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1. INTRODUCTION

UNDER the auspices of the World Trade Organization (WTO), free trade has been pro-

moted as a vehicle for world economic development. The WTO also regulates and pro-

vides 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 harmonisation

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 globalisation of

technology in terms of increased international patent filings and export sales.

The theory and empirical research linking trade and IPRs have 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, 2001; McCalman, 2005;

Awokuse and Yin, 2010; 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 differ-

ences 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 sys-

tem in their home market; in that regard, few of them needed to be equipped for the global institu-

tional 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 export-

ing firms in the developing world are likely to incur higher costs in order to adapt to TRIPS obliga-

tions, 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
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developing countries, as the latter’s 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 coun-

tries. 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 capac-

ity 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 data set con-

sisting of bilateral trade flows among more than 70 countries for the recent period (2000–07).1 With

this data set, 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.

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 promi-

nent 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 particu-

lar, the export growth of countries whose technological levels are currently emerging is 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 favours 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 even be negative for some developing countries that are catching up rapidly.

The organisation 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

a. TRIPs and International Trade

TRIPS regulates minimum standards for domestic IPRs. Most developed economies have

already surpassed the minimum criteria for TRIPS (Park, 2008; Deere, 2009). However, for

1 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.
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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 bor-

rowers who incur higher royalties and licensing fees (Siebeck, 1990; Glass and Saggi, 2002).

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 develop-

ing 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; Schneider,

2005).2 Second, the global transactions costs of legal fees and litigation costs dampen the ben-

efits of exporting if any dispute arises.

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.3 Most cases

(26 disputes) have been initiated by developed countries, primarily the United States and the

European Union, and developing countries are involved in 16 disputes.4 Moreover, firm-

to-firm5 and national authority-to-firm disputes have been growing rapidly. For example, as

Figure 1 shows, the US International Trade Commission (US ITC) has overseen a quadrupling

of IPR-related disputes against foreign imports during the past two decades.6 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

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 are imitation
or adaptive in nature.
3 http://www.wto.org/english/tratop_e/trips_e/trips_e.htm, last accessed 1 March, 2013.
4 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 borders of the United States, firm-to-firm IPR-related disputes have drastically increased by
over 100 per cent in the past two decades, and patent-related cases have increased by about 150 per cent
from 1,224 cases in 1988 to 2,909 cases in 2008 (US Courts, 2010).
6 The United States International Trade Commission (ITC) regulates IPR infringement by law with
remedial actions called ‘Section 337 investigation’, which directs US 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).
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duties (CVD) appear to indicate.7 These developments indicate that the burden of global legal

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

b. 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 USA. These patents cap-

ture 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, 1966). Exporting firms in the developed world that engage in innovations

exhibit greater export performance (Becker and Egger, 2013). Furthermore, awards of IPRs,

such as patents for innovations, help signal product quality and thus stimulate market

demand.

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 favour of the exports of countries with high levels
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FIGURE 1
Trend in US International Trade Commission (US ITC) Filings on ‘Unfair Imports’:

Increases in IPR-related Litigation in the United States

Note:
Year refers to September year-end (by fiscal year).

Source: The number of Anti-dumping and Countervailing Duty (AD/CVD) Investigations is compiled from ‘AD/CVD
Investigation: Federal Register History’ (http://ia.ita.doc.gov/stats). The number of ITC litigations is compiled from
‘Section 337 Statistical Information’, the U.S. ITC (www.usitc.gov/press_room/337_stats.htm).

7 Note that the spikes in dumping investigations in 1992 and 2002 (and the slight rise in 2007–08) in
Figure 1 may be due to recessions. Dumping complaints tend to be highly cyclical, increasing dramati-
cally during recessions.
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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 US 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.8 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 devel-

oping 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

TABLE 1

Gaps of Exporter’s LT and Importer’s IPR Level between the Two Groups

Variable Comparison By Group 2000–01 2002–03 2004–05 2006–07

Exporter’s average
LT level
Measuring by
lnLTALL

Developing
(the South)

Obs. 4,908 5,818 6,028 6,263
Mean 2.114 3.348 3.413 3.702

Developed
(the North)

Obs. 5,723 5,810 5817 5,908
Mean 6.861 7.727 7.726 7.928

Difference
(p-Value)

�4.747*** �4.379*** �4.313*** �4.226***
(0.000) (0.000) (0.000) (0.000)

Exporter’s average
LT level
Measuring by
lnLTUS

Developing
(the South)

Obs. 4,908 5,818 6,028 6,263
Mean 2.303 2.298 2.212 2.308

Developed
(the North)

Obs. 5,723 5,810 5817 5,908
Mean 5.939 6.025 5.882 5.988

Difference
(p-Value)

�3.636*** �3.727*** �3.670*** �3.680***
(0.000) (0.000) (0.000) (0.000)

Importer’s average
lnIPR level

Developing
(the South)

Obs. 2,502 2,871 2,896 2,957
Mean 4.159 4.146 4.111 4.142

Developed
(the North)

Obs. 2,462 2,466 2,408 2,476
Mean 4.142 4.131 4.097 4.128

Difference
(p-Value)

0.017** 0.015* 0.014* 0.013
(0.049) (0.087) (0.097) (0.101)

Notes:
(i) The level of technology (LT) and IPRs are our main variables for regression analysis. LT level is measured by
LTALL (total patents granted abroad) or LTUS (patents granted in the USA). The World Economic Forum (WEF) IPR
index is used to measure the level of IPRs.
(ii) This test is conducted with data on the bilateral trade pairs used later on in our regression analysis (see the list of
sample countries and their mean values of LT and IPR in the Appendix A): difference = mean (developing) – mean (de-
veloped). We report the p-values of the Two-group mean-comparison test, t-test statistics (assuming unequal variance).
(iii) *, ** and ***indicate that the equality in mean values between developing and developed countries can be rejected
at the 90, 95 and 99% confidence levels, respectively.

8 The gap between the two groups in absolute mean value is huge. For example, in the developing coun-
try group, the mean LTs (as measured by foreign patent counts) for the years 2000–01 and 2006–07 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.
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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.

c. 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, firms perceive an expan-

sion in their export market due to a reduction in local imitation. This motivates them to

expand their output. On the other hand, stronger IPRs in the local market enable the rights

holders to charge higher prices by restricting output. Hence, empirical analysis is typically

pursued to see which effect dominates (see Taylor, 1993; Maskus and Penubarti, 1995; Smith

1999, 2001).

However, one channel not analysed 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.9

For example, South Korea is currently a strong exporter, but its entry into the US market

has been marred by patent disputes between US and Korean firms since the 1980s. A most

noteworthy case was the ban on Samsung’s computer chip exports imposed by the US ITC

for violating the patent rights of Texas Instruments (for details, see Lee and Kim, 2010).

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 bulk

of world markets and trading opportunities. The developing country exporters may find them-

selves 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 tech-

nological 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.

9 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 econo-
mies) 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.
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d. 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:

EðIPR;LT; :Þ ¼ aIPRþ bLTþ cIPR � LTþ . . .; (1)

for which we can test whether c = 0. It is likely that b > 0, namely that exporting is a posi-

tive function of the level of technology. However, a priori, a and c are ambiguous, 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 interac-

tion term is that the marginal impact of IPRs on exports is no longer simply a but the sum of

two terms, namely a + cLT, which represents the direct impacts (a) and the interaction

impacts (cLT).
There are several possible cases to consider depending upon the signs of a and c. However,

the actual regressions, as will be shown later, all indicate c to be negative or sometimes

insignificant. Thus, let us focus our discussion on this interesting and dominant case of c < 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 @E
@IPR = a + cLT < 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 coun-

try 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 with developed

countries but are relatively highest among developing countries.10 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 inter-

action 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 @E
@LT ¼ b þ cIPR,

which could be negative, even with a positive direct impact (b), if c is negative and IPR takes

on a sufficiently high value. This case is a clear-cut example of the entry barrier effect of

10 On average, $7.57 billion of technology-intensive products (by the World Bank’s classification) are
exported from developing countries, while $30.13 billion of them are exported from the developed dur-
ing 2000–07 (for more details see Appendix A). 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.
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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 coun-

tries 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 compete with low-wage expor-

ters 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 behaviour across countries. In particular, we sug-

gest the following hypotheses for empirical testing:

1. the possibly negative interaction effects between the level of technology and IPR pro-

tection 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. @E
@IPR ¼ a þ cLT\ 0), as strong IPRs may

impede the entry of exports from countries that are catching up technologically; and

3. the direct impact (b) 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 technol-

ogy (LT) and the IPR protection of importing countries. This negative interaction effect

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

3. EMPIRICAL FRAMEWORK

a. Methodology

Since we have many bilateral trading relations among countries, we employ standard grav-

ity-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.11

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 tech-

nology (LT), and their interactions with IPRs.12 Let us first start with a canonical version of

the gravity estimation equation:

11 See Anderson and van Wincoop (2003) and Baltagi et al. (2003) for discussions of gravity models.
12 Many IPRs and patent-related studies at the country level have used also used gravity-type models
(see Maskus and Penubarti, 1995; Ginarte and Park, 1997; Maskus, 1998; Fink and Braga, 1999; Smith,
2001; Glass and Saggi, 2002; McCalman, 2005; Schneider, 2005; Awokuse and Yin, 2010).
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ln Eijt ¼ ki þ kj þ kij þ / ln GDPit þ / lnGDPjt þ dt þ eijt; (2)

where Eijt denotes real bilateral exports from country i to country j at time t and ln the natural

logarithm operator. GDPit and GDPjt denote the real gross domestic products of each country.

ki, kj and dt are fixed exporter, importer and time effects, respectively. ki captures any expor-

ter-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 institu-

tional characteristics) and unobserved factor endowment variables.13 kj accounts for any of

these characteristics of the importing country. Time-specific effects, dt, 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). kij are the bilateral-pair fixed effects which control for all time-in-

variant factors, such as transportation costs (distance, remoteness) and other non-observable

time-invariant factors between the two countries.14 The country-pair effects need not be sym-

metric but differ depending on the direction of trade (kij 6¼ kji); 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:

ln Eijt ¼ ki þ kj þ kij þ / lnGDPit þ / lnGDPjt

þ a ln IPRjt þ b ln LTit þ cðln IPRjt � ln LTitÞ þ dt þ eijt; ð3Þ
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 lnIPR, lnLT and lnIPR 9 lnLT to be in accor-

dance 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 impor-

ter’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

13 These factors are likely to be highly correlated with the gravity model variables (GDP, distance, lan-
guage). 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.
14 Our panel data method provides some general corrections introduced by country-specific effects.
Since our panel has relatively short time spans (four periods), using these fixed effects with generalised
least squares (GLS) 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). 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 agree-
ments with extra provisions (e.g. TRIPS-plus provisions) that go beyond the minimum requirements of
TRIPS. The existence of these provisions 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, to address this concern, bilateral-pair fixed effects are controlled for.

© 2015 John Wiley & Sons Ltd
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products, we expect the coefficient of the interaction term to be negative for developing coun-

tries (and ambiguous for developed countries). That is, a large negative value of c in equa-

tion (3) could result in IPRs having a net negative effect on exports: @E
@IPR ¼ a þ cLT\ 0,

depending on the level of technology (namely if LT > �a/c).

b. Data Description

Our trade data are from the United Nations Commodity Trade Statistics Database

(UNCOMTRADE). The export values have been converted to constant 2000 US dollars. The

US import price index from the US Bureau of Labor Statistics is used as a proxy for the

change in export prices in the world.

As mentioned earlier, we measure LT using patents. We use two main versions:15 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 innova-

tion may be patented in multiple countries. Thus, as an alternative measure of the level of

technology, we examine patents granted in the USA. This would be a count of unique innova-

tions. The reason for considering US patents granted, rather than domestic (home-country)

patents, is that more highly valuable innovations are patented abroad, particularly in a large mar-

ket like the United States. Another advantage of using US 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 prod-

ucts; thus, patents granted worldwide help to capture the trade-related technology levels of a

country. Hence, 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

US Patent and Trademark Office (USPTO). In either case, LT is calculated as the moving aver-

age 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 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 experien-

tial 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’ behaviour.16

15 European 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.
16 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
2000–07 (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.

© 2015 John Wiley & Sons Ltd
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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. Bra-

zil, Russia, India, China and Ukraine) have higher levels of technology relative to their stage

of economic development (for more details see Appendix A).

The nominal GDPs are from the International Monetary Fund’s World Economic Outlook

database (2010) and are converted into real GDPs (in US dollars) using GDP deflators. The

data on bilateral trade costs were compiled using the gravity data set of CEPII (Centre

d’Etudes Prospectives et d’Informations Internationales – Institute for Research on the Inter-

national Economy). Bilateral distance is calculated using latitudes and longitudes of economic

centres to calculate the great circle distances. The common language, border and former colo-

nial link are dummy variables, indicating ‘1’ if two countries commonly share a geographical

and cultural adjacency and ‘0’ otherwise. The bilateral trade data set 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.

4. EMPIRICAL RESULTS

a. Individual and Interaction effects between LT and IPR

Table 4 presents three ways of estimating our model using data for all countries. First,

pooled ordinary least squares (OLS) is presented in columns (1)–(3) as a basic model. Second,

generalised least squares (GLS) 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 col-

umns (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 USA

TABLE 2

LT and IPR Percentile Values for Developed and Developing Countries

Percentile lnLTi lnIPRj

North South All North South

lnLTALL lnLTUS lnLTALL lnLTUS

1st 0.00 1.10 0.00 0.00 3.51 3.81 3.43
25th 5.72 3.89 1.10 0.70 3.90 4.27 3.77
50th 8.26 6.25 3.18 2.01 4.12 4.45 3.94
75th 9.40 7.41 5.15 3.57 4.42 4.54 4.08
99th 11.92 11.37 7.54 6.24 4.61 4.61 4.38
SD 2.85 2.54 2.28 1.74 0.31 0.19 0.22

Note:
Standard deviation (SD) presented here is to calculate and plot two-way interaction effects at fixed values of moderating
variables (i.e. value of sample variables is demeaned).

© 2015 John Wiley & Sons Ltd
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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 significant and positive, whereas

the coefficient estimate of distance is statistically significant and negative. This is generally

consistent with previous studies.

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 per cent level (see

Table 4, first row). This result indicates that exporters are motivated to export more to coun-

tries with a stronger IPR system, notwithstanding the level of an exporter’s own level of econ-

omic 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,

2005; Awokuse and Yin, 2010; Ivus, 2010).

In addition, the effect of the exporter’s technology level (LT) on its exports is positive and

statistically significant at the 1 per cent 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 USA as our measure of the level of technology (LT), as shown in columns (9)–(13) of

Table 4. Thus, whether we characterise a country’s technology level in terms of its innova-

tions 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 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 (lnIPR 9 lnLT)

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-pair effects.17 To better

understand and interpret this result, we now proceed to the 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 categorise the developed countries (for more details

see Appendix A). 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 two-

by-two 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.

17 We have also controlled for importer-year and exporter-year fixed effects, instead of having separate
importer, exporter, or bilateral-pair fixed effects. The rationale is that there may be time varying ‘multi-
lateral resistance terms’ reflecting transportation costs and other border effects which prevent price arbi-
trage (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 two-by-two 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 export-

ing to the North and the South exporting to the North, where the interaction term’s coeffi-

cients 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 consequential 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 interpreta-

tion between real exports and the level of IPR; that is, the partial effect of IPR on E (holding

other variables constant) is:

%DEij � ½a þ c lnðLTiÞ�%DIPRj: (4)

Now, if the coefficient of the interaction term, c, is negative, this means that the positive

effect of IPR protection alone (a) is offset by the negative interaction effect. This equation is

plotted in Figure 2 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 coun-

tries, where the high value is one standard deviation of LT above its mean and the low value

is one standard deviation of LT below its mean.18 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 stron-

ger 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.

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 2 and 6

of Table 5, the elasticity of world exports with respect to IPR is 18.71 for developed coun-

tries. This elasticity is lower, namely 16.65, for developing countries. Hence, a given percent-

age 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 pro-

tection implies that the positive export-promoting effects of LT would be substantially dimin-

ished. Actually, in the case of exports from the South to the North, the elasticity of exports

18 When interaction effects are present, the appropriate evaluation of the effect should be tested with
various interesting values of the concerned variables, such as the mean, or the lower and upper quartiles
of the sample. However, to show the interaction effect in a more precise but concise way, we compute
the slope of ln(E) on ln(IPR) while holding the value of ln(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 technique of analysing the interaction effect accord-
ing to the standard deviation of changes in the level of LT (or IPR), as centred 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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with respect to the level of technology is negative for high IPR destinations, as shown in

Figure 3. 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.

Analysing 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.19 For example, in developed countries, export growth continues to respond posi-

tively to an increase in the importer’s IPR until approximately the 80th 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 10th 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 (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
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FIGURE 2
IPR’s Impact on Export Dependent on ln (LTi): Exports from the South to the North

Notes:
(i) Y axis = ê : the estimated elasticity of E (real exports) with respect to IPRj, calculated as
%DEij � ½a þ c lnðLTiÞ�%DIPRj using the coefficients from column (14) in Table 5.
(ii) X axis = values of IPR such that the low value is mean � 1SD and the high value is mean + 1SD.

19 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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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 action 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 US incumbent company, Texas Instruments, pursued patent infringement

cases against Samsung that involved 10 of their patents on dynamic random access memory

(DRAM). After the US 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 (for details, see Lee

and Kim, 2010).

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 enhancing the level of technology of develop-

ing economies. In other words, the stronger Northern IPR system appears to obstruct those

Southern exports that have higher LTs.
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FIGURE 3
LT’s Impact on Export Dependent on ln (IPRj): Exports from the South to the North

Notes:
(i) Y axis = ê : the estimated elasticity of E (real exports) with respect to LTi, calculated as
%DEij � ½b þ c lnðIPRjÞ�%DLTi using the coefficients from column (14) in Table 5.
(ii) X axis = values of LT such that the low value is mean � 1 SD and the high value is mean + 1SD.
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b. 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 Tables 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.20 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).21 The results are shown in Table 7. 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 of LT and IPR in the sample.22 Thus far,

we had excluded these observations and so we checked whether the results change signifi-

cantly if we include them.23 These checks are reported in Table 7.

So far, for the four combinations (N-N, N-S, S-N and S-S), we have run a total of eight

regressions, as presented in Tables 5, 6 and 7. In all of these eight 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 of 8 cases. This is important, given the relatively

higher level of IPR protection in the South compared to its generally lower level of technolo-

gies. 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: (i) the impact of IPR on the emerg-
ing economies of the South with high levels of technological capabilities (LT); (ii) the

sensitivity of the results to the lagging of LT; (iii) considerations of the quality of patents

in LT; and (iv) the use of non-patent measures of LT, such as the measure of technologi-
cal sophistication of exports used in Hausmann et al. (2007). To address these issues, we

20 The results are also robust to using patent priority filings, instead of US patents granted, as a way of
obtaining a unique count of innovations by country of inventor.
21 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 mobilises 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.
22 As our dependent variable has only a few zero observations at the bilateral level (6.93 per cent), tobit
or Poisson pseudo–maximum-likelihood (PPML) methods do not alter our results.
23 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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focus on the exports of the South to the North where these issues seem most relevant and

of concern.24

In columns (1)–(4), we form subgroups of the Southern (developing) countries. In the first

subsample, we separate the top twenty developing countries in terms of the level of technol-

ogy, where LT is all patenting abroad, from the rest of the developing country sample. In a

second subsample, 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 interac-

tion term, c, 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,

to a greater degree than those of the average developing country, as the absolute value of the

negative coefficient of c is larger for the former group than for the latter.

Next, in columns (5)–(8) of Table 8, we test the sensitivity of lagging the LT mea-

sures. It may be the case that past patenting more accurately captures the level of a coun-

try’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 base-

line specifications and introduce the once and twice lagged levels of technology, LTt�1

and LTt�2, respectively. The results show that even allowing for lagged effects, our quali-

tative findings remain unchanged.

Next, in columns (9)–(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 USA, Japan and the European Patent 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.25 The second way to adjust for patent quality is to multiply a country’s patents by

the average citations received in its US patent grants, as we do in column 11 of Table 8, or

by the average weighted citations received in its US patent grants, as we do in column (12)

of Table 8. The weighted citations factor controls for the truncation bias in which older

patents have had more time to be cited.26 The rationale is that patents that are more heavily

cited have greater technological impacts. While these quality adjustments decrease the mea-

sured 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 com-
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24 The results for the other blocs and directions of trade are available upon request.
25 Data for trilateral patents come from the European Patent Office (EPO)’s PRI database.
26 We obtained the citations data from the NBER’s database Patent Data Project (https://sites.google.
com/site/patentdataproject/Home/downloads). There are several missing observations since the patent
citations are intrinsically biased toward the North in our sample. It is to minimise the observation loss
that we take the time average of citations (or weighted-citations) in our sample period and multiply that
to the number of US patents granted.
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parative 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 regres-

sions. Again, the qualitative results are similar; the coefficient signs of our key variables are

the same, but the coefficient estimates are magnified.

5. CONCLUSION

This paper investigated several questions regarding the effects of an exporter’s technology

level, an importer’s IPR and the interactions among them on bilateral exports. The first ques-

tion concerned the individual or direct effect of the levels of either IPR protection or technol-

ogy on export behaviour. Consistent with previous work (e.g. Becker and Egger, 2013;

Cassiman et al., 2010), we found that on average, technological innovations, as measured by

the number of patents granted abroad or US patents, have a positive impact on exporting and

that on average, the level of IPRs protection by importing countries has a positive impact on

exporting, controlling for other factors. These findings on the individual (direct) effects of the

two variables suggest that IPR protection in a destination country helps induce exports from

both developed and developing countries and that innovative capacity is a strong determinant

of the exporting of developing countries.

Now, a hidden story behind the impact of IPRs on export behaviour is revealed when we

consider the second question, which concerns the interaction effect between the exporter’s

technology level and the importer’s IPRs. When both of these factors are included as an inter-

action term, the effect of IPRs (or LT) on export growth involves both direct and indirect

interaction effects and thus is highly dependent on the level of an exporting country’s level of

technology (or importing country’s level of IPRs). This paper finds that in the case of devel-

oping countries, the coefficient of the interaction term is negative when they export to the

North; in contrast, in the case of developed countries exporting to the South, this coefficient

is not significant. Thus, in the case of exports from the South to the North, the negative coef-

ficient of the interaction effect fully offsets the direct and positive effects of IPRs (or LT) on

exports; especially for those Southern countries whose level of technology is catching up

rapidly to that of the North, these negative impacts tend to be bigger, which results in an

overall negative impact of an exporter’s LT on exports, or almost a zero impact of a Northern

importer’s IPRs on exports from the South. We have conducted a battery of robustness tests

and found this result to arise consistently. The above results suggest that IPR protection cre-

ates a distributional bias in favour of exporters from developed countries relative to those

from developing, because strong IPRs act as an obstacle to trade, discouraging exports from

South countries that are in the process of catching up in terms of their levels of technology.

In this sense, strong IPRs can be a source of the middle-income trap.

Lastly, we suggest some ideas for future research. First, we have not distinguished between

bilateral trade among countries with free trade agreements (FTA) and that among countries

without such agreements. The possible FTA effect, however, was controlled by bilateral-pair

fixed effects. The FTA among trading partners should be an explicit, additional factor to con-

sider in future studies since FTAs involve both IPR and trade-related influences. Second,

while the effects of IPR protection and technologies may vary by sectors, this study has not

allowed such sectoral heterogeneity in the analysis. This requires heavier data work but

should be pursued in future work. Third, the interesting interaction between IPRs and technol-

ogy on exports can be the basis for serious theoretical modelling.
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APPENDIX

TABLE A1

Country List (Average Values of lnLTALL, lnIPR and High-Tech Exports for 2000–07)

Developed Country
(HI)

lnLTi lnIPRj H.Ea Developing Country lnLTi lnIPRj H.Ea Income

Japan 11.87 4.42 115.06 Russia 6.87 3.70 4.35 UMI
USA 11.64 4.57 188.84 South Africa 6.57 4.37 1.27 UMI
Germany 11.19 4.60 119.18 Brazil 6.28 4.03 6.67 UMI
France 10.21 4.53 64.73 Mexico 5.48 4.02 31.42 UMI
United Kingdom 9.92 4.57 74.63 Argentina 5.18 3.82 0.82 UMI
Rep. of Korea 9.83 4.31 70.08 Poland 5.02 3.98 2.01 UMI
Switzerland 9.67 4.57 22.84 Turkey 4.59 3.88 1.07 UMI
Netherlands 9.44 4.55 54.19 Malaysia 4.15 4.37 52.27 UMI
Sweden 9.34 4.56 15.80 Bulgaria 3.61 3.78 0.27 UMI
Italy 9.31 4.22 22.72 Romania 3.55 3.91 0.70 UMI
Canada 9.28 4.49 26.18 Venezuela 3.22 3.62 0.11 UMI
Finland 8.70 4.57 11.73 Chile 3.05 4.15 0.23 UMI
Australia 8.49 4.55 3.05 Panama 2.89 4.12 0.00 UMI
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TABLE A1 Continued

Developed Country
(HI)

lnLTi lnIPRj H.Ea Developing Country lnLTi lnIPRj H.Ea Income

Belgium 8.39 4.45 19.02 Colombia 2.58 4.00 0.34 UMI
Austria 8.28 4.50 11.40 Latvia 2.21 4.01 0.14 UMI
Denmark 8.25 4.59 9.18 Costa Rica 1.87 4.09 1.68 UMI
Israel 8.16 4.41 5.67 Uruguay 1.87 4.08 0.02 UMI
Spain 7.67 4.30 8.68 Lithuania 1.65 4.00 0.39 UMI
Norway 7.60 4.47 2.94 Mauritius 1.59 4.09 0.08 UMI
Ireland 7.00 4.43 31.04 Peru 1.58 3.74 0.05 UMI
New Zealand 6.74 4.52 0.50 Dominican Rep. 0.97 3.96 0.29 UMI
Hungary 6.17 4.21 11.46 Namibia 0.81 4.14 0.06 UMI
Singapore 5.52 4.55 88.03 Jamaica 0.65 4.01 0.00 UMI
Czech Rep. 5.49 4.10 7.52 China 7.10 4.00 156.14 LMI
Greece 5.06 4.20 0.88 India 6.92 4.09 2.81 LMI
Hong Kong 4.83 4.44 2.77 Ukraine 6.27 3.74 0.90 LMI
Portugal 4.82 4.34 2.31 Thailand 3.08 4.18 20.90 LMI
Slovakia 4.30 4.10 1.27 Philippines 2.83 3.83 25.38 LMI
Slovenia 3.66 4.28 0.72 Indonesia 2.59 4.01 5.41 LMI
Croatia 3.44 3.93 0.56 Morocco 1.99 4.08 0.66 LMI
Iceland 3.35 4.53 0.16 Jordan 1.65 4.31 0.05 LMI
Estonia 2.34 4.29 1.02 Ecuador 1.63 3.72 0.05 LMI
Trinidad and Tobago 0.86 3.92 0.03 Sri Lanka 1.44 3.98 0.07 LMI

Tunisia 1.44 4.30 0.33 LMI
Nigeria 0.86 3.83 0.01 LMI
El Salvador 0.84 4.04 0.07 LMI
Guatemala 0.80 3.78 0.08 LMI
Paraguay 0.36 3.54 0.01 LMI
Honduras 0.30 3.82 0.01 LMI
Nicaragua 0.16 3.74 0.00 LMI
Bangladesh 0.69 3.53 0.02 LI
Vietnam 0.63 3.75 0.93 LI

Notes:
(i) Low-income (LI) economies are those whose gross national income (GNI) per capita is less than $975.
(ii) Middle-income economies are those whose GNI per capita is more than $975 but less than $11,906.
(iii) LMI (Lower middle-income) and UMI (upper middle-income) economies are separated at a GNI per capita of $3,855.
(iv) HI (High-income) economies are those whose GNI per capita is $11,906 or more (World Bank 2010).
(v) H.Ea indicates average ‘high-technology exports’ in billions of real dollars during 2000–07.
(vi) The 20 highest developing countries in terms of the level of technology are in bold.
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