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Abstract

How do intellectual property rights (IPR) policies a¤ect international trade?
In this paper we consider two of the central results from the model of Lin (2013)
(i) that IPR reforms should expand the range of goods exported to a country
through the extensive margin of trade and (ii) �rms with more newly developed
products should be more sensitive to IPR policies than other innovative �rms.
Building the �rst comprehensive matched �rm-level data set on destination-
speci�c exports and patents, we begin by documenting a number of facts on the
relationship between trade and innovation. Notably, while only 9% of manufac-
turing �rms have a patent, they account for 89% of all manufacturing exports.
In preliminary �ndings, we then document a statistically signi�cant relation-
ship between whether or not a �rm has a patent and its sensitivity to IPR
policies in terms of its exports. Firms with more newly developed patents show
a larger sensitivity than other �rms. Future directions for the analysis are then
discussed.
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1 Introduction

In recent years intellectual property rights (IPRs) have become a highly con-
tentious policy issue, particularly with respect to international trade agreements.
At the same time, increasing evidence has shown that technology di¤usion is
a primary determinant of income di¤erences across countries and that interna-
tional trade can play a role in this di¤usion. In this paper we investigate for the
�rst time how IPR policies a¤ect international trade �ows through the extensive
margin. We consider two of the central predictions of the model of Lin (2013)
(i) that a strengthening of IPR policies should expand the range of goods ex-
ported to a country and (ii) in a dynamic environment, �rms with more recently
developed products should be more sensitive to IPR policies than other �rms
due to a higher present value of pro�ts that remain to be realized. Focusing on
the manufacturing sector where such issues are the most important, we begin
by documenting a number of new stylized facts that explain why IPRs have be-
come such a contentious issue in international trade negotiations; international
trade is disproportionately important to innovative �rms and these companies
account for the overwhelming majority of aggregate exports. We then consider
a speci�cation that analyzes the determinants of where �rms export to. The
results are strongly consistent with the two predictions of the model, suggesting
that IPR policies are closely related to the exporting decisions of �rms. We
think that our �ndings should inform policy debates concerning IPRs and should
likely only grow in importance as new technologies become increasingly central
to economies worldwide.
Until recently, the literature on intellectual property rights and trade has

been mostly theoretical in nature. The empirical literature to date has delivered
mixed results on how a strengthening of IPRs a¤ects exports. Ferrantino (1993)
�nds no signi�cant impact, Smith (1999) �nds a negative impact, and Maskus
and Penubarti (1995) and Ivus (2010) have found positive impacts. The problem
facing �rms, however, should be di¤erent for the extensive margin relative to
the intensive margin. In policy debates many of the arguments advanced for
why IPR policies should a¤ect international trade are often with respect to the
extensive margin of trade of whether or not �rms export to a particular country,
rather than just the aggregate volume of trade. In this paper our intention is
to explore exactly this extensive margin relationship.
As our paper is the �rst to match comprehensive information on patenting

behavior with exporting and production activities at the �rm level, we are able
to provide the most detailed description of the nexus between innovation and
trade to date. Due to data constraints as well as the fact that manufacturing
industries account for the vast majority of patents, we focus on this sector for
the analysis. We �nd a powerful relationship between the two activities, with
exporters far more likely than other �rms to patent as well as to hold a larger
number of patents conditional on holding one. Patenting �rms are also far
more likely to export. Indeed, 82% of �rms with patents export to at least one
country. Patenting �rms also account for 89% of total exports, even though
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they only account for 9% of all �rms.
We next consider cross sectional evidence on the relationship between trade

and intellectual property rights policies. Using a measure of IPR protection
across countries, we �nd that �rms with patents are more sensitive to these
policies than other �rms. We further �nd that �rms with more recently de-
veloped patents are more sensitive than �rms with older patented technologies.
These two �ndings are strongly consistent with the theory of Lin (2013) and
suggest that the mechanisms explored in this model can help explain the trade
�ows that we observe across countries. These results are robust across a number
of di¤erent estimation approaches and econometric methods.
Our results speak to a number of issues in policy debates. They are consistent

with the claims of developed country trade representatives that a strengthening
of IPRs should provide additional incentives for exports from their countries.
Given the importance of patenting �rms to aggregate trade, they also help
explain why this has been a top priority for US trade negotiators. The �ndings
further have signi�cant implications for welfare in developing countries. IPR
reforms should expand the range of goods exported to the country, which should
in and of itself improve the welfare of consumers through love of variety e¤ects.
Fully understanding the trade-o¤ described in the model between these love of
variety e¤ects and lower prices due to piracy, however, is beyond the scope of
the analysis here. As the rate of patenting and technological progress increases,
we expect these issues to become even more important in the future.
Stepping outside of the context of the model, access to an expanded range

of intermediate inputs may also bene�t �rms in countries that pursue reforms
(e.g., Rivera-Batiz and Romer, 1991). This may further increase the range of
varieties and types of products ultimately available to consumers, generating
dynamic welfare gains. A substantial amount of US exports are in intermediate
inputs and recent studies have highlighted the importance of access to imported
intermediates for �rm productivity and innovation (e.g., Goldberg, Khandelwal,
Pavcnik, and Topalova, 2010). Thus, while the debate about whether stronger
IPR policies encourage or hinder innovation is ongoing (e.g., Williams, 2013),
our work highlights an indirect channel through which stronger IPR policies can
help spur innovation. This is particularly true with respect to the developing
country context. Our results should therefore inform not only discussions in
trade negotiations but also policy debates within developing countries them-
selves.
Finally, our results contribute to an understanding the determinants of cross-

country di¤erences in the standard of living. Studies on the experiences of recent
years as well as the work of economic historians has highlighted the important
role of technology di¤usion in determining economic development. International
trade has long been thought of as a conduit for such di¤usion. Our work suggests
a subtle relationship between these two activities. Firms are very much aware
of the risks involved in exporting to low IPR countries, highlighting that while
these policies may determine how likely a technology is to be imitated in the
country given that it is sold there, they also determine the range of products
actually sold there in the �rst place. This fact is likely to have dampened the
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e¤ects of trade as a conduit for technology di¤usion across countries.
In the next section we describe our data and a number of descriptive analyses

on the relationship between trade and innovation. We then discuss the details
of our speci�cation and cross sectional estimations in Section 3. We conclude in
the last section, discussing future directions for our work that build upon the
analyses presented here.

2 Data and Descriptive Statistics

Our data come from a number of sources and we begin by describing each of
the data sets that we will draw upon. We then undertake a number of de-
scriptive analyses to provide more context for our estimations. The information
on �rms�exports comes from the Census Bureau�s Linked/Longitudinal Firm
Trade Transaction Database (LFTTD) that was originally constructed from US
Customs Data. It links export shipments reported by US Customs to individ-
ual �rms and we can follow these transactions from 1992 to 2008. Data are
collected for every export transaction with a value greater than $2,500 and we
recode the shipment values below $2500 as zero for the sake of consistency.
For each shipment, we have information on the destination country as well as
whether or not it was between related parties. Related party transactions refer
to intra-�rm trade between business units in the US and abroad. In order
to get basic information on �rm characteristics, we merge the LFTTD with
the Longitudinal Business Database (LBD), which tracks employment, payroll,
and industry measures for every legally operating business establishment in the
Unites States. These establishments can then be aggregated to the level of the
�rm using identi�ers developed by the Census. Jarmin and Miranda (2002)
provide an extremely thorough description of the construction of the LBD as
well as a number of associated descriptive analyses.
In order to obtain more detailed information on �rm characteristics, we com-

bine this merged data set with the Census of Manufacturers (CMF). This survey
of all manufacturing establishments in the United States is done every �ve years
ending in 2 or 7 (e.g. 1997). We only keep �rms with positive employment that
appear in both the LBD and CMF, drop those for whom we have not been able
to assign an SIC code using the LBD data, and then drop those �rms who are
not determined to be primarily manufacturing �rms from the LBD based on
employment counts across sectors. While this has the disadvantage of restrict-
ing our analysis to manufacturing �rms, it allows us to account for a far greater
level of heterogeneity. Balasubramanian and Sivadasan (2011) document that
manufacturing �rms account for approximately 70% of all patents. Manufac-
turing exports also account for a substantial portion of US exports, suggesting
that these industries are of primary importance for understanding the e¤ects of
intellectual property rights on trade.
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Our information on patents come from the US Patent and Trademark O¢ ce
(USPTO) and cover the universe of granted patents in the US. Hall, Ja¤e,
and Trajtenberg (2001) describe these records in depth and Griliches (1990)
discusses the use of patents as indicators of innovation. We have updated these
records to cover the period from January 1975 to May 2009, containing over 4
million granted patents. These data were then merged on to the Longitudinal
Business Database using a bridge originally developed by Kerr and Fu (2008),
Balasubramanian and Sivadasan (2011), and Acemoglu, Akcigit, Bloom, and
Kerr (2013). This bridge was developed by using a matching algorithm be-
tween �rm names and addresses contained in both the Census data and patent
records. Extensive work is done to ensure that corporate subsidiaries are cor-
rectly linked to their parent �rm, although this is one of the primary limitations
of the matching algorithms. We further hand matched a number of the patents
for the largest exporting and R&D �rms using the LFTTD and the Census�
Survey of Industrial Research and Development. We only keep patents with
an associated assignee and only keep private sector patents for the analysis.
Following standard practice in the literature, we consider the date of a patent
to be its application year. Based on patent law, a �rm�s total patent stock is
measured by aggregating all of the granted patents that it applied for in the last
20 years.
Our sample of countries is determined by our ability to obtain information on

them from outside sources. In order to control for a number of foreign country
characteristics, we further used information from several additional sources.
First, measures of GDP and population were sourced from the World Bank and
were complemented with using information from the CIA World Factbook for a
few missing observations. From Centre d�Etudes Prospectives et d�Informations
Internationales (CEPII), we obtained measures of (i) whether or not the country
shares a border with the US (ii) an indicator for whether the country shares a
common language with the US, which equals 1 if a language is spoken by at least
9% of the population in both countries (iii) number of hours in time di¤erence
between the US and the country (iv) whether the country shares a colonial
relationship with the US (i.e. Britain) and (v) the area of the country in square
kilometers. These measures have become standard covariates in the literature
on understanding the determinants of trade �ows.
Measures of distance from the US are also sourced from CEPII. They are

calculated following the great circle formula, which uses the latitudes and lon-
gitudes of the most important city in each country in terms of population for
the distance from the US. From the data set developed by Helpman, Melitz,
and Rubinstein (2008) we use data on the similarity of the religious makeup
of the country with the US, whether the country is an island, and whether it
is landlocked. The common religion variable is constructed as in the original
study: (% Protestants in the US � % Protestants in country j)+(% Catholics
in the US �% Catholics in country j) + (% Muslims in the US � % Muslims in
country j). This measure has been shown to be an important determinant of
trade �ows, in particular with respect to the extensive margin of trade.
To measure the strength of intellectual property rights protection across
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countries, we use an index (hereafter the "GP index") originally developed by
Ginarte and Park (1997) and updated by Park (2008). This index was con-
structed for every �ve years going back to 1960 and is based on �ve categories
of patent protection (i) the extent of coverage of patent laws, (ii) membership
in international patent agreements, (iii) provisions for loss of protection, (iv)
enforcement mechanisms, and (v) duration of protection. Each country receives
a score between zero and one for each category, with an aggregate possible total
score of 5. In Table 3 we list the countries in our sample ranked in terms
of their GP index. The ordering makes sense intuitively, with Japan and the
countries of Western Europe at the top of the list and countries like Ethiopia
and Mozambique towards the bottom.
In Figure 1 we graph a number of tabulations with respect to the frequencies

of innovative and exporting activities. While 23% of �rms without patents
export, 82% of those with patents export, indicating that the vast majority
of innovative �rms are connected to the global economy. This result mirrors
that of Aw, Roberts, and Xu (2011) for the Taiwanese electronics industry.
It also suggests that international trade is a central issue for innovative �rms,
particularly from a policy perspective. In a similar vein, while 16% of �rms
without patents have related party exports, 45% of �rms with patents have
them. These �rms are thus much more likely to be engaged in vertical foreign
direct investment. Finally, looking at this relationship from the perspective of
trade, 25% of exporters have a patent while only 2.2% of non-exporters have a
patent.
To provide a benchmark for our estimations in Section 3, we �nd that the

unconditional probability of exporting to any one of the 112 countries in our
sample is 1.3%. In terms of the average number of countries sold to for exporters,
we �nd a signi�cant di¤erence between �rms with patents and those without
them. Those without patents export to three countries on average while those
with them tend to export to eleven. There is signi�cantly more dispersion,
however, in the number of countries exported to for �rms with patents. Looking
at the relationship between trade and innovation from the other side, amongst
�rms that have at least on patent, exporting �rms have 36 patents on average.
Non-exporting �rms only have 2.4 on average. Similar to the other calculations
above, there is signi�cantly more variation for exporting �rms.
Looking at �rms with related party exports, �rms with patents only ship

21% of their exports to related parties whereas �rms without patents ship 27%
of the exports to related parties. This provides an interesting juxtaposition
with the results shown in Figure 1. While �rms with patents are far more likely
to engage in related-party exports, they tend to ship a smaller percentage of
them to related parties if they do. While a number of explanations are possible
here, this fact is consistent with �rms that have sensitive intellectual property
engaging in vertical foreign direct investment for the purposes of transferring
sensitive inputs internationally. More generally, the descriptive results in Figure
1 and Table 1 suggest a powerful relationship between trade and innovative
activities.
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3 Cross Sectional Evidence

In order to get a sense of whether there is a relationship between a �rm�s hold-
ings of intellectual property and the sensitivity of their export behavior to IPR
policies in foreign countries, we consider the linear probability model

Exportic = �i + �c + � � Pati �GPc + 
Xic + "ic (1)

Here Exportic is an indicator for whether �rm i exported to country c. Fixed
e¤ects �i account for a variety of �rm characteristics, such as productivity,
size, and total number of patents. The �xed e¤ects �c control for country
characteristics such as distance to the US, GDP per capita, and whether they
share a common language with the US. In order to construct measures of �rm
heterogeneity, we focus on 1997 for estimation since we can then draw upon the
1997 Census of Manufacturers. This data set contains information on a large
number of �rm characteristics that is not available from other sources. Xic
contains a number of controls that we will discuss brie�y. Our main object of
interest here is the coe¢ cient � on the interaction term between the indicator
for whether �rm i holds a patent Pati and GPc, the GP index for country c
normalized to lie between zero and one. If � is estimated to be di¤erent than
zero, this would suggest that there is a relationship between a �rm�s dependence
on the patent system and its decisions of where to export, in terms of the IPR
policies of the countries under consideration.
In column (1) of Table 2 we consider a speci�cation with our basic set of

controls. All estimations cluster standard errors at the level of the �rm. In ad-
dition to our main interaction term we include interactions between (i) whether
or not a �rm had a patent and the GDP per capita of the country (ii) the log
employment of the �rm and the GP index of the country and (iii) the productiv-
ity of the �rm and the GP index of the country, where productivity is measured
with the Solow residual. The estimate �̂ suggests that an improvement of the
GP index from the lowest to the highest possible value is associated with a 5%
increase in the probability that a �rm with a patent exports to it relative to
a �rm without patents, ceteris paribus. Thus if a country improved its level
of IPR protection from that in Angola to that of the United Kingdom, for ex-
ample, this would be associated with a 3.8% increase in the probability. This
relationship is very precisely estimated, with a t statistic of 37. In column (2)
we consider how this relationship varies across di¤erent levels of IPR protection,
accounting for the fact that the relationship may be non-linear. We de�ne high
IPR protection countries as those with GP scores between 4 and 5 and those
with medium IPR protections as those between 3 and 4. We then consider a
speci�cation in which we include interactions between these indicators and our
patent indicator. E¤ects are measured relative to countries with scores below
3. We �nd statistically signi�cant results for each of the categories, with the
economically intuitive magnitude di¤erences across the two di¤erent interaction
terms.
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In column (3) we consider including a whole bevy of additional controls into
our baseline speci�cation in column (1). In particular, we interact our patent
indicator Pati with a number of di¤erent country characteristics, including (i)
distance from the US, measured in kilometers (ii) whether or not the country
shares a border with the US (iii) whether or not the country shares a common
language with the US, de�ned as described above (iv) the geographic area of
the country in square kilometers (v) number of hours in time di¤erence between
the US and the country (vi) whether the country shares a colonial relationship
with the US (i.e. Britain). When adding the controls, the coe¢ cient estimate
�̂ declines modestly but remains economically and statically signi�cant. The
estimations in columns (1)-(3) are all consistent with the central prediction of
the model of Lin (2013), that IPR policies should be related to the range of
products exported to a country through the extensive margin of trade.
In the �nal two columns, we consider one of the other main predictions of

the model, from a dynamic perspective, that �rms with more newly developed
patents should be more sensitive to IPR policies than other �rms due to a
greater discounted value of expected future pro�t. To do so, we consider two
speci�cations similar to those found in columns (1) and (3). We additionally
include a triple interaction term with (i) whether or not a �rm has a patent
(ii) the GP index for the country and (iii) the average age of a �rm�s patents.
Consistent with the predictions of the model, the results suggest that �rms
with less recently developed products tend to be less sensitive to IPR policies
with respect to their exports. As the average age of a �rm�s patents is 7 years,
however, these results suggest that the age of a �rms patents is not the only
factor a¤ecting this relationship.
We have done a number of robustness checks on these results. Getting to the

role of market size in the model, the regression results are robust to including
a measure of total GDP instead of GDP per capita. Another issue is that
considering the binary indicator Pati for whether the �rm has a patent or not
may be too strong of a categorization. Using a measure of the total number
of the �rm�s patents in the interaction terms also yields similar conclusions.
Finally, while the results presented here use a linear probability model, we
further come to similar conclusions using the conditional �xed e¤ects logit model
of Chamberlain (1980).

4 Conclusions and Future Directions

In this paper we have tried to better understand the relationship between trade
and innovation. We began by documenting a number of new stylized facts that
suggest the importance of this relationship. Drawing upon the work of Lin
(2013), we then considered two predictions of the model (i) that IPR policies
should a¤ect the extensive margin of trade and (ii) �rms with more recently
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developed patents should be more sensitive to IPR policies than other �rms. We
�nd evidence consistent with both of these claims that is robust to a number of
di¤erent estimation approaches.
While not yet disclosed, we have been working on a number of additional

�ndings. In order to get a sense of how patenting relates to exports, in prelim-
inary �ndings we are �nding signi�cant increases in exports following the years
after a �rm�s �rst patent. This suggests a close link between patents, innovation,
and trade. There are a number of explanations for such a �nding and we are
currently working on understanding these better. Due to issues surrounding
the Census disclosure process, particularly with respect to multiple disclosures
on similar samples, we have chosen not to disclose these preliminary �ndings
until the analysis is fully complete.
While our analysis here has looked at the cross sectional relationship between

a �rm�s holdings of patents and its sensitivity to intellectual property rights
policies in terms of their exports, we have also begun to undertake an analysis
of �rms�responses to several IPR policy reforms in foreign countries over time.
Longitudinal evidence on the e¤ects of IPR reforms is still quite thin (see, for
example, the discussion in Ivus, 2010). We have identi�ed six large IPR reforms
that occurred during the time span of our data from 1992 to 2008 in (i) Argentina
(ii) Brazil (iii) Colombia (iv) Philippines (v) Turkey and (vi) Venezuela. These
reforms have been discussed at length in Branstetter et al (2006) and were
identi�ed using changes in the GP index as well as by drawing upon the work
of Maskus (2000) and Qian (2004). In preliminary results, using a di¤erences-
in-di¤erences speci�cation we are �nding signi�cant increases in exporting from
patenting �rms relative to other �rms in response to these reforms, supporting
the �ndings of a cross sectional relationship documented here. These predictions
and others of the model will be explored at length in future work.
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