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ABSTRACT
Using bilateral trade data of countries from 2000 to 2007, this paper contributes to the
empirical literature on the role of intellectual property rights (IPRs) in global trade.
The existing literature has focused on how IPRs in the destination country affect
exports from a source country. In this paper, we add an additional dimension: the level
of technology of the exporting country (LT). This is quite important for distinguishing
the impact of IPRs on the exports of developed and developing countries, since the
technology levels vary across countries at different stages of development and
intellectual property rights better protect exports that are technologically advanced
than exports that are imitative and potentially infringing. By factoring in the level of
technology (LT), our empirical analysis makes the case that [PRs can act as barrier to
exports from the South, especially the rapidly catching-up economies, and thus as one
source for the middle-income trap phenomenon.
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1. Introduction

Under the auspices of the World Trade Organization (WTO), free trade has been
promoted as a vehicle for world economic development. The WTO also regulates and
provides guidelines for intellectual property rights (hereinafter referred to as IPRs)
through the TRIPS (Trade-Related Aspects of Intellectual Property Rights) Agreement.
This Agreement has thus far represented the most extensive multilateral agreement
towards the global harmonization of IPRs by setting out minimum standards for
protection across member countries. These standards are also evolving through TRIPS-
Plus provisions incorporated in recent bilateral and regional trade agreements.
Alongside these developments, we have also observed the increased globalization of
technology in terms of increased international patent filings and export sales.

The theory and empirical research linking trade and IPRs has focused on the
extent to which IPRs in the destination (or importing) country attract exports from the
source country, controlling for other determinants of trade (see Maskus and Penubarti
1995; Smith 1999 and 2001; McCalman 2005; Awokuse and Yin 2009; and Ivus 2010).
However, to determine the extent to which the expansion and enforcement of global
IPRs has contributed to export growth requires that we break down the impacts by
economic development, since developed and developing countries have critical
differences in IPR systems (see Deere 2009) as well as varying levels of technological
development. Exporting firms in the developed world have long been accustomed to a
relatively advanced IPR system in their home market; in that regard, few of them
needed to be equipped for the global institutional changes. On the other hand, many
firms in the developing world have faced the challenge of meeting the conditions

established by their nations’ bounded commitments to TRIPS. Most exporting firms in



the developing world are likely to incur higher costs in order to adapt to TRIPS
obligations, even though TRIPS does not necessitate high standards but minimum
requirements. In addition, stricter IPR laws and enforcement in developed countries
might curb imports from developing countries, as the latters’ exports would be excluded
if they are found to be too imitative and infringing. In contrast, if a firm is innovative
and commands a high level of technology, it would not face such difficulties in
penetrating markets with higher levels of IPR protection. Thus, the effects of IPRs in the
importing markets on the exports of source countries should depend upon the innovative
capacity of the source country firms.

In this paper, we study the interaction effect of a destination country’s IPR
protection and a source country’s level of technology on the level of bilateral trade
between the source and destination countries. We measure the level of technology using
a country’s patents (which will be discussed more fully in the paper). This is the first
paper, to our knowledge, which studies how the innovative capacity of the source
country influences the relationship between IPRs and trade, and how foreign IPRs
influence the marginal contribution of technology to export performance. Furthermore,
previous empirical studies have focused on trade flows either by individual exporter
countries or for a small number of bilateral trading partners. This paper is the first to use
a large pooled panel dataset consisting of bilateral trade flows among more than 70
countries for the recent period (2000 to 2007)." With this dataset, we conduct
comparative analyses by income groups; for example, trade between North (developed

countries) and South (developing countries), South and South, and North and North.

! For most developing countries and economies in transition, the year 2000 was their deadline to
comply with TRIPS. Thus, 2000 is treated as the initial year for measuring the effects of IPRs.



The paper finds some quite interesting results. First, when both the level of
technology of the source country and the intellectual property strength of the destination
country are taken into account jointly as an interaction term, the effect of an importer’s
IPR on a source country’s export is highly dependent on the exporting country’s LT. In
other words, as an importing country’s level of IPR increases, the net marginal effect of
technology on exports decreases. This result is especially prominent in the case of
exports from developing countries to the developed countries, but not so in the case of
exports from the latter to the former. This asymmetry implies that the destination
country’s level of IPRs can act as a trade barrier, diminishing the exports from
developing countries; in particular, the export growth of countries whose technological
levels are currently emerging are likely to be impeded by the recent increased
stringency of IP laws and policies.

However, exports from the developed countries are not thwarted by the IPR
systems of their trading partners in the South. These contrasting results may support the
view that the current IPRs system has a distributional bias in that a stronger global IPR
regime favors the expansion of developed country exports relative to that of developing
country exports. Our results show that, conditional on the levels of technology of
different countries, the elasticity of exports with respect to IPRs is higher for developed
countries than it is for developing, and that it can be even negative for some developing
countries who are catching-up rapidly.

The organization of the paper is as follows. Section 2 provides a conceptual
background for the paper and derives hypotheses. Section 3 describes the empirical
method and the data employed. Section 4 discusses the empirical findings, along with

several tests of robustness. Section 5 provides concluding remarks.



2. Conceptual Background and Hypothesis

2.1. TRIPs and International Trade

TRIPS regulates minimum standards for domestic IPRs. Most developed
economies have already surpassed the minimum criteria for TRIPS (Deere 2009 and
Park 2008). However, for developing countries (or low technology exporters), higher
global minimum IPR standards may be akin to a tax, in the sense that they increase
R&D expenses for net technology borrowers who incur higher royalties and licensing
fees (Glass and Saggi 2002, Siebeck et al 1990). To meet higher standards of IPRs,
developing country exporters face higher production costs in order to access global
information and enter into global markets (Helpman 1993; Lai and Qiu 2003). Moreover,
as Auriol and Biancini (2010) and Odagiri et al. (2010) show, tighter global IPRs,
particularly in developed country markets, can act as a barrier to the entry of developing
country exports into advanced, developed country markets, particularly if developing
country products are found to be infringing or too imitative under the IPR regime of the
destination market, and thus cannot legally enter those markets. For developing country
exporters that do enter the developed country markets, they would still face higher legal
and administrative costs of procuring intellectual property rights, such as patents, as
well as enforcing rights and contesting IP claims. Thus, two key burdens for developing
economies exist under TRIPS. First, the domestic costs of establishing an IPR system in
accordance with TRIPS have been rather exorbitant to the developing world (see Finger

2002 and Schneider 2005).> Second, the global transactions costs of legal fees and

2 For example, Schneider (2005) finds this implication in her empirical results. She also argues
that strong domestic IPRs may hurt innovations in developing countries since their innovations



litigation costs dampen the benefits of exporting if any dispute arises.

[Insert Figure 1]

In fact, the WTO’s dispute settlement body has overseen numerous TRIPS-
related disputes, where so far 32 official cases have been heard since the inception of
the WTO.? Most cases (26 disputes) have been initiated by developed countries,
primarily the United States and the European Union, and developing countries are

4 Moreover, firm-to-firm> and national authority-to-firm

involved in 16 disputes.
disputes have been growing rapidly. For example, as Figure 1 shows, the U.S.
International Trade Commission (U.S. ITC) has overseen a quadrupling of IPR-related
disputes against foreign imports during the past two decades.® Indeed, more American

firms have complained against IPR violations than against unfair dumping, as the falling

trend in traditional trade remedies such as anti-dumping (AD) and countervailing duties

are imitation or adaptive in nature.

3 http://www.wto.org/english/tratop _e/trips_e/trips_e.htm, last accessed March, 2013.

* Unlike the cases against developed countries, all cases (10 cases) targeted against developing
countries were settled out of the court or ruled against the developing countries. Firms in the
developing countries tend to prefer out-of-court settlements or summary judgments due to
concerns about litigation and legal costs.

5 Within the border of the United States, firm-to-firm IPR-related disputes have drastically

increased by over 100% in the past two decades, and patent-related cases have increased by
about 150% from 1,224 cases in 1988 to 2,909 cases in 2008 (The U.S Courts, 2010).
® The United States International Trade Commission (ITC) regulates IPR infringement by law

with remedial actions called ‘Section 337 investigation,” which directs U.S. Customs to block
infringing imports from entering the United States market. The ITC can institute cease-and-
desist proceedings against imports and named importers and other persons engaged in unfair
acts that violate Section 337. Along with the United States, other developed countries such as
the European Union (EU), Canada, and Japan also have strong IPR enforcement systems within
their borders to block those infringing IPR imports. In the case of the EU, the European
Commission enforces a powerful IPR protection system against imports that potentially violate
IPRs through their Taxation and Customs Union office; IPR rights-holders can request that such
imports be detained and under investigation. The actions can be requested on a national or on an
EU basis. The number of requests for such actions has increased from nearly 1,000 applications
in 2000 to over 18,000 in 2010 (European Commission, 2010).


http://www.wto.org/english/tratop_e/trips_e/trips_e.htm

(CVD) appear to indicate.” These developments indicate that the burden of global legal

costs is quite real for exporters, especially those from developing countries.

2.2. Level of Technology and Exports

In addition to the world trade regime including TRIPs, the technology level of
exporters (LT) can also influence the growth of trade. We assess a country’s level of
technology by examining its patents; for example, patents granted abroad or in the U.S.
These patents capture a country’s production of new technologies and hence serve as a
useful indicator of the technological capabilities of firms in the country. These
capabilities affect the possibilities of firms to capture global market share, given market
conditions (including the level of IPRs). For developed economies, their level of
technology has been a driving force behind their exports (Vernon 1996, Krugman 1979,
Dollar 1986). Exporting firms in the developed world that engage in innovations exhibit
greater export performance (Romer 1990; Grossman and Helpman 1991; Young 1991;
Smith et al 2002; Becker and Egger 2007). Furthermore, awards of IPRs, such as

patents for innovations, help signal product quality and thus stimulate market demand.

[Insert Table 1]

However, as shown in Table 1, the levels of technology (using patent data) vary
between developed and developing countries, which raises questions about the
derivation of economic benefits from TRIPS, such as the ability to gain export markets.

In other words, is the global system of IPRs designed in favor of the exports of

7 Note that the spikes in dumping investigations in 1992 and 2002 (and the slight rise in 2007-8)
in Figure 1 may be due to recessions. Dumping complaints tend to be highly cyclical, increasing
dramatically during recessions.



countries with high levels of technology, LT? Table 1 shows the degree of differences
in levels of technology using a country’s patents granted abroad (i.e., to measure its
acquisition of world patent rights) and a country’s U.S. patents granted (i.e., to measure
its unique inventions), as well as gaps in IPR protection between two income groups:
developed and developing countries. Both in a relative (mean-wise) and absolute sense,
the IPR gaps are smaller than the LT gaps between the two groups.® The IPR gaps have
become gradually narrowed since 2000. In fact, the statistical differences in mean IPR
values between the two groups have largely disappeared since 2005, the deadline year
for implementing the TRIPS agreement by committed developing countries.

In fact, developing economies’ products tend to be imitative in nature or
invented (or re-invented) around existing products. Consequently, most of the exports of
developing economies have not been products or processes protected by their own
patent rights; they may be protected by a lower form of IPRs, such as utility models
(namely petty patents), but not by regular patents (Kim et al. 2012). The implication
here is that until a developing country approaches the technology levels of developed

countries, strong IPRs in the exporting markets may serve as an obstacle to its exports.

2.3. Interaction of IPR protection and the Level of Technology in Exports
The theoretical literature thus far has identified two opposing effects of stronger
IPRs in a destination country on the exports of a source country: a market-expansion

effect and a market-power effect (Maskus and Penubarti, 1995). On the one hand, the

8 The gap between the two groups in absolute mean value is huge. For example, in the
developing country group, the mean LTs (as measured by foreign patent counts) for the years
2000-2001 and 2006-2007 are 96.41 and 226.31 respectively. The corresponding values in the
developed group are 12279.73 and 17338.11 respectively. How we measure the strength of IPRs
will be discussed in section 3.



exporters perceive an expansion in their market due to a reduction in imitation by local
firms. The demand curve for their exports shifts out in the destination market. On the
other hand, stronger IPRs in the destination country increase the exporters’ market
power, reducing the elasticity of the demand they face and thus the volume of exports.
Hence, empirical analysis is typically pursued to see which effect dominates.’

However, one channel not analyzed thus far in the literature is the feedback
effect of foreign IPRs and the exporter’s level of technology on the exportability — or
more specifically, on the profitability of exports — of the source country. The existing
literature implicitly assumes that a source country has a sufficiently high level of
technology that strong (or weak) foreign IPRs mainly affect the incentives of exporters
to increase (or decrease) the volume of their exports (i.e., to weigh the market expansion
and market power effects of stronger IPRs abroad). For countries where exporters do
not have high levels of technology or innovative capacity, TRIPS-like standards in
importing countries could dampen exports from these countries. '

For example, South Korea is currently a strong exporter, but its entry into the
U.S. market has been marred by patent disputes between U.S. and Korean firms since
the 1980s. A most noteworthy case was the ban on Samsung’s computer chip exports
imposed by the U.S. ITC for violating the patent rights of Texas Instruments.!! Thus,

due to IP-induced barriers, developing countries could lose out on opportunities that

exporting to developed markets provide, given that these latter markets account for the

? See Taylor (1993), Maskus and Penubarti (1995), and Smith (1999, 2001).

10 The previous studies present mostly the perspective of developed countries (i.e., leading LT
countries) on the adequacy of IPR protection for their exports in destination markets. For
example, Maskus and Penubarti (1995) and Smith (1999) estimate the sensitivity of U.S.
exports (or exports of OECD economies) to the level of IPRs across export markets using
industry data, concluding that weak IPR levels are a barrier to U.S (or OECD) exports.

' For details, see Lee and Kim (2010).



bulk of world markets and trading opportunities. The developing country exporters may
find themselves confined to the technologically low-end of the market, which confers
relatively smaller benefits. A more interesting aspect of this observation is that the
possibly negative impact of this interaction between the levels of IPR protection and
technology would be greater for those developing countries that are catching up rapidly,
and thus command a certain level of technological capability and are active in exporting
to the markets of developed countries, than for those developing countries with very
low technological capabilities and thus weak export performances.

While the existing literature has not touched upon this interaction between IPRs
and technological capabilities and its implications for exporting, this study explicitly
considers this new channel of the impacts of IPRs on trade, namely the direct impact of
IPRs and their indirect impact through their interaction with the exporter’s level of

technology.

2.4. Hypotheses

To illustrate our reasoning about the interaction effects, let us assume the
following linear representation, allowing for some interaction between the source
country’s level of technology (LT) and the destination country’s level of intellectual
property rights (IPR). The value of exports (E) can then be considered to take the

following functional form:

E(IPR, LT, .) = oIPR + BLT + yIPRXLT + ... (1)

for which we can test whether y = 0. It is likely that B > 0; namely, that exporting is a

positive function of the level of technology. However, a priori, o and y are ambiguous,

10



since the effect of IPRs on exports depend upon a balancing of the market power effects
and market expansion effects of IPRs. Moreover, the cross effects of IPRs and the level
of technology could in principle be either negative or positive. But the key advantage of
having this interaction term is that the marginal impact of IPRs on exports is no longer
simply o but the sum of two terms, namely a + yLT, which represents the direct impacts
(o) and the interaction impacts (yYLT).

There are several possible cases to consider depending upon the signs of a and
v. However, the actual regressions, as will be shown later, all indicate y to be negative
or sometimes insignificant. Thus, let us focus our discussion on this interesting and
dominant case of y < 0. In this case, it is noteworthy that for some high ranges of the

level of technology, the net marginal impact of IPRs on exports can be negative, such

that ;ﬁ = a + YLT <0, even if the direct impact of IPR is positive (a >0).

This possibility implies that the impact of IPRs might vary according to how much a
country exports IP-sensitive products, which depend on the country’s level of
technology (i.e. patents). For a developing country with a low level of technology, its
export items have not reached that status, as it exports less sophisticated products. In
contrast, a small number of countries called “emerged or newly emerging economies,”
such as Korea, Taiwan, Malaysia, China, India, Russia, Brazil, Mexico, and several
ASEAN countries, can produce technology-intensive products; their technology levels

(LTs) are still low in comparison to developed countries but are relatively highest

11



among developing countries.!? For them, strong IPR enforcement in the destination
countries may act as a barrier against their exports into the markets of rich countries.

We can also gain a similar perspective by focusing on the impacts of changes in
the level of technology of the exporters. Raising technological capabilities is one of the
most important means by which exporters can expand their exports in foreign markets,
and this is particularly pressing for the exporters in the South. However, the net impact
of an additional increase in the level of technology of exporters might be small when
there is a substantial negative interaction effect with the level of IPR protection in the

destination countries. In other words, the marginal effect of the level of technology on

exports can be expressed as 66L_T=B + yIPR, which could be negative, even with a

positive direct impact (B), if vy is negative and IPR takes on a sufficiently high value.
This case is a clear-cut example of the entry barrier effect of IPRs which could frustrate
the effort of the middle income countries to try to enter developed country markets by
raising the technological standard of their products through innovation. This implies
that one source of the so-called ‘middle income trap’ (Yusuf and Nabeshima 2009;
World Bank 2010; Lee 2013) is weak exporting by the middle income countries into the
markets of developed countries due to the latter’s high IPR standards.

The concept of the middle-income trap refers to a situation in which middle-
income countries face a slowdown of growth as they get caught between low-wage

manufacturing and high-wage innovation because their wage rates are too high to

2. On average, $7.57 billion of technology-intensive products (by the World Bank’s
classification) are exported from the developing countries, while $ 30.13 billion of them are
exported from the developed during 2000 ~ 2007 (see more details in the Appendix). However,
the amount of technology-intensive exports from the developing countries might be
overestimated due to the presence of multinational corporations (MNCs) whose subsidiaries
engage in exporting.

12



compete with low-wage exporters and their level of technological capability is too low
to allow them to compete with the advanced countries. One important way out of the
trap is obviously to enhance their level of technologies (Lee 2013). However, the
negative interaction between LT and IPRs implies that such efforts are impeded by the
IPR protection of their destination countries.

From the above discussions, we now draw some research questions regarding the
effects of IPRs and the level of technology on export behavior across countries. In
particular, we suggest the following hypotheses for empirical testing:

(1) The possibly negative interaction effects between the level of technology and IPR
protection would be more significant for exports from the South to the North than
for exports from the North to the South.

(2) The impacts of the IPRs of destination countries on exports from abroad should
vary depending upon the level of technology of the source countries. Specifically,

the IPR effects on exports may be negative for those developing economies (the

South) whose own level of technology is relatively high (i.e.,% = o+ YLT <

0), as strong IPRs may impede the entry of exports from countries that are
catching up technologically.

(3) The direct impact () of the level of technology on exports should be positive, but
this positive impact may be offset by the negative interaction between the level of
technology (LT) and the IPR protection of importing countries. This negative

interaction effect should be more significant in the case of South-to-North exports.

13



3. Empirical Framework

3. 1 Methodology

Since we have many bilateral trading relations among countries, we employ
standard gravity type models to explain the bilateral trade flows, in which the aggregate
supply of the exporting country and the aggregate demand of the importing country are
related to variables measuring transportation and transaction costs, along with other
bilateral specific factors.!?

The popular, extensive use of the gravity model suggests that it would be an
appropriate empirical framework here to estimate the effects of patents, as a proxy for
the level of technology (LT), and their interactions with IPRs.'* Let us first start with a

canonical version of the gravity estimation equation:

lnEijt = }\i + }\] + AU + ¢l?’l GDPit + qblnGDP]t + 6t + gijt (2)

where Ej;; denotes real bilateral exports from country i to country j at time 7 and In the
natural logarithm operator. GDP;; and GDP;, denote the real gross domestic products of
each country. A;, A; and &, are fixed exporter, importer, and time effects, respectively.
A; captures any exporter specific time-invariant effects such as the initial economic
development of a country (e.g., initial conditions pertaining to political, cultural, trade-

related infrastructure, or other institutional characteristics) and unobserved factor

13 See Anderson and van Wincoop 2003; Anderson 2009; Baltagi et al 2003; and Fidrmuc 2009
for discussions of gravity models.

14 Many IPRs and patent-related studies at the country-level have used also used gravity-type
models (see Maskus and Penubarti 1995, Maskus 1998, Ginarte and Park 1997, Fink and Braga
1999, Glass and Saggi 2000 and 2001, Smith 2001, MacCalman 2005, Schneider 2005, and
Awokuse and Yin 2010).

14



endowment variables.!' A; accounts for any of these characteristics of the importing
country. Time specific effects, §;, control for common business cycle shocks (e.g.
global supply and demand shocks, information technology booms or busts, natural
resource price and demand increases in major emerging countries, such as China, Brazil
and India). A;; are the bilateral-pair fixed effects which control for all time-invariant
factors, such as transportation costs (distance, remoteness) and other non-observable
time-invariant factors between the two countries.'® The country-pair effects need not be
symmetric but differ depending on the direction of trade (A;; # 4;;); for example,
country i may be a former colony of country j, but not vice versa.

Next, we augment the standard gravity model with the level of intellectual

property rights and the level of technology variables:

lnEijt = }\i + )\] + AU + ¢lnGDPit + qblnGDP]t

+ alnlPRj, + BInLTy + y(InIPRj X InLTy) + &, + €;5¢ (3)

15 These factors are likely to be highly correlated with the gravity model variables (GDP,
distance, language). Estimations which do not include them will have an endogeneity bias due
to omitted variables, as long as the omitted variables are correlated with the bilateral trade or
other explanatory variables.

16 Qur panel data method provides some general corrections introduced by country specific
effects. Since our panel has relatively short time spans (4 periods), using these fixed effects with
GLS (Generalized Least Squares) should be adequate to address serially correlated idiosyncratic
errors (Baltagi and Wu 1999); however, omitted unobserved factors that have been bilaterally
established can lead to bias (Baltagi et al 2003, Carrere 2006). For example, more often than not,
bilateral or regional FTAs that include bilateral investment and IPR-related agreements require
member countries to meet higher IPR standards than those set by TRIPS. Especially,
technology-rich countries ratchet up IP protection through these agreements with extra
provisions (the so-called TRIPS plus provisions) that go beyond the minimum requirements of
TRIPS. Existence of these provisions may produce a bilateral bias for member countries to
apply more stringent standards, which say limit the use of existing TRIPS flexibilities or public
interest safeguards. Thus, in order to address this concern, bilateral-pair fixed effects are
controlled for.

15



where LT denotes the measure of the technology level referred to earlier. Our key
variables of interest in equation (3) are the exporter’s level of technology, the importer’s
intellectual property protection, and their interaction.

We expect the signs of the coefficients for In[PR, InLT, and In[PRXInLT to be
in accordance with our discussion in section 2. First, the expected coefficient of
intellectual property protection is ambiguous, as it depends on whether the market
expansion or market power effect of the destination country’s IPRs dominates. Second,
the expected coefficient for the level of technology is positive since product quality and
productivity should stimulate export growth and be especially important for developing
country exporters to break into advanced country markets. Lastly, the interaction term
will determine the interplay between the importer’s IPR and exporter’s level of
technology, and will thereby be the basis for testing our hypotheses. To the extent that
the importer’s IPR impedes the exports of low technology products, we expect the
coefficient of the interaction term to be negative for developing countries (and

ambiguous for developed countries). That 1s, a large negative value of y in equation (3)

could result in IPRs having a net negative effect on exports:

E LT <0,
R

depending on the level of technology (namely if LT > —a/y).

3.2 Data Description

Our trade data are from the United Nations Commodity Trade Statistics
Database (UNCOMTRADE). The export values have been converted to constant 2000
U.S. dollars. The U.S. import price index from the U.S. Bureau of Labor Statistics is

used as a proxy for the change in export prices in the world.
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As mentioned earlier, we measure LT using patents. We use two main versions!’:
the first measures the level of technology in terms of diffusion; that is, the exporter’s
patents granted abroad (i.e., summed across all countries). The reasoning is that
innovations that are high in technology content would be valuable to patent worldwide.
This variable measures, therefore, a country’s level of technology in terms of the global
breadth of its innovations. However, the sum of all patents granted abroad is not a
unique count of innovations; that is, the same innovation may be patented in multiple
countries. Thus, as an alternative measure of the level of technology, we examine
patents granted in the U.S. This would be a count of unique innovations. The reason for
considering U.S. patents granted, rather than domestic (home-country) patents, is that
more highly valuable innovations are patented abroad, particularly in a large market like
the United States. Another advantage of using U.S. patents granted is that we
incorporate a common patent granting standard. The disadvantage of examining patents
granted in just one country is that we do not capture the marketability of technologies
worldwide, particularly since exporters will likely seek patent protection in those
markets where they expect to sell their products; thus, patents granted worldwide help
to capture the trade-related technology levels of a country. Hence, by using our two
measures of LT, we can both exploit their strengths and offset their weaknesses. Patent
data are from the World Intellectual Property Office (WIPO) and the U.S. Patent and
Trademark Office (USPTO). In either case, LT is calculated as the moving average of
the current year and previous year, so as to smooth out cyclical movements.

Our measure of IPR is from the Global Competitiveness Report published by

17 Buropean Patent Office and Trilateral patents are also a potential measure for LT at the
country level. We discuss these alternative measures in our section on robustness checks.

17



the World Economic Forum (WEF). This index is based on a survey of business
executives in each reporting country. The survey asks for a rating between 1 and 7,
where higher numbers reflect a stronger perception of IPR strength and enforcement.
There are some limitations with directly capturing the statutory characteristics of
country’s IPRs regime due to any experiential or perception errors on the part of survey
participants. Despite this limitation, this index has an extensive coverage of countries
and is important to the extent that it is the perceptions of IPR regimes that influence
exporters’ behavior.'®

Some sample statistics of IPRs and LT are provided in Table 2, broken down by
percentile values and development level. Generally, developed countries have a larger
number of patents abroad and stronger domestic IPR regimes, while some of the

emerging economies (e.g. China, India, Ukraine) have higher levels of technology

relative to their stage of economic development (see more details in the Appendix).

[Insert Table 2]

The nominal GDPs are from the International Monetary Fund’s World
Economic Outlook database (2010) and are converted into real GDPs (in U.S. dollars)
using GDP deflators. The data on bilateral trade costs were compiled using the gravity

dataset of CEPII (Centre d'Etudes Prospectives et d'Informations Internationales-

'8 However, we also use the Ginarte and Park (1997) index of patent rights (based on statutory
and case laws and regulations) to check for robustness. The initial years of GP-IPR index (2000)
are used and treated as time invariant data in our regression since its time series are limited for
our period of analysis 2000-2007 (i.e., the GP-IPR index has only two of those years: 2000 and
2005). The use of the initial year allows us to complement the WEF IPR index while avoiding
multi-collinearity between the two IPR measures.

18



Institute for Research on the International Economy). Bilateral distance is calculated
using latitudes and longitudes of economic centers to calculate the great circle distances.
The common language, border, and former colonial link are dummy variables,
indicating “1” if two countries commonly share a geographical and cultural adjacency,
and “0” otherwise. The bilateral trade dataset used for the regression analysis consists of
33 developed countries and 42 developing countries. Table 3 provides some descriptive
statistics for the variables used in our regressions, for the full sample and for samples

broken down by income group.

[Insert Table 3]

4. Empirical Results

4.1. Individual and Interaction effects between LT and IPR

Table 4 presents three ways of estimating our model using data for all countries.
First, pooled OLS (Ordinary Least Squares) is presented in columns (1) ~ (3) as a basic
model. Second, GLS (Generalized Least Squares) with country effects using
exporter/importer dummies and year dummies is presented in columns (4) ~ (6). Third,
panel fixed effect (FE) estimation, applied with two specific effects (bilateral-pair
effects and year dummies), is presented in columns (7) and (8).

We first present our results using total world patents granted as our measure of
a country’s level of technology (see columns (1) ~ (8) of Table 4) and then use patents
granted in the U.S. as our measure of LT (see columns (9) ~ (13), which show the GLS
and FE estimates). Throughout, the coefficient estimates of GDP of both the exporter

and importer and other control variables for bilateral-pair relations are statistically

19



significant and positive, whereas the coefficient estimate of distance is statistically

significant and negative. This is generally consistent with previous studies.

[Insert Table 4]

In the pooled sample of developed and developing countries, the effect of an
importer’s IPR on exports turns out to be positive and statistically significant at the 1%
level (see Table 4, first row). This result indicates that exporters are motivated to export
more to countries with a stronger PR system, notwithstanding the level of an exporter’s
own level of economic development. These results are also confirmed in the previous
literature (Maskus and Penubarti 1995; Fink and Braga 1999; Smith 2001;
Rafiquzzaman 2002; Park and Lippoldt 2003; Awokuse and Yin 2009; Ivus 2010).

In addition, the effect of the exporter’s technology level (LT) on its exports is
positive and statistically significant at the 1% level across most of the specifications —
the exception being the two cases of positive but statistical insignificance in columns (4)
and (7). In general, these initial results show that an increase in the level of technology
(measured by the quantity of patents) is positively associated with an expansion in
exports, which agrees with several previous empirical studies (e.g., Greenhalgh et al
1994; Montobbio and Rampa 2005; Cassiman et al 2010). Our findings are also
qualitatively similar if we use patents granted in the U.S. as our measure of the level of
technology (LT), as shown in columns (9) ~ (13) of Table 4. Thus, whether we
characterize a country’s technology level in terms of its innovations or global diffusion,
its technological activity is an importer driver of its exporting. These two findings are

robust even if we control for the initial level of patent laws and regulations in the
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exporter and importer countries (see the EX-GPIPR-2000 and IM-GPIPR variables in
Table 4, columns (3) and (6)).

Now, it is important to note that the coefficients on the interaction term
(InIPR X InLT) are statistically significant and negative in all the models except the one
in column (13), regardless of whether the models include country-effects or bilateral-

1 To better understand and interpret this result, we now proceed to the

pair effects.
sets of regressions by different income groups. Our bilateral panel consisting of
exporters as source countries and importers as destination markets allows us to conduct
a comparative analysis by breaking up both the source and destination countries by
income group (refer to the notes on ‘Direction of Trade Flows’ in Table 5).

Table 5 reports the results of separating the sample between developed (the
North) and developing (the South) countries, using specifications with interaction terms.
We use the World Bank definition of high-income countries to categorize the developed
countries (see the Appendix for details). In the upper part, Columns (1) ~ (4) show
estimates for the exports of the North to the World, and columns (5) ~ (8) show
estimates for the exports of the South to the World. The models in the lower part of the
table, or columns 9 to 16, show the various 2 by 2 combinations of the South and North,

either as source or destination countries, such as exports from the North to North, North

to South, South to North, and South to South.

[Insert Table 5]

1 We have also controlled for importer-year and exporter-year fixed effects, instead of having
merely importer and exporter fixed effects. The rationale is that there may be time varying
‘multilateral resistance terms’ reflecting transportation costs and other border effects which
prevent price arbitrage (see Anderson and van Wincoop (2003)). The qualitative results are quite
similar if we use these particular fixed effects and are available upon request.
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First, we note that in both the cases of North to World and South to World, the
interaction term has significantly negative coefficients. Next, when we turn to the 2 by 2
cases, we notice importantly that the same coefficients are still negative but not
significant in the cases of North to South and South to South. In contrast, the interesting
cases are the North exporting to the North and the South exporting to the North, where
the interaction term’s coefficients are negative and significant. This pattern confirms the
first hypothesis proposed in the preceding section, namely that the possibly negative
interaction effects between the level of technology and IPR protection would be more
serious for the exports of the South to the North, than for the exports of the North to the
South.

Since we are using log-log specifications, the interaction effect has an elasticity
interpretation between real exports and the level of IPR; that is, the partial effect of IPR

on E (holding other variables constant) is

Now, if the coefficient of the interaction term,y, is negative, this means that the positive
effect of IPR protection alone (a) is offset by the negative interaction effect. This
equation 1s plotted in Figures 2A for the case of exports from the South to the North. In
this figure, we plot the estimated elasticity of exports with respect to IPRs, conditional
on the level of technology; specifically for two values: a high level of LT and a low

level of LT of the exporting countries, where the high value is one standard deviation of
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LT above its mean and the low value is one standard deviation of LT below its mean.?°

The Figure shows that the impact of a higher level of IPR protection in the North on
exports from countries in the South depends on the exporters’ level of technology. For
the Southern exporter with a low level of LT, a stronger IPR still helps promote the
growth of its exports because the negative interaction effect is quantitatively too small
to fully offset the positive effects of [IPRs on exports. In contrast, for Southern exporters
with a higher LT, the negative interaction effects are large enough to more than fully
offset the positive and direct impact of IPR, and thus the net impacts are almost zero,

making the slope of the elasticity curve very flat.

[Figures 2A and 2B here]

The estimated elasticities of exports with respect to IPR, evaluated at the mean
levels of technology, suggest a distributional bias; namely, that global IPR reforms
primarily raise the share of Northern exports in the world. For example, based on
estimates in columns 1 and 5, the elasticity of world exports with respect to IPR is 0.898
for developed countries, using the mean value In LT = 1.75 (based on Table 1). This

elasticity is lower, namely 0.68, for developing countries, using the mean value In LT =

20 When there is an interaction effect, the appropriate evaluation of the effect should be tested
with various interesting values of the concerned variables, such as the mean value, or the lower
and upper quartiles in the sample. However, in order to show the interaction effect in a more
precise but concise way, we compute the slope of In(E) on In(IPR) while holding the value of
In(LT) constant at either a high value of LT (one standard deviation (SD) above the mean) or a
low value (one standard deviation (SD) below the mean) (Wooldridge 2009). The virtue of using
this statistical technique of analyzing the interaction effect according to the standard deviation
changes in the level of LT (or IPR), as centered on a certain percentile value (the mean in our
case), is that we can avoid the errors that occur from arbitrarily classifying countries based on
income level.
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1.22. Hence, a given percentage strengthening of IPRs increases Northern exports
relatively more than Southern exports.

Let us next turn to the other side of coin and examine the impact of an exporters’
level of technology on exports. The negative interaction between the level of technology
and IPR protection implies that the positive export-promoting effects of LT would be
substantially diminished. Actually, in the case of exports from the South to the North,
the elasticity of exports with respect to the level of technology is negative for high IPR
destinations, as shown in Figure 2B. Thus, the net effects of LT turn out to be negative
for the case where the South exports to developed countries with high levels of IPR
protection. In contrast, for Southern exports to developed countries with lower levels of
IPR protection, the net effect seems to be negligible, given a very flat slope for the
elasticity curve.

Analyzing sample percentiles from the perspective of exporters, we can graph
the optimal or appropriate levels of IPR at which the growth of technological
innovations promotes exports. These appropriate levels differ sharply between
developed and developing economies.?! For example, in developed countries, export
growth continues to respond positively to an increase in the importer’s IPR until
approximately the 80™ percentile of the importer’s IPR level is reached. In contrast, the
exports of developing countries are suppressed by foreign IPRs from even low levels of
the importer’s IPR strength; that is, at around the 10" percentile.

Overall, these graphs and estimation results confirm our twin (second and third)

hypotheses that the effect of IPR (or LT) on exports varies under different levels of LT

2l In other words, with a percentile analysis of the interaction effects, we can empirically
identify the optimal levels of IPR for the case of the North or the South as exporters to the
World as the destination. See Kim et al. (2012) for a similar argument.
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(or IPR). Jointly, these hypotheses imply that IPR protection in the North may act as a
barrier to the entry of Southern exports, especially of those exports whose level of
technology LT is relatively high. In other words, the stringent protection of IPRs by the
more advanced destination countries enables their domestic producers to exclude the
products of foreign exporters whose levels of technology are catching-up. In reality,
many cases exist that support this empirical finding. For example, incumbent firms in
the North often resort to legal suit or disputes over IPRs in order to edge out
competitors whose technological capabilities are growing and are a threat in their
markets. As pointed out earlier, when Korea was still a developing country in the 1980s,
Samsung Electronics had emerged as a rapidly growing competitor in the computer
chips market. The U.S incumbent company, Texas Instruments, pursued patent
infringement cases against Samsung that involved 10 of their patents on dynamic
random access memory (DRAM). After the U.S. ITC had initiated extensive litigation
and imposed a restriction on Samsung’s exports, Samsung in the end agreed to renew a
patent licensing agreement worth more than US$ 1 billion as part of a settlement with
Texas Instruments.*?

These results are in sharp contrast to the case of the North’s exports to the
South, for which case the coefficients of the interaction term between the North’s LT
and the South’s IPR are not significant. This implies that IPR protection in the South
does not interfere with Northern exporting. This asymmetry implies that developed
country exporters are possibly the major beneficiaries of a strong IPR system, as created
by TRIPS in the current world trading system, and that their own IPR regimes work as a

mechanism to diminish the ability of developing countries to access their markets by

22 For details, see Lee and Kim (2010) in Odagiri et al. (2012).
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enhancing the level of technology of developing economies. In other words, the
stronger Northern IPR system appears to obstruct those Southern exports that have

higher LTs.

4. 2. Robustness Checks

In this section, we discuss the robustness of our results to alternative measures
of IPRs and the level of technology (LT) and examine issues related to lagged effects,
patent quality, and emerging economies. These are reported in Tables 6 — 8. In
Table 6 we replicate our sets of baseline regressions from Table 4 and 5 using EPO
(European Patent Office) patents as a measure of LT. The regression outcomes are more
or less consistent with those produced by the previous LT measures, leading us to draw
the same conclusions.? Again, the coefficients of the interaction term between LT and
IPRs are negative and significant in the case of exports from the South to the North,
whereas they are not significant in the case of exports from the North to the South.

We also test for robustness using an alternative measure of IPRs that reflects
the perception of IPR enforcement. This recent measure of IPR protection is based on
annual surveys by the Economist Intelligence Unit (EIU).>* The results are shown in
Table 7A. Compared to the World Economic Forum’s IPR index, we can observe more
variation among countries in the EIU’s IPR index, although the latter covers fewer

countries. We have also checked the sensitivity of our results to missing and zero values

2 The results are also robust to using patent priority filings, instead of U.S. patents granted, as a
way of obtaining a unique count of innovations by country of inventor.
24 In the survey, respondents rate their countries’ protection of intellectual property on a scale
from 1 to 5, with 1 being “very poor” and 5 being “very good.” The EIU mobilizes its network
of regional experts and pools the opinions of specific country experts to survey both the
perceived protection of IPRs and the implementation of existing laws.
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of LT and IPR in the sample.25 Thus far, we had excluded these observations and so we
checked whether the results change significantly if we include them.?® These checks are
reported in Table 7B.

So far, for the 4 combinations (N-N, N-S, S-N, and S-S), we have run a total of
8 regressions, as presented in Tables 5, 6, and 7A-B. In all of these 8 regressions, the
coefficients of the interaction term in the South to North export regressions have always
been negative and significant, and those in the North to South export regressions have
not been significant in all the regressions, except in one. In general, the South-to-South
trades also seem to be negatively affected by the higher IPR protection of their partner
countries, as the coefficients are always negative but significant in 6 out of 8 cases. This
is important, given the relatively higher level of IPR protection in the South compared
to its generally lower level of technologies. The results of the North-North trade vary,
with the coefficient of the interaction term being negative and significant in half the
cases, and positive but insignificant in a couple of them.

Finally, in Table 8, we explore four further issues: 1) the impact of IPR on the
emerging economies of the South with high levels of technological capabilities (LT); 2)
the sensitivity of the results to the lagging of LT; 3) considerations of the quality of
patents in LT; and 4) the use of non-patent measures of LT, such as the measure of
technological sophistication of exports used in Hausmann et al. (2007). To address these

issues, we focus on the exports of the South to the North where these issues seem most

23 As our dependent variable has only a few zero observations at the bilateral level (6.93%),
Tobit or Poisson Pseudo Maximum likelihood (PPML) methods do not alter our results.

26 Where IPR data are missing for certain countries (usually they are those with gross national
income per capita of less than $975), we assign a value to their IPR that equals the minimum
sample score for IPR. We then also include observations with patent grants equal to zero.
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relevant and of concern.?’

In columns 1 — 4, we form subgroups of the Southern (developing) countries.
In the first sub-sample, we separate the top twenty developing countries in terms of the
level of technology, where LT is all patenting abroad, from the rest of the developing
country sample. In a second sub-sample, we separate the BRICs (Brazil, Russia, India,
and China) from the rest. The results are consistent with our previous findings in
Table 5. The coefficient of the interaction term, v, is significantly negative. The IPRs
of the North are shown to impede the exports of rapidly emerging economies, such as
the BRICs and other high LT developing economies, in a greater degree than in average
developing countries, as the absolute value of the negative coefficient for the former
group is bigger than for the latter group..

Next, in columns 5 to 8 of Table 8, we test the sensitivity of lagging the LT
measures. It may be the case that past patenting more accurately captures the level of a
country’s technology than its current patenting since it takes time for patented
inventions to result in exportable products. We thus take Table 5, columns 13 and 14, as
our baseline specifications and introduce the once and twice lagged levels of technology,
LT and LT, respectively. The results show that even allowing for lagged effects,
our qualitative findings remain unchanged.

Next, in columns 9 to 12 of Table 8, we control for the quality of patents in the
measure of the technology level of developing countries. Mere counts may overstate
the LT of these economies. We adjust for patent quality in two ways. The first is to
select those developing country patents that are Trilateral patents, namely those patents

that are filed in the three major markets: the U.S., Japan, and the European Patent

27 The results for the other blocs and directions of trade are available upon request.
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Office (EPO) area. Trilateral patents can be viewed as relatively higher quality since
inventors (or exporters) self-select. ~Since international patenting is costly, firms select
their most valuable technologies to patent in the trilateral markets. Hence, the subset

of LT that is trilateral can be a measure of high quality patents.?

The second way to
adjust for patent quality is to weight a country’s patents by the average citations
received in its U.S. patent grants.?® The rationale is that patents that are more heavily
cited have greater technological impacts. While these quality adjustments decrease the
measured LT for developing countries, we retain our findings that Northern IPRs crowd
out the exports of Southern economies with high levels of technology.

Lastly, we measure the technological content of exports more directly, without
resorting to a country’s patenting to infer the technology level. Following Hausmann et
al. (2007), we construct a variable EXPY which measures the productivity level of a
country’s export basket. We first derive a measure of the sophistication of a product,
PRODY, as a weighted average of the per-capita GDP of the countries that export it,
where the weights are the relative comparative advantage (RCA) of each country in
exporting the good. We then compute EXPY as a weighted average of the PRODY in
each country, where the weights are export shares of products. Columns 13 — 16 show

the results of using EXPY instead of LT in our regressions. Again, the qualitative

results are similar; the coefficient signs of our key 