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Um dos nossos principais desafios continua a ser o de sermos capazes de alimentar o mundo com
mais populacdo, mais desenvolvida e recursos naturais finitos. A agricultura e os agricultores de-
sempenham a funcdo fundamental de producédo de alimentos para as populacdes. Simultanea-
mente, para além da seguranca de abastecimento alimentar, pela relacdo que tém as suas activi-
dades com o territério e os recursos naturais, tém um papel primordial no impacto ambiental que
as actividades tém nos solos, na 4gua, no ar e no potencial contributo de oferecer outros bens pu-
blicos para a estabilidade climatica, a biodiversidade, a preservagao da paisagem e o ordenamento,
o despovoamento e a desertificacao das areas rurais.

Eficiéncia e sustentabilidade da producédo de alimentos sdo por essa razao aspectos chave para
enfrentar esse desafio. Eficiéncia implica produzir mais alimentos por unidade de recurso utilizada,
em termos agregados e por recurso, nomeadamente solo e dgua (capital natural), trabalho (capital
humano) e outros factores, sementes, adubos, fitofarmacos, maquinas e equipamentos, combus-
tiveis e lubrificantes, electricidade, instalagcées (capital tecnoldgico). Sustentabilidade requer a ma-
nutencao do stock de capital natural ou seja dos recursos ambientais renovaveis disponivel para
geracdes futuras. A energia pode ser um denominador comum para agregar os recursos utilizados
na producao agricola. A sua utilizacdo estd, também, muito ligada ao impacto ambiental que pode
ter nos recursos naturais.

As politicas publicas podem ter um efeito consideravel na orientacéo e utilizacdo dos recursos. Na
Europa, a Politica Agricola Comum (PAC) representa uma importante contribuicdo para o rendi-
mento dos agricultores e tem, sucessivamente, sido justificada pela sua contribuicdo em termos
de producao de bens publicos. Prosseguir e avaliar os efeitos de medidas de politica e alternativas
que estabelecam formas adequadas de assegurar a oferta de alimentos, a principal funcdo da ag-
ricultura, e de internalizar as suas externalidades positivas, requer a avaliagao dos usos e impactos
potenciais ou efectivos nos recursos naturais e no ambiente.

Este painel tem por objectivo convocar os investigadores a submeter e apresentar artigos para
divulgacao e discussdo de estudos, de metodologias e de resultados empiricos sobre energia e
ambiente na agricultura, a sua relacdo com os resultados econémicos e as politicas que orientam a
tomada de decisdes dos agentes para objectivos publicos.
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INTERPRETANDO O ESPACO RURAL: DESENVOLVIMENTO,
RECURSOS NATURALIS E INFRA-ESTRUTURA
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RESUMO: O artigo procura responder a uma importante questao: até que ponto os recursos
naturais limitam o desenvolvimento rural de uma regido? Para responder a esse problema de
pesquisa, utilizando como base teodrica a otica da Nova Geografia Econdmica, o artigo teve
como objetivo verificar a existéncia de relacdo entre desenvolvimento rural e a
disponibilidade de infra-estrutura e de recursos naturais para os municipios do estado do
Parana — Brasil. Especificamente, foi elaborado um indice de desenvolvimento rural para o
Parand, o qual foi utilizado como varidvel dependente; como varidveis explicativas do
modelo foram utilizadas a area com lavouras, a densidade rodoviaria e o preco da terra para
representar a infra-estrutura disponivel; a precipitacdo, a temperatura e o tipo de solo para
representar a disponibilidade de recursos naturais. Para implementar as analises, foi utilizado
o modelo econométrico SAR (Spatial Autoregressive Model) que incorpora os efeitos
espaciais; complementado pelo indicador de associagdo espacial local LISA (Local Indicator
of Spatial Association). Os resultados obtidos corroboraram o modelo proposto na analise,
indicando sinais de acordo com o esperado e as variaveis relativas a infra-estrutura
mostraram maior capacidade preditiva do que as varidveis de recursos naturais, para inferir o
desenvolvimento rural dos municipios do Parand. A incorporagdo de técnicas de analise
espacial possibilitou avangos consideraveis nos estudos sobre desenvolvimento rural,
destacando a questdo da vizinhanca e da infra-estrutura das regioes.

Palavras—chave: Desenvolvimento rural, uso da terra, dependéncia espacial,
heterogeneidade espacial.

ABSTRACT: This article aims to answer the following question: to what extent natural
resources constrains the rural development of a region? To answer this research problem,
based on the theoretical perspective of the New Economic Geography, the paper aims to
verify the existence of relationship between rural development and the availability of
infrastructure and natural resources to the counties of the Parana state - Brazil. Specifically
was drawn an Rural Development Indicator (IDR) for the Parana, which was used as
dependent variable, as explanatory variables of the model were used to crop area, road
density and land prices to represent the available infrastructure required; precipitation ,
temperature and soil type to represent the availability of natural resources. To implement the
analysis, was used the Spatial Autoregressive Model (SAR) which incorporates spatial
effects; complemented by the Local Indicator of Spatial Association (LISA). Results
corroborated the proposed model in the analysis, indicating signs line with expectations and
the variables related to infrastructure demonstrated greater predictive ability than variables of
natural resources, to infer the rural development of the counties. The incorporation of spatial
techniques enabled significant advances in studies on rural development, highlighting the
issue of neighborhood and the infrastructure of the regions.

Key-words: Rural Development Indicator; land wuse; spatial dependence; spatial
heterogeneity; Brazil
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1. Introducao

O Estado do Parand ¢ um dos maiores produtores de graos do Brasil, com uma
participagdo em torno de 21% na producdo nacional. O Parand ocupa a primeira posi¢do na
producdo de milho, trigo, triticale, cevada e feijdo; além de ser o segundo maior produtor
nacional de soja, aveia e centeio (CONAB, 2010). Para alcangar essa posi¢do de destaque na
agricultura brasileira, o setor agricola paranaense passou por um processo de modernizacao e
inovagdo tecnologica, apresentando alteracdes significativas na sua estrutura produtiva. Ha,
contudo, que se ressaltar que a exemplo do ocorrido em todo o pais, tais mudangas foram
acompanhadas por importantes reflexos no meio rural paranaense. Assim, mesmo
reconhecendo todo o processo como avanco no sentido positivo, € preciso considerar que esse
movimento representou também um sentido negativo, na dire¢do das disparidades. De acordo
com Melo e Parré (2007), as desigualdades regionais no desenvolvimento rural do estado sdo
consideraveis. Segundo os autores, para o ano de 2000, numa escala de zero a 100, o indice
médio de desenvolvimento rural situou-se em 43,6; resultando num total de 179 municipios
(44,86%) acima deste valor e 220 municipios (55,14%) abaixo deste indice.

As analises sobre desenvolvimento rural avancaram no sentido de se obter medidas
que sintetizassem o estagio de desenvolvimento das regides, partindo de um conjunto de
variaveis ¢ indicadores até chegar a construgcdo de um indice de desenvolvimento rural. A
partir dai, regides sdo analisadas, municipios hierarquizados e até mapas sdo confeccionados.
Porém, apesar dos autores utilizarem termos que dao idéia de um estudo espacial, na verdade
as analises sdo a-espaciais, ou seja, ndo incorporam o padrao da interacdo socio-econdmica
dos agentes do sistema no espaco (dependéncia espacial) e também ndo consideram as
caracteristicas da estrutura deste sistema no espago (heterogeneidade espacial).

Incorporar os efeitos decorrentes da dependéncia espacial e da heterogeneidade
espacial sobre desenvolvimento rural e propor um modelo empirico que consiga captar a
influéncia da infra-estrutura e dos recursos naturais sobre esse desenvolvimento € a principal
contribuigdo tedrico-metodoldgica da presente pesquisa para a literatura especializada em
economia agraria. Esses efeitos sdo tratados pela analise exploratoria de dados espaciais e
pela econometria espacial; métodos que tem como objetivo, segundo Almeida, Perobelli e
Ferreira (2008), descrever a distribuicdo espacial, os padroes de associagdo espacial (clusters
espaciais) e verificar a existéncia de diferentes regimes espaciais.

Neste sentido, este trabalho tem por objetivo principal mensurar um Indice de

Desenvolvimento Rural (IDR) para o Estado do Parana e verificar a influéncia da
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disponibilidade de infra-estrutura e de recursos naturais sobre o comportamento do IDR para
os municipios do Estado.

Como objetivos especificos tém-se: verificar a existéncia de dependéncia espacial no
desenvolvimento rural no Estado do Parand, ou seja, municipios com alto (baixo) IDR sao
vizinhos de municipios com alto (baixo) IDR. Também serdo identificados clusters de regides
com padrdo de desenvolvimento comum; propor um modelo econométrico espacial para
estimar os efeitos de variaveis representativas da infra-estrutura e de recursos naturais sobre o

valor do IDR dos municipios do Parana.

2. Fundamentac¢ao Teorica

Os estudos sobre desenvolvimento rural geralmente partem de um conceito adotado
pelo autor e, a partir deste conceito, sdo realizadas analises para compreender as dindmicas
dos espagos agrarios. Como explica Kageyama (2008), o desenvolvimento rural pode ser
interpretado a partir de uma combinagdo de forcas internas (desenvolvimento enddgeno) e
externas (desenvolvimento exdgeno) que atuam sobre a regido em estudo; os atores podem
estar envolvidos tanto em redes internas quanto externas. Regides com redes locais
(mercados e recursos territoriais) organizadas devem apresentar elevado nivel de
desenvolvimento rural, em contraste com areas isoladas, carentes de recursos naturais e sem
institui¢cdes locais organizadas.

A analise do desenvolvimento ndo € simples, pois trata de um fenémeno que envolve
uma série de transformacdes tecnologicas, sociais, distributivas e econdmicas. Abrange, pois,
um conjunto de indicadores demograficos, econdomicos, sociais e ambientais sendo, portanto,
um conceito complexo e multissetorial. De acordo Conterato, Schneider ¢ Waquil (2007), ao
se estudar o desenvolvimento rural é importante considerar cinco dimensdes: social,
demografica, politico-institucional, econdmica e ambiental.

Neste contexto, a literatura que trata do desenvolvimento rural no Brasil e no exterior
tem crescido e canalizado esforgos no sentido de obter informagdes sintéticas que retratem a
diversidade do espaco rural (Kageyama, 2008; Rizov, 2005; Melo e Parré, 2007; Conterato,
Schneider ¢ Waquil, 2007; Barrios, 2008). Porém, apesar de chamarem a atengdo sobre a
importancia da heterogeneidade do espago rural para compreender as dindmicas do
desenvolvimento rural, estes estudos nao utilizaram um instrumental adequado para captar os
efeitos espaciais sobre o desenvolvimento rural, pois trataram municipios vizinhos e distantes
identicamente e desconsideraram as dependéncias espaciais entre eles. Como afirma

Abramovay (2003, p.52): “Embora existam tragos comuns da ruralidade, ¢ claro que o meio
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rural caracteriza-se por sua imensa diversidade. Estabelecer tipologias capazes de captar esta
diversidade ¢ uma das importantes missdes das pesquisas contemporaneas voltadas para a
dimensao espacial do desenvolvimento.”

Conforme descrito por Almeida, Perobelli e Ferreira (2008) ndo ¢ dificil verificar que
a agricultura ¢ sensivel aos efeitos espaciais, pois o desenvolvimento das culturas agricolas ¢
heterogéneo ao longo do espaco. As técnicas de produgdo, a condicdo climatica, o tipo de
solo e topografia influenciam na escolha do que produzir. Além desses fatores, os efeitos de
interdependéncia nas diversas regioes produtoras manifestam-se através da difusdo espacial
de alguns fendmenos que influenciam a vizinhanga, dos processos de competi¢do espacial
para a expansdo da fronteira agricola ou na formacdo dos cinturdes agricolas.

Neste sentido, torna-se fundamental inserir os efeitos espaciais nos estudos sobre o
desenvolvimento rural, o que permitira verificar se existe ou ndo autocorrelagdo espacial
(dependéncia espacial) e heterogeneidade espacial (diferengas estruturais) entre os
municipios do Estado e como as relagdes de vizinhanga e contigiiidade entre os municipios
influenciam no desenvolvimento rural.

Além disso, os modelos econométricos espaciais ao utilizarem informagdes
georeferenciadas a partir da matriz de pesos, permitirdo verificar se as condi¢cdes de infra-
estrutura que o Estado disponibiliza para os municipios como a malha rodoviaria e a demanda
por infra-estrutura através da area plantada e do prego da terra; juntamente com a
disponibilidade de condi¢des favoraveis em relagdo ao regime de chuvas e de temperaturas ¢
do tipo de solo; apresentam efeitos significativos sobre o desenvolvimento rural dos

municipios. Essa sera a principal inovagdo metodologica da presente pesquisa.

3. Referencial Metodologico

Para o presente estudo, dado o cariter multidimensional do conceito de
desenvolvimento, utilizou-se a técnica da analise estatistica multivariada, mais
especificamente, a analise fatorial, para a mensuracdo do IDR. A segunda etapa da pesquisa
sera a interpretagdo da distribuigdo espacial do IDR utilizando técnicas de analise espacial de

dados.

3.1 Analise fatorial

A Analise Fatorial permite transformar grandes conjuntos de dados em um numero
reduzido de fatores, explicando, com o minimo de perda de informagdo, as varidveis

originais. Para estimar o modelo de analise fatorial, o presente artigo utiliza o método dos
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componentes principais, que consiste na extracdo dos fatores de modo a maximizar a
contribui¢do dos mesmos para a varidncia comum (comunalidade). Desta forma, o primeiro
fator ir4 possuir o maior percentual de explicacdo da varidncia total das » variaveis da
amostra, o segundo fator ird conter o segundo maior percentual, e, assim sucessivamente para
os demais fatores (MELO e PARRE, 2007).

A medida denominada de Eigenvalue ou raiz caracteristica expressa a variancia total
do modelo explicada por cada fator. De acordo com Ferreira Junior, Baptista e Lima (2003),
na determinagdo do niimero de fatores necessdrios para representar o conjunto de dados,
usualmente consideram-se apenas os fatores cuja raiz caracteristica ¢ maior que a unidade. O
seu valor é o somatorio dos quadrados das cargas fatoriais de cada variavel associada ao fator
especifico. O eigenvalue dividido pelo nimero de variaveis determina a proporcao da
variancia total explicada pelo fator.

Para facilitar a interpretagao destes fatores ¢ realizada uma rotagdo ortogonal pelo
método varimax, que procura minimizar o nimero de variaveis fortemente relacionadas com
cada fator, permitindo, assim, obter fatores mais facilmente interpretaveis.

No modelo de analise fatorial, hd uma medida de adequagdo dos dados, o Kaiser-
Meyer-Olkin Measure of Sampling Adequacy (KMO). O KMO ¢ a razdo da soma dos
quadrados das correlagdes de todas as variaveis dividida por essa mesma soma acrescentada
da soma dos quadrados das correlagdes parciais de todas as variaveis. Outro teste que precede
a analise fatorial com vistas & verificagdo de suas premissas, ¢ o Barlett Test of Sphericity
(BTS), que testa a hipdtese de que a matriz de correlagdo ¢ uma matriz identidade, ou seja,
que ndo ha correlagdo entre as variaveis.

Serdo obtidos os fatores e selecionados os que apresentaram valores maior que 1. O
escore para cada observagdo (municipio) € resultado da multiplicagdo do valor (padronizado)
das variaveis pelo coeficiente do escore fatorial correspondente. Os escores fatoriais possuem

(13

distribui¢ao normal com média zero e variancia unitaria, podendo ser “... utilizados para
indicar a posi¢do relativa de cada observagao relativamente ao conceito expresso pelo fator”
(MONTEIRO e PINHEIRO, 2004, p. 376). Desta forma, os escores fatoriais definem os
fatores de desenvolvimento rural para cada um dos municipios analisados.

A verificacdo do grau de desenvolvimento de cada municipio paranaense sera feita
através dos escores fatoriais, ou seja, dos valores dos fatores para cada uma das 399
observagdes (municipios). Através da formula (1), pode-se obter o Indice de

Desenvolvimento Rural (IDR), por meio do calculo da média dos fatores (ponderada pela

variancia) pertencentes a cada observagdo (municipio). Ao realizar a andlise fatorial pelo
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método de componentes principais, a ponderagdo pela proporgdo de explicagdo da variancia
total exprime a importancia relativa de cada fator, procedimento semelhante pode ser

encontrado em Melo e Parré (2007) e Stege e Parré (2011).

a(wifiy)
W, (1

Em que P é o nimero de fatores com valores maior que 1; w; € a propor¢do da

IDR; =

varidncia explicada por cada fator; e, f;; sdo os escores fatoriais para cada municipio i.

A partir dai, interpola-se os resultados, considerando-se o maior valor como 100 e o
menor como zero, obtendo o IDR na escala de 0 a 100 para cada municipio. Os municipios
foram agrupados em classes de desenvolvimento da considerando a média e o desvio-padrao
do IDR: classe A - aqueles que apresentaram resultados com trés desvios-padrao acima da
média; classe B2 - aqueles com resultados entre dois e trés desvios-padrao acima da média;
classe B1 - aqueles com valores entre um e dois desvios-padrao acima da média; classe C - os
que apresentaram resultado entre a média e um desvio-padrdo acima da média; classe D1 -
aqueles com resultados no intervalo entre a média e um desvio-padrdo abaixo da média;
classe D2 - os que tiveram resultados no intervalo entre um e dois desvios-padrao abaixo da
média e, por ultimo, classe E - os municipios com resultados com trés desvios-padrdo abaixo

da média.

3.2 Analise Explanatdria de Dados Espaciais (AEDE)

O estudo da econometria espacial cada vez mais vem conquistando espaco na
literatura econdmica. Segundo Figueiredo (2002), este fato tem ocorrido por causa da
constatacdo de que, na maioria dos casos de dados de corte seccional, existe autocorrelagdo
espacial, e também porque existem efeitos de interdependéncia nas diferentes regides,
principalmente, quanto mais proxima uma regido for da outra.

Anselin (1999, p. 1) define econometria espacial da seguinte forma: ‘“spatial
econometrics is a subfield of econometrics that deals with the treatment of spatial interaction
(spatial autocorrelation) and spatial structure (spatial heterogeneity) in regression models”.
Sendo assim, a econometria espacial leva em consideragdo dois efeitos espaciais na sua
estimacdo, sendo que o primeiro ¢ a dependéncia espacial ou autocorrelacdo espacial, e o
segundo, a heterogeneidade espacial.

A autocorrelacdo serd calculada pela estatistica I de Moran, a qual fornece indicagao
do grau de associagdo linear entre os vetores de valores observados no tempo e a média

ponderada dos valores da vizinhanga. A férmula desta estatistica ¢ expressa como:
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n__ EEwii-9i-y) 2)
XX wij L(yi-9)?
onde n € o namero de unidades espaciais, y; € a varidvel de interesse € wj;! € 0 peso

[ =

espacial para o par de unidades espaciais i e j, medindo o grau de interacdo entre elas.

O coeficiente I de Moran tem um valor esperado (média teorica) de —[1/(n-1)], isto &,
o valor que seria obtido se ndo houvesse padrdo espacial nos dados. O valor calculado de |
deveria ser igual ao seu valor esperado, dentro dos limites da significancia estatistica, se yi ¢
independente dos valores nas regides vizinhas. Valores de I que excedem —[1/(n-1)] indicam
autocorrelagcdo espacial positiva. Valores de I abaixo do valor esperado sinalizam uma
autocorrelagdo negativa.

Outro indicador utilizado para verificar dependéncia espacial de uma variavel ¢ a

estatistica ¢ de Geary, que pode ser formalmente apresentada como:

_ n-1 ZZWij(Yi—Yj)Z
‘T aIwy 1o @

Diferentemente da estatistica I de Moran, o valor obtido com a estatistica ¢ de Geary
situa-se entre 0 e 2. Seu valor esperado ¢ 1, ao passo que valores encontrados situados entre 0
e 1 indicam dependéncia espacial positiva e valores entre 1 e 2 indicam autocorrelagdo
espacial negativa (ALMEIDA, 2012).

A fim de observar a existéncia de clusters espaciais locais de valores altos ou baixos e
quais as regides que mais contribuem para a existéncia de autocorrelagdo espacial, serdo
utilizados métodos que visam a complementagdo do I de Moran como o diagrama de
dispersdo de Moran e estatisticas LISA (Indicadores Locais de Associagdo Espacial)
(ANSELIN, 1988; 1995).

Para finalizar a apresentacdo da AEDE ¢ necessario destacar a importancia da matriz
de pesos (W) na analise espacial, pois todos os passos subseqiientes (ou resultados)
dependerdo dessa matriz. A matriz de pesos ¢ a forma de expressar a estrutura espacial dos
dados. H4 na literatura um grande niimero de matrizes de pesos espaciais. E possivel
implementar um AEDE com base em uma matriz de continuidade binaria ou por meio de
uma estrutura de conectividade mais complexa. A matriz de pesos espaciais W utilizada neste

trabalho ¢ uma matriz Binaria do tipo rainha.

' Apesar da mesma simbologia, o significado desse w é diferente daquele apresentado na anélise fatorial.
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3.3 Modelos Econométricos Espaciais

Ap6s realizar a AEDE, desenvolve-se a modelagem econométrica espacial. O modelo
econométrico espacial incorpora elementos espaciais na modelagem classica de analise de
regressao linear.

- Modelo de defasagem espacial (Spatial Autoregressive Model — SAR)

O modelo de defasagem espacial ou Spatial Autoregressive Model (SAR) incorpora
um coeficiente auto-regressivo espacial a fim de captar o efeito de “vizinhanga” do fendmeno
em estudo, que captaria a forma como um fendmeno seria espraiado pelas regides proximas.

O modelo pode ser expresso como:

y=pWy+Xp +¢ 4

em que y € o vetor nx1 de observacgdes da varidvel dependente; p ¢ o coeficiente auto-
regressivo espacial (um escalar); Wy o vetor nx1 de defasagens espaciais para a variavel
dependente; X ¢ a matriz nxk de variaveis explicativas; § ¢ o vetor kx1 de coeficientes de
regressdo e € o vetor nx1 de termos de erro aleatério normalmente distribuidos com média
zero e variancia constante. Ressalta-se que uma vez estimado pelo método dos minimos
quadrados ordinarios (MQQO) as estimativas obtidas seriam viesadas e inconsistentes ¢ que
para que ndo se incorra em tais problemas, este devera ser estimado pelo método da méxima
verossimilhanca (MV) ou pelo método das varidveis instrumentais (VI).

- Modelo de erro espacial (Spatial error model — SEM)

O modelo com erro auto-regressivo espacial expressa no termo de erro aqueles efeitos
que ndo podem ser modelados. Dessa forma, os efeitos espaciais nesse modelo se apresentam
apenas no termo de erro da regressdo, podendo ser interpretado da seguinte forma:

Nesse modelo o padrdo espacial manifestado no termo de erro € dado por efeitos ndo
modelados e que ndo sdo distribuidos aleatoriamente no espago, mas, ao contrario, estao
espacialmente autocorrelacionados.

Assim, o modelo proposto pode ser expresso da seguinte forma:

y=XB+u; p=Wu+e S))
em que y € o vetor nx1 de observagdes da variavel dependente; X ¢ a matriz nxk de

variaveis explicativas; B € o vetor kx1 de coeficientes de regressdo e p ¢ um vetor N por 1

nos termos de erro. W € o vetor de erros defasados espacialmente, A € o parametro do erro
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auto-regressivo espacial e € ¢ o vetor nxl de termos de erro aleatorio normalmente
distribuidos com média zero e variancia constante.

Para a escolha do modelo mais adequado serdo adotados os procedimentos sugeridos
por Florax et al. (2003). Consiste nos seguintes passos: estimar o modelo classico de
regressao linear por meio do método dos Minimos Quadrados Ordinarios (MQO); testar a
hipotese de auséncia de autocorrelagdo espacial devido a uma defasagem ou a um erro por
meio das estatisticas do Multiplicador de Lagrange (ML) para defasagem (MLp) ou erro
(MLA); caso ambos os testes ndo sejam significativos, usar MQO como método de estimacgao;
caso ambos os testes sejam significantes, estimar o modelo sugerido como mais significante

pelas versdes robustas do teste de Multiplicador de Lagrange.

3.4 Modelo empirico proposto no estudo

Segundo Anselin (1999), o aumento da atengdo dada a analise espacial pelas ciéncias
sociais deve-se ao interesse comum de economistas, socidlogos e cientistas politicos em
compreender como se da a interagdo entre o individuo e o grupo. Saber como o
comportamento coletivo ¢ influenciado pelas interagdes individuais tem levado a se
desenvolver conceitos sobre normas sociais, efeitos de vizinhanga, capital social e interacao
estratégica. Nessas situagdes, torna-se central o papel da localizagdo, do espago e da interagao
espacial. Ainda segundo o autor, a verificagdo empirica dessas novas teorias requer a
utilizagdo de técnicas econométricas que incorporem os efeitos espaciais. Neste sentido, o
modelo proposto se baseia na Nova Geografia Econdmica, tendo como destaque o trabalho de
Fujita et al. (1999).

Como foi justificado na introdug¢do e definido nos objetivos, esse artigo procura
avancar em relacdo aos estudos de desenvolvimento rural em duas frentes: no sentido de
incorporar os efeitos espaciais na analise do IDR através de uma técnica consolidade como a
AEDE; e propor um modelo econométrico que consiga “explicar” o comportamento do IDR
nos municipios utilizando como fatores explicativos indicadores representativos dos recursos
naturais e da disponibilidade de infra-estrutura.

Neste sentido, o seguinte modelo é proposto:

IDR; = By + piarea; + [,rodp; + Bzpreco; + fichu; + Pstemp; + Pgsolo; + & (6)
emquei=1,2,..,399; sdo os municipios paranaenses

Uma descrigdo completa das variaveis sera apresentada na proxima segdo. O IDR foi
construido a partir de um conjunto de 11 varidveis, portanto devemos considerar a dificuldade

em encontrar varidveis que ndo sejam um reflexo daquelas que foram utilizadas na
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elaboracgdo do indice, ou seja, devemos garantir a exogeneidade das variaveis explicativas. A
fungdo descrita pela equacdo (6) sera utilizada no estudo para o IDR, inserindo os efeitos

espaciais necessarios para a melhor estimagdo do modelo.

3.5 Descricao das variaveis utilizadas na pesquisa

O banco de dados georreferenciados construido para a pesquisa possui um total de 17
variaveis para cada municipio do Estado do Parana. As variaveis podem ser divididas em 3
grupos: variaveis utilizadas no calculo do IDR (11 variaveis); variaveis utilizadas para
verificar os efeitos do espaco geografico em termos de recursos naturais e as variaveis que
foram coletadas para serem usadas como proxy da infraestrutura disponivel aos municipios e
que podem influenciar o desenvolvimento do espaco rural.

As variaveis para calcular o IDR procuram captar aspectos qualitativos e quantitativos
inerentes ao desenvolvimento rural dos municipios do estado do Parana e sdo apresentadas na
Tabela 1. Os dados utilizados sdo secundarios e tém como fontes: Fundacdo Instituto
Brasileiro de Geografia e Estatistica (IBGE), Instituto Paranaense de Desenvolvimento

Economico e Social (IPARDES), Ministério da Saude (DATASUS).

Tabela 1: Variaveis utilizadas na constru¢do do IDR do Parand, para o ano de 2010.

VARIAVEIS Fontes
X Consumo de Energia Elétrica Rural (MWH) IPARDES
X, Valor Adicionado Bruto da Agropecuaria (R$1000) IPARDES
X3 Populagdo Ocupada - Agricultura, Pecuaria, Producio Florestal, Pesca e Aquicultura IPARDES
Xy N° Estabelecimentos - Agricultura, Silvicultura, Criacdo de Animais, Extracio Vegetal e Pesca IPARDES
Xs Proporcdo dos domicilios rural com abastecimento de 4gua de rede publica DATASUS
Xe Proporgdo dos domicilios rural que possuem energia elétrica DATASUS
X5 Propor¢ao dos domicilios rural que possuem lixo coletado por empresa publica ou privada DATASUS
Xg Proporg¢ao da Populagdo Economicamente Ativa (10 anos ou mais) Rural em relaco a Total IPARDES
X9 Proporcdo da Populagdo Ocupada Rural em relacdo a Total IPARDES
X0 Milho - Rendimento médio da produgdo (Quilogramas por Hectare) IBGE
X1 Soja - Rendimento médio da producdo (Quilogramas por Hectare) IBGE

Para verificar as diferencas de recursos naturais disponiveis aos municipios e seus
efeitos sobre o desenvolvimento rural serdo consideradas as diferencas edafoclimaticas dos
municipios, através da densidade pluviométrica e da temperatura média municipal. Outra
riqueza natural considerada sera o tipo de solo predominante no municipio.

A variavel climatica precipitacao total anual (chu) representa o volume total de chuvas
nos municipios do Parand durante um ano e ¢ medida em milimetros (mm). Essa varidvel,
também chamada de pluviosidade total, foi obtida junto a Agéncia Nacional das Aguas
(ANA) e os municipios foram classificados em seis categorias em funcdo da precipitacdo

anual. A variavel climatica temperatura média anual (temp) dos municipios do Parana ¢
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medida em graus centigrados (°C). Essa varidvel foi obtida junto ao Sistema Meteorologico
do Parana (Simepar) e os municipios foram classificados em sete categorias em funcdo da
temperatura média. Considerando a classificagdo da Embrapa (1999) e as informagdes do
mapa de solos do Instituto Paranaense de Terras, Cartografia e Geociéncias (ITCG) foi
possivel elaborar uma classificagdo dos tipos de solos predominantes (variavel solo) para os
municipios do Parana.

Com relagdo as varidveis que representam a infra-estrutura disponivel para os
municipios, a variavel densidade rodovidria ¢ medida pela disponibilidade de rodovias
pavimentadas (rodp) medida em quilometro de rodovia por quilometro quadrado de area do
municipio (Km/Km?) e foi obtida junto ao Departamento de Estradas ¢ Rodagem (DER) do
Parana. A variavel area das atividades agricolas (area) reapresenta a area plantada total
medida em mil hectares para o ano de 2010, obtida junto ao IBGE (2012). Essa variavel mede
a dimensdo das atividades rurais dos municipios, além de servir como uma proxy da
necessidade de infra-estrutura de armazenagem e de escoamento. A variavel preco da terra
(prego) representa o preco médio em mil reais por hectare (1000R$/ha) das terras agricolas
mecanizadas nos municipios paranaenses para o ano de 2010 e também reflete as condi¢des
de infra-estrutura do setor rural. A pesquisa de pregos ¢ realizada anualmente pela Secretaria
de Estado da Agricultura e do Abastecimento do Parand, através de seu Departamento de

Economia Rural (DERAL/SEAB, 2102).

4. Resultados e discussao

4.1 Resultados da Analise Fatorial

De acordo com a metodologia de analise fatorial, para representar o conjunto de dados
sdo considerados apenas os fatores cujos valores de eigenvalue ou raiz caracteristica sdo
maiores que um. Sendo assim, verifica-se que as informag¢des contidas nas 11 variaveis
originais sdo sintetizadas por 4 Fatores, os quais, apos a rotagcdo ortogonal, conseguem
explicar no seu conjunto 85,9% da variancia total do modelo multivariado.

Os resultados dos testes de ajustamento do modelo se mostraram adequados. O teste
de KMO, para analise da adequabilidade da amostra apresentou valor de 0,729, um valor
considerado bom pela escala do teste, indicando que a amostra ¢ passivel de ser analisada
pelas técnicas da analise fatorial. O teste de Bartlett apresentou resultado significativo,
rejeitando a hipotese nula de que a matriz de correlagdo ¢ uma matriz identidade.

Apo6s a rotacdo ortogonal dos fatores pelo método varimax, a Tabela 1 apresenta as

cargas fatoriais e as comunalidades para os fatores considerados. Inicialmente, ¢ importante
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destacar que todas as cargas fatoriais apresentam valores superiores a 0,75, o que possibilita
considerar todas as variaveis na analise, pois todas tém sua variabilidade captada e

representada por um determinado fator.

Tabela 1: Cargas Fatoriais e comunalidades apos a rotagdo ortogonal varimax.

Variavel Fator 1 Fator 2 Fator 3 Fator 4 comunalidade
X 0,856 0,009 -0,069 0,162 0,764
X 0,890 -0,015 -0,027 0,097 0,802
X3 0,884 -0,024 0,154 0,003 0,807
X4 0,804 -0,041 -0,350 0,035 0,772
X5 -0,028 0,977 0,091 0,011 0,964
X 0,031 0,844 0,427 0,016 0,895
X, 20,050 0.979 0.018 0.007 0.962
X3 -0,026 0,223 0,934 -0,003 0,923
Xo -0,116 0,105 0,937 0,100 0,913
X0 0,137 0,047 -0,019 0,898 0,828
X 0,072 -0,022 0,105 0,895 0,817

Fonte: Resultados da pesquisa.

Além disso, a associacdo entre as variaveis e os Fatores gerou diferentes aspectos ou
dimensdes do desenvolvimento rural para os municipios do estado do Parand. De modo
sintético, podemos interpretar o que representa cada um dos fatores em termos de
desenvolvimento rural dos municipios do Parana: Fator 1 — dimensdo econdmica, estrutura
produtiva do setor rural; Fator 2, dimensao social, qualidade de vida da popula¢do rural; Fator
3, dimensdo demografica, dinamismo da populacdo rural; Fator 4, dimensdo tecnologica,

produtividade do setor rural.

4.2 Distribuicdo do desenvolvimento rural no estado do Parana

A metodologia adotada no estudo se mostrou bastante adequada para mensurar um
Indice de Desenvolvimento Rural (IDR) para os municipios do Estado do Parana, o qual se
apresentou bastante representativo da realidade rural paranaense.

De acordo com esses resultados obtidos a partir da andlise fatorial e da formula (1),
observa-se que as desigualdades regionais no desenvolvimento rural do estado sdo
consideraveis. Para o ano de 2010, numa escala de zero a 100, o indice médio de
desenvolvimento rural situou-se em 33,6; resultando num total de 183 municipios (45,86%)
acima deste valor e 216 municipios (54,14%) abaixo deste indice.

Uma andlise geral sobre a distribuicdo do desenvolvimento rural dos municipios
paranaenses permite verificar que as mesorregioes que se destacam no indice construido para

2010 de um modo geral foram as mesmas que se destacaram no indice construido por Melo e
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Parre (2007)” para o ano de 2000, principalmente as mesorregides Oeste ¢ Centro Oriental.
As mesorregides Centro Ocidental, Noroeste, Norte Pioneiro e Metropolitana de Curitiba
apresentaram valores modestos em ambos os indices.

A andlise do desenvolvimento rural do Parana tendo como foco os municipios reforga
a importancia de utilizar informagdes desagregadas nos estudos sobre esse tema, pois a
realidade dos municipios € Unica, o que sugere que os estudos sobre desenvolvimento rural
devem se aproximar do enfoque utilizado nos estudos sobre desenvolvimento local e de
territorios especificos.

O Mapa 1 apresenta as classes de desenvolvimento rural dos municipios do estado do
Parana par o ano de 2010. Recordando que, de acordo com a metodologia adotada, os
municipios foram agrupados em 7 classes: as classes C, B1, B2 ¢ A indicam valores de IDR
acima do valor médio; e as classes D1, D2 e E classificam os municipios que possuem

valores abaixo da média.

IDR Parana - Municipios

Idr.shp

Bl classe A
I classe B1
[ classe B2
[ JclasseC
[ | classe D1
[ ] classe D2
[ classe E

100 0 100 200 300 400 500 600 Kilometers

Mapa 1: Classes de desenvolvimento rural dos municipios do estado do Parana, 2010.
Fonte: Resultados da pesquisa. Mapa gerado no ArcView.

? E importante destacar que Melo e Parré (2007) construiram um IDR a partir de 18 variaveis sendo que a
maioria ¢ diferente das utilizadas no presente estudo.

Atas

| 4555



Economia, Sociologia, Ambiente
e Desenvolvimento Rural

4.3 Efeitos espaciais dos recursos naturais e da infra-estrutura.

Inicialmente sera verificada a presenca de autocorrelagdo espacial global entre os
municipios em relacdo ao IDR através dos indices de Moran e de Geary. De acordo com a
Tabela 2, o I de Moran apresenta valor 0,477 e o C de Geary valor 0,576, ambos com
significancia estatistica de 1%.

Esses resultados indicam a presenca de autocorrelagdo espacial global positiva®. Isso
significa que municipios que apresentam elevado nivel de desenvolvimento rural (IDR) sao
vizinhos de outros municipios que também apresentam a mesma caracteristica ou,
alternativamente, que municipios com baixo valor de IDR sdo circundados por municipios
que também apresentam baixos valores de IDR. Vale lembrar que foi adotado um padrio de

vizinhanga bindrio através de uma matriz do tipo rainha.

Tabela 2: Testes de autocorrelacdo espacial para o IDR.

indice Valor Prob.
I de Moran 0,477062 0,001
C de Geary 0,576032 0,001

Fonte: Resultados da pesquisa, utilizando o SpaceStat.

Para complementar o resultado dos indicadores € necessario visualizar e interpretar o
diagrama de dispersdo de Moran, que estd representado na Figura 1. O diagrama revela
detalhes importantes do padrao de associag@o espacial, enquanto o valor do indicador revela
apenas a tendéncia geral de agrupamento dos dados.

Cada ponto no diagrama representa um municipio paranaense. O diagrama de
dispersdao de Moran apresenta no eixo horizontal o IDR e, no eixo vertical, a defasagem
espacial do IDR, ou seja, a média do IDR para os vizinhos, os quais s3o definidos de acordo
com a matriz de vizinhanga. O diagrama de dispersdo de Moran classifica os municipios de
acordo com quatro diferentes regimes espaciais. Estes regimes, definidos na metodologia sio:
alto-alto (AA), que denota que municipios com alto IDR sdo vizinhos de outros que também
apresentam alto IDR; regime baixo-alto (BA), que indica que municipios que apresentam
baixo IDR sdo vizinhos de outros com alto IDR; regime alto-baixo (AB), que mostra que
municipios com alto IDR possuem vizinhos com baixo IDR; e, finalmente, o regime baixo-
baixo (BB), implica que municipios com baixo IDR sdo vizinhos de municipios que

apresentam a mesma situagao.

3 0 valor esperado para o I de Moran considerando os 399 municipios do Parana ¢ igual a -0,0025, conforme a
expressao -[1/(n-1)]. Portanto, valores de I acima desse valor indicam autocorrelagdo espacial positiva e os
valores abaixo indicam autocorrelagdo espacial negativa.
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A visualizagdo do diagrama corrobora o resultado de autocorrelagdo espacial positiva
indicado nos testes da Tabela 2, pois a maioria dos municipios esta localizada nos quadrantes
AA e BB do diagrama, indicando uma relagdo espacial positiva para o IDR.

Os pontos coloridos no diagrama referem-se aos municipios que exercem grande
influéncia sobre a tendéncia central e funcionam como pontos de alavancagem de uma
suposta linha de regressdo que teria inclinagdo positiva e confirmaria uma autocorrelacao

positiva para o IDR, no caso dos quadrantes AA ¢ BB.

2.5560915

IDR(Z): Mean neighbor value

-2,1878257

-2. 4173763 4. 7022372
IDR.(Z)

Figura 1: Diagrama de dispersdo de Moran para o IDR no estado do Parana.
Fonte: Resultados da pesquisa. Diagrama gerado no SpaceStat.

Os padrdes globais de associagdo linear podem ndo estar em concordancia com 0s
padrdes locais. Sendo assim, a literatura de analise espacial (Anselin, 1995; Le Gallo e
Erthur, 2003) apresenta medidas estatisticas que avaliam o padrdo de associagdo espacial
local. A estatistica I de Moran local, segundo Almeida (2012), decompde o indicador global
de autocorrelagdo em relagdo a contribuicdo local individual em cada um dos quatro
quadrantes do diagrama de dispersdo de Moran. A forma mais clara de especificacdo da
estatistica ¢ através de mapas. Basicamente, ¢ feito um mapa do diagrama da Figura 1
destacando os municipios com valores significativos para o I de Moran local onde se
analisada a possivel formagdo de clusters. Ou seja, permite verificar a situagdo individual de
cada municipio e comparar com seus vizinhos.

O Mapa 2 apresenta a formagao de clusters espaciais para o IDR no estado do Parana.
A analise do mapa reforga a importancia de alguns municipios ja verificada nas sec¢des

anteriores desse artigo. Porém, agora, as conclusdes sdo baseadas em um método robusto com

resultados estatisticamente significativos.
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Verifica-se a ocorréncia de dois clusters do tipo alto-alto; o primeiro ¢ grande e
envolve municipios da mesorregido Centro Oriental, o que indica um transbordamento do
desenvolvimento rural nessa regido. O segundo cluster ¢ formado por alguns municipios das
mesorregides Oeste e Sudeste do Parana.

Quanto aos clusters baixo-baixo, o0 Mapa 2 permite a visualizacao de 4 clusters. Sendo
que dois estdo bem proximos, separados por poucos municipios. Considerando essa
proximidade, fica reforcado a preocupante situacdo das mesorregides Noroeste, Norte Central
e Norte Pioneiro. Para completar os clusters do tipo baixo-baixo, deve-se incluir a

mesorregido de Curitiba e Litoral.

|mmmm  alto-alto | =20 alto-baixo | MEEE baixo-baixo | I baixo-alto | 3 ndo sign.

Mapa 2: Clusters univariados do IDR — PR, 2010.
Fonte: Resultados da pesquisa. Mapa gerado no SpaceStat.

De acordo com o modelo proposto, sera verificado o efeito de variaveis
representativas de recursos naturais e de infra-estrutura sobre o IDR nos municipios do
Parana. E importante, entdo, realizar o estudo do I de Moran bivariado que tem como objetivo
central descobrir se os valores de uma variavel observadas numa regido apresentam uma
relagdo com os valores de outra variavel observada nas regides vizinhas. Ou seja, a
localizacdo da variavel endogena (IDR) é comparada com cada variavel exdgena do modelo.

Como pode ser verificado na Tabela 3, existe autocorrelagdo espacial global positiva
entre o IDR e todas as variaveis explicativas, com excecdo, da variavel temperatura. Isto
significa, numa analise global, que municipios com altos (baixos) valores do IDR estdo

associados a municipios com altos (baixos) indices da variavel considerada (area, rodovias
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pavimentadas, preco da terra, chuvas e tipos de solos). O nivel de pseudo-significdncia para
todos os casos ¢ de 1%, o que indica uma significativa relagdo espacial entre as varidveis do

modelo.

Tabela 3: Coeficiente de I de Moran Bivariado do IDR do Parana e as variaveis espaciais.

I de Moran Probabilidade
Area plantada (area) 0,2585 0,001
Rodovias pavimentadas (rodp) 0,0870 0,001
Preco da terra (prego) 0,1243 0,001
Chuvas (chu) 0,3293 0,001
Temperatura (temp) -0,2656 0,001
Solos (solo) 0,0528 0,001

Fonte: Resultados da pesquisa, utilizando o OpenGeoda.

4.4 Estimacao e analise do modelo econométrico espacial

Inicialmente, estimou-se um modelo classico de regressdo linear, pelo método dos
Minimos Quadrados Ordinarios (MQO), sem correcao para dependéncia espacial, porém com
a utilizacdo da matriz de pesos espaciais de modo a permitir a identificacdo da ocorréncia de
efeitos espaciais sobre os dados. A especificagdo do modelo ¢ aquela apresentada na equagao
(6) com as variaveis explicativas, area, rodp, preco, chu, temp e solo. Foram realizados
alguns testes para verificar efeitos espaciais e eventuais problemas de estimagao.

O teste Condition Number apresentou valor 14,0; esse teste ¢ utilizado na verificagdo
da existéncia de multicolinearidade e valores abaixo de 30 indicam auséncia de
multicolinearidade. A seguir, testou-se a hipotese de auséncia de autocorrelacdo ou
dependéncia espacial que ocorre quando a variavel dependente ou o termo do erro em cada
posicdo se correlaciona com a variavel dependente ou o termo de erro de outras posigdes. De
acordo com Anselin (1992), existem duas importantes alternativas para o modelo espacial,
sendo a primeira quando a autocorrelacdo pertence a variavel dependente (modelo de
defasagem espacial — lag) e a segunda especificacdo do modelo espacial ¢ definida quando a
autocorrelagdo pertence ao termo de erro (modelo de erro espacial — error).

A decisao de escolha entre os modelos pode ser realizada analisando-se a saida obtida
no software OpenGeoda (Tabela 4), onde sdo apresentados os testes do Multiplicador de
Lagrange (Lagrange Multiplier) e do Multiplicador de Lagrange Robusto (Robust LM). A
analise da Tabela 4 indica que os testes Multiplicador de Lagrange para defasagem (Lag) e
Multiplicador de Lagrange para o erro (Error) foram significativos. Sendo assim, ha a

indicagdo de presenca de autocorrelagdo espacial, evidenciando a necessidade de se optar por

Atas

| 4559



Economia, Sociologia, Ambiente
e Desenvolvimento Rural

modelos econométricos que considerem os efeitos espaciais. A versdo robusta dos testes de
Multiplicador de Lagrange para defasagem (valor de 20,38) e do Multiplicador de Lagrange
para o erro (3,34) apontam que o modelo mais indicado seria o de defasagem espacial, pois o

valor desse teste foi superior, além do ML erro ndo ser significativo a 5%.

Tabela 4: Diagnostico para autocorrelagdo espacial do modelo de regressao.

TESTE VALOR PROBABILIDADE
Lagrange Multiplier (lag) 87,6605966 0,00000
Robust LM (lag) 20,3834206 0,00000
Lagrange Multiplier (error) 70,6179092 0,00000
Robust LM (error) 3,3407333 0,06758

Fonte: Resultados da pesquisa, utilizando o OpenGeoda.

O modelo definido na equagdo (6) foi estimado por MQO e também pelo método da
maxima verossimilhancga, considerando o termo de defasagem espacial (SAR). A Tabela 5
apresenta os valores dos coeficientes estimados de cada uma dessas regressoes, e fazendo
uma analise geral, pode-se ver que o coeficiente de determinacio (R?) apresentou valor 0,41
no modelo estimado por MQO e 0,53 no modelo SAR, indicando uma melhoria no ajuste do
modelo. O valor relativamente baixo do R? expressa a necessidade de ampliar as variaveis
explicativas para aumentar o poder preditivo do modelo. Entretanto, como ja foi justificado, a
escolha de varidveis para esse modelo enfrenta um problema de endogeneidade visto que o
IDR ¢ um indice constituido por 11 variaveis.

O parametro p € o coeficiente de defasagem espacial, que capta os efeitos de
transbordamento do IDR sobre os municipios vizinhos. O pardmetro da defasagem
apresentou valor positivo e significativo a 1%, confirmando o efeito espacial em relacdo ao
desenvolvimento rural dos municipios do Parana. Essa é uma conclusio importante do
estudo.

As varidveis que representam a influéncia da infra-estrutura como a area e o preco da
terra foram significativas a 1% nos dois modelos; além da varidvel climatica precipitacdo
(chu). A tunica varidvel ndo significativa em ambos os modelos foi a variavel de infra-
estrutura rodovias pavimentadas (rodp).

Como o modelo SAR apresentou melhor ajuste, apenas seus resultados serdo
interpretados com mais propriedade. Portanto, a segunda conclusdo que se obtém do estudo é
que a infra-estrutura ¢ mais influente do que os recursos naturais (aqui representados pelo

clima e o tipo de solo) para explicar o desenvolvimento rural dos municipios do Parana.
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Tabela 5: Resultados dos modelos econométricos MQO e SAR.

Variavel dependente: IDR

Variable MQO SAR
Intercepto 33,6679" 16,5951
(2,6577) (2,9924)
AREA 0,3176* 0,27074
(0,0259) (0,0236)
RODP 7,8509 8,1932
(9,2497) (8,1617)
PRECO -0,4207* -0,4027*
(0,1353) (0,1193)
CHU 3,1114% 1,82794
(0,4486) (0,4074)
TEMP -1,3856% -0,4841
(0,3307) (0,3041)
SOLO -0,6366 -0,6058 "
(0,3399) (0,3000)
p 0,4542%4
(0,0495)
N 399 399
R’ 0,41 0,53

Fonte: Resultados da pesquisa. Regressdes realizadas no Software SpaceStat.
A -significativo a 1%; B - significativo a 5%. O valor entre parénteses refere-se ao desvio-padrao.

Ainda de acordo com a Tabela 5, a variavel area apresentou valor 0,27 e o seu sinal

deve ser considerado positivo. E necessario cuidado ao interpretar o efeito dessa variavel,

para nao confundir com o tamanho das propriedades, o que resultaria em grande polémica.

Da forma como foi construida a varidvel representa apenas os efeitos positivos da infra-

estrutura sobre o desenvolvimento rural (IDR).

A varidvel rodovia (rodp) assumiu sinal positivo de acordo com o esperado, pois

servem para escoar a producdo e apresentam importante papel para diminuir o isolamento e

com isso ter um efeito positivo no desenvolvimento rural dos municipios do Parana, porém

essa variavel ndo apresentou significancia estatistica.
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A variavel preco da terra (prego) apresentou sinal negativo (-0,40) e significativo a
1%. Essa variavel ¢ interessante, pois sua formagao € bastante discutida na literatura e reflete
efeitos variados que vao desde politicas econdmicas até variacdo de preco de produtos
agricola. Aqui foi usada para captar efeitos de infra-estrutura, mas ndo se mostrou adequada,
talvez por uma questdo de endogeneidade.

A Unica varidvel de recursos naturais que se mostrou significativa a 1% e com sinal
positivo foi a precipitagdo ou regime de chuvas (chu). A producdo agricola ¢ muito
dependente do regime de chuvas, com as quantidades bem distribuidas ao longo do ano. Foi
utilizado um valor médio, o que indica que em locais com pouca chuva, pode ocorrer um
efeito sobre o IDR, provavelmente esse efeito sera indireto através de uma baixa producgao e
consequentemente, tendo efeitos sobre os indicadores econdmicos que constituem o IDR.

As variaveis temperatura (temp) e tipos de solos (solo) apresentaram sinais negativos,
sendo que a variavel temperatura ndo apresentou significdncia estatistica. Temperaturas
muito baixas podem levar a ocorréncia de geadas, fenomeno comum no estado do Parana,
que prejudicam a produgdo agropecudria e consequentemente afeta determinados aspectos
captados pelo indice de desenvolvimento rural (IDR) elaborado para esse estudo; portanto, se
justifica o sinal negativo obtido para essa variavel. Em relag@o a variavel tipo de solos (solo)
o sinal negativo reflete o que foi verificado na classificagdo dos municipios em relagdo ao
IDR, pois as regides que apresentaram bons niveis de IDR ndo apresentam boas condi¢des de
solo, principalmente o Centro-Oriental do Estado. Além disso, ¢ necessario aten¢do para o
método de construgdo da veriavel, pois foi considerado apenas o tipo de solo predominante

nos municipios.

5. Consideracées finais

Utilizando como base teodrica idéias da Nova Geografia Econdomica e do conceito de
um indicador de desenvolvimento rural multidimensional, o artigo desenvolveu uma analise
econométrica espacial do desenvolvimento rural dos municipios do estado do Parand. Foram
utilizadas variaveis explicativas que representassem os efeitos da infra-estrutura e dos
recursos naturais do estado.

Foi detectada a presenca de acentuada dependéncia global e local do
desenvolvimento rural no territério paranaense, além da identificagdo de clusters espaciais do

tipo alto-alto (AA) e baixo-baixo (BB). Também foi demonstrada a importancia de se
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incorporar os chamados efeitos espaciais no modelo econométrico do tipo SAR que foi
utilizado para analisar o desenvolvimento.

De modo geral as varidveis apresentaram sinais de acordo com o esperado e, além
disso, as variaveis relativas a infra-estrutura mostraram maior capacidade preditiva do que as
variaveis de recursos naturais, para inferir o desenvolvimento rural dos municipios do Parana.

Esses resultados indicam a importancia em dar continuidade ao estudo sobre o
desenvolvimento rural no Estado, verificando a importancia das politicas publicas como
condicionantes do processo de desenvolvimento rural e¢ delineando perspectivas para a
trajetoria do desenvolvimento rural no Estado do Parana. Para consolidar os resultados
obtidos nesse estudo € necessario, em estudos futuros, ampliar as observagdes, partindo para
um modelo de painel de dados espacial e testar novas variaveis explicativas, como por

exemplo, a infra-estrutura de armazenagem.
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Abstract

This study describes the behavior of Brazilian hydrous ethanol supply, with particular
emphasis on how producers responded to own prices and to price of substitute
products based on sugarcane - such as sugar and anhydrous ethanol - emphasizing
factors that have affected the supply of the product through the last decade. For this
purpose, an econometric model of hydrous supply and of sugarcane supply was built,
based on panel data model for the main producer states in Brazil. The data period
selected to estimate the model was 2000/01-2011/12. The results indicated that the
supply price elasticity for hydrous ethanol was 1.94 and the price of sugar has no
mfluence on hydrous ethanol price through this period. For the sugarcane supply, the
planted area and the number of newly installed plants at each state were important
determinants of the current planted area. The sugarcane supply price elasticity lagged
by one period was 0.25. As expected, the supply price response was higher in ethanol
production than in that of sugarcane.

Keywords: hydrous ethanol; fuel; sugarcane; supply; Brazil

1. Introduction

In view of continuously rising petroleum costs and the historical dependence
on fossil fuel resources, considerable efforts are being spent to identifying substitute
energy resources. The use of gasohol (mixture of ethanol and gasoline) as an
alternative motor fuel has been increasing steadily around the world. In Brazil,
domestic production and use of fuel ethanol is expected to reduce the dependence on
foreign oil, avoiding negative effects of trade deficits, while stimulating jobs in rural

areas, reducing air pollution and global climate change due to carbon dioxide
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emissions. Ethanol, unlike gasoline, is an oxygenated fuel that contains 35% oxygen,
which reduces particulate and NO, emissions from combustion. Most importantly,
when burned, ethanol derived from fermentation produces no net increase in carbon
dioxide, the main greenhouse gas, in the atmosphere (Lang et al., 2001b). Ethanol is
currently the most widely used liquid biofuel. Most fuel ethanol is produced from
sugar cane or sugar beet.

While ethanol represents an important renewable liquid fuel for motor
vehicles (Lewis, 1996), Brazil is a countries with a highly developed system of
production, distribution and consumption of this biofuel. Since the introduction of the
ProAlcohol in 1975, in response to the first oil crisis, the Brazilian government has
provided incentives to build ethanol distilleries along with the development of the
infrastructure for ethanol distribution. Two types of ethanol fuel are obtained from
sugarcane biomass, namely hydrous and anhydrous ethanol. The latter is added to
gasoline A in a proportion established by federal Brazilian law, which can vary from
18 to 25 percent to produce gasoline C (or gasohol). Hydrous ethanol can be used as a
substitute for gasoline C in vehicles moved exclusively by ethanol — introduced in the
1970s with the ProAlcohol program — and, more recently, mixed in different
proportion in cars with flex-fuel engines.

In the past 30 years, Brazil became not only a leader in renewable energy but
also a virtually energy independent country. The introduction of flex-fuel engines in
2003 was an innovation of outstanding importance that stimulated the demand for
hydrous ethanol in the country. In response, the supply of ethanol was expanded from
the relatively low level of 5 billion liters in 2000 to 18 billion liters in 2008.

The objective of this study is to identify the related supply price elasticities in
the Brazilian sugarcane market, given the impact of hydrous ethanol supply expansion
after the introduction of the flex-fuel vehicles in Brazil. These elasticities are
important to understand the main determinants in this market affecting hydrous
ethanol production, as well as their impact upon sugarcane production. In addition,
these results can be important to form expectations and provide information for
policymaking. The price elasticity of supply is essential to identify market responses
and policy directions. More specifically, the analysis is developed to identify what
would be the consequence of price control in the economy for ethanol production,

and - what 1s the magnitude of policy stimulus required to produce sufficient to
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stabilize prices, given the increasing demand.

In part 2 we describe the background of the ethanol production in Brazil and
make a review of the other studies that focus on the supply of the sugarcane industry.
Part 3 describes the main forces that could affect hydrous ethanol production and in 4
we explain the methods and data used in this study, in order to improve on the results
described in section 2. Part 5 describes and analyzes the results and finally,
conclusions are drawn in part 6.

2. Background

2.1. Ethanol production

Sugar, anhydrous and hydrous ethanol are produced in Brazil through sugarcane
processing - so that an increase in the production of one of these co-products implies a
decrease in the proportion of the others in the total potential production. This trade-off
can be represented by using the percentage of total recoverable sugar (TRS) from the
sugarcane needed to obtain each of these products. As shown in Figure 1, the sum of
TRS used to produce both anhydrous and hydrous ethanol production amounted to
less than 20 percent or TRS until the end of the decade of the 1970s. In the first years
of the 1980s, however, ethanol production showed a rapid expansion, taking its
participation in TRS up to almost 50 percent. With the implementation of the
ProAlcohol Program, ethanol production expanded. By 1986, however, the
participation of sugar production in the TRS had been reduced to less than 30 percent.
When the first ethanol supply crises developed at the end of the 1980s, the Brazilian
sugarcane sector was expanding its sugar production again. Ethanol’s importance as
transformed sugar started to be restored only in the mid 2000s, when the flex-fuel car
fleet expanded and consumers were again stimulated to consume fuel ethanol, which
presented became relatively cheaper than gasoline. At the 2010/11 harvest, 38 percent
of the cane was allocated to hydrous ethanol production; 17 percent to anhydrous and
the 45 percent was left for sugar production (Figure 1).

Figure 1 — Sugarcane used for sugar, anhydrous ethanol and hydrous ethanol (E100)
in Brazil. Period: from 1950/51 to 2010/11
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Figure 2 illustrates the impressive growth of hydrous ethanol production (with
an annual growth rate of 10 percent), at the expense of anhydrous ethanol which
suffered a drop of 4 percent in the same period. Sugar production was also boosted,
showing an annual growth rate of 7 percent in the last decade.

Figure 2 — Brazilian production of sugarcane, sugar, anhydrous and hydrous ethanol
in the decade of the 2000s
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Source: Unica (2012a).

2.1. Empirical evidence on the sugarcane industry supply

Selected articles have been written about the price elasticity of supply for
sugarcane in Brazil, focusing on different time periods are listed in Table 1. Barros
(2010) estimated two price elasticities for Brazil, considering different time periods,
such as before the introduction of the flex-fuel vehicle (1998-2004) and after its
adoption by consumers (2005-2009). The purpose of the study was to verify if the
new technology affected the sugarcane supply in Brazil. The results indicated that
after the introduction of the flex-fuel cars, sugarcane supply became more sensitive to

changes in prices in Sdo Paulo (0.93 percent against 0.48 percent before introduction
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of the flex-fuel vehicle). For the period 1976-2006, Satolo and Bacchi (2009)
obtained an estimated price elasticity of sugarcane supply of 0.25, which is more
inelastic than that found by Barros (2010). However, Barros (2010) did not consider
prices in real terms. Santos (2001) found relatively low price elasticity for the
sugarcane supply in the northeastern region of Brazil, indicating that for a 1 percent
increase in sugarcane price, the supply rose 0.06 percent.

Table 1 — Supply price elasticities for sugarcane in Brazil for different periods

Source Price elasticity  Period analyzed = Region analyzed
0.29 1998-2004 ~
Barros (2010) | 0.69 2005-2009 Sao Paulo
Satolo & Bacchi (2009) 0.25 1976-2006 Brazil
Brazilian
Santos (2001) 0.06 1980-1995 Northwest

Table 2 lists a larger number of studies that analyze the behavior of sugar
supply. A possible explanation for this greater emphasis on sugar than hydrous
ethanol in Brazil is that the market for this commodity is well established, while the
ethanol market is still subject to greater variability in its basic parameters. In addition,
since Brazil is the main sugar exporter in the global market, it is an important
reference for policymakers. Barros (1975) was one of the first studies that obtained
estimates of sugar price elasticity for the Brazil. This study found that sugar supply is
less responsive to price change in the short run (with an elasticity of 0.25) than in the
long run (price elasticity of supply of 3.94), which might be explained by the period
of this analysis (1947-1973). Comparing these results with those obtained by Arend
(2001), who considered a more recent period (1969-1998), it can be observed that the
sugar supply price elasticity was relatively higher in the short run (0.332) and lower
for the long-run 0.979 than the values identified by Barros (1975). However, Arend
(2001) did not consider ethanol prices in his model. Caruso (2002) estimated the
sugar supply for Sdo Paulo State during the period from January, 1994 to October,
2000, using hydrous ethanol price as an explanatory variable. The sugar supply
elasticity identified by this author for own prices was a 1.89 percent, while the value
of the sugar supply response to a change in ethanol price was negative, as expected,
due to the substitutability between sugar and ethanol. Shikida et al. (2007) analyzed
data from Parana, another important sugarcane producing state in Brazil for the period

between 1980-2004 and found that sugar supply increased by 1.239 percent in
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response to a rise of 1 percent in sugar prices. In addition, they found that the sugar
supply also increased by 1.976 percent when the ethanol price fell by 1 percent.

Table 2 - Estimated price elasticities of supply for sugar in Brazil

Source Price elasticity Period analyzed  Region analyzed
0.25 (short run) :

Barros (1975) 3.94 (long run) 1974-1973 Brazil
0.332 (short run) :

Arend (2001) 0.979 (long run) 1969-1998 Brazil

Jan.1994- ~

Caruso (2002) 1.89 Out.2000 Sao Paulo State

Shikida et al. (2007) 1.239 1980-2004 Parana State

Bertotti et al. (2009) 1.106 1990-2006 Brazil

Bertotti et al. (2009) analyzed the sugar supply through the period 1990-2006,
including ethanol production and the size of ethanol vehicles fleet as explanatory
variables in the sugar supply model. The variables used to explain sugar supply and
their respective elasticities values were: sugarcane supply (0.79), sugar price in the
domestic market (1.106) and international sugar price (-1.091). These authors
concluded that ethanol production and the size of the ethanol vehicles fleet were not
show statistical significant effects and seemed to distorted the results of the sugar
supply model when included in the estimated equation.

Unlike sugar, the production of hydrous and anhydrous ethanol seems just
sufficient to supply the domestic demand, so that only a small volume of the
anhydrous ethanol produced has been exported in recent years. This might explain
why there are fewer studies that analyze their supply elasticities. Marjotta-Maistro &
Barros (2003) estimated the price elasticity of supply for anhydrous ethanol in Brazil,
arriving at a value of 0.084. The period used for the analysis was January 1995 to
December 2000. The authors defend that the price inelasticity could be explained by
the fact that producers did not follow market changes to determine their supply, since
the Brazilian government had, for a long time, assured them that all ethanol produced
would be purchased at a predetermined price.

Analyzing specifically hydrous ethanol supply, in Parana State, Shikida et al.
(2007) found that, although the signs for price elasticities were as expected, these
were non-significant. The authors blamed this result on instabilities that affected the
ethanol market after the 1980s. Oliveira et al. (2008) analyzed the Brazilian ethanol
supply for a more recent period (1995-2006) and found significant price elasticity, but
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at a low value (0.207), which represents an inelastic supply. In their model, those
authors used ethanol price alone as an explanatory variable, plus a dummy variable
for a period 2002-2006, due to an increase in oil prices in the international market.

Table 3 — Supply price elasticities for ethanol in Brazil and U.S. for different periods

Source Price elasticity  Period analyzed  Region analyzed
Marjotta-Maistro & Barros 0.084 .
(2003) (anhydrous) 1995-2000 Brazil
Shikida et al. (2007) ~ Notssignificant  1980-2004 Parana State
Oliveira et al. (2008) _ 0.207 ~1995-2006 Brazil
Rask (1998) 0.75 1984-1993 U.S.
Luchansky & Monks (2009) 0.2 1997-2006 U.S.

Supply price elasticities were estimated for the US ethanol market by Rask
(1998) and Luchansky & Monks (2009). Rask analyzed the period from 1984 to 1993
and found a value of 0.75 for supply price elasticity. Luchansky & Monks (2009)
analyzed a more recent period (1997-2006) and found a supply price elasticity of 0.2.
These authors considered corn oil price as an explanatory variable in the supply
model and found a significant, positive and inelastic elasticity. In this case, price
elasticity for comn oil in the ethanol supply was positive because it is a co-product of
corn ethanol in the U.S. In Brazil, however, sugar and anhydrous ethanol compete for
sugarcane and we expect negative values for their price elasticities in the hydrous
ethanol supply model.

The next section describes some specificities of the hydrous ethanol and
sugarcane supply in the period analyzed and relations between the prices of the
sugarcane industry products. These results were used in the supply economic model,
presenting better adjustment and results than those described before.

3. Supply of sugarcane and hydrous ethanol in Brazil

The production of sugarcane and hydrous ethanol has been limited to specific
regions of the country. Figures 3 and 4 show how hydrous ethanol and sugarcane
production evolved, respectively, developed in the main producer states through the
last decade. The production of the eight states included in these figures represented
more than 90 percent of the Brazilian production from all 27 states in the whole
period analyzed. It can be observed that the behavior of hydrous ethanol supply has
been different by each of the Brazilian states represented in Figure 3.
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Figure 3 — Profile of hydrous ethanol production in the main Brazilian States from
2000
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Sources: Unica (2012a).

Considering the last harvest analyzed (2011/12), there are some interesting
variations among the states: on the one hand, Goias supplied only eight percent of the
sugarcane produced in Brazil (third largest share), but 14 percent of hydrous ethanol
(second largest share); on the other hand, Sdo Paulo supplied a higher percentage of
sugarcane (54 percent) than of hydrous ethanol (49 percent) in Brazil. Thus, the
spatial distribution os production seems to be an important variable to be taken into
account in this analysis.

Figure 4 — Profile of sugarcane production in the main Brazilian States from 2000
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Sources: Unica (2012a).
Sao Paulo state was responsible for 60 percent of the Brazilian production of
sugarcane and hydrous ethanol during the whole period chosen for the analysis. Table

4 shows that the production growth rate differed between the states: while in Goias
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the annual growth rate for hydrous ethanol was 25 percent, in the northeastern states,
Alagoas and Pernambuco, it was zero and two percent, respectively.
Table 4 — Annual growth rate and share of Brazilian production in 2011/12 for

hydrous ethanol and sugarcane, in the main Brazilian States

Growth rate per year Share of Brazilian production in

2011/12
Hydrous ethanol ~ Sugarcane = Hydrous ethanol ~ Sugarcane
Alagoas 0% 1% 2% 5%
Goias 25% 18% 14% 8%
Mato Grosso 9% 4% 4% 2%
Mato Grosso do Sul 19% 16% 9% 6%
Minas Gerais 18% 15% 9% 9%
Parana 6% 7% 7% 7%
Pernambuco 2% 2% 1% 3%
Sio Paulo 8% 7% 49% 54%

Source: Unica (2012a). Elaborated by authors.

Figures 3 and 4 show others two specificities: (i) stabilization in hydrous
ethanol and sugarcane production from 2009 and (i1) the fall in production of hydrous
ethanol and sugarcane in 2011/12. The understanding of these events is important for
building good models that capture the producers’ response to price changes in this
market. First, the economic difficulties generated by the international crisis of 2008
led to lower investments and a slowdown in the installation of new plants in Brazil,
especially in the Centre-South states, which are the main generators of the increase in
production (FNP, 2011). As described in Figure 5, while in the 2008/09 there were 30
new plants, at the 2011/12 harvest year only 5 new plants started to produce. Besides
the 2008 financial crisis, profits made by mills were also lower, slowing investments
and production expansion. As shown in Figure 6, the profitability for hydrous ethanol
was negative after 2008.

Unica, cited by FNP (2011) indicated that after this period, foreign investments
were directed to acquisition of companies facing difficulties instead of the
constructing new mills (or starting greenfields). The mills were unable to cover the
costs of essential procedures and the rate of renewal of the sugarcane fields was
reduced. This, together with climate problems over sugarcane harvests, resulted in
sharp losses in agricultural productivity, as described in Figure 7, and explained the

lower production.
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As mentioned above, another factor that interferes with the hydrous ethanol
supply is the price of products that compete with it: anhydrous ethanol and sugar.
Robust statistics prices of these products are available only for three states in Brazil:
Sao Paulo; Alagoas and Pernambuco. These prices present a very similar behavior
among the states for each product. As Sao Paulo is the main sugarcane products
producer, the prices in this State are plotted in Figure 8 for the period analyzed.

Figure 5 — Yearly numbers of greenfield investments in Brazil. Period: 2005-2011
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Source: Unica, cited by FNP (2011).

Figure 6 — Profile of profitability (liquid profit/liquid heritage) and debt of the largest
group in the sugarcane sector. Period 2004-2009
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Figure 7 — Profile of sugarcane productivity in Brazil. Period: 2005-2011
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Figure 8 — Variation in sugarcane products prices: sugar, hydrous and anhydrous
ethanol in Sao Paulo State. Period: 2000-2011
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Figure 8 shows that hydrous and anhydrous ethanol prices trends are very
similar, while the sugar prices varies differently, such that price correlation between
hydrous ethanol and sugar was 63 percent and between hydrous and anhydrous
ethanol was 98 percent. The positive and high correlations between these prices mean
that one price influences another.

Therefore, the relative independence of the sugar price can be due to plants
producing only sugar. This independence between sugar and ethanol price possibly
explains the models for the studies described in part 2. Caruso (2002), for instance,
concludes that the ethanol price had no influence on sugar supply. However, there is
some evidence that the reverse causality might be a plausible assumption. In the
anhydrous ethanol supply model estimated by Marjotta-Maistro and Barros (2003),
sugar prices explained the anhydrous supply.

The price transmission between sugar and anhydrous ethanol prices, was
studied by Alves (2002) for the period of May 1998 to June 2002. This author
concluded that these relations were not as strong as expected. Venancio et al. (2010)
analyzed the effects of interdependence between the sectors of sugar and ethanol in
the price and supply of the sugarcane sector, from 1979 to 2007. They found that the
variation in the ethanol price has more influence on the sugar price than the reverse.
As a limitation of that study, the data used correspond largely to the period of
regulation in this sector. However, no studies can be found estimating price

transmission between anhydrous and hydrous ethanol.
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These studies illustrated that an evaluation of estimates considering the changes
in hydrous ethanol market in Brazil after the introduction of the flex-fuel vehicle, as
those obtained in this study, can be important and useful for policymaking.

4. Methods and data

. This section describes the economic models for hydrous ethanol and sugarcane
supplies, the econometric approach for estimates and the data used. In order to obtain
good estimates for the model explaining hydrous ethanol and sugarcane producer
behavior in the last decade, the data was separated by the main producer states in
Brazil. As explained in section 3, the states had different performance profiles.
Consequently, a panel data was applied to obtain these estimates.

The model proposed for hydrous ethanol supply (Sh) is represented by equation
(@:

Shiy = ag + ayPh;y + azPa; ¢ + azPs; ¢ + piy (1)
where Ph is the hydrous ethanol price; Pa is the anhydrous ethanol price; Ps is the
sugar price and; u is the error term for the model.

The subscript i in equation (1) indicates the data from each of the main producer
states and; ¢ symbolizes the series of times used to estimate this model, which
comprehends the harvests years between 2000/01-2011/12. The states analyzed in
equation (1) were: Sao Paulo (SP), Minas Gerais (MG), Parana (PR), Goias (GO),
Mato Grosso (MT), Mato Grosso do Sul (MS), Alagoas (AL) and Pernambuco (PE).

Price data received by producers for the hydrous ethanol (Ph), anhydrous
ethanol (Pa) and sugar (Ps) were obtained from CEPEA (2012). As the producer
prices for these products were only provided for Sao Paulo, Alagoas and Pemambuco,
the reference considered for the other states was the Sdo Paulo producer price, given
its relevance for price formation in Brazil. This model also confirmed the no
significance of the influence of the sugar price variable in the ethanol market though
the relation between the sugar and ethanol prices was not significant in other
estimations (Caruso, 2002 and Shikida et al., 2007).

The model proposed to explain the sugarcane area (Ssc) is represented by the

equation (2):
Sscie = Yo+ v1SSCip—1 + V2Pscipq + }’aMmsi,t + &t 2
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where Psc is the ATR (Total Recoverable Sugar) price, which is a technical
combination of the sugar, hydrous and anhydrous ethanol prices; Mills is the number
of the new cane-processing plants and; € is the error terms for the model.

The subscript i represents each of the main producer states and 7 symbolizes the
time series used to estimate this model, equivalent to the harvest years between
2000/01-2011/12. The producer states referred to equation (2) were: Sao Paulo (SP),
Minas Gerais (MG), Parana (PR), Goias (GO), Mato Grosso (MT) and Mato Grosso
do Sul (MS). The northeastern states, Alagoas and Pernambuco, were not included,
given that there is no area for expansion of sugarcane in these states.

The data used for the sugarcane area (Ssc) were provided by IBGE (2012). The
price for the sugarcane producer that was considered the ATR price (Psc) was
obtained from Consecana (2012) and the same price was used for all eight states
analyzed in each year. The variable Mills was provided by Unica (2012b). The lagged
endogenous variable was included in the model to represent the sugarcane harvested
in the same area among the period of the analysis. The lagged ATR price was used,
given the assumption that the producer takes at least one year to decided wheter to
increase or decrease the planted area. Finally, the number of the new mills installed in
each state analyzed was considered to represent the additional area needed to sustain
an economic production.

All prices were deflated by the General Price Index (GPI) estimate for Brazil
(FGV, 2012).

The coefficients a, and y,, described respectively in equations (1) and (2), are
expected to be positive, such that an increase in their price will lead to an expansion
in production. Coefficients a, and a5 are expected to be negative, considering that an
increase in sugar or anhydrous ethanol price should reduce the hydrous ethanol
production. To coefficients y, and y; are expected to be positive, considering that the
previously area planted and new muills should contribute positively to the total area
planted with sugarcane.

Econometric models

According to Hsiao (1986), a model based on panel data provides several
advantages over cross-sectional and time-series models. This is particularly so when
there is heterogeneity among the units covered in the study, such as the States in the

present study, since these can be controlled in this modeling procedure.
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It is believed that there are several characteristics of the States that affect the
variable being explained - the production of hydrous ethanol - which cannot be
observed and thereby included in the model as explanatory variables. The capacity of
the rural worker to produce cane instead of cattle, can be an example, as well as the
interaction between soil, climatic conditions, and the influence of culture and history
of the State upon its agricultural activities. Although these are not trivial to measure,
the omission of these variables in the model can lead to biased results. The panel-data
model is indicated for this type of estimation, since the model takes account of the
differences between individual units (such as the States, in this case). Hsiao (1986)
also highlighted a further advantage of panel data, viz the greater number of
observations that can be used within the panel model procedure, such that number of
degrees of freedom 1s increased and collinearity between the explanatory variables is
reduced. It is well known that in the presence of collinearity, it is hard to determine
the extent to which an individual regressor affects the endogenous variable. By
solving this problem, the quality of the estimated parameters can be improved.

Panel data estimation relies on the hypothesis that in the estimation procedure,
the heterogeneity of each cross-sectional unit is taken into account. The one-way
random effect (RE) and fixed effects (FE) models are the most frequently used on
panel data.

The fixed effects model is set to control for the omitted variables that vary
between the units (States in this study) but are constant through time. Thus, it is
assumed that the intercept varies from one individual to another, but is constant for
each one. The parameters of the explanatory variables are constant for all individuals
and all time periods (Griffiths, Hill and Judge, 1993). Since these response parameters
do not vary between individuals nor through time, all the behavioral differences
between individuals will be captured by the constant term. Therefore, the estimated
constant term in the fixed effects model can be interpreted as the effect of the
variables that are omitted in the model. Another important assumption of the fixed
effects model is that the fixed coefficient is a constant and unknown parameter that
captures the differences between individuals of the sample.

A basic characteristic of these models is that they rely on the hypothesis that
differences between cross-sectional units can be captured by means of an intercept
term, specific for each unit. The random effect models make the same assumption as

the FE model regarding the fixed effect. This means that the intercept varies between

| €SADR

[ -

[

~




Energia e Ambiente: Uso, avaliacdao econémica e politicas na Agricultura

individuals but not through time, while the explanatory variable coefficient is constant
for all individuals and all periods of time. The difference between the models is how
the intercept is interpreted. In the fixed effects model, the intercept is considered as a
constant (fixed value), correlated with the explanatory variables in any period of time,
while in the variable effects model the intercept is recognized as a random variable.
This means that the random effects model considers that the set of individuals for
which there is information are a random sample from a larger number of individuals.
The fixed effects model is appropriate when the observations are available for the
whole population.

There are tests, such as that introduced by Hausman, to identify whether the
model should be estimated as a fixed or variable effects model, when the construction
of the model is unclear regarding this question. In this analysis, the FE model can be
considered more appropriate, since there is no reason to believe that constant
characteristics of the States are randomly related to fuel prices in any period of time.

More recently developments model for panel data is related to the introduction
of lagged-response or dynamic models. These are used when it is important to include
lagged variables in the model, as seen for sugarcane supply model in equation (2).
The conventional lagged-response model is described by Rabe-Hesketh and Skrondal
(2012) as the autoregressive lag-1 (AR(1)) model, where the dependent variable (Y; ;)
1s regressed on the previous response (Y; ;—1).

When lagged variables are included in the model, estimation by OLS, FE and
RE are biased. In order to solve this problem, Rabas et al (2011), Anderson and Hsiao
(1981) suggested first differencing of variables. Although this method leads to
consistency, it is not necessarily efficient, since it does not use all available moment
conditions; and does not take into account the differenced structure on the residual
disturbances. Rabe-Hesketh and Skrondal (2012) suggest the use of additional lags
can be used as instrumental variables in the Anderson and Hsiao approach to increase
efficiency. Arellano and Bond (1991) proposed a more efficient estimation procedure,
as an extension of instrumental-variables estimation called generalized method of
moments (GMM) for this purpose, and which was used in this study to estimate
equation (2).

The next section describes and discusses the results obtained with the models

presented in equations (1) and (2) and estimation methods explained above.

Atas

| 4579



4580

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

5. Results and Discussion

The price elasticity of production of hydrous ethanol fuel to its own price and to
that of the major substitutes - anhydrous ethanol and sugar - were estimated from a
panel function with the expected effects of the variables based on economic theory, as

described in equation (1). The results of the estimations of supply equation are

presented in Table 6.
Table 6 — Hydrous ethanol production function estimate for Brazil, 2000-2011
Coefficient .
estimated Elasticity
Fixed coefficient ag 13.61*
Hydrous ethanol price a, 1.94%*
Anhydrous ethanol price Qs -2.55%

"Denotes statistical significance at 1% level. ** Denotes statistical significance at 5%
level.

All the parameters described in Table 6 presented the expected signs and were
statistically significant. The F test, applied to the fixed effects model indicated that the
model can be considered adequate to control for the non-observed characteristics of
the units or country regions. However, sugar price was not included in final model
although it was a component of equation (1), since sugar price was non significant. A
possible explanation is that all mills that produced hydrous ethanol could produce
anhydrous, while only some of these mills could also produce sugar.

The Hausman test indicated that the fixed effects model was a robust method to
take the heterogeneity in sugarcane supply of the States into account.

The results for the estimation of the hydrous ethanol supply indicated that both
the direct price elasticity of supply (1.94), and the cross price elasticity of supply with
respect to anhydrous ethanol (-2.55), were relatively more elastic than those identified
in previous studies (Marjotta-Maistro & Barros , 2003; Shikida et al., 2007; Oliveira
et al., 2008; Rask, 1998; Luchansky & Monks, 2009). These results were expected, in
view of the expansion of the flex-fuel car fleet in recent years, such that consumers
can choose between fuels considering their relative price.

The estimated coefficient for the response of sugarcane area to producers prices
— lagged by one period - was significant and inelastic (0.26), similar to what has been
observed in others studies, such as Satolo & Bacchi (2009) and Santos (2001). The
estimates for the coefficients in equation (2) are shown in Table 7.

Table 7 — Sugarcane area supply estimate for Brazil, 2000-2011
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Elasticity
Sugarcane area (t-1) V1 0.93*
Sugarcane price (t-1) Vo 0.26**
Number of new plants V3 0.05*

"Denotes statistical significance at 1% level. ** Denotes statistical significance at 5%
level.

Differently from other sugarcane supply estimations, this study took panel data
for the main sugarcane producing states (MG, SP, PR, MT, MS and GO) and included
all the decade of the 2000s. Besides, the model considered the previously produced
area and the number of new mills installed in those states.

These estimations are important because they provide information about what
could happen in the sugarcane industry when there are exogenous changes. They also
help the comprehension of the supply response to changes that are relevant
information for policymakers.

The results of the estimates suggest, for instance, that an increase by 10 percent
on the hydrous ethanol producer price would raise the hydrous ethanol supply in 19
percent. Indirectly, this would increase the sugarcane producer’s price by 2 percent,
taking into account the sugarcane price parametric formula (Consecana).
Consequently, the area planted with sugarcane in the following year would growth
0.52 percent, because of the 10 percent increase in the hydrous ethanol price. This
effect takes the relationship between the prices of the other two sugarcane products -
sugar and anhydrous ethanol — as given and constant. Therefore, these estimated
elasticities are important to support forecasts about the Brazilian ethanol market.
Considering that in 2010 and 2011 the U.S. and Brazil were responsible for 76 and 74
percent of the all ethanol produced in world (LMC, 2011), such previsions are
important to understand the world market in ethanol, which is an outstandingly

important new energy source.
6. Conclusion

This study shows that the introduction of flex fuel cars, as a major
technological breakthrough in the Brazilian market, resulted in substantial changes in

the fuel market, increasing the supply response of hydrous ethanol to price changes.

This is relevant, since it complements the evaluation of the effects of relative price
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changes considering the demand for fuel, focused by several studies for the period
before and after the expansion of the participation of flex fuel cars in the Brazilian
fleet.

The results suggest that the introduction of the new technology promoted an
important market advance towards greater efficiency, as the competition through
prices would lower prices to consumers, at a given demand level, up to a point where
these still sustain economic feasibility of production. The price elasticity has
increased when all the years of the decade of the 2000s are included in the estimation
— compared to previous studies, which did not consider for more recent period. In
addition, as the effects of difference in state characteristics are considered, this seems
to contribute to a better model.

The results also confirm that in Brazil, the production of cane is less
responsive to prices than one of its products - the hydrous ethanol used as a biofuel in
flex-fuel cars. This was expected since the cane, as an agricultural product with a
relatively long cycle requires a longer period to implement changes in the volume
produced. This is relevant, considering that the introduction of policies to stimulate
the expansion of cane, as a raw material for ethanol production, would require a
different timing compared to investments in expansion of the industrial processing. In
addition, for planning investments in cane production and area expansion, producers
and investors must foresee a growing and sustained expansion of demand for biofuels
and sugar. Considering sugar as a commodity that is subject to price uncertainty and
fluctuations, if the Brazilian government supports biofuel production as a long-run
initiative, it should consider the importance of establishing targets to be reached along
time and mechanisms to reduce uncertainty in cane production.

In general, the results confirm that when government policies toward fuel
prices are used, there can be expressive changes in the product supply at a relatively
short period of time. However, in order to have a sustained increase, there must be
enough sugarcane to assure that hydrous, anhydrous and sugar could all respond to
market incentives.

The analysis considering the differences among the main producer states in
Brazil is also important to capture the producer behavior. When the analysis considers
only the period after deregulation, it can be seen that hydrous ethanol producers

present a stronger response to our prices, unlike what was indicated by other studies.
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By estimating a complete hydrous ethanol supply model that considers the
supply of cane, regional differences in Brazil for the period after the sector’s
deregulation and 1solated events as new mills were installed mainly between 2005 and
2008, this study fills a gap presented by previous studies which were also applied to
the period after the introduction of flex-fuel vehicles, However, to analyze impacts in
policies, it seems that a comprehension of the producer behavior is as important as
understanding consumer behavior.
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RESUMO

O objetivo deste artigo ¢é identificar os desafios socioecondmicos para a consolidacdo de
agroindustrias familiares de 6leo vegetal no Semidrido Brasileiro, e identificar suas
sinergias ao processo de desenvolvimento territorial. O objeto de estudo € a miniusina
da Cooperativa de Agricultores Familiares do Territério de Irecé, localizada em Lapao,
Bahia. A metodologia intitulada de Direcionadores de Competitividade ¢ utilizada para
tratamento dos dados de forma quantitativa, e o modelo de Zylbersztajn para uma
analise qualitativa. Além da literatura pertinente, foram pesquisados atores e institui¢des
interligados ao empreendimento. Foram avaliados tanto no elo industrial quanto
agricola: a estrutura de mercado, o ambiente politico-institucional, a tecnologia, a
gestdo, os recursos produtivos e a infraestrutura. Os resultados revelaram um processo
que demanda alavancagens especificas e uma mudanga de foco. Fragilidades na
tecnologia industrial, na escala de producdo, no custo do 6leo, na precariedade do elo
agricola, e, sobretudo, na concep¢do da miniusina centrada no mercado de biodiesel,
comprometem sua viabilidade. Entretanto, a incorporacdo de outras oleaginosas e o
suprimento de O6leo para demais mercados podem ser opgdes economicamente
promissoras, e fortalecer esses arranjos produtivos e suas articulacdes institucionais
como instrumentos de desenvolvimento territorial.

Palavras-chave: agroindustrias familiares, 6leo vegetal, biodiesel, direcionadores de
competitividade, desenvolvimento territorial.

INTRODUCAO

O conceito de agricultura familiar é relativamente recente no Brasil,
especialmente, quando se analisa a origem das primeiras politicas ptblicas dirigidas ao
setor e a construcdo de seu marco legal. A agroindistria familiar € um tipo de arranjo
socioprodutivo da agricultura familiar de natureza ainda mais recente.

Vieira (1998) € pioneiro em analisar a génese e as implicacdes socioecondmicas

das agroindustrias familiares no desenvolvimento rural no Brasil. Ele conclui que a
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agregacdo de valor e tecnologia na produgdo agropecudria de pequena escala, apesar de
um procedimento aparentemente estratégico, seria insuficiente, caso nido ocorressem
investimentos na capacitacdo gerencial, industrial e comercial.

A partir dessa observacdo, autores como Prezzoto (2002) e Trentin & Wesz
(2004) enfatizam o papel das associacdes e das cooperativas na coordenacdo e
otimizacdo de recursos humanos e naturais. A gestdo cooperativista em arranjos
agroindustriais permitiria a constituicdio de redes de trabalho, capacitacio e
coordenacdo, além da expectativa de associar a competi¢do a colaboracdo, o conflito a
participagdo e o conhecimento pratico ao conhecimento cientifico. Uma estratégia com
condi¢des de promover a “sobrevivéncia sustentdvel” de produtores familiares, e
superar obstaculos de mercados oligopolizados (Cribb, 2008 e Batalha et al., 2009).

O setor de oleaginosas no Semidrido baiano, sobretudo, o da mamona no
Territério de Irecé, € caracterizado justamente por um mercado oligopolizado e uma
série de dificuldades socioambientais e produtivas. Os agricultores sdo pressionados
tanto a montante de sua atividade principal, pela dificuldade de adquirir insumos
adequados (sementes, fertilizantes, maquindrios, crédito, assisténcia), quanto a jusante,
gerados pela falta de organizacdo, gestao e canais diversificados de comercializacdo.

Mesmo com a ampliacdo de mercado, marcado pela industria do biodiesel, a
partir de 2005, e por politicas publicas setoriais, ndo houve significativa modificacdo
das dreas de producdo. Elas continuam desorganizadas, desarticuladas, com
infraestruturas inadequadas, baixos indices de produtividade e multiplas dificuldades na
gestdo da propriedade rural. Apesar de elementos-chave na cadeia produtiva e no
arcabougo socioecondmico da regido, os agricultores s@o os que obtém menores
retornos de seus investimentos e de seu trabalho (Osaki & Batalha, 2011 e Lima, 2011).

Diante da expectativa de superagdo desse quadro € que se estabelece a
Cooperativa da Agricultura Familiar do Territério de Irecé (Coafti). Primeiro, como
cooperativa de producdo e comercializacdo, empenhada em melhorar as condi¢des
produtivas e comerciais dos agricultores. Em segundo lugar, e objeto de estudo desse
artigo, com a finalidade de implantar uma miniusina de 6leo vegetal de mamona. Um
projeto ambicioso envolvendo um arranjo socioprodutivo inédito entre a cooperativa,
agricultores familiares, associacdes rurais, 6rgdos de pesquisa, empresas e poderes

publicos Federal, Estadual e Municipal.
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GESTAO TERRITORIAL, O TERRITORIO DE IRECE, A COAFTI
E A MINIUSINA DE LAPAO.

A gestdo territorial, tal qual o conceito de agricultura familiar, € igualmente um
enfoque recente no Brasil. Ela surge a partir de mudangas estruturais na dinamica das
relacdes entre o meio rural e o urbano, na diversificacdo das economias rurais e no
questionamento do cardter exclusivamente agricola das politicas de desenvolvimento
rural. O Territdrio é definido levando em consideragao ndo apenas critérios fisicos, mas
um conjunto inédito de relagGes e redes socioecondmicas, politicas e culturais (Duncan
& Guimaraes, 2003 e Sayago, 2007).

Sua concepgdo estd ligada a perspectiva de descentralizagdo parcial de
atribuicdes do poder publico central, sobretudo, pelo estimulo as articulagdes
institucionais e de parcerias entre os atores publicos e privados. A perspectiva de um
sistema de governanga com maior distribui¢do na responsabilidade de gerir os processos
de desenvolvimento local, promovendo e articulando medidas oficiais, intermediando
conflitos de interesse e estimulando novos projetos (Duncan, 2010).

A implementacdo desses principios na esfera governamental brasileira acontece
no ano de 2003, a partir da criacdo da Secretaria de Desenvolvimento Territorial (SDT),
vinculada ao Ministério do Desenvolvimento Agririo (MDA). A Politica Nacional de
Desenvolvimento Sustentavel dos Territérios Rurais (Pronat) institui a abordagem
territorial como um mecanismo propulsor da formacdo de um capital social capaz de
organizar e articular atores e instituicdes pelo estimulo, organizacio e desenvolvimento
de cadeias produtivas locais. (Oliveira, 2003 e Grossi ef al., 2010).

A Bahia é um estado precursor na implantacio da abordagem territorial do
desenvolvimento, instituindo-a no mesmo ano de criacio da SDT. Vinte e seis
Territorios de Identidade foram criados com a participagdo da sociedade civil
(organizacdes sociais e ndo governamentais) e dos poderes publicos, Federal e Estadual.
O Territério de Irecé € um deles, com uma area de 27.490 km?, distribuidas por 20
municipios, € uma populacdo total de 403.070 pessoas, sendo 155.392 (38,55% do total)
residentes no meio rural. (Brasil, 2010). Localizado na porcdo setentrional da Chapada
Diamantina, banhado a leste pela bacia do médio rio Sao Francisco, o territério é um

espago Semidrido tipico com um histérico socioecondmico e ambiental peculiar.
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Os seus solos férteis e uma topografia plana incentivaram, a partir da década de
1950, um processo de ampliacdo da agricultura intensiva. As monoculturas do algoddo e
do feijao expandiram-se sustentadas pelas fartas linhas de crédito oficial para custeio e
investimento. Entretanto, décadas de alteracdes no uso e ocupacdo do solo resultaram
em terras exauridas e compactadas. Longos periodos de estiagens, e uma pluviosidade
cada vez mais irregular, causaram quebras sucessivas na producdo, e Irecé e os
municipios integrantes do territério, foram retirados do zoneamento agricola necessario
para novos financiamentos (Brasil, 2010).

Os agricultores familiares convivem atualmente com as adversidades desse
passivo ambiental, realcado pelo baixo acesso as politicas de assisténcia técnica, crédito
rural, educagdo, capacitacdo e organizacdo. Poucos estabelecimentos agropecudrios
possuem mais de 500 hectares, apesar de ocuparem a maior parte do territorio (32,80%
da drea total). Por outro lado, predominam pequenas e médias propriedades de até 20
hectares, (79,61% dos estabelecimentos), distribuidas por um espago reduzido
(16,35%), mas responsaveis pela maior participacdo no nivel de pessoal ocupado
(72,46%) e no valor bruto da producdo agricola (37,72%), (Brasil, 2010).

Como resultado, o territdrio tem sido palco do surgimento e reorganizacio de
associacdes e cooperativas de produtores familiares. A Cooperativa de Agricultores
Familiares do Territdrio de Irecé (Coafti) € um exemplo. Focada em a¢des de assisténcia
técnica e auxilio na viabilizacdo de créditos agricolas para produtores rurais, a entidade
destaca-se pela organizacdo de semindrios e cursos de capacitagdo para agricultores e
técnicos extensionistas.

Desde 2008, a cooperativa firmou acordo com a Petrobrds Biocombustiveis
(Pbio) para compra e comercializacdo de mamona. A parceria promoveu o
cadastramento, assisténcia técnica e a organizagdo de 1.600 estabelecimentos
agropecudrios familiares. A compra dos graos pela Pbio, intermediada pela cooperativa,
possibilitou os recursos necessdrios para consolidar dezesseis nucleos de producio, cada
um deles com 100 familias, 16 técnicos agricolas, e um engenheiro agrébnomo. A
parceria feita dentro da do Programa Nacional de Producdo e Uso de Biodiesel (PNPB)
e do Projeto Pdlos de Biodiesel, do Ministério do Desenvolvimento Agrario (MDA),

resultou em 4.000 toneladas de graos apenas para a safra de 2010 (Bahia, 2010).
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O desempenho da cooperativa fez dela uma referéncia para elaboracdo de novos
projetos de aprimoramento dos sistemas agricolas familiares, em especial, a constru¢do
da miniusina de 6leo de mamona de Lapao. Um projeto que envolveu a Secretaria de
Ciéncia, Tecnologia e Inovacdo (Secti - BA), a Superintendéncia de Agricultura
Familiar (Suaf — BA) e as politicas estaduais: Bahiabio e Biosustentdvel, destinadas
respectivamente, ao desenvolvimento de biocombustiveis e a agregacdo de valor a
producdo agricola familiar no estado (Bahia, 2009).

O beneficiamento agroindustrial familiar ja havia sido destacado em um estudo
propositivo do Governo Federal, como uma estratégia de desenvolvimento do Territério
de Irecé. O Colegiado Territorial de Irecé, féorum de gestdo instituido pelo Pronat,
composto por membros da sociedade civil e do poder publico, apoiou a implantacio da
planta industrial da Coafti. A doacdo de um terreno pela Prefeitura municipal de Lapdo
e recursos federais/estaduais viabilizou a construcdo das instalagdes industriais e
administrativas, além da aquisi¢do de seus primeiros equipamentos (Brasil, 2005).

Como resultado, a unidade de extracdo de Lapdo possui 1.131 m? de drea
construida em um terreno de 7.000 m2? a margem da rodovia BA-330, em uma
importante drea de producdo agricola. A tecnologia da usina utiliza o sistema de
prensagem mecanica, sem a utilizacdo de solventes quimicos, em um sistema de
operacdo e controle simples. A primeira parte da miniusina encontra-se pronta para
processar 12 toneladas de graos por dia, operando em dois turnos de 8 horas e 300 dias
por ano (25 dias por més). A capacidade instalada € da ordem de 2.400 toneladas de
6leo bruto clarificado e 3.600 toneladas de torta ao ano.

A ideia é que ao assumir a etapa de beneficiamento agroindustrial, serd possivel
controlar os ganhos ao longo da cadeia produtiva, conciliando oferta, padronizacdo e
qualidade. A expectativa é que a agregacdo de valor e de tecnologia elevard o poder de
troca dos produtores cooperados e promovera uma abertura de novos postos de trabalho,
bem como a eliminac¢d@o dos graus de subordinagao e intermediacdo (Brasil, 2007b).

Entretanto, diagndsticos realizados por Azevedo et al. (1998); Oliveira et al.
(2002) e Pettan (2005) destacam que, de maneira geral, a taxa de sobrevivéncia de
agroindustrias familiares em novos ambientes concorrenciais € muito baixa. Eles
destacam que é de suma importincia a identificar gargalos ou pontos de fragilidade

nesses projetos de modo a auxiliar sua continuidade e replicagao.
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METODOLOGIA E METODOS

Além dos dados secundarios selecionados na literatura correlata, todos dados
primérios foram obtidos por ocasido de pesquisa de campo realizados por Lima (2011).
Foram realizadas cerca de setenta entrevistas envolvendo estabelecimentos agricolas,
cooperativas, associacdes, prefeituras, sindicatos rurais, Orgdos de pesquisa e
representacdes governamentais. Entre elas, a Empresa Baiana de Desenvolvimento
Agrério (EBDA); a Companhia de Desenvolvimento e A¢do Regional da Bahia (CAR);
a Secretaria de Agricultura, Reforma Agraria e Irrigacdo (Seagri), Superintendéncia de
Agricultura Familiar (Suaf) e a Secretaria de Ciéncia, Tecnologia e Inovagdo (Secti).

Dois processos metodoldgicos sdo utilizados nesse trabalho. Primeiramente, é
utilizada a metodologia intitulada “Direcionadores de Competitividade” (Grafico 1),
proposta por Batalha & Silva (1999).

Grafico 1 - Direcionadores de competitividade do processo de verticalizacao
familiar de oleaginosas da miniusina de Lapao/Territorio de Irecé.
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Fonte: elaborado a partir de Batalha & Silva (1999), Pettan (2005) e Henry et.al. (2006).

Espécie de indicador de coordenacio e efici€ncia de cadeias produtivas agricolas
e sistemas agroindustriais, esse procedimento tem a fung¢fo de compilar uma variada
gama de dados primadrios e secundarios, separando-os por eixos tematicos que facilitam
o0 tratamento, a organizagdo e a obtencdo de resultados numéricos em tabelas e graficos.

Os Direcionadores de Competitividade, representados pelas setas verticais no
Griéfico 1, refletem os principais aspectos socioecondmicos que incidem ao longo de
toda cadeia produtiva de oleaginosas, sobretudo sobre o elo agricola e industrial, etapas

que representam a verticalizag@o familiar da usina de Lapdo. S@o eles: Macroeconomia,
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Ambiente Politico-Institucional, Estrutura de Mercado, Tecnologia, Gestdo, Recursos
Produtivos, Seguranca Alimentar e Infraestrutura.

Cada um dos oito Direcionadores é avaliado por meio do desempenho de seus
subfatores. Para esse objetivo, cada subfator € julgado pelo seguinte critério: muito
desfavoravel (MD) = - 2; desfavoravel (D) = - 1; neutro (N) = 0; favoravel (F) =+ 1; e
muito favordvel = + 2. De acordo com pardmetros da pesquisa, para cada subfator é
entdo atribuido um peso relativo (0,10; 0,20; 0,30...) que varia de acordo com o grau de
relevancia em termos de contribui¢do para o peso total do Direcionador (1,00 ou 100%).
Os pesos relativos dos subfatores sdo entdo multiplicados por suas avaliagdes, € o
resultado obtido entre a soma de todos os subfatores serve para calcular o valor final de
desempenho do Direcionador a partir de uma regra de trés. Como suporte avaliativo, 0s
subfatores também sdo classificados de acordo com diferentes niveis de controle:
fatores controldveis pela firma (CF), fatores controldveis pelo governo (CG), fatores
quase controldveis pela firma (QC) ou incontroléveis (I).

Esse procedimento permitiu a constru¢do de quatro tabelas (Tabela 1 e 2 - elo
industrial e Tabela 3 e 4 - elo agricola), com resultados dentro da escala -2 a 2, que
permitem indicar gargalos, mas também, potencialidades do empreendimento. O
resultado de cada um desses direcionadores e o seu conjunto formam a base de anélise
quantitativa de avaliacdo da competitividade real do projeto.

Em segundo lugar, como suporte de andlise dos resultados, e com o objetivo de
ponderar qualitativamente a miniusina esmagadora de oleaginosas da Coafti € utilizado
o modelo de verticaliza¢do agroindustrial familiar (Grafico 2) de Zylberstztain (1995).

Grifico 2 - Modelo de analise para a verticalizacao agroindustrial familiar.

AMBIENTE INSTITUCIONAL: Cultura, Leis, Tradicdes, Normas, Educacéo, Capital Social, Costumes.
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Cooperativas, Empresas e Prefeitura Local.

Fonte: Zylbersztajn (1995).

Atas

| 4591



4592

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

O modelo sugere que o bom desempenho de um processo de verticalizacdo da
agricultura familiar deve ser acompanhado de ambientes organizacionais e institucionais
propicios. O sucesso estaria interligado ao estimulo de uma esfera de participagdo ativa
e sinérgica entre associagdes, sindicatos, cooperativas, empresas privadas, agentes
financeiros, institutos de pesquisa, poderes publicos, universidades, sociedade civil e
produtores. Zylbersztain (1995) destaca que € o grau de organizacdo (representado pela
flecha horizontal inferior) e cooperacdo entre esses atores sociais que pode promover
um caminho possivel para reduzir a assimetria de informacdes e atenuar o nivel de
incerteza que costuma acompanhar e prejudicar os custos de transa¢des comerciais
desses empreendimentos.

Simultaneamente, deve haver uma articulacdo eficiente entre medidas oficiais,
como: leis, programas e politicas oficiais em relacdo as tradi¢cdes, costumes, cultura e
educacdo locais. Para o autor do modelo, o grau de didlogo intra e interinstitucional
(representado pela flecha horizontal superior) colabora para constru¢do de um ambiente
desejavel de gestao participativa, com reflexos diretos na oferta e qualidade de produtos

e servigos oferecidos por esses empreendimentos.

RESULTADOS

Alguns Direcionadores de grande importancia no elo industrial impactaram o
desempenho geral do elo industrial da miniusina de Lapdo. Sdo eles: Estrutura de
Mercado, Tecnologia e Recursos Produtivos.

O primeiro obstdculo esta correlacionado ao Direcionador Estrutura de mercado
(item 3, Tabela 1). A estratégia de verticalizacdo tem potencial de atenuar a dominagéo
de mercado, por meio da coordenacdo entre os elos da cadeia produtiva, reduzindo os
custos de transacdo, a incerteza e assimetrias concorrenciais. Entretanto, € elevado o
grau de fechamento de mercado e a oposi¢do que as grandes industrias de dleo vegetal
fazem as esmagadoras geridas por cooperativas familiares.

Além disso, os custos de producdo, fixos e varidveis, sdo elementos de
vulnerabilidade, agravados, sobretudo, pela instabilidade nos precos da mamona que
oscilam ao fim de cada safra, refletindo nos valores do 6leo vegetal e inviabilizando sua
utilizacdo para producdo de biodiesel. Tais caracteristicas afetam a lucratividade

operacional, a taxa e o tempo de retorno esperado dos investimentos.
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Tabela 1 - Direcionadores de Competitividade do elo industrial — parte 1/2

Direcionador e Grau de controle Peso do Memoéria de calculo
respectivos Direcionador Avaliagdo X
subfatores CF cG Qc | e seus Avaliagao Peso

subfatores
Qualitativa | Quantitativa
1) Macroeconomia 0,1 0,02
- Oferta de crédito X 0,3 F 1 0,3
-Taxas de juros X 0,2 F 1 0,2
-Cotagdes X 0,1 F 1 0,1
internacionais
-inflagao X 0,1 D -1 -0,1
-Cambio X 0,1 D -1 -0,1
- Impostos X 0,2 D -1 -0,2
Total 1 0,2
2) Ambiente Politico- 0,15 0,15
Institucional
- PRONAT X 0,15 F 1 0,15
(Territérios/PDTRS)
- PNPB e Projeto X 0,15 F 1 0,15
Pélos
- PBIO e Programa de X 0,1 F 1 0,1
Estruturagéo
Produtiva
- PRONAF X 0,15 F 1 0,15
- BAHIABIO X 0,2 F 1 0,2
- PAP/BA X 0,2 F 1 0,2
- PROGRAMA X 0,05 F 1 0,05
BIOSUSTENTAVEL
Total 1 1
3) Estrutura de 0,2 -0,1
Mercado
- Economia de Custos X X 0,2 MF 2 0,4
de Transagéo (ECT)
- Custos de Produgéo X 0,2 D -1 -0,2
(fixos e variaveis)
- Economia de Escala X X 0,2 MD -2 -0,4
- Nivel de fechamento X X 0,2 MD -2 -0,4
do segmento de
Mercado
-Demanda Interna e X X 0,1 MF 2 0,2
Externa
- Diversificagao dos X X 0,1 D -1 -0,1
canais de
Comercializagédo e
Distribuigao
Total 1 -0,5
4) Tecnologia 0,15 -0,09
- Produtividade e nivel X X 0,3 MD -2 -0,6
das maquinas e
equipamentos
- Versatilidade da X 0,3 D -1 -0,3
planta Industrial
-Qualidade do éleo X 0,15 F 1 0,15
-Qualidade da Torta X X 0,05 D -1 -0,05

-Apoio oficial em X 0,2 F 1 0,2

Pesquisa e
Desenvolvimento
Total 1 -0,6

Fonte: Lima (2011).

O segundo obsticulo diz respeito a tecnologia industrial (item 4, Tabela 1). O
sistema de prensagem simples da fabrica de Lapdo apresenta desvantagens em relacdo
aos sistemas mistos modernos. As desvantagens estdo correlacionadas a limitacdes para

atingir grandes volumes de producdo e uma economia de escala. Soma-se a isso, o fato
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de ser um procedimento incapaz de retirar todo d6leo vegetal da torta, reduzindo a
producdo total de 6leo e comprometendo a qualidade do subproduto.

Tabela 2 - Direcionadores de Competitividade do elo industrial - parte 2/2.

Direcionador e Grau de controle Peso do Memoéria de calculo
respectivos Direcionador
subfatores e seus Avaliacao Avaliagdo X
CF CG Qc 1 subfatores Peso
Qualitativa | Quantitativa
5)Gestao e Estrutura 0,15 0,135
-Financeira X 0,15 N 0 0
-Industrial X 0,15 N 0 0
- Planejamento X 0,15 F 1 0,15
Estratégico
-Coordenagao Vertical X 0,2 MF 2 0,4
entre elos agricola e
industrial
-Gestao cooperativista X 0,2 F 1 0,2
-Capacitacéo de X X 0,15 F 1 0,15
pessoal e geragao de
empregos diretos e
indiretos
Total 1 0,9
6) Recursos 0,15 -0,045
Produtivos
-Proximidade das X 0,1 MF 2 0,2
areas de plantio
-Produtividade das X 0,1 D -1 -0,1
areas de plantio
- Regularidade na X X 0,2 F 1 0,2
oferta dos graos
- Qualidade dos X 0,2 D -1 -0,2
cultivares
- Condigdes X 0,2 MD -2 -0,4
Edafoclimaticas
-Mao-de-obra X X X 0,1 D -1 -0,1
qualificada
-Insumos industriais X 0,1 F 1 0,1
(4gua, energia,
comunicagao)
Total 1 -0,3
7) Seguranca 0,05 0,1
Alimentar
- Areas consorciadas X X 0,5 MF 2 1
mamona e feijao/
girassol e feijao/
girassol e outras
culturas
-Estimulo a agricultura X X 0,5 MF 2 1
familiar
Total 1 2
8) Infraestrutura 0,05 0,0375
- Condigdes das X X 0,45 MF 2 0,9
instalagbes (Galpéo,
esctitérios,
laboratérios, oficina
mecanica,
restaurante)
-Armazenamento X 0,2 F 1 0,2
(silagem de gréos e
6leo)
-Veiculos de apoio X 0,15 D -1 -0,15
-Estradas e vias de X 0,2 D -1 -0,2
acesso
Total | 1 0,75
TOTAL GERAL DO ELO 0,2075

Fonte: Lima (2011).
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O terceiro empecilho revelado pela metodologia quanto ao desempenho do elo
industrial estd correlacionado aos recursos produtivos (item 6, Tabela 2). Apesar de a
usina estar localizada no meio da maior drea produtora de mamona do pais, ocorrem
sérios entraves correlacionados a vulnerabilidade edafoclimdtica nas dreas de plantio.
Somam-se ainda as préticas rudimentares de manejo agricola e a baixa utiliza¢do de
sementes padronizadas e qualificadas, que comprometem os indices de produtividade,
fornecimento e, consequentemente, os valores dos graos e do 6leo produzido.

Os Direcionadores: Macroeconomia e Infraestrutura, (item 1, tabela 1 e item 8,
Tabela 2) com valores muito préximos a 0,00 ajudaram a compor o baixo indice de
competitividade na avaliacdo do elo industrial. Embora sejam favoraveis ao ambiente
macroecondmico, as cotacdes internacionais do 6leo, as politicas crediticias e as taxas
de financiamento para a agroindustria familiar, a instabilidade cambial e a carga
tributdria contrabalanceiam negativamente o desempenho do Direcionador.

Em relacdo a infraestrutura, sdo muito favoraveis as instalagdes hidraulicas,
elétricas, escritérios, laboratérios, &areas de trabalho, galpdes industriais e de
armazenamento; mas a auséncia de veiculos adequados e o nivel de conservacdo das
estradas e das vias que interligam a miniusina até as dreas de plantio prejudicaram a
avaliacdo.

De forma positiva se destacaram os Direcionadores: Ambiente Politico-
Institucional, Gestdo e Seguranca Alimentar (item 2, tabela 1 e itens 5 e 7, Tabela 2). O
ambiente politico-institucional - transversal a cadeia produtiva de oleaginosas e a usina
de Lapdo - ajudou a viabilizar a constru¢do do empreendimento e impactou
positivamente a avaliacdo. A forte articulacio entre a Coafti, sociedade civil e o poder
publico nas suas trés escalas viabilizou a formacdo inicial do empreendimento, em
especial, pela conjugacdo das acdes da Pbio e de politicas publicas federais (Pronat e
Pronaf) e os Programas estaduais (BahiaBio e Biosustentdvel).

No Direcionador Gestdo, por razdo da unidade industrial ndo ter iniciado suas
operacdes em plena atividade, essa pesquisa partiu do pressuposto da neutralidade na
avaliacdo em relacdo a geréncia industrial. Ressaltando, porém, que esse € um elemento
crucial para o sucesso da miniusina. Entretanto, as relacdes ji existentes com os
produtores em geral, na esfera da geréncia agricola, especialmente com os cooperados é

muito favordvel. O empenho com relacdo a assisténcia técnica, social e de extensdo
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rural da cooperativa, impactou positivamente o resultado. Vale destacar que o nivel de
coordenacdo da miniusina com o elo agricola € o que afeta diretamente o abastecimento
de gréos e a eficiéncia na producgéo de 6leo vegetal dentro dos volumes adequados para
manutencio das margens de lucro necessarias.

Em relagcdo aos Direcionadores de competitividade do elo agricola, o resultado
obtido demonstrou o alto nivel de vulnerabilidade das dreas de plantio e indicou a fraca
competitividade do empreendimento, sobretudo, no que diz respeito ao desempenho dos
Direcionadores: Gestao, Recursos Produtivos, Infraestrutura e Tecnologia. Somente os
Direcionadores: Ambiente Politico-Institucional e Seguranca Alimentar obtiveram boas
avaliacdes. Contudo, as sinergias entre politicas setoriais, acdes das cooperativas e
associacOes locais em prol da reestruturagdo e expansio da agricultura familiar pouco
contrabalancearam o fraco desempenho do elo agricola.

O Direcionador Estrutura de Mercado (item 3, Tabela 3) com uma avaliagao de
0,02 ndo impactou o resultado do elo agricola. E positiva a perspectiva da demanda dos
grdos pelas atividades da usina, representando um canal seguro para os grios e a
estruturacdo de precos minimos. Entretanto, é desfavoravel o custo de producio para o
consorcio de mamona com feijdo, em torno de R$ 849,13/ha (Lima, 2011). Um valor
bastante expressivo, sobretudo, quando considerado o nivel de renda desses produtores.

No tocante ao Direcionador Gestdo da propriedade rural (item 5, Tabela 4),
fatores como: planejamento, logistica e controle da producdo nas propriedades foram
considerados como desfavordveis para a competitividade do elo agricola. Nao foram
observadas préticas voltadas para um manejo mais eficiente dos recursos produtivos nos
estabelecimentos rurais. De maneira geral, os produtores desconhecem praticas de
planejamento e controle da producdo, contabilizacdo dos custos, insumos e resultados,
menos ainda da reducdo de desperdicios e controle da qualidade dos grdos.
Adicionalmente, poucos produtores fazem ideia dos fluxos comerciais e potencialidades
que estdo a montante ou a jusante de sua atividade primadria.

Com relagdo ao Direcionador Tecnologia (item 4, Tabela 4), os recursos
tecnoldgicos disponiveis nas dreas de plantio no Territorio de Irecé sdo muito
desfavordveis. De uma maneira geral, os produtores da regido relutam em modificar
suas formas tradicionais e por muitas vezes precdrias de produgio, recusando a adocio

de novas técnicas de cultivo e manejo da produgdo. Mesmo agricultores mais
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capitalizados preferem continuar disseminando os seus proprios grdos, o que pode
refletir um comportamento ligado ao baixo interesse ou receio de comprometer-se com
a cooperativa (uma das principais fornecedoras de sementes qualificadas no Territorio).

Tabela 3 - Direcionadores de Competitividade no elo agricola — parte 1/2.

Grau de controle Meméria de calculo
Direcionador e Peso do
respectivos Direcionador
e seus Avaliacao X
subfatores CF cG Qc I ST ETES Avaliago Peso
Qualitativa | Quantitativa
1)Macroeconomia 0,1 -0,09
- Oferta de crédito X 0,4 D -1 -0,4
- Nivel de X 0,3 D -1 -0,3
endividamento
- Inflagéo X 0,1 D -1 -0,2
- Impostos X 0,2 N 0 0
Total 1 -0,9
2)Ambiente 0,15 0,105
Politico-
Institucional
- Pronat X 0,15 F 1 0,15
(Territérios/PDTRS)
- PNPB e Projeto X 0,15 F 1 0,15
Pélos
- PBIO e Programa X 0,1 F 1 0,1
de Estruturagéo
Produtiva
- Pronaf 0,15 D -1 -0,15
- Bahiabio X 0,2 F 1 0,2
- PAP/BA X 0,2 F 1 0,2
- Programa X 0,05 F 1 0,05
Biosustentavel
Total 1 0,7
3)Estrutura de 0,2 0,02
Mercado
- Economia de X X 0,25 MF 2 0,5
Custos de
Transagéo (ECT)
- Custos de X 0,25 MD -2 -0,5
Producéo (fixos e
variaveis)
- Economia de X 0,2 MD -2 -0,4
Escala
- Demanda dos X X 0,2 MF 2 0,4
graos
- Diversificagao dos 0,1 F 1 0,1
canais de
Comercializagéo e
Distribuigao
Total 1 0,1

Fonte: Lima (2011).

Quanto aos recursos produtivos (item 6, Tabela 4), esse Direcionador
representou o pior desempenho do elo agricola. A avaliacdo estd correlacionada a vérias
caréncias que vao desde a fase de plantio, escoamento da produgdo, acesso a insumos e
implementos, até as graves condicdes edafoclimaticas, especialmente, o severo nivel de

compactacdo dos solos e a sobre-explotacdo dos aquiferos.
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Tabela 4 — Direcionadores de Competitividade no elo agricola — parte 2/2.

Direcionador e Grau de controle Peso do Memoéria de calculo
respectivos Direcionador
subfatores e seus Avaliagdo Avaliagdo X
CF CG Qc | subfatores Peso
Qualitativa | Quantitativa
4)Tecnologia 0,15 0
- Recursos X X 0,25 MD -2 -0,5
tecnolégicos
disponiveis
- Desenvolvimento X 0,25 MF 2 0,5
de cultivares
-Apoio oficial em X 0,25 F 1 0,25
Pesquisa e
Desenvolvimento
-ATER X X 0,25 D -1 -0,25
Total 1 0
5)Gestéao e 0,15 -0,1125
Estrutura
-Planejamento/ X 0,25 MD -2 -0,5
controle da produgao
- Coordenagao com X X 0,25 MF 2 0,5
o Elo Industrial
- Associativismo e X X 0,25 D -1 -0,25
cooperativismo
- Nivel de absorgdo X X 0,25 MD -2 -0,5
de tecnologia
Total 1 -0,75
6)Recursos 0,15 -0,195
Produtivos
-Qualidade das X X 0,3 MD -2 -0,6
sementes utilizadas
- Adubos e X X 0,2 D -1 -0,2
fertilizantes
-Disponibilidade de X X 0,25 D -1 -0,25
agua
- Condigdes edéficas X 0,25 D -1 -0,25
Total 1 -1,3
7)Seguranca 0,05 0,05
Alimentar
- Areas consorciadas X X 1 F 1 1
mamona e feijao
Total 1 1
8)Infraestrutura 0,05 -0,1
- Maquinario e 0,25 MD -2 -0,5
Irrigagéo
- Armazenamento 0,25 MD -2 -0,5
(silagem de gréos e
6leo)
- Estradas e vias de 0,25 MD -2 -0,5
acesso
0,25 MD -2 -0,5
Total 1 -2
TOTAL GERAL DO ELO -0,3225

Fonte: Lima (2011).

Essa situacdo € ainda mais comprometida pela avaliacio do Direcionador
Infraestrutura (item 8, Tabela 4). De maneira geral o acesso a implementos e irrigacio
no Territorio de Irecé € extremamente baixo, um fator muito desfavoravel para o nivel
de competitividade do elo agricola. E comum visualizar produtores utilizando arados de
tracdo animal, embora existam localidades em que a média de tratores e mesmo de

irrigacdo estejam acima dos outros municipios. Também ndo hd estruturas de
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armazenagem. Nas propriedades visitadas poucos agricultores praticam o
armazenamento dos grdos colhidos, mesmo por que, os indices brutos de producio e a
produtividade ndo ddo margem a excedentes. Em geral quando os produtores estocam
graos, fazem em poucas quantidades junto as suas casas ou pequenas construgoes.

Por outro lado, a aplicacio do modelo de Zylberstajn como instrumento de
avaliacdo qualitativa da miniusina de Lapdo (descritos no Grafico 3) sugere que hd um
bom potencial para o processo de verticalizacdo agroindustrial familiar atualmente
tocado pela Coafti. Isso decorre de um razodvel atendimento dos requisitos necessarios
a formacdo dos ambientes organizacionais e institucionais considerados como
adequados e necessdrios ao sucesso desse tipo de arranjo socioprodutivo.

No caso especifico da miniusina de Lapado, existe um ambiente politico-
institucional propicio, envolvendo as acOes do Pronat, por meio do Conselho Gestor
Territorial, do Programa Nacional de Producéo e uso de Biodiesel (PNPB), da Pbio; das
acoes dos Programas Bahiabio e Biosustentivel do Governo Estadual. As acdes
convergem para o estimulo de praticas associativistas, de projetos de educacdo
profissional e ambiental, incluindo a recuperagdo da caatinga, matas ciliares e o manejo
sustentdvel do uso do solo. Algumas dessas medidas oficiais vém se desenvolvendo de
forma incipiente, mas tém potencial para mitigar alguns dos pontos fracos identificados
pelos Direcionadores de competitividade, fragilidades que sdo justamente as principais
deficiéncias sociais e estruturais do proprio territorio.

Grafico 3 - Modelo de Zylbersztajn aplicado a usina de Lapao.

AMBIENTE POLITICO-INSTITUCIONAL: PRONAT, PNPB, POLOS, BAHIABIO, BIOSUSTENTAVEL

COMUNICACAO

Familiar

Producéo Miniusina da
Agricola Famil -oatd Distrib
insumos grlc(oG:-:éoasml . Agroindustria Istribulcao
Familiar

ocown=n<

oleaginosas)

INFORMAGOES

AMBIENTE ORGANIZACIONAL: MDA, SFA, SDT, SEAGRI, SUAF, SECTI, ASSOCIAGOES, COOPERATIVAS LOCAIS, SINDICATOS
RURAIS, CONSELHO GESTOR TERRITORIAL, EBDA, IFBA, PETROBRAS BIOCOMBUSTIVEIS

Fonte: elaborado a partir de Zylbersztajn (1995).

Quanto ao ambiente organizacional, de forma semelhante, estdo envolvidos

direta e indiretamente na estruturacdo da usina de Lapdo uma quantidade expressiva de
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atores estratégicos, entre eles: o Ministério do Desenvolvimento Agrario (MDA), por
meio das Secretarias de Agricultura Familiar e Desenvolvimento Territorial (SAF e
SDT), a Secretaria de Agricultura e Irrigacdo da Bahia (Seagri), especialmente por meio
da Superintendéncia da Agricultura Familiar (Suaf), a Secretaria de Ciéncia, Tecnologia
e Inovacdo (Secti), a Empresa Baiana de Desenvolvimento Agropecudrio (EBDA) e a
Petrobrds Biocombustiveis (Pbio). Entretanto, os destaques estdo correlacionados a
participagdo ativa das associagdes de produtores rurais, sindicatos rurais, sociedade
civil, institutos de pesquisa e desenvolvimento rural no processo de consolidacdo das

atividades da miniusina.

ANALISE E DISCUSSAO DOS RESULTADOS

A metodologia de direcionadores de competitividade permitiu averiguar que
existem importantes entraves na consolidacio das atividades econdmicas da miniusina
esmagadora da Coafti. A estrutura de mercado e a tecnologia sao os principais aspectos
que afetam o projeto em seu elo industrial. Gestdo, tecnologia, recursos produtivos e
infraestrutura sao os principais entraves dentro do elo agricola. Ressalta-se, entretanto,
que tal fragilidade estd ligada em grande parte pela concep¢ao da miniusina ser atrelada
a apenas um tipo de oleaginosa, a mamona, e a perspectiva de comercializa¢do do 6leo
vegetal direcionada para apenas um canal: a industria de biodiesel.

Entretanto, sem levar em consideracdo as razdes técnicas que questionam a
utilizacdo do 6leo de mamona para essa finalidade, as razdes de mercado, por si s0,
inviabilizam sua utilizacdo para o setor energético. O valor do éleo vegetal representa
algo em torno de 80% do custo de producdo final do biodiesel (Amaral, 2009). O dleo
de mamona, de baixa escala de producgao e altissima demanda, requisitado por um nicho
industrial de alto valor agregado, acaba alcangando valores invidveis para producdo de
biodiesel. Na logica de oferta versus demanda, o 6leo de soja domina esse setor, pois é
um insumo abundante e barato, produzido em larga escala como um coproduto da
producdo de farelo proteico para a alimentacio de aves e suinos no Brasil.

A tecnologia de prensagem simples dificulta o alcance de uma producdo em
larga escala sendo incapaz de modificar significativamente os custos do 6leo para
producdo de biodiesel. Para viabilizar economicamente o empreendimento o setor

energético, seria necessdrio: primeiramente, um planejamento voltado para organizar as
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areas de plantio, consolidando as dreas de producdo e aumentando a produtividade; em
segundo lugar, seriam necessarios investimentos na capacidade de esmagamento, com a
a incorporacdo de tecnologia de extracdo mista. Nenhuma das duas estratégias parece
razoavelmente realizdvel em curto prazo.

Por outro lado, a miniusina tocada pela Coafti poderia adotar em suas opc¢des de
comercializacdo o fornecimento de 6leo ao setor ricinoquimico. Parte dessa significativa
demanda ¢é atualmente suprida por 6leo importado, conforme se observa pela andlise da
balanca comercial do 6leo de mamona bruto e hidrogenado nos periodos entre 2009 e
2010, detalhados na Tabela 5.

Tabela 5 - Balanca comercial de 6leo de mamona no Brasil entre 2009 e 2010.

2009 jan./set. 2009 jan./set. 2010
Produto/Subproduto
toneladas mil US$ toneladas mil US$ toneladas mil US$
Mamona -21.147 -33.172 -11.028 -18.749 -13.749 -23.278
Oleo de Ricino -7.973 -8.138 -3.000 -2.783 -4.752 -6.176
Oleo Hidrogenado -13.174 -25.035 -8.028 -15.789 -8.996 -17.102

Fonte: Conab (2010). Sinais negativos: déficit entre importagdo e exportacdo.

O fornecimento direto de 6leo de mamona ao setor ricinoquimico poderia
representar uma fonte de recursos altamente rentdvel, mas esse procedimento parece
romper com as bases contratuais da cooperativa com a Petrobrds no tocante ao atual
formato de compra das sementes pela empresa. De forma similar, a miniusina poderia
diversificar as matérias-primas utilizadas com a introducdo de sementes oleaginosas
com altos potenciais produtivos para o Semidrido, como o girassol e o amendoim
(Embrapa, 2010, Enparn 2011; Filho & Santos, 2010). O Brasil vem igualmente ao
caso do 6leo de mamona, registrando saldos negativos em sua balanga comercial de 6leo
bruto, refinado e farelo, tanto de girassol quanto de amendoim (Conab, 2010). A
incorporacdo de outras oleaginosas pode ser produtivamente explorada pela miniusina,
diversificando os canais de mercado e contornando em parte a oscilacio de
fornecimento e de precos ligados a safra e a produtividade da mamona.

Porém, antes de tudo, deve-se considerar que ha potencialidade nesses arranjos
socioprodutivos para auxiliar na formacdo de uma mentalidade de participacdo no nivel
local/territorial, em uma constru¢do de medidas sinérgicas construidas “de cima para
baixo” e de “baixo para cima”, conciliando forcas locais e medidas oficiais, na

elaboracdo de objetivos e metas comuns. Essa sobreposicdo entre a ldgica de gestdo
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territorial e o modelo de verticalizacdo agroindustrial familiar da miniusina de Lapao é
visivel a partir da modelagem proposta por Zylberstajn.

Por essa razdo, a experiéncia de cooperativas agroindustriais deve ser encarada
ndo apenas como estratégia de fortalecimento e incorporagdo da agricultura familiar na
cadeia produtiva do biodiesel. Dada as condi¢des de mercado dificilmente esse objetivo
serd alcancado. Esses projetos de potencial produtivo no Semidrido devem ser
incorporados como ferramentas estratégicas de gestio e desenvolvimento territorial, ndo
importando qual segmento de mercado essas usinas podem acessar. Tal convic¢do se da
pelo potencial de concertacdo que esses projetos podem exercer no ambiente politico-
institucional e organizacional, indo além do ponto de vista meramente produtivo e

comercial para uma ferramenta de inclusio socioecondmica e cultural.
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Abstract

Competitiveness of traditional arable crop system of Alentejo region of Portugal has
been questioned for long. Discussion and research on the sustainability of the system
has evolved on two contrasted alternative options for production technologies to
traditional system. On the one hand reduced and no tillage systems aim to more
extensive technical operations reducing costs and maintaining production, or even to
increase it in the long run as soil fertility improves. On the other hand, input
intensification using irrigation, as a complement in the last stage of crop cycle or
always when needed, aimed to increase system production levels. To evaluate
competitiveness and sustainability of arable crop system we evaluated traditional
rotation technology and alternative no tillage and irrigation systems and analyze their
farm economic results as well their energy efficiency and environmental impacts. The
analysis of the impact of no tillage and irrigation on arable land production system
showed that both alternatives contributed to cost savings and profit earnings, energy
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savings and reduced GHG emissions, increasing physical and economic factor
efficiency. Research and technological development of both options are worthwhile to
promote competitiveness and sustainability of arable crop production systems of the
Alentejo region of Portugal.

Key Words: Alentejo, Arable crop system; Economic and environmental analysis;
Trade-offs; energy efficiency.

LESS OR MORE INTENSIVE CROP ARABLE SYSTEM OF ALENTEJO REGION
OF PORTUGAL: WHAT IS THE OPTION TO SUSTAINABLE PRODUCTION ?

1. Introduction

Production of cereals, namely wheat for production of bread to provide a basic
food for population, the base cereal of the traditional arable crop system of dryland in
Alentejo, has been for long encouraged and supported by Portuguese agricultural and
food policies. Since the wheat campains of Salazar, in the early decades of the past
century until the preparation adjustments and procedures of Portuguese entrance to the
European Economic Community (EEC), a couple years before the formal date of 1986
due to need to adopt the Common Agriculture Policy (CAP), a set of domestic policies
were in place to guarantee high producer prices and maintain consumer prices low. As a
result Portuguese market prices for producers and consumers were above and below
international levels, respectively.

Competitiveness of traditional arable crop systems of Alentejo has been long
questioned (Marques, p.10). In more recent times, discussion and research has evolved
on two contrasted alternative evolution options for production technologies. On the one
hand reduced and no tillage systems aim to more extensive technical operations
reducing costs and maintaining production (or even to increase it in the long run as soil
fertility gets better). On the other hand, input intensification using irrigation, as a
complement in the last stage of crop cycle or always when needed, aimed to increase
system production levels.

The context of an European project on AGRiculture and Energy Efficiency

(http://www.agree.aua.gr) involving case studies that were analyzed to understand

potential changes and drawbacks associated with energy efficiency measures for

agricultural production systems of several European countries, including Portugal, that
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included a work package on interactions and trade-offs of energy used in agricultural
production systems with environmental impacts and farm economic results, provided
the right opportunity to raise and evaluate the issue of these options on the
competitiveness and sustainability of Alentejo arable crop system. Hence, one of the
Portuguese case studies that were set is the arable crop system of Alentejo. In the
context of AGREE alternatives constitute energy efficiency measures. In this paper and
in general terms these measures constitute alternative technologies.

The objective is to evaluate competitiveness and sustainability of less and more
intensive crop arable systems in the Alentejo. These two options are represented by
considering the two alternative technological evolutions of no tillage and of irrigation to
traditional technology. This paper reports their evaluation based on energy efficiency
parameters of traditional dryland wheat production rotation technology and alternative
no tillage and irrigation systems and analysis of their farm economic results as well as
environmental impacts. Results will evaluate potential gains and trade-offs and provide
orientation for future research and development of this system.

In addition to this introduction, this paper includes four parts. In the following
section a brief characterization of the farm setting and technology alternatives
considered that characterize the case. The third part lays out the major aspects of the
methodology used. Results are presented and discussed in the next part. The paper ends

with major conclusions and their policy implications.

2. The case study and the scenarios

Alentejo is the largest agricultural region of Portugal, with a Mediterranean
climate characterized by mild winters and dry and hot summers. Rainfall is between 400
to 600 mm, concentrated in autumn and winter. Average temperature is between 21 and
25 °C, but maximum temperature can be higher than 40 °C in the summer while
minimum is frequently below zero during winter nights. The main limitations imposed
by climate on Alentejo’s agricultural activities are due to the very dry summer. Only
winter-spring crops can be produced. Spring-summer crops cannot except in deep soils
that preserve some moisture or where irrigation is available (Marques, 1988).

Alentejo has the more than half of Portuguese agricultural usable area and the

most extensive area of arable land in Portugal (2.2 million hectares). Therefore, arable
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crop systems of dryland agriculture that sustain land use in agricultural use are very
relevant in territorial, economic and environmental terms.

Evaluation of traditional crop farming system of dryland agriculture in the
Alentejo is based on a typical farm of 250 hectares, with clay soils (Bvc+Cb
representing 85 %), in the Beja district (Rosado, 2009).

2.1 Conventional technology

The farm production system is based in a four years crop rotation (sunflower —
durum wheat 1 — green peas — durum wheat 2) established to achieve high production
levels of cereals. Usually, cereal, namely durum wheat, because of specific subsidy
policies, or other cash cereal crop, alternates with sunflower and peas. Sunflower is used
to profit from soil preparation in the winter of the year before wheat growing and green
peas are included to restore soil fertility and avoid consecutive years of wheat.
Traditional technology is based on soil preparation with deep plowing followed by two
chisel passages during winter, and one before sunflower sowing, early in the spring.
Sowing density is 4 kg/ha of seeds (75 000 plants). Sunflower is harvested in August
with a productivity of 850 kg/ha. Durum wheat installation is then prepared with chisel
and disc harrowing followed by sowing (200 kg seeds/ha) and fertilization (300 kg/ha of
N20: P20: KO0). Usually a crop weed control operation takes place (0.02 kg/ha of
Tribenuron-Methyl and 0.5 L/ha of Clodinafop + Cloquintocete) followed by a
fertilization with 150 kg/ha (N 27%). Harvest is in July, with average yield of 3 ton/ha
of grain and 1.5 ton/ha of straw. Green peas sowing occurs in January, with 150 kg/ha,
after harrowing and two chisel passages for soil preparation. As for sunflower, green
peas require neither herbicides nor fertilization treatments. Harvest is also in July, with
productivities of 1100 kg/ha.

To perform the above described field operations the farm machinery consists in
one 105 HP tractor, one 9 tons trailer, one disc harrow, one chisel, one drill with 25
lines, a fertiliser distributor, a straw baler, a rake and a precision seeder. All the
machines and agricultural equipment’s are stored in a 75 m2 building. The farmer also
rents an 85 HP tractor with a plow implement, a 1000 L sprayer, and a combine

harvester.
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2.2 No tillage technology

Reduced tillage has been identified as an efficient measure to reduce input use in
agricultural systems. Agricultural systems with reduced tillage need less fuel associated
with lower greenhouse gas emissions and lower costs for the farmer. Furthermore, a
carbon sequestration effect in the soil may further mitigate the net greenhouse gas
emissions from agriculture. However, with respect to soil and climate conditions,
reduced tillage may also impact crop yields, which counteracts the positive effects.

This technological alternative in Alentejo has been for long focus of continuous
research and evaluation in technological and economic terms (Azevedo e Cary,
Carvalho et al., Basch, Martins, Martins ¢ Marques, Rosado). No tillage or direct
seeding is being applied in wheat for several years in Portugal, by a small number of
farmers, but it’s a practice that has been increasing over the years as a sustainable and
environmental friendly agricultural practice for wheat production.

No tillage was considered as an alternative technology farming system for all
crops. Instead of conventional soil preparation, in late February an herbicide
(glyphosate) is applied to prepare the sunflower sowing during March, with a direct
precision seeder. In the following year, normally in the third week of October, a weed
control operation is performed using glyphosate (3 L/ha). Wheat sowing is in
November, using a direct drill seeder, also with seed density of 200 kg/ha and
fertilization level of 250 kg/ha (N 15: P 15: K 15). In late January there is a fertilization
with 140 kg/ha (27% N). During February it takes place a crop weeding operation (0.02
kg/ha of Tribenuron-Methyl and 0.5 L/ha of Clodinafop + Cloquintocete). The harvest
is in July. The average productivities are the same of the traditional farming system, for
all crops.

To use no tillage technology the farmer besides renting a 1000 L sprayer and a
combine harvester needs to rent a direct drill seeder.

2.3 Irrigation

In Mediterranean conditions, wheat is a traditional rainfed crop, because
generally there is sufficient available water for wheat production. However, and
especially in dry years wheat can benefit from supplemental irrigation applied in spring.
Irrigation will contribute to increase directly the input use of water and energy required

for pumping the water. However, improved energy efficiency can be achieved with
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higher productivity resulting in higher yields with small increase in energy use. The use
of irrigation for wheat production can lead to a great increase in productivity.

Irrigation of wheat in the Alentejo became in economic terms particularly
interesting with PAC adjustments in 1996, the beginning of decoupling process, when
payments per hectare replaced institutional prices and a specific class for irrigated land
was set. Investments for furos e charcas and irrigation equipments were also publically
heavily supported by the orientation policy. The objective of many of the projects that
were implemented was to complement conventional technology to apply water in the
last part of the crop cycle to increase yields or before if climacteric conditions imposed
hydric stress avoiding negative impacts on production.levels, and of course be elegible
and receive the compensation subsidy which also contributed to the financial and
economic feasibility of the project.

However, an additional factor of the irrigation is also important for mixed
systems of crops and livestock. Since during summer there is scarcity of field pasture
and feed, there is need to produce conserved feed for livestock, namely hay and straw,
and to complement feeding with purchased concentrated. The availability of water can
be used to increase production and consequently availability of conserved feeds but also
be used on irrigated pastures that can substitute for the concentrate and fulfil the feeding
requirements of livestock during the summer. These aspects and risk for livestock
producers have also been studied for farms in the Alentejo (Anselmo, Neto, Marreiros,
Carvalho).

Not only wheat, but also sunflower and green peas can benefit from irrigation.
Most sprinkler irrigation systems can be used with these crops, but as the crop area
increases moving sprinkler systems present more economic and technical advantages
compared to fixed sprinkler irrigation systems.

Soil preparation, sowing and fertilization operations are the same described in
the basic scenario but fertilizer levels are increased. The number of irrigations and the
amount of applied irrigation water can vary based on the rainfall occurred in each year,
with an annual average value of 1200 m3/ha for all crops of the rotation.

To irrigate investments for water availability and irrigation equipments are
necessary and expertise and technological adjustments are required with the increase in

some inputs namely water, fertilizers and electricity.
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3. Methodological framework for the analysis of alternative technologies and their
impact on energy use, economics and the environment

The analysis of the environmental and economic trade-offs includes the analysis
of energy efficiency measures on the use of direct and indirect energy, greenhouse gas
emissions and farm economics. The energy use, environmental and economic analysis
are based on a cradle to farm gate analysis, taking all costs and emissions into account
needed to produce the agricultural products. The economic cost calculations were based
on the economic settings in the considered countries, while for the energy use and
greenhouse gas estimates, whenever possible, common methodologies were used.

In order to model potential trade-offs between energy savings, GHG-emissions
and farm economics it was necessary to model the relevant energy efficiency measures
in simple spreadsheet based models.

The calculations of the energy savings and GHG emissions with the energy
efficiency measures were based on the report “State of the Art on Energy Efficiency in
Agriculture” (AGREE websitel, Gotaszewski et al. 2012) and extended with regard to
GHG emissions. Data on assumptions were, if not stated otherwise, drawn from
published data from the Biograce database (www.biograce.net).

Estimates for cost savings associated with the energy efficiency measure are
based on the use of resources calculated with the farm models. Fixed costs were
allocated according to the useful life of the used implements for owned machinery and
storage. Prices for outputs, inputs and machinery rented were taken from regional
specific data.

EU subsidies considered include the RPU (“Single Payment Scheme”), with the
national average value attributed for the year of the study of 174 euros/ha and an
additional aid (“PRODER, Programme for Rural Development) for the no tillage
alternative of 174 euros/ha. Methodology and results development and analysis for
different systems and countries are based on the report “Economic and Environmental
Analysis of Energy Efficiency Measures in Agriculture (Agree Websitel, Andreas

Meyer-Aurich et al., 2013) which includes the Portuguese team contribution.

! www.agree.aua.gr

Atas

| 4611



4612

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

4. Relative contribution of different factors on farm energy, CHG emissions and
costs and impact of different technologies on energy use, economics and the

environment

Figure 1 shows the relative contribution of the different inputs in total energy
consumption, GHG emissions (CO2eq) and farm costs for the crops considered in the
conventional production system of this farm, assumed as the base scenario.

Diesel and lubricants followed by fertilizers are responsible for more than 50
and 40 %, respectively, of total energy consumed in the production system. The relative
importance of these factors is reversed in terms of environmental impacts evaluates in
CHG emissions which are particularly high for fertilizers with almost 60 % of total and
more than 30 % for diesel and lubricants. Seeds are particularly important for farm
costs. The relative high contribution of seeds for the total costs is explained by the fact
that two of the crops do not require fertilization and pesticides. Fertilizers and diesel and
lubricants represent 25 and 20 % of costs, respectively. Hence, factors have different
relative contributions to primary energy consumption, CHG emissions and costs. Small
changes in factor use might have high impacts on energy use and GHG emissions but

induce relatively lower changes in costs.

Figure 1: Relative contribution of different factors used on farm energy,
greenhouse gas emissions (GHG) and costs under conventional technology
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Source: AGREE spredsheat results for arable crop system of Alentejo

This is clear in Table 1 that presents costs, energy consumption and GHG
emissions per hectare for conventional and alternative systems described before. Option
1 (no tillage) decreases energy consumption by 42.7 %, GHG emissions by 19.5 % and
costs by only 8.6. The opposite occurs with option 2 (irrigation). In fact, primary energy
consumption increases 94.9 %, CHG emissions by 68 % and production costs increase
54.2 %.The decrease in the first option is explained by less use of machinery/diesel and
fertilisers and the increase in the last one is due to the increase inputs of fertilisers and
electricity for irrigation.

Table 1: Annual costs, PEC and GHG emission for different technologies in the
farm rotation

Annual Costs PEC GHG
€/ha % MlJ/ha % COse/ha %
Conventional 528.43 100.0 7171.26 100.0 535.97 100.0
No Tillage 482.90 91.4 4109.36 57.3 431.70 80.5
Irrigation 770.25 145.8 13979.11 194.9 900.23 168.0

Source: AGREE spredsheat results for arable crop system of Alentejo

Figure 2 represents these effects and also includes farm profit for different
options. It is possible to see that the two options allow an increase of farm profit (43%
with no tillage mainly due to an agro-environmental subsidy in place given specially for
this type of production technology and more than double with the irrigation option). In

the first the increase is due to a decrease of the production costs and an increase in
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subsidies and in the second due to the increase of yield and receipts that more than

compensates cost increase.

Figure 2: Impact of different technologies on costs, profit, energy use and

greenhouse gas emissions (GHG) per ha..

2000
1800
1600
1400
1200
1000
800
600
400
200

B Energy consumption MJ X

10/ha

B CO2 eq kg/ha

Profit€/ha

B Costs €/ha

Conventional No tillage Irrigation

Source: AGREE spredsheat results for arable crop system of Alentejo

Source: AGREE spredsheat results for arable crop system of Alentejo

presents impact on energy consumption, greenhouse gas emissions (GHG),

profits and costs per ton of wheat produced. Results per ton are very different from

those presented on a hectare base. In fact, when considering the productions obtained

both options result in higher resource efficiency. No tillage and irrigation are win win

situations in terms of energy, environmental and economic efficiency. Less energy is

consumed, less GHG are emitted and higher farm profit and lower costs are obtained

due to reduction of the production costs or either due to the increase of the receipts due

to higher productivity in the irrigated option or specific subsidy levels in the no tillage

system.

Figure 3: Impact of different technologies on costs, profits, energy use and
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Source: AGREE spredsheat results for arable crop system of Alentejo

Costs experience a small decrease with a variation per ton of wheat produced of
around 8% with no tillage and 7% with irrigation and profits per ton for these options,
with a 24% for no tillage and 4% for irrigation per ton produced. The no tillage option
proves to be particularly relevant as an energy efficiency measure with a reduction of
energy consumed by 45% per ton of wheat produced. The irrigation option also
improves energy efficiency with a 3% reduction. For the CO2e a reduction of 30% and
15% was attained with these alternative technologies.

Figure 4 shows the differences between the conventional system and the
analysed options, on energy, GHG emissions, costs and farm profit per ton of attained
wheat yield. It is possible to see that the introduction of irrigation can contribute to the
highest savings in the production costs. No tillage allows the higher savings in energy
consumption and GHG emissions and the highest increase in farm profit.

Figure 4: Differences of costs, profit, energy-use and greenhouse gas emissions
(GHG) per ton between conventional and alternative technologies
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Source: AGREE spredsheat results for arable crop system of Alentejo
5. Conclusion

Different inputs contribute in different percentages to total costs, primary energy
consumption (PEC) and greenhouse gas emissions (GHG). Diesel and fertilizers
represent more than 90 % of energy consumption and emissions but around 45 % of
costs. Hence, changes in diesel and fertilizers mix used will have little cost changes but
large impacts on energy use and greenhouse gas emissions.

The analysis of the impact of no tillage and irrigation on arable land production
system showed that both alternatives contributed to energy savings and reduced GHG
emissions, increasing physical and economic factor efficiency. However, cost savings
and profit earnings with these measures are relatively lower than reductions of energy
consumed and GHG emissions which suggest an important role for policy incentives.
Agro-environment measures in place for no tillage result in relevant positive profit
impacts which are important for adapting this technology. Irrigated system increases
profits as well as resource efficiency with lower primary energy consumption and GHG
emissions per unit of production.

In the long run research and technological development of both options are
worthwhile to promote competitiveness and sustainability of arable crop production

systems of the Alentejo region of Portugal.
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Abstract

This paper aims to present and discuss an economic and environmental analysis based
on case studies for selected Portuguese agriculture production systems which show
potentials and constraints of energy efficiency measures in agriculture with respect to
the specific environment of Portugal. Results are the Portuguese part of one work
package of AGREE (AGRiculture and Energy Efficiency) an European project. It
illustrates case studies and shows trade-offs associated with energy efficiency measures
for selected case studies of production systems with their estimated impact on energy
use, economic costs and greenhouse gas emissions. Production systems include arable
crops (wheat), animal husbandry (dairy, pork and poultry), greenhouse (tomato) and
permanent crops (olive trees and vineyards). Results for energy efficiency measures
including reduced tillage, fertilizer management and use, including organic and
precision farming, and irrigation show large gains in energy consumption and relevant
reductions for greenhouse gas emissions but small effects in economic costs and profits.
However, if energy efficiency measures impacts are evaluated with respect to
production levels of agricultural systems economic effects become more expressive and
relevant in private but mainly in social terms. This is due to differences in the relative
importance of inputs in energy use, emissions and costs and also to differences of inputs
for different agricultural systems. For arable crops diesel and fertilizer contributions are
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relevant for energy and emissions but seeds are more important to costs. For animal
husbandry feeding is important for energy use and costs but animal purchases are more
relevant to emissions. For greenhouse crops diesel and electricity are very important for
energy and emissions but plants are more important for costs. For permanent crops
diesel and lubricants are particularly important for olives and pesticides for vineyards in
energy use and emissions with fertilizer also being important to costs. As a result out of
the energy efficiency measures considered there are potential savings of energy and
positive economic and environmental impacts but of different magnitude for agricultural
systems considered.

Key Words: Agricultural systems, Energy efficiency, economic and environmental
analysis; Trade-offs.

AGRICULTURE AND ENERGY EFFICIENCY IN PORTUGUESE AGRICULTURE
AND TRADE-OFFS WITH FARM ECONOMICS AND ENVIRONMENTAL
IMPACTS: CASE STUDIES FOR SELECTED AGRICULTURAL PRODUCTION
SYSTEMS

1. Introduction

AGREE project is about agriculture and energy efficiency in Europe. It involves
six countries (Portugal, Greece, Germany and Holland, and Poland and Finland) to
represent four broad European regions (SW, SE, NW and NE) and deals with major
agricultural production systems, including arable crops, livestock (dairy/beef,
pork/poultry), greenhouse production (tomatoes) and permanent crops (olive trees and
vineyards).

For case studies across Europe energy efficiency measures were analyzed to
understand potential changes and drawbacks associated with different agricultural
production systems. In spite of displaying a wide range of different perspectives of
energy efficiency in agriculture a common methodological approach has been applied to
all case-studies. The project includes one work package on interactions and trade-offs of
energy used in agricultural production systems and products with environmental
impacts and farm economic results. This AGREE work-package, “Economic and
environmental analysis” (Andreas Meyer-Ulritch et al.) is based on case study analyses
of the partners of different countries of the EU. The case studies show economic and
environmental trade-offs of agricultural systems in the different regions in the EU.

This paper focuses on that work package and is about results found for case
studies in Portuguese agriculture. The paper presents an economic and environmental

analysis based on in-depth case studies which show potentials and constraints of energy
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efficiency measures in agriculture with respect to the specific environments in Portugal.
It illustrates show cases with an in-depth analysis of the interactions of energy
efficiency measures with farm economics and the environmental impact of the
measures. It shows trade-offs and situations associated with energy efficiency measures
for selected show cases with their estimated impact on energy use, economic costs and
greenhouse gas emissions.

Besides this introduction the paper has four additional sections. In the second
AGREE types of energy efficiency measures for overall project and for Portuguese
agricultural systems are presented. The third section sets out the main methodological
framework used for all European countries and regions involved for agricultural
systems under study. During the fourth section results for primary energy consumed
(PEC), greenhouse gas emissions (GHG) and costs are presented and trade-offs of
energy used and their farm economic and environmental impacts for each agricultural
system. The fifth and last section concludes contrasting the main differences of
agricultural systems with respect to the relative importance of different inputs on

energy, emissions, costs and profits.

2. Energy Efficiency Measures in Agriculture

In AGREE project we are looking at energy efficiency. Improved energy
efficiency is achieved if energy input per unit yield from the agricultural system is
reduced. Therefore, energy efficiency can either be realized with increased or decreased
energy inputs depending on the input-output relationship. Energy efficiency can be
realized by the use of improved technologies and adjustments in the level of energy
input into agricultural systems (AndreasMeyer-Auritch et al.).

Energy efficiency measures in agriculture were grouped in seven clusters,
according to the technology addressed with the energy efficiency measure, namely:
1.Reduced tillage and controlled traffic farming; 2.Waste/side stream valorization;
3.Storage, drying, ventilation and cooling processes; 4.Irrigation; 5.Fertilizer
management (reduced inputs and precision farming); 6.Housing (light, construction and
insolation); and 7.Animal husbandry.

Energy efficiency measures considered for Portuguese case studies of different

agricultural systems, including arable crop (wheat), animal husbandry (dairy, poultry
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and pigs), greenhouse crops (tomato) and permanent crops (olive groves and vineyards),

are included in those general clusters and are indicated in table 1.

Technical, characterization, cost analysis and environmental data sources used

in speadsheet farm models for current agricultural systems and alternatives considered

for each system are described in detail and can be found in AGREE 3.1 report (Andreas

Meyer-Auritch et al.).

Table 1: Production systems for in-depth analyses of case studies in
Alentejo/Portugal and energy efficiency measures considered

ENERGY EFFICIENCY MEASURES

Production systems Base
M Scenario (1) ) 3) (4)
1 2
Arable crops: wheat Conventional ( .) .( ).
No Tillage Irrigation
Dryland
Animal Husbandry: 1)
. Average Feeding
Dairy Productivity Higher
productivity

O] 2
Poultry Air Heating  Floor Heating  Heat Recover
Pios Traditional )

g Feeder Controlled
access
Greenhouse (D (2) 3) “4)
production: Greesr(l)lillo use Hydroponic Hydroponic Fert. Integrated
Tomato Subtract Fertilizer Water Control
Water Pest. System
Control

) 2
Permanent crops: Intensive Fertilizer and  Superintensive
Olive Trees Pesticide

Managemnent )
Vineyards Traditional () Precision
Organic Agriculture
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3. Methodological Framework for the analysis of measures for improved energy
use efficiency in agriculture and their impact on economics and the
environment
The analysis of the environmental and economic trade-offs includes the analysis

of energy efficiency measures on the use of direct and indirect energy, greenhouse gas

emissions and farm economics. The energy use, environmental (GHG emissions) and
economic analysis (costs and profits) are based on a cradle to farm gate analysis, taking
all factors into account needed to produce the agricultural products and consequent total

energy, emissions and costs and profits (see figure 1).

Figure 1: System boundary of economic and environmental assessments

System boundary

/ Agricultural fam

Inputs

(Fuel,

Ferti'li'zer, — ARl Plant

Pesticides, husbandry o

e ——> Retailer
Use of land, Greenho.use

machinery s production

and work

force

o )

Source; AGREE, Report WP3, p. 17.

In order to model potential trade-offs between energy savings, GHG-emissions
and farm economics it was necessary to model the relevant energy efficiency measures
in simple spreadsheet based accounting farm models. Four model frameworks were
constructed to estimate the effects of energy saving measures on farm level in cropping
systems, animal production systems, greenhouses and permanent crop systems. For

permanent crops calculations include installation and operation estimates for the
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different inputs. Costs, PEC and CO2 values are the sum of the values of vineyard
operation per ha and vineyard installation also per ha and per year.

Cases for different agricultural systems were constructed based on typical farm
situations in the countries expressing a general situation. Hence, their analysis is done
within a farm framework and included the related costs and savings on energy,
economic costs and GHG emissions to the total costs at farm level.

The calculations of the energy savings and GHG emissions with the energy
efficiency measures were based on the report “State of the Art on Energy Efficiency in
Agriculture” (AGREE website, Gotaszewski et al. 2012) and extended with regard to
GHG emissions. Data on assumptions were, if not stated otherwise, drawn from
published data from the Biograce database (www.biograce.net). For the energy use and
greenhouse gas estimates, whenever possible, common methodologies were used.
Estimates for cost savings associated with the energy efficiency measure are based on
the use of resources calculated with the farm models.

The economic cost calculations were based on the economic settings of the
considered Portuguese and Alentejo systems. These include costs with all variable and
fixed factors, including purchased and owned factors, namely land, labour and
machinery. Fixed costs were allocated according to the useful life of the used

implements. Prices for inputs and machinery were taken from the country specific data.

4. Relative contribution of different factors on farm energy, CHG emissions and
costs and impact of different energy efficiency measures on economics and

the environment for selected agricultural systems in Portugal

4.1 Arable crop systems — Wheat
The case of arable crops for Portugal was based on wheat production in a typical

farm of 250 hectares, with clay soils and a traditional crop farming system of dryland
agriculture in the Alentejo (Rosado, 2009). The arable crop farm production system is
based on a four year crop rotation (sunflower—durum wheat 1-green peas—durum wheat
2) established to achieve high production levels of cereals. Energy efficiency measures
considered include no tillage, a reduction of fertilizer application of phosphorous

(Marques da Silva, 2012) and irrigation.
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Figure 2 shows the relative contribution of the different inputs in total energy
consumption, GHG emissions (CO2eq) and farm costs for the crops considered in the
conventional production system of this farm, assumed as the base scenario. Diesel and
lubricants followed by fertilizers are responsible for more than 50 and 40 %,
respectively, of total energy consumed in the production system. The relative
importance of these factors is reversed in terms of environmental impacts evaluates in
CHG emissions which are particularly high for fertilizers with almost 60 % of total and
more than 30 % for diesel and lubricants. Seeds are particularly important for farm
costs. The relative high contribution of seeds for the total costs is explained by the fact
that two of the crops do not require fertilization and pesticides. Fertilizers and diesel and
lubricants represent 25 and 20 % of costs, respectively. Hence, factors have different
relative contributions to primary energy consumption, CHG emissions and costs. Small
changes in factor use might have high impacts on energy use and GHG emissions but
induce relatively lower changes in costs.

Figure 2: Relative contribution of different factors used on farm energy,
greenhouse gas emissions (GHG) and costs under base scenario.

100% -~
90% -
80% -
70% -
60% - M Diesel and lubrificants

50% 1 M Pesticides

40% 1 M Fertilisers
30% -
20% -
10% -
0% -

M Seeds

Energy Consumption CO2 eq (ton/ha) Company costs (€/ha)
(GJ/ha)

Source: AGREE project calculations and results

This is clear in table 2 that presents costs, energy consumption and GHG
emissions per hectare for conventional and alternative systems described before. Option
1 (no tillage) decreases energy consumption by 42.7 %, GHG emissions by 19.5 % and
costs by only 8.6. The opposite occurs with option 2 (irrigation). In fact, primary energy
consumption increases 94.9 %, CHG emissions by 68 % and production costs increase

54.2 %.The decrease in the first option is explained by less use of machinery/diesel and
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fertilisers and the increase in the last one is due to the increase inputs of fertilisers and
electricity for irrigation.

Table 2: Annual costs, PEC and GHG emission for energy efficiency measures in
the farm rotation.

Annual Costs PEC GHG
€/ha % MlJ/ha % COse/ha %
Conventional 528.43 100.0 7171.26 100.0 53597 100.0
No Tillage 482.90 91.4 4109.36 57.3 431.70 80.5
Irrigation 770.25 145.8 13979.11 194.9 900.23 168.0

Source: AGREE project calculations and results

Figure 3 represents these effects and also includes farm profit for different
options. It is possible to see that the two options allow an increase of farm profit (43%
with no tillage mainly due to an agro-environmental subsidy in place given specially for
this type of production technology and more than double with the irrigation option). In
the first the increase is due to a decrease of the production costs and an increase in
subsidies and in the second due to the increase of yield and receipts that more than
compensates cost increase.

Figure 3: Impact of different energy saving measures on costs, profit, energy use
and greenhouse gas emissions (GHG) per ha.

1400

1200

1000

B Energy consumption MJ X 10/ha

. H CO2 eqkg/ha
Profit €/ha

M Costs €/ha

Conventional No tillage Reduction Irrigation
P205

Source: AGREE project calculations and results
Figure 4 presents impact on energy consumption, greenhouse gas emissions
(GHG), profits and costs per ton of wheat produced. Results per ton are very different
from those presented on a hectare base. In fact, when considering the productions
obtained both options result in higher resource efficiency. No tillage and irrigation are

win win situations in terms of energy, environmental and economic efficiency. Less

| €SADR

[ - »~

~




Energia e Ambiente: Uso, avaliacdo econémica e politicas na Agricultura

energy is consumed, less GHG are emitted and higher farm profit and lower costs are
obtained due to reduction of the production costs or either due to the increase of the
receipts due to higher productivity in the irrigated option or specific subsidy levels in

the no tillage system.

Figure 4: Impact of different energy saving measures on costs, profit, energy use
and greenhouse gas emissions (GHG) per ton wheat.

350 -
300
250
200 M Energy consumption MJ X 10/ton
W CO2 eq kg/ton
150 axe
m Profit €/ton
100 m Costs €/ton
50
0
Conventional No tillage Reduction Irrigation
P205

Source: AGREE project calculations and results

Costs experience a small decrease with a variation per ton of wheat produced of
around 8% with no tillage and 7% with irrigation and profits per ton for these options,
with a 24% for no tillage and 4% for irrigation per ton produced. The no tillage option
proves to be particularly relevant as an energy efficiency measure with a reduction of
energy consumed by 45% per ton of wheat produced. The irrigation option also
improves energy efficiency with a 3% reduction. For the CO2e a reduction of 30% and
15% was attained with these alternative technologies.

Figure 5 shows the differences between the conventional system and the
analysed options, on energy, GHG emissions, costs and farm profit per ton of attained
wheat yield. It is possible to see that the introduction of irrigation can contribute to the
highest savings in the production costs. No tillage allows the higher savings in energy

consumption and GHG emissions and the highest increase in farm profit.
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Figure 5: Differences of costs, profit, energy-use and greenhouse gas emissions
(GHG) per ton of wheat between the basic scenario and the different energy saving
measures.

100 -
90
80

70
60 M Energy saving MJ X 10/ton

50 B CO2eq saving kg/ton

40 Profit increase €/ton

30 M Costs saving €/ton

20
10 +

No tillage Reduction P205 Irrigation

Source: AGREE project calculations and results

4.2.1 Animal Husbandry systems - Dairy
The dairy case is based on a typical farm of 140 dairy cows in the Alentejo.

Energy efficiency measure considered aims to evaluate the effects of introducing
changes in feeding diet (quantity and quality) to obtain higher farm milk production,
from 7,500 kg milk to 11,000 kg milk/cow/year.

Figure 6 shows the relative contribution of the different inputs in the total costs,
GHG emissions (CO2eq) and energy consumption for the dairy farm in the basic
scenario. It is clear that different inputs contribute in different proportion to the total
costs, primary energy consumption and GHG emissions. This implies that small
changes may induce only a little change in costs but have a high impact on energy use
and GHG emissions.

Concerning the cost structure feed represents the highest amount and is around
83% of total costs. For the energy consumption feed contributes 70% and diesel and
electricity account for almost 30%. For the GHG emissions the highest factor is from
the cows themselves, contributing almost 70% of the emissions, followed by the feed
with approximately 25%. This is due to the emission of methane by enteric fermentation
and also due to animal manure fermentation. These impacts are well documented in

literature (Schils et al. 2006; Van der Hoek & Van Schijndel 2006).
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Figure 6: Relative contribution of different inputs in the farm production to farm
costs economics, energy use and greenhouse gas emissions (GHG) per cow.

100% 1 — —
90% +—
80% -
70% -
60% - M Diesel and electricity
50% - other

0/, -
a0% M Feeding
30% -

m Cows
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10% -

0% -

Company costs (€/cow) Energy Consumption C0O2 eq (ton/cow)

(GJ/cow)

Note: Other inputs include bedding straw, veterinary and water.
Source: AGREE project calculations and results

Table 2 presents costs, energy consumption and GHG emissions per cow. In an
overall analysis it can be stated that increasing milk production by changing feed
increases production costs, energy consumption and GHG emissions (23%, 47% and
14% respectively). This could be compensated for by the production increase. In fact it
is possible to improve resource efficiency by increasing production and decreasing
energy and GHG emission per product unit. In figure 7 it is also showed the impact of
the different options on farm profit. It is possible to see that intensive production
increases the farm profit in more than 700%.

Table 2: Annual costs, PEC and GHG emissions with energy efficiency measures.

Annual Cost PEC GHG
€/cow % MlJ/cow % CO,e/cow %

Aver. Productivity ~ 2652.31 100.00 27257.47 100.00 4656.11 100.00
High Productivity 3263.20 123.03 40138.59 147.26 5308.65 114.01

Figure 8 shows the impact on costs, profit, energy use and greenhouse gas
emissions (GHG) per ton of milk produced. We can observe a different picture
compared with the analysis performed by cow. Intensive production leads to a decrease
of costs (16%), energy consumption is similar and GHG emissions decrease (22%).
Profit increases due to the higher income and lower production costs (from 11.88 €/t to
69.55 €/t). The intensive production results in a substantial increase in profit, which

seems to be a way to make the activity economically sustainable.
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Figure 7: Impact of intensive production on costs, profit, energy use and GHG per
cow.

6000 -+

5000

M Energy consumption MJ X

4000 10/cow

m CO2 eq kg/cow
3000

m Profit €/cow
2000

M Costs €/cow
1000

Basic Scenario, 7500 kg 11000 kg

Source: AGREE project calculations and results

Source: AGREE project calculations and results

Figure 9 shows the differences between the basic scenario and the intensive
production, on energy, GHG emissions, costs and farm profit per ton of produced milk.
Again, it is possible to see that intensive production can contribute to lower GHG

emissions and to increased farm profit per unit of production.

Figure 9

Figure 8: Impact of intensive production on costs, profit, energy use and GHG per
ton of milk.
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Source: AGREE project calculations and results
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Figure 9 shows the differences between the basic scenario and the intensive
production, on energy, GHG emissions, costs and farm profit per ton of produced milk.
Again, it is possible to see that intensive production can contribute to lower GHG

emissions and to increased farm profit per unit of production.

Figure 9: Differences of costs, profit, energy use and greenhouse gas emissions
(GHG) per ton of milk between the basic scenario and the intensive production.
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Source: AGREE project calculations and results

4.2.2 Animal husbandry systems - Poultry
This case is based in an aviary located in the Ribatejo and Oeste region with a

production of 20 000 broilers per flock, 5.5 flocks per year, producing a total of 110 000
broilers per year equipped with air heaters. Energy efficiency measures include
changing to a floor heating system and introducing a heat exchanger integrated in the
ventilation system.

Figure 10 shows the relative contribution of the different inputs in the total costs,
GHG emissions (COze) and energy consumption for the broiler farm assumed as the
basic scenario. It is clear that different inputs contribute in different proportion to the
total costs, primary energy consumption and GHG emissions. This implies that small
changes may induce only a small change in costs but may have high impacts on energy
use and GHG emissions. CO; equivalent emission was calculated using data presented

in van der Sluis (2007).
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Concerning the costs structure it can be seen that feeding represents the highest
value, around 70%. For the energy consumption it contributes for approximately 55%
and diesel and electricity 43%. For the GHG emissions the major responsible are the
broilers, due to the manure fermentation, contributing with almost 75% of the
emissions, followed by the feeding with approximately 20% and diesel and electricity
with less than 10%. Feed is a very important input concerning economy, energy and
environment, in spite of the feed conversion rate being already a good value. More
research about diet composition and industrial processes less energy consumer could be
important to reduce this.

Figure 10: Relative contribution of different inputs in the farm production to
economics, energy use and greenhouse gas emissions (GHG). Other include
bedding straw, veterinary and water.
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90%
80%
70%
60% H Other
50% ' Diesel and electricity
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o B Feeding
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10%
0% T
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Consumption
Source: AGREE project calculations and results

Table 3 presents the costs, energy consumption and GHG emissions per ton.
Again, it can be seen that using the floor heating and the heat recovery will not cause
high change in costs (2% and 1% respectively). However, the results concerning the
energy consumption and GHG emissions are promising. Changing to floor heating
allows reducing the energy consumption around 17% and 11% with the heat recover.
Concerning the GHG emissions the reduction is not so high, 4% and 2%, for floor
heating and heat recover, respectively, which is explained by the reduced amount of

diesel and electricity and high contribution of animals to GHG emissions.

Table 3: Annual costs, PEC and GHG emissions with energy efficiency measures.
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Annual Cost PEC GHG
€/t % MIJ/it % CO,e/t %
Air Heating 1006.64 100.00 13461.72 100.00 4028.54 100.00
Floor Heating 989.11 98.26 11230.33 83.42 3869.64 96.06
Heat recover 998.91 99.23 11923.89 88.58 3949.27 98.03

Figure 11 shows the differences between the basic scenario and the options studied, on
energy consumption, GHG emissions and farm profit per ton of broilers produced.
Again, it is possible to see that using floor heating or the heat exchanger can contribute
to lower energy consumption and GHG emissions and consequently to increased farm

profit per unit of production.

Figure 11: Differences of costs, profit increase, energy use and greenhouse gas
emissions (GHG) savings per ton of broilers between the basic scenario, the floor
heating and the heat exchanger.
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Source: AGREE project calculations and results

4.2.3 Animal husbandry systems - Pigs
The case studied is based on a farm dedicated to fattening, has a building with

42 pens for 48 pigs each, fattening a total of approximately 2000 pigs. The average
number of production cycles is 3 per year, which results in a total production of around
6000 pigs per year, with an average weight of 100 kg live weight. Assuming a mortality
rate of 2% total production per year is 588 ton. The energy efficiency measure
considered is the introducing new feeder equipment of controlled access which allows

for savings of feed reducing waste (Aguiar, 2012).
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Figure 12 shows the relative contribution of the different inputs in the total costs,
GHG emissions (CO2eq) and energy consumption for the pig farm assumed as the basic
scenario. It is clear that different inputs contribute in different percentages to the total
costs, primary energy consumption and GHG emissions. This implies that small
changes in factors may have small effects in costs but different impacts on energy use
and GHG emissions. Energy consumption for piglet production (feeding and heating)
was assumed as 150 MJ/piglet. CO2eq emission was calculated using data presented in
Amon et al. (2007) and Lesschen et al. (2011).

Concerning the cost structure it can be seen that feeding represents the highest
share, around 59% followed by the piglets themselves with 36%. For the energy
consumption feeding contributes for approximately 73% followed by the piglets and
electricity with 14% and 13%, respectively. Regarding the GHG emissions, as expected,
pigs account for the largest share, mainly due to enteric fermentation and also due to the
manure fermentation, contributing to 83.5% of the emissions, followed by feeding to
approximately 14.8% and electricity to 1.7%. Feed is a very important input concerning
economy, energy and environment, in spite of the feed conversion rate being already a
good value. Research into diet composition and industrial processes with less energy
consumption could be important.

Figure 12: Relative contribution of different inputs in the farm production to
economics, energy use and greenhouse gas emissions (GHG). Other includes
veterinary and water for drinking and cleaning.
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Source: AGREE project calculations and results

Table 4 presents the costs, energy consumption and GHG emissions per ton. Again, it

can be seen that using the feeder alternative will not cause a high change in costs (3%).
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The same happens with the GHG emissions, with a reduction of less than 1% because of
the high contribution of the pigs themselves. Concerning the energy consumption using

the feeder option allows a reduction of almost 4% in energy consumption.

Table 4: Annual costs, PEC and GHG emissions with energy efficiency measures.

Annual Cost PEC GHG
€/t % MJ/t % COgef/t %
Traditional. Feeder 1019.04 100.00 10732.36 100.00 4376.96 100.00
Controlled access 987.99 96.95 10291.55 95.89 4340.23 99.16

Figure 13 shows the differences between the basic scenario and the option
analyzed, on energy consumption, GHG emissions and farm profit per ton of pigs
produced. Again, it is possible to see that the use of the feeder with controlled access
can contribute mainly to lower energy consumption per unit of production.

Figure 13: Differences of profit, energy use & GHG emissions (per ton) between
the basic scenario and the studied option.
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Source: AGREE project calculations and results

4.3 Greenhouse systems — tomato
This case is based on a real farm with 7 ha of unheated greenhouses producing

tomato crops grown in soil. The alternative energy efficiency measures considered
include the production options of hydroponics with substrate, hydroponics and fertilizer
and water doses adjusted, rationalised use of fertilizers, pesticides and water in soil
production and use of an integrated control system.

Figure 14 shows the relative contribution of the different inputs in the variable

costs, GHG emissions (CO2eq) and energy consumption for the farm assumed as the
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basic scenario. It is clear that different inputs contribute in different percentages to the
total costs, primary energy consumption and GHG emissions. As in other crop and
livestock systems this implies that small changes may have little effects on costs but
high impacts on energy use and GHG emissions.

Concerning the business cost structure it can be seen that plants (42%), materials
(20%), fertilizers (11%) and others (12%) are the most important. Other costs include
the bumblebees (10%) and water. Direct energy (diesel and electricity for irrigation) and
pesticides both contribute 8% to the costs. In terms of energy consumption direct energy
(diesel and electricity) used for the field operations and the electricity used for the
irrigation represents the most important factor, contributing approximately 68% and
materials and fertilizers, with approximately 19% and 12%, respectively. The same
order applies for the GHG emissions, with diesel and electricity responsible for 69%,
fertilizers 20% and materials 10%. Pesticides do not have a great contribution on energy
consumption or GHG emission, which agrees with a previous study of Anton et al.
(2012).

Figure 14: Relative contribution of different inputs in the farm production to
economy, energy use and greenhouse gas emissions (GHG). (Materials are the
LDPE and raffia for tutoring. Others include bumblebees and water).
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Source: AGREE project calculations and results

Table 5 presents total costs, energy consumption, GHG emissions and profit per ha and
year. The basic scenario presents total costs per hectare around 58 500 € and the only
option that allows reducing costs is option 3, with the reduction of fertilizers, pesticides

and water, to approximately 56 600 €. All other alternatives have higher production
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costs that vary between 0.2 to 7.2%. Concerning energy consumption, options 1 and 2
(hydroponics) show an increase of 64 and 39%, while options 3 and 4 allow a decrease,
from the basic scenario, of 15 and 9%, respectively. The same occurs with GHG
emissions, expressed as CO2eq. Options 1 and 2 increased emissions by 65 and 36%,
respectively and options 3 and 4 decreased it around 17 and 8%, respectively.
Concerning profit, the best results are attained with the hydroponic options. Option 2
presents the best results, with an increase of 23%. Option 4, using an integrated control
system to improve greenhouses management, does not significantly change farm profit
which is explained by the necessary investment in equipment, not translated into
sufficient input savings. More research is necessary to improve the efficiency of this
alternative.

Figure 15 shows the impact on costs, profit, energy use and greenhouse gas emission
(GHG) per ton of tomatoes produced. We can observe the same trend as mentioned
before. The major difference is related to costs/t, which decreased in the two
hydroponics options, due to higher crop yields.

Table 5: Total annual costs, PEC, GHG emissions and Profit with energy efficiency

measures.

Annual Cost PEC GHG Profit

€/ha % MlJ/ha % CO,¢e/ha % €/ha %
Greenh. Soil 58528 100 364165 100 21037 100 31472 100
Hydro 62733 107 597312 164 34785 165 37267 118
Hydro FW 61175 105 505915 139 28559 136 38825 123
FPW 56612 97 309611 85 17418 83 33388 106
ICS 58613 100 330908 91 19322 92 31387 100

Figure 15: Impact of different energy saving measures on costs, profit, energy use
and greenhouse gas emissions (GHG) per ton of tomato.

Atas

| 4639



Economia, Sociologia, Ambiente
e Desenvolvimento Rural

350
300
M Energy
250 consumption MJ X
10/ton

200 B CO2 eq kg/ton

150 M Profit €/ton
100
M Costs €/ton
50

Basic Hydro Hydro_FW  FPW ICS
scenario
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Figure 16 shows the differences between the basic scenario and the other options

on energy, GHG emissions and farm profit per ton of yield. It is possible to conclude
that a more rational use of input factors can contribute to save energy, to lower GHG
emissions and to increase farm profit. It is also possible to increase productivity and
consequently to improve the efficiency of resources use. However, several factors
interact in the production system, and more research is needed in order to obtain

experimental data that could allow a more detailed analysis.

Figure 16: Differences of profit, energy use and greenhouse gas emissions (GHG)
savings per ton of tomato between the basic scenario and the different options

studied.
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Source: AGREE project calculations and results

4.4.1 Permanent crop systems - Olive groves
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Olive groves case is based on a typical farm located in the Alentejo region with
143 hectares with an intensive plantation production system, with an average of 314
trees per ha. Alternatives considered were a reduction of water for irrigation, fertilizers
and pesticides through improved irrigation scheduling and fertilizer and pesticide
application strategies based on precision farming and the super intensive production.

Figure 17 shows the relative contribution of the different inputs in total energy
consumption, GHG emissions (CO2eq) and farm costs for olive production system of
this farm. Diesel and electricity represents 57 % of total energy consumption, followed
by fertilizer which represents about 16%. This order holds but with relatively different
proportions of each factor holds for CHG emissions (56% and 27%) and for farm costs
(38% and 26%, respectively). This means that changes in diesel and electricity
quantities will tend to have relatively more impact on energy consumption and CHG
emissions than on costs and fertilizer changes on costs than on CHG emissions and

energy consumption.

Figure 17: Relative contribution of different inputs in the farm production to
economics, energy use and greenhouse gas emissions (GHG).
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Table 6 presents costs, energy consumption, GHG emissions per ha. The super-
intensive option represents an increase of 21.5% in annual costs relatively to the basic
system (an increase from 1,772 € to 2,154 € per ha). Concerning energy consumption

and GHG emissions the results of energy consumption and GHG emissions for the
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super intensive system increase 14.9 and 26.4%, respectively, due to the use of more
inputs in the production factors.

Table 6: Annual costs, PEC and GHG emissions with energy efficiency measures.

Annual Cost PEC GHG
€/ha % MlJ/ha % COse/ha %
Intensive 1772.38 100.0  28819.08  100.0 1898.08 100.0
Fert&Pest.Mana 1712.01 96.6 27383.18 95.0 1800.87 94.9

Super-intensive 2153.76 121.5  33113.84 1149  2399.90 126.4

Source: AGREE project calculations and results
In figure 18 it is shown the impact energy use and GHG emissions, profit and
costs per ton of olives produced. Results differ when we analyse them per unit of
production. They are more favourable for energy consumption, with a reduction of 8%,
than for other indicators, that present small changes, an increase in CHG emissions

(1%), a decrease in costs (5%) and increase in profits (3%) per ton.

Figure 18: Impact of different energy saving measures on costs, profit, energy use

and greenhouse gas emissions (GHG) per ton of olives.
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Source: AGREE project calculations and results

Olive groves are the most important permanent crop in Portugal. In Portugal,
simple precision agriculture methods were selected to be analysed for energy
consumption mitigation and it was shown that energy consumption and GHG emissions
was reduced by approximately 9%, when the farm profit increased around 11%. In

Greece, the impact of organic farming (irrigated or non-irrigated) was investigated in a

| €SADR

[ - »~

~




Energia e Ambiente: Uso, avaliacdao econémica e politicas na Agricultura

typical farm in the central part of the country. It was found that organic farming has
positive effects in energy (13.2 and 11% reduction respectively) and greenhouse gas
emissions (37.8 and 56.8% reduction respectively) with a significant profit increase of
46.2% and 39.3% respectively. The result in energy and greenhouse gases was based on
the fact that the inputs were highly reduced (especially in terms of chemical fertilizers
that were substituted by animal manure) in combination with a lower yield (but not as
much as the inputs decrease). Profit was increased significantly, mainly due to higher
olive prices gained from organic farming.

4.4.2 Permanent crop systems - Vineyards

The case of vineyards system is based on a typical farm of 300 hectares and a
traditional vineyard cropping system in the Alentejo region. The two energy efficiency
measures studied were the effect of using precision agriculture techniques for
differential, spatial, application of fertilizers and pesticides and an organic cropping
system which uses alternative crop protection products.

Figure 19 shows the relative contribution of the different inputs in total energy
consumption, GHG emissions (CO2eq) and costs for the vineyard farm production
system assumed as the basic scenario. Different inputs contribute in different
percentages to primary energy consumption, GHG emissions and total cost. Hence,
changes in factor levels and mix may have different impacts on energy use, GHG
emissions and costs. Pesticides, diesel and fertilizers are the most important factors
concerning energy consumption and GHG emissions, by that order. Fertilizers are the
most important in costs followed by pesticides. Plants and other materials are also a
relevant component of costs. These refer to annual costs of plants and to tutors used in
the vineyard installation.

Figure 19: Relative contribution of different processing units and inputs in the
farm production to economics, energy use and greenhouse gas emissions (GHG).
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Table 7 presents the total annual costs, energy consumption and GHG emissions
per hectare. Organic production and precision agriculture alternative systems decrease
energy consumption, GHG emissions and costs relative to basic system. In fact,
production costs decrease about 12% with organic production and 5% with the precision
agriculture technologies. Energy consumption levels are reduced by 22.2 and 7.4% for
organic production and precision agriculture, respectively. For the CO2eq emissions a
decrease of 25% is obtained with organic production and approximately 8% with
precision agriculture. These reductions are explained in the first case with the reduction
of the inputs quantity due to the differential rate application and in the second case with
the use of products with organic origin, with reduced or none contribution for the GHG

emissions.

Table 7: Annual costs, PEC and GHG emissions with energy efficiency measures.

Annual Costs PEC GHG
€/ha % Ml/ha % COse/ha %
Traditional 2874.86 100.0  20391.68 100.0 1109.20 100.0
Organic 2539.20 88.3 15873.06  77.8 831.65 75.0

Precision Agriculture ~ 2738.10 95.2 18875.88  92.6 1019.12 919

Source: AGREE project calculations and results

In figure 20 it is also showed the impact of the different options on farm profit.
Organic production results in a decrease of the farm profit (approximately 17%) due to
lower yield levels. In fact, higher production prices do not fully compensate negative

effects of reduction of production on profits. This question must be addressed for this
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kind of products because farmers will not invest to adopt these systems and produce

these products. Precision agriculture profit increases around 12%. In the case of

precision agriculture, the same yield level with lower costs results in profit increase.

Figure 20: Impact of different energy saving measures on costs, profit, energy use
and greenhouse gas emissions (GHG) per ha.
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Figure 21 presents the impact on energy use, greenhouse gas emissions (GHG)

costs and profit per ton of grapes produced. Alternative systems have different effects in

energy consumption and GHG emissions per ton of product. Organic production leads

to increase energy consumption (9%) and GHG emissions (5%) due to the lower

productivity per ha (5t instead of 7t). Since productivity is the same in precision

agriculture and factors levels are reduced energy consumption and GHG emissions per

ton produced decrease, 7 and 8 %, respectively. Organic production leads to an increase

of costs (24%) but profits also increase (16%) due to the higher price paid for the

grapes. The use of precision agriculture technologies allows for reducing production

costs (5%) and increasing farm profit (11%).

Figure 21: Impact of different energy saving measures on costs, profit, energy use
and greenhouse gas emissions (GHG) per ton of grapes.
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Alternative organic and precision agriculture production systems have different
potential to reduce energy consumption and GHG emissions per hectare contributing to
increase the efficiency use of resources, lowering costs and increasing farm profits. In
the case of organic production, a lower productivity results in lower energy efficiency
and higher environmental impact per tonne of production, higher average costs but still
ending up in a higher profit per ton produced due to the product price increase effect.
Precision farming alternative allows for factor decreases maintaining product

productivity and therefore promotes physical and economic factor efficiency.

5. Conclusion

For the selected types of agricultural systems different inputs contribute in
different percentages to total costs, primary energy consumption (PEC) and greenhouse
gas emissions (GHG). For arable crops diesel and fertilizers represent more than 90 %
of energy consumption and emissions but around 45 % of costs. Hence, changes in
diesel and fertilizers mix used will have little cost changes but large impacts on energy
use and greenhouse gas emissions. As expected in animal husbandry systems feeding
takes up more than half of the energy used and represent more than half of the costs.
However feeding share of GHG emissions is not so relevant with animals by itself being
responsible, in all cases (dairy, poultry and pigs) for 70 % or more of total emissions.
Greenhouse systems have diesel and electricity as major component on energy use and
emissions but plants are the larger component on costs. For permanent crops diesel and

electricity are the largest component of energy use and emissions for olives but
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pesticides take this place for vineyards. These inputs, diesel and electricity, fertilizers
and pesticides represent important relative parts with the latter two representing the
larger shares in vineyards.

The analysis of the impact of no tillage and irrigation on arable land production
system showed that both alternatives contributed to energy savings and reduced GHG
emissions, increasing physical and economic factor efficiency. However, cost savings
and profit earnings with these measures are relatively lower than reductions of energy
consumed and GHG emissions which suggest an important role for policy incentives.
Energy efficiency measures for animal husbandry systems also have different impacts in
terms of decreasing or increasing energy use, emissions and costs per animal unit
depending on the additional effort of factor use or intensification, respectively.
However, in both cases when results are related to animal system outputs measures
considered increase energy efficiency use and decrease emissions per unit of output. For
greenhouse crops the same applies. In general, the options considered save energy used
and reduce emissions per unit of output but cost effects and profit increase are in
relative terms less significant. Permanent crops represented by olive groves and
vineyards systems are the agricultural systems less responsive to energy measures
considered with estimates of energy used, emissions and costs revealing small
variations in negative and positive terms, i.e., reflecting relative small changes in energy
efficiency per unit of output and impacts on environment and costs.

Results for energy efficiency measures and economic and environmental impacts
have further to be analysed looking at questions related to quantity versus quality of
agricultural products used as raw materials of differentiated products. This is for
instance particularly important for vineyards, but also applies to other products, such as
for olives and durum wheat, that can get capture additional value due to specific
characteristics of products produced related to quantity produced that can be different
when other agricultural systems technologies are used and focus is exclusively or
primarily on quantity produced and on efficiency of factors used such as energy in the

case of AGREE project.
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Abstract

This paper aims assessing the economic and environmental trade-offs of traditional
Mediterranean dry farming systems in the Alentejo region, southern Portugal. An
environmental analysis using environmental indicators, such as the nitrogen balance,
energy input, greenhouse gas emissions, acidification, eutrophication impacts, as well as
an aggregated eco-indicator were developed. For assessing economic returns of farming
systems, a budgeting analysis was carried out. Then the environmental and economic
analysis was integrated in a linear programming model which was developed for a
regional farm type. This model was used to assess the farm net profit under different
policy measures, as well as to obtain the economic trade-off of each environmental
indicator through its dual solution regarding the respective shadow prices. Results show
that farm net profit greatly varies among crops for the different policy scenarios
considered and the economic and environmental trade-offs highlights the important role
of other crops than cereals in rotations for promoting the sustainability of Mediterranean
crop system.

Key Words: Trade-offs; Economic and environmental analysis; linear programming;
shadow prices.
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ECONOMICAL AND ENVIRONMENTAL TRADE-OFFS OF TRADITIONAL
MEDITERRANEAN DRY FARMING SYSTEMS IN THE ALENTEJO REGION OF
PORTUGAL

1. Introduction

The concept of sustainable development arose at the end of the last century,
when the demand for fossil fuel energy exceeded its ecological limits and society
looked for a concept that reconciled the ecological, economic and social goals of the
present with those of future generations. Nowadays, managing the present and future in
a sustainable way is a task that will accompany humanity into the future (Schlor et al.,
2012). To address this challenge in a global and interconnected world, the world's
agriculture must be competitive but also sustainable. European agriculture is, obviously,
no exception. Public policies, such as the Common Agricultural Policy (CAP) in the
European Union (EU), must deal with this challenge and provide guidance. That is their
major role.

There is evidence and public concern about the environment, namely regarding
loss of biodiversity, climatic change and air, soil and water degradation, and the
recognition that farmers, due to the specific characteristics of their activity and
connection with environmental and natural resources, play a role in producing public
goods and services that markets undersupply (Cooper et al., 2009; Marques, 2010). The
introduction of sustainability objectives requires the redefinition of reference values for
agricultural activities, which must be based not only on the recognition of
multifunctional land use but also on the complex role that agriculture plays in society
(Gomiero et al., 2006, Newman et al., 2013).

CAP has extended its first and foremost objective of agriculture as that of
supplying food to include policies relating to environmental effects and concerns,
namely by decoupling, promoting agro-environmental policy measures and adopting
ecological cross compliance requirements. Thus, support and orientation for farmers is
expected to be closely tied to the environmental performance of their farming systems,
which requires effective integrated economic and environmental evaluation (Pacini et
al., 2004; Van Ittersum et al., 2008). Indeed, in the current CAP reform, part of farm

support payments already includes a required greening to implement this orientation.
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The environmental component of sustainable development is usually addressed
in a very general way and the variety of impacts is rarely considered. However, it is
essential to consider the full range of impacts for accurate and transparent
environmental assessment (Joumard, 2011). To meet this challenge, evaluation of the
sustainability of agricultural systems and methods to determine those with greater yields
relative to their resource use and environmental degradation have been proposed
(Martin et al., 2006). To provide effective guidance and deliver public results, policies
must be based in real and appropriated evaluation of farmer actions and their
environmental contribution. This requires an integrated economic and environmental
evaluation of agricultural systems (Pacini et al., 2004; Van Ittersum et al., 2008).

Facing to those challenges, this paper presents the case study of the Alentejo
region, southern Portugal, in which a comparison between two traditional
Mediterranean dry land farming systems is done based on an integrated economic and
environmental analysis. Thus, the contrast between a traditional dry land farming
system and an extensive livestock mixed farming system in the Alentejo region seeks to
explore and analyze economic, production and environmental trade-offs. Another
question that the paper treats is the relationships between environment and policy
measures, such that results can be used to guide CAP instruments.

The paper is organized in three more sections. The following section describes
the material and methods. First a general overview about the analytical framework used
is done and then the two traditional Mediterranean farming systems are presented, as
well as, the linear programming models developed. Section 3, regards to environmental
and economic results and trade-offs are analyzed and explored. In the final section the

major conclusions and future research implications are presented.

2. Material and methods

Analytical systems and methodologies for obtaining quantitative descriptions of
the trade-offs between different objectives, such as gross margin, greenhouse emissions
and the energy input use in farm, has been developed (Ten Berge et al., 2000). Linear
programming models applied at farm level allows integrate economic, production and
environmental issues based on micro accounting data and technical knowledge of

farming systems.

Atas

| 4651



4652

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

In order to meet the purpose of this paper a linear programming model was
developed to analyze the economic, production and environmental trade-offs in the
Alentejo region, located in southern Portugal between Tagus River and Algarve. The
analysis was based on two traditional Mediterranean farming systems: a dry land
cropping system; and an extensive livestock mixed system. The model maximizes the
farm profit in the long term (net margin) and was developed at the farm level for each
one of the two farming systems studied, considering land as a fixed resource and that
the farmer's behaviour is subjected to crop area in the rotation. The environmental
analysis is integrated with economic analysis considering in the model counter
equations to model the input-output relationships between production and
environmental impacts. Therefore, the farmers’ behaviour regarding crops and
production technologies is based on farming system profit and after has been taken the
decision the model allows to assess its environmental impacts. In this structure is easy
considering several indicators and for each one is possible to have a shadow price,
which represents the trade-off between economic profit and environmental impact.

Among the agro-environmental issues and respective indicators that have been
proposed to evaluate environmental effects of production system technologies at farm
level, nutrient (Simon et al., 2000; Bassanino et al., 2007), pesticide use (Padovane et
al., 2004), energy (Pervanchon et al., 2002; Koga, 2008), soil organic matter (Ernest and
Siri-Prieto, 2009), soil preparation and sowing (Borin et al., 1997; Lopez-Fando and
Pardo, 2009) and biodiversity (Manhoudt et al., 2005) are frequently used and reported
in the literature. The agro-indicators selection depends upon project objectives, data
availability, policy options and scenarios.

Rosado et al. (2012) presents a critical review of methods and different
evaluations reported in scientific literature for crops under different systems and
conditions (Tsatsarelis, 1993; Nguyen and Haynes, 1995; Legendre, 1997; Moerschner
and Gerowitt, 2000; Mattson, 2003; Loges et al., 2005; Nemeck and Baumgartner,
2006; Charles et al., 2006; Koga, 2008), including prior evaluations for the different
Portuguese systems and regional conditions, namely for Alentejo crop activities, such as
wheat and sunflower (Teixeira et al., 2008), as well as for similar conditions in regions

of Spain (Hernanz et al., 1995).
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Selected indicators in this study include nutrient balance for nitrogen, input level
for energy and life cycle assessment (LCA) approach for greenhouse gas emissions,
acidification and eutrophication effects and a composite eco-indicator impact factor
calculated with SimaPro 6.0 software.

The nitrogen indicator evaluation is based on Simon et al. (2000), with inputs
coming from fertilizer contents, biological incorporation of legume crop and
atmospheric deposition, and output calculated from crop production quantities and
nitrogen content tables (Soltner, 2004).

The energy input analysis includes the use of direct and indirect energy
(Hulsbergen et al., 2001). Direct energy is related to the consumption of fossil fuels and
lubricants in cropping operations (Audsley, 2000). The indirect energy includes the
energy associated with seeds (Safe, 2003), fertilizers (Hulsbergen et al., 2001),
pesticides (Green, 1987) and machinery (Rosado, 2009)

Total absolute values for greenhouse gas emissions, acidification, eutrophication
and composite eco-indicator were based in coefficient unit values of SimaPro software
package of life cycle analysis. Output file of SimaPro provides data on eleven
environmental indicators (including those three), and a composite weighted and
normalised single value indicator of global environmental effect (Eco95).

A description of the traditional Mediterranean dry land farming system and of
the traditional Mediterranean extensive livestock mixed system and corresponding

models are presented follows..

2.1. The traditional Mediterranean dry land farming system

The traditional dry land farming system is based on a typical farm of 250
hectares, with clay soils and without trees, in the Beja district (Rosado, 2009). This
farming system is based on a crop rotation of four years (sunflower — durum wheat —
green pea — durum wheat) in which cereal alternates with sunflower and pea. The crop
rotation are established to achieve high production levels of cereal, namely durum
wheat that have had specific grants in the past support policy.

Soil conventional preparation with deep plough, in October, is followed by two
harrowing soil mobilization, during winter, and one before sunflower seeding, in March,

which begins the crop rotation. Sunflower does not receive fertilization or herbicide
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treatment and it is harvested in August. The soil for durum wheat is prepared during
November with chisel plough followed by harrow. Seeding occurs in December with a
seed density of 200 kg per hectare and fertilization levels of 300 kg per hectare (N-P-K
respectively 20-20-0). During February a chemical weeding is followed by a nitrogen
fertilization with 150 kg per hectare (N 27%). The harvesting (3 tons per hectare of
wheat and straw) is in July. The green pea seeding occurs next in January with 150 kg
per hectare. After a harrow and two chisel plough operations are done for soil
preparation. As with sunflower, pea does not require weeding nor fertilization
treatments. The harvest of 1100 kg of pea, per hectare, is also in July. The durum wheat
ends crop farming rotation exactly with the same annual calendar as wheat but with
expected productivity of 2.9 tons per hectare.

The unitary environmental impacts for crops and for the all farming system are
presented in Table 1.

Table 1: Environmental effects for crop activities and system

Environmental indicators Sunflower \BEZZ?I C}%)r:;sn \gﬁzzinz ngferin

Nitrogen Balance (kg/ha) -17.0 22.9 35.7 25.7 16.8
Energy Input (GJ/ha) 2.93 11.37 3.81 9.60 6.93
Greenhouse gas emissions (kg CO, eq./ha) 369 2514 186 2262 1333
Acidification (kg SO, eq./ha) 3.45 33.36 3.21 31.32 17.84
Eutrophication (kg PO, eq./ha) 0.62 10.74 1.47 10.38 5.80
Eco-indicator 95 (pt/ha) 1.92 9.13 1.77 8.10 5.23

Source: Nitrogen and energy accounts and SimaPro output

The mathematical structure of the linear programming model developed to

assess this farming system is presented follows:

MaszZp]-Xj @9)
P
Subject to
Z X <s @)
j
X <x} 3)

J
where, Xj is the decision variable regarding the area of crop j; E; is the endogenous

variable that measures the environmental impact respecting to indicator i; s and XjO are
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the exogenous parameters of available land and maximal crop area in the rotation,
respectively; p;j is the net margin by crop j; finally, e;; is the technical coefficient that
measures the unitary environmental impact of crop j regarding indicator i.

The expression (1) is the objective function and corresponds to maximizing the
farm net margin. The equation (2) represents the land constraint in the model. Equations
(3) and (4) are related to crop sheets in rotations and input-output relations between

production and environment, respectively.

2.2. The traditional Mediterranean extensive mixed farming system

The second system studied is an integrate crop-livestock production system,
where animals use plants and more fibrous resources as feed, transforming raw material
efficiently and directly into useful goods for humans and so contributing to enhance
sustainability of the system (Bocquier and Gonzalez-Garcia, 2010).

This crop-livestock system is carried out in a typical farm of 189 ha, with
Mediterranean soils in the Evora district. Cropping options at this farm has five annual
crops in rotation (wheat — oats — vetch oat - durum wheat — ryegrass), occupying an area
of 110 hectares, this is, twenty two hectares per culture. Natural grassland occupies 53.7
hectares in sub-covert of dispersed tree cover of cork and holmoak “montado”, the
typical Mediterranean forest. The natural pastures consist of annual grasses and some
legumes. There are also twenty five hectares of natural pasture improved with fertilizer,
and an olive grove that occupies 23.3 hectares but that will not be subject of the present
study.

Vetch oat and ryegrass are for hay production for animal feeding, as well as, oats
grains and cereals straws and stubbles. The wheat and durum wheat grain is marketed as
well as part (77,3%) of wheat durum straw produced is marketed. Natural grassland and
improved pasture will be directly grazed by farm animals. The livestock is based on
beef cattle in very extensive systems to addressing the weaknesses of the soil, as well as
nature conservation that appears progressively valued by landowners (Menezes et al,
2010).

Soil conventional preparation for the soft wheat is made in the early November
with two disc harrowing soil mobilizations, followed by one soil mobilization with a

double cultivator. Seeding occurs, in November 15, with a drill lines and a roller
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coupled, using a seeding density of 180 kg per hectare and fertilization levels of 250 kg
per hectare (N-P-K respectively 18-46-0). Weed spraying is in middle February, and the
covering fertilization using 190 Kg (Urey 46%) is at first half of March. The wheat
harvesting (2.1 tons per hectare of wheat and straw) is in July. The production
technology used for the durum wheat is identical to soft wheat with exception of
seeding density, which is 200 Kg per hectare in former and 180 Kg per hectare in the
later.

Soil conventional preparation for the oats is made in middle October with disc
harrowing and two soil mobilization crossed, followed by seeding, with a drill lines and
a roller coupled and using 150 Kg of oat seed and 190 Kg fertilizer per hectare (N:P:K
respectively 7-14-14). Cover fertilization is in middle February with 100 Kg per hectare
(Urey 46%). Oats harvest is in middle June with grain productivity of 1800 Kg per
hectare and 1800 Kg of straw per hectare.

Oat vetch soil preparation occurs in the 1st half of October with harrowing
mobilization followed by cultivator. Seeding is made with a drill lines and a roller
coupled using 140 kg of seeds per hectare (80 kg oats and 60 kg of vetch),
simultaneously is carried out a fertilization using 150 kg of fertilizer (N-P-K
respectively 18-46-0). In the 2nd half of January the oats vetch fertilization is made with
100 Kg fertilizer per hectare (N: 27%) using a centrifugal distributor. In the second half
of May, the forage is cut using a mower conditioner and two days later a gleaner turns
the cut material towards a faster drying of the green material. After drying, the hay is
balled, collected and stored and the yield of 4500 kg per hectare is intended for animal
feed.

Ryegrass soil preparation sowing occurs in the 1st half of October with a double
cross harrowing. Seeding takes place in the 1st half of October, with a drill lines to
which it is coupled a roller. The seeding density is 25 kg per hectare and fertilizer
application is of 130 kg of fertilizer (N-P-K respectively 15-15-15) per hectare. In the
2nd half of December the animals (beef cattle) graze this ryegrass (cutting teeth), after
which it proceeds to a fertilization with 110 kg of fertilizer (N: 27%) using a centrifugal
distributor. In the 1st half of May the forage is cut using a mower conditioner. In

following days the forage is turning with a gleaner to forage dry enough to be baled.
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The average yield per hectare is 4000 Kg of hay and is intended entirely for the
livestock feeding.

At natural grassland improvement it is only proceed to fertilizer application in
final of the 2nd half of September, applying 220 kg of superphosphate per hectare.

The natural pasture is intended to feed livestock and its availability varies
throughout the year, as well as, the chemical composition and nutritive value. Hence, it
was considered in the model five periods, which regard different quantities produced
and nutritional value through the year (Rosado, 2009).

Livestock activity is based on the production of beef cattle with an extensive
system. The breeding stock includes 80 crossbred cows with similar characteristics to
Charolaise, twelve replacement heifers and two bulls (one Charolaise and other
Limousin). The mating is concentrated between November and December and during
this time the bulls accompany the cows grazing. For the reproductive parameters was
considered a fertility rate of 90% and a mortality rate up to calves weaning of 3%.
Annually has born thirty-five male calves and thirty-five female calves. All the males
calves and twenty-three female calves are sold after weaning with live weight of 245 kg
and 220 kg, respectively. The replacement of the males is done with animals purchased
from abroad the farm. The food requirements of different categories of animals on the
farm were calculated based on tables INRA (Soltner, 2004), depending on the weight of
the animal and his physiological state.

The unitary environmental impacts for crops and for the all mixed farming
system are presented in Table 2.

Table 2: Environmental effects for crop activities and system of crop-livestock

Environmental indicators Wheat Durum Oat Vetchx| Rye | Crop
Wheat oat grass | System
Nitrogen Balance (kg/ha) 75.7 79.7 23.4 20.4 2.3 40.3
Energy Input (GJ/ha) 11.52 11.99 845 | 6.59| 5.02 16.8
Greenhouse gas emissions (kg CO, eq./ha) 2516 3095 1344 698 | 1016 1734
Acidification (kg SO, eq./ha) 35.9 43.7 19.0 10.0 12.6 | 242
Eutrophication (kg PO, eq./ha) 11.6 13.1 7.6 6.1 6.4 8.96
Eco-indicator 95 (pt/ha) 9.94 11.31 5.97 3.49 4.15 6.97

Source: Nitrogen and energy accounts and SimaPro output

In this case, the dry farming model presented before was transformed in order to

consider livestock production and their complementarities with crop system, namely,
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with forage crops and pastures. The mathematical structure of the linear programming

model developed for the mixed farming system is presented follows:

MaxZ=Zkak+pY with k € j (5)
k
Subject to
ZX,- <s 6)
J
Z el-ij < xjp Vi (8)
J
Z n,X; + 2 Wi —1Y 20 Vtandwithland f € 9
l f
w;
L<x vf (10)
T Tt
Y <y° (11)

where, indexes k, 1 and f are respecting to selling crops, pastures and forage crops,
respectively; Y is a decision variable corresponding to the level of livestock activity;
Wy is an endogenous activity that measures the consumption of forage f in the year
period t; n are the nutritional coefficient parameters of pasture 1 or forage f in the period
t; 1, are the livestock nutritional requirements in each period t; and x" is the up boundary
of livestock activity Y.

Face to the former model presented to dry land cropping system, this model has
as main changes the addition of livestock activity profits in the objective function (5)
and the new equations (9), (10) and (11). The first one regards the feed balance
according to the year period. The second assures that forages consumption does exceed

the production. The last one bounds livestock activity to the observed levels in the farm.

3. Results

Economic and environmental results for the dry land farm cropping system
model are presented in Table 3. Farm results reflect a substantial contribution of
subsidies in farm income, making up almost 73 in a total net return of 81 thousand

Euros, representing 89 percent of farm net return. Total area of 250 hectares is fully
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used with the four crops rotation imposed by the rotational restriction which indicates
that sunflower and green peas use 62.5 and durum wheat 125 hectares. Global
environmental impacts obtained in absolute values are 4.2 tons of nitrogen, 1.6 Gj of
energy, 333.2 tons of CO; eq., 4.4 tons of SO, eq., 1.4 tons of PO, eq. and an overall
eco-indicator impact of 1 308 points. These total absolute estimates are particularly
important for comparing impacts and trade-offs of different crops, production
technologies and farming systems and hence for indicating potential reductions of
environmental impacts.

Dual prices represent marginal costs of environmental effects and indicate trade-
offs between economic and ecach environmental criteria. For instance, farm total
greenhouse gas emissions is estimated to be around 333 tons CO,eq. To reduce this
value by a ton of CO,eq., a 0.3 % reduction on the farm emission level, requires a cost
in farm return of 244 Euros. The same applies to each agri-environmental indicator
selected. In aggregate terms of these effects, to reduce ecological farm impact (Eco 95
indicator) by one point, a 0.0076 percent decrease (because farm score is 1307.5 points),

requires a cost of 62.21 Euros.

Table 3 — Farm environmental effects and economic trade-offs for crop system

farm

Rows Values Dual Prices

Net Farm Income (€) 81336 d.a.
Subsidies (€) 72 630 d.a.
Land (ha) 250 326 (€/ha)
Rotation implementation 1* (ha) 0 169 (€/ha)
Rotation implementation 2* (ha) 0 28 (€/ha)
Rotation implementation 3" (ha) 0 157 (€/ha)
Nitrogen Balance (Kg N) 4203.75 19.35 (€/KgN)
Energy input (GJ) 1 655 49.15 (€/G))
Emissions Green house (Kg CO,eq.) 333175 0.244(€/KgC0,eq.)
Acidification (Kg SO2eq.) 4 458.75 18.24(€/Kg SO,eq.)
Eutrophication (Kg de PO4eq.) 1 450,63 | 56.07 (€/Kg PO4eq.)
Eco 95 (Pt) 1307.5 62.21 (€/Pt)

d.a.=doesn’t apply

Source: LP model results
Another way to compare results for alternative environmental effects is to
compute the environmental effects for the same reduction in costs. For example, with
one Euro reduction in the costs the greenhouse gas emissions can be reduced by 4.1 Kg

CO,eq. and the acidification by 0.05 Kg SO,eq.

Atas

| 4659



4660

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

Results for the extensive mixed farming system farm model are presented in
table 4. All the land available is used with the rotation, which means that each crop
included, soft wheat, oats, oats and vetch, durum wheat, ryegrass, natural pasture and
improved area use 35,7 ha of land. Feedstuff produced under this rotation is able to
meet nutritional requirements of a herd of 118 breeding cows. Mixed system farm
economic result is approximately 42.8 thousand euros. However, subsidies to cereals
and to cows received of almost 64 thousand euros, value above net farm income,
indicating that farm social return is negative and that without heavy policy support this
mixed farming system without adjustments is not sustainable.

Table 4 — Environmental effects and economic trade-offs for mixed system

farm

Rows Values Dual Prices

Net Farm Income (€) 42 791 d.a.
Subsidies (€) 63 955 d.a.
Land (ha) 250 171 (€/ha)
Rotation implementation 1* (ha) 0 3,9 (€/ha)
Rotation implementation 2* (ha) 0 17,3 (€/ha)
Rotation implementation 3" (ha) 0 0 (€/ha)
Rotation implementation 4™ (ha) 0 246,3(€/ha)
Rotation implementation 5" (ha) 0 236,2(€/ha)
Rotation implementation 6™ (ha) 0 146,5(€/ha)
Rotation implementation 7" (ha) 0 35,3(€/ha)
Animal Nutritional Balance 1* (FU) 0 0,147(€/FU)
Animal Nutritional Balance 2°¢ (FU) 0 0,147(€/FU)
Animal Nutritional Balance 3" (FU) 0 0,147(€/FU)
Animal Nutritional Balance 4™ (FU) 0 0,147(€/FU)
Animal Nutritional Balance 5" (FU) 0 0,147(€/FU)
Nitrogen Balance (Kg N) 8075.4 5.30(€/KgN)
Energy input (GJ) 1813.6 23.60 (€/G))
Emissions Green house (Kg CO,eq.) 395 621 0.11(€/KgCO0O,eq.)
Acidification (Kg SO2eq.) 45843 9.61(€/Kg SO,eq.)
Eutrophication (Kg de PO4eq.) 17379 | 24.62 (€/KgPO,eq.)
Eco 95 (Pt) 1378.6 31.05 (€/PY)

d.a.=doesn’t apply

Source: LP model results

Global environmental impacts obtained in absolute values are 8 tons of nitrogen,
1.8 Gj of energy, 395.6 tons of CO, eq., 4.6 tons of SO, eq., 1.7 tons of PO4 eq. and an
overall eco-indicator impact of 1 379 points. Dual prices of environmental effects
indicate trade-offs between economic and each environmental criteria. Values vary from

0.11 Euros per €/KgCO2eq to 24.62 euros per kg of PO4eq. In aggregate terms costs
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with these effects are evaluated by Eco 95. To reduce ecological farm impact (Eco 95
indicator) by one point, a 0.0073 percent decrease (because farm score is 1378.6 points),

requires a cost of 31.05 Euros.

4. Conclusions

The Economic and environmental evaluation of dry land cropping systems of the
Alentejo agriculture was performed using economic and agro-environmental indicators
and the trade-offs between economic and environment criteria were explored. The
systems are rotationally based so the contribution of the different included crops was
also evaluated.

Economic results for the crop system farm show the importance of cereals in the
rotation mechanism. This is also due to subsidies that benefit this crop system since they
represent 89 per cent of farm net income and are particularly tied to durum wheat.
Durum wheat has net profits two to three times higher than sunflower and green peas.
Hence, they have in relative terms a negative impact in the average economic results of
the crop system. However, in environmental terms these crops have a substantial
positive effect. Environmental estimates indicate that sunflower and green pea effects
are 4.5 and 4.9 times lower than the durum wheat’s and they reduce the magnitude of
the environmental impact of the crop system by almost 40 per cent. Farm economic and
environmental effects and trade-offs were estimated for composite eco-indicator and for
each environmental issue. Composite ecological impact reduction by one unit costs 62
Euros in the farm profit. Unit costs, for each environmental issue, vary from 244 Euros
for a ton. of CO2eq, of greenhouse emissions, to 56 thousand Euros for a ton of PO4eq.,
in terms of eutrophication. To have a relative evaluation of the different environmental
issues, trade-offs results should be compared with their weights in the composite
ecological indicator.

Mixed system farm net returns are half of net returns of the crop system farm.
Economic results for the mixed system farm indicate that subsidies are even more
important in relative terms in mixed system farming because of high levels set for
breeding cows. In total they represent 150 percent of farm net returns hence indicating
farm social net returns negative. Relatively to crop system farm subsidies for mixed

system farm represent 88 percent. Although an extensive production technology is
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adopted for breeding cows including natural and improved pasture areas complemented
with hay and straw forage crops, environmental total impact of the mixed system farm
is higher than of crop system farm in all items, varying from 102 to 192 percent for
acidification to nitrogen balance, respectively, and in aggregated terms, with an overall
ecological indicator score 5.4 percent higher. However, mixed system farm costs to
reduce environmental impact are lower than for crop system farm, since they relate with
returns sacrifice that are lower for this farm, ranging from 27 to 52 percent for nitrogen
balance and acidification, respectively, and 50 percent lower in aggregated ecological
terms.

Economic and environmental results presented in this paper for these two system
farms in Alentejo may be very helpful to calibrate the effectiveness of environmental
policies since they are trade-offs that indicate farmer costs with environmental reduction
per item and in aggregated terms. Results also suggest that the relative importance of
past subsidies on these dry land system farms can be more effectively used in future
agricultural policy to play an important role combining economic and environmental

concerns and promoting these systems farm sustainability.
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Avaliacio do beneficio econémico da adop¢io da tecnologia de taxa varidvel na

cultura do milho no contexto da agricultura de precisao.

Coelho, J.C.2, Braga, R. ! Pinto, P.A.2

Resumo

A agricultura confronta-se hoje, num contexto de crescente escassez de recursos, com 0
enorme desafio de ser capaz de aumentar significativamente a producdo agricola nas
proximas décadas, de modo a sustentar o continuo aumento da populacdo mundial. Em
resultado da actuante limitacdo de expansdo da terra ardvel sob cultivo, o aumento da
producdo agricola tera for¢osamente de se fazer por via do aumento da produtividade.
No passado recente, a produtividade agricola aumentou, essencialmente, em
consequéncia dos avancos no melhoramento genético, na intensificacdo do uso de
factores de producdo e na inovagdo tecnoldgica. A agricultura de precisdo visa,
precisamente, ser uma resposta eficaz para a complexidade do problema, propondo-nos,
através da incorporacdo e do uso de algumas inovagdes tecnoldgicas, uma via de
continuidade para o aumento da produtividade e do uso intensivo de factores. O grande
desafio ¢ o de produzir mais e melhor com os mesmos ou com menos recursos,
concorrendo, em simultaneo, para a redu¢do de impactes ambientais indesejaveis. O
aumento da eficiéncia e da eficdcia do uso de factores que lhe estd implicito, pode, por
exemplo, ser conseguido com recurso a combinacao das tecnologias de GPS e de taxa
variavel, o que permite, sobretudo em grandes parcelas com solos e fertilidade
heterogéneas, efectuar uma distribui¢do espacial mais precisa, ou seja mais de acordo
com necessidades e o potencial de producgdo especificos de cada posi¢do ou zona. Nao
obstante as tedricas vantagens comparativas da tecnologia de taxa variavel (VRT), a
verdade € que a sua adopg¢ao pelos agricultores tem sido reduzida ou nula. Este aparente
paradoxo resulta, em boa parte, da inexisténcia, ou da falta de divulgagdo, de exemplos
concretos que comprovem claramente a vantagem economica da aplicagdo da
tecnologia. Com este trabalho pretendemos divulgar os resultados de um estudo
realizado num pivot de milho na regido da Golegd, em que se ensaiaram as hipdteses
alternativas de agricultura convencional e de precisdo, a proposito da gestdo da
fertilizacdo azotada. As duas alternativas tecnoldgicas sdo comparadas pelos resultados
alcancados nas vertentes produtividade, nivel de utilizagdo de factores e impacte

ambiental.

! Professor da Escola Superior Agraria de Elvas do Instituto Politécnico de Portalegre
? Professores do Instituto Superior de Agronomia da Universidade de Lisboa
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1. Introducéo e breve revisao bibliografica
O actual contexto mundial impde ao sector agricola trés fortes desafios:

1) continuar a batalha do aumento da produtividade para satisfazer o
crescente aumento da necessidade de bens alimentares, fibras, energia, etc.,

a escala global;

i1) produzir ao mais baixo custo para aumentar a competitividade da

produ¢ao no mercado mundial;

iii) melhorar a eficiéncia de uso dos recursos naturais e dos factores de
producdo, de modo a minorar os impactes ambientais da actividade. A
actual politica da Unido Europeia estes objectivos através da maxima do

desenvolvimento inteligente, inclusivo e sustentavel.

Neste contexto, a Agricultura de Precisdo surge como um sistema de cultura pertinente
para fazer face aos actuais desafios, podendo ser definida como a gestdo da aplicacdo
diferenciada e a medida dos factores de produgdo, tendo em conta a variagao espacial e
temporal do potencial produtivo do meio e das necessidades especificas das culturas, de
forma a aumentar a sua eficiéncia de utilizagdo e, assim, melhorar o rendimento
econdmico e reduzir o risco € o impacte ambiental da actividade agricola (Coelho ef al.,

2004).

A Agricultura de Precisdo aparece, pois, associada a dois objectivos genéricos: o
aumento do rendimento dos agricultores; e, a reducdo do impacte ambiental resultante
da actividade agricola. O primeiro destes objectivos pode, por sua vez, ser alcancado
por duas vias distintas mas complementares: a redugdo dos custos de producdo; e, o
aumento do valor acrescentado (aumento da produtividade e, por vezes, também da
qualidade) das culturas. O cumprimento do segundo daqueles objectivos esta
relacionado com o rigor do controlo da aplicagdo dos factores de produgdo (sobretudo,
produtos quimicos, atendendo as externalidades ambientais negativas que lhes estdo
normalmente associadas), que devera ser feita, tanto quanto possivel, a medida das

necessidades das plantas.

Atendendo a tudo isto, o actual maior desafio da agricultura parecer ser o da gestdo da
informagdo e a geracdo de conhecimento (Braga e Pinto, 2012). A Agricultura de
Precisdo, sobretudo se em larga escala, como frequentemente sucede nas culturas

arvenses, estd normalmente associada a utilizagdo de equipamento de alta tecnologia
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para monitorizar os recursos ambientais numa determinada parcela de terreno, aplicando
depois os diversos factores de producdo (sementes, fertilizantes, agua, etc.) em
conformidade. De forma simplificada estas novas tecnologias podem ser divididas em

trés grupos:

1) equipamentos de aquisicdo de dados ou de diagnostico (andlises de terras,
deteccao remota, sensores electronicos de medi¢ao de fluxo nas maquinas de

colheita, monitores da condutividade eléctrica do solo, etc.);

i1) ferramentas de gestdo e analise de dados e de geragdo de informagao (SIG —

Sistemas de informagao geografica);

iii) meios de actuacdo (GPS - Global Positioning System - ¢ VRT -variable rate

technology / tecnologia de taxa variavel).

O advento da vulgarizacdo do uso destas tecnologias, no decurso dos ultimos 20 anos,
permitindo a generalizada produgdo e disseminagdo de cartas de produtividade das
parcelas (Braga, 2009a) e a subsequente possibilidade de aplicacdo de factores de
producdo em taxas diferenciadas em conformidade com aquelas (Braga, 2009c; Serrano
e Peca, 2009) potenciou um novo sistema de cultura designado por Agricultura de

Precisdo (Braga e Pinto, 2012).

A constatagdo de que nem todas as parcelas, nem mesmo porgdes de uma mesma
parcela, t€m o mesmo Optimo de resposta econdomica a aplicagdo de um dado factor de
producdo (semente, fertilizante, dgua, etc.), abre as portas para uma nova forma de
gestdo (Coelho et al., 2009): a gestdo racional da variabilidade espacial das
caracteristicas de uma parcela de terreno (a que chamamos gestdo intra-parcelar) pode
ser considerada como o principal objectivo da Agricultura de Precisdo. Na maior parte
dos casos, estas caracteristicas estdo associadas as caracteristicas do solo, como a
capacidade de armazenamento de agua, o teor em nutrientes, o pH ou a matéria
organica, do terreno, como o declive, a exposicdo ao sol, ou a caracteristicas que
favorecem a incidéncia de pragas e/ou doengas, e que sdo igualmente responsaveis pela
variabilidade espacial da produtividade das culturas. Note-se, ainda, que a variabilidade
também pode ser temporal. De facto, se existem algumas variaveis que pouco variam no
decurso do tempo, como o pH do solo, outras ha que se alteram muito rapidamente,
como o teor em agua do solo. A avaliacao da variabilidade destas caracteristicas, a par

do conhecimento da variagdo das necessidades ou exigéncias das culturas ao longo do
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seu ciclo cultural, constitui a base essencial da Agricultura de Precisdo. Sendo assim,
todo o processo de monitorizagdo das caracteristicas de uma parcela de terreno deve ter

em aten¢do a variabilidade espacial e temporal.

Actualmente, os exemplos mais comuns de Agricultura de Precisdo estdo relacionados
com a aplicagdo diferenciada no espaco de sementes, fertilizantes, fitofarmacos e agua
de rega, o que se justifica pelo elevado peso que estes factores normalmente
representam nos custos totais das culturas, pela facilidade de relacionar o seu nivel de
utilizacdo com a produtividade alcangada pelas culturas e pelo, maior ou menor,
impacte ambiental que podem ter. Por exemplo, as aplicagdes diferenciadas de
fertilizantes podem ndo so6 contribuir para aumentar o rendimento econdémico das
culturas, como ajudam a reduzir o arrastamento de nutrientes e a consequente
contaminagdo das aguas residuais e subterraneas (Birrell et al., 1996; Dingemans, 1997,

Serrano € Pega 2009).

No entanto, a inércia na adopgdo da Agricultura de Precisdo no nosso pais persiste,
podendo ser essencialmente explicada por duas ordens de razoes: (1) o elevado nivel de
conhecimento geral e informatico que é exigido aos actores/utilizadores (agricultores,
técnicos e empresas ligadas ao sector) e a consequente dificuldade de utilizacdo dos
equipamentos; (2) o relativamente elevado custo inicial da mudanca, associado a
aquisicao dos equipamentos (hardware e software) necessarios e a dificil percep¢ao dos
ganhos associados, sobretudo, em fun¢do da normalmente modesta escala de operagdo
da generalidade das exploragdes agricolas portuguesas (Coelho, 2009; Serrano e Peca

2009; Braga e Pinto, 2012).

Com efeito, em Portugal, a taxa de adopgdo da agricultura de precisdo em culturas
arvenses ¢ ainda baixa, apesar da sua divulgagdo se ter iniciado em 1996 (Serrano e
Pega 1996). Concretamente, segundo Braga e¢ Pinto (2012), ainda s6 existem cerca de
dez ceifeiras com equipamento de monitorizagdo da produtividade a funcionar em
Portugal, o que, na melhor das hipdteses, poderd corresponder a uma taxa de adopgao
deste tipo de equipamento da ordem dos 2 a 5% da area total de cereais colhida,

enquanto noutros paises, com os EUA a cabega, aquela taxa ronda os 40%.

Acreditamos que, apesar de tudo, o futuro se apresenta mais favoravel, pois, por um
lado, os equipamentos de alta tecnologia tendem a diminuir rapida e significativamente
de preco e, por outro, o nivel de instru¢do e conhecimento dos agricultores t€ém vindo,

lenta mas consistentemente, a aumentar, existindo hoje cada vez mais estruturas de
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apoio técnico na agricultura. E também de considerar que a facilidade de utilizagdo dos
equipamentos também aumentard. O nascimento e desenvolvimento de empresas
especializadas no aluguer de maquinas e equipamentos agricolas ¢ também hoje uma
realidade entre nos, que pode igualmente contribuir para ultrapassar uma das maiores
limitagdes a adopgdo destas tecnologias: a reduzida dimensdo das exploragdes e os

elevados custos unitarios de amortizagdo dai decorrentes.

As tecnologias disponiveis e o seu custo sdo determinantes para o exercicio da escolha
entre diferentes alternativas do itinerario técnico de uma cultura. Porém, em presenca de
variabilidade espacio-temporal, se for possivel medi-la e determinar o modo como
afecta a produtividade e a qualidade das culturas e existindo tecnologia para aplicar os
factores de produgdo de forma diferenciada, serdo apenas as variaveis de natureza
econdmica a ditar se € vantajoso adoptar a Agricultura de Precisd@o. No entanto, esta
opcao ndo ¢ isenta de risco, ja que ¢ impossivel ter a exacta percep¢do dos ganhos ou
das perdas, sem incorrer em algum custo prévio na avaliagdo da variabilidade espacial

(por exemplo, na avalia¢do da variabilidade da produtividade alcancada).

A obtengdo de cartas de produtividade (resultantes dos monitores de produtividade) &,
pois, particularmente importante para a tomada de decisdo sobre a adopcdo da
agricultura de precisdo ja que, por um lado, elas espelham o resultado final de todo o
processo produtivo e, por outro, a produtividade ¢ uma varidvel essencial na
determinacdo da margem bruta e consequentemente no rendimento das exploragdes
agricolas (Blackmore, 2000; Arslan e Colvin, 2002; Coelho et al., 2004). E, por isso,

muito relevante o rigor das cartas de produtividade.

Infelizmente, as aplica¢des informaticas fornecidas com os monitores de produtividade
nem sempre sdo capazes de fornecer cartas de produtividade fiaveis (Braga, 2009). O
processo de monitoriza¢do da produtividade durante a colheita introduz bastantes erros
e valores inverosimeis, que se ndo forem eliminados conduzem a cartas pouco exactas e
que ndo representam correctamente a realidade (Arslan e Colvin, 2002; Basso, ef al..
2001; Beck, et al., 1999; Birrell, et al., 1996; Blackmore ef al., 1996; Blackmore, 2000;
Blackmore, et al., 2003; Braga, 2009a; Dobermann e Ping, 2004; Kleinjan, et al., 2002;
Menegatti ¢ Molin, 2003; Moore, 1998; Paes, 2011; Ping e Dobermann, 2005;
Simbahan et al., 2004; Sudduth e Drummond, 2007; Thylen et.al., 2001).

Os prestadores de servicos que, na maioria dos casos, se limitam a processar os dados

em bruto recolhidos pelas aplicagdes informaticas e a fornecé-los sob a forma de cartas,
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acabam por transmitir aos empresarios agricolas inimeras imprecisdes ¢ falhas (Braga,

2009a).

No contexto da reduzida adopg¢do da agricultura de precisdo em culturas arvenses no
nosso pais e face as principais razdes apontadas para esse facto, torna-se, entdo,
necessario encontrar formas de melhorar a avaliagdo bem como a percep¢dao das
vantagens para os empresarios da sua adopgdo, por exemplo, do bindbmio monitor de

produtividade na ceifeira + VRT.

Este trabalho tem trés objectivos principais: (1) validar um método de correc¢do dos
dados dos monitores de produtividade de forma a possibilitar a elaboragdo de cartas de
produtividade tdo correctas quanto possiveis; (2) estudar, com base na informagao
daquelas cartas, um método de prescrigdo de alternativas entre a agricultura
convencional e a de precisdo tendo em vista a gestdo do azoto; (3) comparar as duas
alternativas tecnolodgicas ensaiadas, segundo critérios econdmicos ambientais e técnicos,

de forma a melhorar a percepg¢ao dos custos e beneficios da agricultura de precisdo.
2. Material e métodos
2.1. Dados de base

Os dados deste trabalho provém da dissertagcdo de Paes (2011) e referem-se as cartas de
produtividade da cultura do milho, obtidas em dois anos consecutivos (2010 e 2011),
numa parcela de 22,9 hectares, situada na regido da Golega, com topografia plana a
quase-plana e regada por uma rampa pivotante (no centro) € um sistema de rega por

aspersores fixos (nos cantos).

Os solos desta parcela sdo aluviossolos modernos profundos de textura ligeira calcarios
(Alc) ou de textura mediana calcarios (Ac). Sao solos incipientes, ndo evoluidos, sem
horizontes genéticos claramente diferenciados, praticamente reduzidos ao material
originario, ndo hidromorficos, constituidos por depositos estratificados de aluvides. Sdo
constituidos por materiais detriticos minerais ¢ organicos, transportados pelas aguas
fluviais, desde os saibros e areias grosseiras as particulas mais finas de argila (Figueira,

1997).

As condi¢des climaticas dos anos de 2010 ¢ 2011, sdo representadas nos dois diagramas
ombrotérmicos de Gaussen da Figura seguinte. 2011 foi um ano ligeiramente mais
quente (temperatura média de 16,9°C) do que 2010 (t. méd. 15.8°C). Contudo, durante o

periodo cultural (entre maio e setembro) a média das temperaturas médias mensais foi
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bastante idéntica (21,5°C em 2010; 21,2°C em 2011). Quanto a precipitagdo, 2010 foi
um ano um pouco mais chuvoso (766,8 mm) do que 2011 (607,6 mm). No entanto,
durante o periodo cultural, ocorreu o inverso, pois a precipitacdo foi de 47,6 mm em

2010 e de 96,8 mm em 2011.
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Figura 1 - Diagrama Ombrotérmico de Gaussen relativo 4 precipitagdo e temperaturas médias de 2010
(esquerda) e 2011 (direita)

Em ambos os anos a cultura do milho foi efectuada segundo o seguinte itinerario

técnico:

a) fertilizacdo de fundo (200 kg/ha de adubo “Korn-Kali”, contendo: 40% K,O; 6%
MgO; 4% NaO e 12% SOs);

b) sementeira + fertilizagdo localizada (com semeador de sementeira directa:
espagamento entre-linhas 0,75m; densidade de 8 plantas/m, da variedade PIONEER
PR33G44; 200 kg/ha de adubo AMICOTE 15-35-0 LZn STARTER, com 2% de

azoto nitrico, 13% de azoto amoniacal, 35% P,0Os e 1% Zn);

¢) mondas quimicas (uma aplicagdo em pré-emergéncia e outra em pos-emergéncia do
herbicida ASPECT: herbicida misto, mono e dicotiledoneas, formulado em
suspensdo concentrada de flufenancete (200 g/l) e terbutilazina (333 g/l), com
absorcao essencialmente radicular e também foliar, de acgao residual e de contacto

foliar);

d) fertirrega (durante o ciclo foram feitas adubagdes fraccionadas, usando o adubo

NITROMALIS Zn 30%, num total de 450 kg/ha);

e) a quantidade total de macronutrientes principais aplicada durante o ciclo foi de 165

unidades de azoto, 70 de fosforo e 80 de potassio;

f) arega, nos dois anos, foi conduzida procurando evitar stress hidrico durante o ciclo.
Em 2011, totalizou 548 mm distribuidos por Maio 40mm (3 regas), Junho 95mm (4
regas), Julho 168mm (4 regas), Agosto 215mm (5 regas) e Setembro 30mm (1 rega
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na 1* semana do més). A dotagdo média por rega variou entre 13mm em Maio até
54mm em Agosto. A evapotranspiragdo cultural foi estimada em 676 mm utilizando
o método de Hargreaves. Desta forma, fazendo o balango de agua do ciclo, tendo em
conta a precipitagdo de 97mm e a rega de 548mm, resulta uma variagdo de
armazenamento de -31mm o que € consentdneo como a hipotese de auséncia de
stress durante o ciclo. Em 2010, a evapotranspira¢do cultural foi estimada em 711
mm, com uma precipitagdo de 48mm, resultando numa necessidade de rega global

de 663 mm;

a colheita do milho, em 2010, foi efectuada no dia 4 de Outubro por uma ceifeira
John Deere T560, com uma barra de corte com 4,5 m de largura, correspondente a 6
linhas de milho, equipada com um monitor de produtividade GreenStar 2 Display
2600; em 2011, foi efectuada no dia 3 de Outubro por duas ceifeiras iguais
equipadas com monitor de produtividade GreenStar 2 Display 2600 e GreenStar 3
Display 2630;

os monitores de produtividade foram calibrados pelo prestador de servigos (John
Deere - Golegd) que efectuou a colheita respeitando todos os requisitos explicitos no
manual do equipamento. O intervalo entre registos foi de 1s. O prestador de servicos
efectuou ainda o transporte dos dados entre o monitor € o computador portatil em

que tem instalado o software de gestdo de dados da John Deere: APEX.

Os custos variaveis associados ao itinerario acima descrito sdo os seguintes:

Quadro 1 — Custos variaveis (€/hectare e percentagem) da cultura do milho

Rubrica Custo (€/hectare) %
Semente 220 17,8
Herbicida 36 2.9
Fertilizagdo 320 25,9
Fitofarmacos 12 1,0
Assisténcias 30 2,4
Trabalho de méaquinas 200 16,2
Agua e electricidade 170 13,7
Transportes 45 3,6
Colheita 95 7,7
Secagem 110 8,9
Total 1238 100,0

2.2. Objectivo 1 — método para a elaboracio das cartas de produtividade
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Os dados resultantes da monitorizagdo da produtividade foram exportados do software
APEX (John Deere) em formato cvs e importados para um software especifico para SIG
onde foram efectuadas todos os passos de filtragem assim como as restantes
manipulagdes dos dados. O processo de filtragem aplicado aos dados em bruto resultou
de uma adaptagdo das metodologias utilizadas por Blackmore e Moore (1999), Arslan e
Colvin (2002), Menegatti e Molin (2003) e Simbahan (2004). Deste modo, criou-se um

método progressivo de filtragem dos dados com 7 fases:
= Filtro 1 - remocao de registos que se encontram fora dos limites da parcela;
= Filtro 2 - remocao dos registos com valor de produtividade 0 (zero);

= Filtro 3 - remocao de registos com valores de velocidade inferiores a 1,6 km/h e

superiores a 10 km/h;

= Filtro 4 — remocao de registos com fluxo de grao fora dos limites para os quais
os monitores se encontram concebidos e calibrados (elimina¢do dos registos

com valores de fluxo de grao acima de 19 kg/s e abaixo de 1,7 kg/s);

» Filtro 5 — remogdo de registos com outliers para a humidade (valores mais

afastados do que a média = 3 x o desvio padrao);

= Filtro 6 — remocdo de registos com valores de produtividade acima do limite
maximo local de produtividade do milho. Com base na opinido de especialistas

locais, aquele valor foi fixado em 22 t/ha, de milho com 14% de humidade;

= Filtro 7 — remocao, por inspecc¢do visual, dos registos resultantes da largura de
trabalho ser inferior a 4,5 metros, que resultam de a ceifeira ndo estar a cortar

com todas as 6 linhas e dessa alterag@o ndo ter sido considerada pelo operador.

Finalmente, a validagdo do método de correc¢do dos dados por filtragem foi efectuada
através da comparagdo do grau de dependéncia espacial evidenciado pelos dados
originais e filtrados para cada ano. O grau de dependéncia espacial foi determinado pelo
racio entre a semivariancia no ponto (nugget/pepita) e a semivariancia total
(sill/patamar). Este racio ¢ frequentemente utilizado para caracterizar o grau de
dependéncia espacial dos dados ( <25% - elevada dependéncia espacial, i.e. organizacdo
da variavel em manchas bem definidas; entre 26% e 75% - dependéncia espacial
moderada; >75% - fraca ou nula dependéncia espacial). A modelacio do

semivariograma foi efectuada no sofiware SURFER. Os parametros do modelo do
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semivariograma foram posteriormente incorporados no software de SIG para efectuar a
extrapolacdo espacial propriamente dita. Neste processo, colocou-se como limite
espacial os contornos da parcela em causa e utilizou-se uma dimensao de célula igual a
4,5 m. Este valor corresponde a largura da barra de corte da ceifeira-debulhadora uma
vez que nao faz sentido extrapolar os dados em resolugdes superiores as existentes nos

dados originais.

As cartas de produtividade pos processadas, depois de filtradas, apresentam porgdes da
parcela sem qualquer dado. Dessa forma torna-se necessario fazer uma interpolacao
espacial desses atributos em falta. Existem diversos métodos para fazer a interpolagdo
espacial, no entanto, o método mais aceite ¢ o chamado kriging. Segundo Vieira (2000)
o kriging € uma técnica/processo de geoestatistica onde se estimam valores de
propriedades espacialmente distribuidas, a partir de valores adjacentes interdependentes
(Vieira et. al., 1983; Isaaks e Srivastava, 1989). A estimativa de valores para locais ndo
amostrados, através da técnica de krigagem, possibilita estabelecer uma carta da

totalidade da area em estudo, para qualquer variavel em estudo.

A valorizagdo das cartas de produtividade em ambos os anos (2010 e 2011) iniciou-se
pela sua detalhada (1) caracterizag@o através de estatisticas descritivas: média, desvio
padrdo, coeficiente de variagdo, maximo, minimo, quantis, etc. Seguidamente,
caracterizou-se o (2) grau de dependéncia espacial através do alcance’ e do racio entre a
semivariancia no ponto (nugget/pepita) e a semivariancia total (sill/patamar). Na fase
seguinte tentou-se (3) interpretar os padrdes de variabilidade espacial encontrada assim
como as diferengas de ano para ano. Para esse efeito, os resultados alcangados nas
etapas anteriores foram apresentados ao gestor agricola da parcela (Eng. Abilio Pereira)

de forma que em conjunto se conseguisse analisar e perceber as causas da variabilidade.

Posteriormente, as cartas foram (4) convertidas em cartas de produtividade relativas
utilizando a menor produtividade como indice zero e a maior produtividade como indice
100. A determinacdo das cartas de margem bruta foi o passo (5) seguinte. Para tal
utilizou-se a equacdo Margem Bruta = PG * Produtividade (t/ha) — CV, em que PG ¢ o
prego do grao (210 €/t) e CV os custos variaveis (1238 €/ha).

As cartas assim obtidas foram, de seguida (6), classificadas pelo algoritmo “Natural

Breaks” (Jenks Method). Este método procura determinar o melhor arranjo dos dados

? Distancia a partir da qual as amostras passam a ser independentes
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em diferentes classes através da minimizagao dos desvios para as médias em cada classe

e maximizacao dos desvios de cada classe para as médias das restantes classes.

Finalmente (7), aproveitando a existéncia de cartas relativas a dois anos, foi feita uma
analise espacio-temporal (Blackmore 2000; Blackmore ef al., 2003; Marques da Silva
2006), comparando a carta de tendéncia espacial com a de estabilidade temporal, de
modo a classificar as diferentes zonas da parcela como: “produtividade elevada
estavel”; “produtividade baixa estavel”; e “produtividade instavel”. Como critério para a
definicdo de elevada e baixa produtividade assim como estabilidade ou instabilidade
temporal da produtividade utilizou-se a média das médias e a média das diferengas das

produtividades para cada ponto, respectivamente.
2.3. Objectivo 2 — método para prescrever as duas hipdteses alternativas

Com base na integracdo de toda a informagdo recolhida anteriormente, procedeu-se a
constru¢do duma carta de zonagem de gestdo homogénea para efeitos da gestdo do
azoto. Aquela carta visa simplificar a representacdo espacial da variabilidade intra-
parcelar. O seu principio ¢ o de dividir a parcela num pequeno nimero de zonas, que,
para terem valor operacional, devem ser continuas’ , homogéneas e distintas. Este
processo possibilita a adopcdo de uma gestdo diferenciada das diferentes zonas da
parcela, em contraponto com a opg¢ao convencional de gestdo homogénea da totalidade
da parcela (Roudier et al., 2011). A figura 2, ilustra o racional da prescri¢do das
recomendagdes de fertilizacdo (y) a aplicar em diferentes zonas (x). Neste exemplo, hy €
a recomendacdo de fertilizacdo uniforme em toda a parcela (agricultura convencional) e
h; é a recomendacdo diferenciada, a ou b, para as zonas A e B, respectivamente

(agricultura de precisdo).

*Os pontos que as formam devem ser contiguos, a variabilidade ¢ a estabilidade intra-zona deve ser baixa
e a variabilidade inter-zonas deve ser alta.

Atas

| 4677



4678

Economia, Sociologia, Ambiente
e Desenvolvimento Rural

Figura 2 - Tlustragcdo do modelo de raciocinio conceptual de prescricdo das recomendagdes de fertilizagao
(y) a aplicar em diferentes zonas (x): hy é a recomendago uniforme em toda a parcela (agricultura
convencional) e h; é a recomendacao diferenciada, a ou b, para as zonas A e B, respectivamente
(agricultura de precisdo). (Adaptado de Roudier ef al., 2011)

A decis@o da prescricdo de azoto a aplicar nas diferentes zonas € especifica e depende
da combinag¢do de varios factores: caracteristicas fisicas e de fertilidade do solo,
exigéncias da cultura, maquinas e equipamentos disponiveis para a aplicagdo, etc. No
entanto, de forma pragmatica e tendo por base na experiéncia do empresario agricola,
consideramos que a aplica¢do uniforme de 165 N/ha foi suficiente para atingir na zona
de “produtividade elevada estavel” uma produtividade média de 15,5 t/ha. Com base
neste pressuposto consideramos que a prescrigdo da dose de azoto a aplicar para a zona
de “produtividade baixa estavel”— 9,5 t/ha™" , e para a zona de “produtividade instavel” —

12 t/ha —, seria de 100 e 128 unidades de azoto, respectivamente.
2.4. Objectivo 3 — avaliacido das hipoteses de gestao alternativas

Finalmente, com o objectivo de comparar as duas alternativas tecnoldgicas ensaiadas (hy
- agricultura convencional vs. h; -agricultura de precisdo) ¢ de forma a melhorar a
percep¢ao dos custos e beneficios duma eventual transi¢do, decidimos avalia-las sob

trés critérios:

= Critério Econdmico: impacte sobre a rendibilidade economica (Margem Bruta)

da exploragao;

= Critério Ambiental: quantificacdo (kg) e valorizacdo (Euros) do excesso de azoto

aplicado;

= Critério Técnico: estimativa do grau de oportunidade de transicdo de hy para h;

(Indice de Gini) em fungdo da magnitude da variabilidade espacial.
3. Resultados e sua discussao

As cartas da produtividade em bruto ndo se apresentam como uma superficie mas sim
como um conjunto de pontos em que cada ponto corresponde a uma leitura do monitor
de produtividade (Fig. 3). O numero total de registos em 2010 foi de 36494 e em 2011
de 34124. Pela observagdo dos dados da produtividade em bruto pode constatar-se
empiricamente que existem diversos pontos que nao correspondem a registos correctos
quer pela sua localizacdo fora do alinhamento da maquina quer pelos valores irreais

apresentados. De facto, por exemplo a produtividade maxima registada nos dados em
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bruto foi de 114,03 t/ha em 2010 e 108,34 t/ha em 2011, valores obviamente

inverosimeis.

[ Limite Parcela
Produtividade tha
0-386
386-978
. a78-1382
o 1382-4758
o 4756-11403

[ uimite parcela
produsvidade tha

000-459
.« 459-1104
o 1104-1484
. 1484-4244
4244-10834

Figura 3 - Cartas com os dados da produtividade em bruto (2010 esquerda; 2011, direita)

Apods a aplicagdo dos 7 filtros resultaram 28013 registos em 2010,0ou seja foram
removidos um total de 8481 registos (23,24% dos registos originais), e 26575 registos
em 2011, ou seja foram removidos um total de 7549 registos (22,12% dos registos
originais). O filtro que mais registos eliminou foi, destacadamente, o filtro 2 (registos
com produtividade zero), com 16,30% e 16,70% dos registos originais em 2010 e 2011,
respectivamente. Todos os restantes filtros eliminaram individualmente menos que 3%

dos registos originais.

[ vimite Parcera

Produtividade tha
1.78-870
8.70-1z2.08

- 12.08-1440

- 1410-1842

. 16.42-2200

[ imite Parcela

Produtividade t/ha
1.47-6.93
6.93 -10.24

- 1024-1285
- 1285-15.22
- 1522-2196

] 50 Meters ')
= A

Figura 4 - Cartas com os dados da produtividade apos filtragem (2010 esq.; 2011, dir.)

Os semivariogramas dos dados da produtividade apds filtragem, em oposi¢do aos dos
dados em bruto, apresentaram uma dependéncia espacial de alguma magnitude,
particularmente para o ano de 2010. Em ambos os anos foi ajustado um modelo de

semivariograma exponencial, que evidenciou uma semivariancia no ponto (nugget/
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pepita) idéntica de 3,8 (t/ha)®. Em contraste, o alcance foi bastante superior em 2010
(30m) do que em 2011 (15m). Também para a semivariancia total (sill/patamar) se
verificou que em 2010 se atingiu o dobro (10,2 (t/ha) %) do valor de 2011 (5,3 (t/ha) ).
Deste modo, os racios entre a semivariancia no ponto e a semivariancia total foram de
37,2 % em 2010 e quase o dobro em 2011, 71,7%. Embora ambos os racios se
encontrem na classificagdo de dependéncia espacial moderada, ¢ de realgar a diferenca
encontrada. De tudo isto conclui-se que 2010 apresentou uma variabilidade espacial

mais elevada, apresentando-se esta mais estruturada e de maior alcance do que em 2011.

Seguem-se as imagens das cartas de produtividade resultantes da extrapolagdo espacial

por krigagem (Fig. 5).

[ Limite Parcela

Produtividade t/ha
3.38-984
9.84-12.48

s 1246-14.08
s 14.08-1597
s 1597-2155

D Limite Parcela
Produtividade tha
1.8-7.26
7.26-10.18
s 10.16-12.49
® 1249-14.42
®  14.42-20.85

N
50 Meters
— A

Figura 5 - Cartas da produtividade, apds avaliagdo do grau de dependéncia espacial dos dados e krigagem,
com resolugiode4,5m e com classificagdo por “natural breaks” (2010 esq.; 2011, dir.).

Em relagdo ao ano de 2011, procurou-se, em conjunto com o gestor agricola, tentar
perceber a origem da ocorréncia de determinadas zonas com produtividades
notoriamente diferentes. A conclusdo foi a de que essas diferencas podem ter tido
origem em diversas fontes, sendo maioritariamente devidas ao sistema de rega, a textura
do solo e a topografia do terreno. Por exemplo, a baixa produtividade observada na zona
de justaposicdo da rampa pivotante com o sistema de cobertura total é o resultado de
uma ma continuidade de aplicagdo da rega. Tal facto € observavel por um anel de baixa
produtividade nas regides de extremidade de alcance da rampa pivotante (Fig. 6 -
direita). Outra zona que se evidencia pela observacdo das cartas, quer de 2011 quer
também de 2010, como sendo uma zona de elevada produtividade ¢ uma zona de vale
(cota relativa de menos 1 metro) que atravessa a parcela a norte do centro do pivot (Fig.

6 - esquerda).
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D Parcela__utm.shp
Produtividade vha
1.78- 8.7
87-1208
12,08 - 141
14,1 - 16.42
16,42 - 22

[ Parcela_utm.shp
Produtividade tha
1.78-87
87-1208
12.08-14.1
14.1- 16,42
16.42-22

& N
50 Meters
50 Mters

Figura 6 - Exemplo de cartas interpretativas dos padrdes da variabilidade: vale de maior produtividade
(esquerda) e descontinuidade de rega em 2011 (direita)

A Fig. 7 apresenta as cartas de margem bruta para 2010 e 2011. A utilidade deste tipo
de cartas ¢ a de dar a entender ao gestor agricola as zonas das parcelas onde se ganha,
ou perde, mais e menos dinheiro. Como seria de esperar, dado que 2010 foi um ano com
menor produtividade média, nesse ano a margem bruta foi menor do que 2011. A
percentagem de area com margem bruta negativa foi muito superior em 2010 (4,17%,
i.e. 0,96 hectares - zonas com textura mais arenosa) do que em 2011 (0,45%, i.e. 0,1

hectares — zona em que se verificou um problema com os aspersores).

[ Limite Parcela

Margem Bruta Euros/ha

* 5282-0
0-13786

° 13786.17188

= 17188.21157

21157 - 32675

] Limite Parcela
Margem Bruta Euros/ha
e .839.0
0-8956
* B8956-13849
13849 . 1790.2
1790.2- 30985

.

50 Meters i
[— A

Figura 7 - Cartas de margem bruta (2010 esq.; 2011, dir.)

As imagens seguintes (Fig. 8) apresentam as cartas da produtividade média e de
variacdo absoluta da produtividade para os dois anos. Os valores médios destas duas

cartas sao de 12,83 t/ha e 2,37 t/ha, respectivamente.
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3 ot Facets

Vg atsoNte ge g sate (1T
3

134-2%
® 206-a8

.
o 7a_iems

Figura 9 - Cartas de produtividade média (esquerda) e de variagao absoluta da produtividade (direita) nos
dois anos

Chegados aqui, importa criar uma carta de classificagdo do comportamento da

produtividade (Fig. 10), que possa ser util no delineamento duma futura estratégia de

actuagdo. Com este proposito consideraram-se 3 classes:

= Zona de produtividade instavel — zonas cobertas por sistema fixo de rega por

aspersdo e zonas de solos arenosos — 37,4% da area;

= Zona de produtividade baixa mas estavel — 19,1 % da area;

= Zona de produtividade elevada mas estavel - 43,5 % da area.

Figura 10 - Carta de classificagdo do comportamento da produtividade nos dois anos
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A carta anterior permitiu a constru¢do duma carta de zonagem de gestdo homogénea

para efeitos da gestdo do azoto. Em concreto esta carta prescreve o seguinte (Fig. 11):

Maxima Prescrigdo
Zonas de produtividade ‘ ¢
. .- Area de azoto a
maneiro média .
i (%) aplicar
homogéneo esperada (kg/ha)
(t/ha) &
Produtividade
elevada 15,5 37,4 165
estavel
Prgduthlfiade. 9.5 19.1 100
baixa estavel
.Proq.utlwdade. 12,0 435 128
instavel

Figura 11 — Carta de zonagem de gestdo homogénea (esquerda) e tabela de prescricdo de azoto a aplicar
(direita) para alternativa h; — agricultura de precisgo.

Por ultimo, segue-se a avaliagdo das duas alternativas tecnologicas ensaiadas (hy -
agricultura convencional vs. h; -agricultura de precisdo) segundo os trés critérios
considerados.

Quadro 2 — Resultados das alternativas para as alternativas hy - agricultura convencional e h; —

agricultura de precisdo.

Critério Indicador Referéncia Resultados

por ha | para a parcela %
. h, 1.456,30 33.349 100,00%
Econdémico Margem Bruta (Euros) h, 1.490.83 34,140 102.37%
. . h, 165,00 3.779 100,00%
Aobiontl Quantidade de N aplicado (kg) h, 136,49 3126 82.72%
Desperdicio de N em quantidade (kg) | hgvs. hy 28,51 653 17.28%
Desperdicio de N em valor (Euros) hg vs. hy 34,21 783 e

Técnico Indice de Gini parcela - 0,089 -

Os resultados da avaliacdo economica das duas alternativas consideradas, admitindo o
pressuposto conservador de que a producdo total da parcela permanecera constante, nao
sdo muito animadores quanto a perspectiva da adopgao da agricultura de precisdo. Em
termos econdmicos o ganho a esperar ¢ de apenas 2,37%, i.e. 34,53 Euros por hectare
ou 790,67 Euros para a totalidade da area da parcela. No entanto, em termos ambientais,

a reducdo do consumo e desperdicio de azoto ¢ bastante significativa (17,28%).

Quanto ao critério técnico, o valor do ndice de Gini encontrado (0,130 em 2010 ¢ 0,082
em 2011, com valor médio de 0,089 para o conjunto dos dois anos) ¢ revelador do

potencial de base da parcela estudada, pois, de facto, a variabilidade espacial ¢ elevada.

17
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Com a ressalva de ndo termos efectuado uma analise profunda dos solos, parece-nos ser
possivel indicar a fertirrega (bindmio agua e azoto) como sendo a principal fonte da
variabilidade espacial da produtividade na parcela. Caso assim seja, sera necessario
monitorizar o funcionamento do equipamento, assim como garantir que as zonas de
solos mais arenosos estdo a receber a dotagao de rega adequada, em particular nas fases
fenoldgicas mais sensiveis. Para este efeito, existem hoje no mercado varias solugdes de
rega de precisdo, cuja aplicabilidade a parcela estudada seria interessante avaliar, o que,
apesar de representar algum investimento na realizacdo de um estudo mais aprofundado
dos solos da parcela, nomeadamente, quanto a fertilidade, espessura efectiva, taxa de
infiltracdo e capacidade de reteng¢do de agua, poderia, a breve prazo, concorrer para o
aumento da producdo total da parcela e, consequentemente, para a melhoria dos

resultados econdmicos e da potencial vantagem de adopcao da agricultura de precisdo.

4. Conclusoes

r

A promessa da agricultura de precisdo ¢ a de possibilitar a gestdo de grandes areas
heterogéneas de cultura com o detalhe de quem gere uma pequena area homogénea.
Este designio ¢ extremamente oportuno no actual contexto das exploracdes agricolas,

cujo desafio ¢ o de produzir muito, com qualidade, a baixo custo e de forma

ambientalmente sustentavel.

Este trabalho dedicou-se ao estudo de alguns recursos basicos para pdr em pratica a
agricultura de precisdo: a elaboracdo das cartas de produtividade e de zonas de gestdo
homogénea. Com base no caso-de-estudo aqui tratado e nos métodos propostos, fomos
capazes de eliminar 20 a 30% dos dados originais portadores de algum tipo de erro,
permitindo a constru¢do de uma carta de produtividade mais correcta, fidedigna e com
melhor grau de dependéncia espacial. As cartas corrigidas revelaram um grande e ttil
potencial de interpretacdo dos padroes de variabilidade espacio-temporal da parcela, o

que nos permitiu criar uma carta de zonagem de gestdo homogénea.

Os resultados das avaliagbes econdémica, ambiental e técnica realizadas, sobre as
hipoteses de gestdo da parcela segundo as praticas da agricultura convencional ou da
agricultura de precisdo, revelaram-se algo contrastantes. O ganho a esperar com a
hipotética transi¢do no critério econémico ¢ de apenas 2,37%, enquanto que o ganho no
critério ambiental é de 17,28%. A avaliagdo técnica da parcela conduziu-nos a

conclusdo de que revela um bom potencial para aderir a agricultura de precisdo.

Todavia, esta apreciagdo carece de ser ponderada com o nivel tecnologico do
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equipamento existente na exploragdo e, sobretudo, com o nivel de conhecimento e a

motivacao do agricultor.
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