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Abstract

In this paper, we investigate the use of intellectual property (IP) in multinationals’
tax avoidance strategies. Income arising from intangible property is taxed in the loca-
tion in which such income is received. Many multinationals (MNCs) therefore use tax
havens as a base for IP ownership. We leverage a universe of global patent applications
and transactions, combined with financial and ownership information, to investigate
whether firms locate their patents in tax havens. We find evidence of disproportion-
ate use of havens both in terms of applying for new patents, and purchasing existing
patents. Tax havens such as Cayman Islands and Liechtenstein have substantially more
patents per inhabitant than largest patenting nations, such as China and the US. 5% of
patents in the European markets are held in tax havens and 30% of global cross border
patent transactions within MNCs have buyers located in tax havens. We show a large
role of firms potentially subject to the Global Minimum Tax in the innovation market.
These firms constitute 2.6% of affiliates, but are responsible for 42% of all patent appli-
cations and 45% of tax haven ones.!
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1 Introduction

Multinational corporations” (MNCs) tax avoidance activities rely on highly complex global
subsidiary networks. Profitable innovative companies with a large portfolio of intangible
assets use these networks intensively to minimize their tax liability in high-tax jurisdic-
tions. In the aftermath of the Global Financial Crisis, public finances were depressed dra-
matically, and profit-shifting has intensified due to complex corporate structures (Figure
1). Both the governments’ need for tax revenue, and the very small amount of taxes paid
by MNCs in high-tax jurisdictions, have triggered dramatic changes in international efforts
to reform tax systems.

As of February 2022, the Global Minimum Tax (GMT, or ‘Pillar 2”) proposal has agree-
ment from 141 countries. These countries have further agreed to pass relevant domestic
legislation by the end of 2022 for implementation to start in 2023.> The policy debate sur-
rounding this unprecedented international tax reform agenda emphasizes R&D-intensive
and innovative companies’ superior ability to move capital easily around the world.

In this paper, we ask: “how do highly profitable MNCs shift profits to tax havens, and
how can international tax reform change such patterns?” We provide policy-relevant in-
formation on tax avoidance networks through the use of intellectual property (IP) and
subsidiary-ownership relations. To achieve this, we use a novel patent dataset, the OR-
BIS Intellectual Property (IP) Database, that covers patent applications globally. Many
authors in the past have worked with PATSTAT data that covers European Patent Office’s
patent applications (e.g. Berkes et al.; 2022; Griffith et al.; 2014) and United States Intellec-
tual Property Office’s intellectual property data (e.g. Acemoglu et al.; 2018; Bloom et al.;
2013a). ORBIS IP dataset includes both of those, and additionally, expands the coverage
beyond Europe and the US to help us understand the global nature of the IP networks.
We match this dataset with company ownership dataset from ORBIS. This data allows
us to link subsidiary locations of multinational firms to their parent companies and conse-
quently to firms potentially affected by GMT. As such, the matched data covers the location
of subsidiaries, and consequently, firm activities as well as patents they hold around the
globe and allows us to consider links between the location of IP and firm activity.

We begin our discussion of profit shifting networks with a description of the differ-
ent ways in which multinationals can use IP to reduce their taxable income in high-tax
jurisdictions. One prominent strategy is for MNCs to locate the ownership of IP in a low-

tax jurisdiction. In some cases, the IP is located in a tax haven where there is little or no

2See OECD agreements in July 2021 and October 2021.
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research and development (R&D) activity. While we present striking evidence on patent
applications by, and patent transfers to, tax haven affiliates of multinationals, we only show
a small piece of a larger puzzle in IP-related tax avoidance activity: we discuss that there
need not be IP ownership by the tax haven affiliate for it to facilitate profit shifting. A cost-
sharing agreement between the parent company (or a suitably-linked affiliate entity) and
the tax haven affiliate can be used to effectively make the tax haven affiliate the beneficial
owner with rights over a significant share of the royalty income on an IP. Such an arrange-
ment results in a very low effective tax rate on income related to the IP, but it cannot be
identified by patent ownership or transfer data.

We have three sets of main findings. The first set of results is on global patenting ac-
tivity broadly: we show that a large share of patenting and patent ownership in the world
takes place in countries that have strong innovation ecosystems. More than 80% of firms
(including affiliates of MNCs) that apply for cross-border patents reside in China, Japan,
the United States, South Korea and large EU countries. We also find that a large share of
patenting activity is carried out by what we call ‘Pillar 2 firms’, referring to the group of
MNCs that will be liable to the Global Minimum Tax (or Pillar 2 of the OECD/G20 In-
clusive Framework on BEPS) when it goes into effect.® Further, patenting activity is over-
whelmingly concentrated at the top of the firm size distribution: more than 80% of patent
applications are made by MNCs that are in the top quartile of the turnover size distribu-
tion.

In our second set of results, we show the importance of low-tax jurisdictions in patent
ownership. We distinguish between two types of low-tax jurisdictions: (1) tax havens
where low or no R&D takes place and (2) ‘investment hubs’, where the local innovation
ecosystem is strong. A disproportionate share of patenting activity takes place in either
type of those low-tax jurisdictions. We find that almost 4% of all patent applications filed
by ‘Pillar 2’ firms in 2019 end up being held by affiliates of those firms located in tax havens.
This used to be around 2% in early 1990s. This number is a sum of patents applied for by
affiliates located in tax havens and patents that are eventually transacted into tax haven
affiliates of those ‘Pillar 2’ firms. For example, affiliates based in the Cayman Islands apply
for more than double the number of patents per resident of that jurisdiction. In contrast,
affiliates based in Sweden, apply for 0.07 patents per resident of that jurisdiction.

We show the importance of IP transfers from high-tax to low-tax jurisdictions early in

the life of a patent at a low value to be one of the important IP-based profit shifting strate-

3In this paper, we define them as firms with over 750 million Euros of turnover (revenue) in 2019, i.e.
the largest MNCs in the world.



gies. We document a substantial rise in the share of intra-group patent transfers where
the buyer is a tax haven entity in all transactions in the last three decades. We find this
pattern to be prevalent for both Pillar 2 firms and for smaller companies. We also show
that patents that are transacted at least once are of higher value, and have a higher chance
of being applied for by a tax haven affiliate relative to the patents that are never bought or
sold.

Our third set of results uncovers heterogeneous role of tax havens across firms with
different geographical location, patent characteristics, and firm characteristics. First, affil-
iates located in Europe have a much higher proportion of patent applications that end up
being held in tax havens, on average 5% of those applications to 2% for firms located in
Asia. Second, tax haven affiliates play a more significant role in patents that have a higher
predicted value and more forward citations. Further, we find that the share of tax haven
applicants is actually lower for granted patents relative to patents that are not granted. At
the same time, patents that are eventually granted are more likely to be transacted into a
tax haven. Third, we find that the role of tax havens in patent applications and transac-
tions does not vary significantly across different-sized MNCs by turnover, but that MNCs
with large subsidiary networks use tax havens much more prominently. Affiliates in tax
havens are much more likely to be involved in patent transactions as buyers if they are
members of large subsidiary networks even if they have a relatively small size by turnover.
This evidence supports the the notion that the turnover-based size threshold for the Pillar
2 minimum tax may not catch important tax-minimizing MNCs.

Our work relates to several strands of the literature. First, there has been a recent rise in
the use of patent data to address important research questions on taxation, innovation and
productivity. Authors have documented the innovation boom of the 20th century, driven
by innovations from US, Japanese and European firms (Akcigit et al.; 2018; Berkes et al.;
2022). While the strength of various components of the innovation ecosystem and tech-
nology spillovers are the primary driver of location choice for innovation (Bloom et al.;
2013b; Feng and Jaravel; 2020), innovating firms and individuals both respond to tax in-
centives, either provided through reduced rates or through favorable tax base provisions
(Akcigit et al.; 2017, 2018, 2016). In this paper, we expand this work in two dimensions.
First, we use a global dataset that encompasses all previously used patent datasets to give
us a more comprehensive picture of global patenting activities of firms. Second, we focus
on a specific role that tax havens play in the location of IP and uncover a disproportionate
number of patents held in those low-tax jurisdictions.

Second, we contribute to the literature that specifically focuses on the international as-
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pect of location of intangible assets and IP. Evidence suggests that MNCs specifically locate
their intangible assets (Desai et al.; 2006; Dischinger and Riedel; 2011a; Grubert and Slem-
rod; 1998) and patents (Griffith et al.; 2014; Grubert; 2003; Karkinsky and Riedel; 2012)
in low-tax jurisdictions. We contribute by documenting the patent-related paths through
which MNCs shift profits to tax havens and quantify the importance of tax havens as lo-
cations for patents. This helps us understand one of the mechanisms of profit shifting
by MNCs in depth. Related, there is a recent literature that studies the effects of patent
box policies (Alstadsaeter et al.; 2018; Griffith et al.; 2014) that target IP, by offering low
tax rates for holding IP in an otherwise high-tax rate country. The evidence suggests that
tirms have incentives to explore these IP boxes for profit shifting purposes rather than to
promote R&D (Gaessler et al.; 2021; Knoll and Riedel; 2019; Knoll et al.; n.d.; Schwab and
Todtenhaupt; 2021). Our work is closely related to this literature, as we study the MNCs’
responses to incentives for IP-related income.

More broadly, our work relates to the rich literature on profit-shifting activities of MNCs.
This literature is vast and focuses on several dimensions. The first is the role of various
profit shifting strategies that enable MNCs to minimize their taxable profits. These in-
clude, debt shifting (Desai et al.; 2004; Huizinga et al.; 2008), transfer pricing (Cristea
and Nguyen; 2016; Davies et al.; 2018; Koethenbuerger et al.; 2019) and patent location
(Dischinger and Riedel; 2011b). Second, this literature attempts to estimate the extent of
profit shifting by MINCs by emphasizing the role of tax havens as conduit countries (Dowd
et al.; 2017; Gumpert et al.; 2016; Hines and Rice; 1994). A recent review paper by Riedel
(2018) reported estimates of shifting in the range of 5% to 30% of taxable profit and con-
cluded that it is “[...] too early to draw final conclusions on the quantitative importance of
international tax avoidance activities.”* Several papers in this area use top-to-bottom ap-
proaches that utilize macroeconomic indicators (Torslev et al.; 2021), and bottom-up ap-
proaches that use country-by-country data (Fuest et al.; 2022; Garcia-Bernardo and Jansky;
2022; Garcia-Bernardo et al.; 2022), corporate tax returns data (Bilicka; 2019) and financial
data. More recent work in this literature quantifies the distortions to GDP, productivity and
financial flows that profit shifting generates (Coppola et al.; 2021; Guvenen et al.; 2022),

4See also, for example, Desai et al. (2006), Slemrod and Wilson (2009), Egger et al. (2010), Dharmapala
and Riedel (2013), Dischinger et al. (2014). Part of the reason for uncertainty with respect to the degree
of profit shifting is that the counterfactual of the tax that would have been levied in the absence of profit
shifting is not well defined. The traditional approach to estimating this counterfactual is that of Hines and
Rice (1994), who implicitly estimate profit in a jurisdiction based on the use of capital and labour located
there. But that is only partially the basis for the international allocation of taxing rights, which also allocates
rights to jurisdictions in which valuable assets are owned, or lending originates. Other approaches taken in
the literature are reviewed elsewhere. See, for example, Dharmapala (2014) and Riedel (2018).
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estimates the effects of tax-avoidance restrictions on real activities of MNCs (Bilicka et al.;
2021; Suérez Serrato; 2018), and tries to understand what factors and which actors enable
tirms to shift profits more effectively across borders (Bilicka and Scur; 2021; Bustos et al.;
2022). Our technical companion paper — Bilicka et al. (2022) —builds a model of tax policy
and investment that incorporates unobserved heterogeneity in MNEs’ profit-shifting ca-
pability and different costs of setting up tax minimization networks, including those that
involve IP, as discussed in this paper. In Bilicka et al. (2022) we quantify the policy trade-
off between raising tax revenue by combating tax avoidance (via, for example, a Global
Minimum Tax) and attracting investment.

2 How do firms use IP to shift profits?

The principles of taxation of profit of multinational companies is primarily set out in the
OECD Model Tax Treaty. This approach, which dates back to the 1920s, sets out a com-
promise between countries in their taxing rights over multinational profits. Very broadly,
the approach distinguishes between a place of residence - the location of the investor - and
place of source - where the economic activity takes place. The compromise is that “active”
income is taxed in the “source” country, and passive income is taxed in the “residence”
country. This distinction, combined with the approach of “separate accounting”, whereby
tax is levied on the profit deemed to arise in each separate entity within the multinational,
is at the heart of most of the problems of the system. In this paper, we focus on one partic-
ular problem, that this system makes it relatively easy for multinationals to “shift” profit

to low tax jurisdictions.

Use of tax havens There are three main ways in which multinationals can take advantage
of specific rules to move profits to low tax jurisdictions: transfer pricing, debt shifting and
location of intellectual property (IP). We focus on the location of IP, and more specifically,
patents. Article 12(1) of the OECD model states that royalties arising from the use of
intellectual property are to be taxed exclusively in the residence country, provided the
recipient is the beneficial owner of the payment. That is, the source country has no rights
to tax the underlying income from which royalties are paid. The tax avoidance opportunity
arises when the beneficial owner of the royalty payment is, for example, a subsidiary of a
multinational company located in a tax haven. In this case, the profit arising from the IP,

or patent, is likely to be taxed primarily in the haven at a low, or even zero, rate.



That raises the question of how the beneficial ownership of the IP can be located in
a haven. There are essentially three ways to achieve this. We summarize these in Panel
A of Table 1 and discuss each in turn.” The first is the most straightforward. If R&D is
undertaken by a subsidiary in the haven itself, then it is reasonable for that subsidiary to
apply for a patent, and to be the beneficial owner. There are some low-tax jurisdictions
with a strong innovation ecosystem, such as Switzerland, Hong Kong and Singapore. We
would expect there to be large numbers of patent applications in these locations.

Second, suppose that R&D is undertaken by a firm in country A, and is successful in
creating IP, for which the firm applies for a patent. The firm could then sell the patent (even
for patents that are not yet granted) to its subsidiary in a haven. In principle, such a sale
would need to take place at an “arm’s length price”, and profit on the sale would be taxed
in country A. However, it is extremely difficult to value patents, which, by definition, are
unique. Uncertainty around the true value enables multinationals to choose a low price,
avoiding at least some tax in country A. Having undertaken this transaction, however, the
beneficial owner of the patentis the subsidiary in the haven. In either of these two cases, the
data used in this study would identify that ownership, and in the second case, would also
provide details of the sale to the haven (although not the value declared for tax purposes).

The third route is more complex, and there are a number of variations available. How-
ever, the basic approach is a variant on the second above. Under what is known as a cost
contribution arrangement, or cost sharing, the haven subsidiary can finance part of the
R&D taking place in country A. By agreement with the entity in country A, it would then
have the legal right to receive part of the resulting income stream. For example, if the
haven subsidiary provided 90% of financing of the R&D it could claim rights to 90% of
the income. In effect, the haven subsidiary would have beneficial ownership of 90% of the
income stream for tax purposes. However, in this case, the haven subsidiary would not
apply for the patent, nor would it purchase the patent. The data used in this study cannot
identify such arrangements. As a result, the data cannot be used to estimate the full extent
to profit shifting through the manipulation of rights to the royalty income stream. There
may be many patents with beneficial owner located in a tax haven that we do not capture
in our analysis, suggesting that the evidence we provide is a modest lower bound of the

role of low-tax jurisdictions for IP location.

The ‘location of a patent’ may refer to one of many places, as a patent can technically be located in
multiple jurisdictions for different purposes. In Panel B of Table 1 we provide a list of potential location
options. In Sections 5 and 6, we use these definitions in our analysis. Note that the locations of protection
and application® are mostly irrelevant from a profit shifting perspective.
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Further, not observing a royalty flow between two high-tax jurisdictions does not nec-
essarily imply that tax minimization is not taking place: it could be the case that the royalty
income is eventually passed onto a tax haven subsidiary. The presence of an intermediary
can be a form of “treaty shopping”, to avoid withholding taxes.

Cross-border transfers of royalty flows are subject to a withholding tax (WHT) at source
in the absence of special arrangements (e.g. the European Union (EU)) or double taxation
treaties (DTTs) between the source and recipient countries. In Figure 2, we demonstrate
the taxes levied on the income of different affiliates of an MNE with IP. Consider two com-
panies located in two EU countries. The entity in Location (1) carries out R&D and de-
velops a patent, and the entity in Location (2) holds an exclusive license to the patent and
pays royalties to the entity in Location (1) while selling the product in the market marked
by Location (3). Profits arising from the sale of the product in Location (3) may be taxable
in either Location (2) or (3). The entity in Location (2) can substantially reduce its taxable
profit through the royalty payments it makes to the patent-developing entity. If the own-
ership (or beneficial ownership) is transferred to a low tax entity, then the royalty flows
are taxed at a low or zero rate. The tax base in Location (2) is reduced significantly.”

Use of IP-box regimes Another important scheme for reducing tax liability on IP-related
profit is the so-called IP-box regimes, particularly in Europe. Many high-tax jurisdictions
in Europe such as the UK and France apply a reduced corporate income tax rate on in-
come that arises from patents. The reduced tax rate in the UK and France is 10%, which is
much lower than the corporate tax rate on ordinary income.® There are substantial hetero-
geneities across patent box regimes, along the dimensions of: (i) the patent box tax rate,
(ii) the type of IP that can be included in the tax base (examples are non-patent IP such
as trademarks), (iii) whether IP transferred to a country after it was developed can be in-
cluded in the base or whether the IP needs to be developed locally, (iv) how much of the
R&D spending on the patent was made in the IP box jurisdiction. This R&D development
condition is part of Action 5 in the OECD’s BEPS process under the ‘nexus requirement’ of
IP box policies (OECD; 2019). We include descriptive evidence on patents in these IP-box

regimes in the Appendix, but leave a more detailed exploration of those to future work.

In Appendix B, we provide detailed graphs visualizing two additional cases of taxation of IP when firms
enter into cost-sharing and intra-group agreements.

8In many cases, the patent box tax rate is half or less than half the main corporate tax rate. Details for
2021 can be found in this link.


https://taxfoundation.org/patent-box-regimes-europe-2021/

3 Previous reforms and the Global Minimum Tax

There have been many attempts over the last decade to limit the use of IP for profit shift-
ing. For example, an important reform in 2011 made it more difficult for US multination-
als to engage in cost contribution arrangements. However, agreements before 2011 were
“grandfathered”, meaning that any IP eventually arising from R&D undertaken within an
existing agreement would continue to fall under the pre-2011 arrangements. That offers
considerable scope for income arising in the last decade to be traced to earlier agreements.
In 2013-15 the OECD'’s Base Erosion and Profit Shifting (BEPS) project also sought to limit
this form of profit shifting. In essence, the approach taken was to limit taxing rights to any
countries where some real “functions and activities” took place. Hence, it would not be
enough simply to have a “brass plate” subsidiary in a haven which only existed to collect
income. Instead, it has become necessary to effectively locate staff in these locations who
are at least nominally charged with managing the income stream. These regulations, at
the very least, increase the cost of locating IP in tax havens. As such, we expect that the
importance of tax havens for locating IP would start declining within a few years of 2011.

In October 2021, 137 countries from the OECD'’s Inclusive Framework agreed on the
broad principle of levying a 15% minimum tax on the “excess profit” of subsidiaries of
large multinational companies. The basic approach agreed is that, if the overall effective
tax rate of all subsidiaries of a multinational in a particular jurisdiction is below 15%, then
there will be a “top-up” tax, to lift the total tax paid to 15% of “excess profit”. This top-up
tax may be collected in the jurisdiction itself (through a “qualified domestic minimum top-
up tax” (QDMTT). If the jurisdiction chooses not to implement such a tax, then the country
of the multinational’s HQ becomes entitled to levy the tax (through an “income inclusion
rule”, IIR); and if it does not do so, then other countries in which the multinational operates
may do so (through an “under-tax payments rule”, UTPR). At the time of writing, the aim
is for this to be introduced in 2024. In principle, this should have a significant impact on the
incentive to shift profit to tax havens. Suppose, for example, that the “high-tax” country
has a statutory corporation tax rate of 20%. Then shifting $100 to a zero-rate haven saves
$20 in tax. Following the introduction of the minimum tax, then at the margin, the $100
transferred to would liable to $15 of tax, reducing the potential gain to only $5. There
are still many unanswered questions as to how the proposed minimum tax will work, and
indeed the extent to which countries actually implement it. In the context of this paper, the
GMT has a potential to affect the structure of global networks for IP location, as it would

limit the potential tax savings from those arrangements as well.



4 Data construction and description

In this section we describe the datasets that we use in this paper and provide an overview
of how the sample for the analysis was constructed. The paper combines insights from the

Orbis Intellectual Property Dataset, Orbis Financial and Orbis ownership datasets.

4.1 Datasets we use

Patent applications and applicants Orbis IP database includes the universe of global
patent applications going back to 1800s. To obtain comprehensive information on each
patent, patent owner, transactions and values we use four patent datasets. First, we use the
patent headers, which contains the universe, 133 million, of all global patent applications.
The vast majority of these patent applications, 112 million, was filed after 1980. This dataset
contains information on patent publication number, the country in which the patent is
applied for and published in, the date of the application, publication and granting, and
the number of citations.” Second, we use the Orbis lookup dataset that provides a bridge
between patent applications and patent applicants. Patent applicant is a subsidiary that
files the patent application to the IP office. This dataset identifies 86 million applicant-
patent pairs.

Patent transactions The third dataset that we use is a universe of patent transactions
between 1980 and 2020. This dataset includes 83 million patent transactions related to 8
million patents.'?. This dataset includes a wealth of information related to each transaction,
specifically, on the dates, deal types, names and locations of buyers and sellers and the
relationship between the buyer and seller, i.e., whether it is an intra-group transaction.
We use information on the date of each transaction, if it was completed and disregard all
transactions that were announced, but not completed. We also extract information on who
the buyer and the seller were and whether the transaction was intra-group and whether it
occurred before the patent was granted or not.

The transactions data is a panel that traces the history of transactions related to each
patent. For our purposes, we collapse this dataset at the patent level and construct the
following relevant variables: the number of transactions, the number of intra-group trans-

°In addition, the dataset also includes the information on contracting countries, that is, where the pro-
tection is applied for, but only for European Patent Office patents (approx 2 million of our patents) and the
expiration date of the patent. We do not use these two in the paper.

9The source of this data is Zephyr, which is a Bureau van Dijk dataset that covers mergers and acquisitions
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actions, and the number of tax haven buyers. We also obtain information on the country of
the first seller and the last buyer to track the patents that crossed borders while transacted.
After removing observations where the deal was not completed and where we have no
information on the buyer and the seller countries, we are left with almost 6 million patents

that were successfully transacted and we know their source and destination countries.

Patent values For a subset of patents, Orbis also estimates the value of each of those
patents across years 2010 - 2020. This information is only collected for about 1.1. million
patents. Orbis does not collect actual values, but rather uses estimation approach to con-
struct these values. There are 26 indicators that are taken into account, which include,
for example, strength of the invention, which is the number of investors mentioned in the
application, heterogeneity of applications, and intended worldwide protection. The val-
uation does not take into account transactions that occur. However, given that the value
is simply an estimate rather than the true value, we do not use the time dimension of this
data, but extract information on the first value of the patent and the last value of the patent
and collapse the dataset at the patent level.

Orbis financial and ownership In this paper, we are interested in two groups of firms.
First, we look at global patenting activity of all firms and then zoom in on those firms that
will potentially be subject to the new set of Pillar 2 regulations and the GMT. We define
Pillar 2 firms as those that had over 750 million Euros of turnover in 2019. We do not track
changes in Pillar 2 status, hence, it is plausible that some of the firms we consider in this
sub-sample were below the Pillar 2 regulatory thresholds in years before 2019. Inversely,
it is possible that by the time that GMT comes into effect, more firms will be subject to the
regulations imposed.

For the subset of Pillar 2 firms, we collect data on their financial and ownership struc-
ture from Orbis. We first extract from a list of firms that in 2019 had over 750 million Euros
of turnover. Orbis has 13,500 entities that report to have global consolidated turnover over
that value. Of those firms 9,200 are global ultimate owners of those MNCs, while the ad-
ditional 4,000 are wholly owned by another corporation which also reports to have over
750 million turnover. We only consider the 9,200 MNCs as our Pillar 2 sample. For those
9,200 MNCs we collect consolidated financial information for parent firm in 2019: assets,
turnover (revenue), SIC code, employment, profits, and tax liability. This allows us to cal-
culate their overall effective tax rates (ETRs) which are the ratio of tax liability to profit
and loss before taxes.
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Further, for each of those MNCs, we collect information on their wholly owned sub-
sidiaries 10 levels down, using the latest static Orbis ownership structure from 2020. This
gives us 1.5 million subsidiaries of those MNCs. We do not track the historical ownership
and we do not collect ownership for non-Pillar 2 firms. Both the financial and ownership

coverage for the smaller firms in Orbis is of much lower quality.

4.2 Sample construction and description

We start with the universe of patent applications and match this dataset with the patent-
applicant bridge from Orbis. We have applicant information for 2/3 of all patents in our
dataset. This leaves us with just over 2 million patent applicants that applied for 86 million
patents between 1900 and 2020. We then match the transaction dataset and we find a match
for almost 6 million patents. Hence, in our sample 7% of all patents were transacted at least
once, while 1% were transacted within a firm. For 60% of patents that were ever transacted
at least one transaction occurred before the patent was granted. We also know the patent
value for just over 1 million patents.

For some of our analysis, we focus on patent applications that are filed in a location
different than the location of the subsidiary. We call these cross-border applications. about
46% of all applications are cross-border and these are filed by about 35% of all firms. The
locations of patents we have in this data, correspond to the types of IP locations that we
outline in Table 1. In particular, we have data on and, consequently, focus on the location
of application (type 2), the location of applicant (type 3) and the location of buyer/ seller
(type 4).

In the analysis that follows, we limit the scope of this datset to include only patent ap-
plications after 1990. There are two reasons to do so. First, this paper is focused on the
exploration of profit shifting, which was relatively limited before the 1990s. Second, the
coverage in our dataset improves after 1990. There were 95.5 million patent applications
since 1990, hence, we capture the majority of this dataset with this approach. We pro-
vide a longer time series of all patent applications dating back to 1900 in Figure C1 in the
Appendix.

5 Which firms innovate and where?

We start our analysis with a brief description of the global innovation activity. In Figure
3 we plot the evolution of patent applications over time aggregating the total number of

11



applications according to the application year. In Panel A, we plot separately time trends
for all firms and for firms subject to Pillar 2 restrictions. In Panel B, we calculate the share
of patent applications filed by Pillar 2 firms: that is firms with global turnover in excess
of €750 million. There has been a large increase in patent applications since early 2000,
mainly driven by non-Pillar 2 firms. For example, in 2018 there were 4 million patent ap-
plications filed by all firms, of which Pillar 2 firms filed just under 40%. The share of patent
applications filed by Pillar 2 firms has declined substantially since 2004. This suggests that
innovation, as proxied by patent applications, has shifted away from these large Pillar 2
firms towards smaller players.

Out of 2 million firms that apply for patents in our dataset, just under 65,000 belong to
MNCs that will likely be subject to Pillar 2 regulations. This is around 2.6% of all firms.
However, 28% of all patent applications are filed by HQs of Pillar 2 MNCs and further
15% are filed by their subsidiaries. As such, these 2.6% of affiliates are responsible for
42% of all patent applications in the dataset. Pillar 2 firms and their subsidiaries also are
responsible for 45% of all tax haven patent applications and 55% of all cross-border patent
applications. In Table 2 for a sub-sample of Pillar 2 firms, we show that patenting activity is
highly concentrated even amongst those largest firms. 40% of all patent applications filed
by Pillar 2 firms are filed by the largest 5% of those firms.

The key question addressed in this paper is the extent to which the patent holder
(through a new application, or through a purchase of an existing patent) is in a tax-advantaged
location. To the extent that a multinational can undertake innovation in a high-tax country,
but hold the resulting patent in a haven, then the country of the holder of the patent does
not necessarily identify where the innovation took place. In principle, we would also like
to identify where innovation activity occurs. We have data on two types of location. First,
we know where applications are filed. We take this to be a proxy of where the protection
is offered to the patent. For example, an American business could apply in a European
country for a patent from the European Patent Office, for protection in European markets.
Second, we know the location of applicant. The latter is likely to be a better proxy for
where innovation takes place. However, the location of the patent does not need to reflect
the location of innovation. Hence, we only focus on patent locations in what follows.

Table 3 summarizes the top 10 application locations and the top 10 countries where the
applicants reside. In Panel A, we summarize these for all applications, while in Panel B,
we summarize these for cross-border applications - that is where the application is in a
different country from the applicant. This Table is in fact dominated by large, innovating,
countries. First, 25% of all patent applications since 1990 has been filed in China, followed
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by 18% in Japan, with US being third with 14.5% of all patent applications. These 3 coun-
tries together capture almost 60% of the entire patent application market. Second, these 3
countries also constitute 65% of all countries where firms applying for patents reside. This
suggests that the majority of innovation is happening in China, Japan and the US. The pres-
ence of other Asian countries, such as South Korea and Taiwan, in the top 10, highlights
the increasing importance of Asia as innovation hub.!!

The market for cross-border patent applications looks quite different. The country with
the highest number of cross-border patent applications in Spain; presumably these are ap-
plications for protection in the European market more generally. There is a stark difference
in the behaviour of US and Chinese firms. US firms applied for 12.6 million patents world-
wide, of which just over 8 million were cross border; just over 63%. By contrast, Chinese
firms applied for 14.7 million patents worldwide, but only around 775 thousand of these
(5.2%) were cross-border. A similar pattern applies to the location of patent applications.
Just over 10 million applications were made in the US, of which 5.5 million (55%) were by
tirms outside the US. By contrast, of the 17.5 million applications made in China, only 3.5
million (20%) were made by firms located outside China.

A notable factor country in this table is Switzerland; typically regarded as a tax haven.
Swiss firms applied for just over 1.1 million patents. Of these, more than 98% were cross-
border, applied for outside Switzerland. Firms in the the Netherlands, also a tax friendly

environment, also very largely made patent applications outside the country.

6 The role of tax havens: applications and transactions

In this section, we discuss the role of tax havens in the possible tax minimization practices
of firms."? There are two primary ways in which tax havens may play a role in profit shift-
ing for firms in our dataset: (1) as a residence location of firms applying for patents; and
(2) as a residence location for firms purchasing existing patents (whether or not they have

been granted).'

In Figure C5 in the Appendix, we show a map with the location of all patents across years 1980, 2000
and 2018.

2We list all the tax haven countries we consider in Appendix D. The definition of tax haven follows prior
literature, (Hines and Rice; 1994; Torslov et al.; 2021) and includes countries with low corporate tax rates.

3We do not present separate evidence on the share of patent applications in tax havens. Firms do apply
for patents in tax havens, but their role is minimal relative to other countries. We find just under 20,000
applications filed in tax havens in a given year. This has been increasing over years from 10,000 in the 1990s.
However, these applications consist of at most 0.8% of all patent applications in a given year and that share
has been relatively flat. This is consistent with the location of the application being the market where firms
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We begin by looking at the evolution of both of these channels in aggregate. In Figure
4 Panel a, we present the total number of new patents held in tax havens in each year,
from either channel, as a proportion of the total number of new patents. The Figure shows
that tax havens play an increasing role in patenting activity of Pillar 2 firms, as the share of
patents that end up in tax havens doubled from 2% to 4% since 1990. To put this in context,
the population of these tax havens is around 70 million people, which is about 0.88% of
the global population.

In Panels b and ¢, we disaggregate this total number of new patents into those were
applied for by firms in tax haven countries and those that were purchased by firms in
those countries. In Panel b, we show a large role for tax havens as patent applicants with
an increase in the number of applications that they file from 20,000 a year in early 1990s to
almost 1 million in 2012. These applicants, constitute up to 3.5% of all applicants globally.
We see an increasing role of tax haven applicants for Pillar 2 MNCs, with the share of
patent applications filed by their tax haven subsidiaries more than doubling, from 1.5%
in 1990 to 3.5% by the end of the sample. Evidence from Table C1 suggests a large role
of Switzerland, with over 54% of all applications filed. This likely means that some firms
choose to file patents in Europe using their Swiss subsidiaries. Again Singapore, Ireland
and Hong Kong all together consist 85% of those tax haven applicants, with a much smaller
role for small tax havens, such as Cayman Islands.

Nevertheless, given that the Cayman Islands population is around 66 thousand, but
that firms resident in Cayman Islands filed over 100 thousand patent applications indicates
that there are more than 1.5 patents per each inhabitant. In China, the largest patenting
country since 1990, the number of patents applied for per inhabitant is 0.012. In Table 4 we
compute a ranking of top 10 countries by patent applications of their resident firms. To do
that we aggregate the number of patent applications by firms resident in those countries
across 1990 - 2020 and scale this number by the population of those countries in 2021. In
top 10, we have 6 tax havens, with top three countries being Cayman Islands, Liechtenstein
and British Virgin Islands. It is unlikely that large innovation activity takes place in those
countries and the large share of patent applications per inhabitant suggests prevalence of
profit shifting using IP.

In panel c of 4 we explore the extent to which patents are applied for elsewhere, but
are purchased by firms in tax havens. Our findings indicate that the share of patents that

seek the protection for their innovation. Since tax havens are not big markets, conceptually they should not
be important application locations. To verify that, in Table C1 the Appendix, we show that over 85% of
applications in tax havens are filed by the largest four; Hong Kong, Singapore, Switzerland, and Ireland.
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are purchased by firms in tax havens is about 1%. First, note that only 7% of all patents in
our dataset is transacted at all. This suggests that a large share of those that are transacted,
ends up in tax havens. We explore this further in Figure 5 below. Second, note that the
older patents tend to be transacted more, simply because of the longer life-span.

Transaction data To understand the trends in the transaction data and the importance
of transactions for patents, we investigate the transaction data separately. We compare
patents that were transacted at least once to those that were never transacted. We present
the results in Table 5. First, the value and number of citations of patents that have been
transacted at least once are much higher than those of patents that were never transacted.
Second, and perhaps more important in our setting, the share of tax haven resident firms
that apply for patents is almost triple in the sub-sample of patents that were transacted
relative to those that never were.

In Figure 5, we present the share of transactions with a tax haven purchaser. We distin-
guish between all transactions, and transactions of patents initially applied for by Pillar 2
firms. We further consider all transactions and all intra-firm transactions separately. This
results in four distinct lines in this figure. In Panels a and b, we show the number of trans-
actions with tax havens purchasers as a proportion of all transactions. In Panel ¢, we show
the number of cross-border transactions with tax havens as a proportion of all cross-border
transactions. In Panel d, we do not use the number of transactions, but create a dummy
equal to 1 when a final buyer is in a tax haven, and zero otherwise. Hence, this panel shows
the share of patents that had a final tax haven buyer, rather than the share of transactions
with final haven buyer.'*

The findings are striking. First, Panel a shows that the share of transactions with tax
haven buyers has almost tripled for firms in our sample that have at least 1 transaction. In
2010, at the highest point in our data, over 17% of all patent Pillar 2 intra-firm transactions
had a tax haven buyer, while over 10% of all transactions had a tax haven buyer too. Panel
b shows that in almost 15% of all Pillar 2 intra-firm transactions the tax haven was the final
buyer of the patent. When we consider only the cross-border transactions, these numbers
are even higher. Panel ¢ demonstrates that, in 2010, 40% of of all patent Pillar 2 intra-
firm cross-border transactions had a tax haven buyer, while over 30% of all cross-border
transactions had a tax haven buyer too (not shown). Similarly, in about 35% of all Pillar

2 intra-firm transactions the tax haven was the final buyer of the patent. Finally, in Panel

l4Results between panels b and d are different because in many cases patents are sold to number of dif-
ferent subsidiaries, which affects both the numerator and denominator of our ratios.
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d when we consider the number of patents that end up with a tax haven buyer as a share
of all patents that are transacted at least once, we find that, of all patents for Pillar 2 firms
that are transacted, over 12% end up in tax havens.

These results suggest that in almost half of the instances when a patent is transacted
across-border within a firm, the final destination is a tax haven. These results likely explain
a large share of patents that end up in tax havens. The role of tax havens as patent buyers is
also greater for intra-firm transactions, especially for patents applied for by Pillar 2 firms.

In Table C2 in the Appendix, we show that the majority of tax haven buyers are located
in Switzerland, Singapore, and Ireland. However, a relatively large fraction of patents is
bought by firms residing in Cayman Islands, Barbados, Bermuda, and British Virgin Is-
lands. Patents sold to tax havens are mostly sold there by firms residing in the US (56% of
all instances), followed by German firms (10%) with the remainder of countries playing a

relatively minor role.

7 Exploring heterogeneities

7.1 By patent characteristics

Locations So far, we have examined the role of tax havens without distinguishing be-
tween different characteristics of the patents. We begin an exploration of heterogeneity by
differentiating patents according to where the application takes place. We take this to be
an indicator of the market in which the patent offers protection. As we have already seen,
there are clearly very different trends and behaviours in different countries. Specifically, in
Figure 6 we differentiate patents by whether they are applied for in four locations: Europe,
Asia, US or the rest of the world. This Figure considers only Pillar 2 firms; the position for
all firms is shown in Figure C2 in the Appendix.

The first three panels of the Figure repeat the results of Figure 4, but separately for each
of these four markets. Panel a therefore shows the final ownership in tax havens of patents
in each market, including both initial applications and purchases by firms in tax havens.
There is clearly considerable variation both across markets, and over time. Just under 1%
of patents in Asian markets were held in tax havens in 1990; but by 2020, that proportion
had tripled to around 3%. At the other extreme, 6% of patents in European markets were
held in tax havens in 1990. This has fallen a little since, and has varied over time. But
consistently, this proportion has been over 5%. The proportion of patents in markets in the
rest of the world has also grown strongly, to around 5%.
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Panels b and ¢ confirm that the primary way patents are held in tax havens are through
the initial application. This is inevitable since relatively few patents are traded. However,
an exception to this pattern is for patents in the US market. In this case, around 2% of
patents have been purchased by firms in havens. Panels d, e and f show the total number
of patents, as opposed to the share. The rapid growth in the number of patents in China,
in particular, means that the relative importance of havens appears different when consid-
ering absolute numbers. In absolute terms, more patents in the Asian markets are held in
havens.

We explore heterogeneity in transactions further in Figure 7, which can be directly com-
pared to Figure 5. Specifically panel a of Figure 7 shows the location breakdown for all
Pillar 2 firms transactions, that is the maroon line in panel a of Figure 5; panel b of Figure
7 shows the location breakdown for all Pillar 2 firms transactions with last haven buyer,
that is the maroon line in panel b in Figure 5. The numerator varies across those two pan-
els, but the denominator is the same, that is all transactions by Pillar 2 firms. There is
clearly important variation across markets. The tax haven share of purchases of patents in
Asian markets has fallen considerably over the last 20 years to close to zero. By contrast,
the comparable figure for the rest of the world has been around 20%, and the figure for
Europe jumped to around 35% in 2018. The share of haven purchasers is a little lower for

final transactions of a patent.

Patent value and granting In Table 6 we explore heterogeneity in other patent charac-
teristics, focusing on patent values and whether the patent was granted. In Panel A, we
divide all patent applications into 4 bins according to the first value of the patent. In Panel
B, we do the same using the last value of the patent.”® In Panel C, we use citations to proxy
how valuable the patent is. In Panel D, we consider differences between patents that were
eventually granted and those that were not. In each of those panels and within each of the
value bins, we compute the share of tax haven applications, applicants, transactions and
intra-firm transactions in all applications in that particular bin. We include total patents
and transactions for reference as well.

Starting with Panel A, we show that the share of tax haven applicants in all applicants
for least valuable patents is 1.7% and the share of tax haven applications in all patent ap-
plications for those patents is 0.21%. At the same time, the more valuable the patent is, the

15Note that these values are rounded estimates from the Orbis IP value dataset, in which the 5th and 25th
percentile of values is the same, i.e., 5,000, the 50th percentile is 10,000, and the 95th one is 1,097,000. This is
why the number of patents in each bins is heavily skewed towards the bottom value quantile.
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higher the share of tax haven applicants and applications. Looking across bins of different
tirst value of the patent, we do not see much heterogeneity in the transactions with tax
havens.

In Panel B, we turn to looking at the last value of the patent, which arguably may be a
better proxy for how valuable the patent is in Orbis data. We find a very similar pattern
for tax haven applicants and applications, as in Panel A, that is there is fewer applicants
from and applications to tax havens countries within the group of least valuable patents
as a share of all patent applications. In this panel, we also see a variation in the transac-
tions with tax haven buyers. For the most valuable patents, 26% of all transactions had a
tax haven purchaser, while only 16.7% of all transactions for least valuable patents had a
tax haven purchaser. Similar pattern can we observed for the fraction of final tax haven
purchasers. We observe similar patterns across patents with more citations in Panel C.

In Panel D, we compare the importance of tax havens for patents that were granted vs
those that were eventually not. We find that the share of tax haven applicants is actually
lower in cases when a patent was granted, 2.8% vs 3.1%. At the same time, patents that
are eventually granted, are more likely to be transacted into a tax haven: 25% of them has
a tax haven purchaser, while 22.8% of patents that are not eventually granted has one.

7.2 By firm characteristics

We then consider heterogeneity in behaviour across multinational firms. In Table 7 we split
firms in several dimensions. In panel a, we consider size, measured by turnover, splitting
the sample into quartiles, but also examining the top 10% and top 5% firms by turnover.
There is some variation by size of a firm, but the differences are not striking. For example,
2.3% of patents of the second quartile of firms are by haven applicants, compared to 4.3%
for the top 5% of firms. Larger firms also have slightly higher share of haven purchases in
all transactions.

Panel B shows a similar position based on the number of subsidiaries a multinational
has. This may well depend on how aggressive the firm chooses to be in its tax position.
As such, in Panel ¢, we disaggregate firms by the number of tax haven affiliates that they
have. First, the use of havens seems to rise with the measure of firms size. Interestingly, the
top 1% make a smaller use of havens than the next 9%. This may reflect a greater sophisti-
cation in tax planning for the very largest firms, who may be exploiting cost contribution
arrangements, or other arrangements, to separate the ownership of the patent and the right
to receiving the royalty income. Second, as panel D indicates, the more tax haven affiliates
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the firm has, the more likely it is to utilize these affiliates as patent applicants and final des-
tinations for patent applications. Specifically, firms with more than 20 tax haven affiliates
have 1.8% of their patent applications filed in tax havens, 12.4% of their applications filed
by tax haven resident firms and almost 20% of their transaction is with tax haven buyer.
In contrast, for firms with no tax haven affiliates, these fractions are 0.4%, 0% and 2.8%,
respectively.

In Panel D, we calculate the consolidated MNCs-level effective tax rates, as the ratio of
tax liability to profit and loss before taxes. We then divide MNCs into those with ETRs
above and below 15%. We use 15%, since this is the new global minimum tax rate agreed
on by Pillar 2 regulations. Firms with an effective tax rate below 15% apply for patents in
havens 5% of the time, compared to only 3% for firms with an effective tax rate above 15%.
Similarly, the share of patents that are transacted into tax havens is 12.5% for those firms
with ETR below 15% and a lower 11.2% for those first with higher ETRs. These results
suggest that using tax havens for IP location, these MNCs are likely reducing their overall
ETRs.

8 Conclusion

The evidence we provide in this paper suggests that tax havens play an important part
as a location of IP. Using a novel global dataset on patent applications and transactions,
we demonstrate the disproportionate role that these low-tax jurisdictions play as patent
applicants and patent transfer destinations, especially for the most valuable patents.

Our findings have several implications for the future of global policies targeting profit
shifting via the use of IP. First, the use of tax havens for locating IP has increased since
1990s for the largest firms almost continuously, in spite of large global reforms that target
profit shifting of these large MNCs. This means that current initiatives do not make it
more costly or more difficult for MNCs to use IP to minimize their tax liabilities. Second,
the role of firms resident in Asian countries in both general patenting activity and the use
of tax havens has increased in the last decade. At the same time, the role of European and
US resident firms has declined. This suggests that policies that target profit shifting may
be more effective in Europe and the US and less effective in Asia. Third, the role of tax
havens in patent applications and transactions does not vary significantly across MNCs
with different turnover.

In this paper, we discuss how the Global Minimum Tax should, in principle, have a
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significant impact on MNCs’ incentive to shift profit to tax havens. However, there are
still many unanswered questions as to how the proposed minimum tax will work, and
the extent to which countries will actually implement it. Our findings point towards an
important aspect of GMT that may limit its effectiveness in combatting IP-based profit-
shifting: the turnover-based size threshold for the Pillar 2 minimum tax may not catch
important tax-minimizing, IP-intensive MNCs. In our technical companion paper (Bilicka

et al.; 2022), we also discuss possible adverse effects on overall investment by MNCs.
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Figure 1: Taxes on income, profits and capital gains of corporates (as % of GDP)
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Note: Source: OECD. This figure plots the average percent of tax on
income,  profits and capital gains of corporations in the OECD. Each
fraction is computed annually as a % of GDP of each country.

Figure 2: How does taxation of IP ownership work?
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Table 1: Location of innovation and patents

Panel A: different IP shifting strategies for shifting income to tax havens

(1) (2) (3)
location of
type innovation patent can we observe it?
1  tax haven tax haven Yes: patent application filed in tax haven
2 any country tax haven Yes: transaction with haven buyer occurs
3  any country any country No: cost sharing agreement not recorded in
patent data
Panel B: types of IP location
(1) (2)
location types description
1 Location of protection: ~ where the invention has market protection. Litigation takes
place in this jurisdiction in cases of breaches in IP protection
2 Location of application: ~where the relevant IP office for reviewing and handling the
administration of patent applications is located. The appli-
cation may seek protection in the local and/or foreign juris-
dictions. This is separate from the location of inventors, who
may be resident in different jurisdictions around the world.
3 Location of applicant: ~ where the entity that owns a patent is resident for tax pur-
poses.
4 Location of buyer/seller where the entity that buys or sells the patent is resident for
of a patent: tax purposes.
5  Location of beneficial where the entity that has the right to receive all, or part of,
owner of a patent: the income stream arising from licensing the patent.
6  Location of the sub- the high-tax locations typically make financial transfers to

sidiary in a high-tax ju-
risdiction that pays roy-
alties for the right to use
the IP:

low-tax jurisdictions to lower tax burden in high-tax loca-
tions.

Note: Panel A: Column (1) is the location where the innovation or R&D takes place. Column (2)
is the ultimate location of the patent. Column (3) tells us whether we can observe this type of IP
in our dataset and where would we observe a tax haven in that context.
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Figure 3: The evolution of patent applications over time: 1990 - 2020.
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(a) Total patent applications. (b) Share of patents applied for by Pillar 2 firms.

Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the
evolution of the patenting activity of global firms. Each point in panel a corresponds to a two year
average of aggregated patent applications for each of 1990/91 up until 2019/20. In Panel b, we plot
the share of patents applied for by Pillar 2 firms in all patents applied for in each year. We then
average thic across two years, similar to panel a. The full dataset includes 2 million unique firms
owning 86.5 million unique patents. Pillar 2 firms are headquarters and subsidiaries of MNCs that
have more than 750 million Euros of turnover in 2019 and constitute 65,000 of the 2 million firms.
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Table 2: Concentration of patenting activity: MNC turnover distribution.

(1) (2) (3) 4 )
MNC turnover patents  taxhaven  taxhaven trans haven
distributions (pct) applications applicants buyers
0-25th 3.66 3.49 4.2 255 153
25-50th 5.08 493 517 5.19 5.5
50th-75th 11.62 12.29 15.87 11.65 10.41
75th-90th 19.42 16.76 13.11 25.89 28.26
90-95th 19.4 171 15.26 30.02 38.39
95th+ 40.82 45.44 46.38 2471 1591

Note: This table shows the fraction of patent applications according to the size distribution of MNC
turnover. We include only Pillar 2 firms here. Column 1 shows the overall fractions of patents held,
Column 2 fractions of tax haven patent applications, column 3 fractions of tax haven patent appli-
cants, column 4 fraction of cross-border transactions, column 5 fraction of tax haven buyers. Each
column adds up to 100%. Each row represents size bin of MNCs turnover. For example, 95th+ in-
cludes firms with global turnover in the 95th percentile of the distribution of Pillar 2 MNCs, i.e. the

top largest firms.
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Figure 4: The importance of tax havens: 1990 - 2020.
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(c) Share of patents sold to tax havens.

Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the
evolution of the patenting activity of global firms in tax havens. In Panel a we include a number
of patents that eventually end up in a tax haven as a share of all patent applications in each year.
This consists of two aspects of tax haven ownership: (1) the number of patents applied for by tax
haven subsidiaries and (2) the number of patents that are eventually bought by tax haven sub-
sidiaries, even if they were applied for by non-haven located firms. In Panels b and c, we break
this share into the two aspects, showing share of (1) in panel b and share of (2) in panel c.
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Table 4: Top 10 patent applying countries scaled by population.

country population nb patent nb patent apps
(7000) apps by population
Cayman Islands 66 116 1.75
Liechtenstein 38 38 0.99
British Virgin Islands 30 21 0.69
Bermuda 64 14 0.22
Japan 125,700 17,600 0.14
Switzerland 8,698 1,107 0.13
Luxembourg 639 80 0.12
Finland 5,542 519 0.09
South Korea 51,745 4,647 0.09
Sweden 10,416 733 0.07

Note: Source: World Bank population data matched with Orbis IP data. We compute the total
number of patents applied for by affiliates (both subsidiaries and headquarters) resident in each
country between 1990 - 2020 and divide this number by 2021 population of each country. We then
rank these and in this table present the top 10 countries together with the number of patent appli-
cations per population. Patent and population numbers are in thousands, rounded to the nearest
1000 (thousand).

Table 5: Transacted and never transacted patents: differences.

value value nb of cits % of haven % of haven

tirst trans last trans applications applicants
never transacted 209,356 528,105 20 0.50% 2.57%
transacted at least once 385,763 763,303 51 0.05% 7.34%

Note: Source: matched Orbis IP data and Orbis ownership data. This table compares the average
values, number of citations, % of tax haven applications and applicants within sample of patents
that were never transacted and those that were transacted at least once. First value is the value of
the patent the first year it appears in the value dataset, last value is the value of the patents in 2020,
or the last yea it appears in the value dataset. Applicants define locations where subsidiaries are.
Tax haven countries are listed in the Appendix.
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Figure 5: Importance of tax havens in patent transactions.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures present the evo-

lution of the share of transactions with tax havens in the transaction data.

the share of tax haven transactions in all transactions. We aggregate all transactions and at-
tribute them to the patent without distinguishing the transaction year. Panel d shows the share
of firms in the transaction data that have a final tax haven buyer. In Panel a we look at any
tax haven buyer, in panel b, at only last tax haven buyers, in panel c we consider the subset
of cross-border transactions only. Intra-firm patents are those transacted between related par-
ties. Haven buyers means that the firm that bought the patent was located in a tax haven.

33

Panels a-c show



Figure 6: The importance of tax havens for Pillar 2 firms: geographical variation.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the evo-
lution of the patenting activity of Pillar 2 firms in tax havens. In Panels a-c we present the share of
patents and in Panels d-f, we present the number of patents. In Panel a we include a number of patents
that eventually end up in a tax haven as a share of all patent applications in each year. This con-
sists of two aspects of tax haven ownership: (1) the number of patents applied for by tax haven sub-
sidiaries and (2) the number of patents that are eventually bought by tax haven subsidiaries, even if
they were applied for by non-haven located firms. In Panels b and ¢, we break this share into the
two aspects, showing share of (1) in panel b and share of (2) in panel c. We repeat this for panels
d-f, using just the raw numbers of patents. For corresponding graphs for all firms, see Appendix.
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Figure 7: Importance of tax havens in patent transactions: geographical variation.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures present the evolution
of the share of transactions with tax havens in the transaction data disaggregated by the country
where the patent was applied for. For example, the Europe line shows the share of tax haven buyers
for patents that were applied for in Europe. Panels a shows the share of tax haven transactions in all
transactions. We aggregate all transactions and attribute them to the patent without distinguish-
ing the transaction year. Panel b shows the share of firm in transaction data that have a final tax
haven buyer. Haven buyers means that the firm that bought the patent was located in a tax haven.
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Table 7: MNC patenting according to firm characteristics: shares.

characteristics haven haven haven
applications applicants buyers

Panel A: turnover distribution

0-25th 0.7% 3.1% 11.6%
25-50th 0.5% 2.3% 10.4%
50th-75th 0.7% 4.2% 12.3%
75th-90th 0.8% 3.8% 10.4%
90-95th 0.6% 4.1% 13.8%
95th+ 0.5% 4.3% 11.8%

Panel B: number of subsidiaries

fewer than 25 subsidiaries (25th percentile) 0.5% 1.8% 7.1%
25-71 subsidiaries (25-50th) 0.5% 2.3% 9.1%
71-201 subsidiaries (50-75th) 0.7% 3.9% 12.4%
201- 495 subsidiaries (75-90th) 0.8% 4.9% 11.6%
495 - 1000 subsidiaries (90-99th) 0.9% 6.1% 14.7%
over 1000 subsidiaries (99th) 0.7% 3.2% 12.5%

Panel C: number of tax haven affiliates

no haven affiliates 0.4% 0.0% 2.8%
1 haven affiliates 0.2% 0.5% 3.2%
2-5 haven affiliates 0.6% 2.2% 8.1%
5-10 haven affiliates 0.6% 4.6% 13.7%
10-20 haven affiliates 0.9% 7.5% 17.4%
more than 20 haven affiliates 1.8% 12.4% 19.8%
Panel D: ETRs
above 15 ETR 0.60/0 3.0(70 11.20/0
below 15 ETR 0.8% 5.0% 12.5%

Note: Source: matched Orbis IP data and Orbis ownership data. This table summarizes the shares
of patents in each of the categories, in column (1) share of tax haven applications, column (2) share
of tax haven applicant countries, column (3) share of tax haven buyers in cross border transactions.
To calculate these shares we collapse the dataset at the MNC level across all years 1990 - 2020. We
consider four types of attributes. Panel A: turnover distribution quintiles, Panel B: MNCs with be-
low or above 15% effective tax rate (ETR), Panel C: MNCs with different numbers of tax haven af-
filiates, Panel D: MNCs with different number of wholly owned subsidiaries.
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Appendices

A IP regime countries

Many countries in the world offer special regimes for IP, with reduced rates on patents and R&D
related activities. These incentives are extremely heterogeneous across countries. Nevertheless,
the picture of IP incentives would not be complete without looking at the role these countries play
in patenting activities of firms. We list countries that offer IP regime incentives in Appendix B. In
Figure A1l we show that these countries indeed capture a large share of innovation market, with
over 25% of applications filed in IP regime countries and about 30% of applicants residing in those
countries. The role of these countries as application destinations and applicant countries has been
increasing since 1990s. However, note that these countries include China, South Korea, and India;
all Asian countries with large real activities and growing innovation markets. Hence, this trends
are unlikely to proxy for tax minimization activities.

Similarly, the IP regime countries play a large role as destinations for patent transfers. In Figure
A1l we document that these countries are destinations for patents in about 15% of patent transac-
tions and 30% of cross-border patent transactions in 2019. However, evidence from these figures
suggests a declining role of IP regime countries, especially relative to tax havens, as destinations for
patent transactions. In early 1990s almost 70% of all cross-border buyers were located in countries
that offer special IP regimes. in 2019, this fraction was 30%. IP regime countries are more impor-
tant as final transaction destinations for intra-firm transactions, as evidenced by panels b and d,
especially since 2000, when a large number of these incentives came about.

In Figure A3 we look closely at four distinct IP regimes introduced across different countries
(Shehaj and Weichenrieder; 2021). We pick the regime introductions that fall within our sample
period and specifically target patents, rather than more broadly, R&D activities. First, we consider
the UK, which introduced a patent box regime in 2013 with a low tax rate on patents at 10%. Second,
we consider the Netherlands, which introduced a Patent Box regime in 2007 at a rate of 10% for
patents. Third, we consider Hungary, with a regime for royalties and capital gains, introduced in
2013 with low tax rate of 9.5% and 4.5% respectively. Fourth, we consider India that introduced a
patent-related incentive in 2016 at a rate of 10%. We show that special IP regimes were introduced
in 3 out of those 4 countries (European ones) as the share of cross-border patent applications filed
in those countries was declining. After the introduction of those special IP regimes the share of
the cross-border market captured by the applications in those countries stopped declining. In the
case of India, the share of patent applications was generally following an increasing trend, but since
2010, 6 years before the regime introduction started declining as well. These results, although not

causal, suggest a role of special IP regimes in countries trying to protect their patenting activities.
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Figure Al: The importance of IP regime country applicants and applications.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the
evolution of the patenting activity of global firms in tax havens. In Panel a we include a number of
applications filed in patent box countries by firms resident outside of those countries. In Panel b, we
include a share of these applications. In Panel ¢, we include a number of applications filed by firms
resident in patent box countries outside of those countries. In Panel d, we include a share of these.
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Figure A2: Importance of IP regime country buyers.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures present
the evolution of the number of patent transactions using the patent level aggregated data.
This means that we aggregate all transactions and attribute them to the patent without dis-
tinguishing the transaction year. Intra-firm patents are those transacted between related
parties. Haven buyers means that the firm that bought the patent was located in a tax
haven. We consider only cross-border transactions, which constitute 25% of all transactions.
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Figure A3: The effect of IP regimes on patenting activity.
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(c) Share of patents in Hungary. (d) Share of patents in India.

Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the
evolution of the patenting activity around the introduction of IP regimes, in 2016 for India, 2013 for
the UK, 2007 for Netherlands, and 2003 for Hungary. In each figure we plot the share of patent ap-
plications in each of the respective countries as a fraction of all cross-border patent applications.
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B Examples of IP holding relationships and withholding
taxes.

Figure B1: Example, cost-sharing agreement
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Figure B2: Example, IP transfer
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C Additional figures and tables

Figure C1: The evolution of patent applications over time: 1900 - 2020.
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Note:  Source: matched Orbis IP data and Orbis ownership data. These figures

demonstrate the evolution of the patenting activity of global firms starting in 1990.
The dataset includes 2 million unique firms owning 86.5 million unique patents.
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Figure C2: The importance of tax havens for all firms: geographical variation.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures demonstrate the evolu-
tion of the patenting activity of all firms in tax havens. In Panels a-c we present the share of patents
and in Panels d-f, we present the number of patents. In Panel a we include a number of patents
that eventually end up in a tax haven as a share of all patent applications in each year. This con-
sists of two aspects of tax haven ownership: (1) the number of patents applied for by tax haven sub-
sidiaries and (2) the number of patents that are eventually bought by tax haven subsidiaries, even if
they were applied for by non-haven located firms. In Panels b and ¢, we break this share into the
two aspects, showing share of (1) in panel b and share of (2) in panel c. We repeat this for panels
d-f, using just the raw numbers of patents. For corresponding graphs for all firms, see Appendix.
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Figure C3: Evolution of patent transactions over time: patent transactions before granting.
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Note: Source: matched Orbis IP data and Orbis ownership data. These figures present the evolu-
tion of the number of patent transactions using the patent level aggregated data. This means that we
aggregate all transactions and attribute them to the patent without distinguishing the transaction
year. Intra-firm patents are those transacted between related parties. Transactions before grant-
ing are defined as those that occurred after the patent was applied for but before it was granted.
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Figure C4: Distribution of parent level ETRs.
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(a) Parent level ETRs.

Note: Source: matched Orbis IP data and Orbis ownership data. This figure plots the
distribution of parent level ETRs for Pillar 2 firms. We exclude firms that have neg-
ative tax and set ETR to zero when profits are negative, but tax paid is positive.
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Figure C5: The location of global patent applications across years: all patents.
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(c) 2018 patent application locations

Note: Source: matched Orbis IP data and Orbis ownership data. =~ These maps plot
the total number of patent applications in various locations. These include patent
applications in the country where the subsidiary applying for the patent is located

Panel a shows the distribution in 1980, Panel b in 2000 and Panel ¢ in 2018.

50



D Lists of countries

Andorra
Anguilla

Antugua and Barbuda

Aruba
Bahamas
Bahrain
Barbados
Belize
Bermuda

British Virgin Islands

Cayman Islands
Cook Islands
Costa Rica
Cyprus

Djibuti

Table D1: List of tax haven countries.

Dominica Malta Seychelles
Dominican Republic Marshall Islands Singapore
Gibraltar Mauritius Switzerland
Grenada Micronesia Tonga
Guernsey Monaco Turks and Caicos Islands
Hong Kong Montserrat Vanuatu
Ireland Nauru

Isle of Man Netherlands Antilles

Jersey Niue

Lebanon Panama

Liberia Saint Martin

Liechtenstein Saint Vincent and Grenadines
Luxembourg Sait Kitts and Nevis

Macao Samoa

Maldives San Marino

Table D2: List of patent box countries.

Barbados
Belgium
China
Colombia
France
Hungary
India
Ireland
Israel
Italy
Luxembourg

Macao
Mauritius
Netherlands
Portugal
Singapore
South Korea
Spain
Thailand
Turkey
United Kingdom
Uruguay
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