Tax Policy and the Globalisation of R&D

Russell Thomson

Research Fellow,
Intellectual Property Research Institute of Australia
Melbourne Institute of Applied Economic and Social Research
University of Melbourne

Intellectual Property Research Institute of Australia
Working Paper No. 01/09
ISSN 1447-2317
January 2009

Intellectual Property Research Institute of Australia
Level 7, Alan Gilbert Building, University of Melbourne
Victoria 3010 Australia
Telephone: 61 (0) 3 8344 1127
Fax: 61 (0) 3 9348 2353
Email: info@ipria.org
www.ipria.org



1. Introduction

Policies aimed at increasing national R&D activity are now a central component of national
strategies to increase productivity, long run economic growth and international competitiveness
in most OECD countries." The rationale behind this objective rests on two assertions. First,
investment in R&D is an important driver of long run productivity growth.” Second, without
government support firms will tend to under invest in R&D relative to the social optimum.’ To
stimulate higher rates of R&D, governments employ a range of policy instruments. Incentives
delivered through the tax system are one of the most popular, ‘fashionable’ (Pottelsberghe 2008)
policy instruments which have rapidly gained widespread acceptance. In 2006 20 OECD

countries had special R&D tax incentives in place, up from only 7 in 1986.

Notwithstanding the world-wide enthusiasm for R&D tax incentives, the empirical
evidence of their effectiveness is mixed. Most, but not all, econometric studies have found R&D
tax incentives have a significant effect on business R&D.* However, some authors have noted
that this finding does not appear to be reflected in anecdotal observations of firm activity
(Rashkin 2007). While the efficacy of tax incentives on R&D activity of domestic firms has
received some attention in recent literature, the role of host country tax policy in driving and
directing the globalisation of R&D remains relatively unstudied. The existing empirical evidence
is at a nascent stage and previous studies have failed to reach a consensus as to whether MNE

behaviour is amenable to tax incentives.

Successful R&D policy must take into account the enormous contribution multinational

enterprises (MNEs) make to global R&D activities and the increasing scope for firms to contract

! For example, in 2000, Eutopean Union member countries agreed to the Lisbon Agenda which set as a goal an
increase of R&D investment intensity to 3% of GDP by 2010. Many other countries have also set R&D expenditure
targets and goals. For example, Canada aims to increase R&D intensity to the level of the top five countries in the
OECD by 2010. The increased emphasis on R&D effort is not limited to OECD countries. For example, China
recently committed to achieving an R&D intensity of 2.5% of GDP by 2020.

2 For empirical evidence see for example Lichtenberg (1992), Coe and Helpman (1995) or BLS (2008). The
perceived importance of technological progress was further highlighted with the emergence of ‘new’ or ‘endogenous’
growth theory in the 1990’s (developed by Lucas 1988; Romer 1990; Grossman and Helpman 1991; Aghion and
Howitt 1992).

3 For example, Jones and Williams (1998) estimate the optimal investment in R&D to be about four times greater
than existing rates in the USA.

4 Using firm level data Hall (1992a) finds an elasticity of between -1.5 and -2.5; Dagenais et al (1997) finds a fragile
effect, concludes an elasticity of -0.7- to -1; (Eisner 1984) finds no effect; Thomas et al (2003) also find no effect in
countries with dividend imputation systems in place. Estimates based on cross country data have suggested a short
run elasticity of tax price of between 15 and 30 per cent and a long run elasticity between -.33 and about unity.
(Guellec and Pottelsberghe 2000; Bloom, Griffith et al. 2002).
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R&D across international borders. MNEs conduct nearly two thirds of total global business
R&D (UN 2005). Furthermore, R&D conducted or financed by foreign firms constitutes a
significant proportion of total national R&D in most OECD countries — an average of 30% in
the countries for which data was available for this study. Clearly, “R&D subsidies and policies

need to be assessed against the behaviour of multinationals.” (Gregory 1993 p.330).

The case that tax incentives are attractive to foreign firms is theoretically ambiguous. On
one hand firms operating across international borders have the ability to arbitrage research costs
between national jurisdictions implying subsidies may be more important to them than to local
firms. The alternative view emphasises the powerful incentives MNEs face to centralise R&D
functions that will only be overcome where R&D is essential to support host country production
or to tap into new sources of technology, and therefore that these factors will dominate
considerations of cost. Even assuming cost is a principal determinant of the location of some
MNE R&D projects, elements of the broader tax environment in which MNEs operate may

make tax incentives an ineffective way to reduce R&D costs.

This study aims to throw some light on this sparsely researched issue based on an analysis
of a panel data set for 25 OECD countries over up to 25 years between 1980 and 2005. An
encompassing empirical model is estimated examining the determinants of cross-border R&D
investment with a focus on the efficacy of tax incentives. One important innovation of this paper
is to employ a more detailed measure of R&D tax policy. Analogous to industrial production, the
globalisation of the production of knowledge (i.e., R&D) is proceeding via a number of distinct
channels. R&D attributable to foreign firms include R&D undertaken by MNE affiliates as well
as R&D contracted to unaffiliated domestic firms from abroad. Existing data do not support
delineation between different types of foreign R&D. In this paper two ovetlapping subsets of
R&D attributable to foreign firms are considered - R&D performed by MNE affiliates, and R&D
financed from abroad. R&D undertaken by MNE affiliates includes R&D undertaken by the
affiliate for its own use as well as R&D undertaken on behalf of the parent firm. R&D financed
from abroad reflects direct transfers that are both intended, and used, for R&D. R&D financed
from abroad includes transfers between MNE affiliates and between unaffiliated firms. To my
knowledge, there is no recent comprehensive study of the determinants of foreign financed

R&D, which is an important and growing subset of R&D investment.

The paper is organised as follows: in section 2 mechanisms of foreign investment in
R&D are described, factors that motivate cross-border investment are discussed and the
measures of foreign R&D used in this study are introduced. In section 3 the basic trends and
patterns suggested by these measures are outlined. Section 4 focuses on the efficacy of tax

incentives in influencing foreign R&D, outlining both the theory and existing evidence. Section 5
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outlines the model and approach proposed by this study. The empirical results are presented in

sections 7 and 8. Section 9 concludes.

2. The Globalisation of R&D

The globalisation of R&D refers to all R&D activity that is attributable to foreign firms. This
includes R&D by MNE affiliates and R&D financed from abroad. In this paper two intersecting
measures are considered - foreign financed R&D and R&D undertaken by MNE affiliates.

The criteria for recording R&D as ‘financed from abroad’ stipulates that “there must be a
direct transfer of resources [and] the transfer must be both intended and used for the
performance of R&D” (OECD 2002a). Foreign sourced loans or other general capital raising is
not recorded as foreign financed R&D, these would be recorded under own funds. R&D
financed from abroad will therefore be referred to as R&D contracted from abroad. For the
countries considered here, 9% of business expenditure on R&D (BERD) is typically financed
from abroad. Cross-border contracting or foreign financed R&D includes transactions between
MNE affiliates (arms-length) as well as transactions between unaffiliated firms (international
outsourcing). It is not possible to assess what proportion of total foreign financed R&D each of

these comprises.

In the countries considered here, foreign owned MNE affiliates contribute around one
third of total host country BERD. R&D undertaken by MNE affiliates includes both that
financed by the affiliate itself (out of retained earnings) and R&D contracted by the parent firm.
Generally, “[MNE] affiliates pay for most of their own R&D, but parent companies often enter
into contracts with their affiliates to carry out specific research” (OECD 1998b p.11). There is
little formal analysis or data available as to the mix of objectives of R&D undertaken by MNE
affiliates. In the case of US MNEs, perhaps 80% of R&D conducted by affiliates is for the direct

use of the affiliate (i.e., self funded R&D) (see discussion in section 3).

Figure 1 provides a schematic representation of definitions or categories of foreign R&D.
In summary, R&D activity attributable to foreign firms including R&D investment by MNE
affiliates (foreign owned firms) and R&D contracted to unaffiliated host country firms from

abroad. In this study two measures are considered.

o R&D financed from abroad includes R&D performed by MNE affiliates contracted by the

parent firm and also cross-border contract R&D financed by unaffiliated foreign firms.

o R&D undertaken by MNE affiliates includes R&D financed from the affiliates own
revenues and undertaken to support the affiliates host country business operations as well

as R&D contracted from the parent firm.



Figure 1 Schematic Typology of Foreign R&D Activity
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2.1. Theoretical Framework

Dunning (1988a; 1988b; 1994) proposes an eclectic paradigm for understanding MNE activity
which highlights the ability of MNEs to solve the range of market failures associated with
intangible assets such as technology. In this view, technology is an important source of
ownership advantage (Cantwell 1989) and MNESs “exist for the purpose of reaping the benefits
of fixed investment in knowledge in markets that are as big as possible” (Weder and Grubel 1993
p-4906). The framework identifies opposing forces that act to centralise R&D activities to the
home country and others that act to disperse MNE R&D activities to host (foreign) countries.

These are referred to as centripetal and centrifugal forces, respectively (Caves 1990).

Traditionally, MNEs conduct the majority of their R&D in the home country, and there
are well-established reasons for this. Technology and business know-how are amongst MNESs’
principal sources of competitive advantage; arguably these are the raison d’étre of the MNE. As a
result, R&D has long been seen as an inseparable part of the ‘core business’ of MNEs. The desire
to protect and control technology and technology creation underpins a powerful incentive to
centralise R&D functions in the home country. Centralising R&D activities in the home country

also facilitates economies of scale in research.

Centrifugal forces, on the other hand, promote the locating of R&D activities away from

a firm’s home base. R&D necessary to support local production and to adapt products for local

markets has a long recognised history (UN 2005). This is known as asset exploiting R&&D as it is

conducted to exploit existing firm ownership advantages and technological know-how (Dunning

1994). Asset exploiting R&D is generally associated with the need to co-locate R&D and
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production activities. Firms typically undertake asset exploiting R&D when products sold into
different markets require modification to meet local regulation or to cater to different consumer
tastes. It may also be associated with R&D supporting resource extraction. Asset exploiting R&D
investments represent the globalisation of R&D that occurs as a by-product of the

internationalisation of production and distribution.’

The potential benefits of spreading the fixed cost of asset exploiting R&D over larger
total sales suggest that host country market size may be an important determinant of R&D
investments by MNE affiliates. Similarly, it has been argued that that affiliates that serve larger
export markets will be more likely to undertake R&D (Athukorala and Kohpaiboon 2000).
However, there exists some debate as to the impact of export orientation of an MNE affiliates
R&D activity. For example, it has been argued that production is exclusively focused on serving a
unique host country markets may be associated with more market specific adaptive type R&D

(Lall 1979).

It has been suggested that in recent years “technology seeking” has become an
increasingly important motive for investment in R&D outside MNE home country (Athukorala
and Kohpaiboon 20006). A recent survey of CEOs concluded that successful MNEs should aim
to “access the best capabilities, knowledge and assets from wherever they reside in the world and
apply them wherever required in the world.” (IBM 2008). This is called asset augmenting R&&D and
is motivated to the acquisition of technology and research capacity. Such cross-border
investments in R&D aim to overcome a limited supply of technical skills in a domestic market or
to capture spillovers from technology clusters and international centres of excellence (Cantwell
1995; UN 2005 p.121). The availability of high quality, low cost human capital is an important

determinant of asset augmenting R&D.°

Cross-border R&D contracting between unaffiliated firms represents a second distinct
mechanism of R&D globalisation. Cross-border R&D contracting between unaffiliated firms is a

specific type of R&D outsourcing or ‘open innovation.” There is evidence that the prevalence of

5> The need to undertake R&D proximate to the location of production does not appear to have diminished in the
face of growing production fragmentation and the emergence of the ‘global factory’ phenomenon. In many cases, the
increasing range of production activities undertaken outside the MNE home country underpins a corresponding
spread of process related technological innovation. For example, flat screen technology, one of the major recent
innovations in consumer electronics, was largely developed in the region of production, particularly Taiwan and
Korea (Rowen et al. 2006).

¢ Home countries stand to potentially derive substantial benefit from their firms engaging in asset augmenting R&D
investments abroad. On this basis, it may be argued that R&D conducted abroad by domestic firms warrants support
such as tax incentives.



R&D outsourcing is increasing.” Several drivers of the trend toward ‘open innovation” have been
identified. R&D outsourcing can be driven by the need to bring in specific technical skills or
equipment. The development of complex products that incorporate an increasing number of
technologies may benefit or even require input from multiple specialised firms (UN 2005 p.168).
For example, Nokia gave up making its own silicone chips, once a source of company pride,
because “Nobody can master it all,” (Engardio, Einhorn et al. 2005).® Related to this there are
also potential advantages arising from economies of scale, for example, optimally utilising
investments in expensive specialised technical equipment. Outsourcing is also thought to infer
benefits relating to speed, responsiveness and flexibility in achieving R&D tasks, especially
relative to developing R&D capacity de novo (Howells 1997). Finally, it has been suggested that
the trend is also supply driven as universities seek to undertake more contract work from the

private sector in response to cost pressures (UN 2005).

It has further been suggested that contract R&D and technology outsourcing is becoming
increasingly internationalised (Howells 1997; Engardio, Einhorn et al. 2005). One example is
Microsoft outsourcing software development activities to India. In addition to the advantages
outsourcing R&D identified above, outsourcing o foreign firms can generate significant cost
savings, particularly where the contracted firm is located in a country with relatively low costs and

an abundant supply of highly skilled researchers.

However, it should be recognised that the powerful incentives for firms to maintain R&D
activities ‘in house’” and in the home country apply equally — arguably more so — in the case of
contract R&D. The relationship between Ben(QQ and Motorola provides an illustrative example of
the perils of international R&D outsourcing. Motorola contracted not only the manufacture but
also the design of cell phones to BenQ). Subsequently, BenQQ began selling phones under their
own brand leading to the termination of the contract with Motorola (Engardio, Einhorn et al.

2005).

Indeed, the growth of outsourcing, to both domestic and foreign firms, appears
inconsistent with the existence of strong incentives for firms to maintain control over their

intellectual assets. Distinguishing between core research and more ‘routine’ product development

7 For example, contract R&D doubled in the United States between 1998 and 2001 (UN 2005 p.177). In the UK, it
increased from 5.5 to 10% of BERD between 1985 and 1995 (Howells 1997). In Australia, the proportion of
business R&D undertaken by the scientific research industry increased from 3 to 6% over the 13 years to 2003 (ABS
Cat. 8140 various years).

8 The quote is Pertti Korhonen the Chief Technology Officer of Nokia.
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may help reconcile this apparent inconsistency. Outsourcing is considered more appropriate for
“translating prototypes into workable designs” and the industrial design phase, while the “really
hard technology work” that is critical to firms’ competitive advantage remain in house (Engardio,
Einhorn et al. 2005). This is suggestive that the types of R&D that are suitable for international
contracting may be less subject to the market failures that typify innovation. As a consequence,
R&D undertaken under contract for foreign firms may be subject to lower technical risks and
associated with fewer positive spillovers than R&D undertaken by domestic firms. On this basis
it may be argued that the rationale for subsidising such activity may be lower than domestic ‘in

house’ R&D.’

2.2. Measuring the Globalisation of R&D

This study considers three measures of R&D internationalisation aggregated to the host country
level. These are: business performed R&D that is financed from abroad (OECD 2007a); R&D
conducted by affiliates of US MNEs in manufacturing (BEA various years); and total R&D
conducted by all foreign affiliates in all industries (OECD 2007a). The first two are employed in
the regression analysis aimed at assessing the factors which influence foreign R&D. The third
measure, R&D performed by all affiliates in all industries, is used for comparative purposes in the
descriptive section. However, the coverage of this data is too limited to provide a basis for formal

econometric analysis.

R&D investment by US MNEs in manufacturing is taken from the BEA annual survey of
US investment abroad (various years)." The series covers 25 countries between 1990 and 2005.
As previously noted R&D expenditure by foreign controlled affiliates includes both a foreign
financed component and a component financed from retained earnings (OECD 2005c). In other
words, affiliates perform R&D both to serve their own immediate business needs, and potentially
on behalf of the parent firm for broader application across the parent firm’s operations around

the globe.

BEA survey data are collected by industry of the affiliate and as such it is possible to

delineate R&D in the manufacturing sector. Focussing specifically on the manufacturing sector

 Note that a necessary condition for policy desirability is that R&D expenditure is influenced by tax policy. A
sufficient condition would compare the positive spillovers associated with additional R&D induced by the incentive
with the efficiency losses arising from raising revenue elsewhere, and then compare the net surplus with alternative
public investments (Hall 1995b).

10 BEA data in this study came from two sources. For the years 1991-1999, data previously compiled by Athukorala
and Kohpaiboon (2006) was provided by the authors. Data for the years 2000-2005 were obtained directly from the
BEA annual survey repotts.



enables a deeper investigation into firm level attributes that drive the off-shoring decision. This is
because it can be better matched with general MNE assets in the host country. The
manufacturing sector is also highly representative of total trends in R&D by foreign affiliates. In
1999, the manufacturing sector accounted for 90% of total R&D conducted by MNE affiliates,
but less than half of MNE affiliate fixed capital stock (plant and equipment).

MNE investment in R&D can be ‘green-field” or can entail the acquisition of existing
R&D facilities. It has been suggested that green-field is more likely in an asset exploiting exercise
while the acquisition of existing foreign R&D facilities is a comprehensive way to obtain new
technological and research expertise (UN 2005 p.170). Acquisitions of large capital assets are not

directly included in the BEA data, but the measures include amortisation and depreciation.

The second principal indicator of cross-border R&D activity is business R&D financed
from abroad, taken from OECD Main Science and Technology Indicators (OECD 2007a). The
criteria for recording R&D by source of funds stipulates that “there must be a direct transfer of
resources [and]| the transfer must be both intended and used for the performance of R&D”
(OECD 2002a p.114). It does not include foreign sourced loans or other general capital raising
which would be recorded under own funds. It also does not include R&D performed by MNE

affiliates and financed through retained earnings or general transfers from the parent firm.

R&D financed from abroad essentially reflects R&D contracted by foreign entities. It
includes R&D activity of MNE affiliates contracted by parent firms as well as cross-border R&D
sub-contracting between non-affiliated firms. In theory, it can also include contracts from foreign
governments and NFPs, for example defence procurement. However, it is anticipated that this
represents a very small amount because, for a range of reasons, ' governments generally award

R&D contracts to domestic firms.

Each of these three alternative measures of the dependent variable has its own
advantages and limitations. The advantage of using R&D expenditure by affiliates of US MNE:s is
that it can be matched with firm data regarding sales, industry, export orientation and fixed
capital stock of affiliate firms. The advantage of using R&D financed from abroad is the scope of
coverage, which for many countries is available from 1981-2005. Further, as these measures

reflect somewhat different aspects of the globalisation of R&D, it is therefore anticipated that

11 'The BEA sutrvey form states that respondents should: “Include all costs incurred in performing R&D, including
depreciation, amortisation, wages and salaries, property, taxes and other taxes (except income taxes), materials and
supplies, allocated overhead, and indirect costs.” but “Exclude capital expenditures” (BEA 2004)

12 For example relating to issues of security or arguments regarding national interests of supporting domestic firms.
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they will be amenable to different influences. In particular, it is postulated that as R&D financed
from abroad is more affected by cost or technological capacity advantages of the host country,
whereas R&D undertaken by MNE affiliates will depend more directly on the location of

production and other MNE assets.

3. Trends and Patterns in the Globalisation of R&D

The aim of this section is to describe the distribution and trends of foreign R&D. Figure 2
depicts three measures of foreign contribution to business R&D - R&D conducted by majority
owned affiliates of US MNEs, R&D financed from abroad, and R&D conducted by all MNE
affiliates. These are expressed as a percentage of aggregate national BERD for 2004. Countries
are ordered from left to right according to increasing GDP. The blue-grey bars represent R&D
expenditure by all foreign affiliates in all sectors. Because of data availability theses figures reflect
the nearest available year though this varies between 1999 and 2004. Even so, data are not
available for every country in the sample. The available data clearly demonstrates the substantial
contribution of MNE affiliates to national R&D. The unweighted average contribution of foreign

MNE affiliates to national BERD is 33%.

Data on the R&D expenditure of majority owned affiliates of US MNEs in
manufacturing are represented by the black bars in Figure 2. To remove the effect of short run
volatility the average for the years 2003-2005 is reported. The unweighted average contribution of
US MNE:s to national BERD is nearly 10%. As can be seen from Figure 2 this varies substantially
between countries. For instance, in Ireland it is over 40%, while in Japan it is less than 1.2%.
Based on available data, US MNE affiliates in the manufacturing sector contribute on average

about one third of all R&D conducted by MNE affiliates.

In Figure 2, the unfilled bars depict foreign financed R&D. As discussed, this includes
parent firms contracting to affiliates as well as contracts between unaffiliated firms. R&D
financed from abroad is significantly less than total expenditure by MNEs. Across the sample, on
average, just under 10% of BERD if financed from abroad, though again there is considerable

variation between countties.

These indicators reveal that foreign firms contribute an unusually low proportion of
BERD in the case of Japan. Ireland is at the other end of the spectrum. In Ireland, MNE
affiliates, and particularly affiliates of US MNEs, appear to contribute far more than in the
average country in the sample. In Austria, Greece, Hungary and the UK, the share of business
performed R&D that is financed from abroad is atypically high. The high proportion of R&D
financed from abroad in Austria was examined by Gassler and Nones (2008). They claim that the

“high share of foreign financing is a result of the considerably high amount of foreign ownership
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of Austrian industry” (Gassler and Nones 2008 p.410). However, comparing between countries
depicted on Figure 2 reveals that a high contribution of MNE R&D is not necessarily associated
with a high proportion of R&D financed from abroad. Consider for example in Germany and
Australia the large contribution of MNE affiliates to R&D is not accompanied by large foreign

financed R&D.
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Figure 2 Foreign R&D as a Percentage of BERD 2004
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As noted, there is little existing evidence regarding whether R&D undertaken by MNE
affiliates is generally for own use or contracted by the parent firm. The BEA Awnnnal Survey of US
Investment Abroad reports the composition of R&D conducted by US MNE affiliates every 5 years.
Figure 3 shows the proportion of R&D undertaken by US MNEs for the affiliate itself by host
country.” It is likely that much of the remainder reflects R&D performed under contract for
parent firms. The cross section depicted reflects the average of the years 1994, 1999 and 2004."
While there is some variation between countries, it seems most R&D conducted by MNE
affiliates is performed for their own use. This evidence is consistent with previous research by
Hines and Jaffe (2001) who report that an average of 80% of R&D undertaken by US MNE
affiliates was self financed in the 1980’s and early 1990s.

Most R&D undertaken by MNE affiliates is for their own use which implies only a small
proportion of R&D undertaken by MNE affiliates represents R&D undertaken for other firms
under contract, including the parent firm. According to this data, less than 20% of R&D
undertaken by MNE affiliates is financed from abroad. In contrast to the conclusion of Gassler
and Nones (2008), it does not necessarily follow that countries in which MNE affiliates
undertake a large proportion of total BERD will exhibit a high proportion of R&D financed

from abroad.

To illustrate trends in foreign R&D, Figure 4 depicts the average annual growth rate of
each measure between 1991 and 2005 (unless stated). For comparative purposes the growth rate
in total BERD is also depicted. In the countries where the growth rate of foreign R&D is larger
than the growth rate of total BERD it can be inferred that the proportional contribution of
foreign R&D has increased. The average annual growth rate of R&D by affiliates of US MNEs in
the manufacturing sector is also depicted. It can be seen that in most OECD countries the
contribution of foreign firms to total BERD has increased. Notable exceptions are Australia and

Canada.

13 The exact wording of the survey question is “127. For the foreign affiliate’s own account” or “128. For others
(including U.S. parents) under contract” (BEA 2004)
14 For the countries considered, this data shows no overall trend but does show some volatility
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Figure 3 Percent of R&D Performed by US MNE Affiliate that is for Own Use
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Figure 4 Average Growth in Foreign R&D 1991-2005

[ [
e 7z T - z-
arel ymoub enuue abelone

O -

ueder

Auewlia

wopbury pauun
aouelH

Arey

epeue)

ureds

(S00Z-966T) ©210%
(€002-€66T) 021X\
elelsny

(002-T66T) SpueayIdN
uspams

puelaziIms

wnibjeg

elsny

(S002-1002) puejod
(€00Z-€66T) AemioN
SRISTSILY)

(€002-€66T) ewuad
puejul

x(G002-966T) pueal|
[ebnuod

(S002-1002) "day Y29z
puejeaz maN

(5002-1002) Arebuny

| ] Financed from Abroad

B 5ERD [ | US MNEs (Manuf)

Source: Compiled from OECD (2007a), BEA (vatious years). See notes section 2.2
Countries are ordered from left to right according to increasing GDP

* Data on R&D investment in Ireland before 1996 appears anomalous, see note at Appendix 6.1.

15



4. Tax Incentives and Foreign R&D

The increasing internationalisation of R&D has led policy makers in many countries to consider
what steps can be taken to attract greater MNE R&D activities and R&D contracting from
abroad. This study aims to investigate the determinants of cross-border R&D investment with a
focus on the efficacy of tax incentives. Tax incentives are seen as an important policy instrument
available for governments to attract a share of increasingly globalised R&D activities (OECD
2002b). However, the case that tax incentives are attractive to foreign firms is complex and

theoretically ambiguous.

On one hand, MNEs and firms engaged in cross-border contract R&D can arbitrage
research costs between national jurisdictions. On this basis it may be argued that subsidies and
tax incentives are more important to these firms than to local firms. On the other hand, there are
several reasons why MNE behaviour may be less amenable to the influence of cost
considerations. The framework outlined in section 2.1 proposed that MNEs commonly invest in
R&D abroad in order to exploit particular local markets or production resources or alternatively
in an effort to capture technological spillovers from international centres of excellence. This
suggests R&D 1is not ‘footloose’ but rather that cost factors are secondary considerations in

determining the location of R&D and as a corollary that tax policy will be ineffective.

The observation that R&D activity by MNEs is generally concentrated in technologically
advanced countries appears to provide prima facie evidence that it is national technological
capability rather than cost factors driving the location decision (Kumar 2001). On the other hand,
a recent UN (2005) report observes substantial growth in MNE R&D investment in developing
countries, particularly in China and India, possibly reflecting an increasing role for cost

considerations.

Even if cost is an important determinant of the location of some MNE R&D projects,
elements of the broader tax environment in which MNEs operate may make tax incentives an
ineffective way to reduce R&D costs. For example, the way foreign income is treated for taxation
purposes by the home country has important implications for the attractiveness of host country
tax incentives. For example, US MNEs pay tax on all global income but tax paid to foreign
governments is credited against US company tax liabilities (Hall 1995b). That is, tax paid to
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foreign governments is reimbursed via reductions in IRS liabilities. In this case, firms only stand
to benefit from tax incentives where they have excess unused foreign tax credits. It is also
important that taxation on outgoing royalties may also influence MNE location decisions

(Feldstein, Hines et al. 1995).

4.1. Review of Recent Studies

Existing empirical evidence regarding the impact of tax incentives on MNE R&D investments is

at a nascent stage and does not yet point to an emerging consensus.

Bloom and Griffith (2001) provide indirect evidence of the footloose R&D hypothesis
and by extension a role for host country tax incentives. Their study considers the impact of the
weighted average' foreign tax price (i.e., tax price in other countries) on domestic investment in
R&D. The hypothesis is that foreign user cost will influence the choice of location for domestic
firms’ R&D investment. If R&D is footloose, domestic firms will move some of their R&D
activities overseas in response to lower user costs abroad. Implicit in this argument is that

domestic and foreign R&D are substitutes.

Bloom and Griffith (2001) estimate the short run elasticity of R&D with respect to
domestic user cost of about 0.15 and the long run elasticity is just over unity, which is reasonably
consistent with previous studies. The weighted average foreign user cost is found to be
insignificant when considered over the whole sample. However when United States is dropped
from the sample, the coefficient on weighted average foreign user cost is positive and significant.
The short run elasticity is found to be —0.75 and the long run elasticity —5.3."° That is, the long
run effect of a 1% decline in the weighted foreign user cost of R&D will reduce domestic firms’
R&D in the home country by 5.3%. This is interpreted as strong support for the footloose R&D

hypothesis. It is noteworthy that their results suggest the weighted average foreign user cost has a

15 Weighted by FDI flows
16 Results are IN(R&D)=0.854In(R& D, ;) —0.153Ln(DomesticUC) + 0.775In(ForeignUC) +...
suggesting a long run elasticity of 0775 _ 53

1-0.854
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stronger effect on domestic R&D than domestic user cost. This estimate of the response of

domestic firms to changes in tax policy abroad might be considered implausibly high.

Athukorala and Kohpaiboon (2006) examine the role of host country characteristics in
determining the location of international flows of BERD R&D investments. The dependent
variable is R&D expenditure by US MNE affiliates in manufacturing aggregated to the host
country level. The data covers the period 1990-2001. Their model includes variables intended to
capture the role of product adaptation, domestic technological competency, domestic investment
environment and other factors including industry structure. Contrary to Bloom and Griffith
(2001), they find tax incentives have no statistically significant effect on MNE R&D investments.
Athukorala and Kohpaiboon (2006) suggest the positive finding in previous studies may be the

result of omitted variable bias.

The period covered by the study (1990-2001) saw substantial change to R&D tax policy
in many countries. However, the measure of tax policy applied by Athukorala and Kohpaiboon
(2000) is a simple ordinal indicator that reflects the policies in place in 2000-2001. This measure
does not reflect the many policy changes over this period. As such, in most periods, this will be a

poor indicator of the actual prevailing tax treatment of R&D in each country.

Hines and Jaffe (2001) consider the effect on MNE patenting activity of tax-driven
changes to the cost of undertaking R&D in the United States relative to the cost of undertaking it
abroad. This is a firm level study covering two periods, before and after a policy reform. Growth
in patents attributable to R&D from each host country is expressed as a function of (a) changes
in the price of undertaking R&D in the United States for the domestic market, (b) change in the
price of undertaking R&D in the United States for foreign markets, and (c) changes in patents
attributable to domestic R&D. The Estimates reveal that when the cost of undertaking R&D in
the United States for use abroad is reduced, patents originating in foreign countries increase. This
is interpreted to imply that R&D performed by MNEs in the USA and in host countries are
complements. The authors extrapolate from the apparent response of MNEs to tax incentives
that “foreign tax incentives should influence the rate at which US multinationals innovate in their

domestic markets” (ibid p. 203).
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Feldstein and Hines (1995) provide further indirect evidence as to the efficacy of tax
policy in influencing MNE behaviour. The authors consider BEA data on US MNE’s
expenditure on R&D to assess the response of R&D/sales ratio to variation in taxes levied by
host country governments on royalty payments for foreign technology. The results suggest that
increased tax on royalties actually increases R&D investment in the host country. This result is
interpreted to imply, not only the strong impact of tax consideration in driving MNE behaviour,
but also that R&D and technology transfer (licensing etc) are substitutes. In his comments on the
paper, Jaffe (1995) notes that the estimates of the effect of royalty taxes seem implausibly large,
as they imply affiliate R&D investment responds more to the variation in royalty tax than royalty

payments do.

5. Model and Approach

In this study, two separate models are estimated using the two different dependent variables:
R&D investment by US MNEs in manufacturing and R&D financed from abroad. Variables
included in each model are based on the same overarching theoretical framework. These include

attributes of the host country, and attributes of the investing firms.

Host country attributes include cost considerations, supply of human capital and host
country technological capacity. The same host country characteristics are included in both
models. The second group of variables relate to the attributes of the investing firm. Important
factors include the size, industry and market orientation of affiliate operations which underpin
the need for either adaptive R&D or ‘asset exploiting’ behaviour. The explanatory variables
relating to firm attributes are different for each model. This is because the dependent variables

represent the activities of different groups of firms.
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5.1.  Host Country Factors

Measuring Tax Incentives

Tax treatment of R&D differs between countries, particularly in regard to the design and
implementation of incentives. Policies differ in their treatment of various types of expenditure;
types of tax incentives including deductions, allowances and offsets; and, the definition of eligible
expenditure.'” To assess the efficacy of R&D tax incentives it is necessary to have some way of
comparing between these diverse policy designs. A standard measure of the relative generosity of
a tax system is known as the b-index. The formula for the b-index is given by

C1-A

B=
1-7

(0.1)

where A is the net present discounted value of all reductions to tax liabilities resulting from one

dollar of R&D and 7 is the corporate income tax rate.

The b-index represents the before tax project hurdle rate i.e., the minimum before tax
return the marginal R&D investment must generate to be financially viable after tax (Warda
2006)." Note that the lower b-index reflects more generous tax treatment of R&D. It is
sometimes described as the tax price of R&D because it is the price a firm is willing to pay for
the marginal investment. The b-index is multiple of Jorgenson’s (1963) the user cost of capital
and as such the elasticity can interpreted identically. The measure is extremely flexible and can
accommodate a wide range of implicit and explicit tax incentives. Observe that variation in the

measure comes from both changes in tax credits and allowances, and also from variation in CIT.

Various years of this index have been prepared by the OECD (see in particular OECD
2006 p.242). Unpublished OECD data are also cited in a few recent studies (Guellec and

Pottelsberghe 2003; Falk 2006). For this paper, an audit of national tax policies for 25 countries

17 An overview of tax policy design can be found at Appendix A
18 The name of the b-index is short for the benefit cost ratio at which an R&D investment opportunity becomes
viable after tax (Warda 2001).
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between 1980 and 2005 was undertaken from a wide range of sources. This enabled an expanded
series to be calculated based on consistent methodology and assumptions. Full details of the
R&D tax policy in the sample of countries and construction of the index can be found at

appendix A.

The measure calculated here aims to capture the principal features of depreciation,
deductions and special credits applicable to all large firms. The measure constructed for this study
follows standard assumptions, first outlined by McFetridge and Warda (1983), based on the
average effective rate of subsidy assuming firms make a constant R&D investment in real terms;
or more specifically “a constant R&D — sales ratio in the presence of constant real sales” (ibid p.

32).

A review of aspects of host country R&D tax policies, in particular as they pertain to
foreign firms, was undertaken. Based on information available, tax incentives are not restricted by
foreign ownership in any country. However, the tax system in France, Korea and Switzerland and
all policies in place by which foreign firms undertaking R&D can be granted tax holidays
(Rashkin 2007). For this reason, it is considered important to test the robustness of results

considering the determinants of MNE R&D expenditure on a sample excluding these countries.

Few countries seem to have limitations on claims for foreign contracted R&D. Australia
has had the most explicit restriction. In Australia, R&D conducted on behalf of another firm is
not eligible to receive enhanced deduction (BIE 1993; ATO 2002)." The scheme in Portugal also
requires that the claimant must self-finance at least 25% of the total investment (IBFD 2004

p-154). No information regarding such restrictions in any other countries could be identified.”

19 However, a special scheme was introduced in 2007 to provide enhanced deduction for foreign contract R&D. This
reform is outside of the period of this study.
20 The absence of restrictions was positively confirmed in the case of Austria, Canada, Ireland and the UK which do
not require that claimants of tax incentives to own or exploit resulting IP (Canadian Embassy Berlin 2003; IBFD
2004; IRC 2005; McAlpine 2005). In some countries, including Belgium and France, taxpayers cannot claim R&D
expenses that are contracted out to other firms (IBFD 2004). However, this does not appear to limit the contracted
firm from claiming expenses. In the case of France some ambiguity existed prior to 2007 though it seems contracted
firms did claim R&D expenses (DTT 2008).
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The restrictions in Australia and Portugal are unlikely to significantly affect the attractiveness of
R&D tax incentives to US MNE affiliates. Recall from section 3 that most R&D undertaken by
MNE affiliates is undertaken for their own use and therefore self funded. Further, the restrictions
do not rule out all foreign financed R&D from eligibility for tax incentives. For example, IP
created through R&D that is funded in part by a foreign parent (or subsidiary) can remain the
property of an eligible host country based establishment and be subsequently licensed to parent
and other affiliated firms. To address these issues, a modified version of the b-index was
calculated that does not include the special incentives in Portugal and Australia. This alternative

‘foreign contract’ b-index is denoted by BFC.

It is important to acknowledge some of the other limitations of the measure and potential
sources of measurement error. The calculations assume that firms can benefit fully from the
incentive, i.e., it assumes firms have sufficient tax liabilities to claim the full amount of R&D tax
incentives in the current year. Also, the standard methodology does not consider caps and floors
in the scheme. It does not incorporate subtle and complex differences in the definition of
qualifying expenditure. The measure does not incorporate differences in tax treatment of

dividends or withholding taxes on international transfers of profit.

Other Host Country Factors

Recall that firms undertake asset exploiting R&D when products sold into different markets
require modification to meet local regulations or to cater to different consumer tastes. On this
basis, larger host country markets may justify greater investment in adaptive R&D. Real GDP is

included in the current analysis to capture market size.

The other host country attributes that determine the extent of foreign R&D relate to
asset augmenting R&D activities. These attributes include host country technological capacity,
the supply of human capital as well as cost factors including labour costs and the availability of
R&D tax incentives. These factors are anticipated to underpin the decision to contract R&D

overseas, whether within a MNE or between unaffiliated firms.

Academic research is commonly considered an important source of R&D investment
opportunities. This is reflected by the fact that published scientific research is commonly cited as
prior art in patent applications (see for example Branstetter 2003). To control for host country
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technological capacity and opportunities for foreign firms to tap into cutting edge research the
model includes the aggregate number of articles published in international journals on science
and engineering (WB 2007). Scientific and technical journal articles refer to the number of peer
reviewed scientific and engineering articles published annually, by location of the institution of
the author. Technical publications are essentially an output based measure of performance of

academic research (NSF 2008).”

While this measure has the great advantage of being widely available both across country
and over time, it is acknowledged it is a somewhat noisy measure of R&D investment
opportunities. This is because some scientific research, such as advances in material science or
biochemistry, may have many commercial applications while other published research, perhaps in
the field of theoretical physics or pure maths, may have little immediate commercial value.
Journal article publications are also recognised to have an English language bias (NSEF 2008)
which, like other time invariant heterogeneity, must be taken into account when estimating the

model.

R&D performed by the tertiary education sector (HERD) provides a proxy for the quality
and extent of postgraduate research education. HERD includes research by students at the PhD
level including supervisory costs but does not include expenditure in relation to coursework
degrees and teaching related activities (OECD 2002a). This measure is superior to the percentage
of the population with tertiary education because it also has superior coverage and it will more
directly reflect both the number as well as the quality of research based degrees, which is of

primary interest.

MNEs face strong incentives to maintain control of intellectual assets. A strong host
country intellectual property right (IPR) regime may encourage MNEs to undertake R&D
without fear of imitation. However the impact of IPR is somewhat more complex in an

international context. It has been conjectured that stronger IPR may facilitate technology transfer

21 Scientific and engineering atticles published in the fields of physics, biology, chemistry, mathematics, clinical
medicine, biomedical research, engineering and technology, and earth and space sciences.
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via licensing. In as much as foreign licensed technology and domestic R&D are partial

substitutes IPR reform may have a negative impact on R&D investments.

Existing evidence on the role IPR play in determining MNE R&D decisions is mixed,
and it’s role in directing the cross border outsourcing market has not be faced empirical scrutiny.
More recent evidence suggests IPR to be an effective determinant of MNE R&D investment.
Kumar (1996; 2001) finds in most estimates, that IPR does not affect location of MNE R&D.
Conversely, Branstetter et al (2006) and Athukorala and Kohpaiboon (20006) find IPR strength to
be a statistically significant determinant of R&D by US MNE:s.

Two different approaches for measuring IPR strength have been adopted in the empirical
literature. One is based on assessing legislation (e.g., Rapp and Rozek 1990; Ginarte and Park
1997) and the other is based on surveying key stakeholders (e.g., Mansfield 1994). Measures
based on qualitative reviews of legislation are the most common in econometric analysis.
Legislative based reviews are argued to reflect a higher degree of objectivity, thereby allowing for
consistent treatment of policy over time. However, reviews of prevailing legislation have been
criticized for not sufficiently reflecting enforcement in practice (Branstetter, Fisman et al. 2005).
The extent of this issue is likely to be minimal across the OECD countries considered here as

they are all expected to have similar enforcement of legislated protections.

Ginarte and Park’s (1997) IPR score based on national legislation is employed in the
current analysis to account for the role of IPR strength. The IPR score is coded out of 5 and
calculated at half decade intervals. The Park IPR score exhibits substantial variation over the
sample with a standard deviation 13% of the mean. This is a high level of variation given the
sample of countries considered are typically associated with strong institutional quality and
broadly similar approach to private property rights. Despite its limitations this index remains
probably the best available means for controlling for this theoretically important determinant of

R&D investment in cross-country empirical analysis.

To control for the cost of R&D labour, average labour compensation for the total host
country economy is included, taken from OECD Outlook (various years). This is converted to

current USD and deflated using US GDP Deflator (WB 2007). It is proposed that this captures

relative changes in labour costs over time across-country, particularly those arising from large
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movements in exchange rates. A limitation of this measure is that it will also reflect the
employment composition of each nation,” though to the extent that this remains constant over

time this can be addressed using fixed effects estimation.

5.2.  Firm specific factors

Firm specific drivers of R&D internationalisation relate to asset exploiting motives such as the
need to support local production and to adapt products for host country markets. As discussed,
the two alternative dependent variables represent the activities of different groups of firms. For

this reason, different variables reflecting the attributes of investing firms are used in each model.

Determinants of R&D by Affiliates of US MNE:s

Asset exploiting R&D is predicted to increase with the scale of MNEs operations in a host
country host country. To control for the scale of host country operations the regressions
explaining R&D investment by MNE affiliates include the book value of plant and equipment, as

well as total sales.

Export orientation of MNE affiliate has a theoretically ambiguous impact on the
requirement to undertake R&D. On one hand, production assets that serve large export markets
may justify greater investment in R&D. On the other hand, production that is set up solely to
serve the host country market may be indicative of specific host country market requirements
and therefore associated with greater affiliate R&D. To test these hypotheses, export orientation,

given by total exports divided by total sales, is included in the model.

Industrial composition will be a key explanatory as to the R&D investment by foreign
firms. This is because some industries are typically more R&D intensive than others, reflecting
differences in technological opportunity or technological maturity. For example, retail or other

service industries typically have lower R&D intensity. The data on R&D investment by US

22 The ideal variable would be total compensation of a ‘standardised’ unit of research labour. Another possible proxy
would be the real wages of researchers. However a complete time seties for all countries included in the sample was
not available.
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MNEs considered here is restricted to the manufacturing sector, effectively controlling for the

influence of the industrial composition of FDI.

Determinants of R&D Financed from Abroad

R&D financed from abroad reflects R&D undertaken on behalf of foreign clients. The output of
this R&D may be for application in the host country or abroad. The observed incentive to keep
R&D functions ‘in house’ implies that a large share of foreign financed R&D is likely to represent
transactions between parent and affiliate firms. At the same time, given some foreign financed
R&D will reflect transactions between unaffiliated firms it does not automatically follow that
foreign financed R&D will be a function of the scale of total foreign firm activity in the host

country.

To investigate this issue further, FDI stock is included as a control variable in the
regressions explaining R&D financed from abroad. FDI stock for each host country is imputed
from total FDI inflows reported in WDI (WB 2007) using the perpetual inventory method
assuming a depreciation rate of 5% and that the initial FDI stock is zero. Where available, pre-

sample FDI flow data from 1975 are employed in this calculation.

Similarly, it is preferable to have some control for the industrial mix of foreign firm
operations when considering R&D financed from abroad. Unfortunately, time series data on the
industry profile of all foreign firm activity (i.e., industrial composition of total FDI stock) is not
available for the entire 20 year series for each country. As an alternative the model includes total
manufacturing value added (WB 2007) to control for national industrial specialisation. It is
proposed that the industrial composition of the economy as a whole is likely to be related to a

host of factors that will independently drive innovative performance.
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6. Specification and Estimation

The eclectic paradigm does not give rise to an obvious structural equation. Traditional investment
equations derived from neoclassical or convex adjustment cost models® assume firms’ R&D
decision aims to optimise technology stock. Structural equations derived explicitly from optimal
stock models include total output (using technology stock) as a control variable. However, in the
case of foreign R&D, the technology produced may be applied both to production in the host

country or abroad. This implies the modified neoclassical model is inappropriate.

The empirical starting point is a simple linear log-log model. When estimating the model,
it is important to take into account unobserved time invariant heterogeneity. Unobserved
characteristics include language and historical ties to large investor nations. It is also important
that several control variables are correlated to important fixed effects. Scientific journal article
publications have an English language bias (NSF2008). Average labour compensation reflects
industrial structure and institutional factors that will also evolve slowly over time and can
therefore largely be controlled with fixed effects. Other important time invariant determinants of
foreign R&D include geographic factors such as distance to major markets and the MNE head
office. Therefore, on a priori grounds, fixed effects estimates are preferred. Year dummies are
also included to control for global technology shocks and shifts in the global investment and

trading architecture that affect firms in all countries.

There are reasons for and against the appropriateness of a dynamic specification. On one
hand, once MNEs set up R&D facilities their utilisation may persist for some time. Similarly, the
relationships and communication channels opened up through cross-border R&D contracting
may be utilised repeatedly once one project is successfully completed. On the other hand, speed
and reflexivity are sometimes considered important benefits of the R&D outsourcing. A dynamic
specification has not been widely applied in the literature concerning international investments in

R&D (see for e.g., Kumar 1996; 2001; , and Athukorala and Kohpaiboon 2000).

23 From which Q-theory equation or Euler equations are detived.
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6.1.  Summary of the Models

In summary, different models are estimated for each dependent variable: for R&D conducted by
affiliates of US MNEs in the manufacturing sector (RDUS) and for R&D financed from abroad
(RDFABR). Host country variables are the same in each model. However, variables intended to
capture attributes of the investing firm operations in the host country are different. The two

models, including variable definition and data summary are given below:

Model (1) R&D undertaken by affiliates of US MNEs:
RDUSit = IBO Bit +ﬂlLCit +ﬂZGDF)It +ﬂ3HERDIt +ﬂ4SJAt +IBSIPRit +ﬂ6EOit +ﬂ7PEit +ﬂSSALESIt

Model (2) R&D financed from abroad:

RDFABR, = 0,B; + 6,LC; + 5,GDP, + B HERD, + 5,SJA; + B,IPR; + 1, K, + &;
Table 1 Variable Definitions and Economic Concepts
Variable Economic Concept Measure
Host Country Attributes: Common to Both Models
LC Labour costs Average Labour Compensation Rate (USD per
Employee)
B R&D Tax Policy B-Index
GDP Host country market size GDP
HERD Supply of skilled researchers R&D performed by Higher Education Sector
SJA Technological Capacity Scientific and Technical Journal Article
Publications
IPR Intellectual Property Rights Park (1997) IPR Score
Firm Level Attributes: Model 1, US MNE Affiliates
PE Total Fixed Capital Stock in the Value of Plant and Equipment (Survey value)
Host Country
EO Export Orientation of Affiliates Exports / Total Sales
SALES Scale of Operations in host Affiliate Total Sales
country
Firm Level Attributes: Model 2. R&D financed from Abroad
FDI Total Fixed Capital Stock in the Total FDI Stock
Host Country
MANUF Industry composition Manufacturing value added
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6.2.

Data Summary

The data used in each set of estimates are presented in Table 2 and Table 2 below. Data are

constructed from the range of sources previously discussed. Missing data for control variables are

interpolated linearly. This interpolation generally bridges between bi-annual survey data of

HERD. The dependent variable is not interpolated in this way.

Table 2 Data Summary Model 1: R&D Performed by Affiliates of US MNEs in Manufacturing

Obs Mean Std. Min Max
Dev.
R&D undertaken by Affiliates of
RDUS US MNESs ($m) 264 695 973 1.16 4,092
B Tax Price of R&D (b-index) 264 0.95 0.10 0.57 1.06
Average Labour Compensation
LC Rate (USD per Employee) 264 31,810 11,006 5,819 61,314
GDP GDP ($b) 264 743 1,048 48 4,885
HERD R&D performed by Higher 264 2982 4289 77 21,122
Education Sector ($m)
SIA SC|ent|f|c_and Tec_hnlc_al Journal 264 15.742 15,233 990 57.228
Article Publications
IPR Intellectual Property Rights 264 3.92 0.51 2.57 4.86
PE Fixed Cap@al Stock (Plant and 264 8616 10,623 89 47,834
Equipment) ($m)
SALES Affiliate Total Sales 264 37,393 46,517 403 231,796
Export Orientation of Affiliates
EO (Exports/ Total Sales) 264 0.33 0.17 0.03 0.69
Table 3 Summary of Data Used in Foreign Financed R&D Regressions
Obs Mean Std. Min Max
Dev.
RDFABR | R&D financed from Abroad ($m) 407 441 809 0.62 5,285
B Tax Price (b-index) 407 0.96 0.11 0.57 1.08
Average Labour Compensation
LC Rate (USD per Employee) 352 28,976 10,641 5,775 61,314
GDP GDP ($b) 407 664 973 38 4,885
HERD R&D performed by Higher 407 2454 3925 35 21,122
Education Sector ($m)
SIA Smentlflc_and Tec_hnlc_al Journal 207 13,290 14.126 184 57228
Article Publications
IPR Intellectual Property Rights 407 3.66 0.65 1.63 4.86
FK FDI Stock ($m) 407 60,310 89,996 484 490,341
MANUF | Manufacturing value added ($m) 407 142,126 225,620 7,105 1,098,437
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6.3. A First Look at the Data

This section examines the univariate relationship between tax price and measures of R&D
investment from abroad in order to set the scene for interpretation of the results of the
multivariate regression analysis. Figure 5 depicts b-index (tax price) against the three measures of
foreign R&D investment for a sample of countries. These countries are chosen for illustrative
purposes. Patterns in these countries are reasonably representative and more importantly they
have higher than average data availability. In all three countries, both series of foreign investment

in R&D are characterised by a general upward trend.

Both foreign financed R&D and R&D expenditure by majority owned affiliates of US
MNEs exhibit a substantial variation over time. There is no obvious relationship between either

measure of foreign R&D and the tax price (b-index).

The distribution of each measure of foreign R&D against national b-index in 2004 is
depicted in Figure 6. The upper panel shows the R&D investment by affiliates of US MNEs
expressed as a fraction of host country GDP. The generosity of the R&D tax policy in Spain
shows it to be somewhat of an outlier at that time. The lower panel depicts the b-index against
R&D financed from abroad expressed as a percentage of host country GDP. Figure 6 shows that
there is no clear relationship between tax policy and foreign R&D. Several countries with
relatively generous tax policy such as Spain, Mexico and Japan exhibit low foreign R&D intensity.
Conversely countries like Sweden and Germany that have less generous tax treatment of R&D

have attracted substantial foreign R&D.

Over the pooled sample (including all years), the univariate correlation between the b-
index and R&D by MNE affiliates is actually positive (0.05), though it is small and negative for
R&D financed from abroad (-0.06).
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Figure 5 Foreign R&D investment and Tax Policy 1982-2005 Great Britain, Australia and Canada

United Kingdom

USS$ billion

-
c
x S
E 3
& a
P %]
>
F o
N
N
o A o
T T T T T T
1980 1985 1990 1995 2000 2005
year
——— b-index ———— Financed from Abroad US MNE affiliates ——e—— All MNE Affiliates
Australia
o
o
ad _—e
\ o
\ ST T T T T T ————— re
\ 7
< \ e - | o5
& a
P %]
/\\/\/ [
N re
o . M .
T T T T T T
1980 1985 1990 1995 2000 2005
year
——— b-index ———— Financed from Abroad US MNE affiliates ——e—— All MNE Affiliates
Canada
-
x
[}
e}
£
&
oA
T T T T T T
1980 1985 1990 1995 2000 2005
year

US MNE affiliates ——e—— All MNE Affiliates

——— b-index ———— Financed from Abroad

31



Figure 6 Tax Policy and Foreign R&D 2004
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7. Results for Model 1: R&D Expenditure by US MNE Affiliates

Table 4 presents the regression results for model 1, considering the determinants of R&D
investment by affiliates of US MNEs in the manufacturing sector. Column (I) presents random
effects (RE) estimates and column (II) presents fixed effects (FE) estimates. These exhibit some
important differences. Using RE, the coefficient on tax price is positive and significant which is
contrary to theoretical expectations. As already noted, there is substantial reason to believe a
range of unobserved time invariant effects, including cultural, linguistic and geographic factors,
may result in omitted variable bias. The FE estimates, presented in column (II), control for
unobserved time invariant heterogeneity. According to the Hausman test, the difference between
the FE and RE estimates is statistically significant at 1% and as such the fixed effects estimates

are preferred.

The results in column (II) suggest variables associated with asset exploiting R&D are
important determinates of MNE R&D investment. The coefficient on aggregate MNE affiliate
plant and equipment stock is positive and significant. The magnitude of this coefficient suggests
that doubling of total MNE capital stock in a host country is associated with a 49% increase in
R&D. Similarly, the results suggest R&D investment increases as affiliate total sales increase.
Ceteris paribus, an increase in affiliate sales is reflected in an 80% increase in R&D investment.
These results also suggest that the more export oriented an MNE affiliate sales are, the more
R&D the firm is likely to undertake which is consistent with recent evidence (Athukorala and

Kohpaiboon 20006).

Turning now to factors associated with asset augmenting, or knowledge secking, R&D
the results find no evidence that these are important determinants of R&D investment by US
MNESs. R&D undertaken by the higher education sector, the proxy for availability of high level
human capital, is not significant. Rates of publications in science and engineering journals are also

not found to be significant.

The strength of national intellectual property rights is positive and significant at the 10%
level. The coefficient on the index suggests an increase of one point on Park’s (1997) IPR scale is
associated with a 27% increase in R&D. It is not simple to interpret the quantitative effect of

this ordinal IPR index. Some sense of scale can be garnered by noting that an increase of this
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magnitude is roughly commensurate with the IPR reform in Australia in 1995 which increased
patent duration from 16 to 25 years. Based on this, it might be argued that the size of the

coefficient is implausibly high.

Neither of the measures associated with cost of R&D is found to be significant. Labour
compensation rate is not found to be significant. Importantly, the measure of tax policy, the b-
index, is found to have no explanatory power of the amount of R&D undertaken by affiliates of

US MNEs in manufacturing.

Table 4 Regression Results R&D performed by Affiliates of US MNEs

0] (I (n (V)
RE FE FE GMM
RDUSt—l 0.533*** 0.487***
(0.085) (0.19)
By 1.008*** 1.616 0.903 0.780
(0.29) (0.99) (0.70) (0.49)
LC,, 0.0885 -0.477 -0.252 -0.335
(0.19) (0.35) (0.32) (0.28)
GDR, -0.542¢%  0.142 -0.0182 0.249
(0.14) (0.63) (0.47) (0.63)
HERD, , 0.780%*  -0.00346  -0.0341 -0.101
(0.21) (0.27) (0.22) (0.24)
SJA 0.209 0.208 0.0653 0.119
(0.18) (0.25) (0.15) (0.18)
IPR,, 0.0832 0.270*  -0.00281 0.111
(0.12) (0.15) (0.14) (0.20)
EO., 0.165%*  0.583%*  (0.413%* 0.447%*
(0.052) (0.16) (0.15) (0.17)
PE,, 0.488%*  (0.487** 0.217 0.193
(0.15) (0.20) (0.18) (0.22)
SALES, 0425+  0.784%*  0.376* 0.403*
(0.16) (0.16) (0.17) (0.21)
Observations 264 264 243 207
Countries 22 22 22 21
Rho 0.80 0.74
mi, m2, S 0.0; 0.45: 0.36

Standard errors in parentheses
Rk p<0.01, ** p<0.05, * p<0.1

All variables are in logs and estimates include time dummies

34



Columns (III) and (IV) present estimates of a dynamic version of the model including a
single lagged depended variable. The dynamic model tells a reasonably consistent story with the
static version. Column (III) presents FE estimates. With lagged R&D investment included as an
explanatory variable only total sales and export orientation remain significant. Applied to a
dynamic model such as this, fixed effects estimates may suffer Nickel (1981) bias resulting from
the correlation between the LDV and the transformed error term. Differenced GMM estimates
are reported in Column (IV). To maximise the data available for the estimation the forward
orthogonal deviations transformation rather than first differencing is applied as suggested by
Roodman (2006).** The results pass the usual tests regarding over identifying restrictions and the
requirement of no second order serial correlation. The GMM estimates generally conform to the
estimates under FE, again suggesting export orientation and total sales are key determinants of

R&D investment by MNE affiliates.

It was noted previously that large changes in tax price because of major policy reform are
very rare and can dominate results. For a further robustness check, the model was re-estimated
omitting such observations. This was not found to change the result. The results were tested for
omitting the countries that are identified as offering the possibility of tax holidays (France, Korea,

and Switzerland) and were found to be qualitatively unchanged.

On balance, the FE results presented in column (II) are preferred. The fixed effects estimator
is well justified economically and the resulting estimates of the coefficients conform well to
existing priors. It is reassuring that the alternate estimators above are suggestive of a reasonably
consistent story, which is to highlight the central role of the asset exploiting motive as a

determinant of R&D investment by MNEs.

24 The orthogonal transformation involves purging the fixed effects by subtracting the average of all available future
observations rather than first differencing (Roodman 2006). Additionally, to reduce the instrument count the

collapse option on xtabond2 command is applied. Described in Roodman (20006)
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8. Results for Model 2: R&D financed from Abroad

This section considers the results for model 2, which aims to explore the determinants of R&D
financed from abroad. Results are presented in Table 5. RE and FE estimates are presented in
columns (I) and (II), respectively. As in the case of R&D by MNEs, FE and RE estimates differ

considerably therefore on both a priori economic and statistical grounds the FE estimates are

preferred.
Table 5 Determinants of Foreign Financed R&D
0 D) (D)
(RE) FE FE
By 1.276**  -0.152  -0.0515
(0.43) (0.48) (0.47)
LC., 1.186**  0.541*
(0.25) (0.29)
GDR, 0.0952  -0.190 0.487
(0.32) (1.01) (0.73)
HERD, , -0.109 0.315  0.637**
(0.23) (0.24) (0.23)
SJIA 0.937%*  0.158 -0.316
(0.19) (0.26) (0.26)
IPR, .0.0864  0.0459  -0.0217
(0.12) (0.17) (0.17)
PK., 0.619%*  0.449%*  (0.488**
(0.055)  (0.088)  (0.074)
MANUF_ | 000398 0731 -0.269
(0.28) (0.50) (0.45)
Observations 353 353 407
Number of cn 22 22 25
Rho 0.71 0.67

Robust Standard errors in parentheses
*E p<0.01, ** p<0.05, * p<0.1

All variables are in logs and estimates include time dummies

Perhaps more importantly, both FE and RE estimates reflect an anomalous coefficient on total
labour compensation rate; the proxy which aims to capturing time series variation in R&D labour
cost. Both sets of estimates find this to be large and positive which is contrary to the theoretical
prediction that firms will contract R&D to host countries with the lowest labour costs. There are

a number of possible explanations for this unexpected result. For example, it may reflect an
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‘efficiency wage’ effect. That is, average labour compensation is serving as a proxy for skill mix or

the productivity of workers rather than the costs of equivalent R&D labour.

While this interpretation seems plausible, it is prudent to consider the model without
labour compensation rate which is generating the counterintuitive sign. The preferred FE

estimates omit labour compensation and are reported in column (III).

Host country market size is not found to be statistically significant. Foreign owned capital
stock is the most important determinant of R&D financed from abroad. This suggests that
cross-border R&D contracting is in fact strongly associated with the internationalisation of
production. The coefficient on existing capital stock is 0.35, about 14% lower than in the case of
R&D undertaken by US MNEs (c.f. the coefficient on affiliate fixed capital stock in column (II)
of Table 4). This substantial difference means cross-border R&D contracting does not increase as
rapidly as R&D by MNE affiliates as the capital stock of foreign firms in a host country

increases.

In the preferred estimates, HERD is found to have a positive effect on R&D financed
from abroad which is significant at the 10% level. The coefficient suggests increasing HERD by
10% can be anticipated to drive a 6% increase in R&D financed from abroad holding everything
else constant. This is important as HERD is generally under the control of government and

hence represents a policy option for attracting foreign R&D.

Given the conjecture that cross-border R&D contracts are driven primarily by cost and
technology secking incentives, it is perhaps surprising that journal article publication rate, which
reflects technological capacity and opportunities for knowledge seeking R&D, is found to be
insignificant in the fixed effects estimates. It is premature to draw strong conclusions but this
could reflect that R&D undertaken abroad under contract is not ‘cutting edge’ core research, but

rather reflects more ‘routine’ product development activities.

Industrial composition and intellectual property rights are not found to be significant.
The impotency of host country IPR regime may reflect that firms do not contract out R&D that
constitute critical ownership advantages. Alternatively, it may simply be that, across the OECD
countries considered in this sample, differences in IPR are not sufficient to influence firm

behaviour. As in the case of R&D undertaken by affiliates of US MNEs, tax price is not found to
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be a significant determinant of cross-border R&D contracting. That is, the results provide no

evidence that tax incentives are effective in attracting additional R&D financed from abroad.

Robustness Checking

Additional estimates performed for the purpose of robustness checking. These include estimating
a dynamic model and re-estimating the model using the alternative measure of b-index that does

not include the tax incentives offered in Australia and Portugal (see section 5.1). The results are

presented in Table 6.
Table 6 Additional Robustness Checking for R&D Financed from Abroad
() (1 (
FE LSDV FE
RDFABR, , 0.546*** 0.544**
(0.12) (0.12)
Bt_1 0.0454
(0.39)
BFC -0.507 -0.210

(0.72)  (0.58)
GDP,_, 0.827  0.384  0.781

) (0.85) (0.74) (0.87)
HERD,, |0.523* 0.651%* 0526*

(0.30)  (0.23)  (0.30)

SIA,, -0.266  -0.331  -0.284
(0.28) (0.23) (0.25)

IPR,, -0.225  -0.0208 -0.219
(0.15) (0.16) (0.15)

PK, , 0.272%** 0.496™** 0.277***

(0.091) (0.075)  (0.090)
MANUF, , -0.428 -0.217 -0.398

(0.51)  (0.46)  (0.53)

Observations | 340 407 340
Number of cn | 23 25 23
Rho 0.68 0.78 0.67

Robust Standard errors in parentheses
ik p<0.01, ** p<0.05, * p<0.1

All variables are in logs and estimates include time dummies
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The economic rationale for the application of a dynamic model is not considered strong.
As discussed previously, it is widely conjectured that an advantage of contract R&D is reflexivity
and responsiveness. On the other hand, parent-affiliates relationships are thought to constitute a
substantial share of R&D financed from abroad and these may represent more persistent
relationships. For completeness, FE estimates of a simple dynamic model with a single LDV are
presented in column IV. The results do not contradict the previous findings. HERD and existing
FDI stock remain significant in the dynamic fixed effects estimates. Central to the research
question considered in this thesis, tax policy as measured by the b-index is not found to be

significant at conventional levels.

Estimates using the alternative measure of b-index of the static and dynamic version of
the model are included in columns (II) and (III), respectively. These are also entirely consistent

with those reported previously.

9. Conclusion

In most of the OECD countries considered here foreign firms are responsible for a large and
growing share of all R&D activities. This paper has investigated the determinants on foreign
R&D investment with an emphasis on the efficacy of R&D tax policy. The empirical analysis is
based on a panel of 25 countries over a period of up to 25 years and it considered two
overlapping measures of foreign R&D activity. One is R&D undertaken by affiliates of US
MNEs and the other is R&D financed from abroad.

It is generally considered that MNEs will tend to concentrate R&D functions in the home
base, reflecting a desire to maintain control of commercial advantages embodied in technological
assets. However, for a range of reasons, MNE affiliates undertake some R&D in host countries.
Traditionally, it has been considered that affiliates undertake R&D in order to support host
country production and adapt products to local markets. It has also been argued that MNEs are
increasingly engaging in technology seeking R&D. This involves MNEs tasking affiliates to
develop technology for application outside the host country, and potentially around the world.

This type of R&D is focused on acquiring the best technology at the lowest cost.

39



MNEs contracting affiliates to undertake R&D on their behalf represent a subset of all
foreign financed R&D. Cross-border R&D contracting to unaffiliated firms is a special case of
the general phenomenon of R&D outsourcing. Such R&D outsourcing is though to be driven by
the need to access outside expertise and advantages relating to speed and flexibility. Outsourcing
R&D to foreign firms may have the added advantage of cost savings achieved by arbitraging
between locations, particularly where a contracted firm is located in a country with relatively low

costs and an abundant supply of highly skilled researchers.

To formally assess the determinants of foreign R&D activity two overlapping measures
were considered: R&D undertaken by affiliates of US MNEs and R&D financed from abroad.
Two encompassing models were estimated, one for each measure of internationalisation of R&D.
Each draws on the same fundamental framework incorporating two broad groups of explanatory
variables. The first group relate to host country attributes and these include cost considerations
and domestic technological capacity. Estimates employ a measure of tax price of R&D which is a
more descriptive measure than has been applied in previous studies. The second important group
of control variables relate to the attributes of the investing firms aggregated to the host country
level. For example, foreign owned production and distribution assets are thought to reflect the

need for adaptive R&D.

In the case of R&D undertaken by MNE affiliates, most R&D is undertaken to support
operations within the host country. It is not surprising then that attributes of the affiliate were
found to be key determinants of R&D expenditure by US MNEs. The plant and equipment
capital stock and total sales of affiliates were both found to be strong determinants of R&D
performed by affiliates of US MNEs. Controlling for these factors, host country attributes
seemed to be less important, only intellectual property rights were found to be significant, and

then only weakly so.

Foreign owned fixed capital stock is also a significant predictor of cross-border R&D
contracts. This may reflect that a substantial portion of cross-border contracts are between
affiliates and parents. This is contrary to the suggestion that cross-border contracting is driven by
the need to outsource R&D functions to achieve greater responsiveness and flexibility. In the

case of foreign financed R&D the preferred estimates suggest the availability of graduates with
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research based degrees is also an important determinant. This is consistent with the prediction

that contract R&D will be focused on technological acquisition.

The principal result is that no evidence was found to support the hypothesis that tax
incentives are effective in either inducing MNEs affiliates to undertake additional R&D or to
encourage additional international R&D contracts. It may be that the intended subsidies provided
by the R&D tax policy are ‘washed out’ in the broader treatment of international transfers of
capital and profits. Alternatively, it may be that other factors are dominant in driving cross
boarder R&D investment decisions. For example, once firms take into account the supply of
workers with research degrees, as well as existing fixed capital assets and the degree to which they
are ‘embedded’ in the country, any potential small cost saving available through the tax system is

insignificant.
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Appendix A Tax Policy Data and Variable Construction

R&D Tax Policy Design

For the purpose of taxation, R&D expenditure can be categorised as either current expenditure
or capital expenditure. Current expenditure includes wages, overheads, costs of materials and
other inputs to R&D activity. In all countries considered, current R&D expenditure can be
deducted from taxable income in the year it is incurred (i.e., expensed). Capital expenditure
includes investment in fixed assets such as buildings and structures (B&S) and machinery and
equipment (M&E). Expenditure on capital assets is generally deducted against income tax over a
length of time designated by tax law and nominally commensurate with the useful life of the
asset.

There are a range of implicit and explicit incentives provided by the tax system of
different countries. Important types are accelerated depreciation, deduction allowances, tax
credits and tax rebates. Accelerated depreciation is where the rate of depreciation allowable for
tax purposes is greater than the rate of economic depreciation. Allowing current R&D expenses
to be deducted from current taxable income implicitly constitutes a subsidy, in as much as
current R&D expenditure results in a technology asset that generates an ongoing stream of
benefit. A second common form of incentive is deduction allowances, which are also known as
tax concessions or enhanced deductions. These allow firms to deduct an amount greater than the
actual expenditure on R&D. With enhanced deduction, a portion of profits is shielded from
corporate income tax (CIT). On the other hand, tax credits reduce tax liabilities directly by some
fraction of allowable expenditure. To benefit from accelerated depreciation, deduction allowances
or credits, firms must have tax liabilities. This means they must be earning a taxable income.
However, if the incentive is given as a rebate (also known as an offset or ‘extended access’
schemes) firms receive a cash refund irrespective of their profit status. Finally, in a few cases
incentives are provided as a reduction on labour related taxes™ which also do not require firms to
be in profit for them to benefit.

A common type of policy, referred to here as an incremental scheme, is where only
increases in R&D above a defined base level are eligible for tax incentives. The base can be fixed
or moving. In many countries base expenditure is defined in terms of a trailing moving average.
For example, in an incremental scheme with a three year moving average base, only expenditure
that is over and above expenditure in the previous 3 years is eligible to receive the incentive. The
intent of incremental schemes is to direct the subsidy at marginal (new) R&D investment and to
avoid subsidising R&D that would have occurred anyway. Eligible expenditure is also commonly
subject to maximum and minimum claims, known as caps and floors.

The definition of eligible expenditure is generally based on the standards outlined in the
Frascati - Mannal (OECD  20022). Qualifying expenditure must commonly demonstrate

% For example, in the Netherlands and Norway
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characteristics such as technical risk, novelty and or creativity (Rashkin 2007). However, the
definition of qualifying expenditure differs between jurisdictions. For example, in Australia
overheads generally qualify but this is not the case in the UK (McAlpine 2005). Policies in some
countries require that R&D be carried out in the host country” sometimes using stipulated
domestic content, or that any intellectual property resulting from R&D remains the property of
the firm receiving the incentive (OECD 2002b). Perhaps more importantly, the eligibility of
expenditure on research related fixed capital equipment such as machinery and buildings varies
by jurisdiction.

Some countries provide preferential treatment to R&D undertaken by small firms. Two
reasons have been used to justify policies that favour small firms. One relates to the ‘open
innovation’ argument, that small firms have a creative advantage in radical innovation, the second
is that small firms are subject to greater market failure and so justify greater incentives. Recall that
firm size has featured widely as a determinant of innovative advantage. The reasons large firms
are commonly predicted to have an advantage include the ability to internalise technological
spillovers, risk spreading and economies of scale. The latter does not appear to provide a clear
case for intervention as it suggests preferencing small firms may work against industry’s
endogenous Coasean response to possible market failure.

Several nations provide fiscal incentives with objectives other than purely inducing
additional R&D investment. They offer incentives targeted at encouraging collaboration between
domestic firms and either the government sector, the tertiary education sector or international
research projects. For example, Denmark and Hungary offer incentives for collaboration with the
higher education sector at 150% and 400%, respectively (Warda 2006 p.14).

9.1.  Assumptions and Calculations

The standard assumptions for the b-index were first outlined by McFetridge and Warda (1983).
The assumptions allow comparison between countries with different policies in place. The
measure is based on the effective average rate of subsidy for a representative firm assumed to
make a constant R&D investment in real terms; or more specifically “a constant R&D — sales
ratio in the presence of constant real sales” (ibid p. 32). For example, with an incremental scheme
where the base is defined as a trailing k period moving average, the share of income eligible for
the incentive is given by:
k

A =1—%Z(1+r)“ @)

i-1
In the calculations applied here, the standard assumption of a 10% discount rate is applied.

It is important to note that, in the case of an incremental incentive with the base defined
as a moving average, the effective average incentive, assuming constant real expenditure on R&D,

26 An increasing number of countries, including Australia, allow some R&D to be performed abroad.
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is equivalent to the marginal incentive under the weaker assumption that the firm increases
expenditure above the base each period. However, for an incremental scheme with a fixed base
the marginal and average incentive is not the same. This is because with a fixed base the firm
does not take into account the effect of expenditure today on the value of the subsidy in the
future.

As is noted previously, current expenditure and expenditure on fixed capital assets are
commonly treated differently for tax purposes. The standard assumption is followed that
representative R&D investment is comprised of 90% current expenditure two thirds of which
represents the wages of researchers (60% total expenditure). The remaining 10 percent of total
expenditure is assumed to comprise equally machinery and equipment (M&E) and buildings and
structures (B&S). This is reflective of the approximate composition of expenditure reported in
industrial surveys (McFetridge and Warda 1983; ABS 1990-2006; Bloom, Griffith et al. 2002)

Depreciation for tax purposes is calculated on a straight line (SL) or Declining Balance
(DB) basis, and this is stipulated by the tax system. The formulae used for these are given by:

T
NPy, = 212@H0D L Npy, =g D
T r/(l+r) (d+r)

where r is the discount rate, or required rate of return.

for SL and DB depreciation respectively;

9.2. Caveats and Limitations

The b-index calculated here aims to capture the principal features of depreciation, deductions and
special credits applicable to all large firms. It is important to acknowledge the limitations of the
measure and potential sources of measurement error. These are outlined below.

The calculations assume that firms can benefit fully from the incentive, i.e., it assumes
firms have sufficient tax liabilities to claim the full amount of R&D tax incentives in the current
year. Also, the standard methodology does not consider caps and floors in the scheme. Observe
that where caps are binding, the after tax cost of marginal expenditure is zero, while the average
after tax cost depends on by how much the cap has been exceeded.

While the measure incorporates differences in rules relating to the eligibility of current
and fixed capital assets, it does not incorporate subtle and complex differences in the definition
of qualifying expenditure. This is a particularly difficult measurement issue to address because tax
law is not always perfectly codified. There is often scope for interpretation of guidelines by both
claimants and administrative agencies. For the same reason identifying ‘typical’ depreciation
schedules is also inherently subject to some measurement error.

The measure of R&D tax policy constructed here does not incorporate differences in tax
treatment of dividends or withholding taxes on international transfers of profit. There are two
important cases where interaction between these taxes and R&D incentives can reduce the
effective value of R&D tax incentives to shareholders. The issue arises where shareholders
receive tax relief on dividend income commensurate with the CIT already paid by the company.

Dividend imputation systems (DIS) reduce the effective value of the tax incentives to
shareholders and are in place in many countries including Australia, New Zealand, France and
Canada. DIS allow shareholders receiving dividends to be allocated tax credits for CIT already
paid on company profit. DIS aim to avoid double taxation of company profits. In the absence of

44



dividend imputation, company profits are subject first to CIT and then taxed a second time on
being paid out to shareholders. With complete imputation, taxpaying shareholders are indifferent
to R&D tax incentives provided on company income. This is because a decrease in CIT liabilities,
resulting from an R&D tax incentive policy, can lead to a direct increase in the tax paid on

dividends.

MNEs repatriating income can face an analogous ‘washout’ of host country R&D tax
incentives. For example, US MNEs pay tax to on all global income but any tax paid to foreign
governments is reimbursed via reductions in IRS liabilities (Hall 1995b). This implies that any
reduction in host country tax liabilities simply results in increased IRS liabilities.

The measure does not incorporate any other forms of government support such as grants
and procurement or general tax holidays that are sometimes available to foreign firms.”” Several
countries, such as Israel and New Zealand have a general preference for providing R&D
incentives via direct subsidies or grants rather than through the tax system. However, to allow for
this, in the cross country regression analysis aggregate government support for business
performed R&D is included as a control variable.

Special schemes requiring collaboration with universities or those available only to small firms
are not included, primarily because there is no obvious way to model these in a comparable
manner. As discussed in the body of this paper, sub-national policies were not modelled. **

10. Country Tax Policy Details and Data Sources

Various years of this index have been prepared by the OECD (see in particular OECD 2006
p-242). Unpublished OECD data are also cited in a few recent studies (Guellec and Pottelsberghe
2003; Falk 20006). For this paper, an audit of national tax policies for 25 countries between 1980
and 2005 was undertaken from a wide range of sources. This enabled an expanded series to be
calculated based on consistent methodology and assumptions. Sources include McFetridge and
Warda (1983) OECD (1996; 2000b; 2002b; 2005a), Warda (1996a; 1996b; 1999; 2001; 2003;
20006), ETAN (1999a; 1999b), IBFD (2004; 2007)

27 France, Korea, Switzerland and Ireland all have had or do have the possibility to offer foreign firms or companies
performing R&D tax holidays. These are difficult to model because government often have discretionary plenary
power over which projects are deemed eligible (Rashkin 2007).

28 It is noted that in some cases sub-national governments offer R&D tax incentives, particularly in the case of
federal systems. This is of little concern to the current analysis for the following reasons: The USA is not included; in
Australia, State governments do not levee corporate income tax; in the case of Canada These sub-national policies
were not modelled because of practical difficulties in collecting historical data on sub-national policies and also
because R&D data is aggregated to the national level. Using sub-national incentive rates would then require
weighting tax policy against the proportion of national R&D performed in each region. Often state incentives reduce
eligibility to national incentives meaning this is unlikely to be a serious limitation. For example, in the case of Canada,
the figures estimated here are within 3 decimal places of recent estimates of the b-index for the state of Ontario
published by the OECD.
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Corporate income tax (CIT) is compiled from a number of sources including: University
of Michigan World Tax Database (WTD 2007), World Bank World Development Indicators
(WDI), OECD Tax Database (OECD 2007b) and the KPMG Corporate Tax Rate Survey
(KPMG 2007). Unless otherwise stated, data applied are based on central government tax rates
only from WTD (2007) extended for the more recent years using OECD (2007b). Cases where
methodology deviates from this, for example to account for significant taxes levied at the regional
level, are detailed.

In what follows incremental incentive schemes are always based on nominal expenditure.
Credits are untaxed unless otherwise stated. In some instances it was difficult to confirm ‘typical’
depreciation schedules for fixed capital assets. Allowable depreciation rates generally vary by
specific asset type. The depreciation applied is documented based on the information available.
Status quo is assumed unless evidence of a policy shift is available.

Australia

Tax Incentives: A 150% deduction introduced 1 July 1985 and then reduced to 125% from 1
July 1997. From 1 July 2001, companies could also claim an additional 50% (175% total)
deduction on incremental expenditure above a 3 year moving average base. Eligible expenditure
includes current and M&E, except that prior to November 1987 expenditure B&S used for R&D
could be depreciated over 3 years and was eligible for the enhanced deduction (BIE 1993;
Lattimore 1997 p.94).

Depreciation: M&E  (1980-1996) 3 years straight line (SL), (1996- ) 5 years SL. B&S: (1980-
1986) 3 years SL (Lattimore 1997 p.94). (1987-) 40 years SL.

CIT: 46% (1980-86), 49% (1987-88), 39% (1989-1993), 33% (1994-95), 36% (1996-1999), 34%
(2000), 30% (2001-2000) (financial year begins 1 July, for example 1 July 1999- 30 June 2000 is
denoted as 1999).

Austria
Incentives: between 1980-1988: 105% deduction for current expenses on R&D.

1988 — 1999, 112% deduction on current expenses for certified inventions was available. If the
innovation was commercialised 'in house' the rate was 118% which is the rate modelled here.
Cited as Tax law BGBL Nr 4/1988 in ETAN (1999a).

Between 2000 and 2000, the concession included two parts, a 125% deduction available on the
volume and 135% on increments above base expenditure defined as a three year moving average

(Law BGBL 28/99).

From 2005, firms could opt to take an 8% credit on current expenditure, modelled here as it
provides a greater subsidy on the current assumptions.

In addition to these R&D concessions, fixed assets could be deducted at 109% between 1992 and

2002 under a special ‘investment allowance’ not specific to R&D. This was increased to 115% in
2003. This is modelled here for consistency with several OECD reports (e.g., Warda 2001).

Depreciation: For the years 1980-1983, all fixed assets are deducted at 80% in the first year,
followed by the remainder over the subsequent 4 years on a straight line basis (Warda 1983). For
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the period 1984-20006, depreciation is calculated over 5 and 25 years SL for M&E and B&S,
respectively.

CIT: 55% (1980-88), 30% (1989-93), 34% (1994-2004), 25% (2005-00).

Belgium

Incentives: McFetridge and Warda (1983) observe that in 1980 a scheme was in place whereby
expenditure above the average in the three years to 1976 was eligible for a 15% augmented
deduction (115% of expenditure deducted from taxable income). Under some conditions eligible
expenditure could be scaled up, by a maximum of 50% meaning that in principle firms could
deduct 122.5% of every incremental dollar (McFetridge and Warda 1983; ETAN 1999b p.12).
However, a European Commission report (ETAN 1999b) notes that “In practice, however this
higher figure is never reached”. In the absence of additional information the 15% rate is applied
(i.e., current expenditure on R&D is deducted at a rate of 115%).

Between 1980-1989, firms could deduct 110% of all expenditure on machinery and equipment
over 3 years on a SL basis.

Between 1990-2006 firms could deduct 113.5% of expenditure on fixed assets (B&S and M& E)
(Warda 1996b).

Between 1981 and at least 2000, Belgium had a scheme in place whereby firms were granted a flat
rate of tax deduction for each additional employee on a research programme (McFetridge and
Warda 1983; ETAN 1999a). It was noted in 1999 that the budgetary impact of the scheme was
‘negligible’. This is not modelled here.

There is also a reduction on withholding tax on researchers salary that is available for R&D in
collaboration with a European university (OECD 20006). This is not modelled here because it
represents a scheme not available to all firms.

Depreciation: As noted above, M&E is depreciated over 3 years SL. B&S are depreciated over
20 years SL.

CIT: 48% (1980-1982), 45% 1983-86, 43% (1987-1989), 41% (1990), 39% (1999-2002), 33%
(2003-2006).

Canada

Incentives: The R&D tax credit in Canada was introduced in 1966 and has undergone a range of
variations since then. See Warda (1983) for a description of the scheme before 1980. Between
1980-82, the scheme consisted of 10% on volume as well as an incremental credit of 50% above
a three year moving average base. From 1983 the credit is 20%. Eligible expenditure includes
current and M&E. The R&D credit in Canada is taxable, in that current allowable deductions are
reduced by the value of the credit. (Bloom, Griffith et al. 2002)

Depreciation: B&S and M&E were expensed (deducted at 100%) M&E between 1979 and 1987
(Bloom, Griffith et al. 2002). Since 1987 M&E can be deducted in the year it is incurred and B&S
at 4% on a declining balance basis.

CIT: 46% (1980-86), 45.5% (1987), 41.5% (1988), 38% (1989-2002), 33% (2003), 31% (2004-00).
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The headline central government (CG) Corporate Income Tax is applied.” In Canada, the CG
CIT is generally reduced by 10% (Provincial abatement) but increased by provincial (sub
national) CIT. For example, the state CIT in Ontario has ranged from 12.5 to13%. Additional
features include the rebate for the manufacturing sector that has varied from 2 to 7% as well as a
federal surcharge which has varied from 0-5% over the period. The headline CG CIT is close to
measures taking into account these additional factors that require additional assumptions.

Czech Republic

Incentives: Czech Republic was created in 1993. No special concessions were available between
1993 and 2005. As of 2005 a 200% deduction is available to all firms.

Depreciation: 5 years SL for M&E and 30 years SL for B&S applied over the entire period.

CIT: 45% (1993), 42% (1994), 41% (1995), 39% (1996-97), 35% (1998-2000), 31% (2001-03),
28% (2004), 26% (2005), 24% (2006).

Denmark

Incentives: For the current series no special incentives are modelled.

Denmark has had a range of concessions in place, but these have been attached to special
conditions. These have been aimed at encouraging research collaboration both internationally
and between tertiary research institutions and private business. For example, between 1988 and
1995, R&D associated with special international projects (EUREKA, ESPRIT, BARITE and
RASE) was eligible for a 125% deduction (LawS.8G) (ETAN 1999a). As these were not available
to all firms, they are not modelled here.

Since 2002, a 150% deduction has been available for current expenses related to basic research if
undertaken in collaboration with the higher education sector.”

Depreciation: Between 1980-1997 all fixed assets are deducted 100% in the year of expense. For
the period 1998- 2006 M&E and B&S are deducted according to a 30% declining balance (DB)
and 20 year SL, respectively.

CIT: 40% (1980-85), 50% (1986-89), 40% (1990), 38% (1991-92), 34% (1993-98), 32% (1999-
2000), 30% (2001-04) and 28% (2005-06).

29 The exception is that it appears that OECD (2007b ) presents the CGCIT with the provincial tax abatement
already accounted for in the years 2000-2006. This is re-added to be consistent with previous years.

30 Several sources, e.g., Warda (2001) and others, apply a 125% deduction for ‘fundamental’ R&D for some of the
years between 1995 and 2001. A European Commission report observes that this scheme (LLaw S. 8F). is: “expected
to be operable in 1995 (ETAN 1999a). The IBFD website and IBFD (2004) suggests the 125% deduction is only
available for projects approved before 1995; an additional 25% deduction for approved projects and also 25% on
projects associated with international research projects noted above. Furthermore PWC (1999) lists the 125%
deduction only associated with the nominated international projects (as in Law S.8G above). This concession is not
modelled here.
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Finland

Incentives: Tax Deduction Enhancement 1983-87 allowed firms to deduct 225% on the first 4m
FM (< $1 million USD) and 10% on amounts above this (ETAN 1999). In addition a 50%
deduction was available on incremental expenditure above the previous year. It has been

suggested that the scheme was ultimately withdrawn on the basis that little impact was observed
(ETAN 1999a).

The calculations here apply the 10% rate on the volume plus the 50% incremental scheme to
current expenditure between 1983 and 1987 inclusive.

Depreciation: 25% DB for M&E and 20% DB for B&S.

CIT: 43% (1980-85), 33% (1986-89), 25 (1990) 23% (1991), 19% (1992), 25 % (1993-1995), 28%
(1996-1999), 29% (2000-04), 26% (2005-).

France

Incentives: For the years 1983-1984, (introduced Dec 1982) businesses in France could claim a
25% tax credit on expenditure above the previous year’s expenditure (Mulkay and Mairesse
2003). Eligible expenditure is current and M&E. This was increased to 50% in 1985.

Between 1988-90 an alternative credit of 30% on the increment above expenditure in 1987 was
available (Bloom, Griffith et al. 2002). This is modelled for 1989 and 1990 as this results in a
larger subsidy in these years under the current assumptions.

In 1991, the base for calculating incremental expenditure was changed to be defined as the
average of the previous two years (two year moving average) (Mulkay and Mairesse 2003). From
2004 to 2005, firms could claim 5% on volume and 45% on incremental expenditure with
incremental expenditure defined as a 2 year moving average.

In 2000, this was again changed to 10% on the volume and 40% on incremental expenditure
above a 2 year moving average.

Depreciation: M&E and B&S are depreciated at 4% DB and 20 years SL respectively. However,
between 1983-1986 B&S used for scientific research attracted an accelerated depreciation under
which 50% was deducted in the year of expense with the remainder deducted over the usual

period (Bloom, Griffith et al. 2002).

CIT: 50% (1980-86), 45% (1987), 42% (1988), 39% (1989), 37% (1990), 34% (1991-92), 33%
(1993-2006).

Germany

Incentives: Germany has had no special concessions in place since reunification.

49



Following Bloom et al. (2002) no incentive schemes are modelled for the former Federal
Republic.”

Depreciation: Depreciation rates applied are 20% DB for M&E and 4% DB for B&S.

CIT: 61.8% (1980-1989), 59.7% (1990-1993), 55.6% (1994), 59.0% (1995-1996), 57.5%, (1997-
98), 52.0% (1999-2000), 38.0% (2001-02), 40.0%, 38.0% (2004-06), 38.3% (2006).

CIT Data applied for Germany from 1990 is taken from KPMG which include both central
government rate and important corporate income taxes that vary by municipality. KPMG do not
cover 1990 and 1992, the 1993 figure is extrapolated back as the headline CGCIT is the same in
each of these years. Prior to 1990 figures are taken directly from Bloom et al. (2002).

Greece
Incentives: Greece has had no special concessions available throughout this period.
Depreciation: Depreciation rates of 12.5 years (SL) for buildings.” For M&E immediate
deduction is assumed for the period between 1980 and 1998 (consistent with Warda 1996b) and
depreciation over 3 years (SL) for the period 1999 to 2006 (consistent with Warda 2001). The

precise details for the change in treatment of M&E could not be confirmed from primary
sources, however the difference in overall index measure is only at the fourth decimal place.

CIT: 43.4% (1980-1982), 48.5% (1983-84), 49.0% (1985-1988), 46.0% (1989-1992), 35.0% (1993-
2004), 32.0% (2005), 29.0% (2006).

Hungary

Incentives: Hungary has had tax incentive for R&D in place since 1997.

For the period 1997-1999 current expenditure can be deducted at a rate of 120%. In 2000 this
was increased to 200%.

Since 2004, there has also been a 400% deduction available if the R&D is in collaboration with
university. As this is not available to all BERD it is not modelled here.

Depreciation: 3 years SL for M&E and 50 years SL for Buildings.
CIT: 40.0% (1990-1993), 36.0% (1994), 18.0% (1995-2003), 16.0% 2004-2000.

Information compiled from the Hungary National Office for Research and Technology website,
NKTH (2006) and PWC (1999). CIT taken from WTD (2007) and KPMG (2007).

31 McFetridge and Warda (1983) cite that a 7.5% credit on R&D fixed assets was in place when they published their
study. I could not find any further information about this, importantly when it ceased. Credits limited to capital
expenditure have only a small effect on the policy measure based on the assumptions applied here.
32 Note this is consistent with several sources, however, (Warda 1996b) cites that buildings “would probably” be
depreciated at 8% which gives a NPV very close to 12.5 years.
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Ireland

Incentives: Between 1996 and 1998: a special 400% deduction was available on R&D
expenditure above the previous year (ICSTI 1998; ETAN 1999a). Only companies eligible for the
special 10% CIT were eligible (see below under CIT). The scheme had a relatively low cap
(175,000 IEP or about 350,000 USD) and according to the Irish Council for Science, Technology
& Innovation "the deduction still had many restrictions and was little used by either foreign or
indigenous research performers." This scheme is modelled here, however, it can be noted that
because of the low CIT, the scheme has a small impact on the cost of R&D.

The Finance Act 2004 introduced a 20% tax credit on the volume of expenditure on B&S and
also on incremental current expenditure and investment in ME. The baseline for calculating
incremental expenditure is 2003 for R&D expenditure incurred in the first 3 years of the scheme
(2004 to 20006, inclusive). Thereafter, the base is defined as the expenditure four years previous.
i.e., for 2007 the baseline will be 2004 and for 2008 the base will be 2005, and so on.

Depreciation: Both M&E and B&S are written off in the year it is incurred over the entire
period.

CIT: Ireland introduced a special tax rate of 10% nominally for manufacturing companies in
1981. In practice, eligibility extended to most relevant firms as courts deemed businesses in a
number of activities not normally regarded as manufacturing as being eligible (Lowtax.net 2008).
This is the rate applied in most past studies of tax concessions. In 1980 CIT was the standard
45%.

Italy

Incentives: Italy had no special tax treatment for R&D by large firms during the period of study.
A 30% tax credit for small businesses only was introduced in 1992, which is not modelled here.

Depreciation: 10 years (SL) for M&E and 33 years (SL) for buildings.

CIT: 36.3% (1980-1981), 38.8% (1982), 41.3% (1983), 46.4% (1984-1990), 47.8% (1991-1992),
52.2% (1993-1998), 41.3% (1998-2000), 40.3% (2001-2002), 38.3% (2003), 37.3% (2004-2000).

Italy has local income tax which has ranged in magnitude from 15% to 30% (deductible from
central government rate). This tax was replaced with the Regional Tax on Productive Activities
(IRAP) in 1998. The CIT data series in the current study is taken from KPMG (2007) for the
years 1993-2006. Prior to 1993, the data is taken from Bloom et al. (2002)

Japan
Incentives: Japan has had a tax incentive for R&D in place since 1967 (Koga 2003). For the
period 1980 to 1998 a 20% tax credit on incremental expenditure, with the base defined as the
largest expenditure reported since 1967, which for the representative firm is the previous year’s
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expenchture.3 ’ Current and M&E expenditure are eligible to receive the credit and the scheme is
subject to a maximum cap of 10% of a companies CIT liabilities. **

Reform in April 1999 (Koga 2003) reduced the rate to 15% and the definition of the base was
changed. From 1999 the base is as the average of the three maximum R&D expenses in the past
5 years. When calculating the average effective subsidy for a representative firm, the calculation
amounts to assuming a 3 year moving average base.

From 2004, a credit is available on all R&D expenditure. The rate of the credit is 8-10%
(depending on firm R&D intensity) plus an additional 2% "as an aid of overcoming depressed
economic situation" (OECD 2000). The average 11% total tax credit is applied here.

Depreciation: 50 years SL for buildings™ and for M&E. A depreciation schedule of 18% DB for
M&E for the years 1980-2003, and 50% thereafter is applied here.”

CIT: Three forms of taxation levied on corporate profits in Japan are considered: central
government rate, prefectural tax and citizens tax. Corporations operating in Japan must also pay
prefectural tax. The prefectural tax rate in this study is taken as 12% (deductible). The inhabitants
tax or enterprise tax is levied as a “surcharge on national income tax.” In this study, Warda
(1996b) is followed, applying a rate of 20.7%. Central government rate is taken from the WTD.
The eventual series is very close to the Composite CIT reported by KPMG that takes into
account these sub-national taxes. However this enabled calculation of an equivalent figure for
years that are not included in the KPMG database (1980-1992). There was also a different tax
rate applied to retained and distributed profits prior to 1999 this is not modelled here.

The final series is given by: 53.0% (1980), 55.2% (1981-1983), 56.6% (1984-1986), 55.2% (1987-
1988), 53.0% (1989), 50.4% (1990-1997), 47.2% (1998), 42.4% (1999-2006).

Korea

Incentives: An incentive introduced in 1988 allowed firms to claim a credit of 25% on
incremental expenditure above a 2 year moving average base and 5% on the volume of current
expenditure (10% on volume for small firms) (OECD 1998 p.172).

Between 1998 and 2004 companies could choose between either the 50% on incremental
expenditure or 5% on the total volume of expenditure. The 50% incremental rate is applied here
as it is the more generous of the two under the current assumptions. The reforms also changed
the base to the average of the previous four years (OECD 2000b; Sawyer 2004). It also appears

3 If a firm’s current expenditure is equal to or above its previous maximum this is equivalent to the marginal credit.
3 Other special credits with limited availability have been available including a 5% credit limited to depreciable assets
used in ‘basic’ research and others limited to small firms (Sawyer 2005). These are not modelled here.
% This is based on (Warda 1996b) and is also consistent with available figures for b-index published by the OECD.
36 McFetridge and Warda (1983) suggests this is depreciated “over useful life 4-7 years. - This is close NPV to the
18% DB applied for later periods.
37 Associated with the ‘Special Law for S&T” enacted in 1997
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that the depreciation rates of B&S used for R&D became 5 years SL. The rate of the incremental
scheme was reduced from 50 to 40% in 2003 (Rashkin 2007). In addition a 5% credit on
expenditure on fixed assets is modelled (Sawyer 2004). None of the credits reduced standard
expense deductions (i.e., they are untaxed).

Deprecation: Between 1980 and 1997 depreciation rates of 22.6% and 5.6% DB are applied for

M&E and B&S respectively.” For the subsequent decade each are depreciated over 5 years on a
SL basis (Warda 1999 and subsequent OECD documents).

CIT: 30.0% (1980-1990), 34.0% (1991-1993), 32.0% (1994), 30.0% (1995), 28.0% (1996-2001),
27.0% (2002), 25.0% (2005).

Mexico
Incentives: Between 1981 and 1982 (introduced November 1980) Mexico provided a tax credit
on durables of 15-20% (McFetridge and Warda 1983). The maximum 20% rate is applied here.
There was also a credit of 10% for payment for ‘R&D services’. These represent contract R&D
or outsourcing part of the R&D process. Warda (1983) suggests such expenditure comprises
around 8% of total R&D spending.

Between 1983 and 1996 no special incentives were generally available.

Between 1997 and 2001 current R&D expenditures, above a three year moving average were
eligible for a 20% credit (Sawyer 2004).

Since 2002 a 30% credit has been available on the volume of current R&D expenditure (OECD
2000) .

Credits are untaxed; i.e., they do not reduce standard deductions.

Depreciation: The depreciation rates applied are 3 and 20 years on a SL basis for M&E and
B&S, respectively.

CIT: 42.0% (1980-1986), 35.0% (1987-88), 37.0% (1989), 36.0% (1990), 35.0% (1991-1993),
34.0% (1994-1998), 35.0% (1999-2002), 34.0% (2003), 33.0% (2004), 30.0% (2005), 29.0%
(2006).

Netherlands

Incentives: Netherlands represents an important case study for the effectiveness of R&D tax
incentives. From 1994,” R&D wages attracted a tax credit of 40% of the first 72,000 ECU and
12.5% of above (Hall 1995b). The 12.5 rate is modelled. This credit applies to salaries and these

¥ This is consistent with Warda (1996b) and others. However, Warda (1983) notes 50% of these assets ate
depreciated up front with the remainder depreciated “over their useful lives”. In the absence of further guidance, the
1996 information on asset deprecation has been applied back to 1980.
3 OECD figures made available by Martin Falk, appear to show the schemes introduction in 1995. The year of
introduction used here follows the Nethetlands Ministry of Economic Affairs (Dorsman 1997) and (Hall 1995b)
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are assumed to constitute 60% of total representative R&D expenditure. The value of the
concession increased to 13% in 2001 and to 14% from 2004.

Additional special provisions for small firms only were introduced in 2001. These are not
modelled here.

Depreciation: Depreciation rates applied are 5 and 25 years on a SL basis for M&E and B&S,
respectively.

CIT: 48.0% (1980-1983), 43.0% (1984-85), 42.0% (1986-88), 35.0% (1989-1995), 37.0% (1996),
36.0% (1997), 35.0% (1998-2001), 34.5% (2002-2004), 31.5% (2005), 29.6% (2006).

New Zealand.

Incentives: No special concessions or tax credits have been available during the period 1980-
2005.

Depreciation: The rules for deducting ‘current’ R&D expenditure have been subject to some
uncertainty, particularly prior to 2001. Generally, firms were required to amortise R&D costs in
as much as they are ‘capital in nature’ — i.e., that the activities bring “into existence an asset for
the enduring benefit of the business” (IRD 2000). Factors which influence the deductibility of
expenses include the presence of uncertainty and risk, and also whether the expense is ongoing or
one off.

Reforms in 2001 clarified the situation somewhat. Under these changes deductibility is based on
Accounting Standard FRS-13  which distinguishes between research (deductible) and
development (not deductible). Sawyer (2005) observes that there is a “relatively high threshold
before a cost needs to be capitalised” (ibid: p.3), one important criteria being proven technical
feasibility; i.e., projects undertaken in the face of appreciable technical risk are fully deductible.

While the situation prior to 2001 was somewhat ambiguous, a discussion paper prepared by the
New Zealand Inland Revenue Department observes that “...although the tax treatment of R&D
expenditure is uncertain, taxpayers are immediately deducting almost all of their R&D costs”
(IRD 2000). Separate provisions (D] 9 ITA 1994 and earlier s 144 ITA 1976) existed, allowing
deductions for expenditure relating to scientific research. Provisions under I'TA 1976 suggest a
similar capital test.

The series employed here assumes 100% deductibility for current expenditure for all periods.*

Depreciation: Following Warda (2000) a representative depreciation schedule of 22% (DB) is
applied for M&E, and 4% (DB) for B&S.

CIT: 45.0% (1980-1985), 48.0% (1987-88), 28.0% (1989), 33.0% (1990-2006).

40 Tt appears some previous estimates are based on assuming expenditure is amortised. While this issues is a
fundamental source of ambiguity, based on the evidence presented above I assume the standard 90% of expenditure
is written off immediately.
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Norway

Incentives: 1980-2001 no special concessions.

2002 — current 18% tax credit available on current R&D expenditures (OECD 20006).
Depreciation: M&E and B&S depreciated at 20% and 5% (DB) respectively.

CIT: 50.8% (1980-1991), 28.0% (1992-2000).

Before the reform in 1992, basic CIT in Norway was 27.8% as cited in WTD. Corporations also
paid municipal income tax (21% in 1989) and an additional 2% surtax (Genser 2001). McFetridge
and Warda (1983) also cite the total rate as 51%.

Poland

Incentives: From July 2005," large firms receive a 30% tax credit on expenditure "incurred to
purchase new technologies" (IBFD online database). Accessibility is limited to firms which obtain
at least 50% of their income from R&D, the law “enables entrepreneurs to deduct from their tax
base expenditures on purchase of new technologies from research units” (OECD 2006 p.71). As
such, it appears this incentive is not available for all ‘in house’ R&D. The purchase of R&D
services is assumed to constitute 8% of R&D costs - analogously to the scheme in Mexico in
1980-82 (discussed above).

Depreciation: prior to the 2005 reform, in principle, successful R&D expenditure is classified as
an intangible asset and had to be depreciated over 3 years on a straight line basis (IBFD 2004).
M&E and B&S did not attract any special treatment and are depreciated over 4 years and 40
years, respectively (IBFD online database 2007). After the reform in 2005 ‘current’ R&D are
expensed.

CIT: 40.0% (1991-1997), 36.0% (1998), 34.0% (1999), 28.0% (2000-2002), 27.0% (2003), 19.0%
(2004-2000).

Portugal

Incentives: From 1997 to 2000, current R&D expenditure attracted a tax credit of 8% on the
volume and 30% on incremental expenditure above the average expenditure in the previous 3

years (EC 2002).%.

In June 2001 the credit was increased to 20% on volume and 50% on incremental expenditure
(Dectee law no 197/2001). It understood that the base changed to a 2 year moving average
(OECD 2002b).

2004 — No scheme in place (OECD 2000).

4 IBFD online database states that this came into effect in 2006, whereas the OECD (2006 p.71) suggests July 2005.
42 Dectee law no 292/97, and prolonged to cover 2001, 2002 and 2003 by Article 60 of Law no 3-B/2000.
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From 2004 expenditure attracts a tax credit 20% on volume and 50% on incremental expenditure
(IBFD online database).

Depreciation: Depreciation schedule of 4 and 20 years (SL) for M&E and B&S, respectively is
applied (consistent with Warda 1996b and others).*

CIT: 23.0% (1980-81), 40.0% (1982-1986), 35.0% (1987-88), 36.5% (1989-90), 36.0% (1991-
1997), 37.0% (1998), 34.0% (1999), 32.0% (2000-01), 30.0% (2002-03), 25.0% (2004-06).

WTD (2007) series show jumps in CIT to 39.6% in 1995 and 1997. These appear to be the sum
of the 36% base tax rate and the 10% local surcharge. A rate of 36% is applied in these years.

Spain

Information for Spain was provided by J. Warda (personal communication). This is consistent
with available OECD figures*

Incentives: 1981-83 10% credit on all expenditure. Between1984-1991, a credit of 15% was
available on total current expenditure and 30% on investment in fixed assets (ME & B&S). 1992-
95, current expenditure attracted a 15% credit on volume and 30% on incremental expenditure
above a 2 year moving average. Over this time, fixed assets (ME and B) attracted a 30 % credit
on volume and 45% on incremental expenditure.

1996-2000, 20% credit on volume and 40% on incremental expenditure (applicable to C and
ME). Between 2001 and 20006, only current expenditure was eligible for the credit at a rate of
30% of volume and 50% on increment above the 3 year moving average.

Depreciation: M&E costs are expensed, B&S 7 years SL 1980-1995, 10 years 1996 and 33 years
1997-20006.

CIT: 33% (1980-1983), 35% (1984-2000).

Sweden

Incentives: 1980-1983 Special Deduction allowances of 10 % on wage payments grossed up by
two thirds. i.e. 16.7% total wage payments (Warda 1983). In addition, a 20% deduction was
available on the increment on the previous yeat’s expenditure (wages). Effective 1 Jan 1982, the
base credit was reduced from 10% to 5% applied to 250% of wages, implying a 12.5%

43 Note Warda (1983) applies 3 years for M&E however without knowing the exact year the laws were changed, or if
this results from alternate interpretation of the same depreciation guidelines, to avoid erroneous temporal variation
the same rate is applied across the whole time.

4 There is some discrepancy in the treatment of Spain between sources. The calculations applied here area also
consistent with EC (2002). However, Bloom et al. (2002) suggest that “up to and including 1989, Spain applied the
same rules for R&D as for any new assets. These included investment tax credits for all new fixed assets of 10%
(1983, 1988-89) 12% (1984) & 15% 1985-1987”. 1990- 1995 15% credit (current) and 30% on fixed assets (ME &
B).
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concession on wages (i.e., 112% of wage costs are deducted). With this change the incremental
component was also increased to 30%.

No other special concession at other times.
Depreciation: Depreciation rates 30% DB for M&E with B&S over 25 years SL.

CIT: 40.0% (1980-1983), 32.0% (1984), 52.0% (1985-1989), 40.0% (1990), 30.0% (1991-1993),
28.0% (1994-2006).

Switzerland

Incentives: Switzerland offered no special concession over the period covered by this study.

Depreciation: Representative depreciation schedules applied are 40% and 8% (DB) for M&E
and B&S respectively.

CIT: 30.2% (1980-1989), 28.5% (1990-1997), 27.5% (1998), 25.1% (1999-2000), 24.7% (2001),
24.5% (2002), 24.1% (2003-04), 21.3% (2005-06)

Switzerland CIT should consider the effect of the cantonal tax rate for Zurich. For 1993-2005,
KMPG data is used. KPMG report a jump of 5pp to 29% for 2006, however the OECD tax
database series suggests no change between 2005 and 2006. Prior to 1993, the CIT is calculated
based on the CG rate from WTD and adding the last known cantonal rate (18.5 pp, inferred
from the difference between WTD and KPMG and constant for the period 1993-1997).

United Kingdom
Incentives: 1980-2000 no special concessions.
From 2000, 125% deduction on current expenditure is available for small companies with a

turnover below 25m GBP. This is not modelled. From 1 April 2002, a similar concession was
introduced for large firms of 125% deduction for current expenditure IBFD 2007).

Depreciation: Both M&E and B&S are deducted in the year of expense.

CIT: 52.0% (1980-1983), 50.0% (1984), 45.0% (1985), 40.0% (1986), 35.0% (1987-1991), 33.0%
(1992-1997), 31.0% (1998-1999), 30.0% (2000-2006).

United States

Tax Incentives: From 1981-1985 a 25% tax credit was available on incremental expenditure.
The base is defined as the average of the previous three years with a maximum allowable credit of
50% of total R&D expenditure. In 1980, the credit is reduced to 20% of incremental expenditure.
Until 1988, the credit itself was untaxed. In 1989 it was 50% taxable and from 1990 onwards it is
100% taxable. In 1990, the definition of the base expenditure was changed to reflect R&D to
sales revenue over the period of 1984-88 (see Hall 1995b). That is, after 1990, the credit was paid
on expenditure above a base level defined as (JCT 1997):

Average R & D over the period (1984 -1988)
Average sales revenue (1984 -1988)

x Average Sales in preceding 4 years.

Defining the base in this way introduces a complexity in modelling the effective value of the
credit. First, consider the case that the firm does not spend more than twice the base, which is
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consistent with the stated assumption of constant real expenditure with a 10% discount rate. The
average after tax price R&D for a representative firm with constant R&D expenditure and
constant real R&D/sales ratio is exactly equivalent to that under an incremental scheme with a
trailing 4 year moving average base (i.e., the nominal value of constant real sales over the past 4
years). The marginal effective credit is the full 20% under the assumption that a firm’s
expenditure is less than twice the base. This is because firms do not need to take into account the
effect of current spending on the future value of the scheme

Alternatively, in the case that the firm spends more than the twice the base, the marginal and
average effective credit are identical. The average effective credit is 10% (i.e., half of the 20%
credit) and each extra dollar spent attracts an identical subsidy to the previous dollar.

Some OECD figures appear to be calculated assuming the maximum allowable claim of 50% of
all current expenditure. However, here the scheme is modelled as the average effective subsidy
assuming the firm does not spend more than twice the base, which is consistent with what is
predicted for a representative firm. This method also results in a more reasonable estimate of the
average rate of subsidy than assuming maximum possible credit. It can also be observed that the
average rate of subsidy that is implied by the dividing the cost of the scheme by all BERD in the
United States in 2004 is 2.3%. The rate implied by the method applied here is 1.3% whereas using
the maximum possible subsidy method suggests 6.6%.

There are other aspects of eligibility that will reduce the power of the incentive that, while not
modelled here, contribute to justify the lower figure. For example, foreign income allocation rules
limit applicability of tax concessions to R&D directed to foreign sales which serves to further
reduce the incentive power of the scheme, particularly for MNEs (see Hines and Jaffe, 2001 and
Hall, 1995 for discussion). Finally, companies which pay the alternative minimum tax limit cannot
benefit from the R&D tax credit (Hall 1995b).

Depreciation: applied is 5 years SL for M&E and for Buildings: 15yrs SL (1980-1984), 18yrs SL
(1985), 19yrs SL (1986) and 39 years thereafter. The method for calculating depreciation was
changed from 1987 with the introduction of the Modified Accelerated Cost Recovery System.

CIT: 46.0% (1980-80), 40.0% (1987), 34.0% (1988-1992), 35.0% (1993-2000).

11. Summary

Tax treatment of R&D differs between countries, particularly in regards to the design and
implementation of incentives for R&D. To compare between countries and between years the
standard b-index methodology is based on the average effective subsidy for a representative firm.
Based on the information presented in the preceding section, b-index has been calculated for
each country for each year possible. These are reported in Table 7

Table 7 B-index for OECD Countries 1980-2006

yr AUS AUT BEL CAN CHE CZE DNK ESP FIN FRA GBR GER GRC
1980 | 1.01 095 098 083 101 . 100 086 1.02 103 100 107 102
1981|1101 095 102 083 101 . 100 086 1.02 103 100 107 102
1982 1 1.01 095 102 083 101 . 100 086 1.02 103 100 107 102
1983 | 1.01 095 102 0.81 101 . 1.00 086 093 098 1.00 107 102
1984 | 1.01 099 102 0.81 101 . 1.00 0.75 093 098 1.00 107 1.02
1985 | 059 099 102 081 101 . 1.00 0.75 093 093 1.00 107 1.02
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1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

0.59
0.59
0.59
0.72
0.72
0.72
0.72
0.72
0.79
0.79
0.89
0.89
0.89
0.89
0.90
0.88
0.88
0.88
0.88
0.88
0.88

0.99
0.99
0.99
1.00
1.00
1.00
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.89
0.89
0.89
0.89
0.89
0.92
0.92

1.02
1.02
1.02
1.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

0.81
0.81
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83
0.83

1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

1.03
1.03
1.03
1.03
1.03
1.03
1.02
1.02
1.02
1.02
1.02
1.02
1.02
0.70
0.73

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.01
1.01

0.75
0.75
0.75
0.75
0.75
0.75
0.72
0.72
0.72
0.72
0.68
0.69
0.69
0.69
0.69
0.57
0.57
0.57
0.57
0.57
0.57

0.95
0.95
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

0.93
0.95
0.95
0.94
0.91
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.86
0.86
0.80

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.90
0.90
0.90
0.90
0.90
0.90

1.07
1.07
1.07
1.07
1.06
1.06
1.06
1.06
1.05
1.06
1.06
1.06
1.06
1.05
1.05
1.03
1.03
1.03
1.03
1.03
1.03

1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
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Table 8 (cont) B-index for OECD Countries 1980-2006

yr HUN IRL ITA JPN KOR MEX NLD NOR NZL POL PRT SWE USA
1980 1.00 103 102 102 102 104 105 1.04 1.01 095 1.03
1981 1.00 103 103 102 097 104 105 1.04 1.01 095 0.96
1982 1.00 103 103 102 097 104 105 1.04 1.02 097 0.96
1983 1.00 104 103 102 102 104 105 1.04 1.02 097 0.96
1984 100 1.04 103 102 102 103 105 1.04 1.02 102 0.96
1985 100 1.04 103 102 102 103 105 1.04 1.02 104 0.96
1986 100 1.04 103 102 102 103 105 1.04 1.02 104 0.97
1987 100 1.04 103 102 102 103 105 1.04 1.02 104 0.98
1988 1.00 104 103 091 102 103 105 1.04 1.02 104 0.98
1989 | . 1.00 104 102 091 102 102 105 1.02 1.02 104 0.99
1990 | 1.03 100 104 102 091 102 102 105 102 . 1.02 103 0.99
1991 | 1.03 100 105 102 091 102 102 105 102 108 102 102 0.99
1992 | 1.03 100 105 102 091 102 102 1.02 102 108 1.02 1.02 0.99
1993 | 1.03 100 106 102 091 102 102 1.02 102 108 1.02 1.02 0.99
1994 | 1.02 100 106 102 091 102 091 102 102 108 1.02 1.02 0.99
1995 | 1.01 100 106 102 091 102 091 102 102 108 1.02 1.02 1.02
1996 | 1.01 097 106 102 091 102 090 102 102 108 102 102 0.99
1997 | 097 097 106 102 091 097 090 102 102 108 085 102 0.99
1998 | 097 097 104 102 091 097 091 102 102 107 085 102 0.99
1999 | 097 100 104 100 091 097 091 102 102 106 086 102 0.99
2000 | 0.81 1.00 104 100 091 097 091 102 102 105 086 1.02 0.99
2001 | 081 1.00 103 100 091 097 091 102 102 105 070 1.02 0.99
2002 | 0.81 100 103 100 091 097 09 079 102 105 0.71 1.02 0.99
2003 | 0.81 100 103 100 093 061 090 079 102 105 0.71 1.02 0.99
2004 | 084 097 103 08 093 061 089 079 1.02 103 101 102 0.99
2005| 084 095 103 08 093 063 09 079 102 098 072 102 0.99
2006 | 0.84 094 103 085 093 063 090 079 1.02 098 0.72 1.02 0.99

60



Appendix B Additional Data Notes

As indicated at Figure 4, the data for Ireland prior to 1996 reported by the BEA appears
inconsistent with the data reported by the OECD (2007a). Specifically, according to the BEA
data US MNE’s performed more R&D than the total Business R&D performed in Ireland
reported by the OECD (2007a). This was not found to be the case in any other country in the
sample except for Ireland.

The anomalous data is depicted in Table 9. Column (I) shows total BERD from the
OECD MSTI series (OECD 20072) and column (II) shows R&D reported by affiliates of US
MNEs in manufacturing from the BEA (various years). Each series is expressed in current USD
with a base year 2000.” Observe that in the years 1990, 1992 and 1994 affiliates of US MNEs
report having performed more R&D in Ireland than the OECD reports was conducted in the
country in total. For comparative purposes available data from OECD on total R&D performed
by MNE affiliates are reported in column (III). Note that the BEA figures are also larger than
these in the same years.

Table 9 Complete Data for Ireland BERD and Foreign R&D

year () BERD (Il) US MNEs (Ill) All Foreign
(MSTI) (BEA) Affiliates (MSTI)

1981 102

1982 105

1983 106

1984 129

1985 150

1986 166 102

1987 177

1988 186

1989 205

1990 238 654

1991 288

1992 338 764

1993 411 272

1994 476 482

1995 535 166 354

1996 604

1997 661 432

1998 708 376

1999 762 246 486

2000 779 300

2001 786 345 513

4 See appendix 4.1 for details of data construction
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2002
2003
2004
2005

826

898 340 647
966 504

1,024 423 720

There is no obvious explanation for this anomaly. It can be noted that over this period,

US firms purchased a larger stake of Irish industry and hence R&D capacity which suggests
MNEs surveyed by the BEA may have reported capital outlays which would inflate this figure.
However, the BEA survey form clearly states that R&D expenditure reported should “Include all
costs incurred to support R&D, including R&D depreciation and overheads. Exclude capital
expenditures” (BEA 2004 p.18 of the survey form)
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