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EXECUTIVE SUMMARY

This report aims to evaluate the strategies of Brazilian manufacturing firms in their use of
intellectual property (IP) and its impact in their export performance.

The correlation between exports and innovative activities is already consolidated in the existing
literature. Innovative firms tend to be more intensive in exports, compared to firms that do not
innovate. Moreover, both exporting and innovative firms are, in general, larger, more productive
and more intensive in skilled labor. Existing studies have already signaled a correlation
between innovation and exports of Brazilian firms.

This report contributes to this literature by analyzing on which extent the better export
performance of innovative firms may be related to different IP-related appropriation strategies.
In order to answer this question, we analyze the export behavior of industrial innovative firms,
aiming to identify the relevance of each IP appropriation instrument. The main appropriation
methods analyzed in this report are invention patents, utility models, industrial designs and
trademarks.

The data used in this report was consolidated from three different statistical sources: (1) the
Pesquisa de Inovacao Tecnologica (PINTEC) from the Instituto Brasileiro de Geografia e
Estatistica (IBGE); (2) the Secretaria de Comercio Exterior (SECEX), under the Ministério do
Desenvolvimento, Industria e Comercio (MDIC); and, (3) the RAIS database of the Ministério
do Trabalho e Emprego (MTE). The main reason we make use of PINTEC is that this is the
only comPrehensive statistical source with some information on the IP use by Brazilian firms
available™.

In particular, PINTEC contains basic information about appropriation methods used in order to
protect innovation outcomes, which follows the standard of other innovation surveys. This
standard has one crucial limitation concerning the measurement of IP use: only innovative firms
during surveyed period have to respond the IP questions. Therefore, this excludes firms which
have innovated before the surveyed period as well as IP users which are not technologically
innovative. For instance, a firm successfully protecting its branding and reputation investments
through trademark protection may well appear as not using trademarks in PINTEC. Another
limitation of innovation surveys concerns the sampling process, which favors the inclusion of
larger firms, which are responsible for 66% of total innovative expenditures and 88% of R&D
expenditures in Brazil. Given this, we limit a substantial part of the analysis of this report to only
innovative Brazilian firms with 500 or more employees.

Table E - 1 - Exports and appropriation methods

Non-Exporting Firms Exporting Firms
Invention Patent 2.9% 17.7%
Utility Model 2.1% 8.3%
Industrial Design 3.6% 8.1%
Trademarks 21.2% 40.5%
Design Complexity 0.8% 6.4%
Trade Secret 6.5% 21.4%
Lead Time 0.9% 9.4%

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.

Yin parallel to this report and as part of the project's Country Study Brazil (CDIP/14/INF/6), the Brazilian IP office and
WIPO have undertaken the creation of statistical source for IP unit-record data.
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A descriptive analysis on IP use and export performance

Innovative firms tend to be more intensive in exports compared to firms that do not innovate.
Brazilian innovative firms are more likely to export and they do it in a greater extent: 14.6% of
innovative firms are exporters, while only 8.2% of non-innovative firms are. On average, the
export sales of innovative firms (more than 3.3 million USD) represent almost ten times those
observed among non-innovative ones (0.35 million USD). Added to this fact, both exporting and
innovative firms are, in general, larger, more productive and more intensive in skilled labor.

Not surprisingly, there are higher shares of exporting firms making use of each appropriation
method as an effective means to protect their innovation, regardless if the appropriation strategy
is IP or non-IP based (Table E - 1). In proportional terms, we observe the highest differences
for lead time, design complexity and patents.

Table E - 2 - IP-related appropriation methods (Large firms)
Panel A: Invention Patent

Variable Name IP=0 IP=1 p-value
log(exports) mean 13.689 16.519 0.000
std error 0.286 0.270
dummy export mean 0.827 0.953 0.000
std error 0.016 0.013
firm share on sectorial exports mean 0.211 0.293 0.000

std error 0.014 0.020

Panel B: Utility Model

Variable Name UM=0 UM=1 p-value
log(exports) mean 14.211 16.659 0.000
std error 0.248 0.331
dummy export mean 0.849 0.965 0.000
std error 0.014 0.015
firm share on sectorial exports mean 0.231 0.272 0.083

std error 0.012 0.026

Panel C: Industrial Design

Variable Name ID=0 ID=1 p-value
log(exports) mean 14.339 16.027 0.001
std error 0.245 0.405
dummy export mean 0.855 0.938 0.003
std error 0.014 0.020
firm share on sectorial exports mean 0.226 0.296 0.009

std error 0.012 0.028

Panel D: Trademark

Variable Name TM=0 T™M=1 p-value
log(exports) mean 14.112 15.184 0.006
std error 0.316 0.289
dummy export mean 0.846 0.894 0.021
std error 0.018 0.015
firm share on sectorial exports mean 0.232 0.246 0.272

std error 0.016 0.016
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Firms using any of the four IP-related appropriation methods — invention patents, utility models,
industrial designs and trademarks —are more likely to export and they do it in a greater extent
(Table E - 2). They also often account for a larger extent of the sector total exports.

However, this is also related to basic firm characteristics such origin or size, which can also be
claimed to affect both exports and innovation. Most foreign controlled firms — either fully or
partially — are exporters. Similarly, exporting firms have on average ten times more employees
and forty times more sales than non-exporters. Moreover, the average exporting firm is also
more knowledge intensive. They have 30 times more skilled labor exclusively associated with
R&D activities and they expend more in innovation-related activities. This is particularly the
case of R&D expenditures — either internal or external — for which exporting firms not only
expend more than 100 times more than non-exporting ones but they also do it three times more
intensively (Table E - 3). This is not the case for acquisition of external knowledge — which may
be articulated through IP transfer — for which exporting firms expend quantitatively more, but
almost equally in relative terms.

Table E - 3 - Innovative expenditures and export propensity

Average Values (1000 USS) Innovative expenditures / Net Sales
Innovative Industrial Firms
Non-exporting L Non-exporting L
Exporting f Exporting f
firms xporting firms firms xporting firms
R&D expenditures 8.27 986.94 0.31% 0.89%
External acquisition of R&D 1.22 163.02 0.04% 0.15%
Acquisition of other external
2.26 102.82 0.08% 0.09%
knowledge
Acquisition of machinery and
quistt nery 108.19 1439.19 3.99% 1.29%
equipment
Training 6.17 53.88 0.23% 0.05%
Introduction of technological
nroduction gl 6.18 208.11 0.23% 0.19%
innovations in the market
Other preparations for
preparations for 17.93 278.60 0.66% 0.25%
production and distribution

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.
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Multivariate analysis

The results from the previous descriptive analysis indicate a link between innovation and
different measures of exporting activity. Nevertheless, we observed in the same analysis that
exporting firms also relate to other firm characteristics such as capital origin or size. We have
also observed that sector heterogeneity plays some role in these metrics and it needs to be
considered more thoroughly. In order to account for these issues, we carry a series of
multivariate analyses on the relationship between IP-related appropriation and export variables.

As in the descriptive section, we analyze the export performance of Brazilian firms through three
different dependent variables: (i) exporting firm (yes/no), (ii) value of exports (in logs) and (iii)
the firm’s share of the sector exports (calculated at the 3-digit level of ISIC). The main
explanatory variables of our interest are four dummy variables capturing if the firm has used (1)
invention patents, (2) utility models, (3) industrial designs and (4) trademarks to protect its
innovation. In addition, we include control variables for sector (ISIC, 2-digit level), origin of
capital, size and innovative expenditures.

We first investigate whether the use of each described IP-related method of appropriation is
associated with a higher propensity to export. We observe that all four methods relate positively
with the likelihood of being an exporting firm (Table E - 4, columns 1 and 2). However, in most
specifications, only the use of invention patents appears statistically significant. Depending on
the specification, firms using invention patents are around 9% more likely to export.

We obtain very similar results for the amount of export sales as dependent variable (Table E - 4,
columns 3 and 4). Again, virtually all four methods have a positive impact on exports, but only
invention patents are statistically significant. Moreover, the economic meaning of the estimated
coefficient is substantial. Holding everything else constant, firms using invention patents export
more than three times as much than those not doing it. Results change slightly when we turn to
the dynamic analysis using firm level fixed-effects. Even if only statistically significant at 10%,
we observe that firms which were not using patents in the first period increase their exports on
average by 70% if they start using it in the second period (Table E - 4, columns 5 and 6). In the
case of utility models, this increase is more than 50%, but also barely statistically significant.
Curiously, trademarks have the most statistically significant effect but it is negative. Firms which
were not using trademarks in the first period will export on average approximately 40% less
when they start using it.

We turn now to third indicator of export activities: the share of the sector exports at the ISIC 3-
digit level. These estimations are relatively similar to those for the amount of export sales when
concerning the use of patents. Firms which have used patents on average account for 6%
more of the sector total exports than those which not use patents (Table E - 4, columns 7 and
8). The other IP-related appropriation methods are virtually always not statistically significant.
The results of the dynamic analysis using firm fixed-effects are also roughly similar to those for
the amount of export sales (Table E - 4, columns 7 and 8). We observe a positive impact of the
use of patents and a negative one of trademarks. Both are statistically significant, although the
latter only at 10%. The economic meaning of these results are that on average firms that were
not using patents in the first period increase about 4 percent points of their participation in the
sector total exports when they start using patents in the second period. This means that on
average they are not only growing their export sales but they are also doing it faster than the
industry average. Conversely, we observe that the use of trademarks decreases it by 2.5%.
Although it seems a counterintuitive outcome, one possible explanation is that these firms
focused on national markets instead of export.
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Export (dummy)

Dependent variables
Export sales (logs)

Share of sector total exports

@) @

©)

) (8) ) (10)

Invention patent
(dummy)

Utility model
(dummy)

Industrial design
(dummy)

Trademark
(dummy)

0.0941%* 0.0815***
(0.0263) (0.0257)
0.0373  0.0321
(0.0337)  (0.0344)
0.0536  0.0399
(0.0359) (0.0357)
0.0250  0.0119
(0.0175)  (0.0177)

1.278%*
(0.297)
0.148
(0.319)
0.398
(0.340)
0.369
(0.298)

0.0684** 0.0604** 0.0394** 0.0386**
(0.0193) (0.0198) (0.0173) (0.0173)
-0.0335 -0.0384* -0.00797 -0.00785
(0.0221) (0.0222) (0.0148) (0.0147)
0.0293  0.0235 -0.00317 -0.00371
(0.0254) (0.0256) (0.0173) (0.0173)
0.00625 -0.00418 -0.0245% -0.0242*
(0.0161) (0.0162) (0.0138) (0.0137)

Obsenvations
Pseudo R-squared

1,556 1,556
0.1657 0.1825

1,638
0.223

1,638 1,638 1,639 1,639
0.062 0.072 0.019 0.020

Firm Fixed Effect
Dummy Period
Dummy ISIC

No No
Yes Yes
Yes Yes

No

Yes
Yes

No No Yes Yes
Yes Yes Yes Yes
Yes Yes No No

Notes: Robust standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1. Dummy coefficients correction as in Halvorsen and Palmquist (1980) in italic.
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Main conclusions

In this report we evaluate the relationship between different IP-related appropriation methods
and export performance of Brazilian industrial firms. Even if Brazil has historically been
characterized by the export of commodities (De Negri, 2005), our descriptive results suggest
that not only innovative firms tend to export more, but also different IP methods — i.e. patents,
utility models, industrial designs and trademarks — relate to better exporting performance.
Conversely, we also observe that exporting firms are more likely to use IP-related appropriation
methods, although they also do it for non IP-related methods, such as secrecy, lead-time or
complexity. Based on the econometric analysis, we find robust results of a positive impact of the
use of patents on any export performance indicator.

We have relied on the information about IP use by large Brazilian innovative firms from PINTEC,
which was the best source at the time this study was carried. However, this means that our
results may not hold for other groups, such as smaller and non-innovative firms. These
limitations can be surmounted by the use of IP unit-record data from the Instituto Nacional de
Propriedade Industrial (INPI), which are part of a complementary element of the project’s
country study Brazil (CDIP/14/INF/6).
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Use of intellectual property and export performance
of Brazilian firms

Introduction

This report aims to evaluate the strategies of Brazilian manufacturing firms in their use of
intellectual property (IP) and its impact in their export performance.

The correlation between exports and innovative activities is already consolidated in the existing
literature. Innovative firms tend to be more intensive in exports, compared to firms that do not
innovate. Added to this fact, both exporting and innovative firms are, in general, larger, more
productive and more intensive in skilled labor. Besides, if a firm not only innovates, but also
appropriates the results of these innovations, its productivity advantages may become even
more significant, as technological appropriation can boost market leadership and monopolistic
position. This is both valid for the internal and external market, although the latter requires an
international IP strategy.

Existing studies have already put forward a correlation between innovation and exports of
Brazilian firms. Therefore, this report intends to complement these findings with the following
empirical question: In which extent better export performance of innovative firms may be related
to different technological appropriation strategies? In order to answer this question, we analyze
the export behavior of industrial innovative firms, aiming to identify the relevance of each IP
appropriation instrument. The main appropriation methods analyzed in this report are invention
patents, utility models, industrial designs and trademarks.

The data used in this report was consolidated from three different statistical sources. The main
firm characteristics — including the information about the use of the different appropriation
methods and about expenditures in innovation activities — were sourced from the Pesquisa de
Inovacao Tecnoldgica (PINTEC) from the Instituto Brasileiro de Geografia e Estatistica (IBGE).
Export related information was sourced from the data compiled by the Secretaria de Comercio
Exterior (SECEX), under the Ministério do Desenvolvimento, Industria e Comercio (MDIC).
Some additional information was sourced from the RAIS database of the Ministério do Trabalho
e Emprego (MTE).

One of the challenges faced in the analysis relate to the known endogeneity concerns in the
relation between innovation and exports. In a nutshell, it is not straightforward whether
innovation is required to export or exporting stimulates new innovation. Furthermore, these are
likely to be complementary outcomes of accessing and participating in the external market.

This report is organized as follows. In the next section, we provide an overview of previous
findings on the relation of innovation and technological appropriation with exports. The
following section lists the data employed in this study and where they were sourced from. This
is followed by two analytical sections, one providing descriptive statistics and the other one
deploying a multivariate analysis. Lastly, a section wraps-up the report with the main
conclusions of the report.
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Existing evidence on innovation and exports

In his seminal study, Posner (1961) found that when firms develop a new product they create a
monopoly in its country of origin, until the entry of imitators into the market. The author
suggested that the technical change created in one country induces its trade until the rest of the
world imitates its innovation. Posner’s work allowed the development of a number of concepts
which became the basis for the theory of technology gaps. Contrary to Arrow (1962), he
assumes that technology is not a free good which can be freely acquired and reproduced
without any cost for the firms. Therefore, there are substantial advantages of being the first one
to innovate. Following this line of thought, Vernon (1966) argued that the competitive
advantages of American firms were linked to their innovative capacity in terms of products and
processes. Similarly, Freeman (1963) concluded that technical progress leads to productive
leadership when studying the plastic industry. When the innovative product starts being
imitated, more likely it is that the traditional production factors — which are more cost related —
would determine the trade flows. He emphasized that the technology gap between innovating
and imitating countries may last long, but he also stressed the importance of patents and trade
secrets for postponing the process of technological diffusion and guaranteeing monopoly profits.

After them, several empirical studies have attempted to explain the sector productivity according
to the model of technology gaps. For instance, Soete (1987) observed whether sector exports
were determined by technological performance — measured by patents — in a sample of 22
OECD countries. The results indicated the crucial role of the technology variable in explaining
variations in export performance in 28 of 40 industries. Dosi et al (1990) extended this analysis
in a dynamic version of technology gaps model at aggregate level. Among other results, these
authors found that technological asymmetries are a main determinant of trade flows.
Interestingly the authors also measured innovation using patenting activity, which was
emphasized not to be an entirely appropriate indicator to represent the process of technological
innovation, as many innovations may not be patentable. Other examples of these empirical
studies are Amendola et al (1993), Amable and Verpagen (1995), Amendola et al (1998),
Breschi and Helg (1996), Laursen (1999), Laursen and Drejer (1999), Meliciani (2001), Laursen
and Meliciani (2000, 2002), Montobbio (2003), Anderson and Ejermo (2008), among many
others. Most of these studies highlighted the relevance of technological progress to explain
trade patterns.

Calvo (2003) estimated the influence of firms’ innovation activities to export performance using
a sample of Spanish manufacturing firms, in 2000. He found that size, age and innovation
activities affect the decision to export, but export propensity was independent of both firm size
and innovative behavior. At the same time, the presence of foreign capital positively influenced
both decisions. Focusing on small firms, Nassimbeni (2001) presented the results of an
empirical study conducted on a sample consisting of 165 small manufacturing companies in the
furniture, mechanics and electro-electronics sectors. The aim of the study was to point out
which technological and innovative capacity-related factors mostly differentiate exporting from
non-exporting small enterprises. He was motivated by the fact that, in the case of small
businesses, many studies had failed to produce consistent results when examining the
relationship between technology, innovation capacity and export performance. The author
concluded that technology, and more generally, process innovations play a secondary
compared to product innovation.



CDIP/14/INF/5
Annex, page 9

From a dynamic point of view, the technological and commercial performances interact, since,
to remain competitive, firms are encouraged to adopt efficient processes and to invest in
innovation. In this sense, participation in foreign trade would not only result from innovation, but
also boost technological improvements, in a virtuous circle. As innovation and exports may be
strongly correlated, some studies go further to identify whether there is some causal relation
between them, or if both activities are boosted by external variables?. Bernard and Jensen
(1997) asked whether good firms become exporters or whether exporting improves firm
performance. For the authors, the evidence is quite clear on one point: good firms become
exporters, since both growth rates and levels of success measures are higher ex-ante for
exporters. However, the benefits of exporting for the firm are less clear. Being aware of this
possible reverse causality, Lachenmaier and Wol3mann (2006) empirically tested whether
innovation fosters exports in German manufacturing firms. Their empirical strategy identified
variation in innovative activity that occurs because of specific impulses and obstacles for
innovative activity, which were treated as exogenous to firms’ export performance. Using the
innovation impulses and obstacles as instrumental variables, they found that innovation
emanating from these variations leads to a share of exports in a firm’s total revenue that is
roughly seven percentage points higher on average. Therefore, their results support the
hypothesis that innovation is a driving force for exports in industrialized countries. The effect is
heterogeneous across sectors, being hardly detectable in relatively traditional sectors. Also,
Damijan et al (2008) investigated the bidirectional causal relationship between firm innovation
and export activity in Slovenian firms between 1996 and 2002. They found no evidence for the
hypothesis that either product or process innovations increase the probability of a firm becoming
a first-time exporter, although they found evidence of a causal link in the case of process
innovation of medium and large firms. However, no such link was found among small firms.

The existing literature has also focused on the association of firm productivity to export
performance. Empirical studies show that one of the most important sources of productivity
heterogeneity at firm level is related to R&D and innovative activities. Cassiman et al (2010)
argue that the positive association found between productivity and exports in the literature is
related to the firm's innovative decisions. Using a panel of Spanish manufacturing firms they
found strong evidence that product innovation affects productivity and induces small non-
exporting firms to enter the export market. R&D and innovative activities seem to play an
important role in explaining a firm's decision to export and export volumes. Damijan et al
(2008), mentioned above, also explored the links between productivity and exporting, both
related to firm innovation activities. Using plant-level data for the Taiwanese electronics
industry, Aw et al (2011) estimated a dynamic structural model that captures both the behavioral
and technological linkages among R&D, exporting and productivity. Among the conclusions,
the report shows that the marginal benefits of both exporting and R&D increase with the plant’s
productivity, and high-productivity plants have particularly large benefits from exporting. Also,
Clerides et al (1998) analyzed the causal links between exporting and productivity using plant-
level data, and identified that exporting firms are more efficient, although they don’t find a
positive impact of export on productivity in Colombia and Morocco. The authors also observed
a positive association between exporting and efficiency is explained by the self-selection of the
more efficient firms into the export market.

Relevance of technological appropriation

More recently, the literature sought to deepen the understanding about technological innovation,
through the analysis of the importance of knowledge technological appropriation in economic
and trade performance. The appropriability of innovation is a concern for inventors since one of
the outputs of inventive activity is often knowledge, which is difficult to exclude others from using
it due to its intangibility (Arrow, 1962).

% For a summary of the recent literature refer to Greenaway and Kneller (2007).
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According to Hanel (2008), the successful completion of an innovation process alone is not a
sufficient condition for obtaining the expected benefits from innovation. A firm also has to be
able to appropriate these benefits, i.e. to prevent its competitors from imitating them, which can
be achieved through IP rights or other strategies, such as secrecy or lead time. Other authors
(Teece 1986, Levin et al 1987, Cohen et al 2000) also argued that the benefits of product
innovations depend on the ability of firms to use appropriation methods.

The use of different appropriation methods differs between sectors and technological
specificities and also depends on the strategic behavior of firms. In general, large, R&D-
performing firms as well as multinational ones prefer patents. As mentioned in Hall et al (2012),
most studies found that the use of patents is more associated with product than with process
innovations. Arundel et al (1998) pointed out that the importance of patents increases with the
relevance of global markets. They argue that patents are more important for firms exporting to
the US or Japan. They also observed that patents play an important role in the ability of firms to
enter foreigh markets.

Levin et al (1987) carried a seminal study in this area, which was later updated by Cohen et al
(2000). Both analyzed the extent to which firms in different industries choose IP and other
methods to secure returns from their innovations. These studies showed that, on average,
patents are not the most frequent mechanism of appropriation. Instead, secrecy and lead time
advantages are the most frequently used strategies. However, this does not apply equally
across all industries or innovation types, among other characteristics. In general, product
innovators use more often patents than process innovators. Similarly, some specific industries
— such as the pharmaceutical and the chemical ones — do use patents more often to secure
their returns of technological investments.

Furthermore, as discussed by Graham and Somaya (2006), IP rights and other protection
methods are often complementary rather than substitutes. In most empirical studies, it is
difficult to determine which appropriation strategy — or which IP instrument — is protecting each
innovation outcome. Different protection methods can be used at different stages of the
innovative process. For example, secrecy may be applied in early stages of the innovative
process, whether patents are likely to be used to protect it when it is close to commercialization
(Basberg, 1987). After the invention has entered into the market, however, patents and secrecy
are mutually exclusive because of the patent disclosure requirement. In this sense, Hall et al
(2012) argue about what determines a firm’s decision to choose between patents and trade
secrets. A fundamental question raised by these authors is why an innovative firm abled to use
patent protection would choose not to? In the one hand, applying for patent protection requires
direct and indirect financial expenses even before any certainty of grant. And, when granted,
there is a considerable financial burden relating to maintenance fees — which is to be multiplied
by every protected jurisdiction — in order to keep the patent in force. Moreover, patents are only
valuable if enforceable, which can also be substantially costly not only because of the legal
action related expenses, but also because it requires active monitoring of potential infringement.
Besides, a patent also requires full disclosure of information in its application, which may be
useful to competitors.

Indeed, patent costs have been suggested as one of the main reasons why firms avoid patent
applications. Similarly, financially constrained firms tend to prefer other appropriation methods
than IP rights. Therefore, the benefits that arise from excluding competitors and licensing
patents must offset these costs. Moreover, these benefits have to be compared to other
available alternatives. For example, in contrast to patents, which last 20 years, trade secrecy
can potentially protect the invention indefinitely. Secrecy is also applicable to a much broader
range of inventions than patents, as there is no restriction like that of patentable subject matter.
However, secrecy also does have costs, including confidentiality agreements.
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In a similar direction, Llerena and Millot (2012) assessed the interrelated effects of patents and
trademarks. Based on a data set encompassing the IP activities of French firms, they found
that patents and trademarks are complementary in life science sectors (pharmaceutical
products and health services), but substitutes in high-tech business sectors (computer,
electronic and optical products and electrical equipment). The temporal substitutability effect
occurs while the patent is in force, reducing market competition, and the firm’s need to use
trademarks to protect its reputation; while the complementarity effect is present as the
trademark enables the firm to extend the reputational benefits of the monopoly period beyond
the expiration of the patent. Following the conclusion of Teece (1986) that the profit gained
from innovation depends on the possibility of the firm to use complementary assets, their model
states that the relationship between the various assets is itself dependent on the context in
which the firms operate.

Regarding lead time over competitors, it can prevail even without formal use of intellectual
property rights. Dosi et al (1994) pointed out that the diffusion of innovations is not
instantaneous, and depends on the heterogeneity among the agents, the adequate
infrastructure for technological assimilation, and the time to learn how to master new
technologies.

The literature has also focused on the impact of appropriability on firm performance. According
to Hall et al (2012), the main performance variables used in these studies are profits (Hanel,
2008), percentage of sales of new products (Hussinger, 2006), productivity (Hall and Sena,
2011; Greenhalgh and Rogers, 2007) and market value (Seethamraju (2003); Greenhalgh and
Rogers, 2007). Also, Amendola et al (1993) and Laursen and Meliciani (2000, 2002) showed
that technological factors, measured by patent indicators, appear to be the main determinant of
a country's export performance in the long run, while non-technological factors (labor costs and
lagged export performance) are only significant in the short run. Dosso (2011) investigates,
from an empirical perspective, the relative importance of technological vis-a-vis non-
technological determinants of the dynamics of international productivity in manufacturing
industries over the period of 1980-2005. He found that patent shares have a positive and
significant impact on relative export performance in the long run. The adoption of technology
also presented in some cases a positive and significant effect.

Innovation and exports in the Brazilian context

One limitation of the above mentioned strands of literature is that most of these studies have
focused on developed countries (Raffo et al, 2011; Avellar and Carvalho, 2013). There is
however evidence about the Brazilian case for some of these which are worth noting.

De Negri (2005) examined the relationship between technological standards and foreign trade
of Brazilian firms, concluding that technology is an important factor to their export performance,
considering both their inclusion into the international market and the expansion of export
volumes. Raffo et al (2011) have empirically tested the link between product and process
innovation and export performance using a sample of industrial firms from Argentina, Brazil,
Mexico, France, Spain and Switzerland. Similarly, Avellar and Carvalho (2013) have tested the
relationship between innovative efforts — measured as new products, R&D expenditures or a
cooperation index — and export performance using a sample of industrial firms from Brazil, India
and China. In both cases, the innovation — either effort or output — increased the export
behavior of firms. Conversely, Gongalves et al (2007) assessed the impact of exports on
innovation in Brazil and Argentina, observing a positive impact of trade integration on both
countries’ propensity to innovate.
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Regarding specifically to IP, Luna et al (2007) analyzed the impact of patents and trademarks
on the economic performance of firms. Their results are not unequivocal, as they observe a
positive relation of both trademarks and patents with labor productivity, but these are not robust
across different estimation strategies.

Data sources employed in the study

The main source for information in our study is the PINTEC —carried by the IBGE — whose main
aim is to evaluate the innovative behavior of Brazilian firms. This survey is based on the
OECD'’s proposed guidelines which are known as the Oslo Manual. Moreover, PINTEC is
mostly based on the Community Innovation Survey (CIS) typical questionnaire. This translates
into innovation being measured during a three-year period, where some of the variables refer to
the whole period — e.g. instance product or process innovation — and other ones correspond to
the period’s last year — e.g. variables in nominal value.

We make use of three editions of the PINTEC, which refer to the periods: 2001-2003, 2003-
2005 and 2006-2008. We also limit the coverage exclusively to manufacturing industries.
Similarly to other innovation surveys, PINTEC has a stratified sampling strategy.® In practice,
this implies that we apply sample weights when using the whole sample. Alternatively, in some
analyses, we restrict to the subsample of firms which are present in all three editions of PINTEC
— i.e. innovative firms with 500 or more employees — to build a panel containing three periods.

The main reason we make use of PINTEC is that this is the only comprehensive statistical
source with some information on the IP use by Brazilian firms®. In particular, PINTEC contains
basic information about appropriation methods used in order to protect innovation outcomes.
Following the standard innovation survey structure, it distinguishes between IP-related methods
of appropriation — invention patents, utility models, industrial design and trademarks — from non-
IP related ones®. In concrete terms, the questions can be summarized as: “Did the firm use any
of the methods... [invention patents/utility models/industrial designs/trademarks]...to protect
product and/or process innovations? Yes/No”.

It is important to address here some limitations of this approach, which are shared with most
CIS based innovation surveys. First, only those firms which have engaged in innovative
activities during the surveyed period answer these questions. These include not only those
which introduced product or process innovations but also those with incomplete or abandoned
innovation projects during the surveyed 3-year period. However, this may exclude for instance
a firm which has invested in R&D prior to the surveyed period but not during it, if it does not
launch any innovation during it. If such firm applied for a given IP even during the surveyed
period we will not observe its answers on appropriation methods. Thus, this formulation
explicitly links IP to innovation outcomes. While patents are likely to relate to innovation, this
might not be the case for other forms of IP, notably trademarks. For instance, a firm
successfully protecting its branding and reputation investments through trademark protection
may well appear as not using trademarks in PINTEC.

% One singularity of the Brazilian sampling method is that all industrial firms with 500 or more employees are included
in the sample. In addition, innovative firms are also more likely to be included in the sample than non-innovative firms.
“In parallel to this report and as part of the CDIP/5/7 Country Study Brazil, the Brazilian IP office and WIPO have
undertaken the creation of statistical source for IP unit-record data.

® This are often referred as strategic or informal means of appropriation.
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In any case, we combined this information on use of appropriation methods from PINTEC with
export data from SECEX. Moreover, we add information about expenditures collected in the
previous PINTEC surveys and information associated with the age of firm obtained from the
RAIS Survey. The use of lagged information forces us to drop the earliest PINTEC in our
analysis. Therefore, we end with two cross-sections containing respectively:

0] Export information from SECEX 2005 and 2008;

(i) Current innovation and appropriation information from PINTEC 2003-2005 and
2006-2008;

(iii) Lagged innovation information from PINTEC 2001-2003 and 2003-2005; and

(iv) Firm age information from RAIS 2003 and 2005.

As part of the multivariate analysis, we merge these two cross-sections into a two-period panel,
which includes only those firms with 500 or more employees. We provide summary statistics of
this subsample in Annex Table A - 1. The following descriptive analysis refers to latest cross-
section.

A descriptive analysis on IP use and export performance

As shown in previous literature, there is a positive correlation between exports and innovative
activities. Innovative firms tend to be more intensive in exports compared to firms that do not
innovate. Added to this fact, both exporting and innovative firms are, in general, larger, more
productive and more intensive in skilled labor.

Innovative firms are more likely to export and they do it in a greater extent (Table 1). Indeed,
14.6% of innovative firms are exporters, while only 8.2% of non-innovative firms are. On
average, the export sales of innovative firms (more than 3.3 million USD) represent almost ten
times those observed among non-innovative ones (0.35 million USD). Any heterogeneity in the
sector distribution of innovative firms can only be claimed to account for this partially; the
average innovative firm accounts for 0.43% of the sector exports, which is more than three
times the average share of non-innovative firms (0.12%).

Table 1 - Export performance and innovation
Firms Average values

Exports Exports:

Non-exporting Exporting % Exporting (USD)  Firm/Sector (%)

Non-Innovative 56,422 5,020 8.2% 351,047 0.12%

Innovative 32,744 5,617 14.6% 3,310,078 0.43%
Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008. Notes: Average exchange rate in 2008 was 1.835

Not surprisingly, there are higher shares of exporting firms making use of each appropriation
method as an effective means to protect their innovation (Table 2). The interesting result here
is that this is the case regardless if the appropriation strategy is IP or non-IP based. In
proportional terms, we observe the highest differences for lead time, design complexity and
patents.



Table 2 - Exports and appropriation methods
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Non-Exporting Firms

Exporting Firms

Invention Patent
Utility Model
Industrial Design
Trademarks
Design Complexity
Trade Secret

Lead Time

2.9%
2.1%
3.6%
21.2%
0.8%
6.5%
0.9%

17.7%
8.3%
8.1%

40.5%
6.4%

21.4%
9.4%

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.

Table 3 - IP-related appropriation methods (Large firms)

Panel A: Invention Patent

Variable Name IP=0 IP=1 p-value
log(exports) mean 13.689 16.519 0.000
std error 0.286 0.270
dummy export mean 0.827 0.953 0.000
std error 0.016 0.013
firm share on sectorial exports mean 0.211 0.293 0.000
std error 0.014 0.020
Panel B: Utility Model
Variable Name UM=0 UM=1 p-value
log(exports) mean 14.211 16.659 0.000
std error 0.248 0.331
dummy export mean 0.849 0.965 0.000
std error 0.014 0.015
firm share on sectorial exports mean 0.231 0.272 0.083
std error 0.012 0.026
Panel C: Industrial Design
Variable Name ID=0 ID=1 p-value
log(exports) mean 14.339 16.027 0.001
std error 0.245 0.405
dummy export mean 0.855 0.938 0.003
std error 0.014 0.020
firm share on sectorial exports mean 0.226 0.296 0.009
std error 0.012 0.028
Panel D: Trademark
Variable Name TM=0 T™™=1 p-value
log(exports) mean 14.112 15.184 0.006
std error 0.316 0.289
dummy export mean 0.846 0.894 0.021
std error 0.018 0.015
firm share on sectorial exports mean 0.232 0.246 0.272
std error 0.016 0.016
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These results seem to hold when we turn to the panel containing large innovative firms only
(Table 3). In all cases, firms using IP-related appropriation methods are more likely to export
and they do it in a greater extent. As mentioned above, the effects of sector heterogeneity can
be partially removed when considering the firm’s share on the total sector exports. With this
metric, we observe as well that IP users perform on average better than non-users, although
this difference is not statistically significant for trademarks and barely significant for utility
models.

However, this is also related to basic firm characteristics such origin or size, which can also be
claimed to affect both exports and innovation. Most foreign controlled firms — either fully or
mixed — are exporters (Table 4). Similarly, exporting firms have on average ten times more
employees and forty times more sales than non-exporters (Table 5).

Table 4 - Exporting firms by origin of capital

National Mixed Foreign
Non-exporting firms 32,477 55 242
Exporting firms 4,552 254 811
% Exporting Firms 12.3% 82.2% 77.0%

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.

Table 5 - Firm characteristics and exports

Average Values
Innovative ) .
industrial firms Number of Highly-skilled Net Sales
Employees employees (USD)
Non-exporting firms 42.9 0.02 2,710
Exporting firms 476.2 0.63 111,180
Total 106.3 0.11 18,592

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008. Notes: Average exchange rate in 2008 was 1.835.
Highly-skilled employees refer to Master and PhD recipients exclusively dedicated to R&D activities per firm.

Moreover, the average exporting firm is also more knowledge intensive. They have 30 times
more skilled labor exclusively associated with R&D activities (Table 5) and they expend more in
innovation-related activities (Table 6). This is particularly the case of R&D expenditures — either
internal or external — for which exporting firms not only expend more than 100 times more than
non-exporting ones but they also do it three times more intensively. This is not the case for
acquisition of external knowledge, for which exporting firms expend quantitatively more, but
almost equally in relative terms. Interestingly, we observe non-exporting firms to have higher
intensities in the other innovation-related activities. This is particularly true for acquisition of
machinery and equipment, which represents on average the largest innovation expense for both
exporters (1.3%) and non-exporters (4%).

In general, exporting firms are benefiting proportionally more of public financing instruments to
support innovative activities (Table 7). We observe the most substantial difference between
exporting and non-exporting firms in the use of fiscal incentives for R&D and technological
innovation. Again, the main exception is the acquisition of machinery and equipment. This
finding is consistent with those for innovation-related expenditures, where we observed that
non-exporting firms acquire machinery and equipment more intensively than exporting ones.



Table 6 - Innovative expenditures and export propensity
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Innovative Industrial Firms

Average Values (1000 USS)

Innovative expenditures / Net Sales

Non-exportin
P & Exporting firms

Non-exporting

Exporting firms

firms firms
R&D expenditures 8.27 986.94 0.31% 0.89%
External acquisition of R&D 1.22 163.02 0.04% 0.15%
Acquisition of other external
2.26 102.82 0.08% 0.09%
knowledge
Acquisition of machinery and
quistt nery 108.19 1439.19 3.99% 1.29%
equipment
Training 6.17 53.88 0.23% 0.05%
Introduction of technological
mroduction of technologica 6.18 208.11 0.23% 0.19%
innovations in the market
Other preparations for
preparati 17.93 278.60 0.66% 0.25%

production and distribution

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.

Table 7 - Percentage of firms that used public incentives

MNon-Exporting Firms

Exporting Firms

Fiscal incentives for R&D and

0.54%

technological innovation

Information Technology Law

Funding for R&D activities

1.81%

0.67%

and innovative projects

Acquisition of machinery and

equipment employed in
innovation activities

Scholarships (RHAE Program)

Venture Capital

14.4a6%

0.22%

0.46%

4.67%

1.98%

1.79%

12.89%

0.79%

0.81%

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.
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Regarding cooperation to innovate, 8.4% of non-exporting firms and 19.3% of exporting firms
were involved in cooperative arrangements. Generally speaking, the valuation of partners does
not show extreme difference across exporting and non-exporting firms (Table 8). Both indicate
a preference for suppliers and customers as the cooperation partners. Interestingly, we observe
that exporters rely slightly more often on customers and academia and they do it less on
competitors than non-exporting firms.

Table 8 - Percentage of firms that considers cooperation as of high or medium

importance
L Training and
. Universities .
. . Consulting Technical
Customers Suppliers  Competitors ) and Research .
firms . Assistance
Institutes
Centers
Non-exporting firms ~ 42.3% 63.2% 17.8% 28.7% 26.2% 28.5%
Exporting firms 51.3% 67.8% 5.9% 30.8% 37.0% 21.6%

Source: IBGE/PINTEC 2008 and MDIC/SECEX 2008.

Multivariate analysis

The results from the previous descriptive analysis indicate a link between innovation and
different measures of exporting activity. Nevertheless, we observed in the same analysis that
exporting firms also relate to other firm characteristics such as capital origin or size. We have
also observed that sector heterogeneity plays some role in these metrics and it needs to be
considered more thoroughly.

In order to account for these issues, we carry a series of multivariate analyses on the
relationship between IP-related appropriation and export variables. As briefly mentioned in the
data section, we forced temporal lags in most independent variables as a way out of any
simultaneity bias arising in our main variables of interest. The inclusion of temporal lags
requires firms to be present in at least two editions of the PINTEC survey, condition which is
only met by those firms with 500 employees or more. This lag was not applied to the
appropriation variables, as they already refer to a previous 3-year period.

As the innovation literature has shown, there are significant differences in the use of
appropriation methods among industries. It is also worth remarking that most Brazilian
innovative firms have declared not to use any method of protection (Zucoloto, 2013). Thus,
besides technological appropriation, it is also important to evaluate the impact of innovative
expenditures — such as in R&D, technology embedded in equipment or other innovative
activities — on export performance. In addition to innovative activities, there are other
characteristics related to export performance. Industrial economics traditionally are based on
three relevant variables: firm size, origin of capital and sectors. In the case of origin of capital,
Acioly and De Negri (2004) emphasized that the nature of foreign companies provides greater
competitive advantage in international trade.
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Finally, export variables are also subject to national and foreign economic performance. For
example, along the 2000s, the economies of Asia have strengthened, compared to other
regions, which may have favored Brazilian firms whose exported products were strongly
demanded by these countries. Besides, the Brazilian economy was less affected by the 2008
world economic crisis than many developed countries, which may have caused a redirection of
exported products to the internal market.

As in the descriptive section, we analyze the export performance of Brazilian firms through three
different dependent variables: (i) exporting firm (yes/no), (ii) value of exports (in logs) and (iii)
the firm’s share of the sector exports (calculated at the 3-digit level of ISIC). The main
explanatory variables of our interest are four dummy variables capturing if the firm has used (1)
invention patents, (2) utility models, (3) industrial designs and (4) trademarks to protect its
innovation. In addition, we include control variables for sector (ISIC, 2-digit level), origin of
capital, size and innovative expenditures.

As discussed in the literature review section, innovation and exports do not have an
unambiguous causal relation, mostly due to endogeneity problems. It can be argued that these
concerns may also be present in the link between export performance and patenting (or IP use
more broadly). We attempt to limit this drawback by using fixed-effects estimation in some of
the analysis. In this particular case, the fixed-effect estimation assumes that the causal effect of
patenting on exports is measured by the association between individual changes in exports and
individual movements related to IP use. Therefore, an individual’s propensity to use IP or the
export sales may be endogenous, but the unobserved component of the effect of this propensity
on exports is constant over time®.

We first investigate whether the use of each described IP-related method of appropriation is
associated with a higher propensity to export. We observe that all four methods relate positively
with the likelihood of being an exporting firm (Table 9). However, in most specifications, only
the use of invention patents appears statistically significant. Interestingly, this result holds even
when including R&D and other innovation related expenditures, which should undermine at
least partially the explanatory power of patents (Table 9, column 3). Depending on the
specification, firms using invention patents are between 8 and 13% more likely to export.

® See a detailed example in Cameron and Trivedi (2005), section 21.4.1.



CDIP/14/INF/5
Annex, page 19

Table 9 — Appropriation and probability to export (Large firms)

Dependent Variable: Dummy Export
1) ) (©)
Invention patent (dummy) 0.133*** 0.09471*** 0.0815***
(0.0263) (0.0263) (0.0257)
Utility model (dummy) 0.0617* 0.0373 0.0321
(0.0320) (0.0337) (0.0344)
Industrial design (dummy) 0.0588* 0.0536 0.0399
(0.0342) (0.0359) (0.0357)
Trademark (dummy) 0.0264 0.0250 0.0119
(0.0174) (0.0175) (0.0177)
Foreign (dummy) 0.131*** 0.117***
(0.0257) (0.0261)
Mixed (dummy) 0.219** 0.231***
(0.0893) (0.0832)
Employees (logs) 0.0335** 0.0234*
(0.0140) (0.0126)
R&D (logs) 0.00631**
(0.00306)
Tech. Transfer (logs) 0.00489
(0.00353)
Tech. Equipment (logs) -0.000846
(0.00283)
Oth. Innov. (logs) 0.00620*
(0.00339)
Firm age 0.000326 0.000177
(0.000647) (0.000611)
Obsenvations 1,639 1,556 1,556
Pseudo R-squared 0.0571 0.1657 0.1825
Firm Fixed Effect No No No
Dummy Period Yes Yes Yes
Dummy ISIC No Yes Yes

Notes: Marginal effects reported. Robust standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.
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We obtain very similar results for the amount of exports as dependent variable (Table 10,
columns 1-3). Again, virtually all four methods have a positive impact on exports, but only
invention patents are statistically significant. Moreover, the economic meaning of the estimated
coefficient is substantial. Holding everything else constant, firms using invention patents export
more than three times as much than those not doing it’. As robustness, we also applied a Tobit
estimator (see Annex Table A - 4). Results remain qualitative the same, being all coefficients
positive. However in one specification all four IP-related appropriation methods are statistically
significant at 5% or less. In any case, by far, the use of patents always has the stronger effect.

Results change slightly when we turn to the dynamic analysis using firm level fixed-effects.
Even if only statistically significant at 10%, we observe that firms which were not using patents
in the first period increase their exports on average by 70% if they start using it in the second
period (Table 10, columns 4-6). In the case of utility models, this increase is more than 50%,
but also barely statistically significant. Curiously, trademarks have the most statistically
significant effect but it is negative. Firms which were not using trademarks in the first period will
export on average approximately 40% less when they start using it.

We turn now to third indicator of export activities: the share of the sector exports at the ISIC 3-
digit level. Using the same methodology discussed above, we test the impact of the four
different appropriation methods on the firm export sales share on its sector (Table 11). These
estimations are relatively similar to those for the export value when concerning the use of
patents. Firms which have used patents on average account for 6 to 10% more of the sector
total exports than those which not use patents, depending on the econometric specification
(Table 11, columns 1-3). The other IP-related appropriation methods are virtually always not
statistically significant. Sometimes, we observe them to have a negative coefficient, as it is the
case for utility models which is even significant once at 10% (Table 11, column 3). These
results are robust when we applied a Tobit estimator (see Annex Table A - 5).

The results of the dynamic analysis using firm fixed-effects are also roughly similar to those for
the amount exports (Table 11, columns 4-6). We observe a positive impact of the use of
patents and a negative one of trademarks. Both are statistically significant, although the latter
only at 10%. The main difference concerns utility models, which now turn to have a negative
coefficient although not statistically significant. The economic meaning of these results are that
on average firms that were not using patents in the first period increase about 4 percent points
of their participation in the sector total exports if they start using patents in the second period.
This means that on average they are not only growing their export sales — as seen Table 10,
columns 4-6 — but they are also doing it faster than the sector average. Conversely, we
observe that the use of trademarks decreases it by 2.5%, which is again a counterintuitive
outcome.

Summing up, in all cases we identified a positive impact of invention patent and exporting
activity, while in several cases a negative relationship between the use of trademark and
exports was observed.

" In the whole study, we apply the correction for semi-logarithmic equations as in Halvorsen and Palmquist (1980).
This concerns in particular equations where the dependent variable is the amount of export sales expressed in
natural logarithms.



Table 10 — Appropriation and export value (Large firms)
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Dependent Variable:

log (exports)

& B @3 @ 5) ®)
Invention patent (dummy) 2.517%* 11.39 1.278*** 2.59  1.103*** 2.01 0.569* 0.77 0.543* 0.72 0.516* 0.68
(0.305) (0.297) (0.296) (0.305) (0.300) (0.300)
Utility model (dummy) 0.413 0.51 0.148 0.16 -0.0116 -0.01 0.404* 0.50 0.429* 0.54  0.420* 0.52
(0.343) (0.319) (0.323) (0.243) (0.243) (0.246)
Industrial design (dummy) 0.502 0.65 0.398 0.49 0.281 0.32 -0.131 -0.12 -0.138 -0.12 -0.157 -0.14
(0.364) (0.340) (0.339) (0.231) (0.236) (0.235)
Trademark (dummy) 0.447 0.56 0.369 0.45 0.0925 0.10 -0.543** -0.42 -0.534** -0.41 -0.505** -0.39
(0.319) (0.298) (0.299) (0.235) (0.229) (0.223)
Foreign (dummy) 2.758** 14,77 2.468**  10.80 -1.071 -0.66 -1.006 -0.63
(0.299) (0.304) (0.872) (0.872)
Mixed (dummy) 2.826** 15,88 2.670*** 13.44 -0.0789 -0.07 0.00741 0.01
(0.423) (0.433) (0.877) (0.884)
Employees (logs) 1.560*** 1.223%** -0.213 -0.265
(0.219) (0.218) (0.560) (0.550)
R&D (logs) 0.154*** 0.0227
(0.0575) (0.0538)
Tech. Transfer (logs) 0.0407 -0.0210
(0.0467) (0.0426)
Tech. Equipment (logs) 0.0357 -0.0465
(0.0502) (0.0291)
Oth. Innov. (logs) 0.130** 0.0451
(0.0619) (0.0517)
Firm age 0.00326 0.00002
(0.0116) (0.0113)
Observations 1,639 1,638 1,638 1,639 1,639 1,639
R-squared 0.050 0.223 0.240 0.022 0.027 0.031
Firm Fixed Effect No No No Yes Yes Yes
Dummy Period Yes Yes Yes Yes Yes Yes
Dummy ISIC No Yes Yes No No No

Notes: Robust standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1. Dummy coefficients correction as in Halvorsen and Palmquist (1980) in italic.
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Table 11 - Appropriation and share of sector exports (Large firms)

Dependent Variable:

firm share on sectorial exports (3 digits)

1) ) ®) (4) ©) (6)
Invention patent (dummy) 0.0982*** (0.0684*** 0.0604*** 0.0406** 0.0394** 0.0386**
(0.0193) (0.0193) (0.0198) (0.0172) (0.0173) (0.0173)
Utility model (dummy) -0.0314 -0.0335 -0.0384* -0.00854 -0.00797 -0.00785
(0.0228) (0.0221) (0.0222) (0.0148) (0.0148) (0.0147)
Industrial design (dummy)  0.0325 0.0293 0.0235 -0.00340 -0.00317 -0.00371
(0.0260) (0.0254) (0.0256) (0.0178) (0.0173) (0.0173)
Trademark (dummy) 0.0126  0.00625 -0.00418 -0.0249* -0.0245* -0.0242*
(0.0163) (0.0161) (0.0162) (0.0138) (0.0138) (0.0137)
Foreign (dummy) 0.0820*** 0.0707*** -0.0968 -0.0974
(0.0184) (0.0186) (0.0677) (0.0671)
Mixed (dummy) 0.150***  0.140*** -0.0644  -0.0650
(0.0467) (0.0480) (0.0557) (0.0558)
Employees (logs) 0.0477** 0.0366*** 0.0133 0.0140
(0.00981) (0.0101) (0.0344) (0.0342)
R&D (logs) 0.00520* -0.000705
(0.00295) (0.00371)
Tech. Transfer (logs) 0.00377 -0.000728
(0.00289) (0.00226)
Tech. Equipment (logs) -0.00145 -0.000977
(0.00261) (0.00200)
Oth. Innov. (logs) 0.00575* 0.000447
(0.00296) (0.00322)
Firm age 0.00133** 0.00119**
(0.000519) (0.000515)
Observations 1,639 1,638 1,638 1,639 1,639 1,639
R-squared 0.022 0.062 0.072 0.013 0.019 0.020
Firm Fixed Effect No No No Yes Yes Yes
Dummy Period Yes Yes Yes Yes Yes Yes
Dummy ISIC No Yes Yes No No No

Notes:

Robust standard errors in parenthesis. *** p<0.01, ** p<0.05, * p<0.1.
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Robustness of results
These results may suffer from some methodological limitations which are worth discussing here.

First, we have mentioned before that innovation and exports have been largely shown to be
related. Given the limitation of PINTEC mentioned in the data section, we need to limit our
previous estimations to innovative only firms if we want to use the variables relating to
appropriation methods. How much of these results can be attributed to this constraint? In our
sample (see Table A - 3), we observe that innovative firms are only 2.2% more likely to export.
This is below the magnitudes found for IP-related methods, although only the likelihood for
patents is substantially higher. Innovative firms export 33% more on average than non-
innovative firms, but this is considerably below the 259% marginal effect for patents found using
a similar econometric specification. Moreover, innovative firms account on average for barely
0.11% more of the sector total exports than non-innovative firms, which is almost negligible to
the 6.8% percent difference found for patent using innovative firms.

Conversely, we can expect IP-related appropriation methods to affect innovation and economic
performance more broadly defined. A careful analysis of such link is beyond the scope of this
study, but basic results are presented in the annex using a similar framework just for robustness
purposes. We observe again that there is a positive and significant correlation between the use
of patents and the different variables selected (Table A - 11). Results are less apparent in
statistical significance when controlling for firm fixed-effects (Table A - 12).

A second concern is the risk of collinearity between IP-related appropriation methods. As
mentioned in the literature review, the use of patents does not exclude necessarily the use of
trademarks and so on (Llerena and Millot, 2012). Moreover, a given innovative product may
contain more than one technology and firms — particularly the large ones — may supply more
than one innovative product. Therefore firms may protect each of these innovations differently,
which may translate into a higher proportion of observations with more than one IP-related
appropriation method. The positive correlation among all these variables seems to confirm this
concern (Table A - 2). We observe the highest Pearson correlation coefficients between utility
models and industrial designs (0.4367) and between invention patents and utility models
(0.4181). These, however, are far from being a severe case of collinearity.

In any case, to further explore this issue, we disaggregate the IP-related appropriation methods
in order to account of all possible interactions (Table A - 6 to A -10). We reproduce all the
previous specifications including these interacted variables. Despite of what literature states
about the joint use of these appropriation methods, the inclusion of the interactions did not
significantly change the results nor improve the explanatory power of our specifications.
Particularly, the main effect still is the one from patents, which remains statistically significant in
most specifications.
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Conclusions

In this report we evaluate the relationship between different IP-related appropriation methods
and export performance of Brazilian industrial firms. Information about appropriation methods to
protect innovation was obtained at the Technological Innovation Survey, applied by the Brazilian
Statistic Institute (PINTEC/IBGE).

Even if Brazil has historically been characterized by the export of commodities (De Negri, 2005),
our descriptive results suggest that not only innovative firms tend to export more, but also
different IP methods — i.e. patents, utility models, industrial designs and trademarks — relate to
better exporting performance. Descriptive statistics show that, on average, innovative
manufacturing firms are more likely to export and present a higher average export value than
non-innovative firms. In a sub-sample including only innovative industrial firms, we found that
exporting firms are larger (when the size is measured by the number of employed persons or by
net sales) and invest proportionately more in R&D. Moreover, a proportionally higher
percentage of firms with foreign capital are exporters. Conversely, we also observe that
exporting firms are more likely to use IP-related appropriation methods, although they also do it
for non IP-related methods, such as secrecy, lead-time or complexity.

Aiming to evaluate the impact of appropriation methods on export performance, the econometric
analysis concentrate on large firms. It enabled the use of a temporal lag in most independent
variables. In addition, within estimation using firm fixed-effects were used to deal with
endogeneity problems. The results showed a positive and significant impact of invention patent
on export performance. These results were robust for every export performance indicator and
to virtually all econometric specifications. However, this was the only variable of interest that
shows consistent and meaningful results. The impact of other IP methods is at least
ambiguous. One particular odd result concerns trademarks, which are found sometimes to
affect exports negatively. This result may indicate that trademark users may focus on national
market instead of export their production. Also, it may indicate the limitations that often
innovation surveys have to measure the use of IP.

We have relied on the information about IP use by large Brazilian innovative firms from PINTEC,
which was the best source at the time this study was carried. However, this means that our
results may not hold for other groups, such as smaller and non-innovative firms. Moreover, a
given innovative product may contain more than one technology and firms — particularly the
large ones — may supply more than one innovative product. The fact that PINTEC does not
allows us to establish the IP portfolio of firms limits the analysis substantially. These limitations
can be surmounted by the use of IP unit-record data from the Instituto Nacional de Propriedade
Industrial (INPI), which are part of a complementary element of the project’s country study Brazil
(CDIP/14/INF/6).
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Table A - 1 - Summary Statistics of the sample of large firms (2005)

variable mean sd p3 D95 p50 ™
log lexported valug] 14,837 6.193 0.000 20.881 16.755 827
dummy export 0.269 0.337 0.ooo 1.000 1.000 827
firm share on sectorial exports 0.239 0.000 0.000 1.000 0.078 827
logi R&D expenditures) 4.905 3.651 0.ooo 9.938 5.858 827
logitechnology transfer expenditures) 5.653 3.641 0.000 10.352 6.771 827
log{machinery and equipment
expenditures) 2.767 3.201 0.0oo 8.4355 0.0oo 827
log{other innovative expenditures) 5.098 3.409 0.000 10.065 5.730 827
Table A - 2 - Correlation of variables (panel, large firms)
I
lo log tmacsigne log (ather
) export log  invention utility industrial ¢ log (R&D {technology v ) ¢ )
Variables ) ) trademark (number of ) ) and innovative
dummy (exports) patent model design _ expenditures]  transfer ] ] )
employees) . equipment expenditures)
expenditures) ) i
expenditures)
expart dummy 1.0000
log(exparts) 0.9180  1.0000
invention patent 0.1728  0.2146  1.0000
utility model 01249  0.1271 0.4181 1.0000
industrial design 0.0861  0.0913 0.2361 0.4367 1.0000
trademark 0.0852  0.0973 0.2541 0.2641 0.2266 1.0000
log(number of employees)  0.0974  0.2443  0.1750 0.0865 0.0644  0.0988 1.0000
log{ R&D expenditures) 0.2046  0.2783 0.3185 0.2504 0.1861 0.2480 0.2786 1.0000
log(technology transfer ) ) . ) ) ) )
) . 0.1022  0.1590 0.1119 0.0915 0.1093 0.0570 0.2136 0.3673 1.0000
expenditures)
log({machinery and ) ) ) )
) ) . 0.0826  0.1660 0.0739 0.0694 0.0338 0.1030 0.1933 0.3260 0.2932 1.0000
equipment expenditures)
log(ather innovative ) ) ) L ) ) )
0.1593  0.2318 0.2030 0.14%2 0.1231 0.2091 0.2373 0.3578 0.3303 0.5201 1.0000

expenditures)
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Table A - 3 - Innovative and export performances

Dependent variable: dummy export loglexp) export share
Logit oLs oLsS
(1) (2) (3]
innovative firm 0.0224%** 0.293%** 0.00109%**
{0.00664) {0.0844) {0.000230)
loginumber of employees) 0.0715%** 1.532%** 0.00582%**
{0.00180) {0.0475) {0.000309)
foreign 0.164%%* 7.153%%* 0.0368%**
{0.0154) {0.446) {0.00337)
mixed 0.201%%* 6.668%%* 0.0155%%*
{0.0330) {1.212) {0.00399)
Ohservations 13,945 13,945 13,841
R-squared 0.310 0.101

Mote: The sample comprises all firms surveyed by Pintecin 2008, Export data are
from Foreign Trade Secretariat {SECEX) / Ministry of Development, Industry and
Foreign Trade. The number of employees are provided by the Minister of Labour
and Employment (RAIS). Innovative firm is defined as the firm that implemented at
least one product or process innovation between 2006 to 2008. Standard errorsin
parentheses. Column (1) reports marginal effects of the logit regression. Columns
(2} and (3) report the coeficients of OLS regression. Type of Sector are controlled in
all regressions.

E4% peD. 01, ** p<0.05, * p<0.1
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Table A - 4 - Technological appropriation and exports
(Method=Tobit model, DV= Exports (logs), sample=large firms)

Dependent Variable: log (exports
invention patent 2.794%%% 1 415%* ] 2]19%*
(0.346) (0.0768) (0.0795)
utility model 0.503  0.193* 0.0118
(0.381) (0.0778) (0.0809)
industrial design 0.601  0.463*** (.332***
(0.405)  (0.0765) (0.0781)
trademark 0.524  0.443**  0.134
(0.367) (0.0770) (0.0813)
foreign 3.016***  2,694***
(0.0742) (0.0785)
mixed 3.095*+* 2, 914***
(0.0658) (0.0678)
log (number of employees) 1.652%%*  1.274**
(0.0131) (0.0141)
log ( R&D expenditures) 0.175%**
(0.0127)
log (technology transfer expenditures) 0.0465*+*
(0.0129)
log (machinery and equipment expenditu 0.0330***
(0.0118)
log (other innovative expenditures) 0.147%**
(0.0135)
Obsenvations 1,639 1,638 1,638

Robust standard errors in parentheses
*** 0<0.01, ** p<0.05, * p<0.1
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Table A - 5 - Technological appropriation and exported value of large firms
(Method=Tobit model, DV= Share of sector exports)

Dependent Variable: firm share on sectonal exports (3 digits)
invention patent 0127 0.0897 0.0782
(0.0226) (0.0224) (0.0229)
utility model -0.0257 -0.0310 -0.03581
(0.0259) (0.0250) (0.0252)
industrial design 0.0458 0.0408 0.0330
(0.0293) (0.0292) (0.0292}
trademark 0.0176 0.0107 -0.00383
{0.0201) {0.0197) (0.0199)
foreign 0107 0.0918**
{0.0215) (00217}
mixed 0.190%* 0176
(0.0534) (0.0550)
log (number of employees) 0.0545% 0.0354%=
{0.0116) (0.0120}
log (R&D expenditures) 0.00792*
(0.00368)
log (technology transfer expenditures) 0.00433
(0.00343)
log {machinery and equipment expend -0.00252
(0.00322)
log {other innovative expenditures) 0.00808*
(0.00362)
Obsenvations 1,639 1,638 1,638

Robust standard errars in parentheses
#* =001, ** p=005, * p=01
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Table A - 6 - List of interaction variables of interest

VARIABLES
IP invention patent
UM utility model
ID industrial design
™ trademark

Interactions: if the firm used any of the following combinations

IPUM invention patent and utility model
IPID invention patent and industrial design
IPTM invention patent and trademark
UMID utility model and industrial design
UMTM utility model and trademark
IDTM industrial design and trademark
IPUMID invention patent, utillity model and industrial design
IPUMTM invention patent, utillity model and trademark
IPIDTM invention patent, industrial design and trademark
UMIDTM utility model, industrial design and trademark
IPUMIDTM invention patent, utility model, industrial design and trademark




CDIP/14/INF/5
Annex, page 33

Table A - 7 - Technological appropriability and probability to export of large firms -
including interactions (OLS model)
dummy export

Dependent Variable

(1) 2) (3) 4)
IP 0133+ 0. 115+ 0.0815% 0.0705*
(0.0263)  (0.0399) | (0.0257)  (0.0396)
W] 0.0617* 0.166 0.0321 0.0763
(0.0320) (0.113) (0.0344)  (0.0995)
I 0.0588* I 0.0399 0.149
(0.0342) (0.112) (0.0357) (0.108)
T 00264 0.0157 0.0119 000182
(0.0174)  (0.0187) | (0.0177)  {0.0189)
IPLIM -0.163 -0.107
(0.145) (0.132)
IPID 1.148 0.875
(0.148) (0.142)
IFTI 0.129* 0.100
(0.0766) (0.0730)
b -0.236 -0.175
(0.196) (0.176)
UMTI 0.0339 0.0859
(0.15%9) (0.153)
DT -0.04135 -0.05894
{0.138) {0.136)
IFUMID -1.066%* 0876
(0.257) (0.233)
IPUMTI -0.0532 -0.100
{0.203) (0.194)
IFIDTM 1413 104
{(0.201) (0.130)
LMIDTI -0.02583 -0.0213
(0.248) (0 237)
IPUMIDTM 1,499+ 1.252
(0.335) (0.313)
foreign 0117 0. 11g==
(0.0261) (0.0261)
mixed 0.231%= 0 2307
(0.0832)  (0.0822)
log{number of
employees) 0.0234* 0.0221*
(0.0126)  (0.0125)
log { R&D expenditures) 0.00631*  0.00594%
(0.00306}  {0.00309)
log {technology transfer
expenditures) 0.00489 0.00508
(0.00353) (0.00353)
log {machinery and
equipment expenditures) -0.000846  -0.000812
(0.00283)  (0.00278)
log {other innowvative
expenditures) 0.00620* 0.00642%
(0.00339) (0.00334)
Ohservations 1.63%9 1.63% 1.556 1.656
Pseudo R-squared 0.0571 0.0675 0.1825 0.1908
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Table A - 8 - Technological appropriation and exported value of large firms

(Method=Pooled OLS, Full interactions)

Dependent Variables (1) (2) (3 (4)
IP 2517 2. 705 1103 1.578**
(0.305)  (0.577)  (0.296)  (0.561)
A 0413 2,983 -0.0116 0.787
(0.343)  (0.986)  (0.323)  (0.903)
I 0502 1.609* 0.281 1.440
(0.364)  (0.937)  (0.339)  (0.918)
T 0.447 0167 0.0925 -0.0340
(0.319) (0450}  (0.299)  (0.414)
IPLIM -3.245* -1.933
(1.492) (1.375)
IPID -1.586 -3.527"
(1.471) (1.488)
IPTI 0.872 0.215
(0.743) (0.711)
LMD -3.428* -1.792
{1.960) {1.814)
LIPATIA -0.693 0566
[1.245) (1.181)
IDTM 0.530 -0.339
{1.253) {1.192)
IPUMID 3.064 3.299
(2.728) (2.518)
IPUMTM 0.531 -0.0335
(1.731) (1.625)
IPIDTM -0.918 1.632
i1.9580) (1.862)
LIMAIDTIA 0.296 0.649
(2.452) (2.348)
IPUMIDTM 0296 -0.954
(3.317) (3.091)
foreign 2. 453 2. 475"
{(0.304)  {0.309)
mixed 2 BT0* 2 599
(0.433)  (0.435)
log{number of
employees) 1.223%* 12325
(0218} (0220}
log { R&D
expenditures) 0 154+ 0. 145*
(0.0575)  (0.0580)
log {technology
transter
expenditures) 0.0407 0.0439
(0.0467)  (0.0470)
log {machinery and
equipment
expenditures) 0.0357 0.0407
(0.0502)  (0.0502)
log {other
innowvative
expenditures) 0.130% 0132+
(0.0619) (00620}
Observations 1.639 1.639 1.6338 1.6338
R-squared 0.05 0.053 0.240 0.244
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Table A - 9 - Technological appropriation and share of sector exports
(Method=Pooled OLS, Full interactions, sample=Large firms )

(1) 2) (3) {4)
Dependent variable firm share on sectorial exports

IP 0.0982* 0.103* 0.0604** 0.0693*
(0.0193) (00349} (0.0128) (0.0361)

(W] -0.0314  0.00836 -0.0384* -0.0574
(0.0228) (00571} (0.0222) (0.0546)

D 0.0325 0.122 0.0235 0.114
(0.0260} (00853} (0.0256) (0.0885)

T 0.0126 0.00264 -0.00418 -0.0122
(0.01683) (00203} (0.0162) (0.0203)

IPLI -0.0693 -0.0248
{0.0860) (0.0815)

IPID 0.0947 0.0505
(0.259) (0.271)

IPTI 0.0201 0.00773
(0.0475) (0.0471)

rID -0.162 -0.0781
(0.130) (0.132)

UITI -0.0259 0.0290
(0.0770) (0.0739)

DT -0.0455 -0.0669
(0.102) {0.104)

IPUMID -0.139 -0.164
{0_287) (0.297)

IPLUIATI 0.0632 0.0230
{0.108) (0.103)

IPIDT -0.212 -0.1B65
(0.271) (0.282)

LUMIDTM 0.142 0.0778
{0.160) (0.159)

IPLIMIDTIM 0.207 0.241
(0.311) (0.318)
fareign 0.0707%= 0.0710%
(0.0186) (0.0186)

mixed 0.140%= 01425

(00480} (0.0485)
log{number of

employees) 0 0366 00369
(0.0101) (0.0101)
log { R&D expenditures) 0.00520* 0.00524*%

(0.00295} (0.00299)

log {technology transfer

expenditures) 000377 000372
(0.00289) (0.00290)

log {machinery and

equipment expenditures) -0.00145 -0.00143
(0.00261} (0.00264)

log {other innovative

expenditures) 0.00575* 0.00591**
(0.00296) (0.00296)

Observations
R-squared

[N e
=N

1.638
0.0vz2 0.078

[y
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Table A - 10 - Technological appropriation and exports
(Method=FE effects, Full interactions)

Dependent variables exported firm -share on
value sectorial exports
1P 1.142* 0.0287
{0.628) {0.0283)
U 0.332 -0.0402
{0.563) {0.0725)
1D 0.210 0.00255
(0.362) (0.0416)
™™ -0.267 -0.0133
{0.285) {0.0162)
IPUM 0.0578 0.0716
{0.998) {0.0823)
IPID -1.457 -0.0264
{0.866) {0.0544)
IPTIM -0.829 -0.0103
{0.573) {0.0341)
UMID 0.414 0.0688
{0.680) {0.143)
UMTM 0.913 -0.0611
{0.951) {0.0863)
IDTH -0.206 -0.0693
(0.632) {0.0610)
IPURMID 0.786 -0.0987
{1.587) {0.158)
IPUMTM -0.874 0.0286
{1.274) {0.106)
IPIDTM 1.553 0.0964
{0.953) {0.0735)
URMIDTH -1.664 0.0861
{1.374) {0.160)
IPUMIDTM 0.0703 -0.0594
{2.058) {0.186)
foreign -1.028 -0.0993
(0.873) {0.0674)
mixed 0.118 -0.0612
{0.309) {0.0563)
log{number of employees) -0.280 0.0160
(0.546) [0.0338)
log { R&D expenditures) 0.0234 -9.26e-05
{0.0550) {0.00381)
log {technology transfer expenditures) -0.0133 -0.000993
{0.0430) {0.00229)
log {machinery and equipment expenditures -0.0467 -0.00117
{0.0291) {0.00201)
log {other innovative expenditures) 0.0454 0.000402
(0.0529) (0.00328)
Observations 1,639 1,639
R-squared 0.040 0.031
rank 1,031 1,031
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Table A - 11 - Technological appropriation and selected economic variables
(Method=Pooled OLS, sample=Large firms)

Dependent Variable exporting firms  export/sales mkshare innovfsales  innov. market/sales
invention patent 0.293* 0.0222* 0.0349* 0.0306% 0.00867+*
(0.147) (0.0121) (0.0174) (0.0115) (0.00323)
utility model -0.232 -0.0221 0.0345 0.0174 0.0179+
(0.159) {0.0135) {0.0197) {0.0153) (0.00707)
industrial design -0.0954 -0.0167 0.0178 -0.00761 -0.00305
(0.167) {0.0131) {0.0218) {0.0158) (0.00624)
trademark -0.150 00298 -0.000581 0.0185* 0.00362*
(0.125) (0.00957) (0.0141) (0.00915) (0.00217)
foreign 1.115%** 0.0373%** 0.0602%** 0.0208* -0.000598
(0.144) (0.0112) (0.0169) (0.0112) (0.00473)
mixed LO17*** 0.0645%* 0.100%* 0.0277 0.00125
(0.319) {0.0284) {0.0419) {0.0296) (0.00522)
log {number of
employees) 1.063%** 0.0432%** 0.0616%** 0.00829 -0.00191
(0.101) (0.00730) (0.00979) (0.00604) (0.00213)
log (R&D expenditures) 0.0435% -0.00296 0.00641%* 0.00306* 9.86e-05
(0.0255) (0.00193) (0.00259) (0.00170) (0.000558)
log {technology transfer
expenditures) 0.000197 0.00212 0.00122 -0.00192 -0.000962
(0.0222) (0.00171) (0.00243) (0.00161) (0.0006439)
log {machinery and
equipment expenditures) 0.0512** 0.00246 -0.00294 -0.000331 0.000214
(0.0206) (0.00169) (0.00222) (0.00144) (0.000577)
log {other innovative
expenditures) 0.0312 -0.00287 0.00669*** 0.00265 0.000238
10.0260) (0.00201) (0.00243) (0.00175) (0.000600)
Observations 1,423 1,634 1,636 1,638 1,638
Pseudo R-squared 0.339 0.266 0.188 0.093 0.045
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Table A - 12 - Technological appropriation and selected economic variables

(Method=FE effects, sample=Large firms)

new product to the new product to the

Dependent Variable exporting firms  export/sales mkshare firm | sales market / sales
invention patent -0.139 0.00458 0.0224* 0.0302* 0.00420
{0.0861) (0.00689) (0.0124) {0.0172) {0.00503)
utility model 0.0813 -0.00354 -0.0168 0.0542* 0.0119
{0.155) (0.00900) {0.0135) {0.0243) {0.0108)
industrial design -0.103 0.0005035 0.00282 -0.0506* 0.000901
{0.117) (0.00685) {0.0144) {0.0230) {0.00797)
trademark 02327 -0.00856 -0.00848 0.0217 -0.000244
{0.0899] (0.00686) {0.0105) (0.0133) (0.00334)
foreign 0.196 0.0140 0.00938 0.0432 -0.00647
(0.412) {0.0282} {0.0148) {0.0329) {0.00550)
mixed -0.112 0.00833 0.0145 -0.0452 -0.00208
{0.408) {0.0236) {0.0181) {0.0435) {0.00776)
log {number of
employees) 0.00616 0.0188* 0.0145 -0.00581 0.00612
(0.189) {0.0109} {0.0197) {0.0257) {0.00744)
log (R&D expenditures) 0.0323 0.00229% 0.00226 -0.000320 -0.00184%
{0.0239] (0.00137) {0.00202) (0.00287) (0.00111)
log (technology transfer
expenditures) -0.0247* -0.00309%** -0.00124 -0.000986 -0.000415
{0.0129) (0.00119) {0.00137) {0.00250) {0.00110)
log {machinery and
equipment expenditures) -0.0104 0.000174 -0.000511 0.00264 0.0006590
{0.0134) {0.000967) {0.00121) {0.00222) {0.000681)
log {other innovative
expenditures) 0.0228 -0.000759 -0.000183 -0.00387** -0.000614
{0.0225) (0.00136) {0.00158) {0.00298) {0.00145)
Observations 1,424 1,635 1,637 1,633 1,633
Pseudo R-squared 0.040 0.083 0.013 0.053 0.020

[End of Annex and of document]



