according to their current capital stock. In other words, the steady state
equilibrium in the Markovian case does not coincide with the equilibrium of a static
model game. This is consistent with Wilson’s (1987) statement that “there still remains
a need for an explicit treatment of the dynamic issues”. A more recent contribution of
Chirinko & Wilson (2017) empirically validates this statement. These authors allow
for time lags in the tax variable, thus reflecting “that tax policy responses by states are
not instantaneous because of adjustment frictions and/or dynamic strategic interactions".
Contrary to prior results based on static models, Chirinko & Wilson (2017) find
that, in a dynamic framework, the tax reaction functions of competing jurisdictions
have negative slopes. So, they conclude that the “frequently-used static tax competition
models are misspecified”.
Among the few papers covering dynamic issues related to interjurisdictional competition are the seminal contributions of Wildasin (2000, 2003, 2011). Fundamentally,
Wildasin (2000, 2003, 2011) analyzes the dynamics of interjurisdictional competition
for imperfectly mobile capital in a time-invariant tax rate setting and highlights the
fact that capital stocks need time to adjust to policy changes. In fact, the dynamics in
Wildasin’s models result from the introduction of adjustment costs, which preclude
the instantaneous adjustment of capital to changes in the tax policies. According to
Becker (2008a), the adjustment speed in Wildasin (2003) can be interpreted as a measure of capital mobility, allowing to focus on the more realistic cases, which are in
2

A similar statement has been put forward by Wildasin (2003) who emphasizes that the results
from his dynamic analysis “emerge as direct generalizations of those derived within standard static
models”.
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between the two extremes, namely autarky and perfect integration. Nonetheless, in
the models of Wildasin (2000, 2003, 2011) tax rates are exogenously given and don’t
evolve over time. Indeed, the tax rates don’t result from a strategic game between
competing jurisdictions. Arcalean (2018) who uses a dynamic model to investigate
the effects of capital mobility on a tax policy, considers changing tax rates over time.
In his model, tax revenue is used to fund public expenditures designed to attract
mobile capital. The author compares non cooperative tax policies with international
tax coordination. Even if in his model tax rates evolve over time, capital is perfectly
mobile and thus adjusts instantaneously.
The dynamics developed in the present chapter are determined by both, changing
tax rates and sluggish capital adjustment. Thus, we are able to model the interplay
between taxation and capital mobility. In other words, changes in tax rates induce
firms to reallocate capital between the jurisdictions. Capital flowing in and out of a
given country in turn, affects the tax rates set by the competing policymakers.
The closest papers to ours are the contributions of Han et al. (2014) and Kato (2015)
who analyze dynamic tax competition in a differential-game setting with tax rates
that change over time. In Han et al. (2014) two unequally sized countries compete
for mobile capital with two instruments (namely taxes and infrastructure)3 . Kato
(2015) investigates the effect of agglomeration forces on the nature of tax competition
and international trade. However, the purpose of these contributions differs from
ours. Contrary to the previous contributions, this chapter analyzes how the above
mentioned ways to model dynamic tax competition differ from static games and
how these different aspects of dynamic games differ from each other. In this context,
welfare implications are analyzed4 .
Policy choices between an open-loop and a Markovian behavior can be explained
by various reasons. Governments may opt for an open-loop behavior to provide
a stable environment to foreign firms by guaranteeing a predetermined tax rate
3

The dynamic setting used by the authors can only be applied to asymmetric countries.
Note that within the static tax competition literature, a few publications analyze how different
ways to model the strategic interaction between jurisdictions impacts the outcome of the game. Wang
(1999) for example, compares Stackelberg and Nash equilibria, using the Kanbur & Keen (1993) setup.
He demonstrates that both, the tax rates and the tax revenues are higher in a Stackelberg equilibrium,
relative to a Nash equilibrium. Along the same line, Kempf & Rota-Graziosi (2010) and Hindriks &
Nishimura (2017) show that the downward-pressure on tax rates is less intense when the competing
jurisdictions move sequentially and not simultaneously.
4
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for a given period. Although Kato (2015) mentions that it is rather unlikely that
governments opt for open-loop strategies, the author emphasizes that there are
some exceptions. For example, the Irish government lowered its corporate tax rate
from 45% to 12, 5% between 1998 and 2003 and remained committed to this rate
ever since. Moreover, commitment to a path of future tax rates could be imposed by
international agreements in order to mitigate tax competition. Finally, governments
may be constrained to adopt an open-loop strategy because of the existence of update
costs. Indeed, after having decided on a given tax rate, changing rates notably
requires a minimal political consensus, which may be more or less time-consuming.
Commitment to an initial policy path could thus save costs. However, commitment
strategies also have negative aspects. According to Kato (2015) “credible policies
imply that governments promise to keep their original policies even if they are
aware that the policies are no longer optima”. However, it seems more plausible that
governments adopt a Markovian behavior because by opting for dynamic feed-back
strategies, they are less vulnerable to their rivals’ policy changes. The fact that
inter-jurisdictional capital flows respond to tax differentials implies that a change in
a jurisdiction’s tax policy causes the neighboring jurisdiction to adjust accordingly.
According to Becker and Davies (2017) this interdependence can lead to a “race to
the bottom” in capital taxation. Note that changes of governments can also entail
tax policy changes in a given jurisdiction (see Kato (2015)).
In this chapter, we mainly focus on steady states resulting from open-loop and
Markovian games. Given that the countries’ objective functions are linear in their
own tax rates, it is impossible to figure out unique transitional paths5 . Indeed, using
a linear tax rate as control variable, results in a differential game with bang-bang type
solutions. As stated by Olsder (2002), the general conditions for the existence and
uniqueness of Markovian solution are not yet known in this framework6 . The author
further states that even “the numerical integration of the Hamilton-Jacobi-Bellman
equation did not seem to lead to any kind of convergence of the numerical outcome”.
Against this backdrop, we only focus on steady states in order to investigate how
dynamic tax games differ from static games.
5

This indeterminacy can only be removed by introducing non-linear objective functions relative
to the tax rates. However, this would heavily jeopardize the tractability of the model.
6
Note that Olsder (2002) solves a finite-horizon problem, while we use an infinite-horizon model,
which further complicates the analysis of transitional paths.
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In this context, the following aspects are mainly analyzed. How do long run outcomes change relative to static games? How does social welfare change accordingly?
If jurisdictions have the choice, which strategical behavior (Markovian or open-loop)
should they adopt? In light of this, which one confers the highest social advantage?
To answer these questions, we develop a dynamic game with the following features.
Two competing jurisdictions are considered. A multinational company (MNC) uses
capital and labor to produce a final good sold on a competitive market and the
profits are taxed proportionally. Moreover, the MNC contemplates investing capital
in two different jurisdictions that do not compete in taxes at an initial date. Then,
countries start competing in taxes to attract mobile capital. The tax rates are set to
maximize countries’ social welfare reflecting private and public expenditures. This
induces the MNC to reallocate capital between the two jurisdictions. As mentioned
above, the allocation of capital adjusts progressively, depending on the speed with
which capital flows from one jurisdiction to another.
The main results of the chapter can be summarized as follows. We demonstrate that
the intensity of interjurisdictional competition, measured by the level of equilibrium
tax (subsidy) rates, is impacted by the temporal nature of the game. In particular,
tax competition is fiercer in a dynamic setting relative to a static one if governments
adopt a Markovian-feedback behavior assuming that capital can be relocated easily
and the policymakers put a relatively low weight on public consumption. As a
result, social welfare is relatively lower in a dynamic setting. However, if the
competing governments adopt an open-loop behavior, tax competition is less fierce
relative to a static game. This follows from the fact that governments commit to a
predetermined path of tax rates without future adjustments. Given that this softens
competition, social welfare will be higher in an open-loop framework relative to
a static world. Moreover, tax competition is fiercer in a Markovian game relative
to an open-loop setting. Consequently, social welfare is relatively lower in the first
case. Finally, the model shows that the governments can either compete in taxes or
provide subsidies to attract foreign capital. The governments’ decision to tax profits
or to grant subsidies depends on how much they weigh up private against public
consumption.
This chapter is organized as follows. The next section presents the general setting of
the model. In Section 3.3, the profit functions of the firms are specified. In Section

44

CHAPTER 3. IS A DYNAMIC APPROACH OF TAX GAMES RELEVANT?

3.4, a static tax game is developed as a benchmark. In Section 3.5 and 3.6, stationary
open-loop and Markovian Nash equilibria are derived. Section 3.7 compares the
equilibria of the dynamic game with the benchmark case. The last section concludes
and discusses possible extensions.

3.2

The Model Setting

In this section, we develop a model of tax game and dynamic capital allocation.

3.2.1

Dynamic Capital Allocation

In their recent contribution, Agrawal & Wildasin (2020) note that multinationals
can exploit inter-jurisdictional tax differentials, either by profit-shifting responses
or by the relocation of part of their real activities. In accordance with the second
aspect raised by Agrawal & Wildasin (2020), the focus of this chapter will be on the
dynamic aspect of activity relocations decided by multinationals with the aim of
taking advantage of low-tax production opportunities.
Consider that a number N of identical multinational companies (MNCs) decide to
invest in two locations, namely countries7 1 and 2. In the following, we normalize N
to 1 and focus on a representative MNC. This firm decides to set up a subsidiary in
one of both countries by hiring capital and workers to produce one homogeneous
good that is sold in a competitive market at a given price p normalized to 1. Capital is
mobile across the countries, while labor is not. As in Bucovetsky & Smart (2006) and
Eggert & Itaya (2014), we assume that labor inputs are fixed for each company and
we normalize the given wage rate w to zero. The rate of return on invested capital
equals the world interest rate r that is exogenously given. Each subsidiary employs a
given amount of per capita capital k̄ (normalized to 1) that is invested in the locations
1 and/or 2. More precisely, the MNC invests k1 ∈ [0, 1] and k2 = k̄ − k1 ∈ [0, 1] in
countries 1 and 2, respectively.
Moreover, we consider that the (before tax) profit of a subsidiary in country j(= 1, 2)
7

We focus on very small countries and consequently, we assume that their welfare depends
exclusively on the presence of foreign firms.
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is a function of capital per capita:
πj = f (kj ).
We assume that the economy at time t = t0 is in a steady-state where countries 1
and 2 do not compete in taxes. Both countries set non-strategic tax rates8 τ10 and τ20
that have been determined by pure domestic considerations. In the following, we
assume that the representative MNC decides to invest in country j(= 1, 2) subject to
the participation constraint (1 − τ10 ) πj ≥ 0.
The representative multinational chooses its investment levels in countries 1 and/or
2 to maximize total profit net of taxes given by Π0 = (1 − τ10 )π10 + (1 − τ20 )π20 . We
assume that the initial tax rates are different across the countries. It follows that
the the initial capital shares k10 and k20 resulting from profit maximization will be
different.
Now consider that at t > t0 policymakers of countries 1 and 2 start competing in
taxes. This induces the representative MNC to reallocate its capital between the two
jurisdictions according to the net marginal profit of the investments. In other words,
the MNC shifts additional capital to the location that offers the highest marginal
after-tax profit. Consequently, the variation of capital invested in country 1 is given
by the following motion equation

∂π1
∂π2
,
k̇1 (t) = γ (1 − τ1 )
− (1 − τ2 )
∂k1
∂k2


(3.1)

where the parameter γ denotes the speed of capital reallocation. The motion equation
of capital invested in country 2 can be written symmetrically by considering that
k̇2 (t) = −k̇1 (t).
Indeed, the reallocation of capital doesn’t occur instantaneously. According to
Wildasin (2000, 2003, 2011), the speed of adjustment of physical capital depends on
various factors such as the moving costs from one jurisdiction to the other or the
speed with which new investments can be implemented.
The capital stock allocated at each date between the competing jurisdictions is the
8

Notice that the tax rates τj with j ∈ {1, 2} are choice variables. This means that we cannot
impose initial conditions on them. Nevertheless, we can take them as given before the game starts.
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relevant state variable. If k̇1 (t) > 0, capital moves from country 2 to country 1, and
from country 1 to country 2 if k̇1 (t) < 0. Note that the ease with which capital can be
shifted from one location to the other increases with γ. It follows that the impact on
the amount of relocated capital of a given difference in the marginal after-tax profits
offered by the competing jurisdictions increases with γ.
Two extreme cases can be considered. When γ = 0, the MNC cannot reallocate
any capital between the jurisdictions. When γ → +∞, the adjustment takes place
instantaneously and the system jumps to its steady state without cost. If we divide
equation (3.1) by γ, with γ → +∞, we obtain
k̇1 (t)
∂π1
∂π2
= 0 = (1 − τ1 )
− (1 − τ2 )
.
γ→+∞ γ
∂k1
∂k2
lim

3.2.2

Dynamic Tax Game: Open-Loop and Markovian Decision
Rules

First, we introduce an instantaneous social welfare function Ωj (t) at time t that is
defined as follows:
Ωj (t) = Yj + θ · Tj .
(3.2)
This function combines both private and public consumption. More precisely, the
term Yj in (3.2) is the disposable (after-tax) income in country j(= 1, 2) that equals
qj −τj πj , namely the output (qj ) minus the tax on profit (τj πj ). The term Tj represents
the total tax revenue τj πj collected in country j(= 1, 2). The disposable income is
spent on private consumption and the tax revenue on public consumption. So, we
can write9 Ωj (t) = (qj − τj πj ) + θτj πj . The parameter θ > 1 measures the marginal
valuation of public consumption relative to private expenditures10 .
Each jurisdiction j(= 1, 2) chooses its tax path [τj (t)]t∈(0,∞) that maximizes the intertemporal social welfare function denoted by Wj over an infinite time horizon
subject to the above law of motion of capital, under the assumption that the neighboring country’s tax path is given.
9

The above objective function can be considered as a special case of a quasi-linear indirect utility
function Ωj = Yj + θ · v(Tj ), where v 0 (Tj ) > 0 and v 00 (Tj ) = 0.
10
Note that Ωj → τj πj when θ → +∞. In this case, policymakers only care about public expenditures.
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Thus, the decision maker of country j(= 1, 2) faces the following optimization
problem
Z

e

−ρt

Z

∞

Ωj (t)dt =
e−ρt [(qj − τj πj ) + θτj πj ] dt,
0
0


∂π1
∂π2
s.t. k̇1 (t) = γ (1 − τ1 )
− (1 − τ2 )
.
∂k1
∂k2

max Wj =
τj

∞

(3.3)

The parameter ρ is a discount rate reflecting the degree of impatience of the population. The factor ρ is supposed to be the same for both countries. In the sequel, we
model a dynamic tax game in two alternative ways. The jurisdictions adopt either
an open-loop or a Markovian decision rule. Accordingly, we define the following
equilibria.
Definition 1. A 2-tuple (τ1 , τ2 ) of functions τj (t) : [0, +∞) → R, j(= 1, 2), is called an
open-loop Nash equilibrium if, for each j(= 1, 2), an optimal path τj (·) of the problem (3.3)
exists and is given by the open-loop strategy τj = τj (t).
The Hamiltonian function of country j(= 1, 2) is defined as follows


∂π1
∂π2
Hj (τj , kj , λj ) = [(qj − τj πj ) + θτj πj ] + γλj (1 − τ1 )
− (1 − τ2 )
.
∂k1
∂k2
Contrary to the open-loop case, policy makers taking Markovian decisions consider
at time t the state variable kj (t) for decision making. Thus, a Markovian equilibrium
is defined as follows.
Definition 2. A 2-tuple (τ1 , τ2 ) of functions τj : [0, 1] × [0, +∞) → R, j(= 1, 2) is called
a Markovian Nash equilibrium if, for each j(= 1, 2), an optimal path τj (·) of the problem
(3.3) exists and is given by the Markovian strategy τj = τj (kj (t), t).
We denote the stationary11 Bellman value function of policymaker j by Vj . The
11

Generally, the value function Vj does not only depend on the state variable kj but also on time t.
Kamien & Schwartz (1981) demonstrate that if time enters the objective function through the discount
term, then the value function does not depend on time t explicitly.
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Hamilton-Jacobi-Bellman is defined as follows



∂Vj
∂π1
∂π2
ρVj = max (qj − τj πj ) + θτj πj ) +
γ (1 − τ1 )
− (1 − τ2 )
.
τj
∂kj
∂k1
∂k2
As mentioned by Olsder (2002), the general conditions for the existence and uniqueness of a Markovian Nash equilibrium are not yet known in nonzero-sum differential
games with optimal controls of the bang-bang type. The essential condition of existence is that the value function Vj is twice continuously differentiable with respect
to the state variable kj . However, this condition does not hold with optimal control
problems of the bang-bang type.

3.3

Special Case: Linear-Quadratic Output Function

In order to determine the optimal tax strategies of each government, we need to
specify the firms’ production function.
Assume that the MNC produces qj units in country j(= 1, 2) according to the following linear-quadratic production function (Bucovetsky, 1991; Peralta & Van Ypersele,
2006; Haufler & Runkel, 2012; Eggert & Itaya, 2014)
qj = αkj −

kj2
,
2

where α (α ≥ 1 + r) is a technological coefficient. The production function verifies
the standard properties f 0 (kj ) > 0 and f 00 (kj ) < 0. The concavity results from the
fact that capital is the only variable input. Accordingly, the MNC’s pre-tax profit
k2

function in country j(= 1, 2) becomes πj = (α − r)kj − 2j , given that the market price
of the final good is normalized to 1. In the following, we set a = α − r and assume
that the MNC allocates its capital in country j(= 1, 2) by maximizing its after-tax
profit (1 − τj ) πj subject to the participation constraint (1 − τj ) πj ≥ 0. It follows that
kj2
πj = akj − .
2
For the sake of simplicity we normalize α to 1 and r = 0 and it follows that qj = πj .
The instantaneous welfare function in country j(= 1, 2) at time t becomes Ωj (t) =
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(1 − τj ) πj + θτj πj .
Moreover, the motion equation becomes
i
h
∂π2
1
γ (1 − τ1 ) ∂π
−
(1
−
τ
)
2 ∂k2
∂k1

k̇1 (t) =

(3.4)

= γ [(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )] .
We can verify that the equality (1 − τ1 )(1 − k1 ) = (1 − τ2 )(1 − k2 ) holds when the
system is at its steady state: k̇1 (t) = 0.
Each policymaker j(= 1, 2) maximizes the intertemporal welfare function Wj
Z
max Wj =
τj (t)

∞

e

−ρt

Z
Ωj (t)dt =

0

∞

e−ρt [(1 − τj )πj + θτj πj ] dt,

(3.5)

0

subject to the motion equation (3.4).
In the following, we impose that the instantaneous welfare Ωj = (1 − τj )πj + θτj πj is
non-negative, which holds for tax rates (τj > 0) and subsidies (τj < 0). Consequently,
we assume that τj ∈ [0, 1] when the jurisdictions compete in taxes and that τj ∈ [τ , 0]
−1
(where τ = θ−1
< 0) when they compete in subsidies.

3.4

The Benchmark Case

We first analyze the static game as a benchmark case. This is equivalent to the
situation where γ = +∞, namely when capital adjusts instantaneously and the
dynamic system reaches its steady state immediately. The equilibrium condition of
capital allocation between the two jurisdictions is such that the relative net marginal
profit on capital is equalized across both countries. Thus,
(1 − τ1 )

∂π1
∂π2
= (1 − τ2 )
, that is (1 − τ1 )(1 − k1 ) = (1 − τ2 )(1 − k2 ).
∂k1
∂k2
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It follows that capital investments in countries 1 and 2 are respectively, given by
1 − τ1
,
2 − τ1 − τ2
1 − τ2
=
,
2 − τ1 − τ2

k1s =

(3.6)

k2s

(3.7)

where the superscript s stands for “static". The policymakers of both jurisdictions
choose non-cooperatively the tax rates, τj that maximize the social welfare Ωj .
max Ωj = [1 + τj (θ − 1)] πj .

(3.8)

τj

It is easy to check that the governments’ objective functions are strictly concave in
∂2Ω
their own tax rates (that is, the second order sufficient condition holds: ∂τ 2j < 0).
j
Then the standard first order condition for country j (= 1, 2) yields

πj = −


1
∂kj
.
+ τj (1 − kj )
θ−1
∂τj

(3.9)

Using equations (3.6), (3.7) and (3.9) yields
+ τ1
(1 − k1s )2 ,
2 − τ1 − τ2
1
+ τ2
θ−1
=
(1 − k2s )2
2 − τ1 − τ2

π1 =
π2

1
θ−1

(3.10)
(3.11)

for countries 1 and 2, respectively. Given that the countries are symmetric, we can
write k1s = k2s . It follows that π1 = π2 given that πj = kj −
conclude in the following proposition.

kj2
2

for j(= 1, 2). We

Proposition 4. In a static game there is a unique symmetric Nash equilibrium given by
τ1s = τ2s =

3θ − 4
,
4(θ − 1)

and the equilibrium level of capital invested in country j(= 1, 2) is
1
k1s = k2s = .
2
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The above results show that according to the value of θ the governments can also
compete in subsidies12 . In this case we have τj < 0 (j = 1, 2) and the social welfare
function Ωj = (1 − τj )πj + θτj πj can be interpreted as follows. The first term is the
income generated in country j augmented by subsidies and the second (negative)
term is the amount of forgone public goods expenditures. We can thus distinguish
two different cases.
Corollary 1. In the static game each government can either tax profits or provide a subsidy.
More precisely,
(1) If θ > 43 , countries compete in taxes.
(2) If 1 < θ < 43 , countries compete in subsidies.
When the decision makers put a sufficiently high relative valuation (θ > 43 ) on public
goods, they compete in taxes. The reason is that the countries need sufficient tax revenues to fund the public goods. However, when they put a sufficiently high relative
valuation (1 < θ < 34 ) on private consumption, they compete in subsidies. There are
various reasons why decision makers can favor public over private goods or vice
versa. There can be the desire to alleviate domestic unemployment (Haaparanta,
1996) or the attempt to realize scale economies with respect to the provision of
public goods (Black & Hoyt, 1989) or the possibility to transfer advanced technology
(Barros & Cabral, 2000), etc. These aspects are however beyond the scope of the
present study.

3.5

Open-loop Nash Equilibrium: Steady State and
Stability

Now, capital does not adjust instantaneously (0 < γ < +∞). Thus, we extend the
above analysis and focus on dynamic competition. In a first step, we assume that
each jurisdiction adopts an open-loop strategy when designing its optimal decision
12

These subsidies can be funded by taxing an inelastically supplied factor like land.
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path. In other words, the jurisdictions commit to a taxation policy decided at the
beginning of the game.
We solve the open-loop game by using the Pontryagin’s maximum principle. The
standard first order conditions (see Appendix 3.A for detail) applied to the Hamiltonian defined in Section 3.2.2 yield the following canonical system of ordinary
differential equations

k̇1 (t) = γ [(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )] ,

(3.12)

λ̇1 (t) = [ρ + γ(2 − τ1 − τ2 )] λ1 − [1 + τ1 (θ − 1)] (1 − k1 ), (3.13)
λ̇2 (t) = [ρ + γ(2 − τ1 − τ2 )] λ2 + [1 + τ2 (θ − 1)] (1 − k2 ), (3.14)
(θ − 1)π1 (t) = γλ1 (1 − k1 ),

(3.15)

(θ − 1)π2 (t) = −γλ2 (1 − k2 ),

(3.16)

and lim e−ρt λj kj = 0 (transversality condition).
t→∞

(3.17)

This system contains one state variables (k1 ), two co-state variables (λj with j = 1, 2)
and two choice variables (τj with j = 1, 2).
The steady state is defined as the rest point of the above canonical system and is
obtained by setting k̇1 = 0 and λ̇1 (t) = λ̇2 (t) = 0. Thus, we obtain the following
steady state conditions
(1 − τ1 )(1 − k1 ) = (1 − τ2 )(1 − k2 ),

(3.18)

[ρ + γ(2 − τ1 − τ2 )] λ1 = [1 + τ1 (θ − 1)] (1 − k1 ),

(3.19)

[ρ + γ(2 − τ1 − τ2 )] λ2 = − [1 + τ2 (θ − 1)] (1 − k2 ),

(3.20)

(θ − 1)π1 = γλ1 (1 − k1 ),

(3.21)

(θ − 1)π2 = −γλ2 (1 − k2 ).

(3.22)

Equation (3.18) characterizes the steady state condition for a firm investing in country
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j(= 1, 2). More precisely, if (3.18) holds, the net marginal profit on capital is the
same in both countries. It follows that the steady state level of capital k1o invested in
country 1 is
1 − τ1
k1o =
.
(3.23)
2 − τ1 − τ2
The superscript o stands for “open-loop". Similarly, the steady state level of capital
k2o invested in country 2 is
k2o =

1 − τ2
.
2 − τ1 − τ2

(3.24)

Equations (3.19) and (3.20) result from the first order conditions relative to the
invested capital kj (with j = 1, 2). The left-hand side of (3.19) represents the discounted future losses in tax revenues in country 1 resulting from a current capital
inflow. Indeed, additional capital flowing into country 1 decreases the net marginal
profit of the subsidiary located there. This will induce capital relocation in country
2 in future periods. Consequently, future tax revenues will decrease in country
1. The right-hand side of equation (3.19) stands for the government’s gain in tax
revenues induced by a marginal increase of capital in country 1. Equation (3.20) can
be interpreted in the same way. The steady state requires equality between the just
highlighted effects and consequently, kj does not change anymore. By reformulating
equation (3.19), we obtain the (steady state) shadow value of the capital investment
in country 1:
[1 + τ1 (θ − 1)] (1 − k1 )
λo1 =
.
(3.25)
ρ + γ(2 − τ1 − τ2 )
Similarly, equation (3.20) yields the (steady state) shadow value of the MNC’s
investment in country 2:
λo2 = −

[1 + τ2 (θ − 1)] (1 − k2 )
.
ρ + γ(2 − τ1 − τ2 )

(3.26)

Equations (3.21) and (3.22) result from the first order conditions relative to the tax
rate τj (with j = 1, 2). An increase in country j’s tax rate has two effects. On one
side, it increases government’s j tax revenues (see left-hand side of equations ( 3.21)
and (3.22)) and on the other side, it induces future losses in tax revenues due to
the outflow of capital following the increase in the tax rate (see right-hand side of
equations (3.21) and (3.22)). The equilibrium tax rate of country j requires that both
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effects are equal.
By rewriting conditions (3.21) and (3.22) we obtain:
γλ1 (1 − k1 )
,
θ−1
γλ2 (1 − k2 )
=
.
θ−1

π1 =

(3.27)

π2

(3.28)

The profit of the MNC realized in country j equals the relative net marginal profit on
∂π
capital ( ∂kjj = 1 − kj ) multiplied by the shadow price λj and the adjustment factor γ.
Substituting (3.23), (3.24), (3.25) and (3.26) into (3.27) and (3.28) yields the optimal
tax rate τjo ∈ (0, 1) and the steady state value of the variables kjo , λoj ( j = 1, 2).
Proposition 5. The above described dynamic game generates one unique symmetric interior
open-loop Nash equilibrium that is given by
τ1o

=

τ2o

=

3
(θ
2γ

− 1)(2γ + ρ) − 1
4(θ − 1)

.

The equilibrium level of capital invested in country j(= 1, 2) is given by
1
k1o = k2o = .
2
Furthermore, the steady state is a saddle point of the canonical system and locally asymptotically stable13 in the state space.
The detailed proof of the above proposition is provided in Appendix 3.A.
Note that, the objective functions and the Hamiltonian are linear in the choice
variables τj (j = 1, 2)). So, contrary to the static case where concavity guarantees an
interior solution, we have now to prove that the possible corner solutions (τ1 , τ2 ) =
(1, 1), (τ , τ ), (τ , 1) and (1, τ ) that do not satisfy the first order conditions, cannot be
long-run Nash equilibria. The calculations can be found in Step 2 of Appendix 3.A.
Similar to the static game in the previous section, the results presented in Proposition
5 demonstrate that the governments can also provide subsidies to attract foreign
13

Basing on Fershtman & Muller (1984, 1986), we can prove that the unique symmetric Nash
equilibrium highlighted in Proposition 5 is also globally asymptotically stable.
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capital. This is in line with Haufler & Wooton (1999). The following conclusions can
be drawn
Corollary 2. The governments can either tax profits or grant a subsidy. More precisely,
(I) If 1 < θ < 1 +
(II) If θ > 1 +

2γ
,
3(2γ+ρ)

2γ
,
3(2γ+ρ)

there is subsidy competition (τjo < 0).

there is tax competition (τjo ∈ (0, 1]). Moreover,

(II.1) if γ > 23 ρ, the optimal tax rate is τjo ∈ (0, 1).
(II.2) if γ < 23 ρ and
(II.2.a) if 1 +

2γ
3(2γ+ρ)

<θ <1+

2γ
,
3ρ−2γ

the optimal tax rate is τjo ∈ (0, 1);

2γ
(II.2.b) if θ > 1 + 3ρ−2γ
, the competing governments impose the highest possible
tax rate (τjo = τ max = 1)14 .

The governments’ decision to tax profits or to grant subsidies depends on how much
they weigh up private consumption against public consumption. If the policymakers
2γ
put a relatively low weight (θ < 1 + 3(2γ+ρ)
) on public consumption or equivalently
a relatively high weight on private consumption, they grant subsidies in order to
attract foreign capital.
Moreover, the above corollary shows that it is not excluded that the competing
jurisdictions tax profit at the highest possible rate (τ max = 1) that saturates firms’
participation constraint ((1 − τj ) πi ≥ 0). This case occurs if capital adjustment is
relatively sluggish (γ < 32 ρ) and the marginal valuation of public goods is high
2γ
enough ( θ > 1 + 3ρ−2γ
), which means that the jurisdictions put a high weight on tax
revenues. In all other cases, the optimal tax rate is lower than the highest possible
rate, namely τjos ∈ (0, 1).
Note that, increased capital mobility (higher γ) intensifies tax and subsidy com∂τ o
< 0. Moreover, the higher the marginal
petition given that ∂γj = 24ρ(θ(2−θ)−1)
(8γ(θ−1))2
valuation of public goods, the higher (lower) the tax (subsidy) rate of country j, as
14

The solution τjo = τ max = 1 derives from the first order conditions, contrary to the one considered
in Appendix 3.A.
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∂τjo
∂θ

=

2
8(θ−1)2

> 0. Finally, country j’s tax rate (subsidy) increases with the discount
∂τ o

3
> 0. Indeed, the higher the
rate of the public decision makers given that ∂ρj = 8γ
discount factor ρ the less the policymakers care about future tax losses due to capital
outflows induced by higher tax rates or lower subsidies.

3.6

Markovian Nash Equilibrium

Now, we assume that the jurisdictions adopt a Markovian rule when designing their
optimal decision path. This means that the tax rates are continuously updated in
response to the dynamics of the state variable (current capital).
Knowing that k2 = 1 − k1 , the strategic variables can be rewritten as τ1 = τ1 (k1 ) and
τ2 = τ2 (k2 ). In other words, country j’s Markovian choice variable only depends
on the state variable of country j and is independent of the other country’s stock of
capital15 . Then Appendix 3.B demonstrates the following results.
Proposition 6. The above described dynamic game has a unique long-run symmetric
Markovian Nash equilibrium, which is
τ1m

=

τ2m

=

3
(θ
γ

− 1)(γ + ρ) − 2
5(θ − 1)

.

The equilibrium level of capital invested in country j = 1, 2 is
1
k1m = k2m = .
2
The competing governments can use subsidies to attract foreign capital under the
following conditions
Corollary 3.
(II) If θ > 1 +

(I) If 1 < θ < 1 +
2γ
,
3(γ+ρ)

2γ
,
3(γ+ρ)

there is subsidy competition (τjm < 0).

there is tax competition (τjm ∈ (0, 1]). Furthermore,

(II.1) if γ > 32 ρ, the optimal tax rate is τjm ∈ (0, 1).
15

The same results can be obtained by considering k1 and k2 = k2 (k1 ) = 1 − k1 .
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(II.2) if γ < 32 ρ and
(II.2.a) if 1 +

2γ
3(γ+ρ)

<θ <1+

2γ
,
3ρ−2γ

the optimal tax rate is τjm ∈ (0, 1);

2γ
(II.2.b) if θ > 1 + 3ρ−2γ
, the governments can impose high tax rates such that
m
max
16
τj = τ
=1 .

As in the open-loop equilibrium, the governments’ decision to tax profits or to
provide a subsidy depends on their social preference for public relative to private
goods. If the policymakers favor private over public consumption by putting a
2γ
relatively low weight on tax revenue (θ < 1 + 3(γ+ρ)
), they grant subsidies to attract
2γ
capital. If the decision makers put a relatively high marginal valuation (θ > 1+ 3(γ+ρ)
)
on public goods, they tax profits. Once more, the above corollary shows that it is
not excluded that the competing jurisdictions tax profit at the highest possible rate
(τ max = 1) that saturates firms’ participation constraint ((1 − τj ) πi ≥ 0). As in the
open-loop equilibrium, this occurs if capital adjustment is relatively sluggish (i.e.
2γ
γ < 32 ρ) and the marginal valuation of public goods is high enough (i.e. θ > 1+ 3ρ−2γ
).
In all other cases, the optimal tax rate is lower than the highest possible rate, namely
τjm ∈ (0, 1).
We see that increased capital mobility (higher γ) intensifies tax and subsidy competi∂τ m
tion given that ∂γj = 15ρ(θ(2−θ)−1)
< 0. Moreover, the higher the marginal valuation
(5γ(θ−1))2
∂τ m

2
of public goods, the higher country j 0 s tax rate, as ∂θj = 5(θ−1)
2 > 0. Finally, country
j ’s tax rate increases with the discount rate of the public decision makers given that
∂τjm
3
= 5γ
> 0.
∂ρ

3.7

Welfare Comparisons

We now make welfare comparisons between the different settings highlighted above.
To this end, we consider the tax game (i.e. θ > θ) and the subsidy game (i.e.
16

This solution derives from the first order conditions.
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1 < θ < θ), successively, given that



2γ
2γ
4
2γ
4
,1 +
,1 +
= max
,1 +
,
θ ≡ max
3
3(2γ + ρ)
3(γ + ρ)
3
3(γ + ρ)


4
2γ
2γ
2γ
θ ≡ min
,1 +
,1 +
=1+
.
3
3(2γ + ρ)
3(γ + ρ)
3(2γ + ρ)


The social welfare resulting from the static game is


3
Ωsj = 1 + τjs (θ − 1) πjs = (1 + τjs (θ − 1)).
8
The social welfare in the open-loop and Markovian game are respectively
3
(1 + τjo (θ − 1)),
8
3
(1 + τjm (θ − 1)).
=
8

Ωoj =
Ωm
j

It appears that comparing social welfare is equivalent to comparing the equilibrium
tax rates/subsidies. Consequently, lower equilibrium tax rates (respectively higher
subsidy rates) are consistent with lower welfare values. In other words, the more
intense tax competition, the lower the social welfare will be.

3.7.1

Tax Game: θ > θ

Assume that the jurisdictions compete in taxes (θ > θ). Equilibrium tax comparisons
yield
(i) τjs < τjo , and τjs = lim τjo = lim τjo ,
ρ→0

(ii)

(iii)

τjo

−

τjm

τjm

−

τjs

3
=
20



3
=
20

θ
3ρ
−
θ − 1 2γ



γ→+∞


> 0,


  > 0, if γ < 4ρ and θ > 1 +
4ρ
θ
−
γ
θ − 1  < 0, otherwise.

γ
,
4ρ−γ
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Because comparing social welfare is equivalent to comparing equilibrium tax rates,
we can conclude in the following proposition.
Proposition 7.
• Social welfare is higher in an open-loop equilibrium relative to a static
equilibrium.
• Social welfare is higher in an open-loop equilibrium relative to a Markovian equilibrium.
• Social welfare is higher in a Markovian equilibrium relative to a static equilibrium
when the speed of capital reallocation is low (γ < 4ρ) and the policymakers put a
γ
relatively high weight on public consumption (θ > 1 + 4ρ−γ
). Otherwise, welfare is
lower in the Markovian game.
• When ρ → 0 and/or γ → +∞, the open-loop equilibrium converges to the static
equilibrium and the corresponding welfare levels are equal (Ωoj = Ωsj ).

When ρ > 0 and γ is finite, the ranking of social welfare is summarized as follows
s
o
o
m
Ωsj < Ωm
j < Ωj or Ωj < Ωj < Ωj .

When governments adopt an open-loop behavior, social welfare is higher in the
dynamic game relative to the static case. Recall that the outcome of static tax
competition is equivalent to a situation where the speed of adjustment γ is infinite.
When the value of the parameter γ is finite, capital is less responsive to tax differences
than in a static game. Then, competition between jurisdictions is less fierce in an
open-loop game and accordingly, the equilibrium tax rates are higher relative to the
static case.
Moreover, in an open-loop game the equilibrium tax rates are higher than in a
Markovian game. Intuitively, in a Markovian game each government takes into
account the current level of its capital (state variable) that depends on its rival tax
decision. It follows that the interjurisdictional competition is intensified because
the decision-makers are more responsive to a continuously changing environment
(the state variable). In an open-loop game, the intertemporal path of tax rates is
determined at the outset and no future updates are decided. This commitment to a
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durable tax policy results in a less intense competition17 and thus higher tax rates.
It follows that social welfare is higher in an open-loop equilibrium relative to a
Markovian and a static equilibrium.
Finally, in a Markovian game, social welfare is higher relative to the static game, if
capital adjustment is relatively sluggish and the marginal valuation of public goods
is sufficiently high. The reason is that, in this case, tax competition is less intensive
in the Markovian game. The opposite occurs when the speed of capital adjustment
is high and the jurisdictions put a relatively low weight on public goods provision.
Finally, note that the static equilibrium is the limit case of an open-loop equilibrium
with either ρ = 0 (the policymakers are perfectly "time-indifferent") or γ = +∞
(capital adjusts instantaneously). It follows that under these conditions, social
welfare is the same in static and open-loop games. However, this is not the case
for Markovian games, given that the equilibrium does not converge to a static
3(θ − 1) − 2
equilibrium. Indeed, lim τjm = lim τjm =
< τjs .
ρ→0
γ→+∞
5(θ − 1)

3.7.2

Subsidy Game: 1 < θ < θ

In the following we assume that the jurisdictions use subsidies to attract capital
(1 < θ < θ). For the sake of simplicity, we set sij = − τji (i = o, s, m). As in the above
subsection, direct calculations yield
3ρ
(θ − 1) < 0 and ssj = lim soj = lim τjo ,
ρ→0
γ→+∞
2γ


3
θ
3ρ
m
o
(ii) sj − sj =
−
> 0,
20 θ − 1 2γ

(i) soj − ssj < 0 = −

(iii)

ssj

−

sm
j

3
=
20




  > 0, if γ < 5 ρ and 1 +
4ρ
θ
8
−
γ
θ − 1  < 0, otherwise.

γ
4ρ−γ

< θ < θ,

Because social welfare comparisons are equivalent to equilibrium subsidy compar17

The fact that in an open-loop game, competition is less intensive explains why policymakers
are less likely to engage in subsidy competition. Indeed, from the definitions of θ and θ, it is
straightforward to show that if θ < θ < 34 and ρ < γ, governments compete in taxes in the open-loop
case while they compete in subsidies in a Markovian game.
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isons, we can conclude
Proposition 8.
• Social welfare is higher in an open-loop equilibrium relative to a static
equilibrium.
• Social welfare is higher in an open-loop relative to a Markovian equilibrium.
• Social welfare is lower in a Markovian relative to a static equilibrium, except for the
case where the speed of capital reallocation is low (γ < 58 ρ) and the weight assigned to
γ
public consumption is not too low (1 + 4ρ−γ
< θ < θ).
• for ρ → 0 and/or γ → +∞, the open-loop game converges to the static equilibrium
and the corresponding welfare levels are equal
We get similar results as in the tax competition case. Indeed, if both governments
adopt an open-loop strategy, subsidies are lower and thus social welfare is higher
relative to the static case. Again, this is due to the fact that in a open-loop game, capital is less responsive to subsidy differences relative to static competition. Moreover,
social welfare is higher in an open-loop equilibrium relative to a Markovian equilibrium. The reason is that policymakers’ commitment to subsidy payments leads to
less competition and higher social welfare compared to a Markovian game, where
policymakers continuously update their subsidy rates as a response to changing
capital levels.
Finally, social welfare is lower in a Markovian than in a static game, when the speed
of capital adjustment is high enough and the marginal valuation of public goods
is sufficiently low. However, when capital adjustments are relatively sluggish and
decision makers pay sufficient importance to public consumption, social welfare
is relatively higher in the Markovian equilibrium than in the static one. In the first
case, competition is less intensive in a Markovian relative to a static game and vice
versa in the second case.
Once more, the social welfare levels are equal when ρ → 0 and/or γ → +∞, which
is not the case for Markovian game.
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3.8

Conclusion

The focus of the chapter is on the dynamic relevance of interjurisdictional competition. The existing literature is mainly based on static models, in which capital stocks
adjust instantaneously to policy changes and tax rates don’t evolve over time. In the
framework we develop, the dynamics are characterized by time-varying tax rates
and imperfect capital adjustment.
There are two different ways of modeling dynamic tax competition. One way
is to assume that the competing jurisdictions play an open-loop game in which
they commit initially to a tax path without further update. Another is to model
a Markovian game where the competing countries continuously update their tax
rates according to their capital stock. Commitment to predetermined tax rates leads
to a less intense competition relative to Markovian and static games. As a result,
social welfare is relatively higher. However, comparing the outcome and social
welfare between static and Markovian games is not straightforward. In a Markovian
game, tax rates are lower than in the static game, if the speed of capital adjustment
is high and the marginal valuation of public goods is sufficiently low. In this case,
tax competition is relatively fiercer in the Markovian game. This is not the case, if
capital adjustment is relatively sluggish and the jurisdictions put a high weight on
collecting tax revenue.
Moreover, playing a Markovian or an open-loop game is not necessarily a matter of
choice. Countries may commit to a future path of tax rates to be attractive to foreign
investments but commitment may also be imposed by international cooperation
agreements.
All in all, static models provide an incomplete analysis of inter-jurisdictional tax
competition. In a world, in which capital can flow more or less sluggishly form one
jurisdiction to another as a response to policy changes and governments interact
differently according to specific behavioral patterns (Markovian or open-loop), a
dynamic setting is indispensable to analyze long-term outcomes.
In a future work, it will be interesting to extend the present study to asymmetric
jurisdictions (e.g. unequal size, different initial resource endowments, different
productivity). Assuming different resource endowments would for example allow
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to analyze under which conditions tax, respectively subsidy competition could stimulate convergence across unequally developed jurisdictions. Furthermore, applying
the current dynamic setting to asymmetric countries would enable a comparison between tax competition and tax harmonization. In this context, could the competing
governments’ commitment to stick to their tax policies for a given period lead to a
more desirable outcome (in terms of social welfare) than tax harmonization?

64

CHAPTER 3. IS A DYNAMIC APPROACH OF TAX GAMES RELEVANT?

3.A

Appendix A

Proof of Proposition 5
The proof is completed in 3 steps: Step 1 establishes the first-order conditions and
derives the canonical system of ordinary differential equations, Step 2 demonstrates
that the four possible corner solutions cannot be long-run Nash equilibria and Step
3 establishes the stability.
Step 1. The first-order conditions
Remember that the policymakers maximize their objective function subject to the
law of motion of the capital allocation process
Z
max Wj =
τj (t)

∞

e−ρt (1 − τj (t))πj + θτj (t)πj dt,

0

such that
k̇1 (t) = γ [(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )] .
Define the present value Hamiltonian of country 1 and 2 as
H1 (τ1 , k1 , λ1 ) = (1 − τ1 )π1 + θτ1 π1 + λ1 γ[(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )],
and
H2 (τ2 , k2 , λ2 ) = (1 − τ2 )π2 + θτ2 π2 + λ2 γ[(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )]
with k2 = 1 − k1 .
Straightforward calculations yield the first-order conditions for the open-loop equilibrium and are given by
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k̇1 (t) = γ [(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )] ,
λ̇1 (t) = (ρ + γ(2 − τ1 − τ2 ))λ1 − [1 + τ1 (θ − 1)] (1 − k1 ),
λ̇2 (t) = (ρ + γ(2 − τ1 − τ2 ))λ2 + [1 + τ2 (θ − 1)] (1 − k2 ),
(θ − 1)π1 (t) = γλ1 (1 − k1 ),
(θ − 1)π2 (t) = −γλ2 (1 − k2 ),
and lim e−ρt λj kj = 0 (transversality condition).
t→∞

Step 2. The corner solutions cannot be long-run Nash Equilibria
If we can demonstrate that the possible corner solutions can be ruled out, then the
first-order conditions are not only necessary but also sufficient for the optimality.
Step 2.1. The corner solution (τ , τ ) cannot be a long-run Nash equilibrium.
For the purpose of the proof, we suppose that (τ , τ ) is a long-run Nash equilibrium.
But, from the definition of τ , the value of social welfare of the two competing
jurisdictions would be zero
Wj (τ ) = W2 (τ ) = 0,
and total capital would be shared equally
1
k1 (τ ) = k2 (τ ) = .
2
Now suppose one jurisdiction unilaterally decreases its subsidy to τ1 = τ + , for
any  > 0 and  → 0+ , while jurisdiction 2 keeps its subsidy at τ . As a result some
capital will move from country 1 to country 2. In the new equilibrium, we would
have 0 < k1 (τ1 ) < 12 and k2 (τ1 ) > 21 . The corresponding values of social welfare are
W1 = (1 − τ1 + θτ1 )π1 (τ1 ) = (1 + (θ − 1)τ ) π1 (τ1 ) + π1 (τ1 ) = π1 (τ1 ) > 0,
|
{z
}
=0
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and
W2 = (1 + (θ − 1)τ )π2 (τ ) = 0.
Obviously, jurisdiction 2 reacts by decreasing its subsidy and increases its welfare.
Consequently, in order to increase their welfare, both jurisdictions decrease their
subsidy rates and thus move away from (τ , τ ).
It follows that the corner solution (τ , τ ) cannot be a long run Nash equilibrium.
Step 2.2. The corner solution (1, 1) cannot be a long-run Nash equilibrium.
If (τ1 , τ2 ) = (1, 1) is a long-run Nash equilibrium, the two countries equally share the
total capital
1
k1 = k2 = .
2
The profits are
3
k2
π1 = π2 = k1 − 1 = ,
2
8
and the value of social welfare is given by
Wj (τj = 1) = (1 − τj )πj + θτj πj = 0 + θπj =

3θ
, j = 1, 2.
8

Now, suppose jurisdiction 1 decreases its tax rate to τ1 = 1 − 1 , for any 1 > 0 and
1 → 0+ , while jurisdiction 2 keeps the rate τ2 = 1. After the reallocation of capital
we have in the new equilibrium (if any)
k1 (τ1 ) =

1 − τ1
1 − (1 − 1 )
1
=
=
= 1,
2 − τ1 − τ2
2 − (1 − 1 ) − 1
1

and
k2 (τ2 = 1) = 0.
In the new equilibrium, all the capital would be located in jurisdiction 1 and none in
jurisdiction 2. Additionally we would have in jurisdiction 2
π2 (τ2 = 1) = 0,
and
W2 (τ2 = 1) = 0.
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In jurisdiction 1 we get
π1 (τ1 = 1 − 1 ) = 1 −

1
1
= ,
2
2

and
W1 (τ1 = 1 − 1 ) = (1 + (θ − 1)(1 − 1 ))π1 > 0.
It is straightforward to check that
W1 (τ1 = 1 − 1 ) − J1 (τ1 = 1) =

1
1 + (θ − 1)(1 − 1 ) 3θ
−
= [θ − 4(θ − 1)1 ] > 0,
2
8
8

if and only if
1 <

θ
.
4(θ − 1)

In other words, as long as jurisdiction 1 does not decrease its tax rate down to the
lowest bound, it is always beneficial to undercut its competitor.
As a result, both jurisdictions have an incentive to decrease their tax rates to attract
more capital. Therefore, the corner solution (τ1 , τ2 ) = (1, 1) cannot be a long-run
Nash equilibrium.
Remark. Notice that the corner solution (τ1∗ , τ2∗ ) = (1, 1) may result from the first
order conditions without being an interior solution.
Step 2.3. The asymmetric corner solutions (1, τ ) and (τ , 1) cannot be long-run Nash
equilibria.
The corresponding proof is trivial, given that we demonstrate above that the jurisdiction imposing the lowest (highest) tax (subsidy) rate has an incentive to increase
(decrease) its tax (subsidy) rate while the jurisdiction with the highest tax rate has
an incentive to decrease it. Therefore, the asymmetric corner solutions (1, τ ) and
(τ , 1) cannot be long-run Nash equilibria.
Combining the above three steps, we conclude that none of the above corner solutions are candidates for an optimal solution. The global maximum can only be an
interior solution. We thus prove that the first-order conditions are not only necessary
but also sufficient.

68

CHAPTER 3. IS A DYNAMIC APPROACH OF TAX GAMES RELEVANT?

Step 3. The local stability of the steady state.
Now, we prove the stability of the results in Proposition 5.
The assumption that τ1 = τ2 yields
k̇ = γ[(1 − τ1 )(1 − k1 ) − (1 − τ2 )(1 − k2 )]
= γ(1 − τ2 )(1 − 2k1 ),
and
λ̇1 = (ρ + 2γ(1 − τ2 ))λ1 − [1 + τ2 (θ − 1)] (1 − k1 ).
Note that the choice variable τ2 is independent of the state and the co-state variables,
k1 , λ1 , of country 1. It follows that the Jacobian matrix
W (k1o , λo1 ) =

−2γ(1 − τ2o )
0
o
1 + τ2 (θ − 1) ρ + 2γ(1 − τ2o )

!

yields the eigenvalues
δ1 = −2γ(1 − τ2o ) < 0 and δ2 = ρ + 2γ(1 − τ2o ) > 0.
By symmetry, we obtain the same results for country 2.
Thus, we can state that the steady state is a saddle point of the canonical system and
locally asymptotically stable in the state space.
That finishes the proof.
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Appendix B

Proof of Proposition 6
We define the Bellman optimal value of the objective function of country j(= 1, 2) as
Vj (kj ) = max Jj , ∀kj . The Bellman’s value-function Vj of the policymaker in country
τj

j must satisfy the following Hamilton-Jacobi-Bellman equation, with k2 = 1 − k1 :




∂π2
∂V1
∂π1
ρV1 (k1 ) = max [1 + τ1 (t)(θ − 1)] π1 (t) +
γ (1 − τ1 )
− (1 − τ2 )
,
τ1
∂k1
∂k1
∂k2




∂V2
∂π1
∂π2
ρV2 (k2 ) = max [1 + τ2 (t)(θ − 1)] π2 (t) −
γ (1 − τ1 )
− (1 − τ2 )
.
τ2
∂k2
∂k1
∂k2
The first-order conditions with respect to the choice variables τ1 and τ2 yield
π1 =

π2 =

1
(1 − k1 )
γ ∂V
∂k1

θ−1
2
γ ∂V
(1 − k2 )
∂k2

θ−1

,

(3.29)

.

(3.30)

These conditions are similar to the necessary and sufficient conditions (3.27) and
(3.28) obtained in the open-loop game.
The above first-order conditions can be rewritten in the following way

∂V1
(θ − 1)π1
θ − 1 k1 − k12 /2
=
=
,
∂k1
γ(1 − k1 )
γ
(1 − k1 )

(3.31)

∂V2
(θ − 1)π2
θ − 1 k2 − k22 /2
=
=
.
∂k2
γ(1 − k2 )
γ
(1 − k2 )

(3.32)

Knowing that k2 = 1 − k1 , the strategic variables can be rewritten as τ1 = τ1 (k1 ) and
τ2 = τ2 (k2 ). In other words, country j’s Markovian choice variable only depends
on the state variable of country j and is independent of the other country’s stock of
capital. We can thus apply the envelope theorem
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∂V1
∂π1 ∂ 2 V1
∂π1
∂π2
ρ
= [1 + τ1 (θ − 1)]
+
γ (1 − τ1 )
− (1 − τ2 )
∂k1
∂k1
∂k12
∂k1
∂k2
2
∂ π1
∂V1
γ(1 − τ1 ) 2 ,
+
∂k1
∂k1


∂V2
∂π2 ∂ 2 V2
∂π1
∂π2
ρ
= [1 + τ2 (θ − 1)]
−
γ (1 − τ1 )
− (1 − τ2 )
∂k2
∂k2
∂k22
∂k1
∂k2
2
∂ π2
∂V2
γ(1 − τ2 ) 2 .
+
∂k2
∂k2

(3.33)

(3.34)

In the steady state we have k̇i = 0, which implies
(1 − τ1 )

∂π1
∂π2
= (1 − τ2 )
.
∂k1
∂k2

(3.35)

Substituting (3.35) and the first-order conditions (3.31) and (3.32) into (3.33) and
(3.34), we obtain the following relationship between the tax rates and the capital
stocks:

2
1
∂π1
= γ
+ τ1
θ−1
∂k

 1
1
+ τ1 (1 − k1 )2 ,
=γ
θ−1


(ρ + γ(1 − τ1 )) π1

2

1
∂π2
+ τ2
= γ
θ−1
∂k

 2
1
=γ
+ τ2 (1 − k2 )2 .
θ−1

(3.36)



(ρ + γ(1 − τ2 )) π2

(3.37)

Seeking only symmetric solution18 (τ1m = τ2m ), equation (3.35) yields
1
k1m = k2m = ,
2

(3.38)

where the superscript m stands for “Markovian". By substituting (3.38) into (3.36),
18

Without this assumption, the problem should be solved by combining equations (3.36), (3.37),
(3.35) and the condition k1 + k2 = 1. We then have 4 equations with 4 unknowns: τ1 , τ2 , k1 and k2 .
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we obtain the equilibrium tax rates
τ1m = τ2m =
That completes the proof.

3(θ − 1)(γ + ρ) − 2γ
.
5γ(θ − 1)

Chapter

4

The Impact of CFC Rules on Tax
Competition
4.1

Introduction

Over the past years, the ‘harmful’ tax avoidance practices of multinational firms
(like Starbucks, Google, and Amazon among others) have been widely covered
and criticized in the media. Consequently, more and more countries have seen
a need to react to the tax avoidance practices of multinationals by questioning
the current tax regimes. In June 2012, the heads of states and governments of
the G20 countries urged the OECD to pursue its work in fighting harmful tax
competition between jurisdictions and to implement an action plan against base
erosion and profit shifting1 . One year later, the OECD published its Action Plan
on Base Erosion and Profit Shifting (BEPS), addressing the perceived deficiencies
regarding current tax regimes. However, the rules released in the BEPS Action Plan
were recommendations and the member states could decide to implement them into
domestic law, or not.
On July 16th 2016 the Economic and Financial Affairs Council of the European
Union adopted the Anti-Tax-Avoidance Directive (ATAD). Unlike BEPS, the ATAD
is a supranational law and EU Member States had to implement the according
measures into domestic law by January 1st 2019. The ATAD comprises five anti1

For further information, see the G20 Leader’s Declaration at Los Cabos (2012)
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abuse measures that are, interest limitation rules, controlled-foreign-company (CFC) rules,
the exit tax, the general anti-abuse rule (GAAR), and anti-hybrid rules. The focus of the
present work is on the two first ATAD measures.
The interest limitation rule denies the deduction of net interest payments to an affiliate
that exceeds 30% of the firm’s earnings before interest, taxes, depreciation and
amortizations (EBITDA). Traditionally, tax systems enable interest payments to be
deducted from the corporate tax base, while denying the deduction of returns on
equity (see Haufler & Runkel (2012))). Consequently, a firm’s affiliate, located in a
tax haven, can operate as an “internal" bank, providing loans to the parent firm in
high-tax countries. The firm can thus reduce its taxable profit by increasing the level
of intra-company loans. The OECD Committee of Fiscal Affairs already recognized
this phenomenon in 1996 and stated “that it may sometimes, from the tax point of view,
be more advantageous to a particular combination of company contributor to arrange the
financing of the company by way of loans rather than by way of equity contributions.”2
The interest limitation rule of the ATAD aims at tackling the problems associated
with debt-financing. According to Collier et al. (2018), this rule is similar to the
thin-capitalization rule in Germany, which was introduced in 2008. From an empirical
perspective, there is evidence that this regulation has substantially reduced firms’
debt-to-equity ratio as well as the amount of interest payments (see Buslei & Simmler
(2012) and Dreßler & Scheuering (2012)).
The controlled-foreign-company (CFC) rule requires that a firm’s controlled foreign
subsidiary pays a minimum tax rate in the host country to avoid the re-attribution
of the subsidiary’s profits to its parent company. More precisely, if a firm’s affiliate
classified as a “controlled-foreign-corporation" operates in a jurisdiction where the
tax rate is below the required minimum, the country of the parent firm can deploy
CFC rules. It follows that this country can tax the profits generated by the affiliate in
the tax haven by adding them to the tax base of the parent firm (see Haufler et al.
(2018)).
Ruf & Weichenrieder (2012) show that the German CFC rules significantly decrease
the amount of passive assets held in subsidiaries of German-based multinationals.
Altshuler & Hubbard (2003) analyze the implications of the Tax Reform Act of 1986
in the U.S., which led to a tightening of the CFC regulation (known as subpart F
2

OECD Report on “Thin Capitalization” adopted by the OECD Committee on Fiscal Affairs on
November 26th 1996, paragraph 10.
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provisions). They show that the tightening of these rules reduced the incentive of
multinational firms to lower their tax base by intra-company loans. These results
suggest that CFC regulations are effective in curbing offshore profit shifting.
While the ATAD proposes the same interest-limitation rule for all the EU member
states, it allows them to remain free to set the CFC threshold autonomously by
laying down a minimum standard. In this context, each member state is obliged to
deny any deduction of net interest payments that exceeds 30% of the firms’ EBITDA.
However, more flexibility is granted in the implementation of the CFC regulation.
So, countries can either opt for a loose CFC rule by setting the minimum required
control threshold (50% of the country’s own corporate income tax rate) or impose a
tighter CFC rule by applying a higher threshold.
Against the background that CFC rules don’t have to be implemented in a coordinated way across jurisdictions, the following questions arise. What is the effect of
CFC rules on tax competition for foreign direct investments? Do countries compete more aggressively via tax rates when CFC-rules are in place? Moreover, have
member states an interest to choose between tight or loose CFC rules?
To answer these questions, we develop a model with the following features. Two
competing onshore jurisdictions which are of asymmetric size and a continuum of
tax havens offering preferential tax rates are considered. There are two types of
agents living in each jurisdiction, workers and capital owners. The capital owners
are endowed with an initial quantity of capital that they can invest at home or
abroad in order to set up a firm. Each firm hosted by a country can own a subsidiary
in a tax haven. This allows these multinationals to shift profit to the haven for tax
purposes. The governments of the two onshore countries compete in taxes in order
to attract mobile capital. It follows that multinationals can lower their tax bill by
shifting profit to tax havens or relocate capital to the jurisdiction which taxes less3 .
The governments can mitigate tax revenue losses resulting from profit shifting to
offshore countries by imposing CFC as well as interest-limitation rules.
The main results of the chapter can be summarized as follows. Although CFC
rules are effective in curbing offshore profit shifting they can induce non-havens to
3

These two types of firm responses to inter-jurisdictional tax differentials, namely pure profit
shifting and real activity relocation, have been highlighted in the recent literature (e.g., Agrawal &
Wildasin (2020) and Pieretti & Pulina (2020)).
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compete aggressively for mobile capital. In this context, CFC rules can exacerbate
capital outflows from the large to the small country to a larger extent than in standard
models of tax competition. In particular, when the smaller country imposes a lower
control threshold than its bigger rival, we find that capital outflows can be higher
when CFC rules are in place. In this case, a harmonization of the control thresholds
among the member states could mitigate capital outflows from the large to the small
jurisdiction. However, it can also occur that the small country experiences capital
outflows when CFC rules are in place. This happens in particular, when the small
country opts for a much smaller control threshold than its larger rival and firms
can easily find a haven where profit taxation is consistent with the CFC rule. In
that case, the large jurisdiction undercuts the tax rate of the small one in a way that
its disadvantage resulting from a tighter CFC rule is overcompensated by the tax
advantage it offers.
As we observed above, the jurisdictions have some discretion in deciding on the
CFC rate to adopt. Consequently, the question arises about the level of the CFC
requirements the jurisdictions will impose. In this chapter, we address this question
by assuming that the countries impose the level that maximizes their tax revenues.
This poses a problem of timing given that the equilibrium tax rates resulting from tax
competition are also designed to maximize tax revenues. We consider the following
timing. The jurisdictions first determine their CFC rates and then compete in tax
rates. This staging is dictated by the fact that changing rules is less flexible than
setting tax rates. Solving our model backwardly implies that first we solve the
interjurisdictional game for internationally mobile capital and then we determine
the CFC thresholds.
We show that jurisdictions either impose the highest or the lowest possible control
threshold. Indeed, when it is difficult for a firm to find a haven where profit taxation
is consistent with the CFC rule, a tightening of this rule increases the equilibrium tax
revenue in the firm’s parent country. However, when firms can easily find a haven
that checks the CFC rule, the government will optimally choose the lowest possible
threshold.
The chapter is organized as follows. The next section presents the general setting
of the model. In Section 4.3 we analyze the impact of controlled-foreign-company
rules on tax rates, capital outflows and tax revenues. The last section concludes the
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chapter and discusses possible extensions.

4.2

The Model Setting

Suppose that the world is composed of two jurisdictions (non-havens) and a continuum of tax havens offering preferential tax rates. The two jurisdictions (non-havens)
are denoted by h (home) and f (foreign). There are two types of agents living in
each jurisdiction, workers and capital owners. Labor is internationally immobile
while capital is imperfectly mobile. The capital owners are endowed with an initial
quantity of capital, which they can invest at home or abroad in order to set up a
firm. Note that each firm hosted by country i = h, f can own a subsidiary in a tax
haven. As in Haufler et al. (2018), the subsidiary doesn’t carry out any substantive
economic activity and can be considered as an ‘internal bank’ with the only purpose
of granting loans to the affiliate in the high-tax country. Let us denote by ki the
amount of capital owned by an individual in country i = h, f and li the amount of
labor supplied by one worker in country i. One homogeneous good is produced that
is sold in a competitive market at a given price normalized to 1. Each firm of country
i = h, f produces qi units of this good according to a Leontief production function
qi = f (ki , li ) = min {aki , bli } with ki units of capital and li units of labor and a > 0,
b > 0. Throughout the chapter we assume that capital is the limiting factor, which
means that aki < bli . It follows that labor is provided in excess of demand and the
wage rate tends to the lowest bound that equals the level required for subsistence
or the legal minimum. In other words, we can write, qi = aki . Production in excess
of capital replacement and tax payments is consumed by the capitalists and the
workers.
As in Han et al. (2013), we assume that the capital owners are evenly distributed
with unit density on a segment [0, 1]. The mass of capital owners in country h is s
and 1 − s in country f . We shall refer to s and 1 − s as being the size of countries
h and f . In the sequel, we set s < 12 , which means that the home country is small
relative to the foreign country. More precisely, the small country extends from 0 to s
and the larger from s to 1. It follows that the geometric border is given at s on the
interval of unit length. The individuals are supposed to be heterogeneous in their
reluctance to invest capital in a foreign country. The “closer" the investors are to
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the border between the jurisdictions h and f , the less they are reluctant to set up
a firm abroad. In other words, an individual of type x ∈ [0, 1] who invests capital
abroad incurs a “moving" cost (disutility) | x − s |. The difference | x − s | is the
“distance”between the border s and the agent x.
The government of country i = h, f levies a tax ti that is proportional to the profits
generated within its jurisdiction. As in Haufler et al. (2018)), the governments
can mitigate tax losses resulting from profit shifting by deploying CFC as well as
interest-limitation rules.
The production function of any firm (located in h or f ) is given by
qi = f (ki ) = aki

(i = h, f ),

with ki = kiH +kiE , where kiH is the amount of capital shifted to the subsidiary located
in the tax haven and kiE is the amount of equity located in the jurisdiction which
hosts the firm’s headquarter. For the sake of simplicity we normalize a to 1.
The interest-limitation rule applied by the governments following the Anti-TaxAvoidance Directive can be formalized in the following way:
rkiH ≤ λki ,
where rkiH denotes the interest payment for the internal loan granted by the subsidiary acting as an internal bank for the headquarter located in the high-tax country.
This amount should not exceed a specified percentage share of the firm’s EBITDA
(i.e. λki ). Otherwise deductions for interest payments will be denied. The parameter
λ defines the permitted share of deductible intra-company interest payments. As
in Haufler et al. (2018), we assume that, given the tax savings, affiliates will always
find it optimal to grant internal loans until the maximum amount of tax-deductible
interest payments is reached. In other word, we impose that rkiH = λki . This means
that the amount of capital shifted to the tax-haven depends on the share of internal
debt that is tax-deductible under the interest-limitation rule.
In addition to the interest-limitation rule, governments also enforce CFC rules to
minimize tax revenue losses. We assume that the tighter the CFC rule of the HQ’s
country (i.e. the higher the minimum tax rate required by the home country), the
lesser capital will be offshored for tax planning purposes. So, the offshored capital
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kiH from country i = h, f decreases with tH , the tax rate of the haven that taxes above
the minimal rate τi required by country i = h, f .
This is due to the fact that most tax havens apply very low corporate tax rates.
Indeed, “over a third of the countries ranked by the Tax Haven Index offer a zero
percent lowest available corporate tax rate.4 ”It follows that a higher control threshold
requires more effort to find a suitable haven and firms become more reluctant to
shift profit abroad. Moreover, the higher the control threshold, the smaller the firms’
tax advantage through profit shifting will be. Considering the CFC rule and the
interest-limitation rule, the amount of capital transferred to the haven with the only
purpose of granting loans to the HQ equals
kiH =

λ
ki (1 − εtH ) ,
r

with εtH < 1 and ε > 0. The parameter ε accounts for the difficulty to find a suitable
tax haven consistent with the CFC rule, assuming that the haven taxes local profits
at a given rate tH .
As in Haufler et al. (2018), we assume that the firm will always set up a subsidiary
(acting as an internal bank) in a tax haven where the tax rate equals the lowest level
that just avoids the CFC rules5 . If the minimum tax rate resulting from the CFC rule
is τi in country i = h, f , the firm will establish a subsidiary in the haven where the
tax rate equals tH with tH = τi . We thus can write
kiH =

λ
ki (1 − ετi ) ,
r

(4.1)

Hence, the amount of capital placed in the tax haven is a decreasing function of the
CFC threshold imposed by the government and of the parameter ε.
Generally, tax systems enable interest payments to be deducted from the corporate
tax base, while the returns on equity are non-deductible (see Haufler & Runkel
(2012)). So the subsidiary located in the tax haven, grants an internal loan to the HQ
located in the high-tax country. The HQ can deduct from its tax base, the amount of
interest paid for the internal loan granted by its offshore subsidiary. These interest
4

https://www.taxjustice.net/2019/05/28/new-ranking-reveals-corporate-tax-havens-behind-breakdownof-global-corporate-tax-system-toll-of-uks-tax-war-exposed/
5
Note that this assumption is empirically supported by Clifford (2019).
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payments will however be taxed at a lower rate in the tax haven.
Consequently, the profit function of a firm located in i = h, f is given by


Πi = (1 − ti ) f (ki ) − rkiH + (1 − τi ) rkiH
= (1 − ti ) ki + (ti − τi ) λki (1 − ετi ) .
It follows that a firm headquartered in country i = h, f having a subsidiary in a tax
haven realizes a total amount of tax savings of (ti − τi ) λki (1 − ετi ).
We now assume that the amount of capital owned by an individual in country
i = h, f is given. In the following, we normalize ki to 1. The profit function can thus
be rewritten as
Πi = (1 − ti ) + (ti − τi ) λ (1 − ετi ) .
(4.2)

4.3

The Effects of the CFC Rule

We assume that the capital owners decide where to invest their capital in order
to run a firm. An investor of type x ∈ [0, 1] who lives, for example in country h,
earns Πh if she invests one unit of capital at home and Πf − (s − x)c if this capital is
invested in country f . Note that (s − x) is the disutility incurred by a capital owner
who invests abroad.
Hence, an investor living in country h is indifferent between setting up a firm in
country f or in h if
Πf − (s − x)c = Πh .
An agent living in country f is indifferent between setting up a firm in country h or
in f if
Πh − (x − s)c = Πf .
For the sake of simplicity, we normalize c to 1. The two above conditions yield the
marginal investor who is indifferent between setting up a firm at home or abroad
x = (tf − th ) + λ [(th − τh ) (1 − ετh ) − (tf − τf ) (1 − ετf )] + s.

(4.3)
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The Impact of CFC Rules on Tax Competition

Assume that the jurisdictions try to attract mobile capital (firms) by competing in taxe
rates. The policymakers of the competing jurisdictions choose non-cooperatively
the tax rates that maximize their respective tax revenue Ti . The assumption that the
governments pursue such an objective can also be found in Kanbur & Keen (1993),
Trandel (1994), and Pieretti & Zanaj (2011). This is consistent with a welfarist view
in which individuals put a very high marginal valuation on public goods that are
financed by tax revenue (see Kanbur & Keen (1993)). The tax revenue in country h is
given by
Th = xth f (k̄h ) − λk̄h (1 − ετh )



= xth (1 − λ (1 − ετh ))
= [(tf − th ) + λ [(th − τh ) (1 − ετh ) − (tf − τf ) (1 − ετf )] + s] th (1 − λ (1 − ετh )) .
For country f we have
Tf = (1 − x) tf (1 − λ (1 − ετf )) .
Because the objective functions of the policymakers are concave in their own tax
rates, the first order conditions yield the following equilibrium tax rates
1 + s + λ [τf (1 − ετf ) − τh (1 − ετh )]
,
3(1 − λ(1 − ετh ))
2 − s + λ [τh (1 − ετh ) − τf (1 − ετf )]
=
.
3(1 − λ(1 − ετf ))

th =

(4.4)

tf

(4.5)

Note that 0 < th ≤ 1 and 0 < tf ≤ 1 for λ such that 0 < λ < 3+(τh1+s
. It
(1−ετh ))
is straightforward to show that a higher size asymmetry (lower s) between the
competing jurisdictions results in a tax increase in the large jurisdiction f and a tax
decrease in the small jurisdiction h. Consequently, a higher size asymmetry increases
the tax gap between the jurisdictions. The reason is that the tax elasticity of the tax
base decreases with s in the large country and increases in the small country6 .
6

If hth and ftf are the tax elasticities in countries h and f respectively, it is convenient to show that

for given tax rates,

∂ |h
th |
∂s

< 0 and

∂ ft

f

∂s

> 0 with hth =

[1−λ(1−ετh )]th
(tf −th )+λ[(th −τh )(1−ετh )−(tf −τf )(1−ετf )]+s
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Moreover, the more difficult it is for the firms to find a suitable tax haven (a higher
∂t
h
ε), the lower the tax rates will be. Formally, we have ∂t
< 0 and ∂εf < 0. This can be
∂ε
explained as follows. With increasing ε firms find it more difficult to reduce their tax
liability by using tax havens. Consequently, they will try to relocate in a lower tax
country. This forces the jurisdictions to compete more aggressively in taxes and as a
result, tax rates decrease.
After setting ∆ = τf − τh and Φ = τf + τh , we obtain the tax difference
(2 − s − λ∆(1 − εΦ))(1 − λ(1 − ετh )) − (1 + s + λ∆(1 − εΦ))(1 − λ(1 − ετf ))
.
3(1 − λ(1 − ετf ))(1 − λ(1 − ετh ))
(4.6)
The effect of a tightening of the CFC rule in the home country (i.e., an increase in τh )
on it’s tax rate th is given by
tf −th =

∂th
1 ετh [2 − λ(2 − ετh )] − λετf (1 − ετf ) − ε(1 + s) − 1 + λ
.
= λ
∂τh
3
(1 − λ(1 − ετh ))2

(4.7)

∂th
∂th
< 0 for τh < τ̄ h and ∂τ
> 0 for τh > τ̄ h 7 .
It is straightforward to show that ∂τ
h
h
In other words, if a country increases the control threshold, this leads to a decrease
(increase) in the country’s own tax rate if the CFC rule is relatively loose (tight).

The intuition underlying this result can be explained as follows. Note first that
firms have two ways of mitigating their tax bill. They can either use the tax havens
for profit shifting or transferring their productive capital to the most tax friendly
jurisdiction.
When the existing CFC rule in country h is loose (i.e., τh < τ̄ h ), profit shifting to a tax
haven is relatively attractive. Then, if country h increases its CFC threshold, firms
will have an incentive to reallocate their capital to a more tax attractive jurisdiction.
This triggers tax competition for attracting productive capital. As a consequence,
∂th
the equilibrium tax rate will decrease ( ∂τ
< 0)
h
When the existing CFC rule in country h is tight (i.e., τh < τ̄ h ), the amount of
[1−λ(1−ετf )]tf
1−[(tf −th )+λ[(th −τh )(1−ετh )−(tf −τf )(1−ετf )]]−s .
√
λ−1+ 1−λ+λε(1+s)+λ2 ετf (1−ετf )
7
with τ̄ h =
<
λε
√
√
1
1 − 2s + 4sλ + s2 ) and τf < 2λε
(λ − 4λ − 3λ2 − 4λ2 ε2
√
4λ − 3λ2 − 4λ2 ε2 − 4λε + 8λ2 ε + 4sλε).

and ftf =

1
1 when ε > 2λ
(s + 2λ − 1 +
1
2
− 4λε + 8λ ε + 4sλε) or τf > 2λε
(λ +
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profit shifting in country h is relatively small because unattractive. If country h
increases its CFC threshold, the magnitude of capital reallocation will be insignificant.
Accordingly, the competitive pressure on tax rates will be weak. However, capital in
country h becomes more vulnerable for further taxation because profit shifting is
now much less attractive and tax competition between jurisdiction does not become
∂th
fiercer. As a consequence, the equilibrium tax rate increases in country h ( ∂τ
> 0).
h
The effect of a tightening of the CFC rule in country f on it’s tax rate tf is given by
∂tf
1 ετf [2 − λ(2 − ετf )] − λετh (1 − ετh ) − ε(2 − s) − 1 + λ
= λ
.
∂τf
3
(1 − λ(1 − ετf ))2
∂t

(4.8)

∂t

Again we can show that ∂τff < 0 for τf < τ¯f and ∂τff > 0 for τf > τ¯f 8 . The intuition underlying this result is equivalent to the case of country h. The following
proposition can be stated.
Proposition 9. When a jurisdiction imposes a rather low CFC rule, an increase in the
control threshold decreases its equilibrium tax rate. However, when a jurisdiction imposes a
rather tight CFC rule, an increase in the control threshold increases its equilibrium tax rate.

4.3.2

The Impact of CFC Rules on Capital Flows

By plugging (4.4) and (4.5) into (4.3), we can characterize the marginal investor x
who is indifferent between investing in h or in f :
x=

1 + s + λ [τf (1 − ετf ) − τh (1 − ετh )]
3

(4.9)

The value of x reflects at the same time the number of firms headquartered in country
h. Note that we can have x > s or x < s. In other words, capital can flow from
country f to country h, or from country h to country f . Consequently, there are
|x − s| investors of country i = h, f who set up a firm in country i0 = h, f with i 6= i0 .
If we define ∆ = τf − τh and Φ = τf + τh , we can write
x−s=

1 − 2s + λ∆ (1 − εΦ)
.
3

(4.10)

√
√
λ−1+ 1−λ+λε(2−s)+λ2 ετh (1−ετh )
1
with τ¯f =
< 1 when ε > 2λ
(−s + 2λ + 4λ − 4sλ + s2 ) and
λε
√
√
1
1
τh < 2λε
(λ − 4λ − 3λ2 − 4λ2 ε2 + 8λε − 4sλε) or τh > 2λε
(λ + 4λ − 3λ2 − 4λ2 ε2 + 8λε − 4sλε).
8
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In the following, we consider three different cases.
Case 1: The CFC-rules are the same for both jurisdictions (∆ = τf − τh = 0)
> 0. It follows that
When ∆ = 0, it is straightforward to show that x − s = 1−2s
3
there are 1−2s
investors of the large country f who set up a firm in the small country
3
h. The intuition behind this result can be explained as follows. First, we see that
when ∆ = 0, we have tf − th > 0, which means that the small country undercuts
the tax rate of the large country.9 As a consequence, capital flows from country f to
country h. Note that capital outflows increase with the size asymmetry (s decreases)
between the competing jurisdictions. This is due to the fact that size disparity makes
the small country more tax aggressive. Note that this case is consistent with the
standard result of tax competition between non-haven jurisdictions (see in particular,
Kanbur & Keen (1993)).
Case 2: The small country h imposes a tighter CFC rule than country f (∆ < 0)
According to the parameter-value ε, two subcases are distinguished. First, we
assume that firms are able to find a suitable tax haven relatively easily (ε < Φ1 ). Then,
we assume that it is relatively difficult to find the suitable haven (ε > Φ1 ).
a) It is relatively easy to find a tax haven (ε < Φ1 ) that checks the CFC rule.
In this case, the direction of the capital flow depends on the magnitude of |∆|, the
difference between the control thresholds of both governments. If the difference
1−2s
|∆| is small enough (|∆| < λ(1−εΦ)
), it appears from equation (4.10) that capital
flows from country f to country h (x − s > 0) that imposes the tightest CFC rule. To
understand why, first note that this can only be the case because the small jurisdiction
undercuts the tax rate of its bigger rival. Indeed, it can be demonstrated 10 that
th < tf when ε < Φ1 and |∆| < 0. Consequently, country h attracts capital from f
because the tax advantage that it grants exceeds the disadvantage of imposing a
tighter CFC rule.
9

This is in line with standard findings (see Bucovetsky (1991), Kanbur & Keen (1993) and Trandel
(1994)).
10
We can rewrite the tax differential (4.6) between both jurisdictions in the following way: tf −th =
[(2−s)(1−λ(1−ετh ))−(1+s)(1−λ(1−ετf ))]−[λ∆(1−εΦ)(2(1−λ)+ελΦ)]
. It is straightforward to show that the
3(1−λ(1−ετf ))(1−λ(1−ετh ))
denominator is always positive for ετi < 1. The first term in the numerator is also positive for s < 12
and τh > τf . The second term is negative for ∆ < 0 and ε < Φ1 . Hence, the difference between the tax
rates (tf − th ) is always positive.
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When the difference between the CFC thresholds of both jurisdictions is relatively
1−2s
large (|∆| > λ(1−εΦ)
), we have x − s < 0. In this case, we see from (4.10) that
capital flows from the small country h to the large country f . This is because the tax
advantage can no more compensate the disadvantage resulting from a tighter CFC
rule.11
b) It is relatively difficult to find a tax haven (ε > Φ1 ) that checks the CFC rule.
In this case, it appears from equation (4.10) that capital flows from the large country
f to the small country h (x − s > 0), irrespective of the magnitude of |∆|. The only
reason can be that the tax advantage ( th < tf ) granted by country h compensates
the disadvantage resulting from a tighter CFC rule. As shown in Section 4.3.1, the
more difficult it is for firms to find a suitable haven, the lower the tax rates will be.
∂t
h
In other words, ∂t
< 0 and ∂εf < 0. Hence, the higher ε, the more aggressively the
∂ε
jurisdictions compete in tax rates. As a consequence, capital flows to the low-tax
country irrespective of its tighter CFC rule.
Moreover, it is straightforward to show that capital outflows from the large country
are higher than in Case 1 (benchmark case), where both countries impose the same
control thresholds. In other words, CFC rules can exacerbate outflows from the
large to the small jurisdiction. In this case, a harmonization of the control thresholds
among the member states could mitigate capital outflows.
The following proposition concludes.
Proposition 10. Consider the case where ∆ < 0:
(I) For ε < Φ1 ,
(I.1) and |∆| <

1−2s
,
λ(1−εΦ)

we have x − s > 0,

(I.2) and |∆| >

1−2s
,
λ(1−εΦ)

we have x − s < 0.

(II) For ε > Φ1 , we have x − s > 0.
11

It can be demonstrated that a higher difference in the CFC thresholds decreases the tax differ∂tf −th
λ(1−εΦ)(1−λ(1−ετh ))+λ(1−εΦ)(1−λ(1−ετf ))
ential between the jurisdictions: ∂|∆|
=
< 0. So, a higher
3(1−λ(1−ετf ))(1−λ(1−ετh ))
difference in |∆| decreases the tax competitiveness of the small country.
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Case 3: Country f imposes a tighter CFC rule than country h (i.e. ∆ > 0)
a) It is relatively easy to find a tax haven (ε < Φ1 ) that checks the CFC rule.
When it is relatively easy for the firms to find a suitable haven, the small country h
attracts capital from the large country f (x − s > 0). This can be explained as follows.
Either the small country undercuts the tax rate of its bigger rival (tf > th ) in addition
to applying a loser CFC rule, or it levies a higher tax rate (th > tf ), but not high
enough to cancel out the advantage resulting from a loser CFC rule.
Again, we can show that capital outflows from the large country are higher than in
Case 1. Hence, a harmonization of the control thresholds among the member states
can mitigate these capital outflows.
b) It is relatively difficult to find a tax haven (ε > Φ1 ) that checks the CFC rule.
In this case, the direction of capital flows depends on the magnitude of ∆. When
1−2s
the difference between the CFC threshold rates is relatively large (∆ > λ(1−εΦ)
),
we see from (4.10) that capital flows from the small country h to the large country
f (x − s < 0). The reason is that the large country undercuts the tax rate of the
small country in a way that its disadvantage resulting from a tighter CFC rule is
overcompensated by the tax advantage.
1−2s
When the difference between the control thresholds is relatively small (∆ < λ(εΦ−1)
),
the small country h attracts capital from the large country f (x − s > 0). As in the
above case, there are two explanations. Either the small country undercuts the tax
rate of its bigger rival (tf > th ) in addition to applying a loser CFC rule, or it levies a
higher tax rate (th > tf ) but not high enough to impair the advantage resulting from
its loser CFC rule.

The following proposition concludes.
Proposition 11. Consider the case where ∆ > 0:
(I) For ε < Φ1 , we have x − s > 0.
(II) For ε > Φ1 ,
(II.1) and ∆ <

1−2s
,
λ(εΦ−1)

we have x − s > 0,

(II.2) and ∆ >

1−2s
,
λ(εΦ−1)

we have x − s < 0.

4.3. THE EFFECTS OF THE CFC RULE
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Until now, we have considered that the jurisdictions determine their tax rates that
maximize their respective tax revenues. However, we know that the jurisdictions
have some discretion in deciding on the best CFC rate to impose. We now address
this question by assuming that the countries impose the CFC level that maximizes
their tax revenues. This poses however a problem of timing given that the equilibrium tax rates resulting from tax competition are also designed to maximize tax
revenues. For that reason we assume that the countries first determine their CFC
rates and then they compete in tax rates. This staging is dictated by the fact that
changing rules is less flexible than setting tax rates. Solving our model backwardly
explains why we first solve the interjurisdictional game for internationally mobile
capital.
In the following, we demonstrate that, for each country i = h, f , there exists a CFC
threshold τi that maximizes its equilibrium tax revenue Ti∗ independently of the
other country. In other words, there is no interaction between the two countries in
the best choice of the threshold τi and consequently, we do not have to consider a
game in CFC thresholds.
From the above equilibrium solutions, we can calculate the following tax revenues
of countries h and f
(1 + s + λ [τf (1 − ετf ) − τh (1 − ετh )])2
,
9
(2 − s + λ [τh (1 − ετh ) − τf (1 − ετf )])2
Tf∗ (τf ) =
.
9
Th∗ (τh ) =

(4.11)
(4.12)

It is easy to check that the the functions Th∗ (τh ) and Tf∗ (τf ) are strictly convex in
their own CFC thresholds12 . It follows that the best decision of country i = h, f
is to choose the highest, respectively the lowest possible control threshold. To
this purpose, we consider that the lowest and highest values of τi (i = h, f ) are
respectively τimin and τimax .
12

Indeed,

4
9 λε(2

∂ 2 Th∗
∂τh2

=

4
9 λε(1

+ s + λ [τf (1 − ετf ) − τh (1 − ετh )]) + 92 λ2 (2ετh − 1)2 > 0 and

− s + λ [τh (1 − ετh ) − τf (1 − ετf )]) +

2 2
9 λ (2ετf

2

− 1) > 0.

∂ 2 Tf∗
∂τf2

=
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The effect of a tightening in the home country’s CFC rule τh on its equilibrium tax
revenue Th∗ is
∂Th∗
2
= λ (2ετh − 1) (1 + s + λ [τf (1 − ετf ) − τh (1 − ετh )]) .
∂τh
9
∂T ∗

(4.13)

∂T ∗

It is straightforward to show that ∂τhh > 0 for ε > 2τ1h and ∂τhh < 0 for ε < 2τ1h . So,
if it is relatively difficult for the firms to find a suitable tax haven, a tightening of
the control level τh increases the equilibrium tax revenue Th∗ . Consequently, if the
coefficient ε is high enough, the government optimally chooses the highest possible
control threshold to mitigate profit shifting. Formally, if ε > 2τ1h , country h optimally
chooses τh = τhmax that equals th following ATAD.
If finding a suitable tax haven is relatively easy (ε < 2τ1h ), a tightening of the CFC
rule reduces the equilibrium tax revenue in country h. Formally, if ε < 2τ1h country h
chooses τh = τhmin that equals 12 th following ATAD.
The effect of a tightening in country f ’s controlled-foreign company rule τf on it’s
equilibrium tax revenue Th∗ is given by
∂Tf∗
2
= λ (2ετf − 1) (2 − s + λ [τh (1 − ετh ) − τf (1 − ετf )]) .
∂τf
9
∂T ∗

Again, we can show that ∂τff > 0 for ε >
intuition is the same as for country h.

1
2τf

and

∂Tf∗
∂τf

< 0 for ε <

1
.
2τf

(4.14)

The underlying

The following proposition can be stated.
Proposition 12. When it is difficult for a firm to find a tax haven where profit taxation is
consistent with the CFC rule, a tightening of this rule increases the equilibrium tax revenue
in the firm’s home country. Then, it is optimal for the government to apply the tightest
threshold τi = τimax . When it is easy for a firm to find a suitable haven, a tightening of
the CFC rule decreases the equilibrium tax revenue in the parent country. In that case, the
government will optimally choose the lowest threshold τi = τimin .

4.4. CONCLUSION

4.4
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Conclusion

The Anti-Tax-Avoidance Directive (ATAD) designed to impede tax avoidance by
multinationals and accordingly to mitigate base erosion and offshore profit shifting
imposes CFC rules to the member states. These rules require that each jurisdiction
specifies a minimum tax rate that must be applied to controlled foreign subsidiaries.
Hence, if a subsidiary is located in a country taxing profit below the control threshold
imposed by the firm’s parent country, its profit must be re-attributed and taxed in
the parent country. In the present chapter, we have exploited the fact that the
ATAD allows for some freedom in the implementation of the control thresholds.
Consequently, the member states can choose a threshold in accordance with the
minimum imposed by the directive. Given that multinationals can lower their tax
bill by shifting profit to tax havens or transfer productive capital to the more tax
friendly jurisdictions, the focus has been on the impact of the CFC rules on tax
competition. We have shown that the impact of a tightening of the CFC thresholds
have ambiguous effects on the equilibrium tax rates of the competing jurisdictions.
Actually, we have demonstrated that the effect depends on the size of the existing
CFC rules.
Moreover, we have focused on the effect of CFC rules on the direction of the capital
flows resulting from tax competition. Considering that the competing jurisdictions
can be of unequal size, it appeared that CFC rules can cause capital movements
from the small to the large country and vice versa. In fact, the direction of the capital
movements depends on the difference between the international CFC rates and the
ease with which multinationals can find a haven that taxes profit in accordance
with the control thresholds. Note that in standard tax competition models, capital
flows from the large to the small country. However, when considering CFC rules,
it can happen that capital relocations from the large to the small jurisdiction are
exacerbated. In this case, harmonizing control thresholds across the jurisdictions
can mitigate these excessive outflows.
Unfortunately, the ATAD has not anticipated the impact of CFC rules on competition
for mobile capital between non-tax havens. While the CFC rules are well designed
for curbing profit shifting, they may not be effective in eliminating base erosion. This
is because international tax regulation has not paid adequate attention to induced

90

CHAPTER 4. THE IMPACT OF CFC RULES ON TAX COMPETITION

tax competition and consequently relocation incentives to low tax jurisdictions.
Finally, the chapter highlights that governments choose between two extreme options when deciding on their CFC rule. Either they opt for the lowest or the highest
possible control threshold. More precisely, when it is difficult (easy) for a firm to find
a haven that checks the CFC rule, the government optimally chooses the highest
(lowest) threshold.
This chapter can be extended in different ways. In the present study, governments
are assumed to maximize their respective tax revenue to finance public goods. It
would thus be interesting to introduce a more general welfare function that combines
both, private and public consumption. The model developed in this chapter does
not account for a possible game in CFC rules across the jurisdictions. Future research
should address this shortcoming in a more elaborate setting.
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