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ABSTRACT

Recognizing investments in Research and DevelopnfB&D) can contribute to the
development of Brazil, considerable and importarvestments that were made available
since the 1940s. To leverage the economy from #9€4, they were implemented as policies
of Science, Technology and Innovation (CT&l) releggesources that must guarantee, over
time, a development process in accordance withotjectives and standards of economic,
social and environmental sustainability. In thistext, this article aims to analyze the impact:
of resources in Research and Development (R&D)tHer public and private sectors; and
economy (credit payments made by BNDES and GDRPFcageita) on how the CO2e of the
agricultural sector (CO2Agro) in Brazil, betweerripds between 2000 and 2015. For the
analysis procedure, two models were used distthet first with R&D from the public and
private sectors in a linear and quadratic wayntestigate or impact CO2e emissions in the
agricultural sector in Brazil. And, without a sedomodel, in addition to public and private
sector R&D, credit disbursements from the Natiddahk for Social Economic Development
- BNDES and GDP per capita were included. The appbn method uses an economical
approach to time series data. A dependent varieblae two models is how CO2 in the
agricultural sector (CO2Agro) in Brazil. The resubbf the suggested models for which
resources with R&D generate positive externalif@sthe environment and are permitted,
show the effects on CO2e emissions in the agrilltsector. In the linear analysis of the
impact of R&D investment objects on the privatetsedt was found that they corroborate
with the increase in CO2e and Agricultural emissiddowever, in the analysis of non-linear
impact there is a suggestion of the presence oddmum point, and from this point, as the
use of Agricultural CO2 starts to lose each uniested in R&D in the private sector. The
variable disbursements with BNDES credit promotagduction in the use of agricultural
CO2 with low statistical significance. However, ariable GDP per capita strongly
corroborates the increase in CO2 emissions andgheultural sector. In this way, the results
suggested for the development of the country, amah foublic resources, clean technologies
are generated over time, aiming at reducing CO2soms in the agricultural sector, which is
a very important sector of the Brazilian economy.

Keywords: Economic growth. Greenhouse gases. Research amdldpement. GDP per
capita. Agricultural sector.

RESUMO

Reconhecer os investimentos em Pesquisa e Desanealo (P&D) pode contribuir para o
desenvolvimento do Brasil, investimentos consideisive importantes que foram
disponibilizados desde a década de 1940. Parangi@va economia a partir da década de
1990, foram implementadas como politicas de Cién€ecnologia e Inovacdo (CT&I)
liberando recursos que devem garantir, ao longteohpo, um processo de desenvolvimento
de acordo com o0s objetivos e padrdoes de sustadtal#l econémica, social e ambiental.
Nesse contexto, este artigo tem como objetivo sarati impacto: dos recursos em Pesquisa e
Desenvolvimento (P&D) para os setores publico @aold; e economia (pagamentos de
crédito feitos pelo BNDES e PIB per capita) soboene o CO2e do setor agropecuario
(CO2Agro) no Brasil, entre os periodos entre 20@D¥5. Para o procedimento de analise,
foram utilizados dois modelos distintos, o primeaicon P&D de os setores publico e privado
de forma linear e quadrética, para investigar opakctar as emissées de CO2e no setor
agropecuario no Brasil. E, sem um segundo modétonp a@a P&D dos setores publico e
privado, foram incluidos os desembolsos de crétbt@anco Nacional de Desenvolvimento
Econbmico Social - BNDES e PIB per capita. O métddoaplicacdo usa uma abordagem
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econdmica para dados de séries temporais. Umavehdépendente dos dois modelos € a
forma como o CO2 no setor agropecuario (CO2AgroBrasil. Os resultados dos modelos
sugeridos para 0s quais recursos com P&D geranrnaktdades positivas para 0 meio
ambiente e sdo permitidos, mostram os efeitos méssées de CO2e no setor agropecuario.
Na andlise linear do impacto dos objetos de investto em P&D no setor privado, verificou-
se gue eles corroboram com o0 aumento das emisedeé®8de e Agropecuarias. No entanto,
na analise de impacto nao linear ha a sugestdoedanta de um ponto maximo, e a partir
deste ponto, a medida que o uso de CO2 Agricokapaperder cada unidade investida em
P&D no setor privado. A variavel desembolso contditoédo BNDES promove a reducéo do
uso de CO2 agricola com baixa significAncia esizdisNo entanto, uma variavel PIB per
capita corrobora fortemente o aumento das emig®&302 e do setor agropecuario. Dessa
forma, os resultados sugeridos para o desenvolt@mknpais, e a partir de recursos publicos,
tecnologias limpas sédo geradas ao longo do tempando a reducédo das emissdes de CO2
no setor agropecuario, que € um setor muito imptatda economia brasileira.

Palavras-chave Crescimento econbmico. Gases de efeito estufasqufa e
desenvolvimento. PIB per capita. Setor agricola.

1 INTRODUCTION

Developed economies are increasingly investingasdarch & Development (R&D).
These investments come from government resourcéspawate institutions, the last one
representing the major part in countries such asUBA, Australia and Japan, while in
developing countries the funding is mainly carreed by the Federal Government (GRIFFIN,
2012).

In Brazil, investments in Science, Technology andolation (ST&I) that includes
resources with Research and Development, are caXpenditures, and are divided between
the public and private sectors. These expenditaressources of founds and foster the
economy for technological innovation, aiming torgase competitiveness and development
(GRIFFITHet al, 2004; GRIFFIN, 2012).

There is a consensus in the literature that R&Deedfures have a positive impact on
the economy and play a fundamental role in the ldpweent process, especially in the
scientific and technological aspects. These investsmwere answers to Malthusian theory
and the green revolution proved that the technologyided by technological progress by
Romer, allowed to increase production with lowetura factors such as land and human
capital (HESHMATI AND LOOF, 2005; COCCIA, 2009, 2BISHAARI et al, 2016).

In this context, Brazil, with an economy based amicultural production, made

important investments over time from the 1940s @d&I$olicies, increased its agricultural
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productivity indices and transformed its economiatmm, which was beyond the production
of corn and soybeans. From this scenario, thisarekewas motivated by the question: Do
R&D expenditures generate positive or negativerezlgies to the environment? And what
are these externalities specifically on the agtical sector? For the reason that, this is a
sector that has an enormous importance among tugtive sectors and deserves special
attention from the public policies of development.

In this follow-up, the objective of the study wasanalyze the impact of: spending on
research and development (R&D) for the public andape sectors; and the economy (credit
disbursements made by the National Bank for Sd&tanomic Development (BNDES); and
the per capita Gross Nacional Product (GNP-pertapmn CQe® emissions from the
agricultural sector (C&Agro) in Brazil between the period since the ye@dQ@ until the year
2015.

2 LITERATURE REVIEW

2.1 Technology and Innovation in the Economy

Technological resources must ensure over time aldement process in accordance
with the objectives and standards of economic, atoand environmental sustainability.
According to Gaspar (2015) technologies evolve amyide more and better results for the
benefit of humanity. These technological developimenay in the future help or harm the
survival of all life on planet earth. Thus, techoges influence the changes that occur in
humanity (GASPAR, 2015).

The Industrial Revolution, which began between thte eighteenth and early
nineteenth centuries, promoted technological deweénts that enabled economic
advancement and enhanced great innovations.

Humanity in its activities demands constant tecbgiglal innovations to assist its
consumption. In a consumption-based economy, tdgbiwal innovations are the main

drivers of the market rise, because promotes thergance of new needs in humans and

1 - Externalities refer to the impact of a decisamen on those who did not participate in the denisand may
have positive or negative effects, in another wottilsy may represent a cost to society, or mayrgéme
benefits. (PERO, 2018).

2 - Thecarbon dioxide equivalef€O.eq ou CQe), it is an international accepted measure, and expsahe
amount of various greenhouse gases (GHGs) bastt: @mount of carbon dioxide (CO2) that would henee
same global warming potential. Equivalently, it siolers all GHGs to be emitted in proportion to carbioxide
(CO2).
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presents itself as the main factor of progress dsalopment (SILVEIRA; BASSO, 2005;
GASPAR, 2015).

According to Griffin (2012) technology is a collabtive factor to increase the
economy, the production and services and the geedtithe most diverse resources in order
to promote the sustainability of humanity.

Nelson and Phelps (1966) and Romer (1990) state tdwnnological evolution
corroborates the increase in production. In theesaontext, Rattner (1967) points out that
increased production plays an important role imeoaic development and growth.

Technology and innovation are important to the eocoyy and are fundamental to the
social process, closely linked to history, cultuegucation, institutional and political
organizations, and the economic base of societg. t€ébhnological process of innovating is
not a unique role attributed to companies, but @s@a very broad collective skill set,
channeled to generate, absorb and diffuse the MW [ & C, 2001; MCTI & C, 2002).

Verspagen (2000) analyzed a model of evolutionargwth and noted that
convergence based on assimilation of foreign teldgyowas becoming a more active
process. He noted that R&D is crucial for catchipgwith nations and is no longer an activity
unambiguously associated with changing the wotétinological frontier. It also found that
differences between countries in terms of purerteldgical skills are important in explaining
growth differentials.

2.2 Research & Development

Differences in economic performance between coesitriaccording to the
neoschumpeteridrperspective, are mostly explained by the compiéaraction of public and
private institutions participating in the Natioiahovation System (NIS) and the coordination
between them. Recognizing that investments in Relseand Development (R&D) can
contribute to Brazil's development, science, tetdmoand innovation (ST&I) policies have
been implemented since the 1990s to leverage theoety.

For Mazzucato and Penna (2016) all countries invibed seek to achieve smart
(innovation-subsidized), inclusive and sustainaalenomic growth. To this end, innovation

policies must strategically develop, implement amghitor an innovation program based on

3 - The neoschumpeterianos understand the innovati@nprimordial determinant of the economic dyicami
because it is fundamental to define the patterrecohomic competitiveness, especially in this psead
contemporary globalization (FELIPE, 2008).
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the strengths of the innovation system in orderot@rcome the nation's weaknesses,
addressing the challenges, taking advantage gidtentialities and opportunities available in
terms of resources in the country. Also, Mazzucatd Penna (2016) stated that public
investments in R&D and innovation are resourcesdbaerate better multiplier effects on the
economy compared to other government spending.elimgstments promote the inclusion
of innovative technologies that maximize productaond consequently the creation of new
job openings and quality of human life.

For Tunaet al (2015) sustained growth in developed nationsttisbated by most
contemporary economists to their intensive R&D\aii¢is. Metcalfe (2005) claims that the
main objective of scientific policy is to manageddmance the production and accumulation
of knowledge regarding about the natural phenomehavugh the creation and support of
appropriate organizations - research laboratondsuaiversities.

On Science, Technology and Innovation, Salami aokth&zadeh (2012) points out
that there are diferences between the objectivesabinological policy and scientific policy.
These policies represent broader philosophicalideretions for a more instrumental focus
on national prestige and economic objectives. lation policies are approached by both as
an infrastructure to help organizations and ingtihs involved in science and technology
(S&T) policy making.

Mazzucato and Penna (2016) studied Brazilian exphaovation policies (policies
formulated by the Ministry of Finance and the Minysof Science and Technology (MCTI)
and included in science, technology and innovapoficy plans) so that they can suggest
policy initiatives that allow the National Innovai System (SNI) to be better informed to
pursue purposive state-sponsored policies in dpadnhership with the private sector. In this
study the authors concluded that the innovatiomcigsl implemented in the last decades of
the twentieth century were flawed because they \based on a restrictive perspective of
market failure, and that for the coming years, vattgeted innovation policies, it will become
efficient in defining the direction and ambitionsoalt its technological trajectory in favor of
economic development.

Mendeset al. (2013) examined the possible impacts of the Nati®olicy on Science,
Technology and Innovation in Brazil, especiallytgnms of its regulatory framework, on the
indicators of the innovative process. They analyttesd probable relationships between the
laws: Innovation Law and the Good Law and alsoya®al private R&D expenditures during

the initial period from 2005 to 2009. The resulenfirmed that there were significant
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developments in the innovation indicators after failmnovation and Good, and verified that
there has been a positive evolution of private R&penditures.

Even with the positive evolution of private spergdon R&D according to Mendes et
al. (2013), the productivity growth of Brazilianropanies has not yet been significant. In the
study by Zunigeet al. (2016), which aimed to identify ways to promotenare effective
National Innovation System (NIS), and to propodeetier performance of innovation by the
private sector, was an examination of the Brazilgtuation with regard to its research
activities and technology transfer and innovatiorampare with similar economies and also
with some developed countries. In this context, #whors stated that there have been
significant economic and social progress in Brazilecent decades, which has contributed to
the reduction of poverty and inequality, and painteit that, despite considerable economic
progress, Brazil has experienced low productivitpwgh in the last six decades in the
manufacturing and service industries.

However, even with low productivity growth, as amiby Zunigaet al. (2016),
Brazilian companies still seek to innovate to rettempete in the market. According to
Resendet al (2014) who evaluated innovation policies in tbhatext of Brazilian industry in
2003. They focused on complementarity and subabtlity tests for obstacles to innovation.
They found evidence that international competifppomotes companies to be more prone to
innovation and yet found evidence that suggestsfavats the adoption of more innovation-
oriented incentive policies.

In international markets, most competitors inno\atd remain competitive, a fact not
observed in Brazil. In this context, Erber (2004giras that companies located in Brazil
invest only in R&D and import technology to intraduin their new products and processes.

Brazilian companies to invest in R&D need stimwatiThus, according to Quadres
al. (2001), who analyzed data collected from more th@y®00 industrial companies in the
state of S&o Paulo in 1996, found that companiedlywbr partially controlled by foreigners
are more likely to introduce new processes anduymtsd in addition to being the companies
most employ scientists and engineers to carry & Bctivities.

But in the case of Brazilian companies they aremotivated to invest in R&D by
some factor, a large part of these companies aegumovations to stay more competitive.
According to Quadrost al (2001) Transnational corporations from indusized countries
that maintain R&D centers transfer their productl gsrocess innovations to the South
American market in order to adapt them to localkeaneeds or technical constraints to the
supply of materials and components.
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Part of the existing problems in Brazil relatedhe inefficiency of government R&D
expenditures are described in the arguments of&&ipdl (2013). Other authors stated that
public resources invested in R&D do not benefit phizvate sector. They stated that basic
research carried out by universities is not beirengferred to the private producing
community, a fact that makes the benefits of reseanpact the economy.

Guptaet al (2013) also pointed out that innovations in Braze largely adapted to
local and regional demands and not shared globd&len so, Brazil has a strong
manufacturing sector, dominates the South Ameriemion as a regional leader, and has
maintained a growing economy.

The adaptation of international technologies inZBrs observed by Ribeiro (2016).
The author studied the transfer of techniques t® gbmi-arid branch of the Brazilian
Agricultural Research Corporation (Embrapa) frore garly 1990s. It identified gaps and
areas of concern, in particular a fragmentationrmaicro- and micro-level cooperation that
requires effective management in the event of S&laboration to consolidate Brazil's
international role and geopolitical interests.

Erber (2004) states that in Brazil the majorityrofestments in scientific and technical
research are made by government funds, and maned®b?s of R&D expenditures are spent
on maintenance and expansion of the postgraduatersy Companies invest only 36% of
total R&D expenditures, a percentage equivalentapproximately half of the average
investment in the OCDE. Erber (2004) also states tie governments of Brazil and South
Korea invest in R&D a portion of GDP (Brazil 0.57&d South Korea 0.7%) and the private
sector invest the difference in total investment®&D. and corresponding to a percentage of
GDP, in Brazil 0.9% and in South Korea 2.5%.

To learn about how other countries are managedring of innovations, Salami and
Soltanzadeh (2012) analyzed the policies and expegs with ST&I of the countries: Brazil,
India; China; South Africa; and South Korea, coasdl successful in managing their
technological change. They noted that each cognfigvernment played its role in designing
and formulating science, technology and innovapaticies in their countries. In each of
these countries an adequate infrastructure has besed to implement STI policies to
enable them to achieve success in their natiorésativnational technological development.
They concluded that with the analysis of the caastistudied, policymakers from least
developed countries should adopt ST&l policies thategrate with their national

development.

Rev. FSA, Teresina PI, v. 19, n. 1, &itp. 104-129, jan. 2022 www4.fsanet. dofrevista A0S



G. J. Valeretto, M. A. C. Oliveira, G. E. O. Porfirio, R. B. Costam C. L. Chiariello 112

Oliveiraet al (2015) analyzed the impact of R&D expenditure8razil on national
patent applications and the country's Gross Domd3toduct (GDP), and the results of
econometric models confirm that public and privat@enditures are important for GDP
growth, and that patent registration is a way ctis@g intellectual property.

According to the context presented, it is obsertteat in Brazil there is a slow
evolution of the policies of Science, Technologyl dnnovation (CT&l), even so, there has
been progress in the performance of innovations @am$equent economic growth. These
factors could be better to allow the reduction lad external technological dependence that

still prevails in the country.

2.3 Economy and CQe emissions

The growth of nations must ensure, over time, aligament process in accordance
with the objectives and standards of economic, atoand environmental sustainability.
Researchers conduct daily studies to determine ruwti@at conditions and which factors
contribute to the increase or decrease in greeehgas emissions. These two factors:
economic, social and environmental sustainability ancrease or reduction of greenhouse
gas effect studies (GHG) are facts that are betindied by several researchers and are the
constant concern of the governments of each country

In this sense, Boopen and Vinesh (2010) analyzeddlationship between GDP and
carbon dioxide emissions for Mauritius and recipitycfor the year 1975-2009. They used
the properties of time series and econometric aigland the results suggested that carbon
dioxide emission is closely related to GDP overetim

The close relationship between £@missions and economic growth (GDP) is a
consequence of increased productivity and consempiio have productivity, as a result
there is energy consumption. The energy to be mediemits CQ

In this reasoning, Soares and Lima (2013) analyhedelationship between energy
production, income and carbon dioxide (f@missions in Brazil, from 1962 to 2007, and
found that in Brazil, even with a relatively cleamergy matrix is not managing to reduce>CO
emissions.

In the same theme as Soares and Lima (2013), obsgarZhang and Cheng (2009)
investigated the existence of Granger causalitywéeh economic growth, energy

consumption and carbon dioxide (g@missions in China since 1960 to 2007, they appdi
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multivariate model of economic growth and founddevice that neither carbon emissions nor
energy consumption promote economic growth in China

Therefore, according to Zhang and Cheng (2009), @issions and energy
consumption do not promote economic growth in Chinahis same follow-up Wang et al.
(2011) conducted a study with another objectivengring the causal relationships between
carbon dioxide emissions, energy consumption afithheconomic output in 28 provinces in
China during the period 1995 to 2007. Results slkiowleat CQ emissions, energy
consumption and economic growth appear to be apiated. They found that energy
consumption and economic growth cause> @issions. Therefore, they concluded that CO
emissions in China will not reduce and could undeenthe country's economic growth.

Thus, increased productivity, energy productionergg consumption, increased
consumption of goods and consequent economic grandhCQ emissions. Thus, many
researchers have conducted studies to verify ifrtelogical evolution can be the solution to
prevent or reduce GHG emissions, as well as to ventbem. In this sense, Shaari et al.
(2016) analyzed the positive and negative effedtdeohnology in developed countries
(Germany, the United Kingdom, France, the Uniteat€¥, and Canada) from 1996 to 2011.
Cointegration results showed that there is a l@mgitrelationship between the variables
(R&D, GDP, Energy Use and Carbon Dioxide Emissions)

Therefore, in the study by Shaari et al. (2016 mskbthat energy use and economic
growth emit GHG and, as a result, R&D positivelylaregatively influences GQemissions.
Already in a new study by Shaari at al. (2014), thehors investigated the effects of
economic growth and foreign direct investment-FIDI @O, emissions from 15 developing
countries from 1992 to 2012. The results showediategrated relationship. Among the
variables (FDI, C@and GDP), they analyzed FMOLS and found thathelong run, direct
FDI has no effect on CQOemissions. Therefore, Shaari et al. (2016) stdtatlincreases in

economic growth may intensify G@missions.
3 MATERIALS AND METHOD
3.1 Data
The econometric analysis used secondary data ie #meries collected from the

Ministry of Science, Technology and Innovation - M@& C which adopts the methodology
according to OECD (2002) “Frascati Manual” of theg@nization for Economic Cooperation
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and Development, for the values of expenditureResearch and Development (R&D). The
National Bank for Economic and Social DevelopmeBNDES) is responsible for credit
disbursement data.

The Brazilian Institute of Geography and Statist{tBGE) calculates GDP and
discloses in the first half of each year the annG&P for the previous period. The
Greenhouse Gas Emissions Estimating System (SERIB)lates the estimated values of
Brazil's Greenhouse Gas (GHG) emissions using thasseon factors from the
Intergovernmental Panel's Fifth Assessment Repd6] 2013- IPCC. The IPCC adopts the
acronym CQe for carbon dioxide equivalent to refer to theakdBHG Greenhouse Gases
(SEEG, 2017).

Table 1 - Time series for economefric analysis of models 1 and 2

Ano coze® cosagre™  popub®  popriv®  BnDES®  pispd®
1 2000 224633861049 384.605.797 46 6.493 84 6.066,861 2304600 691325
2 2001 223178236062  398.106.835.13 744779 652623 2621652 748035
3 2002 249031664836 412 154.02162 1.760,8% 727,02 3741927 835046
4 2003 370376124557 43532685674 882599 8302 33EIH 95
5 2004 392925216535 45360925320 933628 952630 3983390 1070318
§ 005 326177433279 45930753149 1037121 1138810 4698024 1172376
7 2006 287536490365 45854738527 1109111 1180590 5131802 1286261
8 2007 268172158519 44526079682 1518484 1423155 6489180 1435912
9 2008 280691307472 45303359563 1768075 1743008 9087791 16.237.99
10 2009 200310524955 46043002197 1949813  177BT.A7 13635636 17.22250
1 2010 192498350034 47220717566 2303923 2203363 16842275 19.877.68
12 011 197689506033 483930M829 2633262 2349324 13887344 22.470.80
13 2012 194746482256 47816367037  29.30288 2445171 15699227 2416502
14 M3 210677635605 48363/ IGTEITS 2696485 19041904 D26.520.06
15 014 202224919996 487.90942284 3874260 464500 18783687 2849821
16 2015 209129497058 49092330759 33340 IBAIVAD 13594205 2911747

Source: BNDES (2017); IBGE {2017a); MCTI&C (2017); SEEG [2018)
CO2e = Equivalent greenhouse gases - total gross amount in Brazil
(Tons)
COZ2Agro = Greenhouse gases eqguivalent - total gross amount in
agriculture (Tons)
PDpub = R&D expenditure by public institutions (Millions of Reais)
PDpriv = R&D expenditure by private institutions (Millions of Reais)

BNMDES = BNDES disbursements for companies
PIBpc = Gross domestic product per capita (Thousand reais)

The values of the variables Pdpub, Pdpriv, BNDESextpressed in millions of Reais
and in current values. The GDP per capita vari@®ilepc) is expressed in one thousand Reais
and the C@Agro variable is expressed in tons between 200&20khe data for analysis were
organized in Table 1 to provide a better view af #volutions they had during the study

period.
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3.2 Theoretical Model

Model (1) estimates the linear and nonlinear impafcspending on public R&D
(PDpub), private R&D (PDpriv); C& emissions from the agricultural sector g8@rop) in
Brazil.

C0,Agro, = B, + B,PDpub, + B,PDpriv, + B,PDpub? + B,PDprivi + =, (D)

Model (2) analyzed the impact of: R&D expenditufes the public (Pdpub) and
private (Pdpriv) sectors, BNDES credit disburserméBNDES); and GDP per capita (BIPpc)
on CQe Emissions from the agricultural sector (8@ro) in Brazil.

C0,Agro, =, + [,PDpub, + B,PDpriv, + f;BNDES, + S, BlPpc, + =, (2)

3.3 Estimation Method

For the empirical analysis, econometric modeling wlafined as a methodological
procedure and the estimation method applied wa®theary Least Squares (OLS). For the
analysis procedure, two different models were efaied, the first one using public and
private sector research and development (R&D) edipgres in linear and quadratic form, to
investigate the impact on GO emissions of the agricultural sector @@ro2) in Brazil.
And, in the second model, besides the expenditbmeesearch and development (R&D) of
the public and private sectors, the credit disbuesds of the National Bank of Social
Economic Development - BNDES and the per capitssgrdomestic product (GDP) to
investigate the impact on G®emissions from the agricultural sector ¢8@ro) in Brazil.
The estimation method uses an econometric apprmatime series data from 2000-2015.
The dependent variable of both models is the: @@issions from the agricultural sector
(CO:Agro) in Brazil.

All variables were converted to natural logarithmshe econometric analysis to avoid
the effects of variables that could affect the dathe use of logarithms improves the
interpretation of the coefficients allowing the kadion to be on a percentage basis.

For the analysis of model fit,’Rvas used. The coefficient of determination, caiéd
which is a measure of fit of a generalized lindatistical model, such as linear regression, in
relation to observed values’ Ranges from 0 to 1, indicating, in percentage, mouch the
model can explain the observed values. The latgeRt, the more explanatory the model, ie,
the better the model fits the sample (GUJARATI 8@QRTER, 2011).

Rev. FSA, Teresina PI, v. 19, n. 1, &itp. 104-129, jan. 2022 www4.fsanet. dofrevista A0S



G. J. Valeretto, M. A. C. Oliveira, G. E. O. Porfirio, R. B. Costam C. L. Chiariello 116

4 RESULTS AND DISCUSSION
4.1 Descriptive Data Analysis

COze emissions over the period 2000-2015 grew by avage of 0.74% with an
average of 2,515,624,636.6 tons of £{@Table 2), while CeAgro emissions grew by an
average of 1.66%. (Table 3) and an average of 43365.3 tons of Cé (Table 2). Per
capita GDP in the same period had an average seref10.11% and an average of R $
16,607.10 (Table 2), suggesting that the growth GHIG emissions did not evolve
proportionally to GDP-per capita. However, from 200 2010 there was a reduction in total
estimated emissions in Brazil from 3,929,252,165@% to 1,924,983,500.34 tons. In the
same period, total estimated emissions from theicatgiral sector increased from
453,609,253.20 tons to 472,207,175.68 tons, whidder capita went from R $ 10,703.18
in 2004 to R $ 19,877.68 in 2010.

Table 2 - Descriptive statistics of variables: COzet; CO2Agro; PDpub:;
PDpriv; BNDES; PIBpc in the periods from 2000 to 2015

CO.et" CO,Agro? Pdpub® Pdpriv® BNDES® PIBpc®

Average 25156246366 4535419653 192285 175119 954350 16607, 1
Median 22390604856 4589274584 16432 8 168308 778649 15298 6
Standard deviation 6446650803 320181392 116138 9390,0 61804 8 76116
Variancy 4155936417 1,02516E+15 134880348 997993602 3830964320 579357057
Minimum 1924963500 384605797 5 £493.8 G668 23046.0 69133
Maximum 3920252165 4909233976 387426 381374 1904190 29117 5
Score 16 16 16 16 16 16

Source: the author based on BNDES (2017); IBGE (2017); e MCTI&C (2017)

CO2et - Equivalent greenhouse gases - total gross amount in Brazil
(Tons)

CO2Agro = Greenhouse gases equivalent - total gross amount in
agriculture (Tons)

PDpub = R&D expenditure by public institutions (Millions of Reais)
PDpriv = R&D expenditure by private institutions (Millions of Reais)
BNDES = BNDES disbursements for companies

PIBpc = Gross domestic product per capita (Thousand reais)

In the inference of these data, it appears thatatpecultural sector is emitting
greenhouse gases, proportionally much higher themotal CQe emissions of Brazil.

R&D expenditures for public and private institutsorincreased from 12.80% to
13.30% from 2000 to 2015 (Table 3) and average$9228.5 and 17,511.9 (millions of

Reais) respectively (Table 2), which shows a badmetween expenditure for both sectors.
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The loans made by BNDES in the period under stadulted in an average percentage of
14.75% (Table 3) and an average of 95.435.0 (m#liof Reais) (Table 2), while the per
capita BIP had 10.11%. average increase over the pariod (Table 3).

The three variables PDpub, PDpriv, BNDES, and PIBpd average increases of
12.80%, 13.30%, 14.75%, 10.11% (Table 3) respdgtiwvehile the variables CéAgro and
COe had an average increase of 1.66% and 0.74%. @nese data it can be inferred that

the variables under study may influence the stadilbn of greenhouse gas emissions.

Table 3 - Percentages of annual changes in variables

Year coze! co2agro®  Pdpub®1 Pdpriv® BNDES P! pigpc
2000 0,00 0,00 0,00 0,00 0,00 0,00
2001 -0,65 3.51 14,69 7.56 942 8,20
2002 11,58 3,53 4,20 11,43 48,39 11,63
2003 48,73 5,62 13,72 14,74 -10,38 13,90
2004 £.09 420 577 14,18 18,79 12,53
2005 -16,99 1,26 11,10 19,54 17,94 9,54
2006 -11,85 0,17 14,85 4 46 g.23 9,71
2007 6,73 -2.90 27,48 19,63 26,45 11,63
2008 467 1,74 16,44 2247 40,05 13,08
2009 -28.64 1,63 10,28 2,08 50,04 6,06
2010 -3,90 2,56 18,16 23,87 23,52 16,42
2011 0,10 2,48 14,51 6,62 17,54 11,54
2012 1.07 1,19 12,96 4,08 12,33 8,99
2013 8,18 1,04 23,42 10,28 22,07 9,75
2014 4,01 0,99 5,33 28.48 1,36 746
2015 3,41 0,62 -0,90 10,08 -27 63 247
Average 0,74 1,66 12,80 13,30 14,75 10.11

Source: the authors based on data from: BNDES (2017);
IBGE (2017); MCTI & C (2017)

CO2et - Equivalent greenhouse gases - total gross amount in Brazil
(Tons)

CO2Agro = Greenhouse gases equivalent - total gross amount in
agriculture (Tons)

PDpub = R&D expenditure by public institutions (Millions of Reais)
PDpriv = R&D expenditure by private institutions (Millions of Reais)
BNDES = BNDES disbursements for companies

PlBpc = Gross domestic product per capita (Thousand reais)

The evolution of the variables of this study iswhan Figure 1.
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Figure 1 - Annual evolution of variables
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4.2 Analysis and discussion of econometric results

The proposed models were estimated in order toyamathe impact of R&D
expenditures for the public and private sectors dhd economy (BNDES credit
disbursements and GDP per capita) on agriculteetbs CQ emissions (CeAgro) in Brazil
between the period 2000 and 2015.

Table 4 presents the econometric results.

Table 4- Econometric results of models 1 and 2

Dependent variable:
log(CO2Agro)™

Vandvel Modelo 1 Modclo 2
B og(PDpub) 0.373** -353***

(0.137) (0.049)
B og(PDpriv) 0.592** 0.078

(0.134) (0,058)
M pDpub2 0.000*

(0.000)
HIPDpriv2 -0.000**

(0.000)
% oz (BNDES) -0.003

(0,018)
"Hog(Pibpc) 0.697%**
(0,003)

Constant 18.546*** 17.445%**

(0.230) (0.189)
Observations 16 16
R’ 0.922 0.977
Adjusted R* 0.803 0.969
Residual Std. Error (df = 11) 0.024 0.013
F Statistic (df = 4; 11) 32.367%** 118.533***
Note: *p<0.1; **p<0.05; ***p<0.01

Log{COAgro) = Carbon dioxide equivalent logarithm - total gross amount in
agriculture

Log{PDpub) = R&D expenditure log by public institutions (millions of Reais)
Log (PDpriv) = R&D expenditure log by private institutions (millions of Reais)
PDpub® = R&D expenditure by public instifutions

PDpriv? = R&D expenditure by private institutions

Log (BNDES) = BNDES Disbursement Logarithm for Companies (millions of
Reais)

Log (PIBpc) = Logarithm of gross domestic product per capita (thousand
Reais)
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4.2.1 Analysis and discussion of the results of Mets 1 and 2

Table 4 presents the econometric results of the nwadels. Model 1 analyzes the
linear and nonlinear impact of public and privai&[Rexpenditures on Cg\gro emissions.
Model 2 analyzes the linear impact of: public andvgie R&D expenditures; credit
disbursements made by BNDES; and Gross DomestiduBroPer capita on GBgro
emissions. The fit of the models presented a dgesat, in Model 1 R was 0.922 and in
Model 2 R was 0.977

In Model 1, the logarithm of R&D expenditure foretHPublic-log sector (Pdpub)
resulted in -0.373 (negative) and significant witfvalue <0.05. This result suggests that
increases in R&D expenditure in the public sectonpote the reduction of G® emissions in
the agricultural sector in a linear manner. Inrtbalinear form the coefficient was -0,000 and
p-value <0.10 significant.

In Model 2, the R&D expenditure coefficient for thHeublic-log sector (Pdpub)
resulted in -353 (negative) and significant witlvgdeie <0.01. This result suggests that the
greater the investments in R&D in the public sectbe lower the Cee emissions in the
agricultural sector.

Therefore, both models presented similar resultg, thodel 2 presents a more
significant result because it presents higher omefft and statistical significance. So, these
results suggest that R&D expenditures for the pubéctor contribute to the reduction of
COe and agricultural emissions. Consequently, theveevidence that public R&D
expenditures positively impact G®and livestock emissions.

The study by Raulino (2018) corroborates the reaflthis analysis. The author states
that the greater the investments in technologispe@ally in technologies that enable the
mitigation of GHG emissions and the reduction ofimmmental impacts, the better the
conditions of social welfare.

Moreover, this result is in agreement with the Esdy Yii and Geetha (2017) that
examined the causal relationship between techrmdbginovation and Cg emissions with
economic growth, electricity consumption and engygge in Malaysia. Data over the period
from 1971 to 2013 were analyzed using the VECM aN®L granger causality tests. The
results indicated that technological innovationnisgatively related to short-term @O
emissions, while no long-term relationship was thue, the study suggests that technology

innovation promotes, in the short term, the reductf CQe emissions.
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The result still goes against Ferndndez et al. §2®ho in their study empirically
verified whether innovation efforts have a positaféect on reducing C£2 emissions in the
European Union, the United States and China fro®@01® 2013. The estimate was made
using an ordinary least squares linear regressigimg R&D expenditures and energy
consumption as independent variables. The reauhisast the hypothesis that the reduction of
CO, emissions in developed countries may be a conseguef the contribution of R&D
expenditures.

As an example that R&D corroborates the reductio@@; emissions is suggested in
the study by Burchart-Korol et al. (2016) aimedlisseminate the technological innovations
that most participate in reducing greenhouse gassemns during the production of steel. The
result featured innovative steelmaking technologdieat reduce greenhouse gas (GHG)
emissions by 25-35%.

Model 1 the logarithm of R&D expenditures for thevpte sector resulted in a
coefficient of 0.522 (positive), with p-value <0.@4th high significance. That is, in the linear
impact analysis, increases in R&D expenditure i@ fhnivate sector corroborate with the
increase in agricultural GOemissions, but at the first moment, in the nomimenpact
analysis, the coefficient resulted in -0,000 (negatand with significance p-value <0.05,
data that suggest the existence of a maximum panat,from this point, the GGemissions
from Farming begin to decrease with each unit itegksn private sector R&D. This result
suggests that spending on private R&D may contibiat the reduction of C€ and
agricultural emissions over time. Similar resulthigh suggests that private sector R&D
expenditures contribute to increased agricultu@ €missions, no other study was found.

In model 2, in contrast to the result of model Xpenditures on research and
development (R&D) for the private sector, when gpedl together with the logarithm of
BNDES credit disbursements and per capita grossedtienproduct, presented a coefficient -
0.078 (negative) and with p-value> 0.10 withouttistial significance. But because the
coefficient is negative, it shows that increaseR&D spending in the private sector promote
a reduction in Cge in the agricultural sector, but with little intty. This result is in
agreement with the studies by Fernandeal (2018) and Burchart-Koradt al (2016), who
stated that investments in R&D contribute to thatuction of CQe emissions.

Therefore, the result of the impact of private R&kpenditures on Model 1 was in
contrast to the impact of public sector R&D expéumis, that is, public sector R&D

promotes reduction of agricultural €Cemissions and private sector R&D increases
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greenhouse gas emissions. AgriculturalCBut until a certain time, and after that, also
reduces emissions.

Thus, it can be recommended that private sector R&menditures could be favorable
for reducing CQ@e emissions if they were to be realized in largeoants so as to enable the
same effects as R&D expenditures on the publiosect

In this context, Zuniga et al. (2016) ensure tlnat Brazilian private sector invests
little in science, technology and innovation (CT&i) various critical areas of research,
development and innovation (RD&lI), or other intdslgi assets when compared to its peers
and OECD countries. Erber (2004) in his study dtalat the Brazilian government makes
most of the investments in R&D, while the publictee invests only 36%.

According to the above considerations, any R&D exiiteire can corroborate the
reduction of CQ@e emissions, a fact that is in agreement with thteas Solow (1956) and
Gonda (2005) who defended the technology with tigeiraent that the ecological problems
caused by the economic growth will be overcome wathnological progress that creates
new resources to meet new or old needs, or repkrase resources and / or saves existing
resources.

In Model 2, the log(BNDES) variable had the samieavéor as R&D expenditure for
the private sector, with the coefficient -0.003gateve) and not statistically significant with
p-value> 0.10. This result has low relevance taatmrate the increases or reductions in
COe emissions from the agricultural sector. But adicgy to Muhammaekt al (2013) who
examined the links between economic growth, eneamsumption, financial development,
trade openness and @Oemissions during the period from 1975 to 2011linidonesia.
Empirical results have suggested that economic tjraamd energy consumption increase
COee emissions, but financial development and tradenpess compress it and may play a
role in improving environmental quality. Thus, aaiog to the results of the study by
Muhammad et al. (2013), we can consider that BNPESs a significant role in financial
development, which in turn corroborates the congioesof CQe emissions.

According to the studies listed in this item, ihdae inferred that with the financial
development and consequent increase in the supplsources in the market, as performed
by BNDES, it is possible to reduce or intensify ssions.

In Model 2, the GDP per capita presented the aoefft 0.697 (positive) and with
statistical significance p-value <0.01. This residimonstrates that per capita GDP impacts

emissions with increases in agricultural £Qhis result shows high relevance of this
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variable, but it is opposite to the results of tieer variables of this model, because the per
capita GDP corroborates the increase obAlfdo emissions.

This result confirms the studies by Shaari et2014) when they stated that increases
in economic growth may intensify GCemissions. It also corroborates the studies by
Cederborg and Snobohm (2016) that examined thearship between GDP per capita and
per capita emissions of G&

The study was conducted in 69 industrialized coemtand 45 poor countries using
cross-sectional data. The empirical result of tless-sectional study indicated that there is a
relationship between GDP per capita and€®missions per capita. The correlation was
positive, suggesting that GDP growth per capitddda increased G® emissions

Therefore, the analysis of the impact of GDP pg@itazon agricultural C@emissions

suggests that this variable promotes increasegrioudtural CQ emissions.

5 CONCLUSIONS

In the context of the study, it was found that @ases in public and private research
and development (R&D) expenditures lead to a redch CQe emissions. Therefore, R&D
expenditures generate positive externalities foe #nvironment and, in this study,
specifically, are the reductions of impacts on,€@missions in the agricultural sector. But it
should be noted that in the linear analysis ofithyact of increases in R&D expenditures in
the private sector, it was found that they corrabmrthe increase in GGand agricultural
emissions, but in the first instance, in the analgé nonlinear impact there is a suggestion of
the existence of a maximum point, and from thisnpohgricultural CQ emissions begin to
decrease with each unit invested in R&D in the gie\sector.

The behavior of economic variables (disbursements ®NDES credit and Gross
Domestic Product per capita) are not similar, disements from BNDES promote a
reduction in agricultural COemissions with low statistical significance, GDEBr gapita
presented high statistical significance in the iotgd emissions, that is, strongly corroborates
the increase in emissions in e0and agriculture. Therefore, the results sugdedtwith the
development of the country, and from the increasBR&D expenditures for both public and
private sectors, clean technologies will be gemeraiver time, aiming at reducing @O
emissions in the agricultural sector. This sectordary important for the Brazilian and world

economy.
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Therefore, it is suggested, as a possible disaudsiofuture works, to analyze the
impact of expenditures on Research and Developmetite Public and Private Sector on

COee emissions by other productive sectors in Soutlerdga.
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