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Abstract

This article presents an empirical analysis to observe the influence of industrial property, measured as
Patents, on the Gross Domestic Product (GDP) of two Latin American countries: Mexico - Brazil in the
period 2000 - 2015 as phase | on study on patents and their effects. A unit root test is applied. The results
show the existence of a positive relationship between the level of innovation and GDP.

Economic growth, Patents, Gross domestic product, Innovation
Resumen

Este articulo presenta un analisis empirico para observar la influencia de la propiedad industrial, medida
como Patentes, en el Producto Interno Bruto (PIB) de dos paises latinoamericanos: México - Brasil en el
periodo 2000 - 2015 como fase | de estudio sobre patentes y sus efectos Se aplica una prueba de raiz
unitaria. Los resultados muestran la existencia de una relacion positiva entre el nivel de innovacién y el
PIB.

Crecimiento econdmico, Patentes, Producto interno bruto, Innovacion
1. Introduccién

According to ECLAC reports, it is indicated that in order to sustain economic and social advances and
respond effectively to the challenges that arise, it is essential to build capacities in the countries. The
future requires very rapid and significant increases in productivity, as well as productive diversification
that makes it possible to go beyond specialization in basic products. These increases will not occur
spontaneously. Investment in basic and higher education, in science and technology, and in technical
capacities for production becomes essential to bring about a new stage of growth with greater equality in
Latin America and the Caribbean. Productive diversification and the incorporation of capacities must go
hand in hand with a more intense and equitable effort to extend education to sectors that have been
marginalized until now. ECLAC, 2015

When a country is in full employment of its factors of production, Capital and Labor, the Solow
residual indicates that the growth of the Product is due to technological changes since the factors of
production cannot be increased. This hypothesis has been studied empirically by numerous researchers
over the last 20 years since the publication of the works, Barro (1991).

In this order of ideas, the increases in GDP explained by the residual contain, among other factors,
innovation and industrial property, which in turn have positive effects on labor and capital, and therefore
on GDP. Accordingly, Stern, Porter and Furman (2000) point out that the level of innovation in a region
can be estimated with the number of patents generated.

This paper aims to study the relationship between Patents and economic growth using a panel
data model for some Latin American countries, specifically: Mexico and Brazil. Through an econometric
analysis for non-stationary panel data, the long-term relationship between production factors (Patents,
Capital and Labor) and GDP is estimated, emphasizing the effect that the increase in Patents has on
economic growth. of the countries. The analysis will be carried out through the use of GRETL, an
econometric software.

In order to determine the order of integration of the series, apply the unit root test. It is necessary
to know if there is a long-term relationship between GDP and the number of Patents, in order to know
the causality that exists between these two series, which is supposed to be bidirectional, that is, there is
a certain feedback between the increase in Patents and economic growth.

This text is organized as follows. The second part presents an overview of empirical studies that
have been carried out at the international level on the relationship between patents and economic growth.
The third part presents the model and the methodology to estimate. In the fourth part, the results of the
unit root and Co-integration tests are presented and analyzed. In the last part, the final considerations are
found.
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2. Relationship Patents and Economic Growth

The relationship between patents and economic growth has been a well-studied topic in recent years.
This section seeks to present international studies that have focused on this relationship, that is, the
relationship between patents and economic growth of countries.

The study by (Griliches, 1990), where trends in time series of patents granted in the US are
examined and their decline in 1970, is interpreted as a reflection of the changing meaning of these data
over time. Therefore, it concludes that patent data remains a unique resource for the study of technical
change. For his part, Keller (2004) mentions that differences in productivity explain a large part of the
variation in income from one country to another, and technology plays a key role in determining
productivity.

The authors Furmanet et al. (2002), present an empirical analysis of the determinants of the
production of international patents at the national level.

The analysis of Acs et .al. (2002), focuses on the problem of measuring economically useful
knowledge, thus providing an exploratory study and a regression-based comparison of innovation count
data and patent count data at the lowest levels. low possible geographical aggregation.

On the other hand, the work of Segerstrom (1998), explains why patent statistics have been more
or less constant despite the fact that R&D employment has increased considerably in the last 30 years.
In addition to showing through a model that an ever-increasing R&D effort has not led to any upward
trend in economic growth rates, as predicted by early R&D-driven endogenous growth models with the
“scale effect” property.

In the study by (Kortum, 1997) a theoretical model is developed - search for technological change
that accounts for some disturbing trends in industrial research, patents and productivity growth. In the
model presented, the researchers show the probability distributions of the possible new production
techniques for each good in the economy.

On the other hand, Atz et.al. (2010), within the focus on increasing levels of competition and
decreasing products, mentions that the ability of a company to generate a continuous flow of innovations
may be more important than ever in what allows a company to improve profitability and maintain a
competitive advantage, and investigates several questions that are central to an examination of the
productivity of innovation in a company.

The existing literature allows these studies to be grouped into two areas, those that determine a
direct effect that goes from patents to economic growth, and those that determine an indirect effect
between them. Indirectly, when they affect economic growth through another factor of production, such
as capital or labor, for example, Gould & Gruben (1996), through a cross-sectional model on patent
protection, study the role played by rights of intellectual property on the economic growth of a country.

Their results present empirical evidence that is on the way to ensure that intellectual property is
a determinant of economic growth, and the effect of patents is greater in more open countries, in relative
terms. The article examines the role of intellectual property rights in economic growth, using data from
different countries on patent protection, the trade regime and the specific characteristics of each country.
Evidence suggests that intellectual property protection is a significant determinant of economic growth.
These effects appear to be slightly stronger in relatively open economies and are robust both to the
openness measure and to other alternative model specifications..

Additionally, Park & Ginarte (1997), show that patents have a positive impact on capital
accumulation, and therefore, by increasing fixed capital, they have a positive effect on the economic
growth of economies.

Koléda (2004) shows that the effect of novel patent requirements on GDP growth can exhibit an
inverted U-shape, implying that a stronger intellectual property protection policy can slow down the
economic growth of an economy, and demonstrating that there is an optimal level of requirements which
maximizes economic growth.
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According to the study by Fink & Maskus (2005), the possibility that the effect of intellectual
property rights on the economic growth of countries depends on the level of economic development is
high. Added to this finding are the results of Schneider (2005), obtained through a panel data model of
47 developed and developing countries between 1970 and 1990, which argue that legally stronger patent
rights have a positive effect on innovation, and therefore on economic growth, only in developed
countries. On the other hand, Chen & Puttitanun (2005), using panel data from 64 developing countries,
obtain results in favor of stronger patent rights having a positive effect on innovation in developing
economies. Additionally, they present empirical evidence on the existence of a U-shaped relationship
between intellectual property rights and economic growth, first it decreases and then it increases.

Futagami & Iwaisako (2007) show that a model with patents of infinite duration does not
maximize social welfare, while an endogenous model of finite duration, which does not present scale
effects in the production function, maximizes social welfare. In the case of Cysne & Turchick (2012),
they study the optimal level of protection of intellectual property rights through a model of research and
development (R&D) growth with an exogenous rate of imitation.

In the study by Kim et al. (2012), using two models, study the effect of patents and utility models
on innovation and economic growth, controlling in turn for the level of economic (technological)
development. They first study a country-level model, using a panel data model, for the period 1975-2003,
and then a firm-level model in Korea, for the period 1970-1995 using 13,530 firms. Their conclusions
ensure that patent protection contributes to innovation and economic growth in developed countries,
however, the same does not happen with developing countries since they do not find statistical evidence.

3. Methodology and Econometric Model

The objective is to estimate the relationship between industrial property, measured as the number of
patents, and real GDP for the countries: Mexico and Brazil, during the period between 2000 - 2015.
During the last two decades, the panel data They have been used as an analysis tool by researchers from
various areas to study the relationships between different variables. The main reason is that this
methodology combines a dimension of time (time series) with another transversal dimension (Cross
Section), which has greater benefits when making statistical inference.

In this order of ideas, when working with macroeconomic panel data, in which the time series is
greater than the number of individuals, the existence of a long-term relationship between the variables
that are analyzed for the group must be taken into account. of individuals. In other words, we must ensure
that a co-integration relationship exists to avoid the problem of obtaining spurious results. Kao (1999)
was one of the authors who introduced the term of spurious relationships in the use of panel data, when
the time observations are greater than the number of individuals in a panel.

The model to be estimated is the following
Ln(Y);, = a; + BLn(K); + B,Ln(L); + SsLn(Pat);, +e, 1)

where Ln(y), is the logarithm of the country's GDP (i) in the period (t), Ln(K),, is the logarithm

of the country's gross fixed capital formation (FBC)(i) in the period (t), is the logarithm of the labor force
of each country (FLA) (i) in the period (t), y Ln(Pat), isthe logarithm of the patent registrations of each

country (PAT) (i) in the period (t).
3.1. Unit Root Test

It is interesting to ask why the unit root test is important. Because it is common for macroeconomic
variables to grow or often decline over time. Variables that increase over time are examples of non-
stationary variables. There are also series that do not increase over time, but where the effects of the
innovations do not die out over time. These are also non-stationary. There is a major problem with
regressions involving non-stationary variables, when the standard errors produced are biased. Bias means
that the conventional criteria used to judge whether or not there is a causal relationship between the
variables is not reliable. In many cases a significant relationship is discovered when in fact it does not
exist. A regression where this occurs is called a spurious regression.
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One problem with unit root tests is that they suffer from low power and distorted size. In the
framework of classical hypothesis testing, the null and alternative hypotheses, the two competing
conclusions that can be inferred from the data, are specified. Next, the data is examined, to see if we may
be able to reject the null hypothesis and therefore accept the alternative. We are usually interested in
rejecting the null hypothesis, so to be sure, we need to be completely confident that it is incorrect before
rejecting it. Consequently, significance levels such as 90% or 95% are used. This means that using the
data we feel more than 90% (or 95%) confident that the null hypothesis is wrong.

Two types of errors can be made: 1. incorrectly reject a true null hypothesis (this is often called
a type I error), or 2. accept a null hypothesis as false (a type Il error). The consequences of errors depend
on the circumstances and the researcher must choose the level of significance appropriately. The size of
the test is the probability of committing a type | error, which would be the level of significance chosen.
The size is distorted if the true probability is not what one thinks one is testing for. This will occur if the
true distribution of the test statistic is different from the one one is using. A major problem with unit root
tests in general, and the Dickey-Fuller test in particular, is that the distribution of the test statistics is both
nonstandard and conditional on the order of integration of the series, the time series properties of the
errors, if the series has a trend, etc. This means that size distortion issues are common.

For example, you may want to test at the 95% level, but you don't know the correct distribution.
Suppose the value of the test statistic at the 95th percentile is a for the distribution you are using, but o
is at the 90th percentile for the true distribution. In this case, you would be rejecting more hypotheses
than you expect and reducing your chances of making a Type | error. Although the reduction is at a cost,
because the probability of making a Type Il error is inversely related to the probability of making a Type
Il error. type | error. The power of a test is the probability of rejecting a false null hypothesis, that is, one
minus the probability of making a type Il error. Unit root tests are notoriously underpowered. Note that
the size of the test and its power are not equal, since they are conditional probabilities based on different
conditions: one is based on a true null hypothesis and the other is based on a false null hypothesis. When
unit root tests are performed, the null hypothesis is usually: the variable has a unit root. The low power
of unit root tests means that we are sometimes unable to reject the null hypothesis, wrongly concluding
that the variable has a unit root.

3.3. Cointegration Test

After verifying that the series are integrated of order one, that is, that they contain a unit root in the panel,
the co-integration test was continued, in order to find evidence of the existence of a relationship between
the variables in the long-term. This is tested using the well-known Pedroni heterogeneous panel co-
integration test (1999, 2000, 2004).

4. Empirical Data and Results
This section presents the data and results of the unit root and co-integration tests..
4.1. Data

The data of the countries: Mexico and Brazil, for this work were obtained from the World Bank, data are
used on GDP (in millions of dollars), Gross Fixed Capital Formation (in millions of dollars), Labor force
(in millions of people ) and Patents (registration number). The database covers the period between 2000
and 2015.

4.2. Unit Root Test

According to Table 1, the unit root test applied to the time series indicates that in levels these series have
a unit root since the probability of the tests does not allow rejecting the null hypothesis of the existence
of a unit root, the null hypothesis is that the series is stationary, for which, as can be seen, it is rejected
at 1% significance. The results of the applied tests are also presented in the Annex. In short, the results
of the unit root test on the variables that are included in the model show that the series are I, that is, they
are integrated of order one.
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Table 1 Unit Root Test

México Brasil

Source: Own Elaboration with GRETL Econometric Software

The model chosen for each series and country is shown. The test gives evidence to reject the null
hypothesis of stationarity for each of the series.

In the case of Mexico, the variable that has the greatest impact on GDP is the variable
corresponding to the country's gross fixed capital formation (FBC); in the case of Brazil, the variable
with the greatest impact is the labor force of each country (FLA). ).
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Conclusions

In this work, an empirical study was carried out on the relationship between Patents and economic growth
for two Latin American countries Mexico-Brazil, using annual information on the number of patents and
GDP, during the period 2000-2015, additionally, this relationship is observed with other factors of
production such as Capital and Labor.

The unit root test is applied in order to determine the order of integration of the series. This test
determines that the model series are integrated of order one.Los resultados presentan evidencia
estadistica sobre la existencia de una relacion de largo plazo entre las Patentes, el Capital, el Trabajo y
el PIB para los dos paises considerados.

An interesting result is then presented, and it is the impact that Patents have on the GDP and on
the economic growth of the countries. One possible explanation for the low elasticity of GDP with respect
to patents is that, in most Latin American countries, the majority of patent registrations are carried out
by non-residents, with the registration of residents being very small in terms of relative.

References

Acset.al. (2002). Patents and innovation counts as measures of regional production of new knowledge.
Research Policy, 1069-1085. https://doi.org/10.1016/S0048-7333(01)00184-6

Atzet.al. (2010). A longitudinal of the impact of R&D Patents and Product Innovation on firm
performance. Journal of Product Innovation, 725-740. https://doi.org/10.1111/j.1540-
5885.2010.00747.x

Barro. (1991). Economic Growth in a Cross Section of Countries. The Quaterly Journal of economics,
407-443. https://doi.org/10.2307/2937943

Chen&Puttitanun. (2005). Intellectual property rights and innovation in developing countries. Journal of
Development Economics, 474 — 493. https://doi.org/10.1016/j.jdeveco.2004.11.005



101

Cysne&Turchick. (2012). Intellectual property rights protection and endogenous economic growth
revisited. Journal of Economic Dynamics and Control, 851 — 861.
https://doi.org/10.1016/j.jedc.2011.12.005

Fink&Mascus. (2005). Intellectual Property and Development. World Bank, Washington, DC.
https://link.springer.com/book/10.1007/978-3-642-27907-2

Furmanet.al. (2002). The determinants of national innovative capacity. Research Policy, 899-933.
https://doi.org/10.1016/S0048-7333(01)00152-4

Futagami&Iwaisako. (2007). Dynamic analysis of patent policy in a endogenous gr4owth model. Journal
of Economic Theory, 306 — 334. https://doi.org/10.1016/j.jet.2005.07.009

Gould&Gruben. (1996). The role of intellectual property rights in economic growth. Journal of
Development Economics, 323-350. https://doi.org/10.1007/978-1-4615-6219-1 10

Griliches. (1990). Patent Statistics as ecnomic indicators- a Survey. JOurnal of economic literature,
1661-1707. http://www.jstor.org/stable/2727442

Hadri&RAo. (2008). Panel Stationarity Test with Structural Break. Oxford Bulletin of Economics and
Statistics, 245 - 269. DOI: 10.1111/].1468-0084.2008.00502.x

Kao. (1999). Spurious regression and residual-based teKao st for cointegration in panel data. Journal of
Econometrics, 1 — 44. https://doi.org/10.1016/S0304-4076(98)00023-2

Keller. (2004). Internarional technology diffusion. Journal of Economic Literature, 752-782.
https://www.jstor.org/stable/3217250

Kim, Y. L. (2012). Appropriate intelectual property protection and economic growth in countries at
different levels of development. Research Policy, 358 - 375.
https://doi.org/10.1016/j.respol.2011.09.003

Koléda. (2004). Patents novelty requirement and endogenous growth. Revue d économie politique, 201
— 221.
https://doi.org/10.3917/redp.142.0201#xd_co_f=YjgzMzdiMDYtY2IwNCO00ZWZKLTkwYWQtOWU
OMWVhYTVKNTQw~

Kortum. (1997). Research, petenting and technological change. Econometrica, 1389-1419.
https://doi.org/10.2307/2171741

Mahadeva&Robinson. (2000). Prueba de raiz unitaria para ayudar a la construccién del un modelo.
México: Centro de Estudios Monetarios Latinoamericanos. https://www.cemla.org/PDF/ensayos/pub-
en-76.pdf

Park&Ginarte. (1997). Intellectual property rights and economic growth. Contemporany Economic
Policy, 51 — 61. https://www.jstor.org/stable/23622109

Pedroni. (2004). Panel Cointegration: asymptotic y finite sample propierties of pooled time series with
an application to the PPP hypothesis: New Results. Econometric Theory, 597 - 627.
https://doi.org/10.1017/S0266466604203073

Pedroni. (1999). Critical Values for Cointegration Test in Heterogeneous Panels with Multiple
Regressors. Oxford Bulletin of Economics y Statistics. https://doi.org/10.1111/1468-0084.0610s1653

Pedroni. (2000). Fully modified OLS for heterogeneous cointegrated panels. Advances in Econometrics,
93 — 130. https://doi.org/10.1016/S0731-9053(00)15004-2



102

Schneider. (2005). International trade, economic growth and intellectual property rights:A panel data
study of developed and developing countries. Journal of Development Economics, 529 — 547.
https://doi.org/10.1016/j.jdeveco.2004.09.001

Segerstrom. (1998). Endogenous growth without scale effects. American Economic Review, 1290-1310.
https://www.jstor.org/stable/116872

SternPorter&Furman. (2000). The determinants of national innovative capacity. Research Policy, 899-
933. https://doi.org/10.1016/S0048-7333(01)00152-4

AnNnexes
Table 2 Unit Root Test

Mexico Brasil

Contrastes aumentados de Dickey-Fuller, orden 3, para PIB:

0 muestral 12

hipdtesis nula de raiz unitaria: a =1

contraste con constante

modelo: (1 - e

Coef, de autocorrelacidn de primer orden de e: -0,155
valor estimado de (a - 1): ~0,241171

Estadistico de contraste: tau c(l) = -1,1530§

valor p asintotico 0,6968
con constante y tendencia
modelo: (1 = L)y = b0 + bl*t + (a=1)"y(=1) + .., + ¢
Coef. de autocorrelacién de pri orden de e: -0.356

valor estimado de (a - 1):

valor p asintotico 0.08847

Source: Own Elaboration with GRETL Econometric Software

Table 3 Heteroskedasticity Test
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Source: Own Elaboration with GRETL Econometric Software
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Table 4 Autocorrelation

Mexico Brasil

Source: Own Elaboration with GRETL Econometric Software

Table 5 Colineality

Mexico Brasil
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Table 6 Chi-Square
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Table 7 Contrast of variables by country
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Table 8 Predictions
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