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RESUMO

Este estudo busca analisar as diferengas tecnologicas da produgdo agropecudria entre os
municipios situados no semidrido € no nao-semiarido do Nordeste brasileiro. Utiliza-se o
modelo de meta-fronteira tecnologica, proposta por Battese et al. (2004) e O’Donnell et al.
(2008), para responder até que ponto essas diferengas regionais influenciam na eficiéncia da
producdo e qual o seus impacto nos municipios. Constatou-se que a hipdtese de que os
municipios pertencentes ao semiarido € ao ndo-semidrido deparam-se com diferentes
oportunidades de producao. Os resultados indicaram que, quando comparadas as duas regioes,
o ndo-semiarido possui a maior efici€éncia técnica média com referéncia a meta-fronteira.
PALAVRAS CHAVES: Agricultura, tecnologia, semiarido nordestino, e meta-fronteira
de producio.

Classificagao JEL: D24, Q10.

RURAL POVERTY AND PRODUCTIVE DUALITY IN NORTHEASTERN BRAZIL

ABSTRACT

This study aims analyze the technological differences in agricultural production between the
municipalities in the semiarid and non-semiarid Northeast Brazil. It uses the technological
meta-frontier model proposed by Battese et al. (2004), and O'Donnell et al. (2008), for
responding to what extent these regional differences influence the efficiency of production and
what its impact on municipalities. It was observed that the hypothesis that the municipalities
belonging to the semiarid and non-semiarid face with different production opportunities. The
results indicated that compared the two regions, the non-semiarid region has the highest average
technical efficiency with reference to meta-frontier.
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1. INTRODUCAO

O Brasil passou por um processo intenso de modernizacao de seu setor agricola a partir
da década de 1960. Gasques et al. (2012) apresentam evidéncias do crescimento elevado da
produtividade agricola nacional, com taxas superiores aos principais paises produtores de graos
e carnes, tais como Estados Unidos, Unido Europeia, China, india e Argentina. De forma
complementar, Fugile ¢ Wang (2012) constatam que a agricultura brasileira e a chinesa
apresentaram, nos ultimos 20 anos, o maior ¢ mais rapido crescimento da produtividade total
dos fatores (PTF) em ambito mundial. Além disso, essa tendéncia se intensificou durante o
periodo de 2000 a 2012 (GASGUES, 2014).

Nota-se que esse processo se caracterizou de maneira heterogénea entre as regioes
brasileiras. O Nordeste merece atencao nessa trajetdria por ndo ter acompanhado a dindmica
observada no pais, tornando-se a regido brasileira com menor dinamismo no setor agricola
(VICENTE, 2004; VIEIRA FILHO, 2013). No Brasil, ¢ facil perceber a convivéncia dual do
moderno versus o atrasado. Enquanto que nas regides Centro-Oeste e Sul encontra-se um setor
agricola moderno, com alto teor tecnolégico e elevada produtividade, no eixo Norte e Nordeste,
ha um contraste de uma agricultura em que prevalece produtores que utilizam técnicas atrasadas
e com baixa produtividade. A situagdo da pobreza rural se agrava no Nordeste brasileiro
(VIEIRA FILHO, 2013).

O Nordeste ¢ uma das areas mais vulneraveis do Brasil as variabilidades climaticas, que
se associam as chuvas irregulares, aos déficits hidricos e a baixa resiliéncia das populagdes que
se dedicam a agricultura, principalmente nos assentamentos da regido semiarida (SIMOES et
al., 2010). Estas caracteristicas fazem da agropecuaria um empreendimento cercado de riscos,
especialmente no semidrido. Ao contrario da dindmica da moderna produgdo, o setor
agropecuario constituido no semidrido nordestino tem acesso restrito aos mercados, o que
dificulta o desenvolvimento regional. Vale observar que, mesmo dentro do Nordeste, o
setor agricola ndo se comporta de maneira homogénea. Agricultores situados no semiarido, por
hipotese, deparam-se com condigdes geograficas, culturais, historicas e institucionais distintas,
que nao devem ser negligenciadas das andlises das politicas publicas de desenvolvimento
regional. E necessario promover as instituicdes de forma que ndo haja o aprofundamento da
discrepancia produtiva entre a regido dindmica e atrasada, como bem demonstram os estudos
de Hayami (1969) e Hayami e Ruttan (1970; 1971).

Diante dessas condicionalidades, ¢ fato que os agricultores situados no nordeste
semidrido se deparam com diferentes oportunidades de produgdo. Assim, podem-se levantar
alguns problemas: 1) essas diferencas influenciam na eficiéncia da producdo; e 1i) se positiva a
resposta ao primeiro questionamento, qual a magnitude dos impactos produtivos em pertencer
ou ndo ao semidrido nordestino. Espera-se que esta problematica seja respondida ao longo do
estudo.

Tendo exposta as questdes centrais, como objetivo geral de investigacdo, busca-se
identificar as diferencas tecnologicas da producgdo agropecuaria entre os municipios situados no
semiarido e nas demais regides do Nordeste brasileiro. Para tanto, propde-se a utilizacao do
método utilizado por Battese ef al. (2004) e O’Donnell ef al. (2008) para estimacao da meta-
fronteira de produgdo. Este quadro teorico € bastante utilizado para a comparagao de niveis de
eficiéncia e tecnologias de producao entre regioes distintas.

Serdo observadas em que propor¢do as diferengas regionais proprias do Nordeste, no
que tange a qualidade do solo, diferenca climatica, infraestrutura econdmica, dentre outras
variaveis, impactam na eficiéncia das firmas situadas nos diferentes grupos regionais.
Particularmente, a analise se concentra no estudo do Nordeste, incluindo o semiarido e as
demais regides, a partir da cartografia delimitada pela Superintendéncia do Desenvolvimento
do Nordeste (SUDENE). Como objetivo especifico, procura-se mensurar e analisar a eficiéncia



técnica (ET) e a razdo de meta-fronteira (MRT) dos municipios inseridos no semidrido € nao-
semiarido nordestino.

A principal contribuicdo deste estudo consiste em uma melhor caracterizagao dos
municipios situados no semiarido e nas demais regides do Nordeste brasileiro, atentando-se
para a questdo produtiva e tecnologica. Nao ha davidas de que estudos técnicos que possam
identificar os reais problemas da regido sao importantes para a formulag¢ao de politicas publicas
de desenvolvimento regional, especialmente no fomento do semiarido.

Para a andlise, serdao apresentadas 5 segdes, incluindo esta breve introdugdo. Na secao
2, faz-se uma breve caracterizagdo do semiarido, além de copilar estudos empiricos
relacionados a eficiéncia produtiva da agropecuaria da regido. A seg¢do 3, apresenta a
metodologia e 0 modelo econométrico, bem como a fonte dos dados e a amostra dos municipios
usados na estimacdo. Na secdo 4, ha a discussao os resultados. Por fim, seguem as
consideragoes finais.

2. CARACTERIZACAO DO SEMIARIDO DO NORDESTE BRASILEIRO
2.1. O semiarido brasileiro como delimitacio empirica

O Nordeste brasileiro corresponde a uma area total de 1,57 milhdes de km?, perfazendo
18% do territorio nacional. Trata-se da segunda regido de planejamento mais populosa do pais,
constituindo 28% da populacdo total do Brasil e concentrando cerca de 40% da pobreza. Em
2010, essa disparidade foi ilustrada ao comparar o indice de desenvolvimento humano (IDH)
de 0,57 da regido Nordeste com o indicador da regido Sudeste, que constitui o nimero de 0,78,
como aponta Barbieri et al (2010).

Nessa regido, a variabilidade climatica ¢ alta, e longos periodos de secas estdo
associados historicamente a fome e mortalidade (DAVIS, 2002). Parcela significativa da
populacdo consiste de agricultores familiares tradicionais de subsisténcia e com baixo teor
tecnolégico. Campos e Kahn (1992) apontam que, em longos periodos de seca, as perdas no
total da produgdo dos pequenos agricultores sdo de até 80%. Nasuti ef al. (2013), ao pesquisar
cerca de 1140 produtores rurais, dos estados da Bahia, do Ceara, do Pernambuco, do Rio grande
do Norte e do Piaui, no periodo de 2011 a 2013, chegaram a resultados semelhantes, sendo que
cerca de 70% dos produtores afirmavam obter prejuizos devidos a variabilidade climatica.

Como ja destacado, a regidao Nordeste ¢ heterogénea, tanto economicamente, quanto do
ponto de vista da distribui¢do dos recursos naturais. A regido semiarida, ocupando 60% de toda
regido Nordeste, estende-se a uma area de 982.563,3 km?, sendo que 89,5% pertence ao
Nordeste brasileiro e o restante ao norte do Estado de Minas Gerais. Em termos populacionais,
o semiarido nordestino compreende aproximados 12% da populacdo do pais. Popularmente
conhecida como o “poligono das secas”, € a regido mais pobre do Brasil, sendo sujeita a severas
secas periddicas (DA MATA; RESENDE, 2015), tornando-a a regido semiarida dos tropicos
mais populosa do mundo (MORENGO, 2008).

Ainda em 2010, a regido semiarida apresenta um nivel de analfabetismo trés vezes maior
que a média nacional (ROCHA e RESENDE, 2015). Conforme a Tabela 1, ao comparar os
indicadores demograficos, para o ano de 2010, a média da renda domiciliar per capita do
semiarido nordestino foi 2,4 vezes menor em relagdo a média nacional, e apenas 70% da renda
média do Nordeste.

Sindice sintético calculado pela média simples de trés sub indices, referentes as dimensdes de Longevidade
(IDHM-L), Educa¢do (IDHM-E) e Renda (IDHM-R). Para obter informagdes metodoldgicas, consulte o Atlas do
Desenvolvimento Humano no Brasil - 1998. O IDH é uma medida comparativa para classificar diferentes regides
pelo grau de desenvolvimento. Quanto mais proximo de 1, mais elevado ¢ o grau de desenvolvimento. Ao
contrario, quanto menor for o indicador, mais fragil é o desenvolvimento humano da regido.



Ao longo do periodo, de 2000 a 2010, percebe-se que o semiarido foi a regido analisada
com maior variagdo percentual de renda domiciliar per capita, o que resultou,
consequentemente numa melhora da distribuicdo de renda comparada as demais regioes. Deve-
se ter cuidado ao interpretar o indice de Gini®, pois, embora a regido semiarida tenha aumentada
a renda ao longo do periodo, os valores absolutos se mostram mais baixos do que nas demais
regides, ou seja, a maior igualdade de renda se da em uma situacao de socializagdo da pobreza,
ainda que com uma melhora de renda.

Tabela 1 - Média da renda domiciliar per capita real e indice de Gini para o Brasil,
Nordeste e Semiarido Nordestino (2000 e 2010)

Renda (Em Reais) Indice de Gini
Unidades 2000 2010 Variagdo (%)|2000 2010 Variacdo (%)‘
Semiarido Nordestino | 246,86 399,48 61,82 0,58 0,55 -5,17
Nordeste 365,89 570,10 55,81 0,64 0,62 -3,13
Brasil 701,71 949,99 35,38 0,63 0,60 -4,29

Fonte: Elabora¢ao com base em Irffi (2015).

Em relacdao as questdes sociais, Rocha ¢ Resende (2015) mostram que, no semidrido
nordestino, no periodo de 1996 a 2008, aproximadamente 80% das criangas estavam a baixo da
linha da pobreza e a mortalidade infantil era de 31 6bitos por 1000 nascimentos. Em
contrapartida, a média brasileira, se encontrava, respectivamente, nos patamares de 25% e
aproximadamente 15 obitos por 1000 nascimentos. Todos esses indicativos tornam a regiao
semidrida brasileira o maior bolsao de pobreza do pais.

A distribuigao populacional da regido ndo acompanhou o processo de urbanizacdo que
ocorreu no Brasil no século passado (ALVES e ROCHA, 2010). De acordo com Alves e Rocha
(2010), o Nordeste ¢ a regiao com maior potencial de éxodo rural nos proximos aos e, por isso,
¢ necessario definir politicas que possam fomentar o espaco rural e o urbano, de modo a ndo se
repetir os erros do passado.

Os municipios que compdem o semiarido sdo pequenos, com uma populacdo média de
12 mil habitantes, tendo sua economia fortemente baseada em formas extensivas de agricultura
de subsisténcia com baixa produtividade e pouca resiliéncia as flutuagdes climaticas
(AB’SABER, 1999; BARBIERI, ef al., 2010). A partir dos dados apresentados pelo Censo
Agropecuario de 2006 (IBGE, 2006), a agricultura familiar ¢ o segmento predominante no
contexto produtivo da agropecuaria da regiao.

De acordo com Vieira Filho (2013), dos 5,1 milhdes de estabelecimentos agropecuarios
no Brasil, cerca de 84% eram estabelecimentos de agricultura familiar. No comparativo
regional, dos estabelecimentos de agricultura familiar, quase a metade (50%) estava localizada
no Nordeste. No que se refere a extrema pobreza, esse percentual ainda ¢ muito mais elevado
na regido nordestina, cerca de 61%.

No que tange aos niveis de escolaridade (Figura 1), no Brasil, 90% dos proprietarios dos
estabelecimentos ndo possuiam o ensino fundamental (analfabetos, ndo educados e ensino
fundamental), com 27% de analfabetos e 12% de ndo educados. Esses produtores detém baixa
capacidade de absor¢do tecnologica, segundo Vieira Filho (2004). Em uma comparagao
regional, o Nordeste tem o pior desempenho na educagdo, com 59% dos proprietarios
analfabetos e ndo educados, apenas 36% com ensino fundamental e 6% com ensino médio e

0 coeficiente de Gini mede o grau de desigualdade na distribuigio da renda domiciliar per capita entre os
individuos. Seu valor pode variar teoricamente desde 0, quando ndo had desigualdade (as rendas de todos os
individuos t€ém o mesmo valor), até 1, quando a desigualdade ¢ maxima (apenas um individuo detém toda a renda
da sociedade e a renda de todos os outros individuos é nula). Série calculada a partir das respostas a Pesquisa
Nacional por Amostra de Domicilios (Pnad/IBGE).



superior. Estes numeros sdo impressionantes em comparagdo com outras regidoes € mostram
uma enorme lacuna entre regides desenvolvidas e atrasadas.

FIGURA 1 — Percentual de proprietarios por niveis de escolaridade e por regioes.
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Fonte: Elabora¢ao com base em Vieira Filho (2014).

Com certeza, estas caracteristicas também sdo observadas no semiarido. Segundo
Aquino e Lacerda (2014), esse ambiente torna atividades tradicionais na regido, como a
agricultura de sequeiro (que depende somente das precipitagdes pluviométricas) e a
agropecuaria extensiva, em empreendimentos de extremo risco. Dada a concentragao
populacional e sua dependéncia a essas atividades, periodos prolongados de estiagem acarretam
drasticas redu¢des na producao, aumento da fome, crescimento do desemprego e estimulo a
migragdo para zonas urbanas, o que demanda maior investimento na prestacdo dos servigos
publicos nas grandes cidades. Programas, tais como Bolsa Familia, contribuem para amenizar
parte desse impacto negativo, mas € preciso planejamento mais especifico para acabar com o
problema da pobreza de forma estrutural. Politicas assistencialistas sdo importantes no periodo
de transicdo, mas investimento em capacidade de absor¢do de contetido tecnoldgico ¢
fundamental para erradicar com os problemas estruturais.

Diante disso, os formuladores de politicas publicas voltaram sua aten¢do a essas
questdes, criando politicas especificas para o enfrentamento dessa condicdo. O principal
instrumento de intervencdo governamental, representada pela Superintendéncia para o
Desenvolvimento do Nordeste (SUDENE), ¢ o Fundo Constitucional do Nordeste (FNE), que
tem como seu gestor o Banco do Nordeste Brasileiro (BNB). A Constituicao Federal de 1988
estabeleceu o FNE e outros fundos constitucionais ’ através do artigo 159 e regido por forca da
Lei N° 7.827, de 27.09.1989, sendo metade dos recursos dos fundos, direcionados a regiao
semiarida.

A delimitagdo do semiarido brasileiro ¢ regulamentada mediante a Portaria N° 89,
assinada em marco de 2005 pelo Ministério da Integracdo Nacional. O semidrido brasileiro
constitui toda a area dos estados do Nordeste, incluindo todos os municipios do Norte de Minas
Gerais e do Espirito Santo que atendam os seguintes critérios: Precipitacdo pluviométrica média
anual inferior a 800 milimetros; Indice de aridez de até 0,5 calculado pelo balango hidrico que
relaciona as precipitagdes e a evapotranspiragdo potencial, no periodo de 1961 e 1991; e Risco
de seca maior que 60%, tomando-se por base o periodo de 1970 e 1990.

7 Os fundos constitucionais foram criados no ambito da constituicio federal de 1988 e sdo constituidos de 3% da
arrecadagdo do imposto sobre Renda e Proventos de Qualquer Natureza (IR) e do imposto sobre Produtos
Industrializados (IPI). Os fundos sdo: Fundo Constitucional de Financiamento do Nordeste (FNE), Fundo
Constitucional de Financiamento do Norte e Fundo Constitucional de Financiamento do Centro-Oeste (FCO).



A importancia desse fundo para a regido foi mostrada por Da Mata e Resende (2016).
No estudo, os autores comparam os municipios incluidos na regido semiarida (grupo de
tratamento), com municipios semelhantes que ndo foram incorporados a regido na lei de 2005
(grupo de controle). Constatou-se que produtores de baixa renda e com menor porte nas novas
localidades semiaridas tém investido o crédito subsidiado para expandir sua capacidade de
resiliéncia as intemperes climaticas regionais. Notou-se ainda que esses empréstimos nao se
converteram em ganhos em PIB per capita, dado o nivel de informalidade desse setor na regiao.

Nessa perspectiva, a regido de estudo sera a cartografia da area de atuagao da SUDENE
e nao apenas o Nordeste geografico brasileiro, definido pelo IBGE, no intuito de melhor
representar os dois grupos regionais. Embora os municipios do norte de Minas Gerais
pertencam a um estado rico, com maior grau de desenvolvimento, nao se beneficia desse nivel
de desenvolvimento, como mostra Iffri (2015). J4 o Norte do Espirito Santo foi mantido para
garantir a estrutura institucional criada pela atuagdo da SUDENE na regido.

Tabela 2 — Niimero de municipios abrangidos pela cartografia da SUDENE (2005)
Numero de Municipios

Estados Nordeste Semiarido Nordeste Nao-Semiarido Total
AL 38 64 102
BA 265 152 417
CE 150 34 184
MA 0 217 217
PB 170 53 223
PE 122 63 185
PI 127 96 223
RN 147 20 167
SE 29 46 75
ES 0 28 28
MG 85 83 168

Total 1133 856 1989

Fonte: Portaria MI n°® 89 (16.03.2005 - Ministério da Integracdo Nacional).
Elaboracao: Autores.

Esse esfor¢o busca captar o impacto da heterogeneidade espacial nordestina na
eficiéncia das firmas situadas na delimitacdo proposta, e verificar o quanto as diferenciagoes
tecnologicas entre as regides influencia na eficiéncia produtiva dos municipios.

O estudo de O’Donnell et al. (2008) corrobora com essa percep¢ao, onde firmas situadas
em diferentes regides deparam-se com diferentes oportunidades de producao. As escolhas a
serem tomadas sdo sobre diferentes combinagdes factiveis de “insumo-produto”, ou seja, a
partir de diferentes “conjuntos de tecnologias”. Essas diferencas podem ser explicadas pela
disponibilidade e qualidade do estoque de capital fisico, humano e financeiro, infraestrutura
econdmica, dotacao de recursos naturais, etc.

2.2. Principais tendéncias verificadas

Como apresentado na secdo anterior, a tendéncia do setor agricola do semiarido
nordestino ¢ de baixa produtividade. Um cenario dispare quando comparado ao a dinamica do
agronegocio brasileiro. Enquanto em alguns paises desenvolvidos discute-se a existéncia ou
nao de uma tendéncia de reducdo do crescimento da produtividade agricola, como diversos
estudos debatem para o caso do setor agricola americano (ALSTON e PARDEY, 2009; JAMES



etal.,2009; BALL et al., 2013), paises em desenvolvimento, especialmente a China e o Brasil,
apresentaram rapidos ganhos de PTF no setor (FUGILE et al., 2008).

Estudos que se detém a analisar a evolucao da PTF e da eficiéncia agricola da regiao
semiarida sdo escassos. A maioria dos trabalhos consideram apenas o Nordeste como um todo.
Desconsiderando a elevada heterogeneidade regional, os agricultores fazem as suas escolhas a
partir de diferentes “‘conjuntos de tecnologias”. A literatura econémica sobre o tema mostra que
o Nordeste vem a margem desse processo. Vicente (2004), ao analisar a eficiéncia e a PTF da
agricultura brasileira no periodo de 1970 a 1995, utilizando Analise Envoltoria de Dados
(DEA), indica que o Nordeste sofreu uma involugao tecnoldgica, o que o fez destoar do aumento
da PTF por qual passou o setor agricola brasileiro. Os fatores principais geradores desta
tendéncia foram a deficiéncia na infraestrutura local, a dificuldade no acesso e na utiliza¢ao de
insumos modernos ¢ a deterioragdo das relagdes de troca na agricultura. A amalgama desses
fatores influenciou o desempenho PTF na regido.

Aratijo e Santos (2009) argumentam que o Nordeste passou por um processo tardio de
integracdo a dinamica da agricultura brasileira, passando a acompanhar de perto a economia
brasileira como um todo, crescendo a taxas médias superiores as nacionais. A base agropecuaria
da regido passou por um processo de diversificagao.

Toma-se como exemplo a presenga da fruticultura irrigada, especialmente no podlo
agroindustrial de Petrolina-Juazeiro no vale sub médio do Sao Francisco e no moderno pdlo de
fruticultura do Rio Grande do Norte no Vale do Acu. Da mesma forma, a producao de graos
vem crescendo na direcdo do MATOPIBA (acronimo para distinguir os estados do Maranhao,
Tocantins, Piaui e Bahia), que se estende aos cerrados nordestino e tocantinense.

Gasques ef al. (2013) analisam a PTF da economia brasileira no periodo de 1970-2006.
Além disso, apontaram-se que a taxa de crescimento da produtividade dos estados nordestinos,
no periodo 1995/1996 — 2006, apresentou crescimento superior a média nacional, com excegao
dos estados da Paraiba e do Rio Grande do Norte.

Fornazier et al. (2012), ao estudar o setor agropecudrio brasileiro, encontrou fortes
evidéncias do setor ser estruturalmente heterogéneo. Para tanto, compararam-se as diferengas a
partir dos dados do Censo Agropecuario. Isso significa que, no caso brasileiro, o setor moderno
e produtivo convivia com o atrasado e pobre, bem representados na diferenca entre os
produtores familiares e nao familiares. Entretanto, os autores encontraram que a
heterogeneidade ndo se da unicamente pelo tipo de produgao (familiar ou patronal) ou mesmo
pelo tamanho (pequeno ou grande). Hé4 outras caracteristicas como fatores culturais,
geograficos e climaticos. Além do mais, foi constatado que dentro da propria categoria de
agricultura familiar havia producdo moderna com alta produtividade versus producao atrasada
com baixa eficiéncia técnica produtiva, que produzem praticamente sem excedente monetario.

Vieira Filho (2013) verificou a heterogeneidade estrutural existente na agricultura
familiar brasileira em diferentes regides e constatou que ha a coexisténcia de produtores
familiares, modernos e produtivos, com agricultores tradicionais de subsisténcia com baixo teor
tecnoldgico, sendo estes ultimos mais vulnerdveis as variabilidades climaticas proprias da
regido Nordeste. Apresentou-se que a regido Nordeste possui a maior heterogeneidade entre os
agricultores familiares, j4 que a maior parte de seus estabelecimentos agropecudrios se
classificava nesse tipo organizacao, cerca de 88% do total (IBGE, 2006).

Helfand et al. (2015) analisou a PTF e a eficiéncia técnica com o modelo de fronteira
estocastica a partir dos dados dos Censos Agropecuarios para os anos 1985, 1995-1996 e 2006.
Foi examinado o papel do tamanho da propriedade no acelerado crescimento da PTF agricola
do Brasil nos ultimos 20 anos. Para tanto, os estabelecimentos agricolas foram divididos em
classes pelo tamanho e pelas suas respectivas contribuicdes ao crescimento da PTF nacional.
Os resultados especificos para o Nordeste mostraram que a segunda menor classe de
estabelecimentos (de 5 a 20 hectares) foi responsavel por 18% da producdo e 21% dos



estabelecimentos da regido. Esta foi a classe que mais evoluiu em eficiéncia técnica de 7,75%,
bem como em relagdo ao crescimento da PTF (de 4,12%). Nao obstante, a maior parte das terras
da regido, 69% do total, representou maiores fazendas (de 100 a 500 hectares). Esta faixa
apresentou as mais reduzidas taxas de crescimentos da PTF.

3. METODOLOGIA

3.1. Meta-fronteira de producio estocastica

A constru¢ao da meta-fronteira de producdo da-se em dois estagios. O primeiro estagio

¢ dado pela construcao de fronteiras estocasticas regionais. Para tanto, considere que a relagao
entre insumos e produtos das diversas firmas em diferentes regides, numa dada industria, ¢
representada por uma fronteira estocastica regional para cada grupo de firmas. Sendo assim,
para cada j-ésimo grupo, existe uma amostra de N; firmas, produzindo um produto a partir de
varios insumos, a fronteira estocastica para estes grupos ¢ definida por:
Yie = f(Xit'ﬁj)- exp{vi]t - uit} (1
Onde y;; ¢ denotado como a producao observada na firma (neste caso o municipio) Z, no ano ¢;
X, representa o vetor /xK de insumos ou outras varidveis explicativas associadas com a firma;
B’ denota o vetor Kx/ parametros desconhecidos associados ao grupo j. Considerou-se cada
municipio situado na area que pode ser considerada semidrida como uma firma, divididas em
duas regides, assim j= semiarido e nao semiarido. No intuito de testar a hipotese de que as
tecnologias usadas nos municipios do semiarido e ndo-semiarido nordestino sao as mesmas,
serdo estimadas trés fronteiras estocasticas, duas fronteiras regionais (Semiarido e Nao
Semiarido) e uma com todos 0s municipios.

A composi¢do do termo do erro se d4 pelos termos v;,/ e u;./, sendo estes independentes
entre si. O primeiro representa as variagcdes por choques aleatorios, erros de medigao, etc., que
sdo por hipotese iid~N(0,02), ou seja, independentes e identicamente distribuidos, com
distribui¢do normal de média zero e variancia ¢2. J4 o segundo refere-se a ineficiéncia técnica
propria da firma, que desvia a fronteira de producdo para baixo, podendo apresentar diversos
tipos de distribui¢ao, como a half-normal, como em Aigner et al. (1977), normal truncada
(BATTESE et al., 1995), exponencial, gama. Assume-se ainda que: E(v;;) = 0 (Média zero);
E(v;?) = 0,2 (homocedasticidade); E (vitvjt) = 0. para todo i #] (ndo correlacionados);
E(u;:?) = constante, (homocedasticidade); E (uitujt) =0 para todo 1 #, (ndo
correlacionados).

As estimagOes desses parametros serdo obtidas pelo método da maxima
verossimilhanca. O resultado da eficiéncia técnica da firma (municipio) especifica ¢ dada pela
relagdo:

i ijt
f(Xi]t'Bi]t)'exp{vi]t}

ETi{ = = {exp(—u{t)}, Jj = semiarido,ndo semiarido (2)

Onde 0 < ET/ < 1, quando ET=1, diz-se que a firma ¢é tecnicamente eficiente.

Para testar a hipdtese de que as duas regides sdo representadas pela mesma fronteira de
producdo estocastica, utiliza-se o teste da razdo de verossimilhanga (LR). Se a hipotese nula for
rejeitada, a fronteira de producdo agrupada ¢ rejeitada e aceita-se a hipotese alternativa de
existéncia de fronteiras regionais distintas. No entanto, as ET computadas pelas fronteiras
regionais estimadas ndo podem ser comparadas, contudo, adota-se o conceito de fungdo de
meta-producdo para comparagdo das diferengas de performances entre as duas regides de
estudo.

Parte-se da hipotese de que os municipios estdo divididos em dois grupos regionais
(Semiarido e Nao-Semiarido) e possuem diferentes conjuntos de produg¢do, dados seus



diferentes niveis de acesso aos estoques de capital fisico, humano e financeiro, como nas
diferentes dotacdes de recursos naturais, disparidade na qualidade do solo, clima, acesso a
recursos energéticos, infraestrutura, etc. Assim, a MF possibilita a comparacao das TE das
diferentes fronteiras estimadas. A funcao de MF de produgdo toma a seguinte forma:
Vir = fXie, B7) = exp{X'y 57} (3)
Em que y;; indica o produto da meta-fronteira e §* indica o vetor de parametros para a MF de
producdo que satisfaga a seguinte restri¢ao:
X,B* = X],p’, para j = semiarido,nio semiarido @)
Essa restricdo garante que nenhuma fronteira regional seja maior que a meta-fronteira.
O’Donnell et al. (2008) apresenta duas formas para o calculo £*. O primeiro método € estimar
uma meta-fronteira estocastica, usando os produtos, insumos de todas as firmas,
independentemente da regido e em todos os periodos, calculando uma meta-fronteira
estocastica. Este método ndo garante que a meta-fronteira estimada seja a envoltéria das
fronteiras regionais, dada a possibilidade de haver problema de ma especificacao. O segundo
método, proposto por Battese et al (2004) e O’Donnel et al (2008) considera que, dado os
parametros estimados 3/ das fronteiras regionais no primeiro estagio, o segundo estagio para a
estimagao da MF se da na estimagao de ™ pela solugao do seguinte problema de programacao
linear:

min L = X7 Xalinf X, 7 = Inf (Xie A7) )

s.t. Inf (Xie, B) = Inf (X, f7), paratodo i e ¢ (6)
Onde B/ é o vetor dos coeficientes estimados das j-ésimas fronteiras estocasticas. No caso
destes parametros estimados para as fronteiras estocasticas nas diferentes regides (87, j=
semiarido e ndo-semiarido) serem fixos para todo o problema, e sendo a fungado f{.) log linear
nos parametros, como foi assumido em (1), o problema linear toma a seguinte forma:

mBin Xp* (7)
s.t. X{,B* > X{,B/, paratodoj,iet (8)
Onde X’ ¢é o vetor coluna das médias dos elementos dos x;.-vetores para todas as observagdes
no conjunto de dados. Com o problema de programacao linear resolvido, tem-se o vetor *
definido, rescreve-se o produto observado da firma (municipio) 7, na regido j no ano ¢, pela
seguinte decomposi¢ao:
£x}.B7)

Vie = exp(—ug) X T2 X f (X B)exp(vy) 9)
it’
. J pj .
MTR], = Z52PD onde 0 < MTR] <1 (10)
it f(X]tr,B*) it

O primeiro termo do lado direito da equagdo (9) representa a eficiéncia técnica (ET)
relativa a fronteira estocastica da j-€sima regido. O segundo termo ¢ nomeado de razdo de meta-
tecnologia (MTR)), que representa a diferenga entre a tecnologia disponivel para a regido j,
relativa a melhor tecnologia disponivel para a industria como um todo, e exposta na equagao
(10). A eficiéncia técnica relativa a meta-fronteira estocastica ¢ definida de uma forma analoga
a equagao (11):

. j . .
=2t = ET) x MRT] 11
T sl t . (1)
3.2. Base de dados

Os dados utilizados correspondem as 1989 informacdes dos municipios que compdem
a area de atuacdo da SUDENE. As fontes de informagdes baseiam-se nos Censos Agropecudrios
do IBGE de 1970 a 2006, além do sistema de contas regionais, também disponibilizadas pela



plataforma do IPEADATA, em uma série temporal de 1970, 1975, 1980, 1985, 1995/1996 ¢
2006. Os municipios nao existentes nos periodos do censo, ou que possuiam informagdes
omitidas para alguma variavel em algum dos anos de analises, foram excluidos da amostra, de
forma a manter os dados em painel balanceado. Dos 1989 municipios iniciais, a amostra final
contabilizou 1268 municipios que continuaram nesta analise, sendo 740 pertencentes ao
semiarido e 528 ao ndo-semiarido.

A variavel escolhida para representar o produto foi o PIB agricola municipal,
disponibilizado pelo IPEADATA e deflacionado a pregos de 2000 pelo deflator implicito do
PIB. Para a mensuragdo dos fatores de producao terra, trabalho e despesas com insumos, a
coleta de dados dependeu exclusivamente dos dados disponibilizados pelos censos
agropecuarios. O fator terra foi considerado como a area total das terras plantadas com lavouras
permanentes e temporarias. Nao se contabilizou ai areas plantadas com pastagens, por nao
serem considerados como fator escasso para agropecudria como apresenta Bragagnoli (2012).

Para medir a for¢ca de trabalho, optou-se por utilizar os dados referentes ao pessoal
ocupado na agropecuaria, que inclui tanto proprietarios, quanto trabalhadores contratados. Ja
as despesas com insumos foram retiradas das despesas declaradas em fertilizantes, defensivos,
sementes, mudas, energia, dentre outros. Estes valores estdo deflacionados pelo deflator
implicito do PIB nacional. Para a variavel estoque de capital, utilizou-se o valor dos bens dos
agricultores, disponibilizados pelo censo agropecudrio, incluindo as construgdes rurais,
maquinas e equipamentos. Contudo, essa varidvel ndao foi disponibilizada no censo
agropecuario de 1995/1996, o que obrigou a utilizagdo de uma proxy para este periodo em
especial, tal como proposto por Bragagnoli (2012). O método consistiu de partir dos dados
disponiveis em 1985, dos quais se acumularam os valores dos investimentos anuais até¢ 1995,
aplicando ainda uma depreciag@o de 6%, de acordo com os valores apresentados em Gasques
et al. (2013). Esta variavel foi deflacionada em Reais (R$) de 2000 pelo deflator implicito da
formacao bruta de capital, disponibilizado pelo IPEADATA (2016).

3.3. Especificacio do modelo empirico

Para o calculo da meta-fronteira de produgdo, deve-se primeiramente estimar de
fronteiras regionais por fronteira estocastica. Utiliza-se o método proposto por Aigner, Leobel
e Schmidt (1977) e Meusen e Broeck (1977) de fronteira estocastica de produgdo, o qual foi
aprimorado por Pitt e Lee (1981) e Schimidt e Sickles (1984), permitindo, dessa maneira, a
modelagem de dados em painel, que incorporou o componente de ineficiéncia técnica de
produgdo, junto as contribuigdes relativas a Battese e Coelli (1992;1995).

Nesse sentido, inicialmente definiu-se a forma funcional da fronteira estocastica de
producdo. Existem diferentes formas funcionais que dao origem a diferentes modelagens
econométricas na analise de fronteiras estocasticas. As formas funcionais mais comuns na
literatura sao a Cobb-Douglas (CD) e a Translog (TL). Good et al. (1993) e Ahmad e Barvo-
Ureta (1996) argumentam que a mensuragdo da ET ¢ robusta para ambas formas funcionais.

Dessa forma, utilizar-se-a a forma funcional CD pela sua simplicidade e dado o objetivo
de estudo. A escolha realizada deu-se pelos desafios inerentes a estimacdo de fronteiras
regionais com os mesmos fatores de produgdo, pois as diversas formas funcionais testadas
tinham indicios de ma-especificagdo para pelo menos uma das fronteiras estimadas. Sendo
assim, optou-se por uma abordagem mais simples, ainda assim robusta, como salientado. A
fronteira produgdo estocastica ¢ especificada da seguinte forma:

InYy =By + BoInLye + B3 InTy + By In Ky + Bs Inlye + Bt + vy — Uy (12)
Onde: Y;; = Produto agropecudrio do municipio i no periodo ¢, L;; = Fator de producao terra do
municipio i no periodo #; Ti; = trabalho por municipio i no periodo #; K;;= estoque de capital



por municipio i no periodo ¢ [; = despesas com Insumos por municipio i no periodo ¢; ¢t =
tendéncia linear; v; = distarbios aleatorios da fungdo de producdo que por hipotese
iid~N(0,0%); u; = ineficiéncia técnica da produgdo que por hipdtese assume-se que
iid~HN(0,02).

A estimagao dos parametros da equagdo (12) ¢ feita pelo método da maxima
verossimilhanga, permitindo o célculo das magnitudes das eficiéncias técnicas para cada um
dos municipios da amostra e, consequentemente, possibilitando a estimagdo das fronteiras
regionais (semiarido e nao semiarido), quanto a fronteira agrupada. Apds as estimagdes dos
modelos, foram realizados os respectivos testes de forma funcional para escolha do melhor
modelo, o de ineficiéncia técnica, o teste de auséncia de progresso técnico, como também o de
existéncia de fronteiras regionais.

4. Analise e resultados

Procura-se dividir a analise em trés partes. A primeira secdo contempla a analise das
estatisticas descritivas. A segunda encontra-se o primeiro estagio da estimacdo da meta-
fronteira, que ¢ constituido pela estimacao das fronteiras regionais na abordagem da fronteira
estocastica, bem como seus resultados. Por fim, tem-se o segundo estagio, no qual se estima a
meta-fronteira de producao por técnicas de programacao linear, analisando os seus resultados.

4.1. Estatisticas descritivas

As estatisticas descritivas estdo expostas na Tabela 3. Conforme os dados, no que tange
as médias, aos desvios padrdes e as amplitudes, observam-se variagdes significativas entre as
regides estudadas, o semidrido e os demais municipios. No ambito inter-regional, as duas
regides possuem grandes disparidades, principalmente, entre os valores maximos € minimos, o
que permite inferir que esse desequilibrio entre os usos dos fatores de produ¢do impacta na
eficiéncia dos municipios na produgao agricola.

O produto agricola do semiarido ¢ menor, em média, do que no ndo-semidrido. Todavia,
apresenta um menor desvio padrao e menor amplitude, representando que os municipios do
semidrido sdo mais homogéneos que os do nao-semidrido. No que tange aos fatores de
produgdo, o semiarido consome, em média, menos em quase todos insumos, com excecao do
fator de produgdo ferra. Isso pode indicar uma relagdo dessa regiao diferenciada com a terra.

O nao-semiarido gasta, em média, quase o dobro de insumos quando comparado ao
semiarido, e possui o fator capital médio significativamente mais elevado. Isso significa que o
nao-semiarido possui um quantitativo superior de maquinaria, veiculos e construcdes. No que
se concerne as despesas com insumos, 0 ndo-semidrido consome, em média, uma maior
quantidade de energia, de mudas, de servigos veterindrios, dentre outros, quando comparado ao
semiarido.

Tabela 3 — Estatisticas descritiva

Varidveis Regido Média Desv~10 Min Max
Padrao
Semiarido 8273,20 11208,94 38,51 216760,36
Nao-Semiarido  12375,00  18490,09 31,00 360224,00
Semiarido 8768,55 10843,26 60,22 265468,37
Nao-Semiarido  8284,13 10124,78 1,76  176136,44
Trabalho (Pessoas Semiarido 6210,00 5302,72 37,00  39477,00
ocupadas) Nao-Semiarido  6256,00 6077,623 18,00 67187,00
Semiarido 102031,00 280192,44 234,00 9905797,00

Nao-Semiarido 150493,00 391280,5 159,00 7812573,00

Produto (mil reais)

Area (hectare)

Capital (Mil reais)



Despesas com Semiérido 3933,40  13480,83 53,20 691557,50
Insumos (Mil reais) Nao-Semidrido  6989,10  23673,91 0,10  865807,70

Fonte: elaborada pelos autores com base os resultados da pesquisa.

4.2. Estimacao das fronteiras de producao e testes de especificacao

Os resultados das estimagdes’ estdo presentes na Tabela 4. Vale salientar que, para todas
as fronteiras, foi realizado o teste de hipotese pelo teste razao de verossimilhanga generalizada,
no intuito de verificar se o termo do erro correspondente a ineficiéncia seria inexistente.
Rejeitou-se a hipdtese nula de inexisténcia da eficiéncia técnica em todas as fronteiras a um
nivel de significancia de menos de 1%.

Nas trés fronteiras estimadas, todos os parametros sdo altamente significativos a um
nivel de 1%, implicando em uma fun¢do de producdo bem-comportada, com quase todos os
parametros com sinais esperados. Chamou-se a atengdao o quao semelhante as duas fronteiras
regionais foram, sendo as mesmas variaveis, impactando positivamente ou negativamente na
producdo agricola em ambas as regides.

Os fatores de producao terra, trabalho e estoque de capital impactam positivamente no
produto agricola em ambas fronteiras regionais como esperado. Existiam diferencas regionais
nos impactos dessas variaveis na producao, sendo que o semiarido mantém-se a retaguarda
comparativamente as outras regides em relacao ao fator terra. Porém, a influéncia do trabalho
e do capital ¢ superior no semiarido, o que sinaliza que investimentos em educacdo e em
tecnologia sdo essenciais para transpor os desafios climaticos e produtivos da regido.

O fator trabalho impacta positivamente na producao em ambas fronteiras regionais,
apontando o quao importante ¢ o investimento em educagao para o Nordeste como um todo, no
sentido de potencializar esses ganhos. Esta assertiva ¢ confirmada por Bacelar e Santos (2009),
que percebem que o Nordeste necessita de melhoras na educagdo para alcangar o desempenho
nacional, como apresentou-se na figura 1.

E perceptivel que o fator capital influéncia positivamente na producio agropecuaria e ¢
ligeiramente maior no semiarido, corroborando com os resultados de Gasques (2013). Dessa
forma, a modernizagdo do maquinario, que substituisse tratores de menor poténcia pelo uso de
veiculos de médio e grande porte, acarretaria ganhos na producao do setor. Dai a importancia
da politica de juros subsidiados proporcionados pelo FNE, com enfoque no semiarido, na
amplia¢ao do estoque de capital.

Tabela 4 — Fronteiras Estocasticas Estimadas

Variaveis Parametros Nordeste Nao-Semiarido Semiarido
. 3,0%% 3,245 2,55%%%
(intercepto) Pi (0,12) (0,16) (0,15)

; 0,21 %% 0,247 0,207
i e (0,01) (0,02) (0,02)
T 0,25%%* 0,23 %% 0,27 %%
i Ps (0,01) (0,02) (0,02)
© 0,23 %% 0,22 0,24
i Pa (0,01) (0,01) (0,01)

° Para estima¢do dos pardmetros das fronteiras de producdo, utilizou-se o software estatistico R-Project,
especificamente o pacote frontier (COELLI; HENNINGSEN, 2013).



-0,15%% 20,123 -0,15%%

L Ps (0,01) (0,02) (0,01)
, 5 -0,03%** -0,05%** -0,02%%*

6 (0,01) (0,00) (0,00)
- 1,13%%* 0,90%%% 1,03%%*

(0,05) (0,06) (0,06)
0,73*** 0,66*** 0,71***

v (0,01) (0,02) (0,02)
o2 0,82%%% 0,60%%%* 0,72%%%

u (0,05) (0,06) (0,06)
o2 0,30%%% 0,30%%% 0,30%%%

v (0,00) (0,00) (0,00)
1,06%%* 0,95%%% 1,01 %%

© (0,02) (0,03) (0,03)
0,91 %% 0,77%%% 0,85%%%

Ou (0,03) (0,03) (0,03)
0,55*** 0’55*** 0’55***

ov (0,00) (0,00) (0,03)
)\‘2 2’74*** 1’98*** 2’41***

(0,17) (0,21) (0,22)
N 1,67%%* 1,41%%* 1,55%%*

(0,05) (0,07) (0,07)

ET Média 0,52 0,58 0,54
log-verossimilhanga -7359,52 -3011,32 -4259,06

Fonte: Elaborada pelos autores com base nos resultados da pesquisa.
*A codificagdo para a significancia dos coeficientes estimados:
“*¥E% significante a um nivel de 1%.

O fator de producdo ferra influencia positivamente a produ¢do em ambas fronteiras
regionais, sendo mais significativa no ndo-semidrido nordestino. O trabalho de Helfand et al.
(2015) discute a estrutura fundiaria do Nordeste. Segundo os autores, os estabelecimentos mais
eficientes e produtivos da regido Nordeste sdo as pequenas propriedades; todavia, 69% das
terras estdo em propriedade dos estabelecimentos de grande porte, os menos produtivos da
Regido. A incorporagdo de novas areas para os produtores mais eficientes e produtivos da regido
¢ bastante restrita, podendo caracterizar-se um entrave ao aumento da produtividade via
aumento da area cultivada desses pequenos produtores eficientes.

Ja as varidveis despesas com insumos € a tendéncia temporal possuem uma relacao
inversa com a producao em ambas fronteiras regionais. No que tange despesas com insumos,
ha uma indicagdo de causalidades perante as condigdes proprias da regido, que tornam estes
gastos forgosos ao processo produtivo, pois as trés fronteiras apresentaram a mesma relagao,
sendo ainda mais for¢osa para o nordeste semiarido. Nesse ponto, quanto maiores sao os gastos
com insumos, menor seria o retorno produtivo, ou seja, o uso intensivo de insumo nao
representa aumento de produgdo. Esse ¢ um resultado curioso, mas pode estar associado a baixa
capacidade de absor¢do tecnologica dos agentes, ja que estes sdao agricultores com baixo nivel
de escolaridade.

Isso se da pela regido demandar intensamente adubos, defensivos, gastos com energia e
agua, para manter uma area irrigada, por exemplo, como também pode-se inferir a possibilidade
da ma utilizagao desses mesmos fatores, dada a baixa qualificacdo da mao-de-obra. Vicente
(2004) aponta como possivel causa para o baixo dinamismo da regido o caso da infraestrutura
ineficiente e o limitado acesso ao crédito assimétrico na regido, inviabilizando a aquisi¢ao de
insumos modernos. Ha indicios de uma reversdao dessa involucao técnica do Nordeste a partir



de 1985, dada uma maior integracao do Nordeste com o mercado interno brasileiro e o advento
do FNE. Porém, nao se percebe esta tendéncia nos resultados aqui apresentados.

A variavel tendéncia linear foi significativa para ambas fronteiras e indica uma
diminuicdo da dinamicidade do setor agricola da regido no decorrer da série historica,
corroborando com os resultados encontrados por Vicente (2004). Essa tendéncia pode ser um
indicativo de que o Nordeste brasileiro ficou a margem do processo de modernizagao agricola,
que tornou a agricultura do pais competitiva no cenario internacional, como mostra O’Donnel
et al. (2008) e Gasques (2014), tornando o Nordeste uma regiao de baixo dinamismo no setor
agricola, como demonstra Vieira Filho (2013). Percebe-se ainda que essa tendéncia ¢ ainda
mais intensa no nao-semiarido nordestino, o que ¢ um resultado inesperado.

A média da eficiéncia técnica varia entre as fronteiras regionais. O nao-semiarido
apresenta ET média de 58,07% e o semiarido possui o escore médio de eficiéncia de 53,8%.
Esta diferenca nao implica que os municipios do semiarido possuem desempenhos piores que
os do ndo-semiarido, pois a comparagdo das duas fronteiras s6 fara sentindo se elas nao
compartilharem da mesma tecnologia de produgdo. No entanto, se as duas regides comungam
da mesma tecnologia, deve-se usar o resultado dos municipios agrupados do Nordeste.

4.3 Analise dos Testes de Hipodteses

Apbs as estimagdes dos modelos, foram realizados os respectivos testes de forma
funcional para escolha do melhor modelo, o de ineficiéncia técnica, o teste de auséncia de
progresso técnico, como também o de existéncia de fronteiras regionais. Como discutido, por
problemas de convergéncia, optou-se pela forma funcional Cobb-Douglas, pois mostrou-se a
mais adequada para as trés fronteiras estimadas, ndo havendo indicios de ma-especificagao.

Escolhida a forma funcional, realizou-se o teste de auséncia de ineficiéncia técnica ao
modelo, caso y = 0, ndo se deve utilizar o Modelo de Fronteira Estocdstica, ou seja, o modelo
nao capta o efeito ineficiéncia. Nesse caso, ¢ indicado a utilizagdo do método de minimos
quadrados ordinarios. A partir dos respectivos valores de log maxima verossimilhanca das
estimagoes de cada fronteira, os valores A estdo dispostos na Tabela 5. Tem-se os resultados do
teste para as trés fronteiras, que superam seus respectivos valores criticos e significancia de 5%
na tabela de Kodde e Palm (1986), dados seus graus de liberdades. Portanto, rejeita-se Ho e
aceita-se a hipdtese Hi, confirmando a presenga de progresso técnico para as trés fronteiras
apresentadas.

Posteriormente, testou-se a auséncia de progresso técnico. De acordo com o teste descrito
anteriormente, estimou-se o modelo na forma funcional Cobb-Douglas e na forma com auséncia
de progresso técnico. De acordo com os resultados, rejeitou-se a hipotese nula e aceitou-se a
hipotese alternativa, validando o uso do modelo de fronteira estocastica.

Tabela S — Prova de Razio Verossimilhanca dos parametros das fronteiras de Producio

Prova Regido Hipdtese nula Graus de Valor de Valor az(féiao de
& P Liberdade A Critico ¢
5%)
Fronteira Ho: y=0 1,00 1937,60 6,64  Rejeita Ho
) ~ Agrupada
Inexisténcia - -
de Eficiéncia Smn.t,el.rj Ho: y=0 1,00 873,56 6,64  Rejeita Ho
Técnica em1ar'1 0
Frontera ‘Nao- p . _o 109 617,70 6,64  Rejeita Ho
Semiarido
Fronteira Ho:Bs=0 1,00 3780 664  Rejeita Ho

Agrupada




Fronteira

Auséncia de A Ho: s =0 1,00 7,82 6,64 Rejeita HO
Semiarido

Progresso Fronteira Nao-

Técnico ., Ho: B =0 1,00 41,12 6,64 Rejeita HO
Semiarido

Existéncia de

duas Nio se aplica 1107 Fronteira ¢ 4 178,00 2537 Rejeita HO

Fronteiras Agrupada

Regionais

Fonte: elaboragdo propria.

\: prova estatistica da razio de maximo verossimilhanga em que A = —2[LL(H,) — LL(H,)]~x?, com graus de

liberdade iguais ao nimero de restrigdes independentes.

Por fim, realizou-se o teste para validar a existéncia da diferenciagdo entre as
possibilidades produtivas entre as duas regides ou ndo. Conforme os resultados, foi rejeitada a
hipotese nula e aceita a hipotese alternativa, validando que os municipios pertencentes ao
semiarido ou ao nao semidrido empregam diferentes tecnologias de producao. Logo, pode-se
utilizar o quadro teorico da meta-fronteira de producdo, a fim de comparar a performance de
eficiéncias entre as diferentes regides.

4.3. Analise das eficiéncias técnicas e razao de meta-fronteira

Para a estimacao dos parametros da meta-fronteira tecnoldgica, foi resolvido o problema
de programacao linear apresentado, utilizando o software estatistico Shazam. Os parametros
encontrados para a meta-fronteira correspondem aos apresentados na fronteira regional dos
municipios situados no ndo-semidrido, estimada pelo modelo de fronteira estocastica. Este
resultado indica que a tecnologia de producdo empregada na agropecudria nestes municipios €
mais avancada do que na regido semiarida. O Resultado aponta que a regido ndo-semidrida
define tecnologia potencial disponivel para todos os municipios do Nordeste.

A razao de meta-tecnologia (MTR), definida na equagao (10), ¢ para todos os
municipios do ndo-semidrido igual a 1, pois eles situam-se na meta-fronteira de producao. A
MTR média dos municipios do semidrido € por volta de 64% com um desvio padrdo de 4%.
Esse resultado indica que, em média, os municipios do semidrido produzem no maximo 68%
do maximo que pode ser produzido na regido ndo-semidrida ao utilizar os mesmos fatores de
producdo e tecnologias disponiveis no nao-semiarido.

Ja a ET referente a meta-fronteira de produgdo ¢ chamada de ET* e foi estimada para
todos os municipios do semidrido de acordo com a equagdo (11). Os municipios do nao-
semiarido, por serem pertencentes a meta-fronteira de produgdo tem a sua ET* equivalente a
calculada sobre a fronteira regional. A Tabela 6 resume os resultados referente as eficiéncias e
a MRT.

Tabela 6 - Estatistica Descritiva e Distribuicdo de frequéncia das EF e MTR estimadas

ETnéo—semiérido

Estatisticas ETSemiérido MTRSemiérido ET;emiérido = ET;éo —Semidrido
Média 0,54 0,64 0,35 0,58
Desvio Padrao 0,20 0,04 0,13 0,19
Min. 0,04 0,54 0,03 0,07
Max. 0,96 0,76 0,67 0,97
Niveis
<0.6 63,7% 19,2% 95,3% 51,5%

0.6-0.7 13,4% 74,9% 4,7% 17,4%



0.7-0.8 9,9% 5,9% 0,0% 14,4%
0.8-0.9 8,5% 0,0% 0,0% 13,7%
0.9-1 4,5% 0,0% 0,0% 3,1%

Fonte: Elaborada pelos autores com base nos resultados da pesquisa.

O semiarido apresenta uma ET* 35%, tendo como referéncia a MF entre 1970 e 2006.
O municipio mais ineficiente da regido possui um escore de ET* de 3%, enquanto o municipio
mais eficiente possui um escore de 67%. Ja a regido ndo-semidrida tem um escore de ET* média
de 58%, substancialmente superior a outra regido de andlise, onde a sua amplitude ¢ tdo grande
quanto a apresentada no semiarido, possuindo valor minimo na grande de 7% e maximo de
97%.

Quando se compara apenas as eficiéncias regionais, tem-se a impressao enganosa de
que a diferenca entre as duas regides no que tange a ET ndo seria tao gritante. Ao comparar as
distribui¢oes de frequéncias das ET,5,—semisrido © ETeemisrido» @inda na Tabela 6, percebe-se
que todas as observacdes no semidrido encontra-se entre 0.0 e 0.7, enquanto o nao-semiarido
se distribui de maneira mais homogénea, quando comparada. Essas conclusdes nao implicam
que a situacao do nao semiarido seja das melhores. Nesta regido, a maioria dos municipios
apresentam escores inferiores a 60%, tornando ainda mais grave a situacdo no semidrido
nordestino, tendo em vista a dependéncia das camadas mais pobres da populagdo com a
atividade agropecuaria.

Quando se agrupam os municipios em estados, percebe-se uma uniformizacao da MRT
no periodo de andlise, como disposto na Tabela 7. Ao comparar as ETs* percebe-se que
semiarido piauiense apresenta pior performance (27,2%), seguindo pelo semidrido paraibano
(30,5%), potiguar (31,3%) e sergipano (31,9%). Os maiores escores sdo apresentados pelo
semiarido cearense (37.8%), acompanhado de perto do semidrido pernambucano (37,6%) e
mineiro (37,6%), mesmo assim com percentuais bastante inferiores.

Tabela 7 — Amostras sub-regionais das ET e MRT médias

Regidao Semidrido (1970-2006) ET MRT ET* Contagem
AL 0,49 0,64 0,32 204
BA 0,58 0,64 0,37 1224
CE 0,59 0,64 0,38 702
MG 0,58 0,64 0,37 48
PB 0,48 0,64 0,31 504
PE 0,58 0,64 0,38 624
PI 0,43 0,64 0,27 288
RN 0,49 0,64 0,31 672
SE 0,50 0,64 0,32 174

Regido Nao-semiarida (1970-

2006) ET=ET* Contagem

AL 0,59 336

BA 0,61 702

CE 0,52 126

ES 0,86 90

MA 0,62 744

MG 0,60 30

PB 0,49 186

PE 0,69 306



PI 0,39 300

RN 0,48 96
SE 0,48 252

Fonte: Elaborada pelos autores com base nos resultados da pesquisa.

O nao-semiarido dos estados do Nordeste apresenta melhor performance na eficiéncia
técnica com relagdo a meta-fronteira, se comparados ao semiarido. Percebe-se, nesse conjunto
de Estados, uma disparidade nos municipios pertencentes ao Norte do Espirito Santo (86%),
dado a distancia da sua performance técnica com as médias dos demais estados. Esse resultado
pode apontar uma dissociagao do Norte do Espirito Santo no que tange o perfil dos municipios
que compdem a area de atuagdo da SUDENE.

Percebe-se que a opg¢ao de manter o norte de Minas Gerais na amostra de municipios
pertencentes a cartografia do Nordeste considerada pela SUDENE foi acertada. Identifica-se a
homogeneidade da regido, podendo-se inferir que, mesmo pertencendo ao Estado de Minas
Gerais, um estado mais desenvolvido, que possui maior arrecadagao que os Estados do Nordeste
e, consequentemente, maior capacidade de ofertar bens e servigos publicos, ainda assim, nao ¢
capaz de diferenciar seus municipios das condigdes no que tange a eficiéncia produtiva. Esse
resultado aproxima-se de Iffri (2015).

Ainda nas melhores praticas, ¢ possivel citar o ndo-semidrido pernambucano (69%). O
semidrido delimitado pelo estado com o menor escore ¢ o Piaui, o que mostra o quao
problemdtico ¢ a agropecuaria do estado, seguido pelo ndo semidrido paraibano (30,5%),
potiguar (31.3%) e sergipano (32%), novamente, tornando estes estados com as piores praticas
nos dois estratos. Vale ressaltar que esses dados ndo captam a pungente produgao de graos que
vem se instalando no Piaui, dado o horizonte temporal utilizado, o que pode ndo captar as
transformagdes recentes que estdo ocorrendo no estado, bem como seus impactos na eficiéncia
técnicas de seus municipios.

CONSIDERACOES FINAIS

O objetivo deste estudo foi o de analisar as diferengas tecnoldgicas da agropecudria entre
os municipios situados no semiarido e no ndo-semidrido do Nordeste brasileiro. Inicialmente,
definiu-se a area de atuacdo da SUDENE e ndo apenas o Nordeste geografico brasileiro,
definido pelo IBGE, no intuito de melhor representar os dois grupos regionais. O modelo
utilizado foi de meta-fronteira proposto por Battese et al (2004) e O’Donnell et al (2008) que
possibilitou as estimagdes das eficiéncias técnicas (ET e ET*) e da razdo de meta-fronteira
(MRT) dos municipios inseridos no semiarido e ndo-semidrido nordestino.

A partir desses procedimentos metodoldgicos, pode-se afirmar que o semiarido € o nao
semiarido nordestino ndao compartilham da mesma tecnologia de produgdo, aceitando a
assertiva assumida como hipotese. Para tanto, foram utilizados dados do Censo Agropecuario
e das Contas Nacionais de 1970 a 2006. Pelas fronteiras de produgdo estimadas, indica-se que
as politicas publicas da agropecuaria da regido devem levar em conta a importancia do
investimento em qualificagdo da mao-de-obra, a necessidade de direcionamento do crédito
subsidiado disponibilizados pelo FNE para o aumento e modernizagdo do estoque de capital e
aquisi¢do de insumos modernos. Outro ponto importante ¢ fortalecer o papel da Embrapa na
regido como difusora de conhecimento e de novas tecnologias, melhorando os niveis de
escolaridade da populagdo e os servicos de extensao rural com capilaridade local.

Buscou-se atentar a analise da questdo da producdo agricola do Nordeste, a saber, que
diferencas regionais, proprias do semiarido Nordestino, impactam nas praticas agricolas dos
municipios, impondo-lhes diferentes combinagdes factiveis de insumo-produto, a partir de
diferentes conjuntos de tecnologias. Essa constatagdo ndo implica que a organizagdo produtiva



da agropecudria no nao-semiarido seja moderna, aproximando-a das regides mais dindmica do
pais.

Na verdade, os problemas no setor agricola do Nordeste, identificados extensamente
pela literatura econdmica, impactam de maneira ainda mais severa no semiarido nordestino.
Numa analise em ambito estadual, os municipios situados no Espirito Santo se sobressairam
quando comparados aos demais agrupamentos estaduais dos municipios situados no nao-
semiarido. No entanto, o Norte de Minas Gerais nao se destaca das demais, mesmo pertencendo
a um Estado com um maior grau de desenvolvimento. Os estados que apresentaram as piores
praticas para ambos as regides do Nordeste foram Piaui, Paraiba, Rio Grande do Norte e
Sergipe.

Os resultados indicaram que, quando comparadas as duas regides, o nao-semiarido
possui a maior eficiéncia técnica média com referéncia a meta-fronteira, de 58% contra 35% do
semiarido. Este resultado sugere que, mesmo langando mao de todas as possibilidades
produtivas da regido Nordeste, o ndo-semidrido tem uma pratica bem aquém do ideal, pois estao
utilizando fatores de producdo bem abaixo de suas reais potencialidades. Por fim, estudo nao
discute as razoes dessas disparidades regionais no que concerne a MTR e as eficiéncias técnicas
entre ambas fronteiras regionais ¢ a meta-fronteira. Este tema ¢ digno de aprofundamentos em
investigacdes futuras.
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1. Introduction

The equalization aspects of intergovernmental grants have generated much debate in the public finance
literature. In the search for stronger or weaker equalization, central governments encounter several issues
regarding efficiency (see Buchanan 1950; 1952; Musgrave 1961; Boadway and Flatters 1982). A relevant
debate in this literature is fiscal capacity equalization or the discussion over equalization based on source
revenues compared with residence-based resources (Boadway 2004).

In this article, we estimate the net fiscal benefit and the fiscal effect of unconditional grants on wages
in metropolitan and non-metropolitan areas for 26 States under the 2004-2009 period in Brazil. In that country,
unconditional grants are the main source of revenues for local governments where much of the public
provision is locally provided (Higgins et al. 2015). Moreover, local governments can engage in redistribution
through the public provision of private goods such as health and education services at no cost to their citizens
(Besley and Coate 1991; Boadway and Keen 2000) !. This reinforces the importance of comprehending the
redistributive and efficiency effects of grants on those municipalities®. In particular, we explore the analytical
framework proposed in Albouy (2012) to investigate the efficiency and equity effects of unconditional
intergovernmental grants in Brazil.

In contrast to income inequality literature, in which most research approach direct transfers (cash
transfers) and indirect tax in the income analysis (e.g., post-fiscal income), the current framework allows us
to understand the fiscal impact of grants on location wages. In fact, if a worker lives in an area with net fiscal
benefits above the national average, she has access to a publicly provided good at a lower cost; put differently,
her net income rises more than the wage variation (refer to Albouy 2012, pp. 832). Previously, Beeson et. Al
(2010) found that local fiscal policies are associated to wage distribution.

There is a broad body of literature that discusses the analytical basis for vertical equalization in a
Federation. According to Buchanan (1950), the main aspect of equalization is to assure that individuals, mainly
the poor, have access to public provisions separate from where they choose to live. In a broad sense, this type
of redistribution typically means horizontal equalization; richer communities should provide resources to their
poorer counterparts. As developed by Albouy (2012), the literature on fiscal federalism has discussed how it
is possible to conciliate both efficiency and equalization objectives when the resources are available according
to individual characteristics instead of community characteristics (e.g., poorer communities versus poorer
individuals).?

In most equalization systems, unconditional grants are negatively associated with a measure of fiscal
capacity. In fact, most developed countries use ‘Representative Tax System’ (RTS) to pursue fiscal
equalization. In this system, central governments attempt to estimate fiscal capacity and to promote
equalization based on fiscal need. However, it is very difficult to determine fiscal need, and there is much
discussion regarding whether revenue equalization should be a sole source or destination based. Despite this,
few works provide straightforward models that consider local characteristics such as labor force composition
and productivity, differences in local resources or costs, or income inequality to evaluate the equity and
efficiency of grants (Boadway and Flatters 1982).%

An interesting aspect of Albouy’s model is that, to address the net fiscal benefit, it considers potential
earnings instead of nominal wages and incorporates a federal tax differential. According to this analytical
framework, grants should mitigate the net fiscal benefit differences across localities in such a manner that, in
equilibria, all households from different regions would encounter the same net fiscal benefit. The rationale for
this belief is that grants should not incentivize workers who live in more productive labor markets to move to
areas with lower productivity to obtain higher net fiscal benefits. Albouy (2012) maintains that living in a low
paying area is different from being a lower paid worker. Thus, grants should be redistributed to areas with
lower paid individuals.

! Besley and Coate (1991) provide a model to investigate first-best redistribution of publicly provided goods with imperfect
information on the part of the government.

2 Moreover, Boadway and Marchand (1995) find that overprovision of publicly provided goods could be welfare-enhancing.

3 However, because Federations distribute resources based on jurisdictions characteristics instead of household or individual
characteristics, it is not possible to approach equity without producing inefficiency.

4 For a previous and comprehensive discussion of Fiscal Federalism in Brazil regarding equity and efficiency, see Shah (1991) pp.
92. Mendes et. Al (2008) provides a descriptive analysis in Portuguese.



Concerning equity, we expand the analysis because we estimate an inequality index (Gini Index)
separately for each unit of observation, and we incorporate other inequality measures into the analysis, such
as median wage and rank ordering of wage distribution. Moreover, we explore the fact that in Brazil, the
minimum wage is an important bottom threshold for formal workers earnings to address the efficiency effects
of grants. Finally, the distinction between fiscal benefits in metropolitan and non-metropolitan areas is an
important issue in Brazil® because there are nearly half the population with a huge demand for public services.
Thus, in contrast to Albouy (2012), we examine metropolitan and non-metropolitan areas separately, and we
include wage inequality indexes in the analysis. Regarding methodology, we obtain a suitable number of
observations (61 areas in Brazil against 9 provinces in Canada) to develop panel data approach in which fixed
idiosyncrasies of the data unit are removed.

Coefficient estimates of grants on location wage suggest that a worker that moves to increase her
earnings will encounter a decrease in federal grants and a decrease in NFB (approximately 4% and 3%,
respectively), decreasing her total gains. Although the inefficient effect of grants on location wage is low, the
current policy of grants distribution works against formalization of the labor market. Regression coefficient
of grants on the share of individuals with minimum wage suggest that if individuals move to metropolitan
areas with a higher share of formal jobs, they will lose fiscal benefits. Regarding equity, grants do not reach
minorities living in higher paying areas in contrast to minorities living in lower paying communities. Grants
in Brazil are also not associated with local public provision costs. More importantly, our results indicate that
the most populated metropolitan areas in Brazil are the most harmed in terms of the Net Fiscal Benefit.

To discuss equity and efficiency issues in grants distribution in Brazil, the paper is presented as follows.
The next section provides the institutional background in Brazil, as well as our data. Section 3 details the Net
Fiscal Benefit (NFB) specification and results. Finally, Section 4 provides the conclusion.

2. Institutional Framework in Brazil and Data

To approach grants and net fiscal benefits in Brazilian municipalities, we need to comprehend several
issues, such as Fiscal Federalism, including sourced-based taxes as royalties, wage inequality and income tax.
In this section, we provide a brief description on those topics.

In Brazil, municipalities have a large fiscal gap (difference between expenses and revenues). This
phenomenon happens because although the central government has a great share of the total tax revenues,
local jurisdictions have a small share of the total tax basis and have a great share of the public expenses. In
fact, municipalities in Brazil provide the public services of elementary education, social care, less
sophisticated health services (such as first aid) and infrastructure, including public transportation (excluding
subway services), road maintenance and public leisure areas such as parks and local libraries.

In Brazil, as noted by Mendes et al. (2008), in contrast to other countries with a similar level of
development, vertical grants correspond, on average, to approximately 65% of municipalities’ total revenues
(for comparison, in Mexico, the grants’ share of local revenue resources are less than 30%). This large
dependency on grants reinforces the relevance of evaluating the equity and efficiency effects on grants
distribution from the central government to local jurisdictions.®

The most important budget resource to municipalities in Brazil are the block grants from central
government labeled MPF (Fundo de Participacao dos Municipios, in Portuguese). Resources from the MPF
represent, on average, approximately 1.2% of the Gross Domestic Product (GDP) (Mendes et al. 2008). The
main objective of the MPF is to address municipalities’ fiscal gaps, redistributing resources from the Federal
Tax on Consumption (primarily levied on sin goods such as cigarettes and alcohol, and on telecommunications
and gas) and the Federal Income Tax (levied on individuals and corporations).

5 See also Shah (2012) for a discussion of the importance of grant resources on metropolitan areas.

¢ There are two local taxes in Brazil: a property tax and a tax associated with local private provided services such as restaurants,
shopping centers, and groceries, etc. On average, they represent less than 15% of municipalities’ total revenues, being more
important in large municipalities. We do not include these taxes in the analysis because they are residence based revenues. According
to Albouy (2012), this type of tax should reflect the local cost of public provision. In fact, there is widespread agreement in the
literature about equalization differences (or fiscal need) for only sourced based revenues (see Albouy pp. 827, 2012).



MPF grants distribution follows a complex formula. State capital municipalities (27 observations,
including district capital Brasilia) receive 10% of total MPF resources according to population size and
average inverse income. The remaining 90% of the resources is allocated to non-State capitals; however,
municipalities with more or less than 142,000 inhabitants receive different treatment. Municipalities with less
than 142,000 inhabitants obtain resources based exclusively on 17 different population cutoffs. In contrast,
municipalities with more than 142,000 inhabitants obtain additional resources of 4% (from the 90% share) of
the fund, which is also based on population size and average inverse income. On average, because of this
intricate rule, less populated municipalities tend to obtain more grants per capita than more populated cities.

The differences between the average MPF per capita in large cities compared with small cities in Brazil
has raised debate over different criteria for grants allocation in metropolitan versus non-metropolitan areas.
Despite the expected differences between metropolitan and non-metropolitan areas’ fiscal needs, there is
minimal agreement in the literature on whether grants distribution should vary according community size or
geographic location. Although the analytical basis for grants equalization is independent of community size,
larger cities tend to have a higher number of local public services and a broader variety of services compared
with small and rural communities (Reschovsky 2007; Slack 2007).

On the one hand, it is not efficient to provide large amounts of grants for inhabited and isolated
geographic areas, which have high costs for public provision (Slack 2007). On the other hand, certain central
governments could find it advantageous to provide incentives for migration from high to low inhabited areas
when congestion costs in the former are higher than equalization costs in the latter (Dafflon 2007). This
difference in public provision is primarily justified in the public finance literature by population density or
more social-economic diversity across households.

The second most important grants for municipalities originate from the States (second tier of
government). States return approximately 20% of the sales tax revenues to the municipalities where the tax
was originally collected.” This ‘returning’ grant is also a blocked grant and can be freely allocated; however,
what makes this State grant unconventional is that sales tax in Brazil is both a source and destination based
tax. In fact, sales tax revenues originate from residence consumption (destination based) and local production
(source based). Although there is no information available regarding the share of destination and source-based
revenues, we will incorporate sales tax into the analysis (refer to Figure 3 in Section 4). 8

Furthermore, municipalities obtain resources from the use of territorial resources as royalties. The
federal government collects approximately 10% of the oil production value. The criteria for royalties’
distribution to States and municipalities follow geographic closeness; in fact, coastal distance to the oil
installation is dependent on geographic coordinates and latitude. According to the National Agency of Oil
(ANP, in Portuguese), in 2010, approximately 33% of royalties’ total revenues were distributed to
municipalities as follows: 29% to States and 28% were available to the central government. However, most
of the oil extraction in Brazil is offshore, and it is highly concentrated in certain States. In particular,
approximately 82% of the total oil production and 92% of offshore production occurs in the State of Rio de
Janeiro (Monteiro and Ferraz 2010). Thus, certain municipalities is this State heavily benefit from this source-
based grant.’

7 In fact, states redistribute 25% from total resources. However, 75% of these shares are source-based, and the remaining 25% follow
another state criteria (could be equalization). See also Shah (1991), Section 2.61, for further details.

8 Additionally, municipalities obtain two categorical grants as follows: one for educational expenses and another for health expenses.
Fundeb is the categorical grant for education in Brazil. It is mainly an equalization grant. Municipalities obtain resources according
to their share of total enrollment in each State. The idea is to guarantee a minimum expense per student from elementary and
secondary levels in any locality. However, the resources for this education categorical come mainly from municipalities (MPF
grants) and States, with a small share (less than 10% on average) of central government resources. Each State manages its own
Fundeb fund. Similarly, grants for the healthcare system (SUS, Sistema Unico de Satde, in Portuguese) aim for equalization.
Resources come from a central fund that redistributes to States and municipalities based on levels of health services provided locally.
Municipalities with more health services (e.g. prevention programs) or more sophisticated procedures (inpatient stay) receive more
resources. There is also a minimum per capita transfer for all localities. Again, for municipalities, a portion of the health resources
comes from MPF transfers. Because of these characteristics (unconditional transfer finance part of fund resources), we do not
consider those categorical grants in the analysis. Moreover, we note that categorical grants represent, on average, a small per capita
transfer compared with MPF grants.

9 See Monteiro and Ferraz (2010) and Serra (2005) for a comprehensive discussion of royalties in Brazil.



Regarding income, we briefly describe two subjects as follows: the federal income tax and income
inequality. Income taxes in Brazil are collected by the central government. Nominal tax rates are progressive
according to income ranges, and there are several tax deductible expenses, such as healthcare and education.
Income ranges and deductible expenses values vary frequently. In general, most of the population is below
the first tax range cutoff or is tax exempt. The next group is taxed at a 15% tax rate. The richest group
encounters a 27.5% tax rate. The main criticism of the Brazilian income tax is that, although progressive, it
does not capture income outside formal markets, and those incomes are not necessarily lower than national
average.

Finally, Brazil is one of the most unequal countries in the world. Because of this scenario, several
research studies have investigated the equality of opportunity and earning inequality in Brazil.'® Currently,
the minimum wage is also significant to explain regional inequality.!' Silveira Neto and Azzoni (2011) show
the importance of real minimum wages increases in the north and northeast regions in Brazil, where most
workers (not including the formal workforce) earn less than minimum wage, to the national income
convergence. Additionally, certain authors note that minimum wage in Brazil can disincentive workers to seek
jobs in the formal sector (Higgins et al 2015). Similarly, our current framework raises concerns regarding the
inefficiency impact of grants in the formal sector: workers moving to regions with high formal jobs can obtain
a lower NFB because of grants distribution.

We note that Brazilian states are divided into five geographic regions: North, Northeast, Center-West,
Southeast and South. Figure A.6 in the Appendix provides a map of Brazil with States and their respective
regions. Summarizing, the complexity of grants rules and their impact on wages reinforce the importance of
using a methodology to evaluate the equity and efficiency aspect of the unconditional grants in Brazil. In
Section 3, we detail our empirical approach for this issue.

2.1 Data

To approach the efficient and equalization aspects of resources distribution from the central
government to local communities (municipalities), considering both metropolitan and non-metropolitan areas,
we collect information from two different datasets. The Finbra dataset of the Secretary of National Treasure
provides detailed information on community public finance such as tax revenues, grants revenues and
population. These data include information on grant types such as royalties and data on sales tax in Brazil
(ICMS), which is a mix of source and destination tax. Information from Finbra data is used to compound our
measure of NFB.

Micro data regarding individual wages are available in PNAD (National Research on Households).
PNAD is a sample dataset that contains information regarding socio-economic and demography characteristics
of the individuals, such as gender, age, ethnic group, educational level (in years) and whether the individual
has migrated. Regarding the labor market, PNAD data provides information regarding raw wages, industry
sector and occupation, number of monthly working hours, and whether the worker is formal (an important
issue in Brazil) and whether she is self-employed. We note that, to consider full time workers, we select
individuals aged from 21 to 59.

In contrast to Finbra data, which provides data annually for each municipality, data on PNAD is
available by States and regions (State capitals, metropolitan areas out of capitals, and non-metropolitan areas).
It is possible to conciliate information from both data using IBGE (National Bureau of Economic and
Geography) classification on States’ regions.!? Thus, information regarding approximately 5,400
municipalities is grouped into three types of regions as follows: metropolitan areas in States’ capitals (hereafter
MR1); metropolitan areas outside States’ capitals (hereafter MR2); and non-metropolitan areas (hereafter R3),

10 For a discussion on inequality in Brazil and, mainly, for the impact of indirect taxes on inequality see Lustig et. Al (2014).

! As a matter of fact, minimum wage has an important influence on wages at urban labor markets, mainly for less educated-workers.
For example, in the USA labor market, Easton (2006) concludes that minimum wage has a larger impact on the wages of workers
with less than a high school degree than local industry mix.

12 In fact, it is possible to compose 9 out of 13 Metropolitan areas (non State capitals) as used by IBGE. The remaining four areas
are classified as “regions of development” and cannot by merged with PNAD data. Therefore, they are classified as R3 regions.
Available at: << http://www.ibge.gov.br/home/estatistica/populacao/censo2010/sinopse/sinopse tab_rm_zip.shtm>>.



including rural areas. Because of its particular characteristics, we exclude Brazil’s capita district (Brasilia)
from our sample. With this segmentation, our sample contains 61 different units of observations. This
classification allows us to retain the analyses of potential differences between metropolitan and non-
metropolitan areas and continue to compound a number of significant observations for a panel data approach.

To compose our panel, we use time data from 2004 to 2009.!* All monetary values are in Brazilian
Reais (R$) and were deflated to the year 2009 value based on the Consumer National Price Index (IPCA)
available at IBGE. To estimate the federal tax differential (income tax) originating from location effects, we
collect data on the nominal tax rates on wages in the Brazilian Income Revenue System.!* PNAD data allow
us to estimate Federal tax differentials considering workers who are exempt from income taxes.

3. Evaluating Grants in Brazil
3.1 Specification of Location Wage and Net Fiscal Benefit (NFB)

Compared with Buchanan (1950), an important difference in Albouy’s (2012) model is that although
the first considers individuals with the same nominal wage as identical, independent of where they live,
Albouy (2012) maintains that individuals living in the same locality and with the same wage should be treated
as equals. In fact, to mitigate efficiency concerns when approaching equalization, one should consider
potential earnings instead of nominal wages. Efficiency is an important issue because workers with higher
productivity can be discouraged from searching for jobs in higher earning areas due to a federal tax differential
or a negative NFB.

To approach potential earnings, Albouy’s (2012) models depart from a standard mincerian wage
function:

w, = XeB + 1) + e

Where W;j is the natural logarithm of wages of individual i in locality j, X, is the vector of attributes
for a worker of type e, and the term u’ represents locality characteristics. Thus, the estimate of average
potential earnings from a specific locality j follows function (3):

Wl = XIp + ()

Where the first term (X’ 8) is the predicted wage controlling for worker skills and the second term (u/)
represents the locational effect on wages, independent of the local human capital level. In fact, to obtain wage
fitted values, we multiply the estimated covariates coefficients by explanatory variable averages in each
locality (see Appendix A.1 for details). We should note that the total fitted wages and their two components,
location and composition effects are normalized to obtain a national average of zero. We use the same
procedure (normalization) for all components of NFB as in Albouy (2012).

TABLE 1 HERE

Table 1 provides per capita wage differentials compared with the national average as weighted by
population. We use three main areas of analysis, as described previously in Section 2: metropolitan areas in
States’ capitals (hereafter MR1); metropolitan areas outside States’ capitals (hereafter MR2) and non-
metropolitan areas (hereafter R3). Wage differentials note that the highest nominal wages in Brazil are in the
metropolitan areas (MR1 and MR2) of Sao Paulo State (SP), in the States of the South region such as Parana
(PR) and Rio Grande do Sul (RS), and in the MR1 areas of Rio de Janeiro (RJ) and Santa Catarina (SC).

13 We note that at the time of data collection, PNAD data were available only until the year 2011. We do not use data for the year
2010 because in census years, household surveys use different population weights.

4 We collect the respective nominal tax rates and deduction amounts at Brazilian Internal Revenue Service. Available at:
http://www.receita.fazenda.gov.br/Pagamentos/PgtoAtraso/tbcalcir.htm#2004. We estimate effective income tax by regions using
wages microdata available at PNAD.
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Our estimates of location wage in accordance with Function (3) appear robust. According to the results
in Table 1, column 2, localities in metropolitan regions with well-known higher living costs present a higher
location wage; this is the case in the MR1 areas of de Sdo Paulo, Parand, Santa Catarina, Minas Gerais (MG),
Rio de Janeiro e Goias (GO).!® Although they have a lower differential, the same is true for MR2 communities
in the Southeast and South regions. Second, communities well known for poor amenities that are also far from
the wealthiest areas from the Southeast region also have higher location wage estimates. That is the case for
the MR1 areas of Mato Grosso (MT) and Acre (AC) e Rondonia (RO). The remaining localities, primarily in
R3 areas, present a negative differential of location wage compared with the average; this appears reasonable
with the idea of a lower cost of living outside metropolitan areas, or in certain cases, a higher quality of living,
such as lower crime rates.'® The MR1 areas in Mato Grosso, Parana, Rio de Janeiro, and Sdo Paulo also
encounter difficult commuting; this tends to be compensated for by higher wages.!’

In contrast, the wage composition effect is associated with worker productivity (e.g., workers sort on
localities based on their skill levels, Albouy, 2012 pp. 831). According to our estimates (function 1), a positive
composition wage differential is found in localities with higher average years of schooling (see Table A.3 in
the Appendix). Thus, a higher wage differential due to higher productivity in the workforce is found in all
areas in States in the South region and in S3o Paulo and Rio de Janeiro. In particular, the differential is higher
in the metropolitan areas (MR1 and MR2) than in other areas (R3). Additionally, as expected, localities in
regions well known for lower educational levels (and lower worker productivity) present negative differentials
on composition wages, as do the States in the Northeast region.

FIGURE 1 HERE

According to our estimates, location and composition effects have similar shares for total wage
composition. Considering all areas (MR 1, MR2 and R3), location effects represent approximately 47% of total
wage earnings, and composition effects represents the remaining 53%. Additionally, we run a regression of
composition wage on total raw-wage differences and obtain an estimated coefficient of 0.20 (with robust
standard error of 0.019). This positive relation suggests that, in Brazil (in contrast to Canada, Albouy 2012,
pp. 831), workers sort significantly across communities: higher paying areas attract workers with higher
potential wages and more years of schooling. According to Figure 1, R3 communities are typically lower
paying areas.

Interestingly, Figure 2 depicts a regression of the predicted wage differences of minorities (we solely
consider the estimated coefficients for independent variables that describe minorities, such as women,
immigrants, and individuals with informal jobs, see Appendix A.1) on raw wages and find that higher-paying
areas also attract minorities. It is noteworthy to note that five of nine MR2 areas are on the superior right side
of Figure 2. This finding suggests that those areas, which are a negative recipient of grants, also attract workers
with lower paying characteristics who consider the earnings potential. Thus, metropolitan regions from the
South and Southeast (MR1 and MR2) typically pay more to minorities than R3 areas. Considering equity, it
is important to comprehend whether areas with more (less) grants than the national average host more (less)
individuals with lower paying characteristics.

FIGURE 2 HERE

Regarding efficiency, federal tax rates on wages can influence individuals to move to areas with lower
nominal wages. Thus, to avoid distortion of labor force allocations, federal grants should be used to offset this
effect by generating fiscal benefits to highly taxed communities. Albouy (2012) develops an analytical set-up
in which grants balance the effect of the three main fiscal components as follows: differences in federal fiscal

15 For example, Rio de Janeiro and Sdo Paulo were ranked as the 19" and 26" most expensive cities in the world in 2010.
http://www.citymayors.com/statistics/expensive-cities-world.html.

16 See Sachsida et Al. (2007) for an analysis of crime rates and urbanization in Brazil.

17 See Timothy and Wheaton (2001) for a discussion of commuting time and wages variation. For data on commuting in Brazilian
metropolitan areas see
<http://www.ibge.gov.br/home/presidencia/noticias/imprensa/ppts/0000000841420412201242262753970.x1s>




burden, ‘fiscal residuum’, and public good externality.'® The first component approaches the federal tax
differential that originated from the wage variation.

The second fiscal component evaluates, compared with the national average, source based revenue
differentials and local public expenses. Regarding efficiency, intergovernmental grants should compensate for
source-based revenues as royalties. The main idea is that community-based taxes should reflect local costs in
a manner that residence taxes work as user fees. Finally, the third fiscal component in Albouy’s model is the
public good externality. This term reflects the effect of a new residents in the community. Based on the idea
of non-rivalness of the public good, the new migrant increases local expenditures by an amount larger than
her consumption. However, the literature on externality estimates that its effect is very small (Bergstrom and
Goodman 1973).

TABLE 2 HERE

In order to obtain the Net Fiscal Benefit (NFB) for the habitants of each locality, we need first to
estimate each component separately. Table 2 provides the per capita differential of the three fiscal components
relative to the national average. Per capita values are weighted by population regarding the three main regions
of analysis (MR1, MR2 and R3). Table 2 indicates that MR2 is the lowest net recipients of unconditional
grants with a negative differential of R$ 43 on average per capita, followed by MR1 areas that receive, on
average, R$ 10 less than average. In contrast, R3 regions are net positive recipients of unconditional grants
with a positive differential of R§ 103 compared with the national average. Despite those differences, there are
also large differences in per capita grants within groups. For example, in area RM1, certain States in the North
Region, such as Acre (AC), Roraima (RR) and Tocantins (TO), obtain much more grant resources than the
national average, with a positive surplus of approximately R$ 200 to R$ 500 per capita. Other States from the
South and Southeast, such as Rio Grande do Sul (RS) and Rio de Janeiro (RJ) e Sao Paulo (SP), receive less
than the national average in both metropolitan areas, MR1 and MR2. In contrast, localities in R3 areas obtain
more grants per capita than the average in all States, with the exception of Rio de Janeiro e Roraima.

We should note that there are areas in all regions of Brazil (e.g., North, Northeast, Center-West,
Southeast, and South) that are positive recipients of unconditional grants compared with the national average.
This is the case for Goias (GO) and Mato Grosso do Sul (MS) in the Center-West region, Tocantins (TO) in
the North region, Rio Grande do Sul (RS) and Parana (PR) in the South region, Minas Gerais (MG) in the
Southeast region and Alagoas (AL), Paraiba (PB), and Piaui (PI) e Rio Grande do Norte (RN) in the Northeast
region. Regarding those five Brazilian regions, the North region is the highest net recipient as a whole, and
the Northeast is the highest net recipient outside metropolitan areas (R3). Considering the metropolitan regions
(MR1 and MR2) solely, the Southeast region is the lowest net recipient of federal block grants.

Table 2 provides the differential of the two remaining components of NFB. Regarding a source-based
tax differential, column 2 provides localities with a differential on royalties associated with oil extraction. As
previously discussed in Sections 2, sourced-based resources are inefficient because they affect local tax prices
and are not associated with any fiscal need. In Brazil, the resources are heavily distributed to municipalities
in Rio de Janeiro (refer to Section 2), primarily to non-metropolitan (R3) areas. In fact, the royalties differential
is very large compared with the national average as outside Rio de Janeiro, five other areas of 58 (MR 1, MR2
and R3) obtain a positive royalties differential.

As expected, metropolitan regions with higher wages and a higher share of formal jobs collect more in
federal income tax compared with the national average. In spite of large wage differentials, the income tax
differential is not that high; it is higher on the metropolitan areas of Rio de Janeiro and Sao Paulo (MR1) and
lower in R3 areas in the North and Northeast States. Because income tax follows a Federal tax rate, the
differential compared with the national average reflects how much the inhabitants of a specific area collect
more or less in taxes regarding other areas as a consequence of local labor market characteristics as a share of
formal jobs and a share of wages below the first income tax rate threshold.

Importantly, we note that areas outside metropolitan areas have a greater share of workers with
earnings below the minimum wage. Column 4 in Table 2 shows that although the metropolitan areas of MR1

18 See also Appendix A.2 for a brief description of Albouy (2012). In contrast, we disregard potential public provision externality
and congestion effects, since they are probably small in most areas. We should note that Albouy’s (2012) analysis also includes
local cost of living and amenities. However, we do not have this information available in Brazil for our 61 units of observation.
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and MR2 have approximately 20% of the workforce earning less than minimum wage, in R3 areas, that share
rises to 40%. We also note that although the Gini Index (Column 3 in Table 2) is high in all localities, it is
increased in MR1 areas. This finding likely reflects the fact that in metropolitan areas, the range between the
highest wages and the lowest wages is higher, although the average wage is not.

We use these three fiscal components to compute the per capita differential or NBF weighted by
population as follows: grants, source-based tax and federal income tax. Estimates of the NFB differential are
most influenced by grants; therefore, on average, RM1 localities are the most damaged, with a negative gap
of R$ 45 in NFB per capita compared with the national average. Similarly, RM2 regions present a negative
NFB gap, which is fairly small at approximately R$ 29 per capita. In contrast, R3 areas are the localities,
which, on average, benefit most from the current federal grants policy; they present a positive NFB differential
of approximately R$ 168 per capita. This scenario is intensified by the income tax differential, because most
federal taxes are collected in metropolitan areas (MR1 and MR2) where the nominal wage is higher compared
with the national average. Additionally, royalty revenues also accentuate this disequilibria because four R3
areas obtain more than R$ 50 per capita compared with the national average (Sergipe [SE], Rio Grande do
Norte [RN] and Espirito Santo [ES] and mainly Rio de Janeiro).

Although incomplete, this analytical framework allow us to evaluate grants distribution in terms of
equity and efficiency, and more importantly, to evaluate which trade-offs are involved in grants distribution
and how to balance the trade-offs that grants generate (refer also to Boadway and Flatters 1982). In the next
section, we present our estimate for the Brazilian case.

3.2 Evaluating Equity and Efficiency

Using our estimates of wages, inequality indexes and data on grants differentials, we analyze NFB in
accordance with the analytical framework discussed in Section 3.1. Our main results are presented in Table 3.
We conduct regressions of unconditional grants and NFB on variables that are associated to efficiency
(location wage and minimum wage), to inequality (Gini index, wage ranking distribution and median wage)
and to public cost provisions (density and public sector wages). Regarding efficiency, we would expect that
differences in the federal income tax would be offset by federal grants, or that higher-paying areas are not
punished by negative NFB. Additionally, we calculate the difference between the mean and median wages,
and we rank the ordering of individual wages and obtain the average in each locality compared with the
national distribution. If those two indicators are associated with equity, one should expect that municipalities
with a higher wage ranking and larger difference between the mean and median wage exhibit negative and
positive relations to grants, respectively.

TABLE 3 HERE

As discussed in Albouy (2012), equity criteria for grants distribution considers that communities with
lower potential income, because of the composition of the workforce and the mix of economic activities,
should obtain more fiscal resources. Thus, location wages describe the effect of the community on wage
determination, discarding the effect of human capital. The idea is that the location effect reflects the local cost
of living or the amenities and the quality of life. One should expect that firms in communities with higher
living costs or lower amenities would pay a higher wage to maintain its workers.

Coefficient estimates of grants regarding location wage suggest that a worker that moves to increase
her earnings in one R$ will encounter a 0.04 cent decrease in federal grants and a 0.03 decrease in NFB, such
that her gains will rise by slightly less than the total gains, by approximately 0.97 cents. This means that there
is a disincentive effect to move workers to higher paying areas because they will obtain less in fiscal benefits.
Moreover, because unformal jobs are an important issue in labor market in Brazil, an important boundary on
market place is the minimum wage. Regression coefficients of grants regarding individuals with minimum
wages suggest that a community that creates formal sector jobs will obtain less grants and less NFB. In fact,
this result reinforces the idea that, if individuals move from R3 regions (with a lower share of informal jobs,
see Table 1) to metropolitan areas (MR1 and MR2) with a higher share of formal jobs, they will lose fiscal
benefits. In other words, municipalities with higher than average location wages will have less resources per
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capita for public provision than low-paying areas. Although this difference is significant in most regressions
(columns 1 to 3), the magnitude is much lower than those found in Albouy (2012)."

The results on predicted earnings for minorities (as women, immigrants, non-white and informal
workers) suggest a positive correlation between grants and potential earnings in this group. Although this
suggests equality in grants distribution, the higher than average grant benefit for this group is offset by the
negative NFB. Overall, this result supports the findings in Figure 2 as follows: if a minority group moves from
a low-paying area to a high-paying area, they will encounter a negative NFB; in particular, they will lose
approximately 0.04 cents in fiscal benefits for each additional one Real (R$) in formal wages. In this case, the
difference between grant and NFB arises from the federal income tax.

Regressions of grants and NFB on inequality indicators present mixed results. The negative coefficient
(but not significant) in Column 4 (Table 3) suggests that grants have equity: if workers move to communities
with higher (lower) rank ordering for average wage, they obtains fewer (more) grants. However, a higher
inequality measure as the difference from mean wage to median wage is negatively associated with grants
distribution. The same results are found for the Gini Index: if the worker moves to a community with higher
inequality, she receives fewer intergovernmental grants.

Coefficients of NBF regressions on inequality index are similar to the grant results: they are negatively
related (although not significant) to the mean to median difference and close to zero in the Gini Index. More
surprisingly, because of royalties’ effects on NFB, the coefficient on rank ordering on average wage is
significant and positive: workers moving to areas with a higher ordinal position in wages obtain more fiscal
benefits, which again moves in the opposite direction of equity.?® The positive association between grants and
inequality indicators is surprising because, due to the inverse income criteria on grants distribution, there is
widespread belief that grants are positively related to poorer areas (Mendes et al. 2008). Thus, grants
distribution in Brazil does not appear to be strongly related to inequality. In fact, this distribution works against
the minorities living in higher-paying areas.

Finally, we investigate the association between grants and local public costs to determine whether
grants benefit communities with higher public provision costs. The coefficient regression on density suggests
that localities with higher density obtain less grants per capita. However, this result reflects much of the
situation in which highly populated metropolitan areas (MR1 and MR2) are negative grants recipients. In fact,
if we run a separate regression with R3 areas solely, the coefficient estimate is highly insignificant (p-value
of 0.82), although it remains negative.

More interestingly, we run a regression of the sum of wages on public administration and health and
education workers against total wages. Because a large share of public provision is on health and education
services, this variable should provide a suitable comparison between local costs and the national labor cost
differential. The coefficient estimate indicates a positive association between the average wage per capita and
the average wage on public sector type activities (see also Figure A.5 in the Appendix). This suggests that
labor costs in the public sector are associated with private sector wages. The results on density and public
sector wages do not provide us with evidence that grants are directed to most needed communities in terms of
costs.

FIGURE 3 HERE

In Brazil, there is an additional debate regarding whether grants should equalize part of the revenue
differences in State sales tax (see also Shah 1991, Section 3.3; the debate is still present). This discussion also
address the issue of residence-based versus source-based tax, because an idiosyncrasy of sales tax in Brazil is
that it follows both criteria (refer to the discussion in Section 2). Although data on the sourced or residence-

19 One possible explanation for the great difference in coefficient magnitudes is that in addition to the differences between Brazil
and the Canada Federation System, we run panel data models different from Albouy (2012), who runs a cross-section analysis.
Pooling regressions coefficients (reported in Table A.4 in the Appendix) are larger in all regressions and have a different sign for
two regressions (for minimum wage and minority wage). We argue that this difference between fixed effects and pooling functions
reflects unobserved characteristics that vary across localities, such as institutional and business environments, or local residence tax
rates levels that could bias the estimated coefficients.

20 In fact, if we exclude the R3 area of Rio de Janeiro, which is a great outlier on royalty per capita distribution, we obtain a negative
and not significant coefficient for the Gini Index variable.
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based share of the tax are not available, we assume that sales taxes have an important relationship with fiscal
capacity. We argue that the higher the sales tax per capita, the higher the fiscal capacity. Figure 3 plots the
scatter of unconditional grants per capita (vertical axis) against the sum of the sales tax plus royalties and the
discounted federal income tax. In this plot, the distance between each community marker (dot) and the solid
dark line represents the NFB. More importantly, the distance provides the grants amount that would be needed
to offset any fiscal disequilibrium, or to make measurable NFB zero (Albouy 2012).

Thus, communities to the right and superior quadrant of the solid line have a positive NFB;
furthermore, communities in the left and inferior quadrant of the solid line have a negative NFB. The slope of
the dashed line brings the coefficient of the per capita grant against the set of the other previously described
fiscal components (royalties, federal income tax, sales tax). The slightly negative slope of the dashed line
suggests that grants distribution does not balance NFB between communities, nor does it address fiscal
capacity. More interestingly, we note that approximately two thirds of the localities are below the solid line,
which suggests that the actual rule of grants distribution benefits only a few localities.

Overall, we note that the markers more distant from the solid line are primarily from the MR1 and
MR?2 areas. Close inspection of Figure 3 suggests that RM1 of Rio de Janeiro should obtain approximately
RS 300 more per capita to offset a negative NFB. Several other MR 1 localities from all regions, such as Santa
Catarina (South), Goias and Mato Grosso do Sul (Center West), Ceara (Northeast) and Sao Paulo (Southeast)
exhibit a high deficit in NBF. Most damaged MR2 localities are in the South (Paran4 and Rio Grande do Sul)
and Northeast (Ceara, Pernambuco e Bahia). Approximately 44 million inhabitants, or approximately 23.5%
of the total population, live in these MR1 and MR2 regions.

With respect to efficiency, a positive or negative NFB affects worker migration because advantageous
fiscal communities attract habitants in spite of labor market characteristics (e.g., lower versus higher paying
areas). Thus, according to Albouy (2012), workers living in higher wage areas are punished for living in
localities with higher productivity. Moreover, grants should be used as a corrective policy to offset the higher
tax burdens of workers who live in areas with higher productivity. Regarding equity, fiscal components and
NBF do not appear to be associated with fiscal capacity or fiscal need in Brazilian municipalities, which works
in the opposite direction of equality. We also find a weak association between the local cost of public
provisions and grants.

To summarize, evaluating grants in Brazil based on both equity and efficiency criteria suggests that
although the inefficient effect of grants on location wage is low, the current policy of grants distribution works
against the formalization of the labor market (as in Higgins et al 2015). For equity, grants do not reach
minorities living in higher paying areas, in contrast to minorities living in lower paying communities. More
surprisingly, grants distribution is negatively associated with inequality indices on wages, which reinforce the
well-known idea that to address inequality, direct cash transfers are more suitable than intergovernmental
transfers.

4. Conclusion

This paper approaches equity and efficiency in grants distribution in Brazil. Our analysis utilizes the
analytical framework proposed by Albouy (2012). This approach is the first to consider that central
government grants should mitigate potential misallocation effects associated with higher federal tax burdens
on higher wages. The main implication is that individuals living in higher paying areas because of higher
productivity should not be punished with lower net fiscal benefits compared with the national average. In other
words, federal grants should offset allocation distortions that stimulate higher paying individuals to migrate
lower-paying areas because of lower productivity.

Additionally, this analytical reference allows us to address equity. We investigate how grants are
associated to workers with lower-paying characteristics, such as minorities, and more general inequality
measures across localities, including the Gini Index, ordinal ranking of average wages and mean-to-median
wages differences. Thus, in contrast to Albouy (2012), in addition to inequalities indexes, we group our sample
of approximately 5.4 thousand municipalities across 26 Brazilian States into three main areas as follows:
metropolitan areas in States capitals, metropolitan areas outside States capitals and non-metropolitan areas. It
important to comprehend grants effects on large urbanized areas in contrast to small areas in Brazil because

11



there is high demand for public services and greater income inequality. Regarding methodology, this empirical
strategy led us to 61 units of observation and allowed us to control for fixed effects.

Our estimates of the net fiscal benefit indicate that the unconditional grant policy in Brazil is associated
with inefficiency because higher paying areas in metropolitan regions are negative recipients of grants. More
interestingly, we find that contrary to conventional wisdom, grants distribution, although positively associated
with certain minority characteristics, is negatively related to our measures of inequality. Results suggest that
grants distribution in Brazil can be improved in terms of both equity and efficiency. This type of analysis
would benefit from additional data on amenities and the local cost of living.
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TABLE 1

Per capita wage differences across localities (total, composition and location effects) and ine quality indicators

Differential Total Wage (level)

Differential Composition Effect

Differential Location Effect

Gini Index

% workers with earnings below
minimum wage

Metropolitan area

metropolitan

Metropolitan area

Non
metropolitan

Metropolitan area

Non
metropolitan

Metropolitan area

Non
metropolitan

Metropolitan area

Non
metropolitan

Capital (MR1)  Non cap. (MR2) area (R3) Capital (MR1) Non cap. (MR2) area (R3) Capital (MR1) Non cap. (MR2) area (R3) Capital (MR1) Non cap. (MR2) area (R3) Capital (MR1) Non cap. (MR2) area (R3)

State

AC 310 -396 0.08 -0.38 0.29 -0.15 0.52 0.44 0.18 0.52
AL 116 -508 0.05 -0.42 0.14 -0.38 0.56 0.43 0.25 0.57
AM 146 -287 0.06 -0.21 0.16 -0.12 0.43 0.42 0.10 0.36
AP 149 -172 0.09 -0.16 0.14 0.01 0.44 0.38 0.13 0.26
BA 82 -142 -480 0.03 -0.05 -0.41 0.13 -0.06 -0.31 0.53 0.48 0.45 0.22 0.29 0.56
CE -60 -121 -558 0.02 -0.06 -0.38 -0.02 -0.02 -0.56 0.50 0.53 0.50 0.25 0.33 0.68
ES 200 -206 0.13 -0.05 0.14 -0.15 0.49 0.44 0.14 0.31
GO 254 91 0.13 -0.05 0.19 0.01 0.49 0.46 0.11 0.25
MA 70 -434 0.08 -0.36 0.06 -0.26 0.53 0.51 0.26 0.57
MG 268 164 -164 0.15 0.18 -0.03 0.19 0.06 -0.10 0.50 0.48 0.46 0.13 0.14 0.29
MS 283 -7 0.16 0.00 0.19 0.06 0.51 0.48 0.16 0.24
MT 405 -7 0.16 -0.06 0.29 0.12 0.50 0.45 0.11 0.25
PA -27 -46 -288 0.02 -0.04 -0.28 0.02 0.05 -0.05 0.49 0.49 0.43 0.24 0.30 0.39
PB 41 -408 0.08 -0.29 0.04 -0.27 0.54 0.50 0.25 0.54
PE 1 -165 -508 0.10 -0.05 -0.35 -0.03 -0.08 -0.45 0.52 0.48 0.44 0.23 0.33 0.57
PI 73 -575 0.04 -0.50 0.11 -0.49 0.57 0.58 0.30 0.72
PR 476 492 -37 0.28 0.28 0.09 0.23 0.24 -0.06 0.48 0.51 0.46 0.10 0.12 0.26
RJ 356 145 -51 0.24 0.18 0.11 0.18 0.05 -0.09 0.50 0.47 0.42 0.10 0.13 0.16
RN 129 -451 0.14 -0.26 0.07 -0.38 0.53 0.44 0.20 0.52
RO 224 -207 0.09 -0.17 0.22 -0.03 0.49 0.46 0.16 0.38
RR 101 -360 0.07 -0.24 0.11 -0.24 0.48 0.48 0.18 0.50
RS 395 327 -90 0.29 0.26 0.12 0.15 0.13 -0.15 0.49 0.50 0.44 0.11 0.18 0.29
SC 586 171 0.36 0.21 0.23 0.05 0.46 0.43 0.07 0.17
SE 103 -421 0.07 -0.31 0.11 -0.27 0.52 0.44 0.21 0.50
SP 528 573 159 0.25 0.32 0.22 0.30 0.26 0.02 0.49 0.49 0.43 0.09 0.10 0.12
TO 239 -301 0.15 -0.16 0.16 -0.19 0.50 0.48 0.15 0.44
Total 0.50 0.49 0.45 0.17 0.21 0.40

Obs: Number of observations 61, with 26 metropolitan areas in States' capitals, 9 metropolitan areas outside States' capitals and 26 non metropolitan areas. Averaged values from 2004 to 2009

measured in2009 Brazilian Reais (R$). Composition and Location effects are expressed in logarithmic terms.
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TABLE 2

Differential in per capita fiscal components - relative to national average in 2009 Brazilian Reais (R$)

Population (year 2009)

Federal tax (1)

Royalties (2)

Grants (3)

Net Fiscal Benefit (1+2+3)

Metropolitan area Non

metropolitan
Capital (MR1) Non cap. (MR2)  area (R3)

Metropolitan area Non

metropolitan
Capital (MR1) Non cap. (MR2) area (R3)

Metropolitan area Non

metropolitan
Capital (MR1) Non cap. (MR2) area (R3)

Metropolitan area

Non
metropolitan

Capital (MR1) Non cap. (MR2) area (R3)

Metropolitan area Non .
metropolitan

Capital (MR1) Non cap. (MR2) area (R3)

State

AC 370,809 320,323
AL 1,160,393 595,148 1,362,625
AM 2,042,185 1,331,300
AP 463,704 155,103
BA 3,866,004 367,061 10,339,889
CE 3,655,259 560,325 4,332,225
ES 1,686,045 1,801,154
GO 3,198,918 2,723,702
MA 1,439,021 334,899 4,521,769
MG 5,750,522 615117 13,637,847
MS 755,107 1,605,391
MT 823,831 2,177,861
PA 2,161,191 479,714 4,484,599
PB 1,156,745 687,545 1,905,021
PE 3,768,902 360,283 4,677,963
PI 984,931 2,135,862
PR 3,307,945 1,359,498 6,014,623
RJ 11,863,799 772,013 3,347,721
RN 1,322,984 1,798,173
RO 382,829 1,121,099
RR 278,843 142,656
RS 4,064,186 1,408,160 5,441,782
e 977370 3,878,800 1,262,573
SE 794,475 1,225,204
SP 19.777,129 4439290 17,154,385
TO 309,353 982,698

Total 76,362,480 15,857,853 96,003,548

4 -10
4 -10
1 -8
-7 -11
8 -5 -9
-2 -1 -10
10 -7
2 -7
5 -9
13 4 -5
4 -7
3 -5
-2 -3 -8
-3 -9
5 -7 -10
0 -10
21 8 -5
22 9 -3
3 -10
2 -9
-8 -11
16 11 -6
16 0
3 -10
37 28 2
-2 -10
6 5 -8

-27 -23
-14 -5
-10 25
-25 -24

-7 -20 -16
-21 -26 -19

-7 51
-27 -7
-26 -25
-18 -24 -10
-29 -12
-25 -20
-27 -20 11
-23 -24
-22 -27 -21
-26 -23
-26 -27 -14

8 259 770

-7 52
-25 -24
-20 -26
-25 -19 -15
-27 -17

16 55
-28 -27 -18
-13 -18
-18 8 23

194
34
-130
23
-101

24

145

68

38

4 93
21 109
81

173

74

61 122
154

101

-60 21
207

-22 97
180

-58 141
-91 -34
231

15

-25

-127 190
66

144

-114 18
248

-43 103

53 109
9 261
-183 163
-76 59
-177 27 118
-71 83 151
-139 214
-78 117
-33 123
-97 14 90
-30 204
-99 117
-154 -101 48
45 241
-182 -79 95
65 224
-143 -74 89
-218 193 763
-18 347
-23 8
479 39
-123 -162 139
-149 74
34 316
-292 -160 -7
439 272
-45 -29 168

Obs: Number of observations 61, with 26 metropolitan areas in States' capitals, 9 metropolitan areas outside States' capitals and 26 non metropolitan areas. Averaged values from 2004 to

2009, weighted by population.



TABLE 3 - Relating grants and net fiscal benefit to efficiency and equity criteria

. Nominal Share Ot,» Preqicted - . W'age's Difference mean-  Population Total wages per
Panel Regressions . workers with earnings - Gini Index Distribution - . . )
. X Location Wage . Lo . median wage density capita
(independent variables) minimum wage Minorities rank ordering
0] @ ©) “) [©) O] @) ®
Per capita Block Grant -0.042%** -0.066* 0.149* -0.077 -0.179 -0.023 -0.001%**
(-5.241) (-1.784) (1.820) (-1.328) (-0.704) (-1.008) (-6.562)
Net Fiscal Benefit (NFB) -0.033%x* -0.022 -0.155 0.004 0.178%* -0.013 -0.001#**
(-3.294) (-0.572) (-1.540) (0.156) (2.275) (-1.105) (-5.766)
Public sector services wage 0.173
(1.192)

Obs: Number of observations is 305. Panel regressions using 61 localities from year 2005 to 2009, weighted by population. In parentheses are robust t-statistics.
*Significant at 10%, #=significant at 5%, *»#significant at 1%.
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Supporting Information
Appendix A.1

We estimate composition and location effects using our Function (1) with individual microdata extracted from the
PNAD dataset. The household sample is different for each year; therefore, we run separate regressions yearly in
accordance with Function (1). We use information on individual characteristics, such as education, gender, age, ethnic
group, immigrant status (lives in the city in which he/she was born), and occupation, such as weekly working hours,
whether the individual works in a formal market and whether the individual is self-employed. We interact most
indicators with gender. The estimated composition wage is obtained multiplying each coefficient (estimated on yearly
individual data) by the location average of the respective independent variable. As in Albouy (2012), the average wage
level in each locality follows the sum of the location and composition wage. In accordance with Function (1), the location
wage is obtained by the difference between the fitted wage and the predicted worker composition. The descriptive
analysis (average from 2004 to 2009) on independent variables by locality is available in Table A.1 below. We split
independent variables based on the use to estimate location and composition wage, respectively. Coefficient estimates
on wage for our five year period of analysis are available in Tables A.2.

Appendix A.2

In Albouy’s model, the sum of these three components plus intergovernmental grants provide the communities’
Net Fiscal Benefit (NFB). Thus, Function (1) provides the relation between grants (F) and the three terms of fiscal
components to evaluate a fiscal policy in terms of efficiency and equalization: 2!

_. P Jritisdd ik Lol —;
F]=T5/(W]—W]’F)—%-l-(l—a)p;—j-l-Fe] (1)

Where:

Households provide labor markets with different types of individuals (different skills) indexed by e = 1,...,E;

who can live in any locality J, indexed by j = 1,....J. Population composition on locality j follows: N/ = (N o NEj ).

Sourced based taxes on land and capital, plus destination based taxes on wages are represented by TZ,TIJ{, T{V;

respectively. Local communities expenses for public goods follow the term p’ G/. Moreover, the term (1-a) designates
public goods externalities (e. g. in the case in which individuals contributes to the public goods in a ratio larger than
they consume them, we have 0<1). The mean of grants that region F obtains from central government follows:

1 -
FI =mZNe’FeF
e

As emphasized by Albouy (2012), a larger positive federal-tax differential drives wage employees to migrate to
regions where the fiscal burden is smaller and the net fiscal benefit is larger, considering that individuals pay for the
former and benefit from the latter. Based on this framework, efficiency policies should refund workers that hold a tax
burden larger than average to avoid tax differential distortions in geographic location choices. In short, inefficient
redistribution of resources distorts migration decisions.?? The same idea can be used to address source-based tax, because
the tax price should be associated with the public provision local cost.

Re-arranging terms in function (1), one obtains:

_. P dritisdl il ki lgl  —i

FJ—T[‘,EV(WJ—WJ'F)+%=(1—a)pfv—j+Fe] ()

Where the terms in the left summarize the effect of the NFB. It is important to note that all terms on the left can
be estimated empirically. This relation, as developed by Albouy (2012), is the basis for our methodological approach
detailed in Section 4.7 In this approach, an efficient grant policy should work to mitigate larger fiscal needs differences.

In fact, the optimal level of grants (term FeFj in function 2) considers the same level of NFB between regions.

2l For the model’s complete set-up and description, refer to Albouy (2012) pp. 825-827.
22 Most models assume that governments ignore the effect of their decisions over migration.

2 In Boadway and Flatters (1982) for example, the net fiscal benefit follows source based tax differential and net fiscal benefit
supported by federal income tax.
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Industry

sector

Interactions

Table A.1

Coefficients estimates on Wage - Cross Section

Dependent variable: Ln wage 2005 2006 2007 2008 2009
Gender (D=1 if female) 0.090 -0.226 0.140 -0.160 0.142
(0.486) (-1.129) (0.612) (-0.678) (0.603)
Age (Ln) 0.811%** (. 778%**  (.826%** 0.791%** 0.693***
(26.709) (23.362) (22.305) (20.519) (17.697)
Ethnic group (D=1 if white) 0.251%**  (.277*** 0.271%*** 0.292%** 0.270%**
(15.050) (15.646) (14.142) (14.717) (13.016)
Migrant (D=1 if lives in na city different from where was born) 0.045%** 0.037%* -0.048%* 0.009 0.062%**
(2.691) (2.092) (-2.475) (0.457) (2.998)
Schooling (Ln) 0.457*** 0.455%** 0.470%** 0.439%** 0.447***
(38.075) (37.454) (35.666) (30.636) (30.827)
Agriculture (D=1, zero otherwise) -0.424%*% 0,167 * -0.083**  -0.388***  (0.479%**
(-11.898) (-5.734) (-2.530) (-9.200) (-11.338)
Retail Trade (D=1, zero otherwise) -0.275%** 0.076%** 0.084%** 0. 151***  -0.222%%*
(-8.796) (2.764) (2.933) (-4.125) (-5.901)
Construction (D=1, zero otherwise) -0.287%** -0.219%**  0.283%**
(-8.110) . . (-5.387) (-6.788)
Manufacturing (D=1, zero otherwise) -0.314%** 0.041 0.039  -0.197***  -0.240***
(-10.110) (1.501) (1.346) (-5.451) (-6.361)
Government (D=1, zero otherwise) 0.336%** 0.403%***
. (8.908) (9.999) . .
Education and Health Care (D=1, zero otherwise) -(.295%** 0.024 0.047  -0.285%**  _(.309%**
(-9.242) (0.712) (1.304) (-7.871) (-8.032)
Others -0.214%*% Q. 172%**  Q.191%**  -0.089%**  -(.]43%**
(-7.274) (6.396) (6.756) (-2.662) (-4.193)
Informal sector job -0.537HF**  L0.587***  -0.530%**  -0.544%** 0495 **
(-15.955) (-15.545) (-13.227) (-13.125) (-11.841)
Formal sector job -0.225%*% - LQ287F**  0245%F*  (345%%k* (. 253%**
(-7.009) (-7.781) (-6.533) (-9.288) (-6.469)
Self-employed -0.339%**  L0.370%**  Q217FF*  -0222%F*  .0.2]8%**
(-9.665) (-9.242) (-5.232) (-5.053) (-4.980)
Working time less than 40 hours weekly (D=1, zero otherwise) -0.375%** - L0360%**  -0.423%**
. . (-17.771) (-16.552) (-18.977)
Working time between 40-48 hours weekly (D=1, zero otherwise) 0.381%** 0.4]15%** -0.008 0.027 0.033*
(21.562) (22.518) (-0.506) (1.631) (1.911)
Working time more than 48 hours weekly (D=1, zero otherwise) 0.406%** 0.438%**
(22.758) (24.222) . . .
Mother with any child under 14 age (D=1, zero otherwise) -0.079%** -0.014 -0.025 0.001 -0.058*
(-3.424) (-0.535) (-0.798) (0.040) (-1.791)
Executive or managerial occupations (D=1, zero otherwise) 0.824%** 0.951%** 0.986%** 1.029%** 1.039%**
(23.945) (24.624) (23.912) (24.579) (23.885)
Ethnic group (D=1 if white) * Gender (D=1 if female) 0.008 -0.015 -0.035 -0.011 0.023
(0.315) (-0.587) (-1.214) (-0.357) (0.740)
Age (Ln) * Gender (D=1 if female) -0.180%** -0.123%*  -0.193%** -0.120%*  -0.213%**
(-3.839) (-2.439) (-3.334) (-2.053) (-3.601)
Migrant * Gender (D=1 if female) -0.046* -0.034 -0.001 -0.022 -0.055*
(-1.846) (-1.305) (-0.021) (-0.746) (-1.778)
Schooling (Ln) * Gender (D=1 if female) 0.005 0.051%** 0.013 0.015 0.024
(0.298) (2.791) (0.616) (0.648) (1.096)
Informal sector job * Gender (D=1 if female) 0.060 0.065 0.032 0.066 0.012
(1.421) (1.408) (0.639) 1272) (0.227)
Formal sector job * Gender (D=1 if female) 0.237***  0.285%**  (0.266%** 0.259%** 0.251%**
(5.638) (6.207) (5.501) (5.486) (5.035)
Self-employed * Gender (D=1 if female) -0.027 -0.029 -0.074 -0.036 0.028
(-0.551) (-0.557) (-1.320) (-0.594) (0.464)
Executive or managerial occupations * Gender (D=1 if female) 0.106** -0.011 -0.102* -0.048 0.052
(2.135) (-0.214) (-1.808) (-0.828) (0.867)
Adjusted R 0.101 0.096 0.076 0.068 0.068
Number of observations 143,681 147,165 144,738 146,385 150,116

Obs: In parentheses are robust t-statistics. * Significant at 10%, *xsignificant at 5%, **xsignificant at 1%.
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Table A.2

Descriptive Statistics (Mean) - Cross Section 2005 2006 2007 2008 2009
Dependent variable: Ln wage 6.60 6.70 6.81 6.89 6.95
Gender (D=1 if female) 0.41 0.41 0.41 0.42 0.42
Age (Ln) 3.57 3.57 3.57 3.58 3.58
Ethnic group (D=1 if white) 0.48 0.48 0.47 0.46 0.46
Migrant (D=1 if lives in na city different from where was born) 0.53 0.52 0.51 0.51 0.50
Schooling (Ln) 2.00 1.88 1.90 1.93 1.95
Agriculture (D=1, zero otherwise) 0.11 0.10 0.10 0.10 0.10
Retail Trade (D=1, zero otherwise) 0.19 0.18 0.19 0.18 0.18
Construction (D=1, zero otherwise) 0.07 0.08 0.08 0.08 0.08
Manufacturing (D=1, zero otherwise) 0.15 0.15 0.15 0.15 0.15
Government (D=1, zero otherwise) 0.06 0.06 0.06 0.06 0.06
Education and Health Care (D=1, zero otherwise) 0.11 0.11 0.11 0.11 0.11
Others 0.30 0.31 0.31 0.32 0.32
Informal sector job 0.24 0.23 0.23 0.22 0.22
Formal sector job 0.36 0.37 0.38 0.39 0.40
Self-employed 0.24 0.24 0.24 0.22 0.22
Working time less than 40 hours weekly (D=1, zero otherwise) 0.21 0.22 0.21 0.21 0.21
Working time between 40-48 hours weekly (D=1, zero otherwise) 0.37 0.38 0.41 0.42 0.44
Working time more than 48 hours weekly (D=1, zero otherwise) 0.41 0.40 0.38 0.37 0.35
Mother with any child under 14 age (D=1, zero otherwise) 0.06 0.06 0.05 0.05 0.05
Executive or managerial occupations (D=1, zero otherwise) 0.13 0.14 0.14 0.14 0.14
Ethnic group (D=1 if white) * Gender (D=1 if female) 0.21 0.21 0.21 0.20 0.20
Age (Ln) * Gender (D=1 if female) 1.45 1.47 1.48 1.49 1.51
Migrant * Gender (D=1 if female) 0.22 0.22 0.21 0.22 0.21
Schooling (Ln) * Gender (D=1 if female) 0.88 0.83 0.84 0.86 0.88
Informal sector job * Gender (D=1 if female) 0.12 0.12 0.11 0.11 0.11
Formal sector job * Gender (D=1 if female) 0.13 0.13 0.14 0.14 0.14
Self-employed * Gender (D=1 if female) 0.08 0.08 0.08 0.08 0.08
Executive or managerial occupations * Gender (D=1 if female) 0.07 0.07 0.07 0.07 0.07
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Transparéncia fiscal, comprometimento do governo e credibilidade fiscal:
Uma analise considerando os efeitos da contabilidade criativa no Brasil
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Resumo

Desde 2009, o governo brasileiro faz uso de contabilidade criativa com intuito de
melhorar os resultados relativos ao superavit primario. Com isso, a transparéncia fiscal
vem se reduzindo e a credibilidade fiscal deteriorando. Este estudo tem como principal
objetivo analisar o efeito da transparéncia das contas publicas sobre a credibilidade
fiscal no Brasil. Dentre as novidades do estudo estdo: (i) a apresentacao de um novo
indice de credibilidade fiscal, e (ii) a apresentagdao de um indicador de transparéncia
fiscal, obtido por meio de um valor mais realista para o superavit primario, o qual capta
o real esforco de economia do governo desconsiderando os efeitos da contabilidade
criativa do governo. Os achados sugerem que melhorias artificiais do resultado fiscal
por meio de contabilidade criativa reduzem a credibilidade fiscal. Os resultados também
reforgam a importancia da solvéncia fiscal ¢ do comprometimento com metas fiscais
para a construcao de credibilidade. Ademais, estimagdes por regressao quantilica
apontam importantes achados no tocante a mudanga na magnitude dos efeitos das
principais varidveis analisadas (como a transparéncia € o comprometimento fiscal),
quando considerados diferentes niveis de credibilidade fiscal.

Palavras-chave: transparéncia fiscal; credibilidade fiscal, comprometimento; contabilidade
criativa

Abstract

Since 2009, the Brazilian government makes use of creative accounting in order to
improve the results for the primary surplus. Thus, fiscal transparency has been reduced
and fiscal credibility deteriorating. This study aims to analyze the effect of the
transparency of public accounts on fiscal credibility in Brazil. Among the novelties of
the study are: (i) the presentation of a new fiscal credibility index, and (ii) the
presentation of an indicator of fiscal transparency achieved through a more realistic
value for the primary surplus, which captures the real effort of government savings
excluding the effects of creative accounting. The findings suggest that artificial
improvements of the fiscal balance through creative accounting reduce fiscal credibility.
The results also reinforce the importance of fiscal solvency and commitment to fiscal
targets for building credibility. Moreover, quantile regression estimates show important
findings with respect to changes in the magnitudes of the effects of key variables (such
as transparency and fiscal commitment) when considered different levels of fiscal
credibility.

Keywords: fiscal transparency; fiscal credibility; commitment; creative accounting
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1. Introducao

Desde o final de 2009, quando paises da Unido Européia passaram a apresentar
sérios problemas de solvéncia fiscal, a credibilidade fiscal tem sido amplamente citada
como um dos fundamentos mais importantes da politica macroecondmica. Neste
contexto, a transparéncia fiscal ganha importancia, pois torna mais eficaz a formulagao
de politicas e o gerenciamento dos riscos fiscais, além de garantir que os governos
fornecam ao publico informagdes mais acuradas (FMI, 2012)'. Nio obstante, a
opacidade fiscal decorrente de contabilidade criativa esta se popularizando e virando
pratica disseminada ao redor do mundo (Schettini et al., 2011; Petersen, 2003; Journard,
2008). A motivagdo para tais praticas varia, sendo desde o incremento dos resultados
com fins eleitorais, bem como para atingir determinada meta devido a regras fiscais
rigidas, ou a reducdo do controle parlamentar ao ocultar gastos que precisariam de
prévia aprovacio do congresso.”

Assegurar a solvéncia fiscal € importante para a conquista de credibilidade fiscal e
atracdo de recursos financeiros e investimentos privados (Blanchard, 2010). Evidéncias
empiricas apontam que o comprometimento do governo com as contas publicas € a
credibilidade fiscal afetam as expectativas e a confianga dos empresarios e
consumidores, como também o desempenho macroecondmico (de Mendonga e
Machado, 2013; de Mendonga e Tostes, 2015; Montes e Acar, 2015). Um pais com
credibilidade fiscal elevada possui maior capacidade de atracdo de investimentos
privados, consegue alavancar mais recursos para financiar os investimentos publicos e a
divida publica, e consegue aumentar a eficacia das politicas macroecondmicas e, assim,
propiciar um ambiente favordvel para o crescimento econdmico. Ademais, a
credibilidade fiscal mais elevada reduz a possibilidade de mudangas abruptas nas
expectativas e confianga dos investidores e, por conseguinte, reduz a vulnerabilidade
externa.

Académicos e policymakers reconhecem que a transparéncia na gestao das contas
publicas ¢ uma precondi¢do para a reducdo da volatilidade dos mercados e para a
sustentabilidade fiscal. Evidéncias empiricas apontam para uma relacao positiva entre o
grau de transparéncia e a percep¢ao do mercado sobre a solvéncia fiscal. Peat et al
(2015) e Glennerster e Shin (2008) encontram que uma maior opacidade fiscal leva a
maiores spreads no mercado de crédito soberano. J& Arbatli e Escolano (2012) associam
a transparéncia fiscal a melhores notas de risco soberano, e o estudo de Bernoth e Wolff
(2008) constata que a contabilidade criativa na Unido Européia — a qual reduz a
transparéncia — elevou o prémio de risco na regido da zona do euro. Sem transparéncia,
as variaveis fiscais oficiais divulgadas pelo governo podem nao fornecer ao publico
resultados confidveis e que garantam a correta previsibilidade em relagdo a verdadeira
situacdo fiscal do pais, o que causa danos a credibilidade e sua efetividade. (Kopits e
Craig, 1998).

A consequente falta de transparéncia esta relacionada a tentagdo dos governantes
em manipular os resultados fiscais por meio de contabilidade criativa. Embora
incipiente, a literatura que analisa as interferéncias do governo nas contas publicas por
meio de contabilidade criativa tem avancado: existem estudos para a Unido Européia
(Koen e Noord, 2005; Von Hagen e Wolff, 2006), para paises da OCDE (Journard et. al,

' Segundo o FMI (2012), a tGltima década e meia representou esforgos de promogio de normas
internacionais para garantir a transparéncia.

? Alt e Lassen (2006) e Von Hagen e Wolff (2006) mostram que a contabilidade criativa varia de acordo
com os ciclos eleitorais. Estudos sobre as implicacdes de regras fiscais rigidas nos resultados fiscais
podem ser vistos em Bunch (1991), von Hagen (1991), Kiewiet ¢ Szakaly (1996).



2008) e para os Estados Unidos (Petersen, 2003). Por outro lado, a literatura indica que
regras fiscais rigidas aumentam a tentacdo do governo em se beneficiar do grau de
liberdade gerado pelas convengdes contabeis. Isto pode ocorrer quando o cumprimento
das metas fiscais se torna mais dificil, com o consequente aumento da volatilidade
macroecondmica e perda de credibilidade fiscal (Milesi-Ferretti, 2004; Ter-Minassian,
2010).

Por sua vez, o desafio de determinar se um governo possui margem para levantar
recursos adicionais para gastos meritorios tem confrontado o FMI nos ultimos anos.
Diante da inevitabilidade dos ajustes fiscais devido a crise da divida soberana dos paises
europeus em 2009, questdes relacionadas ao nivel 6timo de gastos adicionais (como
investimento em infra-estrutura e gastos em programas sociais) que ndo comprometa a
sustentabilidade fiscal se tornaram frequentes. Assim, atengdes se direcionaram para o
grau em que um pais possui “espaco-fiscal” (fiscal space’), ou em outras palavras, se
um pais ¢ capaz de realizar dispéndios em setores desejados sem comprometer a
sustentabilidade da divida. Em estudo sobre consolidagdo fiscal e investimento em
paises latino-americanos, Carranza et. al (2014) conclui que altos investimentos em
infra-estrutura devem vir acompanhados de melhores processos de gasto, viabilizados
por um “espago fiscal” suficientemente alto. Estudos empiricos utilizam as variaveis de
fiscal space propostas por Aizenman e Jinjarak (2010) para avaliar seus efeitos no risco
soberano, utilizando como proxy para o risco o credit default swap (CDS) (Aizenman
et. al, 2013; Peat et. al, 2015).

Apesar dos avangos na literatura, existem lacunas a se preencherem quanto a
mensuragdo da credibilidade e da transparéncia fiscal e a necessidade de evidéncias
empiricas acerca dos determinantes da credibilidade fiscal. Em particular, existe a
necessidade de evidéncias empiricas acerca dos efeitos da transparéncia fiscal e do
comprometimento do governo com as contas publicas sobre a credibilidade fiscal.
Nesse sentido, este estudo busca preencher essas lacunas e tem como principais
objetivos: (i) desenvolver um novo indice de credibilidade fiscal, (ii) captar os efeitos da
contabilidade criativa nas contas do governo e, assim, observar o nivel de transparéncia
fiscal, e (iil) identificar os determinantes da credibilidade fiscal, com énfase para os
efeitos da transparéncia fiscal e do fiscal space.

A despeito do esforco empreendido por de Mendonga e Machado (2013) na
constru¢do de um indicador de credibilidade fiscal, o indicador proposto por eles nao se
mostra suficiente para explicar o atual cenario de deterioragado fiscal do Brasil, visto que
a variavel de expectativa para a divida publica nao capta a situacao fiscal de forma
integral. Por outro lado, sdo poucos os estudos que abordam os efeitos da transparéncia
fiscal na economia, e devido a dificuldade de mensuragdo, sdo poucos os estudos que
analisam os efeitos na economia oriundos da contabilidade criativa nas contas do
governo.

Este artigo analisa os efeitos que exercem a transparéncia na gestdo das contas
publicas e o compromisso com a estabilidade fiscal sobre a credibilidade fiscal. O
estudo sugere que, se por um lado, interferéncias nos resultados fiscais por meio de
contabilidade criativa geram resultados maiores para o superavit primario mesmo com
expansdo dos gastos (possibilitando, assim, expandir ainda mais os gastos e a divida
publica), por outro lado, essas manobras contabeis minam a transparéncia fiscal e, por
conseguinte a credibilidade fiscal. Ou seja, quando a transparéncia fiscal ¢ reduzida, os
resultados fiscais divulgados pelo governo deixam de ser confidveis e ndo garantem a

* O termo fiscal space ¢ relativamente novo na literatura, e as variaveis assim denominadas buscam

captar diferentes medidas de sustentabilidade das finangas ptblicas. A medida de fiscal space construida e
utilizada na analise empirica esta baseada em Aizenman e Jinjarak (2010).



correta previsibilidade em relacdo a verdadeira situacao fiscal do pais, causando, nesse
sentido, danos a credibilidade fiscal. Destarte, uma das questdes centrais colocada no
presente estudo diz respeito ao efeito dessas praticas sobre a transparéncia fiscal e, por
conseguinte, sobre a credibilidade fiscal.

Como principais resultados, o trabalho encontra evidéncias empiricas de que a
credibilidade fiscal se deteriorou nos ultimos anos, sugerindo que a falta de
transparéncia ¢ percebida — e mal vista — pelo publico. Ou seja, os resultados fiscais
criados por meio de contabilidade criativa reduzem a confianga que o publico deposita
no governo e, assim, deterioram a credibilidade fiscal, produzindo um efeito contrario
ao pretendido pelo governo. Os resultados reforcam a relevancia da solvéncia fiscal para
a construgdo da credibilidade fiscal. Além disso, estimagdes por regressao quantilica
apontam importantes achados no tocante a mudanga na magnitude dos efeitos das
principais variaveis analisadas, quando considerados diferentes niveis de credibilidade
fiscal.

Portanto, o presente estudo se diferencia e contribui para a literatura sobre
credibilidade e transparéncia fiscal nos seguintes aspectos. Em primeiro lugar,
desenvolvemos um novo indice de credibilidade fiscal, o qual aperfeicoa o indice
proposto por de Mendonga ¢ Machado (2013). Em segundo, elaboramos um indicador
de transparéncia fiscal, o qual captura o grau de interferéncia do governo nos resultados
relacionados ao superavit primario por meio de contabilidade criativa. Em terceiro,
analisamos os determinantes da credibilidade fiscal, com énfase para os efeitos da
transparéncia fiscal, do comprometimento do governo com os seus objetivos e da
solvéncia (por meio da variavel “fiscal space”). A analise ¢ desenvolvida para o Brasil e
compreende o periodo entre Dezembro de 2002 e Novembro de 2014. O Brasil ¢ um
interessante estudo de caso, pois com a adogdo do regime de metas para inflagdo, o
governo se viu obrigado a implantar politicas de ajuste das contas publicas e de
gerenciamento da divida de modo a desenvolver sua credibilidade. Entretanto, desde o
final do ano de 2009, o governo tem se afastado das metas fiscais e feito uso de
artificios contabeis em suas contas. Essas agdes estdo gerando consequéncias adversas
em termos de formagdo de expectativas dos agentes, desempenho macroecondmico e
instabilidade politica. O cendrio adverso que se materializou, tanto na economia quanto
na politica, coloca em risco o regime de metas para inflagdo e a propria permanéncia da
Presidente da Republica Dilma Rousseff em seu cargo, a qual sofre processo de
impeachment por crimes de responsabilidade.

2. Evidéncias empiricas para a economia brasileira

Desde o final da década de 1990, percebe-se no Brasil uma mudanca gradual na
conducdo da politica fiscal, e esforcos por parte do governo em melhorar a disciplina
fiscal.” Esses esforcos foram ampliados com a adogdo do regime de metas para inflagdo
(RMI) em junho de 1999, pois um dos pilares desse regime ¢ a ndo existéncia de
dominancia fiscal. No caso brasileiro, a melhora do compromisso do governo com a
disciplina fiscal foi reforcada pela Lei de Responsabilidade Fiscal (LRF) criada em
2000, e com a adogdo das metas de superavit primario. A ideia ¢ que com a adogao

* No final de 1998, o pais precisou recorrer a US$ 41 bilhdes em empréstimos do Fundo Monetério
Internacional (FMI), Banco Mundial, Banco Interamericano de Desenvolvimento (BID) e o Banco de
Compensagdes Internacionais (BIS) devido a desequilibrios fiscais, ¢ como um dos requisitos, foi
obrigado a assegurar uma maior disciplina fiscal.



dessas medidas fosse observada a melhora do desempenho macroecondmico e, assim,
da credibilidade do regime de metas para inflagdo.”

A despeito de mudancgas estruturais no que tange a disciplina fiscal, o cenario
fiscal tornou-se incerto a partir de 2009 com a queda abrupta da atividade econdmica
devido ao agravamento da crise internacional. Nesse contexto, o governo passa a adotar
de forma recorrente medidas para obter receitas fiscais atipicas, além de postergar
pagamentos e aumentar de forma significativa o passivo com bancos publicos referentes
aos atrasos dos repasses de recursos proprios que os bancos publicos utilizam para
financiar os programas sociais (as chamadas “pedaladas fiscais”).’ Neste mesmo ano
houve uma reversao das expectativas formadas em relagdo ao superavit primario para
valores abaixo da meta observada, e grande parte dessa deterioragdo de expectativas
pode ser explicada pelas acdes tomadas pelo governo no tocante a gestao das contas
publicas. O governo passa, também, a reduzir a meta de superavit primario em vigor por
meio de alteracdes na lei or¢camentaria do ano (em alguns casos a alteragdo era feita no
final do exercicio financeiro, inviabilizando as metas de superavit) (ver tabela A.1, no
Apéndice). Além disso, a partir de meados de 2013, a taxa basica de juros Selic inicia
novo ciclo de elevagdo apos ter atingido seu menor valor da série historica e passa a
pressionar a divida publica.

As acdes tomadas pelo governo e o cendrio econdomico em deterioragao levaram a
superavits primarios cada vez menores a cada periodo. Devido a deterioracdo do cenario
macroecondmico e a incapacidade do governo em reverter a situacao fiscal, a confianga
dos investidores em relacao ao Brasil diminuiu (o Brasil passa a ter rebaixamentos de
notas pelas principais agéncias de rating desde o final de 2015). Além disso, a
credibilidade fiscal inicia trajetoria de deterioragdo (a Figura 1 mostra esse
comportamento para a credibilidade fiscal, o qual ¢ captado pelo indicador proposto no
presente estudo).

Apesar do progresso na literatura referente ao lado fiscal, ha lacunas a serem
preenchidas quanto a mensuragdo da credibilidade fiscal, e necessidade de estudos
empiricos sobre seus determinantes.

2.1 Dados

O indice de credibilidade fiscal proposto por de Mendonga e Machado (2013)
representa um esforco no que diz respeito ao desenvolvimento de indicadores capazes
de medir a credibilidade fiscal. Contudo, o indice pode ndo refletir de forma fiel a
avaliacao dos agentes sobre a situagdo fiscal como um todo, pois o indice apenas capta
as expectativas formadas em relacdo a divida liquida. Essas expectativas podem estar
baixas, mas ndao necessariamente o governo esta sendo bem avaliado pelos investidores
com relagdo aos seus compromissos fiscais de modo geral. Por exemplo, sua capacidade
de arrecadacdao de impostos e de honrar os compromissos pode estar comprometida, o
que gera suspeita sobre a estabilidade fiscal do pais. Sob esta 6tica, o referido indice nao
considera outros aspectos que podem influenciar a percep¢ao dos investidores sobre o

> Em suma, a LRF define limites de endividamento e controle de gastos excessivos para as trés esferas de
governo, e previne que o Governo Federal financie os estados € municipios.

® O objetivo dessas medidas ¢ o de inflar artificialmente o resultado primario e facilitar a tarefa do gestor
publico, pois serdo menores os seus esfor¢os para cumprir rigorosamente a legislagdo, as obrigagdes
fiscais, assim como as metas de superavit primario estabelecidas. Com isso 0 governo consegue — no
curto prazo — assegurar uma boa imagem perante seu eleitorado, e driblar a desconfianca e fiscalizagdo
rigorosa dos orgaos fiscalizadores.



compromisso fiscal do governo. Em outras palavras, o indicador ¢ menos sensivel ao
ambiente fiscal como um todo.

Buscando atenuar esta vulnerabilidade do indicador proposto por de Mendonga e
Machado (2013) e, assim, contribuir com a literatura, o presente estudo propde um
aperfeicoamento a partir da inclusdo de dois componentes ao indice: o desvio da
expectativa de superavit primdrio em relacdo a meta, ¢ um redutor que capta as
situagdes em que a meta de superavit primario estd abaixo do superavit primario
necessario para manter a divida sustentavel. Assim, quando o governo ndo assume uma
postura de compromisso com as contas publicas, ¢ penalizado por nao fazer convergir as
expectativas formadas para o superavit primario em direcdo a meta anunciada. Além
disso, a decisdao do governo por metas de superavit abaixo do necessario para manter
estavel a divida publica também afeta a confianca dos agentes em relagdo a
sustentabilidade da divida e reduz a credibilidade fiscal. Nesse sentido, o indice de
credibilidade fiscal (fc) ¢ construido da seguinte maneira:

1 if E.(debt.,i;) < debtM"
_ _ |E, (debt ;1) —debt Min ] . Min Max
M fe={ 1-{ Py }if debt"™ < E,(debtyy1;) < debt X
0 if E,(debt,,1;) > debtM®
E.(PS+12) i E(PS412) PS_target; i1z i PS_target; i1z <1
PS_target, 12’ PS_target, 1, PSreqii1z PS reqii12
X X
E,(PS, PS_target
1, if ¢ (PSt+12) >1 1, if 9 12 o 4
PS_target, 12 PS_reqii12

Em que, E,(debt, ;) representa a expectativa formada no instante 7 para a divida 12
periodos a frente, debtM®* e debt”™ representam os limites superior e inferior da
divida, E,(PS,,1,) representa a expectativa formada no instante 7 para o superavit
primdrio 12 periodos a frente, PS_target,,1, representa a meta para o superavit
primdrio 12 periodos a frente e PS_req,,, representa o superdvit primario requerido
para manter estavel a divida publica 12 periodos a frente. Por sua vez, o superavit

-9)|.
(1_g)], tal que g

primario requerido ¢ calculado da seguinte maneira: PS req = Debtt_l.[

representa a taxa de crescimento do produto e i € a taxa de juros.7
O primeiro termo representa o indice de credibilidade fiscal tal como proposto por
de Mendonga e Machado (2013), em que os limites inferior (debtM™) e superior

(debtMa*) referem-se a uma divida de 40% do PIB® e 60% do PIB®, respectivamente. O
E¢(PSt412)
PS_target +12
meta de superavit primario anunciada, e mostra o grau de confianca do publico no
E¢ (PSt+12)
PS_target ¢+12
que o governo ira cumprir a meta e, assim, funciona como um redutor do indice de
E¢ (PSt+12)
PS_target 112
comprometido com a meta de superdvit primario, € ndo ha impacto negativo na

segundo termo [ representa a razao entre o superavit primario esperado e a

< 1, significa que os analistas ndo acreditam

anuncio realizado. Quando [

credibilidade fiscal. Por outro lado, quando [ > 1, o governo sinaliza que ¢

7 A medida de PS_req é amplamente conhecida. Ver, por exemplo, Celasun, Debrun e Ostry (2006) e
Levy (2010).

® Tal limite esta de acordo com a recomendagdo do FMI (2002) sobre o objetivo de longo prazo que nio
deve ser quebrado pelas economias emergentes.

° Uma razdo divida/PIB de 60% ¢é a meta estabelecida pelo Tratado de Maastricht, sendo, portanto, uma
referéncia aos paises em desenvolvimento.



credibilidade fiscal. O terceiro termo demonstra se o esforco fiscal a ser realizado pelo

governo (dado pela meta de superavit) ird assegurar uma divida estavel. Deste modo, o

PS _target 112

termo [ ] significa o desvio da meta de superavit primario em relagdo ao que

PS_reqiy12

seria necessario para manter a divida estdvel ao longo do tempo. Quando a meta de

superavit primario definida pelo governo ¢ menor do que a meta requerida,

PS_target , - . s 1. .

[%] < 1, ¢ sinalizado ao publico um baixo esfor¢o de poupanga comparado
_reqe+12

ao necessario para manter a divida inalterada, e assim, a credibilidade fiscal ¢

PS_target ++12

penalizada. Por outro lado, quando [ ] > 1, ndo ha punigdo.

PS_reqi+12
Deste modo, as trés questdes que se colocam para avaliar se o pais dispoe de
credibilidade — a partir do indice proposto — sdo:

A EXPECTATIVAPARAA OS AGENTESACREDITAM TALMETA E SUFICIENTE
DiVIDA ESTA DENTRO DOS NO CUMPRIMENTO DA PARA GARANTIRA
LIMITES? META DE SUPERAVIT? ESTABILIDADE DA DiVIDA?

A fim de conferir robustez ao indice e evitar duvidas referentes aos limites
utilizados no indicador, uma analise de sensibilidade em relagao a sua forma funcional
foi construida ao alterar os parametros subjacentes, dando origem ao Indice de
credibilidade ajustado (afc). O limite superior da divida ¢ ampliado para 70% do PIB,
enquanto o inferior ¢ reduzido para 30% do PIB. Assim, ¢ mais dificil obter
credibilidade maxima, ao passo que ¢ também mais dificil perder completamente a
credibilidade.

A Figura 1 mostra os graficos para as trajetorias dos indices de credibilidade fiscal
ao longo do tempo.

Figura 1 — Indices de credibilidade fiscal
1.0

fc - Acar e Montes
—-——= afc - Acar e Montes
fc -de Mendong¢a e Machado

Fonte: Grafico elaborado pelos autores.

Comparando os indices de Acar e Montes com o indice elaborado por de
Mendonga e Machado (2013), ¢ possivel observar que a partir de 2008 ha uma
dissociacdo no comportamento dos indicadores, pois se inicia uma deterioracao das
expectativas de superavit primario em relagdo a meta. Além disso, em 2013, grandes
redu¢des na meta de superavit primario também contribuiram para deteriorar a



credibilidade fiscal captada por fc e afc (Acar e Montes). Se por um lado, metas baixas
facilitam a tarefa do governo em convencer os agentes de que a meta sera alcangada, por
outro lado, metas muito baixas indicam uma situacao de fragilidade fiscal, em que o
governo enfrenta dificuldades de arrecadacdo de impostos e/ou apresenta gastos
excessivos, e levam a deterioracdo da confianca dos agentes.

Os dados utilizados no estudo possuem frequéncia mensal, contemplando o
periodo entre dezembro de 2002 e novembro de 2014."°

No tocante a contabilidade criativa, Koen e Noord (2005) identificam trés
principais conceitos relacionados as operacoes atipicas que inflam as estatisticas fiscais
e ndo possuem relagdo com o fortalecimento permanente da posigdo fiscal do governo:
(1) trapacas fiscais (fiscal gimmicks) — essas apenas modificam as estatisticas fiscais de
maneira “ficticia” e/ou sdo compensadas por um efeito contrario no exercicio fiscal
seguinte, como por exemplo, a superestimagdo e antecipagao de receitas ou postergagao
de pagamentos; (ii) contabilidade criativa — na qual se utiliza das flexibilidades e
omissdes existentes nas normas contdbeis para conferir tratamento pouco usual a
operagdes intra-setor publico'', e; (iii) medidas extraordinarias (one-off measures) —
decisdes governamentais de natureza nao recorrente, que afetam a posi¢ao fiscal
contemporanea ¢ nao se mantém no futuro. Estas medidas podem se tornar nocivas
quando se contrai despesas obrigatorias baseando-se em receitas que ndo se constituem
fontes garantidas no futuro.

A fim de observar o impacto da falta de transparéncia fiscal sobre a credibilidade
fiscal, uma nova variavel ¢ criada para medir o grau de interferéncia do governo nos
resultados relacionados ao superdvit primario por meio de contabilidade criativa. A
variavel chamada transparency ¢ construida pela razdo entre o superdvit realista

(real PS) e o superavit divulgado pelo governo (released PS), ou seja,
real _PS

released _PS’
divulgado deduzido das interferéncias contabeis artificiais (contabilidade criativa), e

busca capturar o verdadeiro esfor¢o de poupanga do governo.

Sao consideradas como contabilidade criativa aquelas operagdes que nao afetam o
superavit primario, tampouco a divida liquida, porém aumentam o endividamento, e
assim, nao possuem relagdo com o fortalecimento permanente da posi¢do fiscal do
governo, constituindo-se em mecanismos contabeis pouco transparentes. Seguindo
linhas gerais do tratamento dado na literatura para outros paises'’, tomou-se como
critério para a classificacdo dos eventos em contabilidade criativa o atendimento de um
ou mais dos seguintes quesitos: 1) efeito sobre o patrimonio liquido do setor publico, ii)
perspectivas de repeticdo no longo prazo (recorréncia); iii) indisponibilidade de
informagdes publicas sobre a operacdo. Assim, as seguintes naturezas de operagdes sao
utilizadas no calculo do superavit realista:

I- Operagdes financeiras pouco usuais envolvendo empresas que o governo
controla, mas que estdo fora do conceito de “setor publico” para fins de apuragao do

transparency = O superavit realista corresponde ao superavit oficial

12 0 periodo acima foi selecionado em razdo da disponibilidade da série “resultado primério do setor
publico consolidado”, iniciada a partir de novembro de 2002, no site do Banco Central do Brasil (BCB).

"' No caso Brasileiro, a estrutura organizacional do setor publico propicia a¢des que visam aumentar o
superavit primario por haver empresas (financeiras e ndo financeiras) nas quais o governo tem poder de
mando, e que estao fora do conceito de “setor publico” para fins de apuragdo do resultado primario e da
divida, como ¢ o caso da Petrobras e Eletrobras. Este fato permite que o governo crie relagdes financeiras
com as empresas que estdo fora do conceito de setor piblico de modo a expandir suas despesas ¢ sua
divida bruta sem, contudo, afetar o resultado primario ¢ a divida liquida.

'2 Journard et al. (2008)



resultado primario e da divida, como é o caso da Petrobras ou do BNDES."
Chamaremos o conjunto dessas operagoes de X;.

2- Receitas nao recorrentes (atipicas), que afetam o resultado fiscal de
determinado exercicio financeiro sem, no entanto, refletir o esforgo fiscal daquele ano.
O objetivo da maioria dessas operagdes ¢ a obtencdo de um aumento temporario das
receitas para melhorar o resultado fiscal. Esse procedimento, no entanto, ndo contribui
para a sustentabilidade das financas publicas intertemporalmente. Chamaremos o
conjunto dessas operagoes de X.

3- Atrasos nos repasses de verbas para os bancos publicos que financiam projetos
sociais e previdencidrios, fato que aumenta os passivos do Tesouro Nacional com as
instituigdes publicas e infla artificialmente o superavit primario (“pedaladas fiscais”).
Chamaremos o conjunto dessas operagoes de X;.

Assim, o superavit realista pode ser descrito como:

) real PS = released PS— (X; + X, + X3)

Na figura 2 abaixo, observa-se a crescente utilizacdo das “pedaladas fiscais” a
partir de 2009, devido a falta de recursos para financiar os programas sociais do
governo, tais como o “Bolsa Familia” e o “Minha Casa Minha Vida”. As pedaladas
fiscais estdo relacionadas a natureza das operacdes descritas no item 3 acima. Por sua
vez, a Tabela 1 apresenta as operagdes do governo em termos de contabilidade criativa
descritas nos itens 1 e 2 acima.'”

Figura 2 — Pedaladas fiscais (em bilhdes — R$)
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= = Banco Nacional de Desenvolvimento Econémico e Social (BNDES)
Caixa Econdmica Federal

Fundo de Garantia por Tempo de Servico (FGTS)

Fonte dos dados: Os dados foram obtidos do site do BCB — Nota a Imprensa de Politica Fiscal —
(http://www.bcb.gov.br/?ECOIMPOLFISC). Grafico elaborado pelos autores. Nota: As instituigdes citadas sdo
responsaveis por financiar programas sociais, previdenciarios e de desenvolvimento. CEF: financia o programa
“Bolsa Familia”, o Seguro Desemprego, entre outros; FGTS: financia o programa “Minha Casa Minha Vida”; BB:
financia as equalizagdes agricolas; BNDES: financia o Programa de sustenta¢do do investimento (PSI).

 No caso Brasileiro, a estrutura organizacional do setor publico propicia a¢des que visam aumentar o
superavit primario por haver empresas (financeiras ¢ nao financeiras) nas quais o governo tem poder de
mando, e que estdo fora do conceito de “setor publico” para fins de apuracdo do resultado primario e da
divida. Este fato permite que o governo crie relagdes financeiras com as empresas que estdo fora do
conceito de setor publico de modo a expandir suas despesas e sua divida bruta sem, contudo, afetar o
resultado primario e a divida liquida.

' Os dados da Tabela 1 foram obtidos do “Anexo do Tesouro Nacional”
(https://www.tesouro.fazenda.gov.br/resultado-do-tesouro-nacional), da Lei de Acesso a Informagdo (E-
sic) e da Receita Federal (http://www.receita.fazenda.gov.br/Historico/Arrecadacao/ResultadoArrec).



Tabela 1 — Contabilidade criativa (em bilhdoes — R$)

. Contribui .

Antecipa- 30 sobre o Lucros Sacados | Receitas e Bonus de Meta

Antecipa- ¢do de Depésit ; L do Fundo despesas . | Totalde |Resultado [ Resultado it

¢do de REFIS | receita do eppsn .0 ; ,“°T° Nacional de | no Fundo coneessio contabilida| Primédrio | Primario Sll].)el"a\tl

. , Judiciais | Liquido do Campo . K . primério

dividendos Pré-sal Desenvol- Soberano . de criativa|[ Oficial | Realista
) (CSLL) da . ., | de Libra* (%PIB)
(Petrobras) Vale vimento do Brasil

2003 1,049 0.1% 3.2% 31% | 4.3%
2004 1,367 396 0.1% 3.7% 3.6% | 4.5%
2005 565 456 0.0% 3.7% 379% | 43%
2006 1,011 1,234 0.1% 3.2% 31% | 43%
2007 613 581 0.0% 3.2% 32% | 3.8%
2008 1,644 2,06 -22,123 -0.6% | 3.3% 39% | 3.8%
2009 595 4,738 8,900 4,264 0.6% 1.9% 1.3% | 2,5%
2010 | 4478 | 7,689 | 31,879 | 4,000 1.3% 2.6% 1.3% | 3.1%
2011 3,396 | 21,019 5,800 0.7% 2.9% 22% | 3.1%
2012 7,598 | 16,559 15,466 0.9% 2.2% 1.3% | 3.1%
2013 6,447 | 13,933 15,000 | 0.7% 1.7% 1.0% | 2,3%
2014 6,392 | 9371 0.3% 0.5% 0.2% 1,9%

Tabela elaborada pelos autores. Nota: REFIS: plano de refinanciamento de dividas tributarias langado no periodo da
crise de 2009. *O governo antecipou o leildo para o fim de 2013, para que o pagamento fosse realizado até o fim do
ano.

A varidvel transparency varia entre zero e um. Quando se aproxima de zero, isto
significa uma maior opacidade no resultado fiscal, ou seja, os niimeros apresentados
pelo governo sdo resultados de contabilidade criativa para melhorar seus indicadores.
Por sua vez, quando se aproxima de um isto quer dizer que menos artificios contabeis
foram utilizados e, portanto, maior a transparéncia na divulgacdo dos dados relativos a
real situagdo fiscal. Espera-se uma correlagao positiva da transparéncia fiscal com a
credibilidade fiscal. A figura 3 apresenta o superdvit divulgado pelo governo
(released PS, em preto), e o superavit realista (real PS, em cinza), e evidencia, a partir
de 2010 em diante, a recorrente interferéncia do governo por meio de artificios
contabeis para inflar o resultado primario.

Figura 3 — superavit divulgado pelo governo e superavit realista
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Fonte: Grafico elaborado pelos autores.

Real_PS |

Released_PS

Outra variavel, que representa o compromisso do governo em atingir as metas de

I3

superavit primario, ¢ chamada fiscal commitment. A variavel ¢ formada pela razao
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released _PS 15
“PS_target

0 governo atinge sucessivamente a meta, o publico ira esperar comprometimento do
governo com seus objetivos, e, assim, a credibilidade fiscal sera melhorada. Logo,
quanto maior for esta variavel, maior ¢ o comprometimento e o sucesso do governo com
as metas de superavit e, portanto, maior a credibilidade fiscal. Considerando-se ainda o
impacto da solvéncia fiscal sobre a credibilidade, ¢ utilizada uma variavel referente ao
espaco fiscal, nomeada fiscal space. A varidvel representa quantos anos o governo
levaria para pagar a divida baseado nas receitas obtidas, ou seja, a variavel expressa o

tamanho da divida frente a capacidade de paga-la, e quanto maior seu valor, menos
debt _gdp

revenue _gdp

correlagcdo negativa entre fiscal space ¢ a credibilidade fiscal.

A analise também utiliza a divida publica liquida como percentual do PIB
(debt_gdp), a qual quando aumenta piora a solvéncia fiscal e afeta diretamente a
expectativa sobre a divida e a credibilidade fiscal, e; a taxa de juros implicita
(implicit_interest), a qual reflete o gasto efetivo com os passivos e ativos da divida
publica.'” A tabela 2 apresenta as estatisticas descritivas das séries.

entre o superavit primario divulgado e a meta: fiscal commitment =

. . , 16 ¢
espaco fiscal dispde o governo. Assim, fiscal_space = E esperada uma

Tabela 2 — Estatisticas descritivas

. Variables
Dese. Statistcs fc afc  |debt gdp |implicit_interest |fiscal commitment|transparency | fiscal space
Mean 0454 | 0405 | 42117 15.832 0.766 0.785 2.633
Median 0491 | 0410 | 40.995 15.638 0.800 0.957 2451
Maximum 1.000 | 0.810 | 60.110 19.075 1.130 1.224 4.200
Minimum 0.026 | 0.020 | 31.050 13.461 -0.090 0.002 1.849
Std. Dev. 0239 | 0.167 | 7.661 1.188 0.186 0.284 0.611
Skewness 0213 | 0.160 | 0.366 0.423 -1.222 -0.823 0.717
Kurtosis 2546 | 3.156 | 2.128 2.706 5.668 2.688 2582
Observations | 144 144 144 144 144 144 144

Fonte: Tabela elaborada pelos autores.

A tabela 3 apresenta as correlagdes entre as séries e a tabela 4 os testes de
causalidade de Granger'®. Em relacdo as principais varidveis de interesse sendo
analisadas (transparency e fiscal space), € possivel observar correlacdo positiva entre a
transparéncia e a credibilidade, e que a direcao de causalidade ¢ da transparéncia para a
credibilidade. Por sua vez, ¢ observada correlacdo negativa entre fiscal space ¢ a
credibilidade, ¢ que a dire¢do de causalidade ¢ da variavel fiscal space para a
credibilidade. As demais varidveis também apresentaram as correlacdes esperadas.

' O superavit primario divulgado ¢ o “Resultado primério total do setor publico consolidado (% PIB)”
(acumulado em 12 meses), obtido do BCB - SGST (cédigo 5793).

'® Para exemplo de aplicagdes desta variavel, ver Aizenman et al.(2010) e Peat et al. (2015). A variavel
“revenue_gdp” sdo as “Receitas do Tesouro Nacional (Fluxos) (acumulado em 12)”, obtida do BCB -
SGST (codigo 2266), como percentual do PIB (PIB em valores correntes, obtida do BCB - SGST (codigo
4380).

' A variavel debt gdp ¢ a “Divida liquida do setor publico total (DLSP) (% PIB) - Setor publico
consolidado”, obtida do BCB - SGST (codigo 4513). A variavel implicit_interest ¢ a Série historica da
“taxa de juros implicita (DLSP), acumulada em 12 meses”, obtida do BCB - Tabelas Especiais
(www.bcb.gov.br/TAXADLSP).

¥ pelo fato do indice de credibilidade ser construido com base nas expectativas e essas poderem se alterar
rapidamente, o teste de causalidade de Granger foi realizado com apenas uma defasagem.
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Tabela 3 — Correlagcdes

Variables fc afc
debt_gdp -0.36 -0.16
fiscal _space -0.43 -0.23
implicit_interest -0.48 -0.39
fiscal _commitment 0.03 0.08
transparency 0.27 0.42

Fonte: Tabela elaborada pelos autores.

Tabela 4 — Causalidade de Granger

Null Hypothesis: Obs F-Statistic Prob.

transparency does not Granger Cause fc 143 15.8231 0.0001
fc does not Granger Cause transparency 0.14287 0.706
fiscal_commitment does not Granger Cause fc 143 35.4902 0.0000
fc does not Granger Cause fiscal_commitment 0.1004 0.7517
fiscal_space does not Granger Cause fc 143 5.3201 0.0225
fc does not Granger Cause fiscal_space 1.6417 0.2022
debt_gdp does not Granger Cause fc 143 5.5302 0.0201
fc does not Granger Cause debt_gdp 0.7373 0.3920
implicit_interest does not Granger Cause fc 143 0.8380 0.3615
fc does not Granger Cause implicit_interest 7.5865 0.0067
transparency does not Granger Cause afc 143 15.2996 0.0001
afc does not Granger Cause transparency 0.05601 0.8133
fiscal_space does not Granger Cause afc 143 5.4144 0.0214
afc does not Granger Cause fiscal_space 2.75797 0.099

fiscal_commitment does not Granger Cause dfc 143 35.5749 0.0000
afc does not Granger Cause fiscal_commitment 0.24194 0.6236
debt_gdp does not Granger Cause afc 143 5.1661 0.0246
afc does not Granger Cause debt_gdp 1.6110 0.2065
implicit_interest does not Granger Cause afc 143 1.5014 0.2225
afc does not Granger Cause implicit_interest 9.8637 0.0021

Fonte: Tabela elaborada pelos autores.
2.2 Metodologia

Pelo fato da variavel dependente (credibilidade fiscal) ser uma varidvel continua
no intervalo entre zero e um, as estimacdes foram feitas utilizando o modelo TOBIT
(Tobin, 1958). Como salientado por McDonald e Moffitt (1980), a aplicagdo do método
¢ adequado e conveniente quando se assume que a varidvel dependente tem seus valores
agrupados dentro de um limite. O modelo TOBIT usa todas as informagoes, incluindo
informagdes acerca do censuramento, e fornece estimativas consistentes dos parametros
(Long, 1997). Assim, a op¢do de truncamento entre zero e um foi utilizada, e esses
valores foram imputados na opgao de estimag¢ao por TOBIT do software E-Views9. As
especificacdes para a analise por meio do modelo TOBIT sao:

(3) fc =Py + Brdebt_gdp + primplicit_interest + ¢,

(4) fc = ay + ardebt_gdp + ayimplicit_interest + azfiscal_commitment + ¢,,

(5) fc =y, +yidebt_gdp + y,implicit_interest + ystransparency + &3,

(6) fc =8, + 6,debt_gdp + §,implicit_interest +8;fiscal_commitment = transparency + €5,

(7) fc = Bs + Bafiscal_space + fsimplici_interest + &,

(8) fc = a, + asfiscal_space + agimplicit_interest + a; fiscal_commitment + &;,

(9) fc =y, + ysfiscal_space + ygimplicit_interest + y,transparency + & .

(10) fc = 6, + 65 fiscal_space + §gimplicit_interest +6; fiscal_commitment * transparency + & .
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Em que ¢; representa o termo de erro aleatorio.

O conjunto de especificagdes acima foi definido para verificar: (i) se o grau de
interferéncia do governo nos resultados para o superavit primario por meio de artificios
contabeis ¢ contabilidade criativa (medido pela variavel transparency) afeta a
credibilidade fiscal; (ii) se o esfor¢co do governo em cumprir as metas de superavits
contribui para o ganho de credibilidade fiscal, e; (iii) se o fiscal space afeta a
credibilidade fiscal. As estimagdes foram repetidas para todas as equagdes utilizando afc
como variavel dependente.

2.3 Resultados

A Tabela 5 apresenta as estimagdes para o conjunto de equagdes em que fc ¢ a
variavel dependente e a Tabela 6 apresenta as estimagdes com a variavel dependente
afe.”’

Em relagdo aos coeficientes estimados das varidveis debt gdp e implicit interest,
todos apresentaram os sinais esperados e significancia estatistica. Assim, um aumento
na variavel debt gdp impacta negativamente a credibilidade fiscal. Por sua vez, um
aumento na taxa de juros implicita impacta negativamente a credibilidade fiscal, uma
vez que aumenta o valor dos juros pagos pela divida publica.

Em relagdo as variaveis de maior interesse, as estimacoes revelam que quando o
governo atinge as metas anunciadas de superavit primario (fiscal commitment), a
confianca do publico aumenta em relagdo ao comprometimento do governo e, assim, a
credibilidade fiscal aumenta. Ou seja, quanto mais préximo da meta, ou acima dela esta
0 superavit primario, maior € o impacto positivo sobre a credibilidade fiscal. Em relagao
a variavel transparency, os resultados apontam que o publico percebe a interferéncia do
governo nos resultados relacionados ao superavit primdrio por meio da contabilidade
criativa. Portanto, a transparéncia fiscal ¢ um elemento importante para a credibilidade
fiscal. Os achados sugerem que interferéncias do governo nas contas publicas por meio
de contabilidade criativa com intuito de inflar artificialmente o superavit primario sao
percebidas negativamente pelo publico e acarretam perda de confianga no governo.
Nesse sentido, resultados criados por meio de artificios contdbeis e contabilidade
criativa em relacdo ao superavit primario reduzem a transparéncia fiscal e levam a
deterioracao da credibilidade fiscal.

No tocante aos achados para a variavel fiscal space, os coeficientes estimados
indicam que a solvéncia fiscal ¢ determinante para a construcao da credibilidade fiscal.
Assim, um aumento na variavel fiscal space (a qual indica quantos anos o governo
levaria para pagar a divida baseado nas receitas obtidas) gera um impacto negativo
sobre a credibilidade fiscal, devido a maior dificuldade em manter a trajetéria da divida
sustentavel.

De modo a responder de que forma o publico reage aos descumprimentos da
meta de superavit primario em um contexto no qual o governo € mais transparente em
termos fiscais, um termo de interacdo (transparency X fiscal commitment) foi testado.
Os resultados sugerem que em um ambiente com transparéncia, os agentes confiam
mais nos resultados divulgados em relacdo ao superavit primario e, assim, ddo maior
peso ao cumprimento da meta de superavit primario, pois, 63 > a3 ¢ 87 > a5

1 ~ ~ .y . ~ ..

? Pelo fato de ndo haver concentragdo de valores da variavel dependente nas situacdes limites (0 e 1), as
estimacdes também foram realizadas por meio do método de minimos quadrados ordinarios, ¢ as
estimativas para os coeficientes permanecem as mesmas daquelas obtidos por TOBIT.
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Os resultados sao corroborados quando utilizamos a variavel dependente afc
(Tabela 6). Ou seja, os sinais € a significancia estatistica sdo observados para as
estimativas com a variavel dependente afc.

Tabela 5 - Estimac¢des TOBIT (variavel dependente: fc)

Dependent TOBIT
Variable: fc
REGRESSORS Eq3 Eq4 Eqg5 Eq6 Eq7 Eq8 Eq9 Eql0
C 2.206%**  2.119%** 1 659%** 2.197*** 2.096%** 1.975%%* 1 289*%** | 89T7***
(0.230) (0.259) (0.180) (0.233) (0.238) (0.268) (0.194) (0.192)
[9.561] [8.158] [9.209] [9.408] [8.782] [7.356] [6.641] [9.866]
debt_gdp -0.008*** -0.010%** _Q.031*** -0.022%%%*
(0.002) (0.002) (0.002) (0.002)
[-3.556] [-4.661] [-12.002] [-7.984]
fiscal_space -0.130*%** -0.154%** _0.380%** -0.286***
(0.029) (0.026) (0.031) (0.032)
[-4.345] [-5.832] [-12.269] [-8.834]
implicit_interest -0.087*** -0.088*** _0.032*%* -0.072*%** -0.082*%** _0.082*** _0.026* -0.063***
(0.016) (0.016) 0.014) (0.015) (0.017) (0.016) (0.014) (0.012)
[-5.213] [-5.350] [-2.247] [-4.617] [-4.746] [-4.897] [-1.828] [-5.068]
SJiscal _commitment 0.227** 0.244**
(0.106) (0.105)
[2.139] [2.307]
transparency 0.819%%* 0.745%%*
(0.063) (0.056)
[12.846] [13.232]
transparency X commitment 0.532%%* 0.517%%*
(0.088) (0.072)
[6.043] [7.158]
Left Censored Obs o (o] (o] (0] (o] (o] (o] (o]
Right CensoredObs 3 3 3 3 3 3 3 3
Uncensored Obs 141 141 141 141 141 141 141 141

Fonte: Tabela elaborada pelos autores. Nota: Niveis de significancia: ***denota 1%, **denota 5% e
*denota 10%. Erro-padrio entre parénteses e estatistica t entre colchetes. Todas as estimativas por TOBIT
utilizaram a abordagem de covariancia robusta de Huber-White.

Tabela 6 - Estimagdoes TOBIT (variavel dependente: afc)

Dependent

TOBIT
Variable: afc
REGRESSORS Eq3 Eq4 Eq5 Eq6 Eq7 Eq8 Eq9 Eql0
C 1.316%** 1.263%** .916*** 1.311%%% 1.298%*%* 1.222%%* (701%%* 1.161***
(0.179) (0.196) (0.140) (0.181) (0.187) (0.204) (0.153) 0.182
[7.336] [6.438] [6.501] [7.226] [6.939] [5.988] [4.569] 6.363
debt_gdp -0.001 -0.003*  -0.018*** -0.011***
(0.001) (0.001) (0.002) (0.002)
[-0.995] [-1.725] [-9.137] [-5.023]
Jiscal_space -0.037 -0.053%% _Q.223%%*% _0.146***
(0.023) (0.021) (0.023) 0.024
[-1.579] [-2.487] [-9.323] -5.916
implicit_interest -0.052*% %% _Q.053%** -0.012 -0.042*%** -0.050*** -0.050*** -0.008 -0.037***
(0.013) (0.012) (0.011) (0.012) (0.013) (0.013) (0.011) 0.012
[-4.014] [-4.142] [-1.071] [-3.481] [-3.695] [-3.828] [-0.781] -3.098
SJiscal _commitment 0.142 0.155*
(0.087) (0.087)
[1.620] [1.770]
transparency 0.596*** 0.551%**
(0.049) (0.044)
[12.152] [12.410]
transparency X commitment 0.363%* 0.360%**
(0.071) 0.065
[5.106] 5.492
Left Censored Obs o (o] o o o (0] o (0]
Right Censored Obs o o o o o [0} (o) o
Uncensored Obs 144 144 144 144 144 144 144 144

Fonte: Tabela claborada pelos autores. Nota: Niveis de significancia: ***denota 1%, **denota 5% e
*denota 10%. Erro-padrdo entre parénteses ¢ estatistica t entre colchetes. Todas as estimativas por TOBIT
utilizaram a abordagem de covariancia robusta de Huber-White.

3. Analise de robustez

De modo a dar robustez aos resultados encontrados e verificar o efeito das
principais varidveis analisadas considerando diferentes niveis de credibilidade fiscal,
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realizamos estimagdes por regressao quantilica. Introduzido por Koenker e Basset
(1978), o método de regressao quantilica divide a distribuicdo de uma maneira que uma
dada propor¢io de observacdes esteja localizada abaixo do quantil.”’ Neste sentido, é
possivel observar o coeficiente estimado para diferentes partes da distribuicao da
credibilidade fiscal. O método de regressdo quantilica permite observar os efeitos dos
regressores para diferentes niveis de credibilidade fiscal.

Assim, as especificagdes 4, 5, 6, 8, 9 e 10 serdo estimadas por regressao quantilica
de modo a captar o efeito das principais variaveis analisadas no estudo. A tabela 7
apresenta as estimagdes por regressao quantilica para as especificacdes escolhidas em
que a variavel dependente ¢ fc, e a figura 4 ilustra os resultados por meio de graficos
para o comportamento dos coeficientes de cada um dos regressores em cada
especificacao.

Com base nas estimagoes, ¢ possivel observar que o efeito de debt gdp e o efeito
de fiscal space sobre a credibilidade fiscal diminuem na medida em que aumenta a
credibilidade fiscal. Ou seja, os coeficientes estimados das duas varidveis sdo negativos,
e na medida em que a credibilidade fiscal aumenta, o valor dos coeficientes estimados
diminui em magnitude. O aumento da divida publica como propor¢do do PIB (o qual
também ¢ captado pela variavel fiscal space) deteriora ainda mais a credibilidade fiscal
quando esta se encontra em niveis mais baixos. Por sua vez, na medida em que aumenta
a credibilidade fiscal, a magnitude do coeficiente estimado para a taxa de juros implicita
também aumenta.

Os achados sugerem que o compromisso com a meta de superavit primario €
fundamental para o governo conquistar credibilidade fiscal, principalmente quando o
governo possui baixa credibilidade. Os resultados apontam que fiscal commitment tem
maior impacto sobre a credibilidade fiscal quando esta ultima estd em niveis mais
baixos, ¢ o efeito dessa varidvel diminui na medida em que a credibilidade fiscal
aumenta. Nesse sentido, quando o governo atua de maneira comprometida com seu
objetivo de cumprir a meta de superavit primario durante a fase em que ainda esta
construindo sua credibilidade (e, portanto, a credibilidade fiscal ainda ¢ baixa), o efeito
desse comprometimento sobre a constru¢do de credibilidade fiscal ¢ maior. Sendo
assim, se o governo deseja acelerar o processo de conquista de credibilidade fiscal
quando esta ainda estda em construcdo, ¢ fundamental que atue de maneira
comprometida com meta de superavit primario. Por outro lado, quando o governo
possui niveis elevados de credibilidade fiscal, o efeito da falta de compromisso sobre a
credibilidade perde significancia.

Em relagdo ao efeito da transparéncia fiscal, os achados revelam que sua
importancia ¢ maior para a credibilidade fiscal na fase em que a credibilidade estd mais
baixa. Isto quer dizer também que quando a credibilidade fiscal ¢ baixa e o governo atua
por meio de contabilidade criativa de modo a inflar artificialmente o superavit primario
— 0 que aumenta a opacidade fiscal — o impacto adverso sobre a credibilidade fiscal ¢
ainda maior. Portanto, se o governo se encontra em situacdo de baixa credibilidade
fiscal, mas deseja tomar medidas que aumentem a credibilidade, uma delas ¢ nao fazer
uso de contabilidade criativa, pois com isso a transparéncia fiscal aumentard (e em
contrapartida a opacidade fiscal ird diminuir). De todo modo, mesmo quando a
credibilidade se situa em um patamar maior, os efeitos da falta de transparéncia nao
podem ser considerados despreziveis, apesar de serem inferiores a quando a
credibilidade ¢ baixa.

% No6s estimamos a regressdo quantilica com moving blocks bootstrap (MBB), o qual fornece erros-
padrdo robustos para heteroscedasticidade e autocorrelagdo de forma desconhecida (Fitzenberger, 1997).
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As mesmas estimagdes foram realizadas para as especificacdes em que a variavel
dependente ¢ afc. De um modo geral, os resultados permanecem os mesmos.

Tabela 7 - Regressao quantilica (variavel dependente: fc)

Specifications Eq.4 Eq.5 Eq.6 Eq. 8 Eq.9 Eq. 10
Regressors Quantile | Coef. Prob. Coef. Prob. Coef. Prob. Coef. Prob. Coef. Prob. Coef. Prob.
constant 0.1 0.4703 0.0263 | 0.5504 0.1018 | 0.8388 0.0023 [ 0.2821 0.2098 | 0.2210 0.5445 | 0.6297 0.0212
0.2 0.4758 0.2096 | 0.5434 0.0944 | 0.8996 0.0096 | 0.5484 0.1426 | 0.0674 0.8568 | 0.4937 0.1700
0.3 1.0496 0.0024 | 0.9956 0.0007 | 1.2068 0.0104 | 0.6945 0.0815 | 0.4219 0.2518 | 0.8775 0.0854
0.4 1.2970 0.0010 | 1.2336 0.0000 | 1.7425 0.0015 | 1.0634 0.0155 | 0.9508 0.0003 | 1.3054 0.0192
0.5 1.4777 0.0000 | 1.4454 0.0000 | 2.4114 0.0000 | 0.9722 0.0110 | 1.1792 0.0000 | 1.9013 0.0000
0.6 1.7856 0.0000 | 1.6969 0.0000 | 2.2269 0.0000 | 1.3080 0.0002 | 1.2485 0.0000 | 2.0633 0.0000
0.7 2.3057 0.0000 | 1.8309 0.0000 | 2.2484 0.0000 | 1.9296 0.0000 | 1.5118 0.0000 | 1.9261 0.0000
0.8 2.7428 0.0000 | 2.0159 0.0000 | 2.4255 0.0000 | 2.2957 0.0000 | 1.7140 0.0000 | 2.2400 0.0000
0.9 2.8962 0.0000 | 2.1246 0.0000 | 3.0459 0.0000 | 2.6845 0.0000 | 1.7121 0.0000 | 2.8959 0.0000
debt_gdp 0.1 -0.0139 0.0000 |-0.0299 0.0000 |-0.0238 0.0000
0.2 -0.0146 0.0000 |-0.0337 0.0000 |-0.0251 0.0000
0.3 -0.0151 0.0000 |-0.0380 0.0000 |-0.0238 0.0000
0.4 -0.0156 0.0000 |-0.0354 0.0000 |-0.0261 0.0000
0.5 -0.0122 0.0410 |-0.0339 0.0000 |-0.0265 0.0000
0.6 -0.0104 0.1615 |-0.0331 0.0000 |-0.0216 0.0000
0.7 -0.0134 0.0541 |-0.0311 0.0000 |-0.0191 0.0000
0.8 -0.0147 0.0024 |-0.0264 0.0000 |-0.0169 0.0000
0.9 -0.0116 0.0073 | -0.0245 0.0000 |-0.0102 0.0004
implicit_interest 0.1 -0.0157 0.1360 | 0.0203 0.3738 | -0.0004 0.9754 |-0.0107 0.3410 | 0.0225 0.3074 |-0.0025 0.8614
0.2 -0.0067 0.7618 | 0.0324 0.1439 | 0.0021 0.9158 |-0.0160 0.4750 | 0.0392 0.0800 | 0.0091 0.6877
0.3 -0.0338 0.1682 | 0.0158 0.4635 |-0.0129 0.6772 |-0.0169 0.5619 | 0.0284 0.2443 |-0.0026 0.9387
0.4 -0.0389 0.1864 | -0.0043 0.8128 |-0.0411 0.2528 |-0.0337 0.3225 |-0.0022 0.9027 |-0.0275 0.4552
0.5 -0.0508 0.1479 |-0.0162 0.1906 |-0.0819 0.0123 |-0.0164 0.6472 |-0.0176 0.1872 |-0.0634 0.0353
0.6 -0.0678 0.0754 | -0.0303 0.0011 |-0.0788 0.0000 |-0.0125 0.7596 |-0.0205 0.0231 |-0.0736 0.0008
0.7 -0.0702 0.0411 | -0.0393 0.0000 |-0.0854 0.0000 |-0.0246 0.4669 |-0.0341 0.0004 |-0.0689 0.0009
0.8 -0.0816 0.0044 |-0.0551 0.0000 |-0.0997 0.0000 |-0.0513 0.0576 |-0.0458 0.0000 |-0.0928 0.0000
0.9 -0.1013 0.0000 | -0.0635 0.0000 |-0.1442 0.0000 |-0.0851 0.0006 |-0.0500 0.0000 |-0.1385 0.0000
fiscal_commitment 0.1 0.7529 0.0000 0.7318 0.0000
0.2 0.6742 0.0000 0.6645 0.0000
0.3 0.5823 0.0000 0.5356 0.0000
0.4 0.4618 0.0028 0.4739 0.0113
0.5 0.3625 0.0814 0.4061 0.1161
0.6 0.2961 0.3262 0.0400 0.9146
0.7 -0.0506 0.8849 -0.3451 0.3421
0.8 -0.2276 0.3071 -0.2987 0.1815
0.9 -0.1429 0.4337 -0.2074 0.2493
transparency 0.1 0.8447 0.0000 0.8075 0.0000
0.2 0.8789 0.0000 0.7977 0.0000
0.3 0.9557 0.0000 0.8122 0.0000
0.4 0.9768 0.0000 0.8598 0.0000
0.5 0.9179 0.0000 0.8187 0.0000
0.6 0.8811 0.0000 0.7827 0.0000
0.7 0.8119 0.0000 0.7218 0.0000
0.8 0.6886 0.0000 0.6546 0.0000
0.9 0.6416 0.0000 0.6447 0.0000
transparency x commitment |0.1 0.6639 0.000 0.6149 0.0000
0.2 0.6400 0.000 0.5772 0.0000
0.3 0.5602 0.000 0.5212 0.0002
0.4 0.6790 0.000 0.5930 0.0002
0.5 0.7671 0.000 0.6633 0.0000
0.6 0.7169 0.000 0.6982 0.0000
0.7 0.7181 0.000 0.6547 0.0000
0.8 0.7370 0.000 0.7427 0.0000
0.9 0.5580 0.020 0.5599 0.0229
fiscal_space 0.1 -0.1719 0.0000 |-0.3536 0.0000 |-0.2787 0.0000
0.2 -0.1985 0.0000 |-0.3763 0.0000 |-0.2755 0.0000
0.3 -0.1911 0.0000 |-0.4216 0.0000 |-0.3010 0.0000
0.4 -0.1957 0.0000 |-0.4304 0.0000 |-0.3074 0.0000
0.5 -0.2251 0.0003 |-0.4012 0.0000 |-0.3147 0.0000
0.6 -0.2436 0.0044 |-0.3898 0.0000 |-0.3168 0.0000
0.7 -0.2618 0.0006 |-0.3789 0.0000 |-0.2685 0.0000
0.8 -0.2360 0.0000 |-0.3576 0.0000 |-0.2468 0.0000
0.9 -0.1899 0.0008 | -0.3188 0.0000 |-0.1425 0.0006

Fonte: Tabela elaborada pelos autores.
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Quantile Process Estimates (Eq. 4)

Quantile Process Estimates (Eq. 8)
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Fonte: Grafico elaborado pelos autores.

Conclusao

Este estudo mostrou evidéncias empiricas de que a falta de transparéncia derivada

\

de contabilidade criativa causa danos

a Cre

dibilidade fiscal. Ademais, os achados
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apontam que o compromisso com a estabilidade fiscal ¢ uma conduta que deve ser
seguida por governos que desejam guiar as expectativas dos agentes ¢ melhorar a
confian¢a do publico em relagdo a conducao da politica fiscal e ao gerenciamento da
divida publica.

Uma contribuigao deste trabalho foi reformular o indice de credibilidade fiscal
proposto por de Mendonga ¢ Machado (2013) de modo a apurar a atual situagdo fiscal
do Brasil e melhor compreender seus determinantes. O indicador revela que, desde
2009, a credibilidade fiscal esta se deteriorando.

O trabalho também contribui com a elabora¢ao de um indicador de transparéncia
fiscal, o qual captura o grau de interferéncia do governo no resultado primario devido a
contabilidade criativa. Os resultados apontam que praticas contabeis pouco usuais sao
percebidas e mal vistas pelo publico, e repercutem de forma contraria a pretendida por
governos que desejam inflar os resultados fiscais. Além disso, analisamos o quanto o
publico leva em conta o compromisso do governo com o lado fiscal em um ambiente
com maior transparéncia. A partir das estimagdes, observamos que o publico torna-se
mais exigente quando o governo € mais transparente, penalizando mais o governo
quando este descumpre as metas de superavit, uma vez que confia mais nos resultados
divulgados. Nesse sentido, acdes do governo que reduzem a transparéncia (¢ aumentam
a opacidade) desestimulam uma postura de maior compromisso fiscal.

Estimagdes realizadas por regressao quantilica apontam importantes achados no
tocante a mudanga na magnitude dos efeitos das principais variaveis analisadas, quando
considerados diferentes niveis de credibilidade fiscal. Na medida em que o governo
apresenta credibilidade mais elevada, o tamanho da divida publica (ou da variavel
fiscal space) exerce um efeito negativo cada vez menor sobre a credibilidade. Em
relagdo a transparéncia fiscal, os resultados mostram que aumentos na transparéncia
causam um impacto maior na credibilidade quando esta ultima esta em niveis mais
baixos. Ja a falta de compromisso com a meta de superdvit torna-se cada vez menos
nociva para a credibilidade fiscal quando a credibilidade chega a patamares mais
elevados. Esses achados sugerem que quando o governo atinge um nivel de
credibilidade suficientemente elevado, este possui maior grau de liberdade para
conduzir a politica econdmica. Nesse contexto, o governo seria capaz de fazer uso de
politicas anticiclicas quando necessario, uma vez que a maior credibilidade torna o
governo menos suscetivel a avaliagdes negativas por parte do publico. Fica, portanto, a
reflexdo de que acdes sucessivas que revelam falta de compromisso fiscal tornam o
governo temporalmente inconsistente e podem gerar reversao das expectativas do
publico em relacdo a sustentabilidade da divida publica e alcance das metas de
superavit, levando a novos ciclos de deterioragdo da credibilidade. Sugere-se, assim,
graduar uma eventual expansdo fiscal com o compromisso continuo com a estabilidade
da divida.
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Apéndice
Tabela A.1 Alteracdes na meta de superavit primario (em % do PIB)
LDO Meta Alte{z;)qgo na Nova Meta Outras alteracoes
Empresas do Grupo Petrobras nao serao
consideradas no célculo de superavit primario.
1 o
2009 |Lein® 11.768 3.8% Lein® 12.053 250, -Amplia o limite de abatimento no superavit
' ’ (09/10/2009) ’ devido ao Programa de Aceleracao do Crescimento
(PAC) de RS 15,5 bilhdes para R$ 28,5 bilhdes.
- Eletrobras também ndo sera considerada no
calculo do superavit
. Lein® 12.377 - Amplia o limite de abatimento no superavit
o 0, 0,
2010 |Lein® 12.017 3.3% (30/12/2010) 3,10% devido ao Programa de Aceleracao do Crescimento
(PAC) de R$ 22,5 bilhdes para R$ 29,8 bilhdes
2011 |Lein® 12.309 3,1% - - -
2012 |Lein® 12.465|  3,1% - - )
- Amplia o limite de abatimento no superavit
. Lein®12.901 devido ao Programa de Aceleracao do Crescimento
o 0, 0,
2013 |Lein® 12.708 3,1% (18/12/2013) 2.3%  |(PAC) de RS 45.2 bilhdes para RS 65,2 bilhdes
- Acaba com o limite fixo de abatimento de RS 67
PL n° 36/2014 bilhdes do PAC e da liberdade para abater a
T 0 0, -
2014 |Lein® 12.919 1.9% (11/11/2014) totalidade dos gastos do PAC, além da inclusdo das
desoneragdes tributarias.

Fonte: Tabela elaborada pelos autores. Nota: LDO Lei de Diretrizes Orcamentarias; PL Projeto de Lei




Prevendo a inflacao no Brasil com grande conjunto
de dados: uma aplicacao do modelo de fatores
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Resumo

Este artigo compara as previsdes da inflacdo acumulada em 12 meses fornecidas por modelos
indice de difusdo que usam fatores comuns estimados de um grande conjunto de dados, com
as previsoes fornecidas pela pesquisa Focus do Banco Central do Brasil e por modelos autor-
regressivo integrado de média mével (ARIMA) e vetor autorregressivo (VAR). Os resultados
mostram que as previsdes da pesquisa Focus sdo as que apresentam menor erro quadratico
médio entre os modelos comparados e que os ganhos de se utilizar grande quantidade de dados
para prever a inflacdo sdo limitados. Apenas o modelo indice de difusdao que usa pré-selecao de
variaveis na estimacao dos fatores comuns adiciona informagcoes & previsao da pesquisa Focus,
de forma que o erro quadratico médio da previsao combinada é menor do que o erro quadratico
médio de cada previsao isoladamente.
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Abstract

This paper compares the forecasts of inflation in 12 months provided by models diffusion index
using a large data set, by Focus survey of Brazil’s Central Bank, by integrated autoregressive
models moving average (ARIMA) and by vector autoregression (VAR). The results show
that the Focus survey forecasts are those with lower mean square error between the models
compared and that the gains of using large data set to predict inflation are limited. Only
diffusion index forecasts using targeted predictors add information to forecast the Focus survey,
so that the mean square error of the combined forecast is lower than the mean square error of
each forecast alone.
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1 Introducao

Dado que as mudancas na politica monetaria tém efeitos defasados sobre a economia, um
dos principais objetivos ao se prever a inflacdo é auxiliar a autoridade monetaria na definicao de seus
instrumentos de politica no presente e no futuro proximo. No caso do Brasil, em que o Banco Central
(BC) utiliza um sistema de metas, é mais relevante prever se a inflagio acumulada nos préximos 12
meses estara dentro da meta do que prever a inflacio em um més especifico.

Considerando a importancia do problema de prever a inflacao e a crescente quantidade de
séries macroeconomicas disponiveis aos tomadores de decisao, este artigo prevé a inflagao acumulada
em 12 meses por modelos indice de difusdo que usam um grande conjunto de dados e compara com
as previsoes fornecidas pela pesquisa Focus do BC do Brasil e por modelos autorregressivo integrado
de média moével (ARIMA) e vetor autorregressivo (VAR).

O modelo de indice de difusao (DI) proposto por Stock e Watson (2002) resume as infor-
magoes contidas num grande ntiimero de séries temporais em poucos fatores comuns, que sao entao
inseridos numa regressao simples para prever a inflacao. Duas configuragoes diferentes deste mesmo
modelo propostas por Bai e Ng (2008) e Dias et al. (2010) sao também usadas neste artigo. A ideia
bésica ¢ unir as metodologias do modelo Indice de Difusdo com preditores e fatores targeted. Apesar
de simples, nao encontramos na literatura nenhum trabalho que utilize essa extensao do modelo DI.
Assim, este artigo também contribui ao propor esse novo modelo e ao investigar sua aplicabilidade
na previsao da inflacao no Brasil.

Os resultados mostram que as previsoes da pesquisa Focus sdo as que apresentam menor
erro quadratico médio entre os modelos comparados, o que indica a importancia da previsao da Fo-
cus para monitorar a politica monetaria. O desempenho dos modelos indice de difusao aponta que
os ganhos de se utilizar grande quantidade de dados para prever a inflagdo se mostraram limitados.
Apenas o modelo indice de difusdo com pré-selecio de preditores de Bai e Ng (2008) adiciona in-
formagoes a previsdo da pesquisa Focus, de forma que o erro quadratico médio (EQM) da previsao
combinada é menor do que o EQM de cada previsao isoladamente.

O trabalho esta organizado da seguinte forma: A se¢do 2 fornece uma breve revisao da
literatura. A secao 3 diz respeito ao modelo de fatores comuns e procedimento de estimagao. A secao
4 descreve os modelos indice de difusao e demais modelos usados nas previsdes. A secao 5 apresenta
a metodologia de avaliacao e os dados utilizados. A secdo 6 demonstra os resultados e discussoes.
Por fim, a se¢do 7 apresenta as conclusoes.

2 Revisao da literatura

Previsoes usando fatores comuns extraidos de um grande conjunto de séries temporais
ficaram conhecidas na literatura como previsao com indice de difusao, devido aos trabalhos de Stock
e Watson (1998, 2002), mostrando a eficiéncia da metodologia. A partir de entdo, varios autores
tem investigado a aplicagdo de modelos de fatores comuns para previsao das principais variaveis
macroeconomicas, como a inflacdo e o produto, comparando com outros modelos tradicionais de
previsao.

Em um trabalho extenso, Artis et al. (2005) mostram evidéncias que o uso dos fatores
comuns na regressao de previsao melhora as previsoes para as variaveis reais e de preco do Reino
Unido, quando comparadas com modelos AR e VAR de séries temporais.

Usando dados da Africa do Sul, Gupta e Kabundi (2011) encontram que as previsoes do
modelo de fatores comuns para a inflacao, crescimento do produto e taxa de juros, apresentam erros



menores que as previsoes dos modelos VAR, VAR Bayesiano e Equilibrio Geral Dindmico Estocastico
(DSGE). Para a Australia, o trabalho de Moser et al. (2007) encontra que a inflagdo prevista com
modelo de fatores supera as previsoes dos modelos ARIMA e VAR em termos de eficiéncia preditiva.

Gavin e Kliesen (2008) utilizam modelos de fatores para prever a inflagdo e o produto nos
Estados Unidos e descobrem que esses modelos apresentam previsoes significantemente melhores que
os modelos univariados. Eles ainda destacam que esses modelos sao mais 1iteis quando o horizonte de
previsao é longo. Com resultados semelhantes, Cheung e Demers (2007) indicam que o modelo indice
de difusdo fornece consideraveis melhorias de precisdo na previsao do PIB e do ntucleo da inflacao
do Canadd quando comparado ao modelo autorregressivo, principalmente quando o horizonte de
previsao aumenta. Eles também revelam que nao ha diferenca em termos de previsao ao usar fatores
estaticos ou dinamicos generalizados.

Schumacher e Dreger (2004) indicam que a previsdo da taxa de crescimento do PIB da
Alemanha com modelos de fatores comuns tem erros menores que os modelos alternativos. No
entanto, essa reducao nao é estatisticamente significativa e concluem que o ganho de usar esse tipo
de modelo na amostra por eles analisada é limitada. Com dados da area do euro, Angelini et al.
(2001) reportam que nao existem ganhos significativos ao usar modelos de fatores como previsor da
inflacdo neste grupo de paises.

No caso do Brasil, ainda h& poucos trabalhos aplicados. Ferreira et al. (2005) usam
modelos indice de difusao para prever a taxa de crescimento do PIB trimestral e encontram que esses
modelos tem desempenho melhor que modelos autorregressivos. Com uma abordagem semelhante a
este artigo, Figueiredo (2010) mostra que modelos de fatores podem gerar melhores previsoes para
a taxa de inflagdo brasileira, principalmente em horizontes de previsdo mais longos. No entanto,
Figueiredo (2010) prevé apenas a inflacio mensal, enquanto neste artigo a previsao é para inflacao
acumulada em 12 meses utilizando novas metodologias de previsao com modelos de fatores.

Para uma revisao completa sobre modelos de fatores e previsdes com indice de difusao
ver o trabalho de Eickmeier e Ziegler (2008). Nele, os autores fazem uma meta-analise da grande
literatura existente e descobrem que modelos de fatores possuem desempenho de previsao melhor
para as variaveis dos Estados Unidos do que para Reino Unido, que o tamanho da base de dados
afeta positivamente o desempenho e que pré-selecionar as variaveis incluidas na base de dados nao
tém influéncia significativa.

3 Modelo de Fatores Comuns

No modelo de fatores comuns, cada variavel é representada como a soma de dois compo-
nentes nao observados: o componente comum e o componente idiossincratico. O componente comum
¢é formado por um pequeno niimero de fatores comuns que afetam todas as varidveis enquanto que o
componente idiossincratico representa choques especificos a cada variavel.

Dependo da forma como os fatores comuns influenciam as variaveis, o modelo de fatores é
classificado como estatico, se os fatores afetam as variaveis apenas contemporaneamente, ou dinamico,
se fatores também afetam as variaveis defasadamente, ou seja, se a influéncia dos fatores persiste por
alguns periodos.

3.1 Modelo de Fatores Comuns Estatico

Seja Xy = (X4, Xog, -+, X)), parat = 1,--- T, um vetor N x 1 de séries temporais
estacionarias com média zero. O modelo de fatores comuns supoe que cada variavel X;; admite a
seguinte representacao:



Xit = )\;Ft + € (1)

onde F; é um vetor (r x 1) de fatores comuns, )\; é um vetor (r x 1) de fatores loadings e e; é o
componente idiossincratico.

Nesse modelo ha r fatores comuns F; que sumarizam a estrutura de covariancia de todas
as variaveis X;. A forma e a intensidade da influéncia de um F; sobre uma variavel especifica i
dependem de \;. Em outras palavras, a ideia do modelo é que a dimensao dos fatores ¢ bem menor
que a dimensao dos dados, r < N, de forma que um pequeno numero de fatores é capaz de replicar
grande parte da variancia observada nas variaveis Xj;.

Considerando a série temporal multivariada X; de dimensao (N x 1), a equacao (1) pode
ser reescrita como:

Xt = AFt + Ct (2)

Onde A(NXT’) - ()\17 )\27 T 7)\7’), € et(le) - (elta €2ty 0" 76Nt)/
Usando notagao matricial:

X=F\N+e (3)
onde X = (X1, X, -+, Xy) é uma matriz T X N com os dados observados, F = (Fy,---, Fr)
¢ uma matriz 7' x r de fatores comuns e e = (ey,---,er)’ é uma matriz 7' x N de componentes
idiossincraticos.

Bai e Ng (2002) e Bai (2003) mostram que os pesos (loadings) A dos fatores podem ser
estimados pelo método de componentes principais da seguinte formas:

A=+VNV (4)
F=XA/N (5)

onde V' é uma matriz N X r com as colunas sendo os r maiores auto vetores da matriz X'X. A
estimativa da matriz residual é obtida por é = X — F'A’.

E importante destacar que F' estima FH (uma rotacdo de F) e A estima AH ™' (uma
rotagdo de A), onde H é qualquer matriz r X r invertivel. Desta forma nao é possivel identificar os
fatores comuns e loadings de forma tnica, embora o produto FA estime FA diretamente. Esta falta
de identificacdo nao é problematica para previsao, mas deve ser considerada quando os fatores sao
interpretados de maneira estrutural.

Para que os fatores possam ser estimados consistentemente pelo método de componentes
principais, Bai e Ng (2002) e Bai (2003) mostram que os seguintes pressupostos devem ser atentidos':

o Pressuposto A — Fatores comuns: E||F||* < 0o e T'SL, F,F, % Sp quando T — oo para
alguma matriz r X r positiva definida Yp

e Pressuposto B — Fatores loadings: ||\i|| < A < o0 e ||[A2 — Sy|| = 0 quando N — oo para
alguma matriz v X r positiva definida Xy .

o Pressuposto C — Hetorocedasticidade e Dependéncia no tempo e no cross-section: Fxiste uma
constante positiva M < oo, tal que para todo N e T,

1Os pressupostos A-D sdo os mesmos do trabalho de Bai e Ng (2002)

4
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o Pressuposto D — Dependéncia fraca entre fatores e erros idiossincraticos:
1 N

=1
Os pressupostos A e B asseguram que os fatores comuns e loadings nao sao degenerados.
O pressuposto C permite que os componentes idiossincraticos e;; possuam formas fracas de hetero-
sedasticidade e sejam fracamente correlacionados no tempo e entre as séries. O pressuposto D esta
implicito nos pressupostos A e C e permite que os fatores comuns sejam fracamente correlacionados
com 0s erros idiossincraticos.

\/— Z Eezt

3.2 Modelo de Fatores Comuns Dinamico

Uma generalizagdo do modelo de fatores comuns estatico em (1) é permitir que os fatores
comuns afetem as séries de maneira contemporanea e também defasada. Esta nova configuragao é
chamada modelo de fatores comuns dindmicos e pode ser expressa como:

Xt - AOFt+A1Ft_1 +"'+A3Ft_5 +€t (6)

onde Ft,j sao vetores ¢ x 1 de fatores comuns e A; sao matrizes N x ¢ de fatores loadings, com
j = Oa 17 T, S

Se o nimero de defasagens s for finito, entdo, como mostra Stock e Watson (1998) e Bai e
Ng (2007), o modelo de fatores comuns dindmico em (6) é equivalente ao modelo de fatores comuns
estatico:

Xt = AFt -+ Ct (7)

com A = (Mg, Ay, A) e Fy=(EE | - F)

Isto mostra que um modelo com ¢ fatores dinamicos e s defasagens pode ser represenatado
por um modelo com r = ¢(s+ 1) fatores estaticos. Esta equivaléncia entre os modelos permite aplicar
todos os resultados tedricos - como estimacao, especificacao e inferéncia - do modelo de fatores estatico
ao modelo de fatores dinamico na forma estética.

Vale ressaltar que o modelo de fatores comuns dinamicos pode permitir que as defasagens
s sejam infinitas, neste caso os procedimentos de estimacao usam o conceito de componente principal

dindmico para estimar os fatores no dominio da frequéncia, como pode ser visto nos trabalhos de
Forni et al. (2000) e Forni e Lippi (2011).



4 Previsao com fatores comuns

Uma das principais aplicagoes do modelo de fatores comuns é na previsao de séries ma-
croecondmicas, como foi visto na revisao de literatura. Esta se¢cdo descreve o modelo de fatores de
Stock e Watson (2002) e duas versoes modificadas desse modelo propostas por Bai e Ng (2008) e
Dias et al. (2010).

4.1 Modelo Indice de Difusio

Suponha que um grande conjunto de séries temporais estacionarias X; = (X4, Xog, - -+, Xn¢)'
sao observadas para t = 1,---,T. O problema do agente econémico é prever yr.;, estando em 7.
Uma solugdo para este problema é utilizar o modelo de Indice de Difuséo (DI) proposto por Stock e
Watson (2002) que consiste em usar os fatores comuns na seguinte equacao de previsao:

Yern = po+ a(L)ys + B(L) Fy + €14n (8)

com F; sendo um vetor » x 1 de fatores comuns satisfazendo:

Xt = NFy + ey (9)

onde a(L) e (L) sao polindmios de defasagem de ordem p e m, respectivamente, y, é a variavel a
ser prevista e p é uma constante.

As equagdes (8) e (9) mostram como o modelo de fatores permite incorporar na previsao
a informacao de um grande ntimero de preditores (X;) de uma maneira simples e parcimoniosa. O
termo “indice de difusao” foi usado em Stock e Watson (2002) para designar os fatores comuns
que representam os co-movimentos das variaveis economicas. A ideia béasica é estimar um pequeno
numero de fatores que expliquem a maior parte da variabilidade das varidveis observadas em , para
depois usa-los como preditores.

O modelo DI é estimado em um procedimento de dois estagios; primeiro obtém-se os
fatores comuns usando o estimador de componentes principais apresentado em (5). Com esses fatores
estimados?, a equacao de previsao em (8) é obtida usando Minimos Quadrados Ordindrios (MQO). O
numero de fatores comuns r e as ordens de defasagem p e m sao escolhidas pelo Critério de Informacao
Bayesiano (BIC), com 1 <r <4,1<m <3el<p<6,onde os valores maximos escolhidos sao os
mesmo de Stock e Watson (2002).

Uma das criticas ao modelo DI de Stock e Watson (2002) é nao considerar a varidvel
especifica que esta sendo prevista. A partir desta critica, dois refinamentos sdo propostos na literatura.
O primeiro, denominado Indice de Difusdo com preditores targeted (DI-tp), estabelece que as variaveis
usadas para estimar os fatores comuns devem ser selecionadas considerando a variavel especifica a
ser prevista. O segundo, chamado de Indice de Difusdo com fatores targeted (DI-tf), propoe que se
deve estimar o fator comum considerando a variavel a ser prevista.

4.2 Modelo Indice de Difusdo com preditores targeted

Apesar do modelo Indice de Difusdo (DI) permitir a inclusio de um grande nimero de
varidveis, o trabalho de Boivin e Ng (2006) tem evidenciado que simplesmente acrescentar mais

2Dado que o interesse é apenas na previsio gerada pelos fatores e nio sobre os fatores em si, o problema de
identificacdo inerente ao modelo de fatores é irrelevante neste caso.



varidveis para extrair os fatores comuns nao é adequado quando o objetivo é previsao e as variaveis
incluidas nao sao relevantes. Boivin e Ng (2006) mostram através de resultados empiricos que com um
conjunto menor de variaveis macroecondémicas obtém-se previsoes com desempenho igual ou superior
do que as obtidas com um conjunto maior de variaveis.

Motivados por este fato, Bai e Ng (2008) propdem um refinamento do modelo DI que
denominaremos modelo Indice de Difusdao com preditores targeted (DI-tp). O modelo DI-tp estabe-
lece que as variaveis (preditores) X;; usadas para estimar os fatores comuns devem ser escolhidas
considerando a variavel especifica y; a ser prevista.

Por exemplo, se o objetivo é prever a inflagao, entao o conjunto de séries temporais usado
para estimar os fatores comuns deve ser formado por variaveis que possuam alguma informacgao sobre
a inflagao futura.

Para determinar quais variaveis X;; sao significativas para comporem o conjunto de dados
usado na previsao de y;, Bai e Ng (2008) propde o método hard thresholding descrito a seguir:

a) Para cada i = 1,---,n, efetua-se a regressao de y; sobre W;_j, e X;; . Neste artigo W;_,
inclui uma constante e quatro defasagens de ;.

b) Denote por ¢; a estatistica ¢ do pardmetro de X;; 5. c) Selecione os preditores X;; cuja |t;]
excede o nivel de significancia a.

c¢) Estime F, a partir do conjunto de preditores selecionados e siga 0 mesmo procedimento padrao
do modelo DI.

Além deste método hard thresholding, Bai e Ng (2008) propoem outros métodos de se-
lecado denominados soft thresholding que aplicam algoritmos como least absolute shrinkage selection
operator (LASSO) e least angle regressions (LARS). Este artigo utiliza apenas o hard thresholding,
ja que eles concluem que ambos os métodos sao superiores em termos de erro de previsao quando
comparados ao modelo DI padrao.

4.3 Modelo Indice de Difusdo com fatores targeted

O modelo Indice de Difuséo com fatores targeted (DI-tf) é outra configuracao do modelo
DI proposta por Dias et al. (2010) na qual a estimagao do fator comum leva em consideragdo a
variavel y; que esta sendo prevista.

Para isto, considere a seguinte modificacao, seja X(,) uma matriz (7' — h) x N com os
dados sem as ultimas h observacoes. Como ja visto na secao 3, os fatores podem ser estimados como:

Aw = VNV (10)
Fiuy = XAy /N (11)

onde agora V' é uma matriz N x N com as colunas sendo todos os auto vetores da matriz X Eh)X (h)-

A abordagem de Dias et al. (2010) consiste em gerar um fator comum targeted como uma
combinagao linear de todos os fatores estimados por componentes principais e a variavel y; a ser
prevista da seguinte forma:

N

. W(h)n A
F\, = ——~Fnyin (12)
e ;::1 Y Wiy "



co1m

w n — T 1 n -
(h), T_1 2 (h)t,nYt+-h L

onde ﬁ(h)t,n é 0 elemento da linha ¢ e da coluna n da matriz F| (h)» H(h);n SA0 08 auto valores de X (’h)X (h)-

Estimado o fator targeted F(Z)t) a previsao segue o mesmo procedimento do modelo DI

padrao. A diferenga que neste caso a equacao de previsao possui apenas um fator comum, F; (hyt> que
considera a variavel a ser prevista em sua estimacao.

4.4 Modelo Indice de Difusdo com preditores e fatores targeted

Tendo apresentado duas formas diferentes do modelo DI como forma de melhorar as
previsoes, uma extensao natural é juntar essas duas formas de refinamento do modelo DI. Assim, o
modelo Indice de Difusao com preditores e fatores targeted (DI-tfp) que é proposto neste artigo aplica
a selecao de preditores igual ao modelo DI-tp e estima o fator comum da mesma forma que o modelo
DI-tf, sendo, portanto, a combinacao deste dois modelos. Desta forma, modelo DI-tfp considera a
variavel a ser prevista tanto na selecao dos preditores como na estimacao dos fatores.

Apesar de simples, ndo encontramos na literatura nenhum trabalho que utilize essa exten-
sao do modelo DI. Assim, este artigo também contribui ao propor esse novo modelo e ao investigar
sua aplicabilidade na previsao da inflacdo no Brasil.

4.5 Previsao de referéncia e previsoes alternativas

Para comparar as previsoes fora da amostra dos modelos indice de difusao é necessario um
modelo de referéncia (benchmark). Este artigo escolhe a previsao da pesquisa Focus do Banco Central
(BC) do Brasil como referéncia e duas previsoes alternativas geradas pelos modelos autorregressivo
integrado de média mével (ARIMA) e vetor autorregressivo (VAR).

O modelo ARIMA ¢é simples e frequentemente produz previsoes melhores que outros
modelos econométricos, como aponta Hamilton (1994, segdo 4.8). Para a especificacdo e estimagao
usa-se o método automatizado descrito em Hyndman e Khandakar (2008).

O modelo VAR usa duas ou mais varidveis assumindo que as mesmas se relacionam si-
multaneamente para gerar previsbes. De maneira semelhante a Arruda et al. (2011), a escolha das
variaveis usadas no VAR foi obtida a partir das possiveis combinac¢oes do conjunto de variaveis PIB,
taxa de juros Selic e agregado monetario M1.

A pesquisa Focus fornece a média e a mediana das previsdes para a taxa de inflacao
acumulada em 12 meses para o horizonte de 12 meses a frente obtidas pelo BC com cerca de 100
participantes do mercado financeiro. Neste artigo utilizamos a mediana das previsdes por apresentar
menor KEQM do que média no periodo em estudo. Como as previsdes sao coletadas diariamente
pela Focus, usou-se a média dessas previsoes didrias para representar a previsao mensal da Focus
em determinado més. Isto torna o conjunto de previsoes da Focus compativel ao dos modelos que
utilizam dados mensais.



5 Previsao fora da amostra

O tipo de previsao fora da amostra usado neste artigo é recursivo, i.e., todas as previsoes
sao baseadas nos valores passados da série até a data em que a previsao é realizada, de forma que a
especificagao e os parametros do modelo sdo atualizados em cada periodo usando os dados do inicio
da amostra até data corrente. Este tipo de previsao fora da amostra é também usado em Stock e
Watson (2002), Bai e Ng (2008) e Dias et al. (2010).

O procedimento de previsao fora da amostra é uma forma de se obter previsdes que se
aproximam das previsdes obtidas por agentes econdmicos em situagoes reais. A vantagem deste
procedimento é que permite quantificar a capacidade de adaptagao do modelo a novos dados.

Outra vantagem da previsao fora da amostra é permitir comparar a previsoes obtidas de
modelos econométricos com previsdes obtidas de outras formas ou quando nao se conhece o modelo
que gerou a previsao. No caso deste artigo, usam-se as previsoes da pesquisa Focus e, portanto, nao
se tem o modelo econométrico gerador das previsoes, ja que as mesmas sao recolhidas de um grande
grupo de profissionais do mercado financeiro.

Vale ressaltar dois pontos. Primeiro, que este procedimento nao é indicado quando o
objetivo é avaliar modelos com base na teoria econdémica, pois um modelo teérico valido pode gerar
previsoes menos acuradas do que um modelo de série temporal, conforme discute Clements e Demers
(1998) e Shmueli (2010). No entanto, quando o objetivo é apenas previsao, o procedimento fora da
amostra é uma forma intuitiva e factivel de se avaliar previsoes.

O segundo ponto é que testes para previsao fora da amostra nao devem ser aplicados para
comparac¢ao de modelos, visto que neste caso, os testes estatisticos tradicionais que usam toda a
amostra, como o teste F', apresentam melhores resultados em termos de poder estatistico (Diebold,
2015).

Para complementar a andlise de previsao fora da amostra, dois testes de previsao comu-
mente usados na literatura sao descritos a seguir.

5.1 Teste de igual acuracia de previsao

Ao comparar os erros de previsao de dois modelos é necessario identificar se a diferenca
observada é estatisticamente significativa ou nao. Os testes usados para responder essa questao sao
chamados na literatura como testes de igual acurdcia de previsdo (equal forecast accuracy).

O teste DM modificado ¢é baseado em Diebold e Mariano (1995) e Harvey et al. (1997)
e permite verificar se a diferenga de acuracia de previsao de dois modelos concorrentes ¢é estatistica-
mente significante. A estatistica do teste DM inicialmente proposta por Diebold e Mariano (1995) é
a seguinte:

d
Zﬁ;i(h_l) % EtT=|T|+1(dt - J)(dt—lTl - J)

S = (14)

onde a série perda diferencial d; = € , — €%, ¢ a diferenga dos erros quadrados das previsoes® de dois

modelos A e B, d é a média amostral, o denominador é o estimador do erro padrao de d robusto a
heteroscedasticidade e autocorrelacao, T é o tamanho da série d; e h é o horizonte de previsao.

3A série perda diferencial pode ser definida para qualquer fungdo perda, d; = g(ea:) — g(ep.t), neste artigo foi
escolhida a funcao perda quadratica para comparar o erro quadratico médio.



A hipétese nula do teste DM é de que os dois modelos tem o mesmo desempenho de
previsao, ou seja, a diferenca média entre os erros de previsao dos modelos é zero, F (&) = 0. Diebold
e Mariano (1995) mostram que sob a hipétese nula e assumindo que a série d; é estacionaria, a
distribuicao assintética da estatistica S; é normal padrao.

Harvey et al. (1997) sugerem um teste DM modificado para melhorar o desempenho do
teste DM que consiste em utilizar a seguinte correcao:

T+1-2h+Th(h—1
STI\/ T2t TR =) o (15)

T

onde S € a estatistica original descrita em (14).

Além desta correcao, deve-se comparar a estatistica S7 com os valores criticos da distri-
bui¢do t com T — 1 graus de liberdade para melhorar a performance do teste DM modificado em
pequenas amostras.

5.2 Teste de previsao incorporada

Em previsdo, mais importante que identificar o modelo com o menor erro de previsao
é descobrir se modelos concorrentes possuem diferentes informagoes para prever uma varidvel de
interesse, no sentido de que a combinacao da previsao dos modelos seja melhor do que as previsoes
individuais.

Como observado por Harvey et al. (1998), um modelo concorrente que tenha alguma
informagao que é ausente no modelo de referéncia, é util mesmo que possua erro de previsao maior,
pois quando combina-se as previsoes o erro diminui.

Essa questao da combinagao de previsoes de modelos rivais pode ser testada com uma
simples regressao:

Y=o+ (1 =XN)Jar+ ANps + & (16)

onde 94, € §p, sao as previsdes para y; obtidas de dois modelos A e B quaisquer, o é uma constante
e €; € o erro da regressao.

O parametro A é estimado por Minimos Quadrados Ordinarios (MQO) e a inferéncia é
realizada por um teste ¢ com o procedimento de correcao para heterocedasticidade e autocorrelacao
de Newey e West (1987). A hipétese nula (A = 0) é que o modelo A incorpora o modelo B em
termos de previsao, ou seja, o modelo A incorpora a informacao contida na previsao do modelo B.
A hipétese alternativa (A > 0) é que o modelo B possui informagoes ausentes no modelo A.

5.3 Dados

Como o objetivo do artigo é avaliar o uso da grande quantidade de séries macroeconomicas
para prever a inflacdo através de modelos indice de difusao, foi coletado um conjunto de dados
suficientemente grande, de forma a obter séries temporais regulares e representativas da economia
brasileira.

O conjunto de dados, o qual é detalhado no apéndice A, consiste de 122 séries temporais
macroeconomicas de frequéncia mensal, cobrindo o periodo de 1996.1 a 2014.2 e oriundas do Ipeadata
e Banco Central do Brasil. As séries sao agrupadas em sete categorias:
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—_

Produgao (19 séries);

Pregos e indicadores monetarios (16 séries);
Mercado externo (27 séries);

Finangas publicas (14 séries);

Consumo e vendas (15 séries);

Mercado de trabalho (13 séries);

Mercado financeiro (18 séries).

AN AN N N N N
(G2 QTSN
N N e e e e

Para tornar o comportamento das séries estacionario, foi usado dois tipos de transforma-
¢oes. Na transformacao log-diferenca, o logaritmo natural da série é diferenciado em um periodo,
o que representa uma aproximacgao da mudanga mensal em termos percentuais. Na transformacao
primeira-diferenca, as séries sao apenas diferenciadas em um periodo.

Como ¢ tipico na literatura, as séries em valores correntes foram deflacionadas usando um
indice de pregos, nesse artigo foi escolhido o IPCA. A correcao para valores discrepantes (outliers)
seguiu o mesmo procedimento automadtico de Stock e Watson (2005)*.

6 Resultados Empiricos e Discussao

Nesta secao sao analisados os resultados das previsdes para inflagdo no Brasil usando
os modelos indice de difusdo na previsao da inflacdo, a pesquisa Focus e os modelos ARIMA e
VAR. Todos os resultados foram obtidos com o programa estatistico R (R Core Team, 2016).
Os codigos e os dados utilizados, assim como detalhes para replicagao, estao disponiveis em
https://github.com/santoscs/prevendo.inflacao.fatores.comuns

6.1 Comparando as previsoes

O Indice de Precos ao Consumidor Amplo (IPCA) foi a medida de inflagio escolhida
por ser o indice oficial adotado pelo Banco Central (BC) do Brasil no sistema de metas de inflagao.
Os exercicios de previsao incluem dados de janeiro de 1996 até fevereiro de 2014. Este intervalo
representa o periodo de estabilidade economica apds o plano real e possui uma grande quantidade
de séries macroeconomicas disponiveis.

O TPCA acumulado em 12 meses é a série adotada pelo BC para monitorar o comporta-
mento da inflagao. Na publicacao mensal “relatério da inflagdo”, o BC analisa e utiliza essa série, que
ao fim do ano deve esta dentro da meta estabelecida para inflagdo. Assim, nao é de grande relevancia
prever que a inflacio de um determinado més sera elevada, se a inflagdo em 12 meses ficar dentro
meta. Além disso, grande parte dos agentes econémicos, quando fecham contratos e estabelecem
seus precos para um determinado ano, também estd mais interessada na inflacdo acumulada em 12
meses do que na inflagao de um determinado més.

Dado a importancia da inflagdo acumulada nos proximos 12 meses, esse artigo avalia a
capacidade dos modelos em prever a série do IPCA em 12 meses que é mostrada na Figura 1.

O horizonte de previsao ¢ de 12 meses a frente. Esse é o mesmo horizonte de previsao
usado na pesquisa Focus para prever a série IPCA acumulada em 12 meses. Além de possibilitar a
comparac¢ao com a Focus, essa escolha do horizonte de previsao também é 1util para o BC, dado o
efeito defasado da politica monetéaria.

40 ajuste para outlier corresponde a substituicio da observacio com desvio absoluto maior do que seis vezes o
intervalo interquartil pelo valor mediano das cinco observagoes anteriores.
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Figura 1: IPCA acumulado em 12 meses - 1996.1 - 2014.2

Fonte: Banco Central do Brasil. Elaboragéo dos autores.

Na simulacao de previsao fora da amostra, todos os modelos foram estimados recursi-
vamente do inicio da amostra até o periodo em que é realizada a previsdo. As especificagdes dos
modelos, como ordem de defasagem e niimero de fatores comuns, foram escolhidas pelo critério BIC.

Como medida da habilidade preditiva, utilizou-se a Raiz do Erro Quadratico Médio
(REQM) e o Erro Quadritico Médio (EQM) relativo, que é simplesmente a razao entre o EQM
do modelo e 0 EQM da pesquisa Focus. Um valor inferior a um desta razao indica de que o modelo
possui um erro de previsao menor, ou seja, seu desempenho é melhor que a previsao da Focus.

A Tabela 1 apresenta a REQM e o EQM relativo dos modelos em relacao a pesquisa
Focus, junto com valor p do teste DM modificado para igualdade de previsao.

Tabela 1: Habilidade preditiva fora da amostra, 2008.5-2014.2

Modelo de Previsao REQM! EQM relativo? Teste DM3
Pesquisa Focus 0,80 1,00

ARIMA 1,02 1,64 0,33

VAR 1,58 3.92 0,00
Indice de Difusio (DI) 1,01 1,60 0,39

DI com fatores targeted (DI-tf) 1,03 1,67 0,38

DI com preditores targeted (DI-tp) 0,97 1,48 0,45

DI com fatores e preditores targeted (DI-tfp) 1,08 1,85 0,31

Fonte: Elaboracao dos autores

L REQM: raiz do erro quadratico

2 EQM relativo: EQM do modelo indicado dividido pelo EQM da pesquisa Focus.

3 valor p do teste DM modificado cuja hipétese nula é que os erros de previsdo sao estatisticamente iguais ao da

pesquisa Focus.

A REQM de 0,80 para a pesquisa Focus indica que, ao comparar o valor do IPCA em
12 meses com o previsto pela Focus, comete-se um erro “tipico” de 0,80% para mais ou menos. A
mesma interpretacao é dada para a REQM dos demais modelos.
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O EQM relativo mostra que a previsao da Focus para a inflacdo acumulada possui erro
quadratico médio inferior ao de todos os modelos avaliados no periodo de maio de 2008 a fevereiro
de 2014. Isto indica que a Focus é um bom modelo de referéncia (benchmark) quando se prevé a
inflagio acumulada em 12 meses. Este apontamento é corroborado por Altug e Cakmakli (2016)
que indicam que a pesquisa Focus para inflagdo acumulada também supera as previsoes da curva de
Phillips forward e backward-looking.

Considerando-se o teste DM modificado, nao ha diferenca significativa entre as previsoes
da Focus e dos modelos econométricos estimados para o IPCA acumulado no periodo de avaliacao
considerado, com excecao do modelo VAR, cujo valor p foi menor que 1%. Assim, apesar da Focus
possui menor EQM, nao foi encontrada diferenca estatisticamente significativa em relagao ao EQM
dos demais modelos.

Considerando somente as previsoes da Focus para inflagdo mensal sem as previsoes para a
inflagdo acumulada em 12 meses, Lima e Alves (2011, p.16) concluem que “nao héa qualquer evidéncia
significativa de superioridade das previsoes da Focus sobre modelos univariados simples em horizontes
mais longos de previsao” Esses resultados apontam que, para a inflacdo, a eficiéncia preditiva da
Focus é diferente quando usa-se a série mensal ou série acumulada em 12 meses. Trabalhos futuros
podem estudar as duas séries de previsdes conjuntamente para confirmar e explicar essa diferenca.

6.2 Comparando as previsoes combinadas

Apesar da Focus possui previsoes com o menor EQM entre os modelos analisados, nao
se deve concluir que os modelos usados nao sao uteis para prever a inflagdo com base apenas na
comparacao dos erros. Outra questao importante é saber se algum dos modelos possui informagao
adicional que é ausente na previsao da Focus, de forma que a previsdo combinada tenha erros menores.

A Tabela 2 apresenta o resultado do teste de previsao incorporada (forecast encompassing)
de Harvey et al. (1998) que investiga se o modelo A (primeira coluna) incorpora as informacoes
contidas nas previses do modelo B (segunda coluna). Ou seja, o testa-se agora se a previsao de
algum dos modelos contém informagao que ¢é ausente na previsao da Focus.

Tabela 2: Teste de previsao incorporada, 2008.5-2014.2

Modelo A Modelo B A (valor p)
Pesquisa Focus ARIMA 0,06 (0,85)
Pesquisa Focus VAR -0,17 (0,47)
Pesquisa Focus Indice de Difusao (DI) 0,18 (0,26)
Pesquisa Focus DI com fatores targeted (DI-tf) -0,06 (0,83)
Pesquisa Focus DI com preditores targeted (DI-tp) 0,24 (0,05)
Pesquisa Focus DI com fatores e preditores targeted (DI-tfp) 0,03 (0,86)

Fonte: Elaboracao dos autores
Nota: A tabela mostra o A estimado na equagéo ¥ = a + (1 — X)Ja,r + A\Jp.¢ + €, onde y, é o IPCA observado,
J4,¢ ¢ a previsao da pesquisa Focus e §p+ é a previsao do modelo na segunda coluna. A hipétese nula (A = 0) é

que o modelo B nao adiciona poder preditivo ao modelo A.

O teste de previsao incorporada mostra que a previsao da Focus incorpora a previsao de
todos os outros modelos, com excecao do modelo DI-tp. Ou seja, apenas o modelo DI-tp contém
informagao que nao estd contida nas previsoes do mercado fornecidas pela Focus. Isto evidencia
ganhos de informacao ao selecionar os preditores antes da estimagcao dos fatores comuns, visto que o
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mesmo nao ocorreu para modelos DI e DI-tf.

Esta evidéncia corrobora os resultados de Boivin e Ng (2006) e Bai e Ng (2008) de que
mais variaveis no conjunto de preditores nem sempre é mais adequado quando se usa o modelo
de fatores para previsao. Desta forma, estudos sobre previsao usando modelo indice de difusao e
fatores comuns devem considerar a forma de como o conjunto de preditores é selecionado em suas
especificagoes.

Vale ressaltar que é dificil para um modelo simples, como DI-tp, adicionar informacao
as previsoes da Focus, ja que a mesma ¢ uma combinacao das previsoes de varios especialistas do
mercado financeiro que usam diversos métodos e possuem diferentes conjuntos de informacao.

Para reforgar as evidéncias do teste de previsdo incorporada, a Tabela 3 compara a ha-
bilidade preditiva da previsao da Focus combinada com cada um dos modelos por meio de uma
média aritmética simples. As combinacoes apresentarem um EQM relativo menor que um, indicando
melhora na previsao em termos de erro, com excecao da combinacdo com o modelo VAR.

Tabela 3: Habilidade preditiva fora da amostra das previsdoes combinadas, 2008.5-2014.2

Modelo de Previsao REQM! EQM relativo? Teste DM?
Pesquisa Focus somente 0,80 1,00

Focus e ARIMA 0,72 0,82 0,41

Focus e VAR 1,09 1,88 0,00

Focus e Indice de Difusdo (DI) 0,70 0,77 0,06

Focus e DI com fatores targeted (DI-tf) 0,77 0,94 0,72

Focus e DI com preditores targeted (DI-tp) 0,68 0,73 0,04

Focus e DI com fatores e preditores targeted (DI-tfp) 0,73 0,85 0,51

Fonte: Elaboracao dos autores

I REQM: raiz do erro quadratico

2 EQM relativo: EQM do modelo indicado dividido pelo EQM da pesquisa Focus.

3 valor p do teste DM modificado cuja hipétese nula é que os erros de previsdo sao estatisticamente iguais ao da
pesquisa Focus.

A previsao combinada com o modelo DI-tp apresentou uma reducao no EQM de 27%
em relagdo ao EQM da previsao somente da Focus, sendo a maior reducao do EQM entre todas as
combinacoes e a tinica com uma reducao significativa ao nivel de 5% conforme o teste DM modificado.
Esta evidéncia reforca o resultado do teste de previsao incorporada da Tabela 2 mostrando que o
modelo DI com preditores targeted apresenta informacao que nao consta nas previsoes do mercado
fornecidas pela pesquisa Focus.

Esta evidéncia também apoia o resultado encontrado por Figueiredo (2010) para inflagdo
mensal no Brasil, de que o modelo de fatores com pré-selecio das varidveis (preditores targeted)
apresenta melhor desempenho que outras abordagens de previsao com grande conjunto de dados,
como Minimos Quadrados Parciais (PLS).

7 Conclusao

Este artigo avaliou a aplicabilidade empirica de quatro modelos, indice de difusao (DI),
indice de difusdo com fatores targeted (DI-tf), indice de difusdo com preditores targeted (DI-tp) e
indice de difusdo com preditores e fatores targeted (DI-tfp), que usam fatores comuns de um grande
conjunto de séries macroeconémicas para prever a inflagdo no Brasil.
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A avaliacao se baseia em simulacdo de previsoes fora da amostra, onde se compara os
modelos indice de difusao com a pesquisa Focus do Banco Central do Brasil e com os modelos
autorregressivo integrado de média movel (ARIMA) e vetor autorregressivo (VAR).

As previsoes da pesquisa Focus obtiveram a menor raiz do erro quadratico médio (REQM)
entre todos os modelos quando se prevé a inflacdo acumulada um ano a frente. Isto ressalta a
importancia das previsoes da Focus para monitorar a politica monetaria e para servir de referéncia
(benchmark) quando se prevé a inflacdo acumulada em 12 meses.

Os resultados do teste de previsao incorporada indicam que apenas o modelo DI-tp adi-
ciona informacoes a previsao da pesquisa Focus, de forma que a REQM da previsdao combinada é
menor do que a de cada previsao isoladamente. Nenhum outro modelo acrescentou informagao as
previsoes da Focus de maneira significante. Isto indica ganhos de informagcao ao selecionar os predi-
tores de acordo com a variavel a ser prevista. Vale ressaltar que estes resultados se limitam a inflacao
acumulada em 12 meses, podendo os modelos DI, DI-tf e DI-tpf ainda serem tteis para prever outras
variaveis macroeconomicas.

Uma sugestao para trabalhos futuros é estudar modelos de fatores comuns para previsao
que utilizem outros métodos de selecao dos preditores e verificar se as previsoes da inflagao melhoram
em relacao ao método de selecao usado neste artigo.
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Apéndice A

Tabela A.1: Descricao das séries macroeconomicas utilizadas

Séries macroecondmicas Unidade Identificador Transf.
1 — Producao

PIB RS 521274780 4
Expedicao de caixas - papelao ondulado Unid. 31873 3
Producao - petréleo - média Barris/dia 32194 3
Produgao fisica — alimentos Indice 31845 3
Abate - bovinos - peso das carcacas Kg (mil) 35921 3
Abate - suinos - peso das carcacas Kg (mil) 35923 3
Producao - ago bruto Kg (mil) 36495 3
Produgéo - cimento Kg (mil) 37660 3
Producao - caminhoes - montados Unid. 600803224 3
Producao - 6nibus - montados Unid. 600803227 3
Produgao - automéveis - montados Unid. 600803230 3
Producao industrial - bens de capital Indice 1506214474 3
Producao industrial - bens intermediarios Indice 1506214519 3
Producao industrial - bens de consumo Indice 1506214564 3
Produgao industrial - bens de consumo duraveis Indice 1506214609 3
Producao industrial - bens de consumo nao durdveis Indice 1506214652 3
Producao industrial - industria geral Indice 1506214698 3
Producao industrial - industria de transformacao Indice 1506214787 3
Utilizacao da capacidade instalada — industria % 33210 0
2 — Precgos e indicadores monetarios

MO - média RS 32130 4
M1 - média RS 32133 4
IPA origem - prod. agropecuarios Indice 33670 3
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Tabela A.1: Descricao das séries macroeconémicas utilizadas

Séries macroeconomicas Unidade Identificador Transf.
IPA origem - prod. industriais Indice 33672 3
Inflacao - INPC % a.m. 36473 0
Cesta basica - municipio de Sao Paulo R$ 38366 4
Inflacao - IPCA % a.m. 38513 0
Inflagao - IGP-DI % a.m. 39615 0
Inflagdo - IGP-OG % a.m. 39617 0
Inflagao - INCC % a.m. 39618 0
Inflacao - IPA-EP % a.m. 39619 0
Inflacao - ICV-SP % a.m. 33239 2
Fatores condicionantes - papel-moeda emitido RS 39938 1
Fatores condicionantes - reservas bancarias RS 39939 1
Inflagdo - IPC (FGV) % a.m. 39621 0
Inflagao - IPC (FIPE) % a.m. 34116 0
3 — Mercado Externo

Exportacgoes - rentabilidade Indice 37821 3
Reservas internacionais - liquidez internacional US$ 32289 2
Servicos e rendas - servicos US$ 39421 2
Servigos e rendas - rendas US$ 39424 2
Estados Unidos - indice Dow Jones - fechamento Indice 39720 3
Estados Unidos - indice NASDAQ - fechamento Indice 39721 3
Importagoes - bens de consumo duraveis Indice 35579 3
Importagoes - bens de consumo nao duraveis Indice 35580 3
Importagoes - bens intermedidrios Indice 35581 3
Importagoes - bens de capital Indice 35582 3
Importagoes - quantum Indice 35590 3
Importagoes - (FOB) - US$ Indice 36915 3
Exportagoes - bens de consumo duraveis Indice 35674 3
Exportagoes - bens de consumo nao duraveis Indice 35675 3
Exportagoes - bens intermediarios Indice 35676 3
Exportacgoes - bens de capital Indice 35677 3
Exportacoes - quantum Indice 35690 3
Exportacoes - (FOB) — US$ Indice 36916 3
Termos de troca Indice 1693727000 3
Cambio contratado - comercial US$ 32284 0
Cambio contratado - financeiro US$ 32287 0
Paridade do poder de compra (PPC) - consumo das familias - 548454529 2
Taxa de cambio - R$ / US$ - paralelo - venda - fim periodo  R$ 35918 3
Relagao cambio efetivo / saldrio Indice 39875 3
Conta capital e financeira - conta capital US$ 39418 0
Conta capital e financeira - conta financeira US$ 39419 0
Transferéncias unilaterais correntes US$ 39531 0
4 — Finangas Publicas

Execucao financeira - receitas RS 32226 4
Imposto sobre a circulagdo de mercadorias (ICMS) R$ 32110 4
Execugao financeira - despesas RS 32060 4
Divida - total - gov. federal e Banco Central - liquida RS 32090 4
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Tabela A.1: Descricao das séries macroeconémicas utilizadas

Séries macroeconomicas Unidade Identificador Transf.
Imposto inflacionario - real - método 2B RS 36719 1
Imposto inflacionario - real - método 2A RS 36716 1
Imposto inflacionério - real - método 1B RS 36715 1
Imposto inflacionario - real - método 1A RS 36714 1
Divida - total - estados e municipios - liquida R$ 32088 4
Divida fiscal - setor publico - liquida R$ 32072 4
NFSP - gov. federal e Banco Central - primério RS 1505384299 5
NFSP - estados e municipios - priméario RS 1505384254 D
Fluxo de caixa da previdéncia - despesas RS 39057 4
Fluxo de caixa da previdéncia - recebimentos R$ 1414756693 4
5 — Consumo e vendas

Vendas de autoveiculos™ Unid. 1378 3
Vendas nominais - indtstria - SP Indice 33696 3
Consumo - energia elétrica - comércio GWh 38357 3
Consumo - energia elétrica - industria GWh 38358 3
Consumo - energia elétrica - outros setores GWh 2027247947 3
Faturamento real - industria - indice Indice 33217 3
Inadimpléncia - indice em t-3 Indice 37852 2
Inadimpléncia - indice em t-4 Indice 37853 2
SPC - ntimero de registros liquidos Unid. 40075 2
Consumo aparente - derivados de petréleo - qde./dia Barril 32035 3
Consumo aparente - bens de capital Indice 39638 3
Consumo aparente - bens de consumo Indice 848760088 3
Consumo aparente - bens de consumo duraveis Indice 848760089 3
Consumo aparente - bens de consumo semi e nao duraveis Indice 848760090 3
Consumo aparente - bens intermediarios Indice 848760086 3
6 — Mercado de trabalho

Horas trabalhadas - na producao - industria - SP Indice 33684 3
Horas pagas - industria - SP Indice 33692 3
Pessoal empregado - industria Indice 33212 3
Taxa de desemprego - RMSP % 37655 3
Taxa de desemprego - aberto - RMSP % 37656 3
Nivel de emprego - industria - SP Indice 1684652394 3
Salario nominal - indtustria - SP Indice 33694 3
Folha de pagamento - industria geral Indice 39625 3
Emprego formal - Indice geral* Indice 1586 3
Taxa de desemprego - oculto - RMSP % 37657 3
Horas trabalhadas - indtstria Indice 33208 3
Salario real - médio - industria - SP Indice 33690 3
Rendimento médio - real - assalariados - RMSP Indice 37654 3
7 — Mercado Financeiro

Indice de ag¢oes - Ibovespa - fechamento % a.m. 31875 0
Taxa de juros - Over / Selic % a.m. 32241 3
Taxa de cambio - R$ / US$ - comercial - venda - média R3 32101 3
Doélar comercial - rendimento nominal Indice 32220 2
Fundo de ag¢oes - rendimento nominal Indice 32210 2
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Tabela A.1: Descricao das séries macroeconémicas utilizadas

Séries macroeconomicas Unidade Identificador Transf.
Indice de confianca do consumidor (ICC) Indice 40080 3
Indice de expectativas (IEC) Indice 40082 3
Operacoes de crédito ao setor publico RS 1067371625 4
Operagoes de crédito ao setor privado RS 1067371640 4
Operacoes de crédito ao setor privado - comércio R$ 1067371633 4
Operacoes de crédito ao setor privado - imobiliario R$ 1067371629 4
Operacgoes de crédito ao setor privado - industria RS 1067371627 4
Operacgoes de crédito ao setor privado - outros servicos RS 1067371638 4
Operacgoes de crédito ao setor privado - pessoas fisicas RS 1067371636 4
Operacoes de crédito ao setor privado - rural R$ 1067371632 4
Taxa de juros - CDI / Over % a.m. 32237 3
Taxa de juros - TBF % a.m. 32244 3
Taxa de juros - TR % a.m. 32245 2

Fonte: Ipeadata.
Notas: * dados do Banco Central do Brasil, Transformacoes: 0 sem transformagcao; 1 deflaciona; 2 primeira-

diferenca; 3 log-diferenca; 4 log-diferenca e deflaciona; 5 primeira-diferenca e deflaciona.
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Comunicacao Macroprudencial

Evidéncias do efeito da comunicagdo do banco central sobre a estabilidade do
sistema financeiro.

Claudio Oliveira de Moraes'
Rodolfo Nicolay’

Abstract

This paper presents a contribution to the analysis of the central bank's communication
effects on the capital buffer of commercial banks. The results indicate that facing an
indication of increase in interest, banks react with an increase in buffer, suggesting
higher risk aversion in relation to the economic environment. The main novelty
concerns the communication about restrictive measures of capital. Banks use the buffer
itself to meet the new regulatory constraints, so the soundness of the financial system
does not increase as expected by regulators.

Keywords: Central bank communication, macroprudential regulation, capital buffer.
JEL Classification: E44, E52, E58

Resumo

O presente trabalho apresenta como contribui¢do a analise do efeito da comunicacdo do
banco central sobre o buffer de capital dos bancos comerciais. Os resultados indicam
que frente a uma indicacao de elevacao de juros, os bancos reagem com um aumento do
buffer, sugerindo aumento da aversdo ao risco em relacdo ao ambiente econdmico. A
principal novidade diz respeito ao efeito da comunicacdo em relacdo as medidas
restritivas de capital. Os bancos utilizam o proprio buffer para atender as novas
restri¢gdes regulatdrias, e assim ndo aumentam a solidez do sistema financeiro, como
esperado pelos reguladores.
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1 — Introducio

Por razdes regulatérias os bancos devem manter um determinado nivel de capital
proporcional aos riscos assumidos, porém, os bancos mantém um volume de capital
superior ao capital regulamentar, o chamado buffer de capital. O buffer de capital pode
ser explicado, do ponto de vista regulatorio, como um seguro contra o risco de violar a
exigéncia de capital minimo, ou seja, os bancos buscam evitar os custos gerados por
uma demanda de capital ndo esperada por parte do regulador. Esta motivag¢ao deriva de
duas outras razoes: (i) os bancos nao podem ajustar o capital e o risco instantaneamente;
(i1) a violacdo dos requisitos de capital minimo regulamentar desencadeia agdes de
supervisao, que podem levar a uma penalidade com alto custo para os bancos (Stolz e
Wedow, 2005; Jokipii e Milne, 2008; Stolz ¢ Wedow, 2011).

Em relagdo a disciplina de mercado, hd uma importante razao para manutengao
do buffer de capital. O capital adicional visa enviar uma mensagem de solidez para o
mercado de tal forma a satisfazer as expectativas de depositante, quando estas ndo estao
garantidas por alguma forma de seguro depdsito (Jokipii e Milne, 2008; Nier e
Baumman, 2006). Por fim, em relagdo a estabilidade do sistema financeiro, o buffer de
capital funciona como amortecedor de capital, pois pode amortecer o efeito de choques
adversos sobre os bancos (Nier ¢ Baumman, 2006).

Apoés a crise subprime, o Comité de Basileia propds que os bancos centrais
adotassem medidas macroprudencias a fim de garantir a estabilidade financeira. Neste
sentido, a andlise do comportamento do buffer de capital e a comunica¢do aos bancos
comerciais a respeito do buffer adequado para manutencdo da estabilidade do sistema
financeiro surgem como uma nova estratégia de regulacdo macroprudencial, conforme
sugere o Comité de Basileia para os Bancos Centrais (BCBS, 2010).

A crise desafiou o chamado “Jackson Hole consensus”, o qual guiava a pratica
de diversos bancos centrais que agiam considerando que a estabilidade de pregos
garantiria a estabilidade financeira (Born, Ehrmann, e Fratzscher, 2012). Uma vez
desconsiderada esta hipotese, o banco central passa a ter dois objetivos: estabilidade
monetaria e estabilidade financeira. Seguindo o teorema de Tinbergen ¢ preciso dois
instrumentos independentes para alcangar dois objetivos de politica econdmica. Desta
forma, € preciso tratar a politica monetaria e a regulacdo bancaria como esferas
independentes dentro da atuacdo do banco central, mesmo que uma esfera possua
influéncia nos objetivos da outra.

O sistema financeiro brasileiro ndo sofreu os efeitos da crise subprime, apesar
disso, o Banco Central do Brasil (BCB) foi ativo na condugdo de comunicados de
carater regulamentar, comunicados na forma de resolugdes que visavam afetar o capital
regulatorio dos bancos. Por outro lado, desde a introdug¢do do sistema de metas para
inflagdo no Brasil o BCB utiliza a ata do COPOM como principal instrumento de
comunicacdo da autoridade monetaria, comunicado que visa guiar as expectativas de
inflagdo. Assim, o BCB utiliza duas formas distintas de comunicagdo para atingir dois
diferentes objetivos: estabilidade financeira e estabilidade monetaria.

Analisar como a comunicacdo do BCB afeta o comportamento dos bancos, e em
particular o buffer de capital, ¢ uma questdo relevante para debate atual a respeito das
novas estratégias de regulacdo macroprudencial. Este estudo ¢ uma contribuicao a
respeito do impacto da comunicagdo do banco central sobre a estabilidade do sistema
financeiro, ¢ assim lanca luz sobre um tema pouco explorado pela literatura, a
comunicacdo do banco central enquanto instrumento macroprudencial. O presente



estudo esta organizado da seguinte forma: na proxima sessao ¢ apresentada a discussao
a respeito dos dois objetivos do banco central; na sessdo trés sdo apresentadas as
evidéncias empiricas através dos métodos MQO, GMM e GMM em dois estagios; € na
sessdo quatro € apresentada a conclusao.

2 — Objetivos do banco central

O banco central possui dois objetivos: estabilidade monetaria e estabilidade do
sistema financeiro. Desta forma, ¢ possivel identificar duas esferas distintas de atuacao
do BCB no que diz respeito a comunicagdo enquanto instrumento macroprudencial: (i) a
comunica¢do do banco central enquanto autoridade monetaria e seu efeito sobre a
estabilidade do sistema financeiro; e (ii) a comunicagdo do banco central enquanto
autoridade reguladora macroprudencial.

2.1 Comunica¢do do banco central

Segundo Blinder et al. (2008), a comunicacdo da autoridade monetaria ¢
fundamental para a gestdo da politica monetaria.® Em geral, a literatura apresenta
evidéncias sobre o efeito da comunicagdo da autoridade monetaria segundo dois tipos de
impactos: o impacto sobre o desempenho econémico ¢ o impacto da comunicagdo da
autoridade monetéria sobre os mercados financeiros.”

Apos a crise subprime uma série de trabalhos empiricos surgiram com o objetivo
de investigar a relagdo entre a politica monetdria e o comportamento dos bancos via
canal da tomada de risco’. O canal de tomada de riscos se refere a avaliacdo de como
mudancas na politica monetéria afetam a percepg¢ao ou tolerancia de risco dos bancos
(Borio e Zhu, 2012). De acordo com Altunbas et al. (2009) a forma como os bancos
assumem riscos sofre influéncia ndo s6 da politica monetaria, mas também da
comunica¢do do banco central. Com base nesta percepcdo, Montes e Scarpari (2014)
desenvolveram um estudo empirico para o mercado brasileiro no qual identificaram que
a comunica¢do do banco central afeta a tolerancia de risco dos bancos via canal das
provisdes bancarias. De acordo com os autores uma comunica¢do da autoridade
monetaria com a sinalizag¢do de elevagdo (ou queda) da taxa de juros induz os bancos a
tomar menos riscos (ou mais) de crédito.

Em trabalho a respeito da comunicacdo do banco central, Born, Ehrmann, e
Fratzscher (2012) argumentam que deve-se atentar sobre a diferenga entre a comunicagao
do banco central sobre a politica monetaria e a comunicagdo macroprudencial. Porém,
os autores nao tratam dos efeitos da comunica¢ao do banco central sobre a estabilidade
do sistema financeiro, ou seja, a comunicacdo da autoridade monetaria enquanto
instrumento macroprudencial. O trabalho se ocupa dos efeitos da comunicagdo
macroprudencial sobre os mercados financeiros, mostrando que tal forma de
comunicagdo ¢ capaz de afetar tais mercados.

2.2 Politica Macroprudencial

A principal estratégia para manuten¢do da estabilidade financeira ¢ o
requerimento de capital. Segundo esta regra, os bancos devem manter um determinado

3 Para uma avaliagdo a respeitos da comunicagdo da autoridade monetaria ver: Guthrie ¢ Wright (2000),
Erhmann e Fratzcher (2007), Blinder et al. (2008).

* Para uma avaliagdo sobre o desempenho econdémico ver: Fujiwara (2005), Ullrich,(2008). Para um
impacto sobre o mercado financeiro ver: Reeves e Sawicki(2007) e Ehrmann ¢ Fratzscher ( 2007).

> Para uma analise da literatura empirica do canal de tomada de riscos ver: Altunbas et al. (2009),
Gambacorta (2009), e Montes e Peixoto (2014).



volume de capital para fazer frente a todos os tipos de riscos assumidos. Neste sentido, a
regra de requerimento de capital estd baseada em trés hipoteses: (i) hipotese da
solvéncia - o diagnostico de que o problema da estabilidade financeira ¢ um problema
de solvéncia; (ii) hipdtese da mensuragdo de risco - as estimativas de risco fornecem
elementos para uma mensuracao do adequado nivel de capital. Capital capaz de suportar
perdas inesperadas e assim impedir a faléncia da firma bancéria; e (iii) hipotese
micropudencial — verificado o cumprimento do nivel adequado de capital de cada
banco, nos termos da hipdtese de mensuracdo de risco, estd garantido a estabilidade do
sistema financeiro (Borio, 2011).

Até a crise subprime os policymakers enfrentaram a gestdo da estabilidade
financeira como um problema tipico de regulacdo, ou seja, um sistema de regras
voltadas para limitar ¢ monitorar o comportamento dos bancos, sem nenhuma
associacdo com a gestdo macroecondmica (Woodford, 2010). Neste sentido, a regulacao
prudencial, principal estratégia regulatoria utilizada, tinha seu foco exclusivo na
avaliagdo da qualidade dos balancos e dos empréstimos bancéarios em um determinado
momento, para em seguida determinar se o capital do banco estaria em conformidade
com o volume e qualidade dos ativos detidos (Mishkin, 2000).

A crise subprime explicitou o fato de que a estratégia regulatoria mantida até
entdo ndo foi suficiente para antever a crise e nem amortecer seus efeitos. Por este
motivo, depois da crise, os policymakers foram colocados frente a necessidade de mudar
a forma de agir e incorporar novos instrumentos macroprudenciais ao conjunto de
preocupacdes da politica econdmica (Galati e Moessner, 2013). Dentre as alternativas
de instrumentos, o buffer de capital foi identificado pela literatura como o principal
instrumento macroprudencial para gestdo da estabilidade do sistema financeiro (Borio,
2011). A proposta € que os bancos aumentem o buffer em momentos em que a
economia estd em expansdo para que nos momentos de retragdo econdmica o buffer
absorva as perdas bancarias. Em suma, o buffer quando se comporta de forma
anticiclica passa a figurar como o principal instrumento de gestdo macroprudencial para
estabilidade do sistema financeiro como um todo (BCBS, 2010).

Dois elementos sdo basilares para a gestdo do buffer anticiclico, a escolha do
indicador que servira para guiar as decisdes dos policymakers sobre a demanda de
capital adicional (buffer) e a comunicagdo sobre as decisdes do buffer pelos
policymakers (BCBS, 2010). Sobre o indicador, o hiato do crédito ¢ considerado pelo
Comité de Basiléia e pela literatura como o principal guia para o buffer de capital
(Drehmann, Borio, e Tsatsaronis, 2011; Jokivuolle et. al. 2015).6 Por outro lado, sobre a
comunicacdo do buffer, o Comité de Basiléia sugere que os bancos centrais levem em
considerac¢do o efeito do comunicado do buffer sobre as expectativas do mercado, ou
seja, sobre o comportamento do proprio buffer de capital € em consequéncia sobre a
estabilidade do sistema financeiro (BCBS, 2010). O presente estudo contribui com a
literatura de comunicagdo do banco central ao fornecer evidéncias sobre o efeito da
comunicag¢do da autoridade monetéria e da comunica¢do macroprudencial sobre o buffer
de capital.

3 — Evidéncias Empiricas

A andlise do efeito da comunicagdo do banco central sobre o buffer de capital é
realizada de duas formas. Em primeiro lugar ¢ identificado como a comunicagdo da

% O hiato do crédito corresponde ao desvio do comportamento da relagdo crédito/PIB em relagdo a sua
tendéncia de longo prazo.



autoridade monetaria afeta o buffer de capital. Em segundo lugar ¢ verificado o efeito da
comunicagdo macroprudencial de carater normativo sobre o buffer. Esta separagdo tem
por objetivo isolar os efeitos dos diferentes tipos de comunicacao realizados pelo banco
central, neste caso: autoridade monetaria e regulador do sistema financeiro.

A comunica¢do da autoridade monetaria ¢ identificada a partir das atas do
Comité de Politica Monetaria do Brasil (COPOM), que apresenta o comportamento
atual da economia e a dinamica das principais varidveis que influenciam a inflagdo,
além de indicar qual a trajetoria esperada para a economia. O BCB iniciou em maio de
2003 a publicagao regular, sempre oito dias apds a reunido, das atas das reunides do
COPOM. Além disso, as reunides do COPOM que até¢ 2006 aconteciam uma vez por
més, passaram a ocorrer a cada 45 dias. A base de dados utilizada neste estudo ¢
mensal, logo, quando ndo ha reunido em determinado més, a avaliacao recebida sera a
mesma que do més anterior. Esta mesma metodologia foi adotada por Montes e Nicolay
(forthcoming) e Montes e Scarparo (2014), considerando que os agentes utilizam
sempre a ultima informag¢ao disponivel.

A comunicagdo macroprudencial de carater normativo ¢ verificada por meio dos
comunicados regulamentares de capital, ou seja, por meio da analise das resolucdes e
circulares publicadas pelo Banco Central, cujo objetivo ¢ alterar a forma de célculo
exigéncia minima de capital regulamentar (indice de Basiléia). Tais medidas sdo
classificadas como medidas restritivas e medidas liberalizantes. As medidas restritivas
sdo aquelas que restringem a utiliza¢do do capital, ou seja, que vinculam determinados
ativos ao capital dos bancos. As medidas liberalizantes reduzem a restri¢gdo de capital
dos bancos, ou seja, reduzem o grau de vinculagio dos ativos ao capital dos bancos. ’

A base de dados conta com 130 observacdes entre maio de 2003 ¢ fevereiro de
2014. As séries utilizadas na analise empirica sdo apresentadas a seguir:

BUFFER (buffer de capital): Est4 série foi construida a partir da série 21424, indice de
Basiléia. A diferenca entre a exigéncia minima de capital regulamentar utilizada no
Brasil de 11% e o valor da série representa o buffer.®

ROE (Retorno Operacional sobre o capital): Dados extraidos do Banco Central do
Brasil — balancete de institui¢des financeiras — documento 4010.

O_GAP (hiato do produto): Esta série foi construida a partir da série do PIB acumulado
em 12 meses, disponivel no site do BCB (série 4190). O hiato do produto ¢ obtido
obtendo a diferenga entre a série do PIB e sua tendéncia de longo prazo extraida pelo
filtro Hodrick-Prescott.

C _GAP (hiato do crédito): O hiato do crédito é obtido seguindo a metodologia do
BCBS (2010). O hiato ¢ a diferenca entre a razdo crédito/PIB e sua tendéncia (calculada
pelo filtro Hodrick-Prescott). A série da razdo crédito/PIB foi retirada do site do BCB
(série 17473). Considerando as novas recomendacdes do BCBS (2010), formalizadas no
documento “Guidance for National Authorities Operating the Countercyclical Capital
Buffer”, este indicador deve ser utilizado pelos reguladores do Sistema financeiro como
critério para a ativacdo de buffer de capital contraciclico. O objetivo ¢ ampliar a
capacidade das instituicdes financeiras de absorver perdas acima do minimo nos

70 glossério da classificagio das atas do COPOM ¢é apresentado na tabela A.3. As medidas de carater
normativos analisadas estdo especificadas na tabela A.4.
¥ Para um detalhamento do célculo do buffer no Brasil ver Tabak et al.(2011).



periodos prosperos do ciclo econdmico, para entdo utilizar a maior reserva de capital
nos momentos de estresse.’

IR (taxa de juros): Taxa Selic anualizada. A série utilizada ¢ retirada do site do banco
central (series 4189).

D UP (dummy de elevaciao dos juros), D DOWN (dummy de redu¢do dos juros) e
D SIG (dummy de sinalizagdo): estas variaveis seguem a metodologia de Rosa e Verga
(2007), com a adaptacao feita por Costa Filho e Rocha (2009) para as atas do COPOM,
para construir o indice de comunicagdo do banco central acerca da comunicacdo da
trajetoria da politica monetaria no futuro proximo. A varidvel D_UP recebe valor 1 para
as atas que indicam uma elevagdo dos juros e valor 0 caso contrario; a varidvel
D DOWN recebe valor 1 para as atas nas quais o BCB indica uma reducdo na taxa de
juros; € D SIG recebe valor 1 para uma elevagao nos juros, -1 para uma redugao e 0
quando a politica monetaria se mostra neutra.

D LIB (dummy de capital liberalizante), D RES (dummy de capital restritivo), D CAP
(dummy de sinalizagdo de capital): A varidvel D_LIB recebe valor 1 para os meses em
que ha publicacdo de resolugcdo que indica redugdo da exigéncia de capital e valor 0
caso contrario; a variavel D_RES recebe valor 1 para os meses em que ha publicacdo de
resolucao que indica aumento da exigéncia de capital e valor 0 caso contrario; e D_CAP
recebe valor 1 para uma elevagdo da exigéncia de capital, -1 para uma redugdo da
exigeéncia de capital e 0 quando ndo ha publicacdo de nenhuma resolucao que trate do
capital regulatorio.

Como o trabalho utiliza séries temporais em sua analise empirica, uma condi¢ao
importante para a validade dos resultados ¢ a estacionariedade das séries utilizadas. Para
checar se as séries utilizadas possuem um comportamento estacionario em nivel foram
feitos trés testes tradicionais de raiz unitaria: Augmented Dickey-Fuller (ADF), Phillips-
Perron (PP) e Kwiatkowski-Phillips-Schmidt-Shin (KPSS). Os resultados sao
apresentados na tabela A.l no apéndice, e todas as séries foram consideradas
estacionarias.

Os resultados empiricos sao obtidos a partir de trés métodos de estimagdao: MQO
(minimos quadrados ordinérios), GMM (método geral dos momentos) com um estagio e
matriz de covariancia de Newey-West, ¢ GMM com dois estagios e matriz de
covariancia de windmeijer. Os resultados do MQO s@o importantes para a analise de
robustez de sinal e significancia estatistica dos coeficientes. O GMM foi estimado para
eliminar os problemas relacionados ao comportamento dos residuos. Como sabido,
séries temporais apresentam problemas tais qual heterocedasticidade e autocorrelagao
serial, além de endogeneidade das variaveis, e como apontado por Hansen (1982), o
GMM ¢ capaz de corrigir estes problemas e apresentar estimacdes robustas. A escolha
dos instrumentos nas estimagdes por GMM segue a metodologia de Johnston (1984),
que recomenda a utilizacdo dos regressores com mais defasagens para garantir a
exogeineidade dos instrumentos. Ademais, o teste J ¢ utilizado para verificar a

’ De acordo com o BCBS (2010, p. 9): “The specification of the credit-to-GDP gap has a number of
advantages over credit growth. Being expressed as a ratio to GDP, the indicator variable is normalised
by the size of the economy. This means it is not influenced by the normal cyclical patterns of credit
demand. Being measured as a deviation from its long-term trend, the credit-to-GDP gap allows for the
well known secular financial deepening trend. Being a ratio of levels, it is smoother than a variable
calculated as differences in levels, such as credit growth, and minimises spurious volatility (no large
quarter-to-quarter swings).”



sobreidentificacdo nas estimagdes. As estimagdes por GMM em dois estagios sdo
utilizadas para obter resultados robustos para pequenas amostras (Windmeijer, 2005).

3.1 Comunicag¢ado da Politica Monetadria

O principal instrumento de politica monetaria € a taxa de juros de curto prazo.
Segundo Montes e Peixoto (2014), a taxa de juros produz efeito sobre o comportamento
dos bancos comerciais. De acordo com os autores, diante de um aumento das taxas de
juros os bancos reagem com mais provisdoes, em um claro sinal de aumento de sua
aversao ao risco. Assim como as provisoes, o buffer de capital € uma proxy da aversao
dos riscos dos bancos. Quanto maior o buffer, menor o risco de solvéncia bancaria.
Portanto, ¢ esperado que um aumento das taxas de juros (IR) resulte em um aumento do
buffer. Para analisar o efeito da comunicagdo do banco central em relagdo a trajetéria da
taxa de juros sobre o buffer de capital dos bancos comerciais € preciso controlar o efeito
da politica monetaria, por meio da taxa de juros basica (Selic). Outra variavel relevante
para explicar o buffer ¢ o hiato do crédito (C_GAP). Como destaca BCBS (2010), o
hiato do crédito ¢ importante para a determinacao do buffer contraciclico de capital. Em
momentos de expansdo da economia, os bancos ampliam o crédito e reduzem o buffer, e
assim aumenta a exposi¢ao ao risco de todo o sistema financeiro. Portanto, espera-se
que o hiato do crédito tenha o sinal negativo em relacdo ao buffer de capital. O hiato do
produto (O_GAP) ¢ uma variavel de controle para o ambiente macroeconémico. Espera-
se que tenha o sinal negativo, indicando que em um cenario de expansao (contracao)
econdmica os bancos assumem mais (menos) risco e reduzem (aumentam) o buffer. Por
fim, o retorno sobre o capital (ROE) representa o custo do capital, portanto ¢ esperado
que tivesse um sinal negativo.

(1) BUFFER, = o, + 2,ROE, + ;0 _GAP. +a,C _GAP,. +o,IR, +&,

(2) BUFFER, = o, + 0,ROE, + ;0 _ GAFE, +a,C _GAP + o IR, +aD _UP +¢,

(3) BUFFER, = a, + a,ROE, + a,0 _GAP, +a,C _GAP, +a,IR +a,D _DOWN, +¢,
(4) BUFFER, = o, + 0,ROE, + a,0 _ GAFE, + a,C _GAF, + o IR, +a,D _SIG, + ¢,

As estimagOes realizadas para as equacdes de (1) a (4) apresentam os sinais
esperados e significancia estatistica para as variaveis utilizadas para explicar o buffer de
capital (tabela 1). O teste Ramsey-RESET indica que ndo hd motivos para rejeitar a
especificagdo utilizada no modelo. Ademais, o teste J reportado indica que a escolha dos
instrumentos foi adequada e as estimagdes por GMM estdo sobre identificadas.'
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A tabela A.2, no apéndice, apresenta os instrumentos selecionados. E importante destacar que o maior
rank utilizado foi 27 (aproximadamente 20% em relacdo ao numero total de observacdes) e nenhuma
varidvel foi incluida com mais de 6 defasagens para ndo distorcer os resultados.



Tabela 1: Estimag¢des para o Buffer de Capital (Comunicagdo da Politica Monetaria)

oLS GMM 1 ESTAGIO GMM 2 ESTAGIOS
eq.1 eq. 2 eq. 3 eq.4 eq.1l eq. 2 eq.3 eq.4 eq.1l eq. 2 eq. 3 eq.4
constant 5.004*** 4,831 *** 4,951 *** 4.797*** 5.068*** 4.823%** 4.908*** 4.774%%* 5.386%** 5.098%** 5.107 *** 5.110%**
(0.188) (0.209) (0.177) (0.192) (0.289) (0.341) (0.253) (0.300) (0.519) (0.559) (0.452) (0.527)
[26.647] [23.137] [27.905] [24.990] [17.525] [14.141] [19.422] [15.928] [10.370] [9.124] [11.311] [9.696]
ROE -0.025%* -0.031**%  -0.048***  .0.042*** | -0.044*** _0.050*** -0.073*** .0.061*** | -0.043*** _0.049%** _0.075*** .0.058***
(0.014) (0.014) (0.014) (0.014) (0.013) (0.011) (0.010) (0.011) (0.013) (0.017) (0.015) (0.015)
[-1.826] [-2.222] [-3.440] [-2.953] [-3.336] [-4.537] [-7.436] [-5.365] [-3.214] [-2.892] [-4.999] [-3.804]
output gap -6.5E-06*** -7 1E-06*** -7.7E-06*** -7.6E-06***|-7.4E-06*** -7.9E-06*** -8.0E-06*** -8.2E-06***|-7.1E-06*** -7.8E-06*** -7.9E-06*** -7 8E-06***
(7.9E-07) (8.4E-07) (7.9E-07) (8.3E-07) (7.5E-07) (7.0E-07) (5.4E-07) (6.3E-07)@ | (1.2E-06)@ (1.2E-06) (8.5E-07)@ (1.1E-06)
[-8.272] [-8.454] [-9.656] [-9.158] [-9.912] [-11.282] [-14.870] [-12.895] [-5.974]= (-6.533] [-9.194] [-7.322]
credit gap -0.249** -0.271%*%  -0.373%*%*  _0.322*%* | _0.296** -0.334%** _0.505**%* .0.401*** -0.352* -0.418** -0.569***@ -0.454%*%*
(0.106) (0.106) (0.104) (0.105) (0.147) (0.119) (0.112) (0.127) (0.192) (0.197) (0.167) (0.177)
[-2.347] [-2.562] [-3.570] [-3.077] [-2.014] [-2.800] [-4.517] [-3.160] [-1.827] [-2.118] [-3.403] [-2.561]
interest rate 0.112%** 0.123%** 0.150%** 0.141%** 0.124%** 0.137%** 0.182%** 0.159%** 0.097** 0.106*** 0.168*** 0.128%**
(0.016) (0.017) (0.018) (0.018) (0.020) (0.022) (0.022) (0.024) (0.042) (0.040) (0.047) (0.046)
[6.830] [7.097] [8.322] [7.759] [6.101] [6.177] [8.424] [6.746] [2.227] [2.625] [3.563] [2.763]
d_up 0.247* 0.346* 0.463*
(0.135) (0.184) (0.246)
[1.828] [1.880] [1.882]
d_down -0.548*** -0.731%%* -0.741**
(0.134) (0.170) (0.287)
[-4.09] [-4.299] [-2.579]
d_sig 0.254*** 0.308*** 0.280*
(0.078) (0.101) (0.144)
[3.235] [3.043] [1.943]
aadjusted R? 0.435 0.445 0.498 0.475 0.435 0.448 0.504 0.485 0.383 0.375 0.465 0.435
F-Statistic 25.822 21.713 26.613 24.315
Teste F (p-valor) 0.000 0.000 0.000 0.000
Prob(J-statistic) 0.214 0.339 0.361 0.341 0.372 0.489 0.531 0.507
Rank 16 19 19 19 18 21 21 21
Ramsey-RESET (F-statistic) 0.310 0.259 0.015 0.785
Ramsey (p-value) 0.579 0.612 0.903 0.377

Nota: Niveis marginais de significancia: (***) denota 0.01, (**) denota 0.05, e (*) denota 0.10. GMM 1 estagio — estimag¢des de GMM um estagio — erro padrdo robusto
(Newey-West) em parénteses e estaistica t em colchetes. GMM 2 estagios — estima¢des de GMM dois estagios — erro padrao robusto (Windmeijer) em parénteses e estatistica
t em colchetes. Prob(J-statistic) reporta o respectivo p-valor do teste J



Em relacdo a comunicacdo da autoridade monetéria, ha evidéncias que esta gera efeitos
sobre o buffer de capital. Os sinais encontrados indicam, com significAncia em todos os modelos,
que a resposta do buffer a comunicacdo segue a mesma direcao da resposta do buffer a taxa de
juros. Ou seja, quando hé indicagdo de elevacdo (reducdo) de juros, os bancos reagem, de forma
forward-looking, com um aumento (reducdo) do buffer, indicando maior aversdo (menor) aversao
ao risco em relagdo ao ambiente econdOmico prospectivo.

3.2 Comunicagdo Macroprudencial de Carater Normativo

Para avaliar o efeito da comunicacdo de carater normativo foram utilizadas as mesmas
variaveis de controle utilizadas para a anélise da comunicagao da politica monetaria: taxas de juros
(IR), hiato do crédito (C_GAP), O hiato do produto (O _GAP) e o retorno sobre o capital (ROE). E
importante destacar a inclusao de defasagens nas dummies de comunicagao macroprudencial. Isto ¢
feito para adequar a andlise com o fato dos bancos comerciais redefinem suas estratégias a cada
trimestre, explicitando as mesmas em seus balangos trimestrais. Por esta razdo, ¢ esperado que as
medidas de restrigdes de capital gerem efeitos defasados. A escolha especifica das defasagens de
trés periodos foi feita a partir do método do geral para o especifico, considerando a significancia
estatistica dos coeficientes.

Com o objetivo de verificar a relacdo entre a comunicacao da carater normativo e o buffer de
capital foram testadas as seguintes especificacdes:

(5) BUFFER, = p,+ B,ROE, + ,O _GAP. + ,C_GAP, + BJIR + ,D LIB, ,+v,
(6) BUFFER, = B, + B,ROE, + 3,0 _GAP, + B,C_GAP. + IR, + 3,D _RES, ,+v,
(7) BUFFER, = 8, + ,ROE, + B,O _GAP. + ,C _GAP + BIR, + ;D CAP _,+v,

As estimagoes realizadas para as equacdes de (5) a (7) apresentam os mesmos sinais €
possuem significancia estatistica para as varidveis de controle (tabela 2). O teste Ramsey-RESET
indica que ndo ha problemas de especificagdo no modelo, e o teste J reportado indica que a escolha
dos instrumentos foi adequada e as estimagdes por GMM estao sobre identificadas.

Os resultados encontrados sugerem que o efeito das medidas regulatorias sobre o buffer de
capital ndo geram o resultado esperado. Medidas restritivas geram reducdo no buffer de capital,
indicando que os bancos utilizam o proprio buffer para atender as novas restricdes regulatorias, ou
seja, nao aumentam a solidez do sistema em termos macroprudenciais. Este resultado € significativo
em quase todos os modelos estimados. Por outro lado, medidas liberalizantes geram aumento do
buffer em todos os modelos estimados, indicando que os bancos ndo reduzem sua aversao ao risco
em fun¢do de mudancgas regulatérias. Apesar do sinal encontrado nos coeficientes de todos os
modelos, s6 foi identificado significancia estatistica em um modelo estimado.

Com base nas estimagdes realizadas, hd indicios que a comunicagdo macroprudential de
carater regulamentar nao atinge os objetivos esperados quando se observa o buffer de capital. Ou
seja, os bancos utilizam o proprio capital excedente, em relacdo ao capital regulamentar, para
acomodar medidas regulamentares, e desta forma, mantem a decisdo de capital interna ao banco.
Este resultado corrobora a visdo de Nier e Baumman (2006), na qual o buffer possui um carater de
acomodaticio para choques no capital.



Tabela 2: Estimag¢des para o Buffer de Capital (Comunicagdo Macroprudencial)

GMM 2 ESTAGIOS

oLs GMM 1 ESTAGIO
eq.5 eq.6 eq.7 eq.5 eq.6 eq.7 eq.5 eq.6 eq.7
constant 4.782%%%  4.899*%%*  4835%k* | 5 130%** 5 236%** 5§ 357%** | 5 AGGE¥* [ EEERE* 5§ 45Qk*
(0.208) (0.218) (0.207) (0.225) (0.295) (0.268) (0.342) (0.479) (0.472)
[22.941] [22.453] [23.318] [22.841] [17.769] [19.966] [15.948] [11.624] [11.545]
ROE -0.024* -0.056 -0.023* | -0.035*** _0.034%** _0,028%** | -0.038*** .0.030***  .0.037*
(0.014) (0.015) (0.013) (0.006) (0.009) (0.008) (0.011) (0.011) (0.018)
[-1.751] [-3.685] [-1.746] [-5.466] [-3.579] [-3.587] [-3.415] [-2.684] [-1.789]
output gap -6.4E-06*** -1.8E-05*** -6.2E-06***(-7.1E-06*** -6.2E-06*** -5.6E-06***|_6.1E-06*** -6.2E-06*** -6.2E-06***
(7.86-07)  (2.6E-06) (7.9E-07) | (7.0E-07)  (9.6E-07)  (8.6E-07) | (1.1E-06)  (1.3E-06)  (1.7E-06)
[-8.171] [-6.745] [-7.856) [-10.100] [-6.499] [-6.529] [-5.423] [-4.777] [-3.735]
credit gap -0.176 -0.369**%*  _0.187* | -0.472***  .0.229*  -0.269*** | -0.359** -0.237* -0.345*
(0.109) (0.124) (0.108) (0.116) (0.127) (0.102) (0.170) (0.143) (0.206)
[-1.612] [-2.980] [-1.725] [-4.072] [-1.809] [-2.628] [-2.107] [-1.664] [-1.674]
interest rate 0.130%**  0.147**%*  0.127*%* | 0.105***  0.100***  0.080*** | 0.076***  0.064%** 0.075*
(0.018) (0.020) (0.018) (0.020) (0.025) (0.022) (0.029) (0.037) (0.039)
[7.244] [7.519] [7.036] [5.260] [4.007] [3.606] [2.639] [1.752] [1.942]
d_lib(-3) 0.086 0.737*** 0.401
(0.392) (0.431) (0.780)
[0.220] [1.708] [0.501]
d_res(-3) -0.458 -1.243%%* -2.012%*
(0.289) (0.615) (0.984)
[-1.585] [-2.020] [-2.044]
d_cap(-3) -0.315 -0.870* -0.667
(0.225) (0.489) (0.874)
[-1.404] [-1.779] [-0.762]
aadjusted R? 0.456 0.414 0.464 0.343 0.372 0.349 0.333 0.173 0.351
F-statistic 22.090 18.780 22.8253
Teste F (p-valor) 0.000 0.000 0.000
Prob(J-statistic) 0.685 0.247 0.384 0.573 0.662 0.413
Rank 27 20 22 22 25 23
Ramsey-RESET 0.163 0.135 0.061
Ramsey (p-value) 0.687 0.714 0.805

Nota: Niveis marginais de significancia: (***) denota 0.01, (**) denota 0.05, e (*) denota 0.10. GMM 1 estagio — estimagdes
de GMM um estagio — erro padrao robusto (Newey-West) em parénteses e estaistica t em colchetes. GMM 2 estagios —
estimagdes de GMM dois estagios — erro padrao robusto (Windmeijer) em parénteses e estatistica t em colchetes. Prob(J-
statistic) reporta o respectivo p-valor do teste J

4 — Conclusao

A crise financeira internacional impds a agenda dos policymakers a estabilidade do sistema
financeiro como elemento fundamental para a estabilidade economica. A analise dos instrumentos
macroprudencias e a coordenacdo entre a politica monetaria e a politica macroprudencial ganham
relevancia para o estudo da macroeconomia pds-crise subprime. O presente trabalho visa contribuir
com o desenvolvimento de ferramentas macroprudenciais capazes de auxiliar o banco central na
tarefa da estabilidade financeira. Neste sentido, foi analisado o efeito da comunicagdo do banco
central, enquanto instrumento macroprudencial, sobre a estabilidade financeira.
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A comunicagdo da politica monetaria afeta o comportamento do buffer de capital. Uma
sinalizacdo de aumento (reducdo) da taxa de juros resulta em um aumento (reducdo) do buffer de
capital. Indicando que os bancos aumentam o buffer para se proteger de um possivel cenario de
deterioragdo econOmica ou assumem mais risco em um cenario de bonanga economica. Este
resultado sugere que, dado o efeito prociclico da politica monetaria sobre o buffer, os bancos
centrais devem considerar a hipotese de coordenagdo entre a politica monetiria e a gestdo
macroprudencial como elemento adicional para a manutencao da estabilidade financeira.

A comunicagdo macroprudencial de carater normativo também afeta o buffer de capital,
porém em um sentido oposto ao esperado. Medidas de carater restritivo levam a uma redu¢ao do
buffer, sinalizando que os bancos usam o proprio buffer para atender as exigéncias regulamentares e
assim ndo ampliam, de forma macroprudencial, a seguranga do sistema financeiro. Este resultado
implica na necessidade da revisao da estratégia de capital regulatorio. Em suma, uma politica
macroprudencial focada na estabilidade do sistema financeiro deve ser capaz de atuar de forma
direta sobre o buffer de capital, como sugere o Comité de Basiléia (BCBS, 2010).

A resposta do buffer de capital a comunicagdo do BCB sugere que a um instrumento de
comunicacdo macroprudencial focada no buffer deve ser conduzido de forma semelhante ao
utilizado pela politica monetaria, ou seja, uma comunicagdo regular e sistematica, capaz de ancorar
o comportamento do buffer de forma a garantir a estabilidade do sistema financeiro.
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Apéndice

Tabela A.1 — Teste ADF de raiz unitaria

ADF PP KPSS
Leglenght Forma  Teste  Prob | Bandwidth Forma Teste  Prob Forma ~ Bandwidh  Teste 1% Yoo 10%
BUFFER 0 T 3307 0010 5 T -3415 004 a 8 0.079 0216 016 0119

ROE 1 T 3405 00% 5 T 34 010 a 8 0.075 0216 0146 0119
C GAP 12 Noo-3909  0.000 2 Noo-2904 0004 C 9 0085 0739 0463 0347
0_GAP 1 No-33700 0001 1 Noo-287 0005 C 9 0052 0739 0463 0347

IR 1 (7 458 000 8 T 330 00 a 9 0.150 026 0146 0119
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Tabela A.2 — Instrumentos (estimacoes GMM)

Politica Monetaria
£q. 1 BUFFER(-1 TO -3) ROE(-1TO -3) C_GAP(-1TO -3) O_GDP(-1TO -3) IR(-1 TO -
3)
£q. 2 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO -3) O_GDP(-1TO -3) IR(-1 TO -
GMM 1 3) D_UP(-1TO -3)
Eq. 3 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO-3) O_GDP(-1TO-3) IR(-1TO -
3) D_DOWN(-1TO -3)
Eq. 4 BUFFER(-1TO -3) ROE(-1 TO -3) C_GAP(-1TO -3) O_GDP(-1TO -3) IR(-1TO -
3)D_SIG(-1TO -3)
Eq. 1 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO -5) O_GDP(-1TO-3) IR(-1TO -
3)
Eq. 2 BUFFER(-1TO -3) ROE(-1 TO -3) C_GAP(-1TO-5) O_GDP(-1TO-3) IR(-1TO -
GMM 2 3) D_UP(-1TO -3)
Eq. 3 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO-5) O_GDP(-1TO-3) IR(-1TO -
3)D_DOWN(-1TO -3)
Eq. 4 BUFFER(-1TO -3) ROE(-1 TO -3) C_GAP(-1TO-5) O_GDP(-1TO-3) IR(-1TO -
3) D_SIG(-1TO -3)
Macroprudencial
£q. 1 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-3TO-9) O_GDP(-3TO -9) IR(-1TO -
3) D_LIB(-4 TO -6)
MM 1 £q. 2 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO -4) O_GDP(-1TO -3) IR(-1 TO -
3) D_REST(-4TO -6)
£q. 3 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO-3) O_GDP(-1TO -3) IR(-1 TO -
3) D_CAP(-4TO-9)
£q. 1 BUFFER(-1TO -3) ROE(-1TO -3) C_GAP(-1TO -3) O_GDP(-1TO -3) IR(-1 TO -
3) D_LIB(-4TO -9)
6MM2 | Eq.2 BUFFER(-1TO -2) ROE(-1TO -4) C_GAP(-1TO-7) O_GDP(-1TO -4) IR(-1 TO -
3) D_REST(-4TO -7)
Eq. 3 BUFFER(-1TO -2) ROE(-1TO -4) C_GAP(-1TO-7) O_GDP(-1TO -4) IR(-1 TO -
3) D_CAP(-4TO -5)
Tabela A.3 — Glossario de classificacdo das atas do COPOM
Palavras-chave das atas do COPOM Indice

Banco Central nao permitird que choques de oferta levem a um aumento na taxa de inflagdo —
Manuten¢ao da taxa de juros representa risco ndo desprezivel para o cumprimento da meta
(inflagdo projetada acima da meta) — Riscos para o cumprimento da meta — Impactos
inflacionarios potencias de choques de oferta ainda por se materializar — Politica monetaria
deve permanecer vigilante, evitando a propagacdo de choques e da depreciagdo cambial —
Politica monetaria firmemente comprometida com a convergéncia da inflagdo para as metas —
Inflagdo permanece em patamares elevados/politica monetaria deve ser firme — Autoridade
monetaria estara pronta para adotar uma postura ativa, caso se consolide divergéncia entre
inflacdo projetada e a trajetoria das metas — Tendéncia (da inflagdo) incompativel com a
trajetoria de metas — COPOM precisara ser menos tolerante em relagdo a choques que
ameacem tornar a inflagdo maior do que as metas ou viés de alta

+1

Balango de oferta e demanda indica auséncia de desequilibrios que possam traduzir-se em
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pressdes inflacionarias no horizonte relevante para o regime de metas para a inflagdo —
Quadro geral favoravel (apropriado/compativel) a estabilidade de pregos (consistente com a
meta de inflagdo), mas fatores de risco precisam ser monitorados (permanecem dividas
quanto a velocidade de queda da inflagdo) — Atividade econdmica em alta, mas compativel
com estabilidade econdmica — Comportamento da inflagdo em linha com as percepgdes do
COPOM - Politica monetaria se encontra adequada, mas deve ser administrada com cautela
(riscos permanecem) — Incertezas recomendam confirmag@o de quadro favoravel —
Perspectivas de queda da inflagao em diregdo as metas, mas ha riscos de perpetuacdo da
inflagdo em patamares elevados (trajetoria da inflagdo consistente com as metas) — Aumento
da inflagdo recomenda cautela da politica monetaria — Probabilidade concreta de a inflagdo se
desviar da trajetdria das metas requer cautela adicional da politica monetaria

COPOM decidiu avangar no processo de flexibilizagdo da politica monetaria — Projecdes de
inflacdo abaixo da meta/expectativas compativeis com as metas/ riscos t€m se tornado menos
significativos — Consolidagdo de perspectivas favoraveis para a inflagdo no médio
prazo/COPOM avalia que continuard havendo espago para quedas adicionais da Selic no
futuro — Flexibilizagdo adicional da politica monetaria devera ser conduzida de forma
parcimoniosa — Cenario benigno para a evolugdo da inflagdo (com redugdo das
incertezas/cenario externo favoravel) — Atividade econdmica em ritmo condizente com as
condigdes de oferta , com baixa probabilidade de pressdes sobre a inflagdo — ou viés de baixa

Tabela A.4 — Classificacio das medidas regulatérias de capital.

dez/08 Resolugdes 3655 ¢ 3674 ¢ Circular 3425

mar/13 Circular 3644

jul/13 Le1 12838 Liberalizantes
jul/14 Circulare 3711

ago/14 Circular 3714

jan/08 Resolugdo 3535

Jun/10 Circulares 3498, 3568 ¢ 3608

dez/10 Circular 3515

nov/11 Circular 3563 Restritivas
ago/12 Revisdo das circulares 3498, 3568 e 3608

set/13 Resolucdo 4271

out/13 Resolugdes 4192 a 4195 ¢ 15 Circulares.
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Internet diffusion: Killing time prevents crime?

Ilaria Masiero, PhD Candidate at FGV-EESP

Abstract

How does Internet diffusion affect crime rates? I use a panel of state-level yearly data on broadband
penetration and criminal activity in the US to shed light on the question. I adopt an instrumental variable
approach relying on the fact that the most widespread broadband technologies in the US employ the pre-
existing telephone and Cable TV networks to transmit data. The deployment of such networks in early
times provides a relevant source of exogenous variation in recent broadband diffusion. Results show that
Internet diffusion is associated with a significant and substantial decrease in total and property crime
rates, suggesting that a substitution mechanism is at play: online activities crowd out offline activities that
more likely lead to crime. A number of tests suggest that my estimates may be interpreted in a causal
fashion.

Research area: Applied Microeconomics
Key-words: Internet - Broadband - Crime - Substitution effect
JEL codes: K42, .96

Resumo

A difusdo da Internet afeta crime? O presente estudo busca pesquisar o impacto da penetragao da Internet
sobre as taxas de criminalidade nos EUA. Com o uso de variaveis instrumentais, analisou-se um painel de
dados anuais de crime e penetragdo da banda larga em nivel estadual nos EUA. A escolha das variaveis
instrumentais se apoia no fato de que as tecnologias de banda larga mais comuns utilizam as pré-
existentes redes de telefonia e TV a cabo para transmitir dados. Tal uso de redes pré-implantadas fornece
uma fonte de variacao exogena na difusdo recente da banda larga ao longo do territério. Os resultados
mostram que a penetracdo da Internet estad associada a uma redugao significativa e substancial nos indices
de criminalidade. Isto sugere que um mecanismo de substituigdo esta em jogo: atividades on-line
substituem atividades off-line que mais provavelmente levariam a algum crime. Uma série de testes
sugerem que minhas estimativas podem ser interpretadas de uma forma causal.

Area de pesquisa area: Microeconomia Aplicada
Palavras-chave: Internet - Banda Larga - Crime - Efeito de substituicao
Classificacao JEL: K42, .96



1 Introduction

The Internet has revolutionised many aspects of society and people’s lives. Invented at the end of the
1980s, this technology penetrated the US in two waves. The first one involved dial-up connections and
started in the early 1990s. The second one began short before the turn of the Millennium, with the
introduction of broadband or high-speed Internet technologies. These quickly crowded out dial-up
connections, which were down at a 3% penetration rate in 2010, after peaking at about 40% in 2000
(NTIA, 2011). Remarkably, it was only with the introduction of high-speed connections that the Internet
reached preponderant levels of penetration in US homes — by 2012, about 70% of American households
had broadband Internet at home (NTIA, 2013).

The impact of Internet penetration — especially broadband technologies (see NTIA, 2004; NTIA, 2011) —
has been dramatic and far-reaching. In line with this, scholars have put effort in investigating the effect of
Internet diffusion on a wide range of outcomes, concerning for instance the labour market (see Kuhn and
Skuterund, 2004; Kuhn and Mansour, 2014), marriage rates (see Bellou, 2015), and television viewership
(see Liebowitz and Zentner, 2012). One connection that remains relatively unexplored is the possible link
between Internet diffusion and crime. Overall, researchers and policy-makers agree that some sort of
impact is plausible. However, there is no consensus as to its sign. On the one hand, there is a concern,
backed by some results in empirical research (for instance, Bhuller ef al., 2011; Anderson et al., 2010),
that the abundant supply of sensitive content made accessible by the Internet may positively affect
criminal activity, by means of a behavioural or arousal effect. On the other hand, criminological theory
suggests that the Internet is capable of affecting crime by altering users’ allocation choices. In this sense,
the diffusion of the Internet is expected to hinder crime by reason of a substitution effect: online activities
crowd out offline activities that more likely lead to crime. The substitution effect may deploy through two
closely-connected mechanisms. On the one hand, a catharsis effect (Zimring and Hawkins, 1997):
potential criminals substitute actual crime with online activities that inhibit or satisfy their aggressive
impulses. On the other hand, a time substitution or voluntary incapacitation mechanism may be at play:
having people spend more time online and less time unoccupied on the street per se reduces crime. All in
all, the substitution effect implies that Internet diffusion negatively affects crime. Evidence in support of
this effect has been encountered in previous empirical research (for instance, Dahl and Della Vigna, 2009;
Kendall, 2007). Taking a step further, theory has suggested that the substitution effect may be
heterogeneous across offense types and/or demographic groups. In particular, it may have a stronger
impact on that portion of crime that can be understood as recreational rather than as predetermined and
calculated (Zimring and Hawkins, 1997), so that a negative effect of Internet diffusion on this kind of
delinquency may be interpreted as the substitution of one diversionary activity with another (for a similar
argument see Laqueur and Copus, 2014). The effect may also be more intense on the youth, who typically
contribute more than proportionally to crime and are particularly keen on new technologies (see Griffiths
and Sutton, 2013).

In summary, theoretical research indicates that Internet diffusion may impact criminal activity both
positively, through an arousal effect, and negatively, through the substitution effect. Then, figuring out
the overall impact of Internet diffusion on crime is ultimately an empirical matter. Previous empirical
literature has investigated some narrowly-defined effects and closely related issues, leaving room for the
investigation of the overall effect of Internet diffusion on the most common categories of crime. The main
contribution of this research is to shed light on this issue. It is useful to stress that this paper focuses on
the most common types of offenses. These do not include cybercrime which, despite being an intriguing
phenomenon, is still relatively uncommon. For instance, in 2013 in the US about 6 million larceny-thefts
were reported, against 0.26 million cybercrime complaints (see FBI — UCR, 2013; FBI - 1C3, 2013).

I exploit the variation in broadband penetration and criminal activity in the US over time and use an
instrumental variable (IV) approach with fixed effects to investigate the link between Internet diffusion
and crime. The most widespread broadband technologies in the US in the period 2000-2012 technically
relied on the pre-existing telephone and Cable TV networks. As a result, the deployment of residential
telephone and Cable TV networks in early years may provide a relevant source of exogenous variation in
recent broadband diffusion. I investigate this hypothesis through a number of tests, and outcomes provide
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support to the validity of this approach. Thus, I instrument the fraction of residential broadband Internet
subscribers in each state and year with the rate of residential telephone adoption in 1955 and the share of
population employed in the Cable TV sector in 1990, each multiplied by year indicators.

I estimate the model by Two Stage Least Squares (2SLS). Results show a negative and significant effect
of broadband Internet on total and property crime rates. All else being equal, a broadband penetration
increase by one additional line per 100 people is associated with a 1.4% - 1.5% decrease in crime rates.
This effect is rather substantial and should be interpreted as a local average treatment effect (LATE,
Imbens and Angrist, 1994). I complement my analysis by presenting the results from estimation by
Ordinary Least Squares (OLS) with fixed effects. Again, results uniformly indicate that Internet diffusion
1s associated with a statistically significant decrease in total and property crime rates, of about 0.6%.
2SLS estimated coefficients are approximately 2.3 times larger in absolute value than OLS estimated
coefficients. This discrepancy in the point estimates leads to two considerations. First, the OLS approach
is likely to suffer from the omitted variable bias. Secondly, the LATE may be overstating the effect of
Internet diffusion for the population at large. Nonetheless, the core result holds that such effect is
negative, significant and substantial.

I perform a number of robustness tests to enhance confidence in my IV results and the plausibility of their
causal interpretation. To begin with, I run two falsification tests to check that outcomes are not driven by
underlying state-specific trends in crime. Then, I estimate my IV model using the limited information
maximum likelihood (LIML) estimator, and get to estimates that are remarkably close to the 2SLS ones.
Finally, I replicate the analysis using a different source for Internet diffusion data at the state level, as
well as at a more disaggregated level. In both cases, results are in line with my baseline estimations.

To develop a deeper understanding of the effect of Internet diffusion on crime, I run two heterogeneity
tests along the lines of the hypotheses proposed by previous literature. First, I look at specific types of
offenses, and find that broadband Internet diffusion significantly affects each kind of property crime,
while it does not seem to have a significant impact on any class of violent offenses. Then, I consider the
effect of broadband diffusion on arrest rates for different combinations of age and gender to investigate
the hypothesis of heterogeneous effects across demographic groups. None of the estimated coefficients
appears to be significantly different from zero in this analysis.

Overall, my results indicate that the effect of Internet diffusion on total and property crime rate is
negative and substantial. Relating this outcome to previous theoretical literature, it appears that the
substitution effect of the Internet more than outweighs any arousal effect, so that the net impact on crime
is negative. This result is aligned with the findings of previous empirical studies analysing the effect on
crime of watching violent content over different technological platforms (such as videogames and
movies). Outcomes are robust to many falsification and specification tests, enhancing confidence in my
baseline results and the plausibility of their causal interpretation. The heterogeneity analyses provide
some indication that the substitution effect may have a stronger impact on recreational crime, while
heterogeneity of impacts across demographic groups could not be detected.

My research speaks to two policy-relevant debates. Since the beginning of the (broadband) Internet era,
policies have been put in place to subsidise its underlying infrastructure and promote its universal
deployment, by reason of the positive economic effect predicted for connected communities (see Lehr et
al. 2006, ITU 2012). However, the impact of Internet diffusion on some social outcomes — such as crime
— is ambiguous. Pursuant to this, policy-makers in many countries debate about whether and how internet
traffic should be restricted or monitored, to prevent potential adverse effects. The finding that the overall
effect of Internet diffusion on crime is negative and significant is relevant to such ongoing debate. In
addition, this research relates to the stream of literature investigating the crime drop experienced by many
countries in the Developed World since the since the early 1990s. The drop was unforeseen — quite the
opposite, leading experts such as Fox (1996) and Dilulio (1996) had prophesised an explosion in
delinquency — and has been object of a great deal of research aimed at pinning down its determinants.
There is some consensus on a few factors that have concurred to falling crime rates (see Levitt, 2004).
However, given the complexity of the phenomenon, research on this topic is likely never to be exhausted.
The present study relates to this literature and suggests that Internet diffusion has played a role in
sustaining the crime drop.



The remainder of this paper is organised as follows. Section 2 describes the conceptual framework that
motivates the relationship between Internet diffusion and crime. Section 3 introduces the data. In Section
4, I describe the empirical strategy. Section 5 presents the results. I perform robustness and heterogeneity
tests in Section 6. Section 7 relates my results to the previous literature and discusses their economic
significance. Section 8 concludes.

2 Conceptual framework

2.1 Criminological theory

Routine-changing technologies, such as the Internet, are capable of altering the crime patterns. This is an
important conclusion in Routine Activity Theory, a branch in criminology that focuses on how variations
in lifestyle (or routine activities) affect the opportunities for — and thus the occurrence of — crime. Routine
Activity Theory itself is a sub-field of Crime Opportunity Theory, which maintains that the occurrence of
a crime crucially depends on the idiosyncrasies of an immediate situation or context. Crime can be
prevented by removing the opportunity to commit it and, if not committed today, it will not necessarily
occur tomorrow. Changes in everyday technologies, such as the advent of the Internet, may affect the
opportunity for crime and thus criminal activity. The question is: how?

Some criminologists have hypothesised a substitution effect: online activities crowd out alternative
offline activities that are more likely to lead to opportunities for crime. The literature seems to identify
two relevant and closely-connected mechanisms for the deployment of the substitution effect. On the one
hand, a content-driven catharsis mechanism (analogous to the one Zimring and Hawkins, 1997, referred
to while studying the effects of mass entertainment on violence): the availability of certain kinds of
contents online (for instance: pornography, violence) can inhibit or satisfy aggressive impulses of
potential offenders. Then, online activities would serve as a substitute for crime. On the other hand, a time
substitution or voluntary incapacitation mechanism may be at play: spending less time unoccupied on the
street per se reduces the opportunities of committing or being victim of a crime, regardless of the
alternative activity that is pursued instead (see Cashmore, 2012; Griffiths and Sutton, 2013). Given that at
least until the mid-2000s Internet was mainly accessed from indoor locations, this technology may have
negatively affected crime simply by keeping people off the streets for longer. All in all, both mechanisms
entail a negative expected impact of Internet diffusion on criminal activity, so that the substitution effect
would be negative overall. Taking a step further, some scholars have suggested that this effect may be
heterogeneous. Griffiths and Sutton (2013) suggest that the impact may be stronger on the youth, who
typically contribute more than proportionally to delinquency and are particularly keen on new
technologies.' In the words of the authors, “all the time spent online must equate to less time on the street
leading to less potential offending time and a smaller population of available victims of violence and
robbery”. A further potential source of heterogeneity is that the substitution effect may be more intense on
that portion of crime that can be understood as recreational (Zimring and Hawkins, 1997), so that a
negative effect of Internet diffusion on this kind of delinquency may be interpreted as the substitution of
one diversionary activity with another (see Laqueur and Copus, 2014).

There are other possible ways in which the diffusion of the Internet may affect criminal activity. This
technology brought about an unprecedented supply of content, including sensitive material such as
violence or pornography, which is available to users with very limited control. Zimring and Hawkins
(1997) mention that access to sensitive content may make aggression more likely through a behavioural
effect, for instance by altering the emotional state of the audience (the ‘excitement effect’) or by giving
them the impulse to re-enact what they have viewed (the ‘ideational’ effect). Similar concerns have been
put forward by policy-makers and the public in general, so that the debate as to whether and how internet
traffic should be restrained remains open.

In summary, criminological theory has remarked that the diffusion of the Internet is capable of affecting
criminal activity both positively, through a behavioural mechanism, and negatively, through the
substitution mechanism. Thus, figuring out the actual effect of the Internet on delinquency is ultimately
an empirical matter.

! According to Wallsten (2013) “people between 15 and 17 spend the most time online, followed by 18-24 year olds”.
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2.2 Empirical studies

The literature on the effects of Internet diffusion on delinquency has focused on a specific kind of
offenses — sex crimes — reaching non-homogeneous outcomes. Bhuller ez al. (2011) investigate the impact
of Internet use on sex crimes in Norway, in an IV setup. They find that Internet use is associated with a
significant increase in sex crimes, likely as a result of increased consumption of pornography. The authors
consider among the possible mechanisms both a direct effect of Internet use on the propensity for sex
crime (a behavioural effect) and an indirect impact similar to the substitution effect (Internet may affect
matching between victim and criminal as its use displaces alternative activities that are more or less
associated with sex crimes). Results suggest that, although the indirect effect cannot be ruled out, the net
impact of Internet use on sex crime is positive, implying that the behavioural effect is dominant. Kendall
(2007) reaches opposite conclusions on the association between Internet use and rape by studying US
state-level data over the period 1998-2003. He explains his results in view of a substitution effect through
catharsis: criminals are substituting actual rape with pornography. The discrepancy in results between the
two studies suggests that underlying differences among geographical contexts may also matter.
Non-Internet-specific empirical research has been carried on in related fields, providing support to the
existence of both the behavioural and the substitution effects.

Psychological research provides evidence that subjects exposed to violent material tend to act more
aggressively (e.g., Anderson et al., 2010; Anderson, Gentile, and Buckley, 2007). Results are typically
derived from experiments in the lab, where a pool of subjects is randomly exposed to some violent
content, while the control group watches less violent material. Outcomes usually display statistically
significantly heightened cardiovascular activity and hostility measures associated with being exposed to
more intense violence. These results are consistent with the existence of a behavioural effect. However, it
remains to be established whether higher aggressiveness actually translates into more crimes in the field.
Also, because of their experimental setting, these studies cannot provide any indication as to the
substitution effect and its relative importance with respect to the behavioural one. Using real-world data,
empirical research in economics has analysed the effects on specific kinds of crime of watching sensitive
material over platforms other than the Internet. These studies find evidence that both a behavioural and a
substitution (through voluntary incapacitation) effects exist. However, the latter more than outweighs the
former, so that the net effect on crime is negative. Dahl and Della Vigna (2009) exploit time series
variation in the violence level of blockbuster movies from 1995 to 2004 to study the overall short run
effect of violent content on violent crime. They estimate that violent movie attendance reduces violent
crime in the short term by between 1% and 2%. The authors interpret this finding as a substitution
(voluntary incapacitation) effect: potential criminals who choose to go to the movie theatre substitute
away from other activities that have higher crime rates. They accept that violent movies may generate a
behavioural or arousal effect, evidenced by their finding that there are smaller reductions in violence after
more violent movies relative to mildly violent movies. Nonetheless, results show that any arousal effect is
dominated by the substitution one. Likewise, Cunningham, Engelstitter and Ward (2011) use a time
series approach to estimate the impact of the increased weekly volume of violent video game sale on
weekly violent crime. They instrument video game sales with video games ratings in order to only exploit
the part of variation in sales due to variation in quality. Their results show that increased violent video
games sales produce an overall decrease in violent crime. In line with Dahl and Della Vigna (2009), the
authors suggest that this net effect is made up of two components. On the one hand, the finding that
violent video games reduce violent crime by a smaller amount than non-violent video games lends
support to the existence of a positive behavioural effect. On the other hand, the latter is more than
outweighed by a voluntary incapacitation effect, resulting in a negative net impact of violent video games
on crime.

In summary, from a theoretical standpoint, the overall effect of Internet diffusion on crime may go in
either direction, as the two proposed underlying mechanisms (behavioural and substitution effects) hold
opposite signs. Empirical findings provide evidence that both mechanisms exist. Studies analysing the
impact of watching sensitive material over platforms other than the Internet mostly agree that the
substitution effect dominates the behavioural one. Research on the effects of Internet diffusion itself is
scarce, focuses on a very specific kind of crimes (sex crimes) and delivers ambiguous results. Thus, the
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overall effect of Internet diffusion on the most common categories of crime remains a priori unclear. The
purpose of this paper is to empirically address this matter.

3 Data

To investigate the link between Internet diffusion and crime evolution, I exploit the variation in
broadband penetration and criminal activity in the US, in a panel data setup. I employ data on crime (the
dependent variable), Internet penetration (the explanatory variable of interest), household telephone
adoption and employment in the Cable TV sector (the instruments), as well as on a number of
demographic and socio-economic controls. Data is organised in a panel covering a thirteen-year period
(2000-2012) for 51 territories (50 states and the federal district). The information used in this study comes
from several sources.

Crime data

State-level, annual data on crime occurrences are taken from the Uniform Crime Reports (UCR) issued by
the Federal Bureau of Investigation (FBI). These data have been used in mainstream crime literature, for
instance by Kelly (2000) and Donohue and Levitt (2001). Data refer to seven felony offenses entailing
both violent and property crimes. Violent crimes consist of murder and non-negligent manslaughter,
forcible rape, robbery and aggravated assault; property crimes include burglary, larceny-theft and motor
vehicle theft.” The FBI selects these crime categories because they are the most likely to be reported and
to occur with sufficient frequency to provide an adequate basis for comparison.” Total, violent and
property crime rates per 100,000 residents represent the main dependent variables in the analysis. I use
the logarithmic transformation because I expect the variation in crime to be proportional to its initial
level.

In a robustness check, I replicate the analysis at a more disaggregated level. Local data on crime are from
FBI’s UCR too.

Finally, in a heterogeneity test, I use as dependent variables arrest rates for different combinations of age
and gender. Data on arrests by age and sex are from the FBI’s UCR.

Internet data

The explanatory variable of interest must reflect Internet penetration. To the best of my knowledge, there
are no available yearly, state-level data on the diffusion of Internet technologies other than broadband.
Thus, the data I use actually picture the diffusion of broadband Internet. Although this is not ideal, it shall
be kept in mind that, starting from their introduction short before year 2000, broadband platforms have
largely replaced other connections (NTIA, 2011; NTIA, 2013). In addition, the impact of broadband
technologies has arguably been more intense than that of previous technologies (see NTIA, 2004; NTIA,
2011), and it was only with the introduction of broadband platforms that the Internet reached
preponderant levels of penetration in US homes. Thus, it does not seem unsound to approximate the effect
of the Internet diffusion in the period 2000-2012 using broadband penetration. Still, I perform a
robustness check using a different Internet data source to get an indication as to whether this
approximation is reasonable (see Section 6.1.3).

In my baseline analysis, I use data on broadband diffusion from the Federal Communications
Commission’s (FCC) Statistical Reports on Broadband Deployment. These data have already been
employed in the literature. For instance, Bellou (2015) uses them to examine the impact of broadband
Internet penetration on marriage rates in the US. The FCC’s Statistical Reports on Broadband
Deployment provide information on subscribership to Internet access services gathered through the Form
477, which qualifying providers are required to file twice a year. Information includes data on the number
of broadband or high-speed lines (connections to end-user locations that deliver services at speeds
exceeding 200 kilobits per second in at least one direction) by type of user (residential or business) and
per state. I focus on the residential segment because the literature has suggested that Internet availability
may have an impact on crime by affecting people’s spare time allocation choices. Data on residential

2 For felonies’ definitions, see this link.
3 FBI’s website.



broadband penetration has been recorded half-yearly since December 2000.* Because of this data
limitation, my analysis will cover the period starting from 2000 although broadband deployment actually
started at the end of the 1990s. I use for each year the second semester’s report, portraying the situation as
of the end of the year. Data are not available for Hawaii in the period 2000-2005 and for Wyoming in
2000. My explanatory variable of interest is built as the number of residential broadband lines per 100
people in a certain state and year.

In a robustness check at both state and local level, I employ as an alternative source for Internet diffusion
data the Internet and Computer Use Supplement data collected by the US Census as part of its Current
Population Survey (CPS). This source has been used in previous studies. For instance, Kuhn and Mansour
(2011) used it to investigate the impact on unemployment duration of using the Internet in the job search
strategy. CPS Internet data were only collected sporadically during the period of interest, which is why
this is not my baseline source. I focus on a variable indicating whether the household has an Internet
connection, regardless of the connection technology — the survey question is: “Does anyone in this
household connect to the Internet from home? Yes/No”. Over the period of interest, this question was
asked in years 2000, 2001, 2003, 2007, 2009 and 2010. The fact that this variable is not broadband-
specific allows me to get an indication as to whether the effects of broadband penetration can soundly
approximate those of Internet diffusion at large.

Further data

I use data on state-level residential telephone adoption and employment in the Cable TV sector in early
years to build my instrumental variables. Data on residential telephone adoption in 1955 are from the
1956 City and County Data Book collected by the US Bureau of Census. Information is unavailable for
Hawaii and Alaska. In a robustness test, I replicate the analysis at a more disaggregated level. Local data
on residential telephone adoption in 1986 are from the CPS. State- and local-level data on employment in
the Cable TV sector in 1990 are available by the US Bureau of Labor Statistics. I use US Standard
Industrial Classification code 4841, referring to “Cable and other pay TV services”.

I include a number of controls in my regressions. Data about states’ characteristics (area, population, age
and race structure) are from the US Bureau of the Census. State-wide annual averages of unemployment
rates come from the US Bureau of Labor Statistics. Data on per capita personal income are available by
the US Bureau of Economic Analysis. I consider the logarithmic transformation of this variable
throughout the analysis.

Descriptive statistics

Table 1 displays the mean and standard deviation in years 2000 and 2012 for the state-level, time-varying
variables described above, as well as their percentage variation in mean over the said period. The pace of
broadband Internet diffusion reflected by the FCC data has been exorbitant over the period 2000-2012, at
more than 4000%. On the other hand, the increase in Internet penetration (all technologies) portrayed by
the CPS data has been less outstanding as dial-up connections were already quite diffused in 2000, when
they started being replaced by broadband platforms. All crime rates have substantially fallen since the
beginning of the Millennium. In fact, much of the Developed World has experienced a sharp drop in
crime rates since the early 1990s.

4 Empirical strategy

4.1 Baseline model

I estimate the effect of broadband Internet penetration on crime rates evolution in the US using a panel
that covers a thirteen-year period (2000-2012) for 51 territories (50 states and the federal district). |
employ an IV approach, which is summarised by the following equations:

(1) Vst = Po + Bibbrateg + BrXst + pr + 05 + €5t

(2) bbrates, = By + B1(p; * phonerates) + B1(pe * cableTVs) + X5t + pe + 05 + &5

4 Until the second release of 2004, Residential and Small Business are recorded as a single user type. Afterwards, the
Residential and Business segments are recorded separately.
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Where the subscripts s and ¢ denote state and year respectively; ys: is the crime rate per 100,000
residents; bbrateg,; is the number of residential high-speed Internet lines per 100 residents; phonerates
is the number of residential phone lines per 100 residents in 1955; cableTV; is the number of Cable TV
employees per 100,000 residents in 1990; p; and 6 are year and state fixed effects respectively; and X,
is a vector of demographic and socio-economic controls, namely: population density, unemployment rate,
personal income per capita, percentage of Black or African American, percentage of males aged 15-24. In
my baseline analysis, I estimate the model above by 2SLS, whereby Equation (1) represents the second
stage and Equation (2) represents the first stage. I use the robust matrix variance estimator with standard
errors clustered at the state level throughout the analysis.

4.2 1V approach

Broadband diffusion is unlikely to be random with respect to the determinants of crime, even conditional
on the model covariates. For example, states where cities are growing faster may envisage faster
broadband penetration and higher crime growth rates. As a consequence, standard OLS estimation of the
relationship between Internet diffusion and crime would likely suffer from the omitted variable bias, and
estimates would reflect a measure of association rather than a causal effect. To (more) plausibly attach a
causal interpretation to estimation results, it is necessary to somehow filter the overall variation in
broadband penetration and only use the part of it that is exogenous with respect to the determinants of
crime evolution. The IV approach aims at implementing this intuitive strategy.

Instrument definition

I use as instrumental variables for my analysis the number of residential telephone lines per 100 residents
in 1955 and the number of people employed in the Cable TV sector per 100,000 residents in 1990. I
interact the instruments with the time fixed effects because they are time invariant, while the endogenous
variable (crime rate) is not. More specifically, for each state and year, I instrument bbrateg,, the fraction
of population with a residential broadband Internet subscription, with (p; * phonerateg) and (p; *
cableTV;), respectively the fraction of population that had a residential telephone in 1955 and the fraction
of population that was employed in the Cable TV segment in 1990, multiplied by year indicators.

In the next paragraphs I motivate the validity of my instruments in terms of both relevance and
exogeneity.

Instrument motivation

Broadband connection can be provided over different platforms, which entail different technologies. As
shown in Figure 1, at least until the end of the years 2000s, the two most widely diffused platforms for
residential clients in the US were the Digital Subscriber Line (DSL) and the Cable Modem — whereas the
Mobile Wireless technology took over starting from year 2011. The DSL and Cable Modem platforms
rely on the physical networks of previously-existing communication technologies: the telephone’s copper
lines and the Cable TV’s coaxial cables. This fact suggests that residential broadband Internet diffusion
has followed along the penetration path of these earlier communication technologies. Also, this line of
reasoning relates to a more general notion in previous literature (see Stevenson, 2006; Bellou, 2015)
suggesting that the adoption of communication technologies by households follows some long-standing
patterns driven by state-specific factors that are rather stable over time. My IV definition starts from the
hypothesis that the deployment of residential telephone and Cable TV networks in early years represents a
good predictor for recent broadband diffusion.

To support my reasoning, I discuss some technological features of the DSL and Cable Modem
technologies. As explained by the FCC, “DSL is a wireline transmission technology that transmits data
faster over traditional copper telephone lines already installed to homes”.” “With the advent of the
modem, telephone networks were the first networks to provide Internet access. After all, millions of
homes were already ‘wired’ with twisted-pair copper lines”.® Initially, dial-up Internet used the same
analogue network designed for voice to deliver Internet access at lower speeds. To offer high speed
access, the network needed to be upgraded. Then, the DSL technology envisaged a cost advantage

> FCC’s website.
S FCC (2010).



because, since it is “deployed over the same existing twisted-pair copper network used to deliver
telephone service, it benefits from sunk costs incurred when first deploying the telephone network”.’
Similar considerations hold for the Cable Modem technology. According to the FCC, this platform
“enables cable operators to provide broadband using the same coaxial cables that deliver pictures and
sound to your TV set”.® “Cable systems were originally constructed to provide one-way video signals
[...]. In the 1990s with the advent of the Internet and passage of the 1996 Telecommunications Act, cable
companies began upgrading their networks to provide the two-way transmission capabilities required for
Internet data traffic [...]. Such upgrades were seen as attractive since millions of homes were already
‘wired’ with high capacity coaxial cable”.’

Data seem to confirm that telephone and Cable TV early deployment is relevant to the pattern of recent
broadband diffusion. Figure 2 displays actual state-level broadband Internet penetration rates plotted
against those predicted by the rate of residential telephone ownership in 1955 and the fraction of
population employed in the Cable TV sector in 1990, for years 2000, 2004, 2008 and 2012. In each year,
the state dots are clustered around the 45 degree line (at different penetration levels). Although only four
cases are displayed as an example, an analogous outline extends to all sample years. The predictive power
of the historical telephone and Cable TV diffusion patterns for broadband Internet penetration is
remarkable and confirmed by the first-stage estimation results (see Table 2). This outcome was expected,
given that broadband technologies rely on the pre-existing networks of the telephone and Cable TV. What
1s more, these results are in line with the more general notion that some unobserved, state-specific factors
drive the penetration pattern of all residential communication technologies and are rather stable over time
(see Stevenson, 2006; Bellou, 2015). Then it seems reasonable that the deployment of residential
telephone and Cable TV networks in early years is relevant to recent broadband diffusion.

Further than relevant, a good instrument in this context must also be exogenous with respect to the time-
varying determinants of recent crime evolution. In general, instrument exogeneity cannot be tested. At
best, having more instruments than endogenous variables, the Hansen J test for overidentifying
restrictions can be performed. This test assumes that at least one of the instruments is exogenous and
verifies whether all instruments are exogeneous. Results from the Hansen J-test are displayed in the last
two rows of Table 3. They lend some support to the validity of the exogeneity condition for my
instruments. To further enhance the plausibility that this condition is satisfied, the following
considerations hold: (i) I take the value of my instrumental variables in early times (1955 for the
telephone and 1990 for Cable TV) in order to help rule out any reverse effect of the dependent variable
(crime rates in the period 2000-2012) on the instruments — as well as to have a higher level of
heterogeneity among states; (ii) both telephone and Cable TV technologies had virtually reached their full
deployment by the turn of the Millennium, when the broadband Internet diffusion began. This helps rule
out possible direct effects of the instruments on recent crime rates; (iii) among the factors that may be
correlated with both broadband and crime evolution, it is important to distinguish between time-varying
and time-invariant ones. As argued above, I do not rule out that the pattern of broadband Internet adoption
reflects some state-specific features, such as housing or cultural characteristics, which may well be
correlated with recent crime patterns. However, given that these characteristics are stable over time, their
effect will be absorbed by the state indicators. As regards time-varying factors, I perform falsification
tests to check that my results are not driven by underlying state-specific trends (see Section 6.1.1).

In summary, the crucial hypothesis in my IV approach is that the deployment of the telephone and Cable
TV networks in early years provides a relevant source of exogenous variation in broadband penetration.
Although this hypothesis cannot be verified with certainty, outcomes from a number of tests reinforce my
confidence in its validity.

"FCC (2010).
8 FCC’s website.
* FCC (2010).



5 Results

In my baseline analysis I estimate the model by 2SLS, whereby Equation (1) represents the second stage
and Equation (2) represents the first stage. I begin by presenting the first stage outcomes. Second stage
results follow suit. I also report the results from OLS estimation of Equation (1) and display summary
outcomes from the reduced form regression of the dependent variables directly on the instruments.

5.1 First stage estimates

First stage estimation results reported in Table 2 suggest that my instruments are relevant. Telephone and
Cable TV deployment variables are highly correlated with crime rates after controlling for the exogenous
covariates. As expected, the estimated coefficients are positive: a higher level of penetration of residential
telephone and Cable TV technologies in early years is associated with greater broadband Internet
diffusion in recent times. The coefficients are highly significant starting from year 2003. Plausibly, in the
initial period broadband Internet was not widespread enough for a significant effect to be detected.
Starting from 2003, the effect is precisely captured, also thanks to the utter prevalence of DSL and Cable
Modem technologies against other broadband platforms (see Figure 1). Around the end of the sample
period, again significance is eroded, especially as far as the telephone adoption instrument is concerned.
This may be due to the relatively higher expansion of Mobile Wireless broadband connections — which do
not rely on the telephone’s network — with respect to the DSL and Cable Modem technologies. The F-
statistic for a test on whether the excluded instruments are significant is close to 10, reinforcing my
confidence that the instruments are not weak.

5.2 IV and OLS estimates

Turning on to second stage estimation, outcomes are displayed in the first three columns of Table 3.
Results point to a negative and significant effect of broadband Internet on total and property crime rates.
All else being equal, a broadband penetration increase by one additional line per 100 people is associated
with a 1.4% - 1.5% decrease in total and property crime rates. On the other hand, the estimated effect on
violent crime is not significant. These coefficients should be interpreted as a LATE: by construction of
my IV model, they represent the effect of broadband Internet deployment on crime rates for that sub-
population (‘compliers’) for which broadband penetrated according to the patterns of pre-existing
telephone and Cable TV networks. The last two rows in columns 1 to 3 of Table 3 report the Hansen J
statistic and associated p-value. As mentioned, the Hansen J test assumes that at least one of the
instruments is exogenous and tests whether all instruments are exogenous. The joint null hypothesis is
that the over-identifying restrictions are uncorrelated with the error term, and that the excluded
instruments are correctly excluded from the estimated equation. The test does not reject the null
hypothesis, thus it does not rule out that my instruments are indeed exogenous.

The last three columns in Table 3 display the outcomes from OLS estimation of Equation (1). Again,
results envisage a negative association between broadband diffusion and total and property crime rates.
The estimated coefficients indicate that, all else being equal, a broadband penetration increase by one
additional line per 100 people is associated with a 0.6% decrease in crime rates. OLS estimated
coefficients are about 2.3 times smaller in absolute value than 2SLS estimated coefficients. Two
considerations help explain this discrepancy. First of all, the OLS approach is likely to suffer from the
omitted variable bias because broadband diffusion is probably non-random with respect to the
determinants of crime (conditional on other covariates). In particular, it seems to be the case that OLS
estimates do not account for some heterogeneity that sets back the real effect of Internet penetration on
crime rates. A consistent explanation for this bias would be, for instance, that states with faster growing
cities record both faster Internet penetration rate and slower crime declines. The second consideration is
that some compliers’ characteristics relevant to crime evolution may not be homogenous with respect to
the overall population, so that the LATE may be overstating the effect of Internet diffusion on crime for
the population at large. OLS estimates do not suffer from this kind of bias and thus may more closely
reflect the effect of Internet diffusion on crime for the population at large. All in all, considering the
results from the two approaches jointly suggests that the effect of Internet diffusion on total and property
crime is negative and significant.



Relating outcomes to previous theoretical literature, a negative net impact of broadband Internet diffusion
on crime suggests that any arousal effect is dominated by the substitution effect through which online
activities crowd out alternative offline activities that are more likely to lead to crime. In connection with
to previous empirical research, my finding that the net effect of broadband diffusion on crime is negative
is in line with the conclusions reached by those studies analysing the impact on crime of technological
platforms other than the Internet. In addition, my results are not inconsistent with the notion of
heterogeneous effects by type of offense, as broadband Internet diffusion seems to affect property but not
violent crime. I further assess this hypothesis in Section 6.2.1.

5.3 Reduced form relation

Figure 3 reports summary results from the reduced form estimation, which entails regressing crime rates
directly against the instruments and further covariates.'® The reduced form estimates envisage a negative
and significant relation between telephone adoption rate and total and property crime rates. Importantly,
the reduced form relation parallels the pattern displayed by the first stage regression, whereby the link
between the variables is not precisely estimated in the first years of the sample, it becomes significant in
central years, and finally fades away towards the end of the sample period. This parallel outline reinforces
the plausibility that this significant reduced form association in fact reflects the underlying relationship
between broadband Internet penetration and crime, and is motivated by the link between the early
deployment of the telephone network and recent broadband Internet diffusion.

On the other hand, the reduced form estimation detects no significant relationship between crime rates
and the share of population employed in the Cable TV sector in 1990, as displayed in Figure 4.

6 Robustness and heterogeneity tests

6.1 Robustness tests

In this section, I perform additional tests to enhance confidence in my IV results and the plausibility of
their causal interpretation.

To begin with, I run two falsification tests to further assess the validity of my instrumental approach.
Secondly, I estimate the IV model using the limited information maximum likelihood (LIML) estimator.
Then, I replicate the baseline analysis at both state and local level using a different source for Internet
diffusion data.

6.1.1 Falsification tests

An important requirement for my IV setup to be valid is that the instruments are unrelated to the time-
varying determinants of crime evolution. In fact, if the exogeneity condition were violated, no causal
interpretation could plausibly be attached to the results, as they would just reflect the relationship between
Internet diffusion and the underlying state-specific trends in crime. I assess this concern by performing
two falsification tests. In the first one, I exploit the timing of the advent of broadband Internet to increase
confidence that the instruments are unrelated to underlying trends in crime across states. In the second
test, I allow crime evolution to be related to state-specific trends in the exogenous covariates, to check
whether the significant effect detected in my baseline analysis holds or is absorbed by such trends.
Broadband penetration occurred starting from the late 1990s — even though the analysis takes 2000 as the
baseline year due to lack of available data for the previous period. If the instruments are exogenous, there
should not be a significant association between them and crime rates prior to the late 1990s. On the other
hand, a systematic relationship would suggest that the exogeneity condition is violated. I take 1996 to be
the year in which broadband penetration started because literature (for instance, Bellou, 2015) indicates
the 1996 Telecommunications Act — deregulating the broadcasting market and promoting competition in
the telecommunications industry — as the turning point in broadband history. This falsification test studies
the association between the instruments and crime rates over the period 1990-2012. Summary results for
the telephone adoption instrument are presented in

10 Extensive results are available upon request.
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Figure 5."' Remarkably, the estimated coefficients for total and property crime associated with telephone
adoption start being consistently significant in 1996 and highly so (at the 1% level) in 1997. In addition,
the share of people employed in the Cable TV sector in 1990 is not significantly associated to crime rates
in the pre-broadband years. These results enhance confidence that my instruments are exogenous with
respect to the underlying state-specific trends in crime.

A limitation to this test is that, before broadband technologies, dial-up Internet diffused to US households
starting from the early 1990s — its penetration rate was at about 40% in 2000 (NTIA, 2011). Like the DSL
platform, the dial-up technology physically relies on the telephone network. Thus, a finding of some
negative and significant effect in the pre-broadband would not totally rule out the exogeneity of my
instruments, as it may reflect the dial-up Internet effect on crime. In particular, this may explain why the
estimated coefficients for total and property crime in year 1994 are significant. Still, starting from the
beginning of the broadband era (1996-1997), the effect is consistent and more precisely estimated, in line
with the facts that (i) the impact of broadband technologies has arguably been more intense than that of
dial-up connections (see NTIA, 2004; NTIA, 2011), and (ii) it was only with the introduction of
broadband technologies that the Internet reached preponderant levels of penetration in US homes. It is
useful to stress that the said limitation only applies to this specific test and does not extend to the overall
analysis. In fact, my purpose is to investigate the impact of the diffusion of Internet (regardless of the
technology) on crime. Therefore, as long as my instruments are capturing the effect of the diffusion on
crime of some kind of Internet technology, my analysis is not dampened. As explained in Section 3, I am
limited by data availability issues to approximate overall Internet diffusion by broadband Internet
diffusion. This does not seem unreasonable given the above-mentioned points (i) and (i1) together with
the fact that broadband technologies have quickly crowded out dial-up connections since their
introduction. Still, I provide some indication as to the reliability of this approximation by replicating the
analysis using a different source of Internet diffusion data (the CPS) that covers all types of Internet
connections for a more limited number of years (see Section 6.1.3).

All in all, this first falsification test reinforces my confidence that the instruments are exogenous.

I further assess this condition with another test. Following Duflo (2001), I include as further covariates in
Equation (1) the interactions between baseline year (2000) exogenous covariates and either a linear time
trend or time dummies. This falsification test allows crime evolution to be related to state-specific trends
in the exogenous covariates. The purpose of this analysis is to check whether the significant effect
detected in my baseline analysis holds even in this setting.

Equation (1) becomes:

3) Vst = Bo + fibbrates + B Xsr + tXj AiX(s2000),j T Os + st , With a time trend; or

4) Vst = Bo + Pibbrates, + B2 X5 + pr 2j AiX(5,2000),j T Os + st , with time dummies.

Where x;, j = (1, ...,]), are the covariates | am using in my baseline model.

Table 4 displays outcomes from the 2SLS estimation of Equation (3) — columns 1 to 3 — and Equation (4)
— columns 4 to 6. Remarkably, these outcomes show that the negative and significant relationship
between broadband diffusion and total and property crime rates is not accounted for by underlying state-
specific trends in the determinants of crime. In fact, the estimated coefficients for total and property crime
remain negative and significant. Point estimates from the estimation of Equation (3) are very close to my
baseline results, while those from Equation (4) are a bit larger in absolute value. These results also
suggest that the effect of Internet diffusion may be significant also on violent crime rates, once underlying
state-specific trends in the determinants of crime are accounted for. Overall, the analysis reinforces my
confidence that the instruments are exogenous.

6.1.2 LIML estimation of the IV model

The 2SLS estimator is consistent but biased, and the bias is an increasing function of the number of
instruments. In my IV model, I have one endogenous variable and twenty-four instruments. Therefore,
biasedness of estimates may be an issue. To address this concern, I follow Angrist and Pischke (2009)
and estimate my IV model through LIML. The LIML estimator is less precise than the 2SLS one, but it is

' Extensive results are available upon request.
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approximately median-unbiased for over-identified fixed effects models. Therefore, similar outcomes
from the 2SLS and LIML estimations would suggest that biasedness in 2SLS estimates is not much of a
concern. This appears to be the case, as shown in Table 4. LIML results confirm a negative and
significant relationship between broadband diffusion and total (-1.6%) and property (-1.7%) crime. In
terms of sign and significance, these outcomes are identical to results from the 2SLS estimation. In terms
of exact point estimates, LIML estimated coefficient are slightly higher in absolute value with respect to
2SLS ones, but still very close. Overall, these outcomes suggest that biasedness of my baseline IV
estimates does not raise serious concerns.

6.1.3  Analysis using CPS Internet data

I further test my results by replicating the analysis with a different source of data for Internet diffusion. I
use the Internet and Computer Use Supplement data collected by the US Census as part of the CPS. This
source has been widely used in previous literature on the effects of Internet penetration on socio-
economic outcomes (for instance, Kendall, 2007; Kuhn and Mansour, 2011). I focus on a variable
indicating whether the household has an Internet connection, regardless of the connection technology —
the survey question is: “Does anyone in this household connect to the Internet from home? Yes/No”. This
variable is available in six years over the period 2000-2012 (namely: 2000, 2001, 2003, 2007, 2009 and
2010), and has been used in previous related literature (for instance, Kendall, 2007).

Equation (1) and Equation (2) become, respectively:

(5) Vst = Po + BrHHint_rates, + B X5t + pr + 05 + 5t

(6) HHint_rateg; = By + f1(p: * phonerates) + B1(p; * cableTVy) + B, Xse + pr + 05 + 5¢

Where HHint_rates, is the natural logarithm of the percentage of households that have an Internet
connection in state s and year ¢.

The purpose of this specification check is twofold. First, since CPS Supplement has been widely used by
previous literature, it is sensible to replicate my analysis using this information to check whether my
baseline results are confirmed. Secondly, this analysis provides some indication as to whether it is
reasonable to approximate the effect of the Internet diffusion at large using broadband penetration. In my
baseline analysis, I have assumed that such approximation is sound based on the facts that (i) starting
from their introduction around year 2000, broadband platforms have largely replaced dial-up connections
(NTIA, 2011; NTIA, 2013); (i1) the impact of broadband technologies has arguably been more intense
than that of dial-up connections (see NTIA, 2004; NTIA, 2011), and (iii) it was only with the introduction
of broadband technologies that the Internet reached preponderant levels of penetration in US homes. In
line with this, the Internet diffusion variable I employ in my baseline analysis only refers to broadband
technologies. This choice was also dictated by data limitation issues, as overall Internet diffusion data are
only available by the CPS on sporadic years. In this specification check, however, I use CPS data for the
available years and consider a variable that covers all types of Internet connections. The idea is that if the
analysis were to generate substantially different results with respect to my baseline outcomes, this could
imply that the effect on crime of broadband technologies is considerably different with respect to the
effect of the Internet at large.

The first three columns in Table 5 present the second stage results of the IV model. For completeness, I
include in the last three columns the outcomes from OLS estimation of Equation (5). Even using a
different source of data for Internet diffusion, this is estimated to have a negative and significant impact
on total (-1.6%) and property (-1.7%) crime rates. The IV estimated coefficients are considerably close in
magnitude to my baseline results. In addition, these outcomes do not discredit my assumption that the
effect on crime of broadband penetration in the period 2000-2012 approximates that of the Internet
diffusion at large. In conclusion, this specification check furtherly enhances confidence in my baseline IV
estimation results.

6.1.4 Local level analysis

States are huge aggregates and a great deal of variation goes on within their boundaries. Because of this, a
concern with my baseline analysis is that the estimation method may not be appropriate as too big entities
are being considered. To address this issue, I replicate the analysis at a more disaggregated level. To the
best of my knowledge, the only source of Internet data at local level is represented by the CPS Internet
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and Computer Use Supplements, which report data at the Metropolitan Statistical Area (MSA) level.
MSAs are geographic entities institutionally delineated for statistical purposes and consisting of one or
more counties.'> Caution shall be paid because CPS data are not representative for all parts of the US at
the MSA level. " Still, this is the only source available to perform a specification check at a disaggregated
level. I focus on a variable indicating whether the household has an Internet connection, regardless of the
connection technology — the survey question is: “Does anyone in this household connect to the Internet
from home? Yes/No”. This variable is available in six years over the period 2000-2012 (namely: 2000,
2001, 2003, 2007, 2009 and 2010), and has been used in previous related literature (Kendall, 2007).

Local data on crime are available by FBI’s UCR at the county level. They include a coverage indicator
(increasing from O to 100) which represents a measure of data quality for each county per year
combination. | set a minimum threshold for acceptable data quality at 90/100 and replaced all entries that
did not satisfy such requirement with missing values (I replicated the analysis using different floor
thresholds to make sure results do not change significantly). Finally, I transformed county-level data into
MSA-level data and merged them with the Internet diffusion data in a yearly (six years with gaps), MSA-
level panel. MSAs are re-delineated periodically. I focus on the 112 MSAs for which data on the
dependent and control variables are available in all sample years. This number corresponds to about one
third of the total number of MSAs. Table 6 displays the mean and standard deviation for the MSA-level,
time-varying variables described above in years 2000 and 2010, as well as their percentage variation in
mean over such period. Data are in line with state-level figures presented in Table 1 (even though those
statistics referred to years 2000 and 2012). Data confirm that crime rates have been falling while the
Internet was expanding. Crime rates are a bit higher at the MSA level in comparison with the state level.
This is likely to be due to the fact that MSAs are by definition densely populated areas.

For this local level study, I implement both an IV and an OLS setup that parallel the state level analysis.
As instrumental variables, I use residential telephone adoption rate in 1986 and the share of population
employed in the Cable TV sector in 1990, both at the MSA level. Telephone adoption data are available
by the CPS at the MSA level, and 1986 is the first year in which information is reported for a
considerable number of MSAs. Data on employment in the Cable TV segment at the MSA level is
provided by the US Bureau of Labor Statistics.

Equation (1) and Equation (2) become, respectively:

(7) Vst = Bo + f1HHint_rates; + py + 05 + &5

(8) HHint_rateg; = By + f1(p; * phonerate) + B1(ps * cableTVy) + py + 05 + &4

Where the subscript s denotes MSA, HHint rateg, 1s the natural logarithm of the percentage of
households that have an Internet connection and 65 are MSA fixed effects. I use the robust matrix
variance estimator with standard errors clustered at the MSA level.

In contrast with respect to the state level outcomes, my instruments do not seem to work well in the local
setup. In fact, first stage results in Table 7 show that there is no significant association between the
instruments and the endogenous variable in any of the sample years, implying a lack of relevance for the
instruments at the local level.

The first three columns in Table 8 present the second stage results from the IV model, whereas the last
three columns display the outcomes from OLS estimation of Equation (7). All estimated coefficients are
negative and point estimates are not distant in magnitude from those obtained in my baseline analysis.
However, possibly as a result of the lack of relevance of the instruments, only the OLS estimated
coefficients for total and property crime are significant in this setting.

Although no considerations on causality of effects can be drawn from the local analysis, outcomes from
this specification lend support to the finding of a negative and significant association between Internet
diffusion and crime, in line with my state-level results.

6.2 Heterogeneity analyses
Results uniformly point to a negative and significant relationship between Internet diffusion and total and
property crime. Relating to previous literature, these outcomes suggest that any content-driven

12 See http://www.census.gov/population/metro/.
13 See http://www.census.gov/cps/about/fag.html#Q3
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behavioural effect is dominated by the substitution effect. Previous research put forth that the latter may
be heterogeneous across offense types and/or demographic groups. This section aims at testing these
heterogeneity hypotheses.

6.2.1 Effect of broadband diffusion on specific crimes

The negative effect of broadband diffusion on crime may be more intense on that portion of delinquency
that can be understood as recreational rather than predetermined and calculated. The rationale behind this
stems directly from the very concept of substitution effect. Theory suggests that the negative net effect of
Internet diffusion on crime reflects a modification in people’s allocation choices, so that in terms of both
time and energy online diversionary activities crowd out offline diversionary activities that more likely
lead to crime. If this line of reasoning is correct, we shall observe that those types of offenses that are
more likely to be committed in a recreational fashion have been more intensely affected by broadband
penetration. The concept of recreational crime is usually associated with drug use and related offenses.
Unfortunately, this is not one of the categories included in the crime data I am using. Then, the only
hypothesis which seems reasonable to make is that especially severe offenses, like murder and, more
generally, violent crimes are less likely to be pursued with a recreational intent — at least, this should be
the case given that violent crimes are typically associated with more severe punishments. Then, if the
suggested heterogeneity across offense types existed, data should display that property offenses have been
affected more intensely with respect to violent offenses. My baseline results already lend some support to
this hypothesis, in that a significant effect of Internet penetration is found on overall property crime and
not on overall violent crime at large. A further step in this direction can be taken by replicating the
baseline IV analysis using, as dependent variables, specific violent and property offenses.

Table 9 shows the findings. Remarkably, the effects on each property crime are significant. All else being
equal, a broadband penetration increase by one additional line per 100 people is associated with a 1% -
2.3% decrease in burglary, larceny theft and motor vehicle theft rates. On the other hand, the estimated
impact of broadband expansion on each of the violent offenses is not significantly different from zero.
These results are consistent with the hypothesis that the diffusion of the Internet had a more intense
impact on that portion of crime that can be understood as recreational, implying the substitution of one
diversionary activity with another.

Previous empirical research studied the link between Internet and sex crimes. In particular, Bhuller et al.
(2011) used data referring to Norway in an IV setup and found that Internet use is associated with a
significant increase in sex crimes, likely as a result of a behavioural effect driven by the increased
consumption of pornography. On the other hand, Kendall (2007) reached opposite conclusions on the
association between Internet use and rape by studying US state-level data over the period 1998-2003. My
analysis suggests yet another conclusion — that Internet diffusion does not significantly impact the
occurrence of forcible rapes.

6.2.2 Effect of broadband diffusion on arrest rates

It has been suggested that the effect of Internet penetration may be heterogeneous across different
demographic groups. In particular, Griffiths and Sutton (2013) consider that the substitution effect may be
stronger on the youth, who typically contribute more than proportionally to delinquency and are
particularly keen on new technologies. In the words of the authors, “all the time spent online must equate
to less time on the street leading to less potential offending time and a smaller population of available
victims of violence and robbery”. I aim at empirically testing this hypothesis. An important data
limitation is that there is no direct measure of the number of crimes committed by age group. Only when
a crime is cleared by an arrest is it possible to attach an age to the criminal. I employ FBI’s UCR data on
arrests by age and sex to and replicate my baseline IV analysis taking, as dependent variables, arrest rates
for different combinations of age and gender. In particular, I consider the natural logarithm of the number
of people arrested at age 0-14, 0-19, 0-24, 15-19, 15-24, 20+, 30+ as a percentage of people in that age
range. I also consider the percentage of males only arrested at age 0-19, 15-19 and 15-24 — this is because
males are arrested at a considerably higher rate than females.

Second stage results are shown in Table 10. The data does not seem to endorse the heterogeneous effect
proposed by Griffiths and Sutton (2013). In fact, none of the estimated coefficients is significantly
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different from zero. Therefore, I cannot detect a systematic variation in the effect of Internet diffusion
across different demographic groups.

7 Discussion and economic significance

Results uniformly point to a negative and significant relationship between broadband Internet diffusion
and total and property crime rates. Relating these outcomes to previous theoretical literature, a negative
net impact of broadband Internet diffusion on crime suggests that any content-driven behavioural effect is
dominated by the substitution effect — time and energy focused online crowd out alternative activities that
are more likely to lead to crime. In addition, my results lend support to the notion of heterogeneous
effects by type of offense, as broadband Internet diffusion seems to significantly affect property but not
violent crime. In particular, I argue that this outcome fits the prevision that recreational offenses are being
substituted by alternative forms of diversion. This is because I expect mostly property crimes rather than
violent crimes to be committed with a diversionary intent — at least, this should be the case given that
violent offenses are typically associated with more severe punishments. Linking my results to previous
empirical research, the finding that the net effect of broadband diffusion on crime is negative is in line
with the conclusions reached by those studies that analysed the effects on crime of technological
platforms other than the Internet. These studies find evidence that both an arousal and a substitution
effects exist, and that the latter more than outweighs the former — so that the net effect on crime is
negative. The setup of the present research does not allow me to separate between arousal and substitution
effects. However, the finding of a negative net effect is consistent with the notion that the most relevant
mechanism through which the Internet, just like videogames and movies, affects crime is by making
people substitute away from alternative activities that would more likely lead to delinquency.

It is important to put the size of my baseline estimates into perspective. My IV estimates indicate a 1.4%
decrease in total crime rates as broadband penetration increases by one additional line per 100 people.
Broadband diffusion went from 2 to 67 lines per 100 people between 2000 and 2012 (see Table 1). Then,
the estimated variation in total crime rate due to broadband expansion (holding all other covariates fixed)
in the period 2000-2012 can be calculated as:

9)  Aln(y) = BAx

This leads to a substantial effect on crime, of roughly -60%. This figure is huge, especially considering
that the actual variation in total crime rate over the period was about -20.4%. Two factors may help
explain the magnitude of the estimated impact. First, the calculation assumes that all other covariates are
held constant while in reality they are not, so that the overall evolution of crime depends on the
combination of a variety of factors pressuring delinquency both upwards and downwards. Secondly, my
IV estimates must be interpreted as a LATE. The source of exogenous variation in my IV setup comes
from the deployment of the telephone and Cable TV networks in early years. This allows me to identify
the effect of broadband internet deployment on crime rates for the sub-population (‘compliers’) for which
broadband penetrated according to the patterns of pre-existing telephone and Cable TV networks. Then, if
some compliers’ characteristics relevant to crime evolution are not homogenous with respect to the
overall population of users, the LATE will represent a biased estimate of the effect of Internet diffusion
on the population at large. In the case at issue, since DSL and Cable Model broadband technologies were
by far the most widely spread until the end of the 2000s, I can expect the bias to be small. In addition, it is
reasonable to think that such bias would be upwards, so that the LATE actually overstates the impact of
the Internet diffusion on crime for the population at large. The reasoning behind this goes as follows. By
construction, the estimated LATE is plausibly capturing the effect of fixed broadband Internet
connections. In fact it is sound to believe that compliers have a DSL or Cable Modem connection —
exactly because these technologies rely on the pre-existing telephone and Cable TV networks. Both of
these are fixed residential technologies, and this implies that an individual must be at home to use them.
On the other hand, the non-complier users are likely to mostly rely on a Mobile Wireless connection. This
is because the latter (i) does not rely on the pre-existing telephone and Cable TV networks, so it is not be
captured by the instruments; and (ii) over the period 2000-2012, it has represented the third most
widespread residential broadband platform after DSL and Cable Modem (see Figure 1). Then, relating to
the discussion about the substitution mechanisms in Section 2.1, it seems reasonable to expect that the
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effect is more intense on compliers — who surf the Internet from home — rather than on the rest of users —
who access the Internet from their mobiles. This is because, while a content-drive catharsis effect may be
at play for all users, the voluntary incapacitation mechanism — by which Internet negatively affect crime
by simply keeping people off the streets — only affects the compliers. Because of this underlying
difference between the sub-populations, the estimated LATE is likely to be higher than the effect for the
population at large. In this context, the OLS estimates may be of some help. As already mentioned, these
coefficients are likely to suffer from an omitted variable bias. However, they are not biased towards a
specific sub-population and in this sense more closely reflect the effects of Internet diffusion on crime for
the population at large. The OLS estimated coefficients indicate that, all else being equal, a broadband
penetration increase by one additional line per 100 people is associated with a 0.6% decrease in total
crime rates, implying an estimated variation in total crime rate due to broadband expansion about half the
magnitude of the 2SLS estimated effect. This suggests that the LATE may indeed be overstating the
magnitude of the impact of Internet diffusion on crime. Importantly, though, the ongoing considerations
do not notch the core result of the analysis — that the overall effect of Internet diffusion on crime is
negative, significant and substantial.

I have performed a number of falsification and specification checks to enhance confidence in my
outcomes. Overall, these analyses lend support to validity of my IV approach and show that results are
robust with respect to the chosen source of Internet data and level of disaggregation.

Further insights from the analysis suggest that the diffusion of the Internet has a more intense impact on
that portion of crime that can be understood as recreational, implying the substitution of one diversionary
activity with another. On the other hand, I find no evidence that the effects of Internet diffusion on crime
are heterogeneous across demographic groups. Still, this piece of analysis suffers from the limitation that
there is no direct measure of the number of crimes committed by age group.

8 Conclusions

How does Internet diffusion affect crime? Theoretical studies have pointed to both a positive behavioural
impact and a negative substitution effect. The empirical literature on the effects of Internet expansion on
delinquency is scarce and mainly focused on a specific kind of offenses — sex crimes. Non-Internet-
specific empirical research has been carried on in related fields, providing support to the existence of both
the behavioural and the substitution effects. Thus, the overall impact of the Internet diffusion on the most
common types of crime is a priori unclear. This paper aims at casting light on the issue.

I exploit the variation in broadband penetration and criminal activity in the US over the period 2000-
2012. To avoid the omitted variable bias which is likely to affect the OLS estimates, I resort to an IV
approach. My underlying assumption is that the deployment of residential telephone and Cable TV
networks in early years provides a relevant source of exogenous variation in recent broadband diffusion.
This is because the two most widespread non-mobile residential broadband platforms in the US rely on
the pre-existing physical networks of these communication technologies. I investigate this hypothesis
through a number of tests, and outcomes lend support to the validity of this approach. My IV results
suggest that the overall impact of Internet diffusion on the most common property crimes is negative,
significant and substantial. On the other hand, violent crimes seem not to be affected. A number of tests
enhance confidence in the plausibility of a causal interpretation of my results.

This study speaks to the ongoing debate as to the far-reaching social impacts of the Internet, and whether
and how data traffic should be restricted or monitored to prevent potential adverse effects. Overall, my
findings advise against these actions. Still, caution is in order. From a policy perspective, it is important
to disentangle the behavioural and substitution effects. In cases where the former is relevant (although
more than outweighed by the latter), monitoring or restricting some types of contents for some ranges of
users may make the overall negative effect even more substantial.

In addition, this research contributes to the stream of literature investigating the crime drop experienced
by the US since the since the early 1990s. My findings suggest that Internet diffusion should be enlisted
among the factors that have jointly concurred to sustaining the decline.
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Figures and tables
Figure 1: Residential broadband Internet lines by technology (%), 2000-2012
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Figure 4: Reduced form estimation, p, * cableTV
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Table 1: Descriptive statistics, 2000 and 2012

. 2000 2012 o
Variable Mean SD Mean SD Change (%)
Total crime rate 4,052.73 1,040.01 3,225.61 737.87 -20.41
Violent crime rate 443.33 241.14 371.27 178.66 -16.25
Property crime rate 3,609.40 868.12 2,854.33 606.76 -20.92
Residential broadband lines per 100 people — FCC 1.58 0.94 66.95 6.77 4,137.34
Households with Internet connection (%) — CPS 45.11 6.70 73.96'% 6.11%% 64
Black or Afro-Americans (%) 11.15 1191 11.54 10.99 3.50
Male population aged 15-24 (%) 7.27 0.64 7.17 0.39 -1.38
Population density (/sqmi) 315.78  1,172.75 34524 1,294.97 9.33
Personal income per capita ($) 29,441.35 480447 4401427  7,956.04 49.50
Unemployment rate (%) 3.91 0.93 7.37 1.71 88.49

(€%

Note: Crime rates are per 100,000 people. '* These values refer to year 2010.

Table 2: First stage estimation

DV: Residential broadband lines rate

Interaction *Phone adoption rate *Rate of employment in Cable TV sector
(year==2001)* 0.0217 0.0241*
[0.0209] [0.0127]
(year==2002)* 0.044 0.0364%**
[0.0344] [0.0138]
(year==2003)* 0.1551%** 0.0525%**
[0.0578] [0.0186]
(year==2004)* 0.2083%%* 0.0665***
[0.0630] [0.0247]
(year==2005)* 0.2848*** 0.0600%**
[0.0811] [0.0236]
(year==2006)* 0.2885%%* 0.0491*
[0.0672] [0.0277]
(year==2007)* 0.3023%** 0.0886%***
[0.0715] [0.0183]
(year==2008)* 0.3103%** 0.0967***
[0.0734] [0.0142]
(year==2009)* 0.2699%** 0.1240%**
[0.0667] [0.0149]
(year==2010)* 0.2085%** 0.1084%***
[0.0846] [0.0235]
(year==2011)* 0.2323* 0.0851%*
[0.1204] [0.0359]
(year==2012)* 0.1905* 0.1222%%*
[0.0993] [0.0362]
Year effects Yes
Further controls Yes
N 636
F-test for IV 9.7528
F-test for IV - Prob > F 0

Note: Robust standard errors (in brackets) are clustered at the state level. Further controls include population density, unemployment rate, personal income
per capita, percentage of Black or African American, percentage of males aged 15-24. *** ** * denote statistical significance at 1%, 5% and 10%
respectively.

Table 3: Second stage and OLS estimation

2SLS OLS
Total Violent Property Total Violent Property

DV: Crime rate

Broadband lines rate ~ -0.0141*%*  -0.0094  -0.0153***  -0.0060**  -0.0032  -0.0065%*
[0.0051]  [0.0114] [0.0051]  [0.0026] [0.0040]  [0.0027]

Year effects Yes Yes Yes Yes Yes Yes
Further controls Yes Yes Yes Yes Yes Yes
N 636 636 636 656 656 656
Hansen T statistic 24.757 27.982 23.777
p-value 0.3629 0.2165 0.4163

Note: Robust standard errors (in brackets) are clustered at the state level. Further controls include population density, unemployment rate, personal income
per capita, percentage of Black or African American, percentage of males aged 15-24. *** ** * denote statistical significance at 1%, 5% and 10%
respectively.

Table 4: Second stage estimation — Robustness test with time interactions and LIML

. Time trend (A) Time du ies (B) LIML (C)

DV: Crime rate . - .
Total Violent Property Total Violent Property Total Violent Property
Broadband lines rate ~ -0.0154%**  -0.0217**  -0.0153***  -0.0204***  -0.0200%*  -0.0205***  -0.0155%%** -0.01  -0.0170%***
[0.0051] [0.0106] [0.0051] [0.0054] [0.0094] [0.0057] [0.0059]  [0.0124] [0.0059]
Year effects Yes Yes Yes No No No Yes Yes Yes
Further controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 636 636 636 636 636 636 636 636 636

Note: Robust standard errors (in brackets) are clustered at the state level. ***, ** * denote statistical significance at 1%, 5% and 10% respectively. For
column sets (4) and (B): Further controls include contemporaneous exogenous covariates and interactions between baseline year (2000) exogenous
covariates and a linear time trend (column set A) or time dummies (column set B). Contemporaneous exogenous covariates are population density,
unemployment rate, personal income per capita, percentage of Black or African American, percentage of males aged 15-24. I use the 2SLS estimator. For
column set (C): Further controls include population density, unemployment rate, personal income per capita, percentage of Black or African American,
percentage of males aged 15-24
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Table 5: Second stage and OLS estimation — CPS Internet data

. 2SLS OLS

DV: Crime rate . .
Total Violent Property Total Violent Property
HH has Internet (%)  -0.0157%** -0.0092  -0.0170**  -0.0041%* -0.0029  -0.0043**
[0.0075]  [0.0089] [0.0077] [0.0019]  [0.0027] [0.0020]
Year effects Yes Yes Yes Yes Yes Yes
Further controls Yes Yes Yes Yes Yes Yes
N 294 294 294 306 306 306

Note: Robust standard errors (in brackets) are clustered at the state level. Further controls include population density, unemployment rate, personal income
per capita, percentage of Black or African American, percentage of males aged 15-24. *** ** * denote statistical significance at 1%, 5% and 10%

respectively.

Table 6: Descriptive statistics — MSA-level data, 2000 and 2010

2000 2010
1 o,
Variable Mean D Mean D Change (%)
Total crime rate 4357.87  2023.63 374589  1979.23 -14.04
Violent crime rate 453.05 262.11 417.92 271.81 -1.75
Property crime rate 3904.83  1813.73  3327.97 1745.6 -14.77
CPS — HH with Internet connection (%) 47.94 10.76 74.95 9.58 56.34

Note: Crime rates are per 100,000 people.

Table 7: First stage estimation — MSA-level analysis

DV: Household has Internet connection (%)

*Rate of employment in Cable TV sector

Interaction *Phone adoption rate
(year==2001)* 1.871
[5.4539]
(year==2003)* 6.8351
[5.6994]
(year==2007)* -4.361
[4.9199]
(year==2009)* 4.6845
[4.9342]
(year==2010)* -2.5501
[6.2585]

Year effects

Further controls

N

F-test for IV

F-test for IV - Prob > F

Yes
No
540
1.16
0.2382

-0.0359
[0.0371]
-0.0406
[0.0382]
-0.0249
[0.0379]
0.0074
[0.0365]
-0.0343
[0.0398]

Note: Robust standard errors (in brackets) are clustered at the MSA level. No further controls are included. ***, **, * denote statistical significance at 1%,

5% and 10% respectively.

Table 8: Second stage and OLS estimation — MSA-level analysis

. 2SLS OLS

DV: Crime rate . -
Total Violent  Property Total Violent Property
HH has Internet (%) -0.0118 -0.0057 -0.0126  -0.0046**  -0.0034*  -0.0047%*
[0.0120]  [0.0137] [0.0120] [0.0019] [0.0020] [0.0020]
Year effects Yes Yes Yes Yes Yes Yes
Further controls No No No No No No
N 531 531 531 658 658 658

Note: Robust standard errors (in brackets) are clustered at the MSA level. No further controls are included. ***, ** * denote statistical significance at 1%,

5% and 10% respectively.

Table 9: Second stage estimation —

Specific crimes

Violent crimes

Property crimes

DV: Crime rate

Murder  Forciblerape  Robbery  Aggravated assault Burglary  Larceny theft ~ Motor vehicle theft

Broadband lines rate 0.0026 -0.0121 -0.002 -0.0129  -0.0235%** -0.0100** -0.0231%*
[0.0130] [0.0106]  [0.0088] [0.0149] [0.0074] [0.0050] [0.0101]

Year effects Yes Yes Yes Yes Yes Yes Yes
Further controls Yes Yes Yes Yes Yes Yes Yes
N 636 636 636 636 636 636 636

Note: Robust standard errors (in brackets) are clustered at the state level. Further controls include population density, unemployment rate, personal income
per capita, percentage of Black or African American, percentage of males aged 15-24. I use the 2SLS estimator. ***, ** * denote statistical significance at

1%, 5% and 10% respectively.

Table 10: Second stage estimation — Arrests rates by demographic group

. Age 0-19  Age 15-19  Age 15-24
DV: Arrest rate Age 0-14 Age 0-19 Age 0-24  Age 15-19  Age 15-24 Age 20+ Age 25+ Age 30+ Males Males Males
Broadband lines rate -0.012 0 -0.0014 0.0017 0.0004 -0.0105 -0.0143 -0.0155 -0.0009 0.0007 0.0003

[0.0195] [0.0159] [0.0174] [0.0165] [0.0176] [0.0214] [0.0225] [0.0228] [0.0162] [0.0166] [0.0179]
Year effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Further controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 621 621 621 621 621 621 621 621 621 621 621

Note: Robust standard errors (in brackets) are clustered at the state level. Further controls include population density, unemployment rate, personal income
per capita, percentage of Black or Afiican American, percentage of males aged 15-24. I use the 2SLS estimator. The estimation was replicated without the
latter control: results do not change significantly. ***, ** * denote statistical significance at 1%, 5% and 10% respectively.
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Area 3: Microeconomia Aplicada
RESUMO

O presente trabalho investiga os efeitos da mobilidade dos fatores produtivos sobre o
crescimento econdmico € o bem estar social gerados pela politica de Equalizagcdo das
Taxas de Juros (ETJ) ao setor agricola nas regides brasileiras. Utiliza-se do Projeto de
Anélise de Equilibrio Geral da Economia Brasileira (PAEG) nas simula¢des analiticas. E
analisado um cenario em que o valor do subsidio da politica de ETJ e do crédito rural
subsidiado disponibilizado pela ETJ sdo eliminados da agropecuaria, sendo que o crédito
subsidiado ¢ realocado entre os diversos setores da economia. O cendrio ¢ analisado
considerando trés diferentes situagdes de mobilidade dos fatores produtivos: auséncia de
mobilidade, mobilidade parcial e mobilidade perfeita. Todos os resultados da pesquisa
sdo apresentados com os sinais trocados a fim de se obter os efeitos da politica de ETJ e
do crédito gerado por essa politica na economia. Os resultados revelam crescimento do
PIB nas regides brasileiras menor que o custo da politica. Portanto, a politica de ETJ, em
termos de geracgdo de crescimento econdmico, apresenta taxa de retorno negativa. Quando
se considera a andlise em termos de bem-estar, os efeitos do choque sdo positivos e
maiores que o custo da politica para todas as regides brasileiras. Portanto, a politica de
ETJ, em termos de geragdo de bem-estar, apresenta taxa de retorno positiva.

Palavras chave: crédito rural, mobilidade de fatores, equilibrio geral, PAEG.

ABSTRACT

This paper investigates the effects of primary production factor mobility on economic
growth and welfare generated by the interest rate equalization policy (ETJ) in the
agricultural sector in the Brazilian regions. This study uses the General Equilibrium
Analysis Project for the Brazilian Economy (PAEG) to perform the analytical
simulations. The study analyzes a scenario in which the value of the ETJ policy and the
subsidized rural credit provided by the ETJ are eliminated from agriculture. The
subsidized credit is reallocated among the various sectors in the economy. The scenario
is analyzed considering the mobility of three different primary production factors among
Brazilian regions: zero mobility, partial mobility and complete mobility. The results are
presented with the signals exchanged to obtain the effects of ETJ policy on the economy.
The results suggest that GDP growth is lower than the subsidy cost in all Brazilian regions
except in the Midwestern and Southearn regions with complete factor mobility. In terms
of generating economic growth, the ETJ policy therefore presents a negative rate of
return. When one considers the analysis in terms of welfare, the shock effects are positive
and higher than the cost of the policy to all regions of Brazil. In terms of welfare
generation, the ETJ policy therefore presents a positive rate of return.

Keywords: rural credit, primary factors mobility, general equilibrium, PAEG

Classificacao JEL: C68 / Q14 / Q18



1. Introducio

Politicas intervencionistas em mercados agricolas sdo eventos comuns em paises
desenvolvidos e em desenvolvimento. Entretanto sdo criticadas por diversas instituicoes
multilaterais como o Banco Mundial, o Fundo Monetario Internacional (FMI) e a
Organization for Economic Co-operation and Development (OECD). E postulado pela
teoria classica, nos modelos de equilibrio parcial que os subsidios agricolas geram
ineficiéncias alocativas, distributivas, além de custo social. A maioria dos paises
desenvolvidos, entretanto, adota uma politica intervencionista insistindo na pratica de
subsidios. A justificativa desses governos ¢ que a auséncia de protecdo faria com que
muitos produtores abandonassem suas atividades, agravando problemas sociais. A partir
do exposto questiona-se se as justificativas sociais sao o agente motivador da pratica de
subsidios ou se essa politica promove crescimento econdmico maior que seu custo.

O lado social engloba a manuten¢ao do emprego no campo, o poder de compra da
populagdo rural, entre outros argumentos, utilizados como alicerce para adogdo das
politicas agricolas citadas, mas, além das razdes sociais, a manutenc¢ao dos subsidios pode
ocorrer por razdes econdmicas. Gasques e Villa Verde (2003), Castro e Teixeira (2004),
Cardoso, et.al (2011), consideram, além do lado social, a existéncia de resultados
positivos sobre o crescimento econdmico brasileiro.

Um estudo de Taylor (1994), diz que incentivos agricolas combinados com
elevacao de renda, podem gerar um processo de desenvolvimento econdmico ja que
também impactam positivamente setores ndo agricolas.

Um estudo feito por Cardoso et.al (2014), com dados de 2004, simula, utilizando
um modelo de equilibrio geral, o PAEG, a eliminag¢io do subsidio agricola recebido por
meio da equalizagdo da taxa de juros e a eliminacdo do consumo de insumos
intermediarios proporcionado pelo crédito rural subsidiado a esse setor. Dessa forma, a
autora estabelece a importancia da politica ETJ com a promog¢do do crescimento
econdmico e do bem-estar nas regides brasileiras.

Segundo Mundell (1961), o equilibrio geral da economia ¢ afetado pela
mobilidade dos fatores de produgdo. A teoria neoclassica da produgdo postula que ha
migracdo de mao-de-obra das regides de baixos saldrios para regides com mais altos
salarios até que as diferengas sejam eliminadas. Em um mercado perfeito, o capital fluira
das regides de baixo rendimento para as regides de maior rendimento, até que novamente,
as diferengas se anulem.

Segundo Souza (1981), a mobilidade dos fatores ndo ¢ total, e sim dindmica, e ha
uma série de restri¢des que ocorrem influenciando esse processo. A despeito da migragao
da mao-de-obra, despesas de viagem, distancia e custo de instalacdo para o emigrante sdo
alguns dos fatores limitantes. Em relagdo as restricdes a mobilidade do capital, o autor
considera a instabilidade das demandas regionais, imobilidade do capital devido a
investimentos fisicos como equipamentos ou infraestrutura em uma dada localizagao,
além do fator seguranga que dificulta o acesso de pequenas firmas ao capital. Ainda
segundo Souza (1981), os elementos ndo sdo distribuidos uniformemente no territorio,
existe heterogeneidade e descontinuidade, auséncia de vias de transporte em todas as
dire¢des e concentragdo demografica e industrial.

Este trabalho divide-se em mais trés se¢des além desta introducdo. Na segunda
secdo estd a metodologia com a apresentacdo do modelo PAEG, a fonte de dados e os
cenarios analiticos. Na terceira se¢do, expdem-se os resultados. Na quarta segao,
encontram-se as principais conclusoes.



2. Metodologia

Modelos Aplicados de Equilibrio Geral seguem uma base tedrica walrasiana onde
a economia ¢ concorrencial e possui dois agentes principais, produtores e consumidores.
Os agentes produzem, consomem e comercializam bens e fatores. Os consumidores, com
suas restricdes orgamentarias e cestas de preferéncias, demandam bens maximizando sua
funcdo utilidade. As preferéncias sao, hipoteticamente, continuas e convexas, ¢ delas
resultam fungdes de demanda continuas e homogéneas de grau zero em relagdo aos
precos, ou seja, somente os precos relativos podem ser determinados.

Do lado da produgio, a tecnologia é descrita por uma fun¢do de produg¢dao com
rendimentos constantes de escala, significando que, no equilibrio, o lucro das firmas ¢
nulo. As firmas sdo dotadas de uma determinada tecnologia de producdo e demandam
fatores de forma a minimizar seus custos. Esses modelos possibilitam a andlise de efeitos
diretos e indiretos advindos de alteracdes em politicas publicas, tais como choques
tarifarios, modificacdes em aliquotas de impostos e subsidios (TEIXEIRA, PEREIRA,
GURGEL, 2013, p.14).

Para captar os efeitos alocativos e distributivos que uma politica intervencionista
pode gerar dentro de mercados agricolas, as andlises aplicadas de Equilibrio Geral
Computaveis sao as mais indicadas, j& que permitem que essa captacdo seja feita tanto
para o mercado de bens quanto o de fatores e sobre a distribui¢do setorial da renda.
Portanto o referencial tedrico que corrobora a pesquisa em questdo, toma como base a
analise classica de equilibrio geral da economia.

2.1. O Modelo PAEG

O PAEG (Teixeira, Gurgel e Pereira, 2013) ¢ um modelo estatico, multiregional e
multissetorial e teve sua elaboragdo baseada no GTAPinGAMS (Rutherford e Paltsev,
2000; Rutherford, 2005) que, por sua vez origina-se do GTAP! (Hertel, 1997; GTAP,
2001). Existem algumas diferencas entre os dois modelos. Diferentemente do GTAP, que
utiliza a linguagem GEMPACK (Codsi e Pearson, 1988), o PAEG adota a estrutura basica
do modelo GTAPinGAMS, que foi elaborado como um problema de complementariedade
mista ndo-linear, em linguagem de programacio GAMS? (General Algebraic Modeling
System, Brooke et al., 1998). Adicionalmente, segundo Teixeira, Gurgel e Pereira (2013)
no PAEG a base de dados’® referente a economia brasileira foi desagregada a fim de
representar suas cinco grandes regides (Centro Oeste, Norte, Nordeste, Sul e Sudeste),
mantendo intactos os dados do GTAP para as demais regides do mundo, e os dados de
fluxos comerciais entre o Brasil e as demais regides do mundo.

O PAEG representa a forma como os bens e servigos sdo produzidos na economia
brasileira e mundial. As regides sdo representadas por uma estrutura de demanda final e
o comportamento dos agentes € otimizador, eles maximizam seu bem-estar sujeitos a sua
restricdo orgamentaria, considerando fixos o investimento e a produgdo do setor publico.
Os setores produtivos minimizam o0s custos com uma combinagdo de insumos
intermediarios e fatores primarios de produ¢do, dada a tecnologia. Os fluxos bilaterais de
comeércio entre as regides, os custos de transporte, impostos e/ou subsidios também estdao
presentes na base de dados (GURGEL et.al, 2011). A Tabela 1 descreve os indices
representados no modelo.

! Modelo de equilibrio geral computavel multiregional, multissetorial. Ver detalhes em www.gtap.org

2 Sistema Geral de Modelagem Algébrica

3 Maiores informagdes sobre a conciliagdo dos dados das matrizes regionais brasileiras estio disponiveis
em www.paeg.ufv.br, secdo publicacdes, Technical Papersn® 1,2 e 3.



Tabela 1: [ndices de conjuntos da base de dados do modelo PAEG, 2007.

Indice Descricao
1,] Setores e bens
r,s Paises e regioes

fem  Fatores de produgdo de mobilidade livre dentro de dada regido: trabalho e capital

fes Fatores de produgdo fixos: terra e outros recursos naturais

Fonte: Gurgel et al.(2011).

O funcionamento do modelo pode ser demonstrado a partir das identidades
contabeis macroecondmicas. A producdo doméstica ¢ distribuida entre exportacdes,
servicos de transporte internacional, demanda intermediaria, consumo privado,
investimento, e consumo do governo. Bens importados sdo utilizados no consumo
intermediario, no consumo privado € no consumo do governo.

Na producao do bem j (Y;-) incluem-se insumos intermediarios (domésticos e
importados), fatores de producdo moveis e consumo do agente publico. A renda dos
fatores de producdo ¢ distribuida ao agente representativo. O equilibrio nos mercados de
fatores ¢ dado por uma identidade que relaciona o valor do pagamento dos fatores com a
renda destes.

O equilibrio entre oferta e demanda requer que as exportagdes sejam iguais as
importagdes. Da mesma forma, a oferta agregada do servico de transporte, € igual ao valor
dos servicos de transporte nas exportagdes. O equilibrio entre oferta e demanda, no
mercado de servigos de transporte, iguala a oferta desses servicos a soma dos fluxos
bilaterais de servigos de transporte adquiridos nas importagdes de bens.

A renda do governo ¢ dada pela soma dos impostos e transferéncias. Assim a
restricdo orgamentaria do governo pode ser representada pela equagao (1).

vgmr=leYr+ R¢ + RS + ZR#+ RHH + vb, (D

l l

Onde (R}, (RS), (RE) (RM) sdo impostos indiretos na produgdo e exportagio,
sobre consumo, na demanda do governo e nas importagdes, respectivamente. RHH
representa os impostos indiretos ao agente representativo, bem como transferéncias do
exterior, vb,..

A restricdo or¢amentaria do agente representativo relaciona a renda dos fatores de
producao, descontada dos pagamentos de impostos, com as despesas de consumo e
investimento privado.

Portanto, partindo das identidades apresentadas, ¢ possivel visualizar dois tipos de
condic¢do: o equilibrio de mercado (oferta igual a demanda para todos os bens e fatores de
produc¢do) e o balanco da renda (renda liquida igual a despesa liquida). No modelo PAEG,
assim como no GTAP, consideram-se competicao perfeita e retornos constantes a escala,
de forma que os custos de produgdo se igualem ao valor da produgdo, e os lucros
econdmicos, a zero. Tal condicdo se aplica a cada um dos setores produtivos e atividades.

As identidades economicas do modelo, contudo, ndo descrevem o comportamento
dos agentes econdmicos. Para entender o funcionamento do modelo, ¢ preciso descrever
como os agentes e setores se comportam. No entanto, nem todas as funcdes de
comportamento serdo apresentadas, para nao ocorrer uma fuga ao objetivo do presente
estudo.



O comportamento das firmas ¢ otimizador e definido por fungdes de produgdo, e
¢ representado em blocos de producao, uma vez que se utiliza a syntax do algoritmo
MPSGE, desenvolvido por Rutherford (1999). Os setores produtivos combinam insumos
intermedidrios e fatores primarios de producao, a fim de minimizar custos, dada a
tecnologia. Apresenta-se na Figura 1 a “arvore tecnologica” que representa o bloco de
oferta de Y;,- e descreve as tecnologias assumidas pelas firmas nas indistrias do modelo.

py(sr)

|
)&tl = esubd(i/\ /\

py(i.r)

..... a~egsubva(j)

py(sfj,r) ... pfmfyr) ...

esubva(j): elasticidade de substitui¢do entre os fatores de producdo que compdem o valor adicionado.
esubd(i): elasticidade de substituicdo entre os fatores domésticos e importados.
Fonte: Adaptado de Gurgel et al. (2013).

Figura 1: Arvore tecnolégica da estrutura produtiva do PAEG.

Observa-se na Figura 1 que a oferta das firmas ¢ definida por um problema de
otimizagdo e objetiva-se a minimizacdo dos custos unitarios, a partir da combinagdo de
insumos primarios de producdao e insumos intermediarios, domésticos ¢ importados.
Assim, primeiramente, as firmas decidem a combinagdo de fatores primarios que sera
empregada (py(sf,j,r)) e (pf(mf,r)). A decisdo ¢ tomada com base na elasticidade de
substitui¢do entre os fatores da produgdo que compdem o valor adicionado (esubva(j)).
Posteriormente, adquirem cestas de insumos intermediarios, sobre as quais decidem entre
bens domésticos e importados (py(i,r)) por meio da elasticidade de substituigdo
(esubd(i)). O produto final é representado por (py(j, 7)).

A Figura 2 representa o bloco de produgdo (ftr) responsavel pela alocagdo de
fatores entre regides diferentes, em resposta a mudancas na economia. Nesse bloco, as
dotagdes de um tipo de fator (f) advindas de todas as regides estdo disponiveis como
insumos, para serem transformadas em fatores regionais que serdo utilizados
especificamente em cada uma das regides. O simbolo o determina a elasticidade de
transformagdo de um fator de uma regido em relacdo a esse mesmo fator de outra regido.

Os fatores primarios apresentados tem elasticidade de substitui¢do igual a zero,
ou seja, Leontief no equilibrio inicial. Essas elasticidades definem que os fatores das
diferentes regides sao sempre combinados em proporg¢oes fixas, de acordo com a dotagao
regional inicial. Apos algum choque, esses fatores sdo distribuidos para as diversas
regides considerando uma funcdo Cobb-Douglas de transformacgdo entre as regides, ou
seja, ndo € possivel o livre movimento do capital ou trabalho de uma regido para outra,
diante de diferencas nas remuneragdes dos fatores, uma vez que as caracteristicas e
composicdo dos fatores de cada regido ndo sdo exatamente iguais.
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o = Elasticidade de transformacao entre os fatores das diferentes regides.
ptbra: Preco da dotacdo de fator de cada regido.

pf: Prego da dotacdo de fator nacional.

Fonte: Adaptado de Gurgel et al. (2013).

Figura 2: Arvore tecnolégica da estrutura do bloco de alocagio de fatores do
PAEG.

Contudo, esse bloco permite representar algum grau de mobilidade de fatores entre
regides, na medida em que uma mudanga na remuneracdo relativa de uma regido em
relacdo as demais tende a atrair trabalho e capital das demais regides do pais. Também ¢
possivel alterar as elasticidades de transformagao a fim de representar a hipotese de livre
mobilidade dos fatores entre as regides brasileiras (¢ = o0), de tal forma que, ap6és um
choque, qualquer diferenga na remuneragao de um fator entre regides ¢ completamente
eliminada pela migracdo de fatores, o que significa que hé apenas um preco (salario ou
retorno do capital) em todas as regides do pais. Para representar a mobilidade perfeita de
fatores, a elasticidade de transformagdo o, € equivalente a o, uma vez que se especifica
no modelo, em substituicdo a arvore tecnologica representada na Figura 2, fungdes de
transformacdo da dotacdo de fator de cada regido, precificada por pfbra(f,r), em um fator
de produgao de uso nacional, precificado como pf(f), sem a atribui¢ao regional a0 mesmo.
Isso significa que, apos um choque, o total utilizado de capital e trabalho em uma dada
regido nao precisa ser igual a dotagdo inicial destes fatores, mantendo-se, contudo a
consisténcia agregada a nivel nacional, de que a soma do fator utilizado nas cinco regides
brasileiras seja igual a soma da dotacdo inicial do fator nas regides. Por fim, pode-se
também considerar a hipdtese de ndo mobilidade dos fatores produtivos entre as regides
brasileiras, o que significa que cada fator de produgdo ¢ especifico da regido, podendo
apenas ser transferido ou alocado entre setores dentro da propria regido.

O problema de otimizag¢@o na producao de Y;,- define uma funcao de produgdo com
elasticidade de substitui¢do constante (CES), em que componentes do valor adicionado
(fatores primarios de produ¢do) podem ser substituidos, sendo tal processo determinado
a partir de uma elasticidade de substituigdo representada pelo pardmetro esubva; no
modelo. Os insumos intermedidrios e o valor adicionado s3o combinados a partir de uma
funcdo Leontief, em que ndo podem ser substituidos uns pelos outros. Cada insumo
intermediario j, nessa fun¢do Leontief, ¢ uma combinacdo entre uma parcela doméstica e
importada do mesmo bem j, a partir de uma funcdo CES de elasticidade de substituigdo,
representada pelo parametro esubd,;.



O consumo da administracdo publica ¢ representado, no modelo, por uma
agregacao Leontief, composta por bens domésticos e importados. O consumo do agente
privado pode ser representado por um problema de minimizacao do custo de dado nivel
de consumo agregado.

No modelo PAEG, a mensurag¢do dos resultados ¢ dada através de pardmetros e
de calculos dos impactos do cenério implementado. Variagdo Equivalente (Ev) € o nome
que recebe o parametro que armazena o resultado da mudanga percentual no bem-estar.

O fechamento do modelo PAEG considera fixa a oferta total de cada fator de
producao, mas garante mobilidade entre os setores, dentro de uma regido. A mobilidade
dos fatores primarios entre as regides brasileira pode ser total, parcial ou inexistente, € o
presente estudo fard uma analise para as trés situagdes. O modelo considera que nao ha
desemprego; portanto, os pregos dos fatores sdo flexiveis. Pela oOtica da demanda,
investimentos e fluxos de capitais sdo mantidos fixos, bem como o saldo do balango de
pagamentos. Dessa forma, mudancas na taxa real de cambio devem ocorrer para
acomodar alteragdes nos fluxos de exportagdes e importacdes apods os choques. O
consumo do governo podera alterar com mudangas nos pregos dos bens, assim como a
receita advinda dos impostos estara sujeita a mudangas no nivel de atividade e no
consumo. A Tabela 2 mostra como os setores e as regides do modelo foram agregados
nesse estudo.

Tabela 2: Agregacao dos setores do modelo PAEG.

Setores Siglas Regides Sigla
Arroz (pdr)  Brasil — Regido Norte NOR
Milho e outros cereais (gro)  Brasil — Regido Nordeste NDE
Soja e outras oleaginosas (osd)  Brasil — Regido Centro-Oeste COE
Cana-de-agtcar, beterraba, industria do (c_b) Brasil — Regido Sudeste SDE
acucar
Carnes ¢ animais vivos (oap)  Brasil — Regido Sul SUL
Leite e derivados (rmk)  Resto do Mercosul RMS
Outros produtos agropecudrios (agr) Venezuela VEM
Produtos alimentares (foo)  Estados Unidos USA
Industria Téxtil (tex)  Resto do Nafta RNF
Vestuario e cal¢cados (wap) Resto da América ROA
Madeira e mobiliario (lum) Europa EUR
Papel, celulose e industria grafica (ppp) China CHN
Quimicos, industria da borracha e plasticos (crp)  Resto do mundo ROW
Manufaturados (man)
Eletricidade, gas, distribui¢do agua (siu)
Constru¢ao (cns)
Comércio (trd)
Transporte (otp)
Servigos e Administragdo Publica (adm)

Fonte: Resultado da Pesquisa.

2.2. Cenario Analitico

O cenario analitico estruturado considera mobilidade total, parcial e auséncia de
mobilidade dos fatores produtivos (trabalho e capital) entre as regides brasileiras. Essa
alteracdo na mobilidade de fatores ¢ obtida modificando-se a eclasticidade de
transformagao, o, do bloco de producao ftr do modelo. Ao se considerar o = 0, admite-
se uma funcdo de transformagdo do tipo Leontief, que representa a auséncia de
mobilidade entre os fatores produtivos, ou seja, eles sao combinados em proporg¢des fixas,



antes e apos o choque do modelo; Quando o =1, considera-se uma funcdao de
transformagdo do tipo Cobb-Douglas, que representa a combinacdo de fatores que
compde a mobilidade parcial. No ultimo caso o parametro o ¢ deixado livre (6 = o),
representando a mobilidade total dos fatores.

A fim de mensurar o efeito da politica de ETJ sobre as macrorregides brasileiras,
eliminam-se todo o gasto governamental com a politica de ETJ, isto €, com o subsidio da
ET]J, e todo o crédito rural subsidiado disponibilizado pela politica de ETJ. A partir de
dados referentes ao gasto do governo com a ETJ para cada produto agropecudrio em cada
macrorregido, calcula-se uma proporcao dos subsidios totais que compete a ETJ para cada
cultura e regido. E promovido um choque na variavel subsidio (7f0) apenas nas atividades
do setor agropecuario. Esse choque simula a completa eliminagdo da ETJ. Em algumas
atividades de determinadas regides, as aliquotas encontradas para a ETJ sao maiores que
a aliquota do subsidio total representada no PAEG, sendo assim, quando a aliquota da
ETJ supera a aliquota referente ao subsidio total no PAEG, considera-se que todo subsidio
naquele setor consiste em ETJ e, portanto, todo ele ¢ eliminado; entretanto, quando a
aliquota de ETJ ndo supera a aliquota de subsidio total em determinada atividade no
PAEQG, retira-se apenas a parcela referente a ETJ do subsidio total.

Apo6s a implementagao do choque que retira o subsidio da ETJ do setor agricola,
o crédito disponibilizado pelo subsidio da ETJ ¢ excluido da agropecudria e permite-se
que seja realocado livremente entre os setores (incluindo os agropecudrios), de acordo
com a atratividade dos mesmos.

A fim de que o crédito disponibilizado pelos bancos por meio da ETJ seja
retirado da agropecudria e realocado na economia, de acordo com a atratividade dos
setores, cria-se um artificio na modelagem. Esse artificio consiste em adicionar um novo
fator de produgdo fixo (artificial) aos setores receptores da ETJ, na propor¢do de apenas
1% do total do valor da producao de cada setor receptor do crédito subsidiado pela ETJ,
para nao distorcer a contabilidade do setor, mas que deve ser considerado como
complementar perfeito (Leontief) ao agregado de demais insumos e fatores de producao
utilizados pelo setor. Entao, quando do choque de retirada do crédito, diminui-se a oferta
desse fator de produgdo artificial na mesma propor¢ao em que o setor recebe o crédito da
ETJ. Como exemplo, se o crédito disponibilizado pela ETJ para um setor qualquer na
regido Sudeste for calculado como 10% do valor da producao do setor no ano base do
modelo, diminui-se a oferta do fator de producao fixo artificial daquele setor em 10%.
Como tal fator possui uma relagdo complementar perfeita com os demais insumos e
fatores utilizados pelo setor, isso garantira que o setor reduza todo o volume de recursos
utilizados para sua producdo em 10%. Esses recursos podem, entdo, ser utilizados em
qualquer outro setor da economia.

Para garantir que os proprios setores agropecuarios que recebem ETJ também
possam ser receptores desse volume de crédito, caso sejam suficientemente competitivos,
permite-se que o fator fixo artificial seja produzido a partir de uma fun¢do que combina
capital e trabalho. As proporg¢des de capital e trabalho nesse setor sao as mesmas desses
fatores no estoque total de fatores da regido. Dessa forma, se um determinado setor
agropecuario ainda for relativamente mais competitivo e atrativo que outros, mesmo sem
o subsidio da ETJ, a eliminagao do subsidio e a retirada for¢ada do crédito associado ao
subsidio aquele setor ndo impedirdo que o setor volte a crescer, ja que o fator fixo artificial
pode ser gerado pela combinagdo de capital e trabalho.



3. RESULTADOS

Nessa se¢do ¢ apresentada a andlise de resultados para a simula¢do do cenério
proposto nesse estudo.

3.1 Efeitos dos gastos do governo e do crédito rural disponibilizado pela ETJ
com realocacio desse crédito nas economias regionais

Nessa secao objetiva-se implementar um choque em que retira-se dos setores
agricolas o subsidio da ETJ e o crédito disponibilizado via ETJ. Esse crédito
disponibilizado pela ETJ serda realocado livremente entre os setores (incluindo o
agropecuario), de acordo com a atratividade de cada um deles. Todos os resultados serdo
apresentados e discutidos com os sinais trocados, representando o efeito que teria a
introducao do subsidio via ETJ e do volume de crédito rural disponibilizado por indugao
da aplicacdo da ETJ exclusivamente para os setores agropecudrios. Esses resultados
representam o retorno do subsidio e do crédito rural no seu melhor emprego alternativo.
A andlise ¢ feita considerando mobilidade nula, parcial e total dos fatores de produ¢ao
entre as regides brasileiras.

3.1.1 Impactos no PIB e no retorno aos fatores primarios

A fim de avaliar o retorno da politica sdo examinados os efeitos do subsidio e do
crédito rural disponibilizado pela ETJ em termos de sua capacidade de promover
crescimento econdmico e bem-estar nas regides brasileiras. A Tabela 3 mostra os
resultados para variacdes no PIB das regides brasileiras, em termos monetarios,
comparado aos gastos do governo com a politica de ETJ.

Verifica-se que quando ha auséncia de mobilidade entre os fatores a ETJ gera um
aumento no PIB das regides brasileiras, exceto para o Sudeste. A regido Nordeste foi a
maior beneficiada com a politica. O gasto nessa regido ¢ de R$ 0,33 bilhdo,
disponibilizando R$ 1,51 bilhdo de crédito rural. A ETJ, e o crédito subsidiado, geraram
um aumento no PIB de R$ 0,13 bilhdo. O efeito multiplicador nessa regido mostra que
para cada real gasto com a politica ETJ, ha um aumento de R$ 0,40 no PIB.

Tabela 3: Efeitos dos gastos com equalizagdo das taxas de juros dos recursos aplicados
sob a forma de crédito rural no PIB das regides brasileiras, na auséncia de
mobilidade de fatores, 2007 (RS bilhdes).

. Mobilidade Nula  Mobilidade Parcial Mobilidade Total
Gasto  Crédito

Regides ETI'  Gerado Efeito Multipli- Efeito Multipli- Efeito Multipli-

no PIB? Cador’' noPIB*> Cador?' noPIB? Cador?!

NOR 0,11 0,50 0,02 0,18 -0,26 -2,45 -0,69 -6,41

NDE 0,33 1,51 0,13 0,40 -0,25 -0,78 -0,3 -0,92
COE 0,42 2,07 0,08 0,20 0,01 0,03 0,5 1,21
SDE 0,97 4,79 -0,08 -0,08 0,47 0,49 -0,59 -0,61
SUL 1,07 5,13 0,11 0,10 0,36 0,34 1,47 1,37
BRA 2,89 14,02 0,26 0,09 0,33 0,11 0,38 0,13

Fonte: Resultados da pesquisa.



Com mobilidade parcial, os resultados mostram que o recurso destinado a
politica ETJ e o crédito subsidiado geram aumento no PIB de trés das cinco regides
analisadas. A regido Sudeste foi a que apresentou o resultado mais positivo, tanto em
termos de PIB, R$ 0,47 bilhdo, quanto de multiplicador. Para cada real gasto com ET]J,
ha um aumento no PIB de R$ 0,49.

A total mobilidade dos fatores produtivos entre as regides gera diferentes efeitos
no PIB em relacdo a analise feita com auséncia de mobilidade. Quando ha remog¢ao do
gasto com ETJ, apenas as regidoes Centro Oeste e Sul respondem positivamente. Enquanto
que para as regioes Norte, Nordeste e Sudeste o efeito sobre o PIB ¢ negativo. Esses
resultados mostram-se diferentes do trabalho apresentado por Cardoso et al (2014) apenas
para a regiao Nordeste, onde os autores, em um estudo feito para o ano de 2004, com total
mobilidade de fatores encontram uma variacao positiva de R$ 0,97 bilhdo para o PIB da
regido Nordeste.

Na auséncia de mobilidade entre os fatores de produgdo, o gasto com ETJ, de
modo geral, gera crescimento no PIB menor que o custo da politica, com aumento de R$
0,26 bilhdo para o Brasil. A presenca da politica ETJ, em termos de geracdo de
crescimento econdmico, apresenta taxa de retorno negativa, ou seja, para cada real gasto
com ETJ no Brasil, ha um aumento de R$ 0,09 na economia.

Quando ha mobilidade parcial dos fatores produtivos, o resultado agregado, para
o Brasil, mostra que a politica gera crescimento economico em termos de PIB, R$ 0,33
bilhdo, com taxa de retorno negativa, ou seja, para cada real gasto com a politica ETJ, ha
um aumento de R$ 0,11 no PIB brasileiro.

Considerando a total mobilidade dos fatores de producdo, percebe-se que no
agregado Brasil, a politica gera efeitos positivos sobre o PIB. Mas ndo se afirma o mesmo
para todas as regides brasileiras. Sendo assim, sob esse efeito de mobilidade dos fatores,
ndo se pode afirmar que a politica ¢ favoravel a economia de todas as regides.

O gasto com ETJ e o crédito subsidiado mostram-se importantes para o PIB das
regides Sul e Centro Oeste, sob os diferentes movimentos de fatores adotados. Esse
resultado indica o quanto o setor agricola ¢ forte nessas duas regides e fortalece a ideia
de que o subsidio gera crescimento econdmico.

Para as regides Norte e Nordeste, na analise onde ndo ha mobilidade entre os
fatores de producgao o subsidio se mostra importante, gerando crescimento econdomico
para ambas as regides. Quando hd mobilidade parcial e total de fatores, a ETJ e crédito
subsidiado geram retragdo econOmica em ambas as regidoes, o que indica que nessa
situacdo, ha distor¢des da aplicagcdo do subsidio. Conclui-se que o estimulo gerado pelo
subsidio da ETJ em termos de competitividade dos setores agropecuarios do Sul e do
Centro-Oeste devem tornar essas regides bem mais atrativas para a producdo agricola.
Assim Norte ¢ Nordeste acabam perdendo capital e trabalho para o Sul e o Sudeste,
impactando em queda na produgdo, perda de arrecadagdo do governo e queda nas
exportacoes da regido.

A regido Sudeste ndo mostrou crescimento econémico frente aos gastos com ETJ
e crédito subsidiado, tanto com auséncia quanto com total mobilidade entre os fatores de
producdo. Esse ¢ um indicativo de que nessa regido, sob essas condi¢des de mobilidade,
poderia haver aplicacdes mais eficientes dos recursos dispendidos com ETJ ao setor
agricola e fortalece a ideia da necessidade de andlises regionais mais profundas, afim de
que se possam desenvolver politicas econdmicas que consigam suprir as especificidades
de cada regido. Entretanto, ao se analisar a mobilidade parcial, a regido foi a maior
beneficiada pela politica.



Os resultados encontrados contrariam a hipdtese inicial dessa pesquisa e podem
ser explicados pelo padrdo relativo de competitividade das diferentes regides brasileiras,
mediante as diferentes analises, de mobilidade de capital e trabalho adotadas.

Considerando os diferentes efeitos para as mobilidades dos fatores de produgao
analisadas nesse estudo, e lembrando que o movimento dos fatores ¢ uma alternativa ao
comércio de bens e servigos, as Figura 3 e 4 mostram a mudanga em termos monetarios,
do retorno ao capital e ao salario, pagos para cada regido mediante a politica ETJ e crédito
subsidiado, com auséncia e total mobilidade respectivamente.

A Figuras 3 mostra que o gasto com ETJ e o crédito subsidiado, geram aumentos
no retorno ao capital e ao salario pagos, em relagdo ao benchmark. Os maiores resultados
sao das regioes Sul e Centro Oeste, seguidas pelo Sudeste. Como nao ha mobilidade
regional entre os fatores de producdo, as regides que recebem maiores subsidios ao setor
agricola, e com isso maior crédito subsidiado, vao perceber maiores efeitos.

Considera-se que a auséncia de mobilidade entre os fatores produtivos ¢ um
limitador que pode subestimar os resultados, uma vez que a realocagdo do volume de
crédito que circula na economia, antes subsidiado, ndo consegue ser absorvido de maneira
eficiente pelos setores nas regides brasileiras.
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Fonte: Resultados da pesquisa.

Figura 3: Efeito dos gastos com ETJ e crédito subsidiado sobre a variagao do retorno ao
capital e massa salarial pagos nas regides brasileiras considerando auséncia de
mobilidade dos fatores produtivos, 2007 (%).

Pela Figura 4, a politica ETJ e o crédito subsidiado ao setor agricola, em um
cenario onde os fatores produtivos circulam livremente entre as regides brasileiras, geram
expansao no retorno ao capital e ao saldrio pagos, em relagao ao benchmark.

Essas mudangas nas remuneragdes dos fatores sao oriundas das for¢as de demanda
por fatores, dada pelos setores econdmicos demandando mais fatores produtivos, e de
oferta de fatores, dada pela dotagdo inicial e possibilidade de mobilidade entre regides.
Uma maior valoriza¢do dos fatores em termos reais sugere um maior aquecimento das
atividades economicas da regido e, possivelmente, maior atracao de recursos.

A total mobilidade dos fatores de produgao entre as regides brasileiras atenua os
efeitos de expansdo do retorno ao capital e ao salario, que sdo mais acentuados quando
ha auséncia de mobilidade, ja que apos o choque, capital e trabalho migrarao para regides
onde ha melhor remuneracdo. Com o aumento da oferta de fatores, frente & demanda dos
setores de cada regido, havera queda da remuneracao até que se atinja o equilibrio.
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Figura 4: Efeito dos gastos com ETJ e crédito subsidiado sobre a variacao do
retorno ao capital e salarios pagos nas regides brasileiras, com total mobilidade dos
fatores produtivos, 2007 (%).

Esses resultados estdo em consonancia com os de Cardoso et al (2014) para as
regides Centro-Oeste, Nordeste e Sul, onde os autores encontram acréscimos no retorno
ao capital e ao salario pagos sob a politica de ETJ. Os autores encontram retracao para as
regides Norte e Sudeste, sob a justificativa de que como os subsidios distorcem a
produgdo setorial, as regidoes em que o setor de manufaturados detém participagdo
superior a agricultura na economia, percebem desestimulo (relativo) causado pelo
estimulo (relativo) ao setor agricola, e este vai provocar mobilidade dos fatores produtivos
para as regioes em que a agricultura representa parcela maior (Centro-Oeste) ou proxima
a participagdo da industria na atividade econdmica (Nordeste e Sul). Essas regides vao
absorver os fatores migrantes, principalmente no setor agricola, que ¢ a atividade
estimulada pelo incentivo, e, assim, aumentardo seu nivel de atividade.

A andlise do retorno ao Capital com mobilidade parcial de fatores esta
representada na Tabela 4, que mostra as variagdes em termos percentuais no Indice de
Precos ao Consumidor (IPC), na oferta de capital empregado e retorno ao capital pago
nas regides brasileiras. O resultado mostra que se o retorno do capital esta aumentando, a
rentabilidade do capital cresceu mais, ou decresceu menos, que o IPC. Observa-se que ha
aumento no IPC de todas as regioes.

Tabela 4: Efeitos da politica ETJ e dos recursos aplicados sob a forma de crédito rural
sobre a variacdo do IPC, da oferta e da remuneragdo do capital das regides
brasileiras, 2007 (%).

Regides IPC Oferta de Capital ~ Capital Fora" Capital Local”
NOR 0,124 -0,305 0,161 0,003
NDE 0,156 -0,193 0,236 0,099
COE 0,116 0,051 0,512 0,055
SDE 0,134 0,053 0,511 0,790
SUL 0,133 0,133 0,581 0,297

Fonte: Resultados da pesquisa.



“Refere-se ao preco (ou remuneragio) do fator que é pago pelos setores que usam o fator. O preco de
equilibrio é dado pelas forcas de oferta do fator, que incluem o fator total disponivel na regido, incluindo
a parcela que migrou para a mesma, e pelas for¢as de demanda do fator, advindas dos setores produtivos.
“"Refere-se ao preco (ou remuneracio) do fator que é recebido pelas familias originais da regido. Esse
prego ¢ consequéncia do equilibrio entre o total de fator originalmente ofertado pela regidao (estoque
inicial do fator) e a demanda originada na fungdo de transformagéo dos fatores.

Nas regioes Norte ¢ Nordeste ha uma queda da oferta de capital, mostrando que
ha menos atratividade para o fator capital nessas regides em relag@o as outras. Essa queda
da oferta de capital, frente a demanda dos setores por esse fator, gera um aumento na
remuneracao do fator. Como esse aumento foi superior ao aumento no IPC, as familias
detentoras de capital que j& estavam nessas regides, perceberam um pequeno aumento
real na remuneracdo do capital.

Nas regides Centro Oeste, Sudeste e Sul ha aumento na oferta de capital. Apesar
do aumento na oferta do fator nessas regides, hd& uma variagdo positiva em sua
remuneracgdo. Esse ¢ um indicativo, que Centro Oeste, Sul e Sudeste, que sao as regides
que recebem maior volume de crédito subsidiado, sdo mais sensiveis ao choque da ET]J.
As familias detentoras de capital, que ja se encontravam nessas regides, percebem
variagdes positivas na remuneracao do capital.

A Tabela 5 mostra as variacdes em termos percentuais no IPC, na oferta de
trabalho e retorno do saldrio pago nas regides brasileiras.

Tabela 5: Efeitos da politica ETJ e dos recursos aplicados sob a forma de crédito rural
sobre a variagdo do IPC, da oferta de trabalho e do salario pago nas regides
brasileiras, 2007 (%).

Regides IPC Oferta de Trabalho Trabalho Fora* Trabalho Local**
NOR 0,124 -0,174 0,088 -0,086
NDE 0,156 -0,068 0,156 -0,032
COE 0,116 -0,014 0,243 -0,032
SDE 0,134 0,032 0,287 0,455
SUL 0,133 0,048 0,293 0,118

Fonte: Resultados da pesquisa.

“Refere-se ao preco (ou remuneracdo) do fator que é pago pelos setores que usam o fator. O prego de
equilibrio € dado pelas forcas de oferta do fator, que incluem o fator total disponivel na regido, incluindo
a parcela que migrou para a mesma, e pelas forcas de demanda do fator, advindas dos setores produtivos.
**Refere-se ao prego (ou remuneragdo) do fator que é recebido pelas familias originais da regido. Esse
prego € consequéncia do equilibrio entre o total de fator originalmente ofertado pela regido (estoque inicial
do fator) e a demanda originada na fun¢@o de transformagdo dos fatores.

Observa-se uma queda na oferta de trabalho nas regides Norte, Nordeste e Centro
Oeste. Essa queda, frente a demanda dos setores por este fator, provoca aumento no
salario pago pelos setores produtivos nessas regioes. As familias da regido, por sua vez,
experimentam uma pequena queda na renda do trabalho, portanto a mao-de-obra local
percebe uma desvalorizagdo de sua remuneragdo em relagdo ao valor da cesta de consumo
da regido. O resultado para a regido Centro-Oeste reflete a caracteristica do setor
agropecuario da regido ser mais intensivo no uso do fator capital.

Sudeste e Sul apresentam expansdo em sua oferta de trabalho. Essas regides se
mostram mais sensiveis ao choque da politica ETJ e crédito subsidiado, apresentando
aumento no salario pago. As familias da regido experimentam um aumento na renda do



trabalho, com isso a mao-de-obra local percebe uma valorizacao de sua remuneracao em
relacdo ao valor da cesta de consumo da regido.

Quando se assume a mobilidade parcial de fatores, Capital e Trabalho se movem
entre as regides, porém de maneira limitada, diferente de uma situacdo onde ha total
mobilidade dos fatores. A mobilidade total entre as regides permite que os fatores se
movam até equalizar suas respectivas remuneragdes entre as regides. Portanto, nas
regides em que o fator se tornaria mais escasso, e com isso mais demandado, h4d maior
atracdo desse fator vindo de outras regides, até que o aumento da sua oferta na regido
mais atrativa e a redugdo nas regides menos atrativas, permita equilibrar sua remuneragao
em um mesmo nivel para todas as regides. Para a mobilidade parcial, existem restri¢des
econdmicas e institucionais que impedem a completa equalizagdo da remuneracao desses
fatores entre as regides. Sendo assim, a remuneracao recebida por um mesmo fator difere
entre as regides, o que significa que o fator que permaneceu em uma dada regido pode
receber uma remuneragdo diferente do fator que saiu desta regido e migrou para outra.

3.1.2. Impactos dos gastos com ETJ sobre o bem-estar das regioes

A politica de subsidios tem impacto direto sobre o consumo dos agentes e com
isso, sobre seu bem estar?, ja que influencia a quantidade de bens produzida, o fluxo de
exportacdes e importagdes, os precos domésticos e de importados, € a renda da economia.
A Tabela 6 mostra as variagdes de bem estar para cada regido brasileira.

Os resultados mostram que ha aumento de bem estar na presenga da politica ETJ,
j& que com o subsidio haverd queda nos pregos dos produtos agricolas e, com isso,
aumento no consumo dos mesmos, além de aumento no Fluxo Comercial e no consumo
intermediario.

Todas as regides do modelo apresentam crescimento em termos de bem estar. Para
o Brasil, a analise com as trés mobilidades propostas apresentou variagdes positivas de
bem estar, e muito proximas entre si. Na auséncia de mobilidade a variagdo foi de RS 6,12
bilhdes, com total mobilidade R$ 6,19 bilhdes e com mobilidade parcial R$ 6,15 bilhoes.
Sendo assim, a politica melhorou a situacdao do Brasil em termos de consumo, 0 mesmo
ocorreu para todas as regioes brasileiras.

Tabela 6: Efeitos dos gastos com ETJ e recursos aplicados sob a forma de crédito rural,
medidos pela variacdo equivalente, sobre o bem-estar das regides brasileiras,
2007 (Variagao Equivalente em R$ bilhdes).

Gasto Crédito Mobilidade Nula Mobilidade Parcial  Mobilidade Total
Regides com - . RS Multipli- RS Multipli RS Multipli
ETJ! Bilhdes> cador’' Bilhdes® cador’' Bilhdes* Cador*!

NOR 0,11 0,50 0,09 0,83 -0,02 -0,19 0,21 1,95
NDE 0,33 1,51 0,38 1,16 0,10 0,30 0,53 1,61
COE 0,42 2,07 0,67 1,61 0,03 0,07 0,56 1,34
SDE 0,97 4,79 3,13 3,22 5,24 5,39 3,29 3,38
SUL 1,07 5,13 1,86 1,74 0,81 0,76 1,59 1,49
BRASIL 2,89 14,02 6,12 2,11 6,15 2,13 6,19 2,14

# Ocorre uma alteragdo no nivel de bem estar dos agentes quando ha alteragdes em seu consumo de bens e
servigos. No modelo, ha aumento de bem estar de um agente quando esse aumenta seu nivel de consumo,
uma vez que representa-se a funcdo de utilidade considerada no estudo ¢ considerada como uma fungéo
Cobb-Douglas do consumo dos bens constantes na cesta de demanda agregada das familias de cada regido.



Os resultados do efeito multiplicador do bem estar sobre as regides brasileiras e
sobre o Brasil ¢ negativo apenas para a regido Norte quando se considera mobilidade
parcial dos fatores produtivos. Para todas as outras analises, o multiplicador do bem-estar
¢ positivo.

Esses resultados vao de acordo com os encontrados por Cardoso et al (2014), os
autores mostram que o gasto com a politica de ETJ traz ganhos em bem-estar para todas
as regioes, tendo em vista que o consumo aumenta para todas elas, mesmo no Norte € no
Sudeste, cujo efeito total sobre o PIB encontrado por eles ¢ negativo. O bem-estar € maior
na presenga da ETJ porque subsidios a produtos agricolas incentivam o aumento na
producao e na elevagdao do consumo pela reducao no preco.

Os resultados mostram que quando se considera a auséncia de mobilidade entre
os fatores produtivos, com excec¢do da regido Norte, todas as demais regides apresentam
um efeito multiplicador que gera retornos positivos, ou seja, para cada real gasto com a
politica, ha um retorno maior que R$ 1,00 sobre o bem-estar.

O bem-estar ¢ determinado pelo consumo das familias, portanto alimentos sdo um
importante componente da cesta de consumo, principalmente nas regides Norte, Nordeste
e Centro-Oeste. Dessa forma, apesar do subsidio implicar em distor¢do, ele permite um
fluxo de recursos subsidiados ao setor agropecudrio, bem como um fluxo de recursos
extras, que aumentam a oferta dos bens agropecuarios e reduzem os precos no setor de
alimentos, implicando em ganhos para o consumo e bem-estar das familias.

4. CONCLUSAO

O presente estudo busca contribuir com o debate relacionado a intervengao estatal na
economia, analisando como a mobilidade dos fatores primarios, capital e trabalho, afeta
o crescimento econdomico € o bem-estar gerados pela politica de equalizagdo das taxas de
juros (ETJ).

Para desenvolver o estudo utilizou-se o conjunto metodolégico do Projeto de Analise
de Equilibrio Geral da Economia Brasileira (PAEG). Foi analisado um cenario onde
removem-se do ambiente econdmico os gastos com a ETJ e todo o crédito gerado pela
politica ao setor agricola e posteriormente realoca-se esse crédito entre todos os setores
da economia (inclusive o agricola) de acordo com a atratividade de cada um. A anélise ¢
feita com auséncia de mobilidade, mobilidade parcial e total dos fatores produtivos.

Ao se analisar a mobilidade dos fatores produtivos, conclui-se que, em termos de PIB,
a regido Sul e o Brasil, respondem positivamente ao aumento da mobilidade, ou seja,
quanto maior a mobilidade dos fatores, maior a variacdo do PIB dessa regido e do Brasil.
O contrario acontece com as regioes Norte e Nordeste, ou seja, quanto maior a mobilidade
entre os fatores, maiores sdo as variagdes negativas sobre o PIB dessas regides. A regido
Centro Oeste responde mais positivamente quando ha mobilidade total entre os fatores
produtivos e a regido Sudeste quando hd mobilidade parcial dos fatores. Essas duas
regides ndo apresentaram um comportamento que caminhe de acordo com o aumento da
mobilidade.

A politica de ETJ promove variacao positiva do PIB para a maioria das regioes,
e para o Brasil como um todo, mas apresenta taxa de retorno negativa em termos de
geracdo de crescimento econdmico. Todas as regides respondem positivamente, em
termos de bem-estar, ao efeito da politica de ETJ. Assim como na andlise do PIB, a
variagdo de bem-estar das regides ndo apresenta um padrdo regular de acordo com a
mobilidade dos fatores. A politica ETJ gera aumento de bem estar maior que seu custo
para o Brasil.



Conclui-se que algumas politicas governamentais podem se mostrar eficientes em
termos de gerar crescimento do PIB e do bem-estar. A pesquisa, portanto, cumpriu com
o objetivo de analisar como a mobilidade dos fatores produtivos afeta o crescimento
econOmico e o bem-estar gerados pela politica de equalizag¢do de taxa de juros nas regides
brasileiras.
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THE INNOVATIVE ASPECTS OF BITCOIN, MARKET MICROSTRUCTURE AND RETURNS
VOLATILITY: AN APPROACH USING MGARCH

Bruno Ferreira Frascaroli’
Thiago Carvalho Pinto’

ABSTRACT

This study seeks to analyze conceptual, innovative, marketing and quantitative aspects of Bitcoin (BTC)
and how these are reflected in the volatility of its return. After describing basic concepts of digital
currencies and BTC, an electronic currency created in 2009, we contextualize BTC as a financial
innovation. Regarding market-oriented and structural aspects, we investigated the existence of similarities
between BTC's credit and debit market and the traditional structure of the payment card market, known as
the Two-Sided Market (2SM). The BTC’s perfect adequacy for the 2SM structure was established, but
only with respect to the debit-card market. BTC returns for the period from September 2011 to June 2015
were then used as a sample, and returns for the period from March 2013 to June 2015 were used as a
subsample. Based on these data, the DCC MGARCH model was estimated, making it possible to obtain
the parameters and quasi-correlations of volatilities among variables. The Standard and Poor's 500 index
(SPX-500), the price of gold and China's main stock index (SSEC) were considered by virtue of previous
exercises conducted by Pavel, D'Artis and Miroslava (2014) and Strale and Tjernstrom (2014). The
results showed the existence of persistent volatility, possibly indicating that BTC returns had two
different phases: (1) a period of “euphoria” followed by (2) a period of “convergence” to the
fundamentals that determine these returns.

Keywords: Bitcoin. Innovation. 2SM. Volatility. DCC MGARCH.

RESUMO

A presente pesquisa buscou analisar aspectos conceituais, inovativos, mercadoldgicos e quantitativos do
Bitcoin (BTC) e como os mesmos se traduziram na volatilidade dos seus retornos. Apos expostos
conceitos basilares sobre as moedas digitais e o BTC, moeda eletronica criada em 2009, buscou-se
contextualiza-la como inovagdo financeira. Quanto aos aspectos mercadoldgicos e estruturais, foi
investigada a existéncia de semelhangas entre o mercado de crédito e débito do Bitcoin e a estrutura
tradicional do mercado de cartdes, conhecida por Mercado de Dois Lados (M2L). Verificou-se a perfeita
adequagdo do BTC a estrutura M2L, mas apenas no mercado de cartdes de débito. Mais adiante, foram
usadas como amostra os retornos do BTC do periodo de Setembro de 2011 a Junho de 2015 e, como
subamostra, a janela temporal a partir de Margo de 2013 a Junho de 2015. A partir desse conjunto de
informagdes, estimou-se o modelo DCC MGARCH, que possibilitou a obtengdo dos parametros e das
quasicorrelagdes das volatilidades entre as varidveis. Foram consideradas o indice Standard and Poor's
500 (SPX-500), a cotagdo do ouro e o principal indice da bolsa da China (SSEC), em virtude de
exercicios anteriores realizados por Pavel, D'Artis e Miroslava (2014) e Strale e Tjernstrom (2014). Os
resultados apontaram existéncia de volatilidade persistente e que mostra, possivelmente, que os retornos
da moeda tiveram duas fases: primeiramente um momento de ‘euforia’ e depois de ‘convergéncia’ aos
fundamentos que determinam os mesmos.
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1 INTRODUCTION

A stable price system is essential to the fulfillment of contracts, to issue securities (private or
public) and even to the existence and functioning of the financial market. In this regard, the tasks of
regulating the financial system, issuing a currency and maintaining its purchasing power are traditionally
assigned to the State. Therefore, monetary policies affect social wellbeing by changing a currency’s
fiduciary power.

That notwithstanding, globalization has not only enabled the opening of new markets but also
strengthened trade ties and created zones of influence. New products and markets are emerging at great
speed. More interconnected markets can render the environment more sensitive to fluctuations. It can be
argued that financial crises have increased the capacity for contagion; commercial interdependence
among countries is worrisome. Accordingly, there are calls for greater regulation of these markets,
including the creation of laws and government agencies to instill discipline in the financial system.

Governmental actions can compromise a currency’s desirability. Participation in conflicts, import-
substitution policies, fixed exchange-rate regimes, economic rescue plans and seigniorage are examples
of strategies that involve—at least momentarily, and regardless of success—some degree of currency
depreciation to affect the price system.

Mediums of exchange reflect the level of social and technological organization. For example,
bartering was the main form of peaceful acquisition of goods and services, but this social dynamic was
gradually transformed by socioeconomic, cultural and technological events and processes so that with the
passage of time, the use of currencies has dominated other forms of trading and become the norm. Credit
and debit cards represent a new technical advancement, providing ease of use, security and the ability to
change consumer behavior. The proliferation of digital payment methods (i.e., eWallets) such as Paypal,
Google Wallet and MoneyGram has further facilitated e-commerce transactions.

Digital currencies represent an electronic medium of exchange with all of the functions and
features of traditional currencies, except that they are not physically tangible. Characteristics such as
homogeneity, divisibility, portability and ease of handling and transport are even more evident in digital
currencies than in physical currency.

Bitcoin (BTC) is the digital currency with the highest liquidity and daily trading volume on the
financial markets. In addition, because it was the first digital currency, there are more observations of its
series of quoted prices; moreover, the movements of its series reflect not only quantitative aspects but
also social changes. BTC is a non-centralized, encrypted currency3. It is not governed by statute and is not
legal tender.

Having presented some of the characteristics of the proposed topic, this study aims to analyze
some of the microeconomic and macroeconomic factors that have led to volatility in BTC returns that
have two phases of behavior. To this end, BTC is contextualized according to financial innovation
concepts and an attempt is made to analyze BTC from a microeconomic perspective using the theoretical
structure of two-sided markets (2SM) to identify similarities to and differences from traditional credit and
debit systems. Next, based on Pavel, D'Artis and Miroslava (2014) and Strale and Tjernstrdm (2014),
dynamic conditional correlation multivariate generalized autoregressive conditional heteroskedasticity
(DCC MGARCH) models were used to estimate the parameters of the volatilities and their quasi-
correlations between variables. The Standard and Poor's 500 index (SPX-500), the price of gold and
China's main stock index (SSEC) were considered for this purpose.

This article is organized as follows. Following this brief introduction, section 2 presents
theoretical concepts related to both innovation and financial innovation. Section 3 presents the
characteristics of BTC. Section 4 sets out the theoretical framework of the two-sided market and notes
similarities and differences between the payment card market and BTC. Section 5 presents the methods.

3Cryptography is the study of the principles and techniques by which information can be transformed from its original form to
another unreadable form so that it can be understood by only the addressee (holder of the "secret key"), thus making it difficult
for an unauthorized party to read. Therefore, only the message recipient can easily read the information.
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Sample planning and treatment is described in the sixth section. The results obtained are presented in
section 7, and section 8 contains the conclusions.

2 INNOVATION ECONOMICS

Innovation economics seeks to identify the causes, dynamics and effects of innovation processes
because they transform primary structures, restructuring industries and markets. This section provides a
brief review of innovation economics and aims to apply the literature originally conceived for production
structures to BTC and other decentralized digital currencies.

2.1 Financial Innovations

According to Jensen et al. apud Oliveira and Torkomian (2009), there are two types of knowledge:
encoded knowledge and so-called tacit knowledge. The first is relatively easy to transmit, whereas the
second depends on learning. These concepts are quite common in evolutionary innovation models.
Application of these concepts facilitates understanding of the process of market creation in the form of
conglomerates.

As a result of the centralization of capital, large financial centers emerge that are geographically
clumped together. This conformity depends not only on historical economic and social factors but also on
existing externalities in the financial sector. These characteristics promote the maintenance of a
production structure in the formation of agglomerates. It can be said that production clusters are
knowledge-sharing spaces, emphasizing learning as a localized process that occurs through social
interaction and embeddedness, strengthening innovation networks and practices (IPIRANGA, 2006 apud
OLIVEIRA; TORKOMIAN 2009, p.4).

The main themes analyzed from the perspective of financial innovation are shared risk and its
economic implications, information asymmetry, transaction costs and the role of regulatory restrictions. It
is frequently argued that financial markets are excessively affected by intermediaries at the expense of
savers and entrepreneurs. The role of intermediaries completes markets by attracting agents and, if
economies of scale are found, by lowering costs. Radical financial innovation facilitates the extension of
risk management beyond its previous limits, including new risk classes, modifying assumptions regarding
financial insurance, hedging strategies and diversification.

The same diffusion process brought about by innovation in other sectors is also observed in
financial innovation processes. Schiller (2007, p. 306) argues that financial innovation processes are
continuous and tend toward diffusion. The author points to the role of information technology, the
understanding of behavior, and psychology applied to finance as determinants of diffusion.

It is understood that full risk sharing, as conceived by Kenneth Arrow, in which there is a market
for each price, for each risk and for each natural state, is difficult to measure. Thus, problems such as
information asymmetry and its manifestations in the form of adverse selection and moral hazard
associated with risk management involve transaction costs that can be reduced. Wonglimpiyarat (2011)
obtains results suggesting that financial innovations affect economic performance by promoting business
activities. This is an important sector of the innovation system that can be seen as linking financing and
innovation.

The emergence of digital currencies, for example, represents the possibility of disconnecting the
financial system from political objectives. It allows users autonomy because they can avoid currencies
that have high potential to lose value. Network externalities are also relevant to the increased adoption of
user-encrypted currencies because they constitute a special type of externality in which the degree of
utility gained by an individual depends on the number of users of the same good. When an individual's
willingness to pay exceeds the costs, the market expands and given that at least two equilibria are possible
in markets that have network externalities, there is a tendency for the market to reach an equilibrium with
a large number of agents.

In markets with network externality characteristics, producers may initially cause disturbances
with deals, price discrimination and other strategies to attract users to the network. In the case of digital
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currencies, at least three factors may determine the network's ability to be attractive: reliability, the
possibility of profit, and the maintenance of an entrant rate until the formation of critical mass, which is
given by a of volume users that when achieved, makes the network attractive to non-participants because
of that network’s very existence.

In addition to BTC, there is an increasing number of other digital currencies. Each such currency
emphasizes certain aspects that its creators understand to be the most desirable. Among the most popular
include the following:

e Litecoin - Although this currency closely resembles BTC, its issuance is constrained to 84 million
monetary units, and the difficulty of mining represents something close to a quarter, which allows
the use of simpler equipment. The initial appeal of this currency was the relative ease of mining. It
is important to note that the mining algorithm of Litecoin is different from that of BTC.

e Dogecoin — This currency has unlimited issuance with the clear objective of avoiding becoming a
currency with deflationary tendencies and facilitating the eventual formation of a credit market.

e  PPcoin — This currency offers a nondeterministic money supply and has advantages related to its
security module. The return on every mined block depends on mining difficulty, with a new block
issued every ten minutes;

e  Dash (previously known as Darkcoin) — This currency aims to make transactions anonymous by
increasing tracing difficulty through fictitious transactions.

The initial issuance of BTC at a symbolic value of $ 0.01 was seen as indicating a profound
respect for the market, granting users full power to attribute value through the power of supply and
demand. It can also be seen as a promotional pricing strategy because the two understandings are not
mutually exclusive. The strategies of initial promotional prices, dissemination strategies and maintenance
of a network growth rate are often adopted by companies operating in markets with network externalities,
such as the software market.

When considering the initial issuance price and the lower initial difficulty of mining, one can
observe strategies that are similar to those adopted by companies that depend on the formation of a
network for greater penetration of their products. As a "product" of potential future value, an increasing
number of users, attracted by the possibility of gain, form the initial network. Following publication in the
media and maintenance of the network's growth rate, the currency appreciates and these movements are
fed back until the formation of critical mass, which leads to market consolidation. In addition, the
technology of protocols on which digital currencies applied to financial markets are based can cause
numerous marginal innovations, enabling more secure, agile and customized products and gradually
transforming the current structure.

3 BITCOIN
3.1 Characteristics

Developed by Satoshi Nakamoto (2008), possibly a pseudonym used by programmers, BTC was
deployed on January 3, 2009 and is the most popular encrypted digital currency in the world. According
to Nakamoto (2008), use of the P2P* network enables operations without the strict need for third parties,
transactions are recorded chronologically and information remains available.

The P2P architecture is the same as that used in file-exchange services such as the former Kazaa
and current Torrents. P2P networks allow data transmission without the need for a central server and have
the capacity to be self-organizing and fault-tolerant. BTCs are validated using algorithms. A hash
function can map variable-length data and return fixed-length data. According to Paar and Pelzl (2009),
hash is a widely used concept. It is a unique data identifier and must necessarily have a one-way function:
because the Aash is the data-entry product, it is impossible to obtain original data from it.

Each BTC user has two "keys": one public and one private. The public key identifies the user on

4 P2P-type networks are popularly known to facilitate the exchange of files using torrents. In this system, each machine works
simultaneously as a server and user.
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the network and uses a digital signature algorithm called ECDSA. Each user can have as many public
keys as desired. For every transaction, the users involved must provide their respective public keys, which
can be checked by any network user.

BTC issuance is limited to 21 million and the issue rate is decreasing over time. Taylor (2013)
indicates that 58.8% of the total were issued by 2013 and by 2032, that percentage will be 99%. To date,
as the chart below shows, approximately 14,357,900.00 BTCs have been mined. System transparency is a
factor that makes BTC popular. At any time, it is possible to verify the amounts traded; however, it is not
possible to access the direct identification of those involved in the transactions.

Another characteristic of BTC is irreversibility, i.e., the negotiator assumes all of the risk to a
much greater degree than in a traditional monetary transaction. Records of transfers are permanently kept
and according to Taylor (2013), these records could compromise anonymity, even for users who use
multiple accounts, because a thorough analysis could reveal the same operator with a relative degree of
certainty.

This possibility of checking transaction records made available by some traders to provide
credibility to the market could also jeopardize the secrecy of BTC users. However, there are services that
aim to make such evidence less clear. These use transmission instruments that are conditional upon future
return, but involve a considerable number of accounts, thereby acting as a virtual scrambler.

BTC is widely used as a financial asset capable of generating speculative returns; however, they
can also be useful as a tool to make foreign exchange transactions less costly (PAVEL, D'ARTIS and
MIROSLAVA, 2014). Despite its popularity, several commercial networks are reluctant to use BTC
because most governments prohibit the free movement of other currencies. Russia and China have already
indicated that they intend to ban the use of digital currency. Singapore, Taiwan and the USA have
expressed concern about illegal activities and defense of the national currency. In addition, the USA,
Japan, Germany and Finland have created instruments to institute taxation.

May (1994) describes both governmental efforts to limit their populations' access to encryption
tools and the adverse effects that these efforts have caused, for example, in France, the Philippines and
the USA. The study’s conclusions highlight the possibility of tax evasion because BTC can significantly
compromise the ability of governments to collect taxes. According to Pavel, D'Artis and Miroslava
(2014), BTC may be used as a safeguard in a turbulent market, as observed in the financial crisis of 2008,
in which the adopted policy flooded the market with liquidity and exposed the adverse effects of an
expansionist policy, among them, inflationary acceleration.

3.2 Eletronic Currency characteristics

Electronic currency may come to represent a role similar to gold because its issue rate is not only
known in advance but is also less than that of traditional currencies. In this case, the value of an electronic
currency against other currencies, most likely even in non-turbulent times, depends on agents accepting
that type of currency. There are three ways to acquire BTCs. At the beginning of its issue, the most
common way to acquire was the mining process. At that time, there was not yet an established market.
Nakamoto (2009) explains the term as analogous to gold mining activity. In the case of BTC, effort is
represented by greater computational difficulty and electrical energy expenses.

BTC is mined in blocks. The first block mined was called the Genesis block and generated fifty
BTC:s. It should be noted that each hash consists of 64 characters and that each block mined informs the
next block's hash. The success of mining generates a record in the blockchain, which is a file that records
all transactions made in BTC. Each BTC found by a miner must be validated by other users in a
systematic and algorithmic fashion.

The popularization of the currency, the increased number of miners and the increased
computational power required have made mining less lucrative. In practice, users work in groups called
pools, sharing the gains among group members based on their individual efforts. Indeed, explorers with
little computational power are compelled to work in groups to obtain any return. The higher the
processing power of a group of miners, the greater the likelihood of success. The degree of difficulty is
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regulated independently so that it is possible to maintain a relatively constant decreasing issue rate.

The temporal dynamic creates a future with constantly decreasing issue rates, further complicating
mining activity for new entrants. It is possible that by 2032 there may be fewer and more efficient miners,
given the greater required computational power and higher hardware costs. In this sense, Taylor (2013)
states that two factors are crucial: the first is access to energy and the second is having hardware that is
paid off while the returns are high.

In the event of hoarding by miners, end users can develop a relative aversion to the currency. Even
considering the extreme divisibility of BTC, users are subject to purely speculative currency attacks.
However, there are two reasons that it is unlikely that such processes would be established: (1) it is
impractical to coordinate many miners; and (2) miners do not have a matching entry point. Thus, the
optimal price between miners differs considerably, even if they are a part of the same pool.

Depending on the entry point of the investment and operating costs, which are individual, if a
large number of miners decide to take profits, the prices might never sink below than the cost of mining
because at the moment that the market price is equal to the cost of mining, the miners who have not yet
reached the point of exit would acquire BTC on the market and keep the machinery mining.

The mining process enables the miner both to be rewarded and to validate transactions. When a
buyer of goods or services makes a payment order with BTC, the transaction is not carried out instantly.
The buyer's digital wallet has a series of BTCs or fractions that were previously generated through
computational effort. The goal of mining is to generate new blocks and these are generated after the
"resolution" of a hash function.

Monetary transfers are made through a hash, which carries information from previous transactions
and the public key of the recipient of the amount. When a miner deciphers the code and the code is
validated by the network, the block is recorded in the blockchain and only after this process do the
recipient, trader and miner receive the amount due. Because the block contains past information and the
recipient's public key, all network nodes can be sure that the amount that the buyer wishes to pay still
belongs to him. This eliminates the possibility of double spending.

The second way to obtain BTC involves free exchange between users. In general, this type of
transaction incurs no monetary cost; as Taylor (2013) states, it is symbolic, ranging from 0.0005 BTC to 1
Satoshi, which is equivalent to 0.00000001 BTC. Each network node has a copy of the blockchain and
because the public key used "assigns" a hash to each transaction, it is possible to compare the trader's
public key, eliminating the possibility of double spending. In other words, if the trader no longer owns the
traded BTCs, the stored history acknowledges this difference.

Verification of possession on the issuer's part and acceptance of the transfer by the recipient are
stored in the blockchain and become available and updated information for each network node. It should
be emphasized that the transaction will be stored in a new block, so mining activity is necessary because
the transactions do not occur instantly. This modality involves BTC end users, traders and consumers of
goods and finished products. For values to be transmitted, the user needs to use his private key.

Although this form of acquisition is the least expensive, it is also the riskiest. Those acting as
buyers of a particular good or service have nobody to turn to if an agreement is breached. In reality, this is
a determining factor for the currency's penetration capacity because for such a risk to be taken, the value
of the good or service purchased would need to be relatively low. Otherwise, some form of guarantee is
required.

This form of direct purchase of digital currencies makes it possible to render financial assistance
to criminal causes and organizations. The possibility of those responsible being identified and punished
are minimal if appropriate identification-protection strategies are used. Terrorist groups, paramilitaries,
cartels interested in tax evasion, and even tacit agreements can be made explicit and undetected by
traditional audit tools.

In contrast, humanitarian aid, donations to medical research and donations to those combating the
excesses of governments that restrict individual freedoms can be considerably mitigated through the use
of decentralized currencies. Nevertheless, it is important to note that when a big company decides to
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adopt BTC, the currency begins to enjoy a credibility that is solidified over the time of its presence on the
market, making direct negotiation considerably safer.

The third way to obtain BTC, and currently the most reported in the media, is the trading of
intermediated currency. In this case, the user obtains the currency directly from various BTC "exchanges"
or "banks.” Meiklejohn et al. (2013) note that at the beginning of 2012, the percentage of transactions of
less than the monetary unit abruptly doubled and those relating to less than one-tenth of the unit tripled.
Not only has the trading of fractional amounts become more popular, but an increase in the velocity of the
currency has also been observed® and quantified; moreover, it is not an approximation. According to the
above authors, only a portion estimated at four million of the available BTCs is traded frequently, but at a
high exchange rate.

The spread of BTC is not uniform and many traders avoid adopting it because there are no clearly
defined rules and there are issues relating to tax and the high volatility of the currency price. Keeping the
currency over a long period can mean significant gains or losses to someone who transacts respecting the
parity observed with his or her local currency at the time of purchase. In other words, the carrying cost
increases, as mentioned previously. Despite users' desire for BTC and other digital currencies to be
legalized and regulated, this initiative is at odds with the fundamental ideal of non-regulation and the
assumption of all risks on the part of users.

Digital currencies provide growth opportunities for new niche markets known as long-tail
markets. In these types of markets, the production of certain goods and services sometimes becomes
uneconomical because of difficulties in reaching a geographically dispersed consumer market. In addition
to other e-commerce tools, digital currencies may make such activities profitable by making exchange
processes less bureaucratic and costly. This enables the trading of low-cost goods because there are
practically no fees.

The World Economic Forum report (2015, p.102-108) presents three possible scenarios for the
future role of financial institutions in response to continuous changes in the preferences of international
financial system agents. In the first scenario, a market deconcentration movement is considered with the
emergence of new agents and more flexible, intuitive and personalized financial products. In this
scenario, current agents evolve and specialize, customizing their products to the greatest extent possible.
Risks associated with this scenario include the possibility that the system will become hostage to
technology developers, compromising the capacity for customer loyalty and creating uncertainty about
regulatory aspects.

The second scenario presented depicts the possibility that the traditional banks shift focus to act as
platforms for connecting niche products. In this case, there would also be a lower degree of loyalty and
moreover, further specialization should occur, reducing the possibility of cross-subsidies. Critical points
include the difficulty of selection because of greater atomicity, the difficulty of assigning responsibility
for service failures or fraud, information-asymmetry problems and decreased customer loyalty.

Finally, in the third scenario, financial institutions would increase the points of contact with
customers through technology, emulating the human relationship and aiming at retention and loyalty. The
goal is to overcome needs with the provision of non-financial services without a significant increase in
costs. It is thus possible that non-centralized and unregulated digital currencies will soon be regarded as a
radical innovation, with disruptive innovation characteristics. In this case, incremental innovations may
emerge, reshaping traditional forms of commerce, taxation and legislation.

All four types of innovation—commercial, organizational, technological and institutional—might
occur to a greater or lesser degree depending on the degree of use of decentralized currencies.
Institutional innovation is linked to the legally considered means of acting. In this sense, it is essential

> Currency velocity is defined as the number of times that currency stock circulates between agents in a given time. The usual
formula to estimate currency velocity considers production as a proxy for the number of transactions. However, the use of
digital currencies, particularly BTC, means that the actual number of transactions is known, because each exchange is
recorded.
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that all aspects of a society’s legal framework and regulatory institutions, including economic aspects, are
indeed both effective and able to provide legal certainty to agents of various market types.

If BTC becomes an asset that is widely accepted as a currency, but the laws do not follow its
evolution from the point of view of the legal framework applied to correct economic incentives, it will
become largely worthless. Reference is made in this case to the entertainment industry’s practices related
to copyrights in some countries. Albuquerque and Callado (2015) recognize and provide examples
showing that BTC regulation is weak, but despite regulatory issues, on May 19, 2015, the New York
Stock Exchange (NYSE) created an official conversion rate between BTC and the US Dollar. This shows
that the traditional financial market already accepts the digital currency market as a reality.

4 TWO-SIDED MARKET (2SM)

This section defines and characterizes the theory known as the Two-Sided Market (2SM). Despite
the wide range of possible configurations, we will compare the structure of the electronic payment-card
industry with the developing structure of the BTC market. Key similarities and differences that impede
the BTC market’s full conformity with the 2SM structure will be identified.

4.1 General Characteristics of the Two-Sided Market

Models that describe the 2SM have two characteristics: the existence of two distinct groups of
participants and the presence of positive network externalities. This structure is based on a platform that
allows contact and interaction between two types of user and that must be able to allow the groups to
conduct the greatest possible number of transactions. The platform should be structured to promote the
perception of the benefit of use on the part of end users.

Rochet and Tirole (2006) state that the 2SM is characterized not only by the existence of a
platform that connects two end users but also by the fact that the total volume of transactions primarily
depends on the price structure, i.e., how the price is divided between end users. According to Freitas
(2007), in the 2SM, the pricing structure and definition of who will assume the majority of the platform
costs must be "designed" in such a way that encourages participation by the two sides of the market. It
follows that the price paid by a particular participant to use the platform is not necessarily related to the
cost of entering the system.

Evans and Schmalensee (2005) cite some markets whose nature and characteristics result in their
organization as 2SM, including dating agencies, night clubs, brokers, advertising agencies, newspapers
and magazines, computer operating systems, video games, shopping centers and payment cards.
According to the authors, this type of structure has three key features: differentiated prices, business
design models and the existence of specific rules and regulations.

According to Evans (2003), final prices are charged to end users, consumers and traders to achieve
demand balance. It is important both to maintain users and to attract new entrants from both sets of users
to the network. The key element of this market, therefore, is balancing the demands of end users. The
demand price elasticities for each group play a fundamental role in determining the respective prices
charged to each of them. The price tends to be reduced on the more elastic side to facilitate users’ entry
into this side of the network. In general, the side with lower elasticity tends to bear the majority of the
industry’s costs.

Business design is crucial in the analysis of the 2SM not only because of the presence of network
externalities and demand price elasticities but also because of the need to integrate the two market sides.
The existence of specific rules and regulations imposed by the platform is necessary because of the need
to construct parameters that promote positive externalities and limit negative ones to produce benefits for
end users (BANCO CENTRAL DO BRASIL; SECRETARIA DE ACOMPANHAMENTO
ECONOMICO; SECRETARIA DE DIREITO ECONOMICO, 2010).

The pricing structure should promote incentives for at least one side without resulting in a very
severe punishment to the other, thereby discouraging its participation. This price-fixing process in two-
sided markets reflects not only the industry participants' cost structure but also the surplus generated for
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one of the groups when the market incorporates one user more than another (ROCHET and TIROLE,
2002; 2003). This means that in the pricing structure of a 2SM, if all other conditions remain constant the
group that obtained the largest surplus subsidizes the other group. The side that bears the costs is called
the profit center and the side that benefits is called the loss center.

4.2 Characteristics of the Card Market

In the analysis of the 2SM pricing structure, two characteristics should be observed. The first is
the sum of prices coming from the two-sided structure and the second is the distribution of these prices
among end users on either side. The prices on each side of the market depend not only on their marginal
cost but also on the demand price elasticity of each side of the market, on the value that the entry of an
agent on one side generates for participants on the other side (network externality), and on the degree of
inter-platform and intra-platform competition (BANCO CENTRAL DO BRASIL; SECRETARIA DE
ACOMPANHAMENTO ECONOMICO; SECRETARIA DE DIREITO ECONOMICO, 2010).

Fagundes, Ferrés and Saito (2009)° explain that externalities of use arise with increases in
revenues because of diffusion of the tool. The internalization of positive externalities for trade and
consumers can increase the volume of transactions and consequently increase revenues if the burden of
use is primarily borne by the agent with less elasticity.

In the traditional case of this type of market structure, the attempt to make the market more
competitive based on regulations supported by technical studies that are strongly based on microeconomic
theory and that consider price convergence at a level close to the respective marginal costs could
eliminate the characteristic of network externality and produce effects of greater magnitude than the
surplus generated by the regulatory body. For example, a higher level of competition can only result in
lower profitability for the owner. However, the literature’ suggests that stimuli for competition can
promote benefits when a single user has access to multiple cards indiscriminately accepted by merchants.

It could be argued that regardless of the different elasticities among end users, the cost could be
passed on (either in whole or in part) from traders to consumers. In other words, by presenting different
costs for different types of payments, traders can differentiate and pass on those costs to customers;
however, preclusion clauses are imposed on trade groups that would make it difficult to differentiate
prices. However, the inability to differentiate prices could cause cross-subsidy, punishing users who
choose the less expensive form of payment.

The card market is frequently structured in the form of a platform containing three or four parts. In
the three-part platform, the accreditor is also the card issuer. In the four-part platform, these agents are not
the same.

Briefly, the market works as follows: the scheme owner (card brand) defines the business rules;
the issuers are usually banks that maintain direct contact with cardholders and define credit limits, fees
and charges, invoice due dates, benefits programs, etc.; the accreditor then provides a bridge between
commercial establishments and the scheme owner by contract; the consumer is the cardholder; the seller
is the agent who accepts the card as a means of payment; and the final prices are shared among end users,
consumers and sellers to balance the demands of both sides.

5 METHODOLOGICAL PROCEDURES

This section presents the technical procedures involved in this study’s empirical strategy. The
GARCH (generalized autoregressive conditional heteroskedasticity) family models will be described
briefly to help understand BTC's volatility. As mentioned above, this study was based on the
contributions of Pavel, D'Artis and Miroslava (2014) and Stréle and Tjernstrom (2014). In the former
case, vector auto-regressive (VAR) models were estimated with variables that are also used in this study.
In the latter study, the authors estimated a GARCH model to show that demand, volume traded, the Mt

% Although the authors' focus was on the credit card market, similar reasoning applies to the object of this study, BTCs.
7 See Evans (2002), Frascaroli (2010) and Rochet and Tirole (2003) for more on this issue.



Gox bankruptcy and the Cyprus crisis, which resulted in capital controls in mid-March 2013, were
determinants of BTC price volatility.

Here, estimations of the DCC MGARCH family models aimed to estimate the parameters of
changes in volatilities and their quasi-correlations between variables. The SPX-500, the price of gold and
China's main stock index (SSEC) were considered for this purpose. Volatility is a characteristic often
present in financial asset series quantified by the standard deviation (or variance) of results. Used as an
asset risk measure, volatility can be measured by the intensity of variations in the historical process
analyzed, which can behave unpredictably based on many factors, including institutional factors, legal
factors, macroeconomic factors, or aspects more closely linked to the formation of the market in which
the asset in question, in this case, BTC, is negotiated.

To capture the presence of volatility in financial series, it is necessary to use models whose
estimators are adapted for historical processes of a heteroskedastic nature. These models consider the
variance (volatility) of a return at a given point in time as dependent on past information and therefore
consider it as the historical process of a random variable that follows a stochastic process. Engle's seminal
work (1982) introduced the possibility of estimating autoregressive conditional heteroskedastic models
(ARCH).

5.1 GARCH Multivariate Model (MGARCH)

Engle (1982), to estimate the variance of US inflation, shows that linear models are limited and
unable to explain some features. He therefore shows that it is possible to capture the volatility of
autocorrelations. The generalized autoregressive conditional heteroskedasticity (GARCH) model,
formulated by Bollerslev (1986), is a generalization of the ARCH model. It allows the use of only two
parameters to simultaneously capture the mean and variance of the time series of an ARMA process. A
GARCH (r, s) model, in which parameter r represents the order of the ARCH component and s the order
of the GARCH component. Following the seminal work of Engle (1982), some extensions of the ARCH
model were developed, including GARCH, EGARCH and TARCH.

The basic idea stems from the understanding of the existence of heteroskedasticity conditional on
the immediate past observation, in other words, that the present return depends on the past return.
MGARCH allows the estimation of generalized autoregressive parameters considering conditional
heteroskedasticity. Because they are dynamic, MGARCH models allow the mean and conditional
covariance to be obtained. This model would be too flexible and it would not be feasible to estimate all
parameters. For this reason, a wide variety of GARCH multivariate models enable parameters to be
obtained in a more parsimonious manner.

In general, four parameterization methods are used alternatively: the Diagonal VECH model
(DVECH), the constant conditional correlation model (CCC), the dynamic conditional correlation model
(DCC) and the time-varying conditional correlation model (VCC). Bollerslev, Engle and Woodridge
(1988), Bollerslev, Engle and Nelson (1994) and Bauwens, Laurent, and Rombouts (2006) describe
general aspects of MGARCH modeling. A definition that allows comparison between alternative models
is given by the following equation:

Ve = Cx¢ + € (1)
e =H" v, )
where y; is a dependent variable vector of the order m x /; C is a parameter matrix of order m x k; x; is

a vector of independent variables that may contain lags of y;; Htl/ % is the Cholesky factor of the
conditional time-varying covariance matrix H;; and v;, which is a vector of order m x / is with zero mean
and 1.i.d., with variance equals to unit.

In the general model, H; is a matrix of univariate GARCHs. For example, a general MGARCH
with an autoregressive term of conditional heteroskedasticity (ARCH) and a GARCH term is given by the
following equation:

vech(H;) = s + Avech(€;_1€'t_1 + Bvech(H;_1) 3)
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where the vech(.) function captures elements above or below the main diagonal; s is a parameter vector
and 4 and B are parameter matrices. Because this model uses the vech function to extract and model
unique elements of H;, it became known as the VECH model. H; must therefore be positively defined.
Equation (3) can be used to show that the parameters in s, 4 and B are not unique; thus, for H; to be
positively defined other restrictions should be incorporated into s, 4 and B. The models that the literature
proposes vary with respect to the degree of flexibility and parsimony of the specifications imposed on H,.

5.1.1 MGARCH Diagonal vech (DVECH)

Bollerslev, Engle, and Wooldridge (1988) require 4 and B to be diagonals. Although more
parsimonious than the general case, the model is only advantageous when estimating a small number of
temporal processes because the number of parameters increases quadratically. Despite the large number
of parameters, the diagonal structure implies that each conditional variance and covariance depends on
their own past values, not on other variances and covariances. Formally, in DVECH (1,1) each element of
H, is given as follows:

hije = sij + aij€i t-1)€j,e-1) T bijhije-1) “4)

The process requires H; to be defined as positive in each t, which imposes severe restrictions.

5.1.2 MGARCH Conditional Correlation Models (CC)

In these models, a non-linear combination of GARCH univariate models is used to represent
conditional variances. The conditional correlation matrix is defined positively, motivated by the building
structure that facilitates the estimation of parameters. In MGARCH conditional correlation models (CC),
H;is decomposed in a conditional correlation matrix R, and a diagonal matrix of conditional
variances D;:

H, = D}/*R.D}'* (5)
where each conditional variance follows a univariate GARCH process and the parameterizations of
R, vary according to the specific model. According to (5) we have

hije = pije + 010 (6)
where o;; is modeled by a univariate GARCH process. The equation highlights that conditional
correlation models incorporate non-linear combinations of GARCH univariate models to represent
conditional variances and that the parameters in the model p;;, describe the joint dynamics of errors
observed in equations i and j. Comparing (4) and (5), it is clear that in conditional correlation models, the
number of parameters increases more slowly.

Bollerslev (1990) proposes a conditional correlation model with a time-invariant correlation
matrix. For this reason, the model is known as the MGARCH constant conditional correlation model
(CCCQ). By restricting R; to be constant, the number of parameters reduces and simplifies the estimation;
however, this fact can significantly restrict the accuracy of estimation and compromise the analysis.

5.1.3 Dynamic Conditional Correlation Models (DCC)

Engle (2002) introduced a dynamic conditional correlation model (DCC) wherein R, follows a
GARCH (1,1) process. As described by Engle (2009), the parameters of R, are not standardized to be
correlations and are called quasi-correlations. To maintain parsimony, all conditional quasi-correlations
are constrained to follow the same dynamics. This model is significantly more flexible than the CCC and
does not introduce a much larger number of parameters for the number of series. Because of this
advantage, DCC MGARCH modeling was used for this study.

This model uses weighted non-linear combinations of time-variant univariate GARCHs. The
diagonal elements of H, are modeled using univariate estimates (GARCH) and the remaining elements
are modeled by nonlinear functions based on the terms resulting from the diagonal. In a DCC MGARCH
we have

(12)
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where the terms h;;, and hj;, follow the GARCH process and p;j. follows the dynamic process as
outlined in Engle (2002). The DCC MGARCH can be written as follows:

Ye = Cx¢ + € (7

€ = H, 12 (8)

H, = Dtl/ ZRtDtl/ ? 9)

R, = diag(Qt)_l/ZQtdiag(Qt)_l/z (10)
Q=012 — )R+ N&_1€ 11+ 2,04 (11)

where the only term still unexpressed is D;, then we have that y, is a dependent variable vector of the
order m x I; C is a parameter matrix of the order m x k; x; is an independent variable vector that may
contain lags of y;; Htl/ ? is the Cholesky factor of the time-variant conditional covariance matrix H;; v; is
a vector of the order m x 1, which is a vector of zero mean and i.i.d., with variance equals to unit; and D,
is a diagonal conditional variance matrix.

[ofc 0 .. 0]
| 0 03¢ |
l 0 0 .. o2 tJ
where each o/ " evolves according to a univariate GARCH given as follows:
ol =5+ Zj:l €l +Zj=1ﬁ] it—j (12)
or when the constant term is included:
ot = exp(yizig) + 2?21 ajel,_; + 2?21 Bioti—; (13)

where y; 1s a 1 x p parameter vector, z; is a p x 1 vector of independent variables including a constant
term, a; are ARCH parameters and f5; are GARCH parameters. The conditional quasi-correlation matrix
will be:

[ 1 P12t - le,t]
R, = P1:2,t 1 Pz:n,t
Pimt Pzmt - 1

where €;_; is a m x I vector of standardized residuals, D, 1/2 €:; and A4 and A, are parameters that govern
the quasi-correlation dynamics. In addition, A4; and A, are non-negative and meet condition 0 < A; +
A, < 1. When Q,is stationary, matrix R is the weighted average of the covariance matrix of the
standardized residuals €, denoted by R and the unconditional average of Q,and denoted by Q,.
Because Q; # R;, as demonstrated by Engle (2009), R does not represent either the correlation matrix or
the unconditional average of Q;; for this reason, the parameters in R are called quasi-correlations.

6 SAMPLE PLANNING AND TREATMENT

All of the data used in the study were obtained from the site br.investing.com. A sample of 1,362
observations was used and the period from September 13, 2011, to June 23, 2015, was considered. In
addition, to test the robustness of the estimates, a subsample was built, which considered only the data
from March 10, 2013, and on, with 1,192 observations. The latter is explained by events and trends that
impacted the historical series of BTC prices, as discussed in the text.

One of the technical instruments justifying the need to analyze the samples separately was MS-
VAR modeling, which indicated the convergence of the historical series of variables considering two
regimes, with regime 1 showing an expected duration of 75% of the time period and regime 2 having an
expected duration of 25%. This model was used to define the time window for determining the
subsample, i.e., in addition to visual and historical evidence, the MS-VAR of the two regimes was
estimated. Furthermore, the ARCH and GARCH effects, as demonstrated by Strdle and Tjernstrom
(2014), were evident.
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For analytical purposes at the microeconomic level, the 2SM theory was used to explain one of the
possible phenomena associated with this phase, and a second phase of “convergence” to the fundamentals
that determine the prices of the currency. The last one persists until the end of the series, where peaks of
the same magnitude are no longer observed.

At level, the series presents undesirable characteristics; an abyssal range is observed between the
maximum value of US $1,132.01 and the minimum value of $ 2.24. By visually comparing the sample
returns to the subsample returns, the differences in magnitude are clear. Series denoted in the form of
returns enable the mitigation of persistent trend effects; however, visual analysis suggests periods of high
volatility that possibly affect variance over time. According to this analysis, GARCH family models are
suitable to attempt to quantify conditional variance effects.

In this study, the hypothesis of normality was rejected for all variables in all samples. In addition,
excess kurtosis indicates leptokurtic series that are common in financial time series, thus strengthening
the argument for the use of models capable of measuring volatilities and studying how they are correlated.
In addition to the BTC price, the SPX-500, the price of gold and China's main stock index (SSEC) were
used. In all cases, the series showed both skewness and kurtosis. Descriptive statistics of the sample and
subsample of variables used are shown in Table 1:

Table 1 - Descriptive statistics of the sample* and subsample**

Variables Mean Median Maximum | Minimum Star.ld?rd Skewness Kurtosis
Deviation
BTC* 0.001256 0.000389 0.450252 | -0.409647 0.0293 1.245677 89.84125
BTC** 0.000483 0.000211 0.066043 | -0.130503 0.011374 -1.639805 30.0825
XAU* -0.0000439 -0.00000638 0.006592 | -0.013292 0.001278 -1.129933 15.68017
XAU** -0.0000488 -0.0000198 0.006592 | -0.013292 0.001313 -1.356306 19.10513
SSEC* 0.0000565 0.000021 0.00575 | -0.007908 0.001198 -0.348153 9.388075
SSEC** 0.000106 0.000103 0.00575 | -0.007908 0.001223 -0.762647 10.46889
SPX-500* 0.0000597 0.0000322 0.005984 | -0.007674 0.000924 -0.43433 11.42462
SPX-500%*%* 0.0000503 0.0000413 0.00312 | -0.003425 0.000747 -0.186709 5.734772
Source: The authors’ work based on selected data.
7 RESULTS

This section presents all of the statistical procedures for the estimates of volatility measures
according to the models presented in section 5. The series is sensitive to extreme values, but these
observations should not be suppressed because the size of the oscillation and the existence of wide gaps
characterize the BTC returns series. As described above, a visual analysis of the BTC series revealed that
it showed a tendency to appreciate in times of economic and political crisis.

Moreover, attacks on financial institutions result in the opposite tendency. Despite the
impossibility of predicting economic cycles deterministically, an analysis of macroeconomic
fundamentals can provide BTC speculators with information that they can use to change strategy. Crises
seem to act as an expansion factor of both the BTC market and digital currencies in general. In terms of
technical analysis of the data, it is reported that the Augmented Dickey-Fuller (ADF) and Phillips-Perron
(PP) tests indicated stationarity of the returns series, as shown in Table 2. It therefore follows that like the
other variables, BTC returns are stationary and therefore do not depend on time.

Table 2 - Unit Root Tests

Unit Root Tests (Sample) Unit Root Tests (Subsample)
Variables ADF PP Variables ADF PP
BTC -8.301624* -41.44987* BTC -28.14421%* -28.16805*
XAU -32.75358* -32.82711%* XAU -29.23710%* -29.24580%*
SSEC -36.55772%* -37.03559* SSEC -23.68373* -23.76906*
SPX-500 -37.20030%* -37.20349%* SPX-500 -28.87981%* -28.87969*

Source: The authors’ work based on selected data. Note: *The null hypothesis is rejected at 1%.

The choice of best model by degree of fit was based on the Akaike Information Criterion (AIC)
and the Schwartz Bayesian Criterion (SBC). According to Tsay (2005), the smaller the AIC and SBC, the
better the model fit to the data series. Using the parsimony criterion, the ARMA model (0,2) offered the
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best fit and had the expected characteristics of non-correlated returns and severe correlation of the squares
of returns, which justifies estimation by models capable of capturing conditional volatility effects.
Table 3 - Best fit ARMA model

Model Schwarz criterion | Akaike Criterion
BTC AR(0) MA(2) Sample -4.31091 -4.318593
BTC AR(0) MA(2) Subsample -6.108152 -6.101125

Source: The authors’ work based on selected data.

The third step in building the ARCH model was to attempt to fit the ARMA model using the
sample to verify the serial correlation of the series. It should be noted that the data have a long memory;
thus, the ARCH test only captured volatility from the second residual lag onwards. Table 4 shows the test
results:

Table 4 - F Statistic - ARMA (0,2)
Test: ARCH - ARMA Model (0,2)

F Statistic - Sample 8.098550 | Prob. F (4.1348) 0
Obs* R? 31.75133 | Prob. Chi-square (4) 0
F Statistic - Subsample 52.71409 | Prob. F (4.819) 0
Obs* R? 168.7086 | Prob. Chi-square (4) 0

Source: The authors’ work based on selected data. *The series shows volatility
Among the estimated models, the best fit model for the sample, with 1357 observations, was the
GARCH (1,1) according to the Schwartz criterion. The model completely corrected residual
autocorrelation and when the ARCH test was repeated, a lack of conditional volatility was found. The
resulting estimated model is given by
he = (3,46)1076 + (0,220539)X2% ; + (0,800577)h,_; (8)
Tables 5 and 6 summarize the results of the model and its F statistic, respectively:
Table 5 - Results of GARCH Model (1,1)

Variable Coefficients Standard Error |Z statistic P Value

Intercept 0.000114636 0.00029024 0.39497012 0.69286494

MA (2) 0.055499339 0.027560405 2.013734487 0.044037417
Variance equation

Intercept 3.46E-06 2.17e-07 15.93489162 3.63E-57

Residuals (-])2 0.220539029 0.012605408 17.49558823 1.55E-68

GARCH (-1) 0.800576674 0.008196231 97.67619844 0

R’ -0.037313333

R’ adjusted -0.038078878

SOR 1.207575369 Akaike criterion | -6.039195489

DW statistic 2.103768306 Schwarz criterion | -6.019987561

Source: The authors’ work based on selected data.

Table 6 - F statistic - GARCH (1,1)

Test: ARCH GARCH Model (1,1)

F statistic
Obs* R?

0.004481
0.004488

Prob, F(1.1354)

Prob, Chi-square (4)

0.9466
0.9466

Source: The authors’ work based on selected data.

Thereafter, autocorrelation tests of the returns residuals and squared returns residuals—i.e., the O

statistic—were performed to dispel doubts about the robustness of the results. Table 7 shows the test

results:
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Table 7 - Autocorrelation test for residuals and the square of residuals—Q Statistic

Autocorrelation | Partial autocorrelation t AC PAC Q-Stat Prob*
|| | 1 | 0.047759972 | 0.047759972 | 3.102185399
| ] 3 | 0.032210437 | 0.034184226 | 4.973127558 | 0.083195354
[* |1 [* | 7 | 0.097656629 | 0.093272095 | 22.84401255 | 0.000850442
|| | 1 | 0.001819164 | 0.001819164 | 0.004500734 | 0.946512036
| ] | ] 2 | 0.006343791 | 0.006340502 | 0.059272623 | 0.970798538
[* |2 * | 3 | -0.023150262 | -0.023174272 | 0.789221532 | 0.852043326

Source: The authors’ work based on selected data. 'Residuals. * Square of residuals.

The relevant analysis rests on the variance equation coefficients, which were all significant at the
1% level. With a; = 0.220539 and B; = 0.800577 it is clear that both immediate shock and persistence are
quite representative, but there is a preponderance of persistence.

Estimations similar to the previous ones were made for the 1,192 subsample observations and as
expected, the model with best fit for volatility diverged. The ARMA model (0,2) also resulted in both a
better fit according to the Schwarz criterion and the best fit for volatility for a GARCH model (1,1), i.e.,
an identical structure to that observed previously. However, the resulting coefficients are essentially
different. The adjusted model is given as follows:
he = (6,74)1076 + (0.240146)X% , + (0.698707)h;_;

Tables 8 and 9 summarize the results of the model and its F statistic, respectively:

Table 8 - Results of GARCH Model (1,1)

Variable Coefficients | Standard error Z statistic P Value
Intercept -0.000348 0.000286 -1.214364 0.2246
MA (2) -0.010033 0.041015 -0.244615 0.8068
Variance equation
Intercept 6.74E-06 6.30E-07 10.71209 0.0000
Residuals (-1)° 0.240146 0.024194 9.926044 0.0000
GARCH (-1) 0.698707 0.021892 31.91609 0.0000
R’ -0.04835
R’ adjusted -0.006051
SOR 0.107511 Akaike criterion | -6.805601
DW statistic 1.948503 Schwarz criterion | -6.794671
Source: The authors’ work based on selected data.
Table 9 - F statistic - GARCH (1,1)
Test: ARCH GARCH Model (1,1)
F statistic 0.333927 Prob. F(1.825) 0.5635
Obs* R? 0.334602 Prob. Chi-square (4) 0.5630

Source: The authors’ work based on selected data.

As in the case of estimations for the sample, autocorrelation tests of returns residuals and squares

of returns residuals—i.e., the Q statistic—were performed with data from the subsample to dispel doubts
about the robustness of the results. Table 10 shows the results of this test:
Table 10 - Autocorrelation tests of residuals* and residuals®** — O statistic

Autocorrelation Partial autocorrelation t AC PAC Q-Stat Prob*
* | ] 1 |0.063624561 | 0.063624561 | 3.363973072 | 0.024955675
| | ] 2 10.037853145 | 0.033942462 | 4.556126953 | 0.032801171
| | ] 3 1 0.027915075 | 0.023551218 | 5.205257526 | 0.074078587
[* | [* | 6 | 0.11480386 | 0.108584665 | 18.26474391 | 0.002632269
o [* | 1 | 0.02011261 | 0.02011261 |0.336155164 | 0.562056987

Source: The authors’ work based on selected data.

©)
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In addition, the conditional variance model GARCH (1,1) eliminated the serial correlation
observed in the ARMA modeling (0,2) and the ARCH test indicates the absence of the effect after proper
estimation. When comparing this result with the previous estimation, it can be seen that the constant term

has almost doubled, which may indicate the perception of a market that is not incipient. The parameter g,
however, lost relative importance, indicating that volatility persistence had declined. The term a;

essentially did not change.

As described among the objectives of this study, the DCC MGARCH model (1,1) was estimated.
Estimates using the sample indicated a series of volatile behaviors with an almost perfect degree of
volatility persistence. Table 11 shows the results of the model best fit for the sample, and the model tests

are shown in Tables 12 and 13:

Table 11 - MGARCH (1,1) model results

Parameter Value Standard error t t-prob.
Pai 0.074760 0.075238 0.9936 0.3206
P31 0.002272 0.047111 0.04823 0.9615
P4l 0.016071 0.056024 0.2869 0.7743
P32 -0.001535 0.070378 -0.02181 0.9826
Pa2 0.068042 0.059743 1.139 0.2550
P43 0.080281 0.065381 1.228 0.2197
O 0.004629 0.0024437 1.894 0.0584
0 0.989691 0.0083055 119.2 0.0000
Akaike -38.659429 Shibata -38.660821
Schwarz -38.522963 Hannan-Quinn -38.608006

Source: The authors’ work based on selected data.

Table 12 - Normality tests for the MGARCH model (1,1)

Statistic Value t-Test p-Value
BTC Skewness -1.2121 17.105 1.3533e-065
Excess kurtosis 11.351 80.163 0.00000
Jarque-Bera 6691.2 - 0.00000
XAU Skewness 0.20592 2.9061  0.0036594
Excess kurtosis 4.0215 28.401 1.9845e-177
Jarque-Bera 811.66 - 5.6319e-177
SSEC  Skewness -0.38843 54818  4.2112e-008
Excess kurtosis 3.6039 25451  6.8162e-143
Jarque-Bera 675.05 - 2.6045e-147
SPX500 Skewness -0.57573 8.1251  4.4700e-016
Excess kurtosis 5.6941 40.213 0.00000
Jarque-Bera 1676.2 - 0.00000

Source: The authors’ work based on selected data.

Table 13 - Autocorrelation tests of residuals* and residuals®** — O statistic

B SSEC (Q5)= 231352 [0.8042793]
Tc  (Q3)=0952249 [0.9663243] (Q10) = 6.61360 [0.7613499]
(Q10) = 8.09680 [0.6193817] (Q20) = 13.3655 [0.8611587]
(Q50) = 58.2710 [0.1973003] | SSEC® (Q50)= 39.4433 [0.8583046]
BTCZ (Q5)= 134048 [0.9307118] (Q3)= 17.1297 [0.0042603]
(Q10)=4.41971 [0.9264334 (Q10) = 45.6557 [0.0000017]

]
(Q50) = 30.0825 [0.9884888]

XAU (Q 5)= 10.1627 [0.0707548] | SPX500 (Q 5)= 3.51488 [0.6211372]
(Q 10)= 19.6281 [0.0329728] (Q 10) = 9.58548 [0.4775813]
(Q 50) = 48.5299 [0.5325121] (Q 50) = 37.5876 [0.9021283]
XAU® (Q 5)= 103517 [0.0658617] | SPX500° (Q 5)= 14.2121 [0.0143168]
(Q 10) = 25.1507 [0.0050671] (Q 10)= 17.8319 [0.0578655]
(Q50) = 102.662 [0.0000168] (Q 50) = 72.4295 [0.0207066]

Source: The authors’ work based on selected data.
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According to analysis of the table 11 parameters using data from the sample, the degree of
interdependence between the volatilities of the BTC returns series and the other variables was low. These
results are in line with previous empirical studies such as Pavel, D'Artis and Miroslava (2014) and Strale
and Tjernstrom (2014). Their results did not indicate significant conditional variance coefficients for any
of the variables considered.

The characteristics that hinder good model fit are revealed in the normality and serial
autocorrelation tests shown in tables 12 and 13. For the latter, the null hypothesis that there is no serial
correlation cannot be rejected because the probabilities O < Chi squared for all lags are high. Using the
same specifications as before, a model was estimated for the subsample with 663 observations. Table 14
presents the best fit result:

Table 14 — Results of MGARCH (1,1) model

Parameter Value Standard error t t-prob.
P21 -0.021574 0.045540 -0.4737 0.6358
P31 0.062535 0.039347 1.589 0.1125
Pai -0.074188 0.047476 -1.563 0.1186
P32 -0.005211 0.052837 -0.09863 0.9215
Ps2 -0.064615 0.054152 -1.193 0.2332
Pa3 -0.008687 0.051871 -0.1675 0.8671
a 0.020865 0.024322 0.8579 0.3913
B 0.664926 0.27447 2.423 0.0157

Source: The authors’ work based on selected data.
Observations: 663 Variables: 1-BTC; 2-XAU; 3-SSEC; 4-SPX500.

In this study, it was decided not to include binary variables in the model estimations as because
would be impossible to keep them when estimating the multivariate models. To obtain a date limit for
determining the subsample beyond the visual and historical evidence, the MS-VAR model of the two
regimes was estimated. Furthermore, the ARCH and GARCH effects, as demonstrated by Strale and
Tjernstrom (2014), were obvious.

Some other changes in relation to the previous results should be highlighted. The variable a,
which indicates the effect of the impact of volatility at the time the shock occurs, was no longer
significant in the multivariate results. However, the SSEC variable became significant at 11.25% and the
same occurred with the SPX-500 variable at 11.86%. Although above the 10% threshold, this
convergence seems to indicate that the BTC markets are transforming and gradually becoming more
interdependent by observing the estimated parameters. Tables 15 and 16 show the normality and
autocorrelation tests, respectively:

Table 15 - Normality tests MGARCH model (1,1)

Statistic Value t-Test p-Value
BTC Skewness -1.1073 11.666  1.8963e-031
Excess kurtosis 8.6850 45.819 0.00000
Jarque-Bera 2219.2 - 0.00000
XAU Skewness -0.49425 52073  1.9163e-007
Excess kurtosis 5.6201 29.650  3.3973e-193
Jarque-Bera 899.55 - 4.6204e-196
SSEC  Skewness -0.086449 091080  0.36240
Excess kurtosis 3.1366 16.548 1.6633¢-061
Jarque-Bera 272.61 - 6.3640e-060
SPX500 Skewness -0.25520  2.6887 0.0071723
Excess kurtosis 2.7393 14.451 2.4555e-047
Jarque-Bera 214.48 - 2.6658e-047

Source: The authors’ work based on selected data.
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Table 16 — Autocorrelation tests of residuals* and residuals™* — Q statistic

BTC (Q5)=4.18133 [0.5236152] SSEC  (Q5)=6.80759 [0.2353482]
(Q10) = 12.7910 [0.2355925] (Q10) = 18.1040 [0.0532340]
(Q50) = 68.3933 [0.0429550] (Q50) = 52.0189 [0.3952199]
BTC’ (Q5)=0.616186 [0.9872502] SSEC®  (Q5)=9.04407 [0.1073194]
(Q10) = 1.95980 [0.9966391] (Q10)=27.9164 [0.0018617]
(Q50) = 31.8304 [0.9788777] (Q50)=111.270 [0.0000015]
XAU  (Q5)=1.45537 [0.9181620] SPX500 (Q5)=2.16674 [0.8256249]
(Q10)=3.47511 [0.9679367] (Q10) = 3.75388 [0.9577674]
(Q50) = 40.8745 [0.8178095] (Q50) = 60.1708 [0.1536360]
XAU?  (Q5)=12.4954 [0.0285950] | SPX500° (Q5)=11.0774 [0.0498660]
(Q10) = 14.3132 [0.1591778] (Q10) =33.9054 [0.0001916]
(Q50) =47.4270 [0.5772369] (Q50) = 168.501  [0.0000000]

Source: The authors’ work based on selected data.

In summary, gold does not show statistical significance in any of the multivariate models
estimated. Thus, these results possibly capture the inertial aspect of the "euphoria" phase. It should be
recalled that at the beginning of the sample period, the currency was not used mainly as a medium of
exchange because of the factors presented in relation to adaptation of BTC in relation to 2SM. It is
therefore possible that most agents demanded BTC for the purposes of speculation, and perceived all
negative returns as a buying opportunity, not as a reversal of trend in prices.

In addition, note that because of the many robustness exercises needed to achieve the models
presented here, the profile of the BTC returns series renders hedging strategies virtually impossible for
those who use it to invest, which increases the carrying cost for those who transact with the currency. In
general, as discussed, it is possible that the series is dominated by shocks arising from expectations,
whether because of rumors about prohibition or regulation or hacker attacks on active financial
institutions.

The results obtained in the estimation of the DCC MGARCH model, although not significant,
represent some progress because of the methodology used. It should be noted that Pavel, D'artis and
Miroslava (2014) attempt to identify the BTC price formation process by VAR modeling and similarly,
the parameters obtained by those authors are not significant.

This multivariate analysis could indicate volatility as a BTC price formation component. Although
the persistence of autocorrelation might have affected the estimated parameters of the multivariate model
for the sample and subsample, one can see that the pressure of a sudden increase in demand caused by
political and economic crises and the observed effects of hacker attacks on the BTC exchanges seem to
affect the estimated volatilities. Nonetheless, the results of the multivariate analysis for the most recent
observations indicate convergence to significant parameters that seem to reflect the financial system’s
adherence to BTC. The perfect adaptation to the 2SM structure of debit cards may indeed be only one of
many possible effects of this convergence.

8 CONCLUSIONS

To achieve the overall objective, the institutional and operational aspects of BTC were analyzed.
The study revealed that the emergence of BTC coincided with a period of intense effects of the global
crisis originating in the US. This historical and social context might have been decisive in BTC achieving
popularity. In other words, it can be said that crises seem to act as an expansion factor of the BTC market
and digital currencies in general.

The study revealed the existence of antagonisms limiting BTC’s operation. It was found that the
most restrictive laws are found in places in which the national currency has weak desirability and BTC is
thus characterized as radical innovation because it does not conform to the structures observed before its
emergence. When considering the conceptual typifications of disruptive innovation, BTC has potential
characteristics of the low disruption and new market types, but its impact on the economic environment is
fundamentally dependent on it being perceived as a currency. BTC and other non-centralized issue
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currencies are apparently being absorbed by the financial system more intensely not as a currency, but as
a financial asset.

The wide range of digital currencies available promotes competition, and the population might or
might not choose a dominant type. The adoption of BTC by financial institutions, despite its potential for
creative destruction, contrasts with the low number of traders willing to accept it. Perhaps financial
institutions are not overly rigid in adapting their services. Digital currencies could represent opportunities
for net gains when relativized with possible losses by enabling the supply of new products and the
acquisition of new customers who did not previously participate in the market. Legal instabilities,
carrying cost attributable to fluctuating prices and irreversibility represent possible factors that limit the
spread of BTC.

Understanding that non-regulated digital currencies are indeed financial assets mitigates the
potential threat to national legal tender currencies. The more restrictive laws therefore tend to be stricter
for financial managers and traders. The comparison of BTC with the payment card market based on the
2SM structure showed that the use of BTC for obtaining credit has no similarity to the traditional model.
However, when considering the debit system, the structure was adequate. This result indicates that BTC is
considered an asset when incorporated into the financial system. In this sense, the processes of BTC price
formation and the volatility associated with it were estimated using models that considered conditional
heteroskedasticity. Each was estimated for the sample and subsample, as described above. The estimation
of quasi-correlations between volatilities made it possible to obtain dynamic conditional volatility
parameters of the DCC MGARCH (1,1) model. Analysis of the results shows that with the passage of
time, the market has absorbed the BTC innovation.

Although attacks on financial institutions that transact BTCs are also elements that significantly
affect price volatility, they adversely affect price. Because of the relationship between peaks in the price
of BTC and epicenters of political and economic crises, it is suggested that future studies aiming to
measure the volatility of BTC prices should incorporate variables into a multivariate approach capable of
indicating the imminence of crises. Despite the impossibility of predicting economic cycles
deterministically, analysis of macroeconomic fundamentals can provide BTC speculators with
information useful for changing their strategies.
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IMPACTOS DO PROGRAMA BOLSA FAMILIA NO MERCADO DE TRABALHO E
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Resumo: O presente estudo avalia os efeitos do Programa Bolsa Familia no mercado de
trabalho das familias pobres que residem em dareas rurais do Brasil. Para a analise, foi
utilizado o Censo Demografico (2010) e duas metodologias: Propensity Score Matching
(PSM) e Efeito Quantilico de Tratamento (EQT). Observou-se como resultados do efeito
médio, que no Brasil e regides, as horas trabalhadas dos beneficidrios sdo menores que a dos
nao beneficidrios, assim como, a renda do trabalho. Quanto aos efeitos na distribui¢do, para a
maioria dos quantis ¢ nulo, entretanto, em alguns quantis, os beneficidrios possuem menos
horas trabalhadas que os ndo beneficidrios. Os resultados, na média, indicaram um possivel
“efeito desincentivo” do programa sobre as horas trabalhadas, ocasionando uma reducao na
renda das familias proveniente do trabalho. Na analise por quantis nao se pode afirmar o
mesmo, visto que os resultados dos efeitos nas horas trabalhadas foram distintos.
Palavras-chave: Programa Bolsa Familia, Propensity Score Matching, Efeito Quantilico de
Tratamento, Mercado de Trabalho.

Abstract: This study evaluates the effects of the Bolsa Familia Program in the labor market
of poor families living in rural areas of Brazil. For the analysis, we used the Census (2010)
and two methodologies: Propensity Score Matching (PSM) and Quantilico treatment effect
(EQT). It was observed as the average effect results in Brazil and regions, the working hours
of the beneficiaries is lower than that of non-beneficiaries, as well as labor income. The
effects on distribution, for most quantile the effect is null, however, in some quantile,
beneficiaries have fewer working hours than non-beneficiaries. The results, on average,
indicated a possible "deterrent effect" of the program on the hours worked, causing a decrease
in household income from work. In the analysis by quantile can not say the same, as the
results of the effects on hours worked were different.
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1. Introducio

O meio rural vem passando por diversas transformagdes nas ultimas décadas, dentre
elas, estd a adocdo do modelo de modernizagao do setor agricola, ocorrida em meados da
década de 1960, com a introdu¢do de meios de producdo mais avangados e de politicas
publicas destinadas a este setor. Consequentemente esse periodo marcou o inicio de um novo
modelo econdmico no pais por meio da mudanga do chamado modelo de substituicdo de
importagdes pela modernizacdo do setor agrario e formagdo do Complexo Agroindustrial
(TEIXEIRA, 2005).

De acordo com Ferreira et al (2006), embora tenha havido uma mudanca produtiva na
agropecuaria brasileira, essa mudanga se deu de forma desigual entre as regides do pais.
Goodman, Sorj e Wilkison (1985 apud NASCIMENTO et al, 2008), destacam que os médios
e grandes produtores foram os mais beneficiados, principalmente aqueles que se direcionavam
para a produgdo de produtos de exportacdo e/ou ligados as agroindustrias, em especial os do
Centro-Sul do pais. Conforme Teixeira (2005), os produtores das pequenas propriedades nao
foram incluidos nesse processo de modernizacao, devido aos altos custos de producgdo. Assim,
alguns pequenos produtores (principalmente aqueles que praticavam agricultura de
subsisténcia) abandonaram as atividades agricolas, deixando o campo e migrando para os
centros urbanos.

Ja na década de 1990, a abertura comercial brasileira foi implementada pelo governo
Collor, na qual foi eliminada a maior parte das barreiras nao-tarifarias e reduziram
gradativamente o nivel e o grau de protecdo da industria local (AVERBUG, 1999). Com isso,
a entrada de produtos agricolas similares aos nacionais foi permitida, aumentando a
concorréncia no mercado interno (CARVALHO; MARINHO, 2003). Aliada a abertura
comercial, outras mudancas sofridas no periodo foram responsaveis pela diminuigao da oferta
de empregos no setor agricola como a reducdo de incentivos do governo, a sobrevalorizacao
do cambio e a queda do preco dos produtos agricolas (SANTOS et al, 2010).

Todos esses desdobramentos ampliaram ainda mais as disparidades de renda no meio
rural. Incapazes de competir com a grande industria rural, os pequenos produtores que
escolheram continuar no campo, passaram a buscar outras formas de sobrevivéncia além da
produgdo para o autoconsumo, assim, conforme Santos et a/ (2010), atividades ndo agricolas,
como artesanato, cultivo de flores, ecoturismo, prestacao de servigos € comércio, viraram
fontes de renda, viabilizando a permanéncia nas areas rurais.

Diante disto, o meio rural apresenta uma grande distor¢ao em relagdo a area urbana
quanto a alguns indicadores, como menor rendimento médio familiar e maior percentual de
familias pobres e extremamente pobres (IBGE, 2015). Na tentativa de reverter ou amenizar
esse quadro, algumas estratégias vém sendo empregadas na esperanca de fortalecer e
promover o segmento rural, como politicas de crédito e programas de transferéncias de renda,
em especial, o Programa Bolsa Familia (PBF).

O PBF ¢ um programa de transferéncia de renda condicionada que tem como objetivo
atenuar a situacdo de pobreza das familias, no curto prazo, com a imposicdo de
condicionalidades nas areas da educacao, satide e assisténcia social.

As maiores criticas e questionamentos sdo a respeito de um possivel efeito negativo
que o programa possui sobre o mercado de trabalho, o chamado “efeito desincentivo”
(COSTA et al, 2014) ao trabalho. Segundo Tavares (2008), este efeito, também conhecido
como efeito-renda, trata da reducdo da oferta de trabalho dos membros adultos das familias
beneficiadas em vista das transferéncias monetarias recebidas por estes. Ou seja, existe um
tipo de recompensa pela perda salarial, por meio da transferéncia de renda repassada as
familias, assim, a renda familiar ndo ¢ comprometida.

Diante do exposto, surgem alguns questionamentos: o Programa Bolsa Familia gera
“efeito-desincentivo” ao trabalho nas familias beneficiadas pelo programa situadas nas areas



rurais? Caso provoque, esse impacto ¢ observado em todos os estratos de renda e nas horas
trabalhadas?

Dessa forma, este trabalho busca investigar o efeito do PBF no mercado de trabalho,
por meio das horas trabalhadas e da renda, das familias pobres situadas nas areas rurais por
meio de duas metodologias: Propensity Score Matching (PSM) e Efeito Quantilico de
Tratamento (EQT) proposto por Firpo (2007). Diante disso, a contribuig¢do deste trabalho para
a literatura se apresenta, principalmente, por mensurar o efeito do programa, especificamente
para as areas rurais das regides brasileiras, na média e em toda a distribui¢do, permitindo
verificar os estratos de renda e as horas de trabalho semanais, nos quais o efeito ¢ mais
expressivo.

Neste sentido, este trabalho esta estruturado em cinco segdes, incluindo esta
introducdo. Na secdo dois, sera feita uma discussao teorica sobre o Programa Bolsa Familia,
os efeitos do PBF no mercado de trabalho, assim como alguns estudos empiricos que foram
feitos. A metodologia sera apresentada na terceira se¢do. Os resultados podem ser observados
na secdo quatro. E, por ultimo, as consideragdes finais do trabalho serdo apresentadas na
se¢ao cinco.

2 REVISAO DE LITERATURA
2.1 Programa Bolsa Familia - PBF

O Programa Bolsa Familia’ (PBF) ¢ um programa de transferéncia direta de renda
condicionada e foi criado pelo Governo Federal com o objetivo de, no curto prazo, aliviar a
situagdo de pobreza e promover seguranca alimentar e nutricional das familias que se
encontram em posi¢ao de vulnerabilidade social em todo o pais. Segundo Soares e Satyro
(2009), o PBF resultou da unificagio® de outros programas de transferéncias de renda (Bolsa
Escola, Bolsa Alimentacao, Auxilio Gas e Cartdo Alimentacdo), que a época se encontravam
em situacdo de caos, onde cada programa federal tinha sua agéncia executora, além disso, a
coordenacgdo entre elas era minima. Os sistemas de informagao dos programas eram distintos
e nao havia comunicagdo entre eles, como consequéncia muitas familias poderiam receber
beneficios de todos os programas, enquanto outras que se encontravam nas mesmas condigdes
sociais poderiam ser negligenciadas, podendo até¢ mesmo, nao receber qualquer beneficio.

O Bolsa Familia, desde a sua cria¢do, conta com o CadUnico como uma fonte de
informacdes (registradas pelos municipios) para o programa e para qualquer outro programa
social focalizado, que facilita a identificagdo das familias de baixa renda existentes no Brasil,
como também, a selecdo das familias que poderdo receber o beneficio (BRASIL, 2015). O
critério de renda utilizado pelo Governo Federal ¢ dado mediante uma linha de pobreza e
extrema pobreza’, sendo classificadas como pobres aquelas familias que recebem entre R$
77,01 ¢ R$ 154,00 per capita ¢ familias extremamente pobres aquelas que possuem renda
inferior a R$77,00 per capita. Se as familias estdo inseridas nessas faixas de rendas, entdo
elas podem ser consideradas como elegiveis e dependendo da quantidade de filhos e de suas
respectivas faixas etarias, os beneficios destas podem variar. Vale ressaltar, que para familias
extremamente pobres ¢ concedido um beneficio basico, no valor de R$77,00, que ndo exige
condicionalidades. Portanto, existem duas modalidades de beneficios: Beneficio Basico:
Concedido as familias extremamente pobres, Beneficio Variavel: Concedido as familias
pobres, que tenham criangas de 0 a 15 anos, gestantes e nutrizes, no valor de R$35,00 e com

5 Instituido pela Medida Provisoria n® 132, de 20 de outubro 2003. Oficializado pela Lei n® 10.836, de 09 de
janeiro de 2004, e Decreto n° 5.209, de 17 de setembro de 2004.

¢ A partir de 2006, o Programa de Erradicagio do Trabalho Infantil (PETI) também passou a compor o PBF.

7 Estes valores correspondem a linha de pobreza do ano de 2105. Para o ano de anélise deste estudo, 2010, os
valores correspondiam a: at¢é R$ 70,00 (familias extremamente pobres) e entre R$70,01 ¢ R$140 (familias
pobres).



um limite de 5 beneficios por familia. Ha, também, o beneficio para adolescentes de 16 e 17
anos, no valor de R$42,00 e limitado a 2 beneficios por familia.

Embora existam incentivos governamentais para amenizar a situacdo de pobreza e
risco das familias mediante programas de transferéncias de renda, como o PBF, nem todas as
familias que se encontram nesta situagdo sao contempladas com o beneficio, visto que ha uma
limitag@o dos recursos governamentais.

Até 2006, o PBF foi avangando gradualmente, alcancando a meta de 11 milhdes de
familias beneficiadas (SOARES; SATYRO, 2009). Conforme os dados do Sistema de
Beneficios ao Cidadao — SIBEC (2015), o programa beneficiou em 2015 aproximadamente 14
milhdes de familias em todo territoério nacional, sendo um dos programas sociais que maior
contempla e colabora com a redu¢do da miséria. Segundo o Ministério de Desenvolvimento
Social e Combate a Fome — MDS (2015), o PBF visa assegurar o acesso a direitos sociais
basicos, nas areas de educagdo, saide e assisténcia social. Para que as familias permanegam
no programa recebendo o beneficio, ¢ necessario que elas cumpram com algumas
condicionalidades exigidas pelo Governo Federal nestas areas supracitadas. Ressalta-se que o
MDS, juntamente com os Ministérios da Educacao e da Satude, sdo os 6rgaos responsaveis por
fazer o monitoramento das condicionalidades do programa, cabendo também aos municipios
fazer o acompanhamento intersetorial entre as areas (saude, educagao e assisténcia social).

Na area da educacdo, a contrapartida exigida das familias ¢ que todas as criangas entre
6 ¢ 15 anos estejam devidamente matriculadas e que tenham frequéncia mensal minima de
85%, enquanto os jovens de 16 e 17 anos devem ter frequéncia minima de 75%. Tratando-se
da saade, as familias devem acompanhar o cartdo de vacinagdo de criangas menores de 7
anos. J& as mulheres, de 14 a 44 anos, gestantes ou nutrizes, assumem o compromisso de fazer
o pré-natal e o acompanhamento de sua satde e do bebé. Quanto a assisténcia social, ¢
exigido que todas as criancas menores de 15 anos que se encontram ou encontravam-se em
situacdo de risco de trabalho infantil participem do Programa de Erradicagdo do Trabalho
Infantil — PETI e obtenham frequéncia escolar minima de 85%.

O ndo cumprimento das contrapartidas impostas as familias ndo necessariamente
implica na perda do beneficio de imediato. Dependendo do motivo que ocasionou o0 nao
cumprimento das condicionalidades, serdo atribuidas penalidades as mesmas e, caso persista o
descumprimento por parte das familias, o cancelamento do beneficio pode ser feito. Soares e
Satyro (2009) ressaltam que, para as familias que se encontram em situacdo de extrema
vulnerabilidade, ¢ mais dificil que essas contrapartidas sejam obedecidas, visto que algumas
familias vivem longe de escolas e postos de saude. Portanto, ¢ de suma importancia que o
Estado cumpra com seu dever constitucional de criar condi¢des para que estas familias
possam desempenhar com é€xito o que lhes foi imposto e, assim, melhorar as suas condi¢des
de vida.

2.2 Efeitos dos Programas de Transferéncias de Renda sobre a Oferta de Trabalho

Um dos temas muito debatido, envolvendo transferéncias de renda, ¢ o impacto que
esses tipos de programas sociais tem sobre o mercado de trabalho das familias pobres
beneficiadas. Levy (2010) argumentou a respeito de um “ciclo vicioso” de programas sociais
ndo contributivos, que acabam incentivando as familias a procurarem empregos de menor
qualidade ou de baixa produtividade, ou seja, os trabalhadores acabam ingressando no setor
informal, para assim evitar contribui¢des obrigatdrias a previdéncia social. Entretanto,
segundo a Cepal (2006 apud CECCHINI 2013), os programas de prote¢do social sdo
importantes fontes de investimento em capital humano e o que gera e mantém o setor informal
na economia ¢ a heterogeneidade da estrutura produtiva, no qual os setores modernos, de
maior produtividade, tem pouca capacidade de absorver a mao-de-obra. Portanto, muitas
vezes o setor informal ¢ a inica possibilidade de inser¢ao laboral dos trabalhadores.



Cecchini (2013) mostra que existe um determinado elo positivo entre a prote¢do social
ndo contributiva, o emprego e os principios do trabalho decente. Para a autora, os programas
de transferéncias condicionadas acabam proporcionando uma maior liquidez as familias
beneficiadas, fazendo com que estas sejam capazes de tomar melhores decisdes com relagdo a
condig¢des dignas de trabalho e empregabilidade.

As principais criticas feitas, especialmente quanto ao Programa Bolsa Familia, sdo
acerca de um possivel impacto negativo sobre os membros adultos das familias que possuem
idade para trabalhar, devido a uma determinada acomodacao desses individuos, diminuindo
assim a oferta de trabalho destes, em virtude do recebimento de beneficios basicos (beneficios
que nao exigem uma contrapartida das familias). Ou seja, esse tipo de transferéncia gera um
“efeito-desincentivo ” ao trabalho nas familias (COSTA et at, 2014). Brito (2011) ressalta que
tal efeito produz uma certa dependéncia das familias beneficiadas em relacao ao Estado.

Cecchini (2013) afirma que os programas de transferéncia renda condicionada ndo sdo
suficientes para arcar com o déficit da renda das familias beneficiadas, devido ao montante
repassado ser um valor baixo. Para Tavares (2008), existem dois tipos de efeito que podem ser
observados em programas de transferéncias de renda como o PBF: Efeito-renda: Neste efeito,
tem-se uma redu¢do na oferta de trabalho, devido a um aumento da renda da familia diante do
recebimento do beneficio do programa. Dessa forma, a renda da familia ndo ¢ comprometida,
ou seja, existe uma recompensa pela reducdo da oferta de trabalho proveniente da
transferéncia de renda do PBF. Este tipo de efeito também ¢é conhecido como “efeito-
desincentivo ”. Efeito-substituicdo: Este efeito decorre da imposi¢do das condicionalidades.
Caso a renda familiar seja oriunda de todos os membros da familia e, visto que, o programa
impde uma contrapartida quanto a frequéncia escolar das criangas e jovens, outro membro
familiar devera aumentar a oferta de trabalho para compensar a perda da renda devido a
reducdo do trabalho dessas criangas e jovens. Dado que os dois efeitos atuam em diregdes
opostas, tem-se um equilibrio quando o efeito-renda ¢ igual ao efeito-substituicdo. Caso o
efeito-renda sobreponha o efeito-substitui¢do, tem-se um impacto negativo do programa, e
caso contrario, um impacto positivo.

Alguns trabalhos empiricos foram realizados com a intengdo de mostrar possiveis
impactos dos Programas de Transferéncia de Renda no mercado de trabalho. A seguir, serdo
descritos alguns desses estudos. Parker e Skoufias (2000) avaliaram o impacto do Programa
de transferéncia de renda Progresa®, no México, na participagdo no mercado de trabalho, no
lazer e alocagdao do tempo dos homens, mulheres e criangas, considerando a metodologia de
diferengas em diferencas probit e os dados do censo ENCASEH® de 1997, 1998 e 1999. No
caso da participagcdo no mercado de trabalho, os resultados mostraram que houveram redugdes
significativas na participacdo da forca de trabalho infantil em atividades assalariadas e nao
assalariadas tanto para meninos quanto para meninas. Quanto aos adultos, homens e mulheres,
nao foram constatados efeitos de desincentivo ao trabalho. Para os resultados da alocagao de
tempo, foram observados que as criangas aumentaram significativamente a participacdo nas
atividades escolares. Com relacdo aos adultos, ndo ha impacto significativo do programa no
tempo de lazer.

Cardoso e Souza (2004) estimaram o impacto sobre a frequéncia escolar e o trabalho
infantil de programas de transferéncias de renda, como o programa de renda minima e o bolsa
escola, para familias pobres no Brasil. Por meio dos dados do Censo (2000) e a metodologia

8 O Programa de Educacion Salud y Alimentacion (Progresa) iniciou em 1997, posteriormente, em 2002, recebeu
o nome de Oportunidades e em 2014 passou a se chamar PROSPERA

9 O ENCUESTA DE CARACTERISTICAS SOCIOECONOMICAS DE LOS HOGARES (ENCASEH) é um
questionario aplicado para saber quais familias podem ser atendidas pelo PROPESRA, antigo PROGRESA, no
qual é feita a coleta de dados sobre saude, educagdo, alimentagdo, trabalho, acesso aos servicos basicos,
caracteristicas da habitagao, posse de propriedade, o tipo de localidade, entre outro.



do PSM, encontraram-se resultados iguais tanto para meninos quanto para meninas com
relacdo ao aumento da frequéncia escolar. Tratando-se da probabilidade de trabalhar,
observou-se uma diminuigado significativa para as meninas. Ja para os meninos, os resultados
ndo foram estatisticamente significantes.

O trabalho feito pelo Cedeplar (2006) avaliou o impacto do PBF sobre a oferta de
trabalho, com base em uma pesquisa de campo. Os resultados indicaram um efeito positivo do
programa, mostrando que os adultos membros das familias beneficiadas tem uma taxa de
participacao maior do que os adultos residentes em domicilios ndo beneficiarios. Esse efeito
ainda ¢ maior com relacdo as mulheres, quando comparado aos homens.

Ferro e Nicollela (2007) analisaram o efeito das transferéncias de renda condicionadas
quanto a taxa de participacdo e as horas trabalhadas dos adultos nas areas urbanas e rurais,
com base nos dados da PNAD do ano de 2003. Os efeitos encontrados foram positivos e
significativos apenas para homens e mulheres residentes em areas urbanas e negativo para
mulheres residentes em areas rurais. Teixeira (2008) estima o efeito do PBF na oferta de
trabalho em atividades formais e informais de homens e mulheres beneficiarios do programa,
com dados da PNAD 2006. O calculo ¢ feito por meio do efeito médio do tratamento
(Average Treatment Effect on the Treated — ATT) e a andlise grafica do efeito local do
programa (Average Local Effect — ALE). Os resultados apontam que o PBF tem efeito
negativo na oferta de trabalho das mulheres. Por sua vez, na oferta de trabalho dos homens, o
efeito € negativo para os que trabalham por conta propria e nulo para os que trabalham no
mercado formal.

Tavares (2008) investigou o impacto do PBF sobre a oferta de trabalho das maes
beneficiadas. Foram utilizados dados da Pesquisa Nacional por Amostra Domiciliar (PNAD),
referentes ao ano de 2004, e o método do Propensity score Matching (PSM) para assim fazer
um confractual e encontrar maes que ndo foram beneficiadas pelo programa comparaveis as
maes que foram. Os resultados encontrados evidenciam um pequeno efeito-renda negativo,
mas que nao ¢ suficiente para gerar um efeito-desincentivo ao trabalho. Entretanto, também
foi observado um efeito positivo que se sobrepde ao efeito negativo, a autora explica que isso
pode decorrer devido a uma maior disponibilidade de tempo das maes para trabalhar, visto
que as criangas e jovens tem um aumento da frequéncia escolar e assim reduzem sua oferta de
trabalho.

Mattos et al (2010) fizeram a andlise da influéncia de dois programas sociais
(Programa de Renda Minima e Bolsa Escola) quanto a oferta de trabalho dos beneficiarios. Os
autores utilizaram a metodologia de sele¢do de Heckman (1979) e o PSM com dados da
Pesquisa de Or¢camentos Familiares (POF) no periodo de 2002 e 2003. Como resultado, nao
ficou evidenciado, entre os beneficiarios, diferenca com relagdo entre a probabilidade de estar
empregado e o nimero de horas trabalhadas no ano. E ainda, houve um pequeno efeito-
negativo na probabilidade de estar empregado das mulheres que recebiam beneficios do
Programa Renda Minima e um efeito-positivo para os homens que recebiam beneficios do
Bolsa Escola.

Gonzalez-Rozada e Pinto (2011) investigaram o impacto do Programa Bono de
Desarrollo Humano (BDH), do Equador, sobre o mercado de trabalho dos beneficiarios.
Utilizando dados do ENEMDU!'? para os anos de 2004 a 2010 e a metodologia de regressio
descontinua, os autores encontraram que para as maes beneficidrias e os trabalhadores que
pertencem a familias que recebem os beneficios, obtiveram maior duracdo do desemprego do
que os ndo beneficiarios, além disso, o programa ndo obteve efeitos de distor¢do sobre a
probabilidade de existéncia de trabalho informal para as maes e os trabalhadores que vivem
em familias com beneficios do BDH.

10 Pesquisa Nacional de Emprego, Desemprego e Subemprego realizada pelo Instituto Nacional de Estatistica e
Censos (INEC) do Equador.



Alzta et al (2012) avaliaram o efeito de trés programas implementados em areas rurais
(Progresa — México, Red de Proteccion Social — Nicaragua, Programa de Asignacion Familiar
— Honduras) sobre a oferta de trabalho de adultos beneficiarios. Os dados utilizados foram
provenientes de pesquisas longitudinais ad hoc realizadas a fim de avaliar cada intervencao
especifica, ademais, as trés fontes de dados foram harmonizadas com base em um conjunto
comum de critérios a fim de alcancar o méaximo de compatibilidade com a metodologia
descrita no CEDLAS!! (2012). Por meio da técnica de estimacio de diferencas em diferengas,
os resultados da oferta de trabalho para os adultos que participaram dos programas foram em
sua maioria negativos, entretanto foram efeitos pequenos e alguns foram estatisticamente nao
significantes. Também foram observadas algumas particularidades, como por exemplo no
caso do PROGRESA em que hd um pequeno efeito positivo sobre o nimero de horas
trabalhadas dos beneficiarios do sexo feminino.

Costa et al (2014) fizeram uma andlise do impacto do PBF na renda e nas horas de
trabalho das familias pobres em todas as regides brasileiras. Para a analise, foram utilizados
dados do Censo (2010) do IBGE e o método do Efeito Quantilico do Tratamento (EQT), em
especial o estimador proposto por Firpo (2007). Os resultados mostraram que em grupos
especificos de familias beneficiadas houveram menos horas trabalhadas e uma menor renda
do trabalho quando comparado as familias ndo beneficiadas. No tocante as regides, os
resultados foram distintos, tendo as regides Nordeste e Norte efeitos negativos no mercado de
trabalho, enquanto os resultados para as demais regides foram mais homogéneos. Também foi
possivel observar efeitos para o Brasil urbano e Brasil rural, no qual os impactos foram
diferentes, com efeitos neutros, positivos e negativos para os dois casos, entretanto o efeito
desincentivo ao trabalho foi mais forte no Brasil rural do que no urbano, especialmente nos
quantis mais elevados. Os autores indicam que parte dessas diferengas observadas pode ter
ligagdo com o dinamismo econdmico especifico de cada regido.

3 METODOLOGIA E BASE DE DADOS
3.1 Base de Dados

Os dados utilizados neste trabalho foram retirados do Censo Demografico, do Instituto
Brasileiro de Geografia e Estatistica (IBGE), para o ano de 2010'2. Foram escolhidas
variaveis que estavam presentes simultaneamente no Censo Demogréfico ¢ no CadUnico.
Para obter os efeitos do Programa Bolsa Familia no mercado de trabalho, foram utilizadas
duas metodologias que avaliam o efeito em situagdes distintas. A primeira metodologia,
Propensity Score Matching, analisa os efeitos do programa na média e a segunda, Efeito
Quantilico de Tratamento de Firpo (2007), verifica os efeitos ao longo da distribuicdo. A
seguir, serdao abordadas as duas metodologias.

3.2 Modelos Econométricos
3.2.1. Propensity Score Matching (PSM)

Na avaliagdo de politicas publicas, o ideal para identificar o efeito de uma politica
seria comparar um mesmo grupo em dois contextos: participando e ndo participando do
programa. Entretanto, isso nao € possivel e o que pode ser feito ¢ criar um contrafactual, que
seria um grupo estatisticamente idéntico ao grupo que € beneficiado pelo programa, diferindo
apenas do fato de ndo receber o beneficio.

O Propensity Score Matching (PSM) ¢ um dos métodos existentes para este tipo de
analise, no qual consiste na selecdo de um grupo de controle, com base em um modelo de
probabilidade (Logit/Probit) de participar do tratamento, comparaveis com um grupo de

I Centro de Estudos Distributivos, Laborais e Sociais da Faculdade de Ciéncias Econdmicas da Universidad
Nacional de La Plata
12 Visto que foi o ultimo censo divulgado.



tratamento por meio do pareamento (matching) dos grupos, utilizando caracteristicas'?
observaveis. A partir disso, pode-se comparar os resultados dos tratados e ndo tratados com
escores de propensdo semelhantes para obter o efeito do programa. O escore de propensao,
desenvolvido por Rosenbaum e Rubin (1983), ¢ definido como a probabilidade condicional de
receber um tratamento, dado por caracteristicas do pré-tratamento observaveis, isto é:
p(X) = Pr(T = 1|X) = E(T|X) 1)
Onde T indica a posicdo do tratamento para a familia (1 — recebe o beneficio do
programa, 0 — ndo recebe) e X ¢ o vetor de caracteristicas. Assim, o efeito médio do
tratamento sobre os tratados (ATT), é dado por:
T= EPI:H}|T=1£E[F1E IT; = 1, p(X,)] — E[YyIT; = 0,p(X)]IT, = 1} (2)

Para que se possa calcular o ATT, € necessario que sejam atendidas duas hipdteses. A
primeira hipdtese diz a respeito a independéncia condicional, que implica que os fatores nao
observados nao afetam a participagdo. No caso do Bolsa Familia, os beneficidrios sao
determinados mediante sua inscricio no CadUnico, posteriormente ¢ realizado um sorteio
aleatdrio para a concessdo do beneficio. Hipétese 1: ¥:(1),¥;(0) | T.| X,

A segunda hipotese trata do suporte comum, que conforme Heckman, LalLonde e
Smith (1999), este pressuposto garante que as observagdes de tratamento tém observacdes de
compara¢do "nas proximidades" na distribui¢cdo de escore de propensdo. Para atender essa
hipdtese, as variaveis escolhidas para o matching foram aquelas com mais similaridades entre
os beneficiarios e ndo beneficiarios. Hipétese 2: Para algum ¢ >0, c <p(x) <1 -c.

De acordo com Rosenbaum e Rubin (1983), essas duas hipoteses combinadas sdo
conhecidas como ignorabilidade forte. Além disso, ressalta-se que a estimagdo do escore de
propensdo ndo ¢ suficiente para estimar o ATT, sendo necessario alid-la ao matching. Com
relagdo a isso, diferentes métodos podem ser utilizados para fazer o pareamento, dentre eles,
destacam-se os que seguem: Pareamento por vizinho mais proximo (Nearest Neighbor
Matching), Pareamento por alcance (Radius Matching), Pareamento Kernel (Kernel
Matching).

3.2.2 Efeito Quantilico de Tratamento — Modelo de Firpo (2007)

O modelo de efeito quantilico de tratamento exdgeno e nao condicional proposto por
Firpo (2007) sera utilizado para obter o efeito do PBF nas areas rurais. Isto porque, uma
familia pode ou ndo pertencer ao programa devido a fatores aleatorios, dada uma restrigcao de
renda e caracteristicas observaveis, portanto, o tratamento utilizado deve ser exdgeno. E nao
condicional deve-se ao fato de muitas familias serem elegiveis ao programa, mas que nao sdo
selecionadas devido aos recursos direcionados ao programa serem limitados, dessa forma, a
participag@o ou ndo condicional das familias ¢ feita de forma aleatoria.

Neste estudo, o tratamento diz respeito a receber ou ndo o PBF, portanto os
beneficidrios do PBF fazem parte do grupo de tratamento e os ndo beneficiarios, do grupo de
controle. Visto isso, o modelo de EQT de Firpo (2007) ¢ definido a seguir.

Seja T a varidvel que indica o tratamento para um individuo i, que assume valores de 0
e 1. Se T=1 o individuo assume a forma de tratado e se T;=0, de ndo tratado. Seja Yi a
variavel de resposta desse evento, ou seja, os resultados potenciais de receber ou ndao o
tratamento, dessa forma, se Y;(1) o individuo recebe o tratamento e se Y,(0), ndo recebe o
tratamento. Dessa forma, define-se o resultado observado como:

=YD -T+Y%0)- (1-T) 3)

Diante disto, definindo T como um numero real em [0,1] o efeito quantilico de

tratamento (EQT) ¢ dado por:

130 grupo de covariaveis utilizadas para a estimagdo do PSM seréio descritas na subsegdo 3.5.



ﬂr = ql;r - ql},‘t’ Ol’lde qj;t = Lﬂfq PT[YUJ E q_;l';l:] = T!j = 011 (4)
A expressao acima mostra que o EQT ¢ a diferenca entre os valores do guantil t das
funcdes de distribuicdo cumulativas da varidvel resposta referentes ao grupo de tratamento e o
de controle, para um dado quantil. Para estimar o EQT ¢ necessario seguir duas etapas: em
primeiro lugar, estima-se o escore de propensdo e posteriormente calcula-se a diferenga entre
tratados e ndo tratados. Os estimadores do escore de propensdo sdo definidos como a
probabilidade condicional de receber um tratamento, dado por caracteristicas de pré-
tratamento observaveis:
p(X) =Pr(T =1|X =x) Q)
A utilizagdo do escore de propensdo requer que sejam adotadas trés hipoteses:
independéncia condicional, suporte comum e guantis bem definidos e Unicos. A hipotese de
independéncia condicional implica que os valores de ¥; independem da aplicacdo do

tratamento, condicionada a um determinado conjunto de variaveis X observaveis: Hipotese 1:
¥.(1),Y.(0) 1 T;|X,. J4 a hipétese de suporte comum garante que as observagdes de
tratamento tém observagdes de comparagdo "nas proximidades" na distribuicdo de escore de
propensdao (Heckman, Lalonde, e Smith, 1999), ou em outros termos: Hipotese 2: Para
algum ¢ > 0, ¢ < p(x) < 1 - c. Hipotese 3: Para j=0,1, ¥(j) é uma variavel aleatdria continua
com suporte em R, no qual ha um conjunto ndo vazio de ¥; e ¥;, de tal forma que ¥; = {t €
(0,1); Pr[¥(j) = q;,—c] < Pr[¥(j) < gq,, + c],¥ cER, c > 0}. Essa hipotese que mostra
que os quantis sao bem definidos e inicos.

Cabe mencionar que diferentemente da metodologia exposta na subsecdo anterior, a
metodologia de Firpo (2007) ndo faz o pareamento (matching) dos escores de propensao, € a
estimacao do escore de propensao ¢ feita por meio de um modelo logit global. Dessa forma,
o estimador de EQT ¢ dado por At = g4 .- §,,, onde:

Ef_:l';[ = argmiﬂq EJ:'I=1 ﬁ}_;l',r J‘:'T(Yz - q:] (6)
De tal forma que os quantis podem ser estimados mediante a minimiza¢ao de uma
soma da fun¢do check p.(.) assim como foi proposto por Koenker e Basset (1978) apud

Cavalcanti (2013). Os pesos de cada uma (%nas observagoes, wi, ¢ dada pela seguinte expressao:
. i . 1-1;
Wy =——— W, =——
I Npa) ¢ T Na-AED) @
3.3 Grupos de Tratamento e Controle
A avaliagdo do impacto do Bolsa Familia no mercado de trabalho sera realizada por
meio da comparagdo dos resultados de dois grupos: Grupo de Tratamento: Diz respeito as
familias que atendem aos critérios de elegibilidade e sdo beneficiarias do programa; Grupo
de Controle: S3o aquelas familias que atendem aos critérios de elegibilidade, mas que ndo
sao beneficidrias, pois nao foram selecionadas por algum motivo.
3.4 Variavel de Resultado
Seguindo Costal et al (2014), os impactos dos Programa Bolsa Familia no mercado de
trabalho serao avaliados utilizando duas variaveis de resultado: Horas trabalhadas do chefe
familiar: Neste caso, pretende-se analisar se o programa reduz ou ndo as horas trabalhadas
dos chefes beneficiarios, ou seja, se realmente ha um efeito desincentivo ao trabalho devido
ao repasse monetario. Renda do trabalho per capita: Para esta variavel de resultado, a
analise se da com o intuito de verificar se a renda das familias oriunda do trabalho esta
aumentando ou reduzindo por possiveis efeitos negativos, de desincentivo ao trabalho, do
programa.



Dessa forma, serdo estimados dois modelos para as duas metodologias descritas, o
primeiro avaliara o impacto do programa nas horas trabalhadas do chefe de familia e o
segundo analisara o impacto na renda do trabalho per capita.

3.5 Covariadas

Para fazer uma comparacao dos resultados dos grupos de tratamento e de controle, ¢
necessario que os dois grupos sejam o mais homogéneo possivel. Dessa forma, com o intuito
de garantir que o modelo capte o efeito do programa, fez-se necessario controlar
caracteristicas observaveis do grupo familiar e do domicilio, sendo consideradas as variaveis que
estavam presentes simultaneamente no Censo Demografico e no CadUnico. O grupo de
Covariadas ¢ dividido em quatro categorias, como mostra o quadro 1 abaixo.

Idade

Género (1=homem, O=mulher)

Cor (1=branco, 0=nao branco)

Carateristicas do chefe familiar Conjuge (1=casado(a), 0=nao casado(a))

Escolaridade (dummies)

Trabalha (1=trabalha, 0=ndo trabalha)

Carteira de trabalho assinada (1=possui, 0=ndo possui)

N° de pessoas

N° de filhos (por faixa etéria)

Composi¢do familiar: N° de filhos homens (1=filho homem, O=caso contrario)

N° de filhos brancos (1=filho branco, 0= caso contrario)

Deficiéncia auditiva (1=possui, 0=ndo possui)

Outras caracteristicas dos Deficiéncia fisica (1=possui, 0=ndo possui)

componentes domiciliares Deficiéncia visual (1=possui, 0=ndo possui)

Deficiéncia mental (1=possui, 0=ndo possui)

Proprio (1=¢, O=caso contrario)

Tipo de domicilio (1=casa/apartamento, O=oca/barraca/cortico)

Domicilios de alvenaria (1=alvenaria, 0=caso contrario)

Outras caracteristicas do municipio |Rede de 4dgua tratada (1=possui, 0=ndo possui)

Eletricidade (1=possui, 0=ndo possui)

Saneamento (1=possui, 0=ndo possui)

Coleta de lixo (1=possui, 0=ndo possui)

Fonte: Elaborado pelos autores, com base na pesquisa.

Quadrol. Covariadas utilizadas para o matching
4 RESULTADOS
4.1 Estatisticas Descritivas

A distribuigdo dos domicilios rurais pobres elegiveis para o Programa Bolsa Familia
pode ser observada na Tabelal. Os dados amostrais denotam um total de 430.227 unidades
domiciliares, e, quando ponderados pelo peso, os dados do Universo mostram que os nimeros
de domicilios correspondem a 2.742.705.

No Brasil, o percentual de familias beneficiadas pelo PBF equivale a 59,60% do total
de familias elegiveis. Quando a analise ¢ feita por regides, percebe-se que o Nordeste ¢
responsavel pela maior quantidade de familias beneficiadas, tanto em termos absolutos quanto
relativos, com cerca de 68,68% da amostra de 261.500 domicilios e representando 72,03% do
total dos beneficidrios do pais. Em seguida, destacam-se as regides Norte e Sudeste, que
participam com 12,98% e 8,93%, respectivamente, no total de beneficiarios no Brasil, mas s
contemplam 46,20% (Norte) e 46,94% (Sudeste) das familias elegiveis em suas regides. J4 as
regides Sul e Centro-Oeste possuem participagdes menos expressivas representando 4,02% e
2,03% dos beneficidrios no pais e com menos de 40% de suas populacdes recebendo
beneficios.




Tabela 1 — Estatisticas descritivas — Brasil e Regides — 2010

Participacio dos

Regides Amostra Universo! Beneficiarios | Beneficiarios do PBF no
do PBF (%) Total de Beneficiarios

do Brasil

Brasil 430.227 2.742.705 59,60% 100,00%

Nordeste 261.500 1.714.334 68,68% 72,03%

Norte 62.050 459.119 46,20% 12,98%

Sudeste 55.450 311.130 46,94% 8,93%

Sul 34.386 162.913 40,33% 4,02%

Centro-Oeste 16.841 95.210 34,93% 2,03%

Nota: (1) Os dados do Universo sdo obtidos por meio da ponderagdo com os pesos divulgados pelo Censo
Demografico. Fonte: Elaborado pelos autores, com base nos dados do Censo Demografico (2010).

4.2 Resultados para o Propensity Score Matching (PSM)
4.2.1 Impacto do Programa Bolsa Familia nas horas trabalhadas do chefe familiar

Para a andlise do efeito do Bolsa Familia nas horas trabalhadas pelo método PSM,
estimou-se, primeiramente, um modelo de probabilidade logit da familia participar ou ndo do
PBF, de maneira que fosse possivel encontrar um suporte comum entre 0s grupos, assim,
todos aqueles que estiveram fora do suporte foram descartados. Os resultados deste modelo
podem ser vistos na Tabela Al do apéndice. Para o Brasil, as varidaveis de deficiéncias
auditiva e mental ndo foram estatisticamente significantes a 5%. As demais variaveis foram
significantes a 5%, com exce¢do das varidveis de ensino primario e deficiéncia fisica que
foram estatisticamente significantes a 10%. Além disso, quanto maior a idade do chefe,
menor ¢ a chance de participacdo no programa, o mesmo ¢ observado para casos de ser chefe
homem, chefe branco, possuir ensino ginasio, segundo grau, superior, pos graduacao, carteira
de trabalho assinada, ser agricultor e ter saneamento e tratamento de lixo.

O intervalo da regido de suporte comum para o Brasil foi entre 0,07688124 e
0,99987008. Foram consideradas 103.619 familias dentro deste intervalo, de uma total de
103.648. Essa regido garante que as observagdes dos dois grupos, tratamento e controle,
podem ser comparaveis quanto as caracteristicas observaveis. O passo seguinte foi realizar o
teste de balanceamento'® para o Brasil, o qual apresentou o método de kernel’” como o mais
adequado para se fazer o pareamento das variaveis, visto que possui menos variaveis
significantes a 5%, além disso, houve uma redu¢do do Pseudo-R2 de 0,126 para 0,002, isto
implica que as variaveis explicativas perdem poder de explicagdo com relagdo as diferencas
entre as familias (Tabela A3 do apéndice).

Apo6s o pareamento, foi possivel calcular o efeito médio do tratamento sobre os
tratados (ATT), que pode ser visto na tabela abaixo. Os resultados mostram que o impacto do
PBF nas horas trabalhadas do chefe familiar, no Brasil, foi em média de -2,04, ou seja, os
beneficidrios do programa possuem menos horas trabalhadas do que os ndo beneficiarios. O
mesmo ¢ observado para todas as regides, sendo o maior impacto verificado nas regidoes Sul,
Centro-Oeste e Sudeste, no qual os beneficidrios possuem 2, 39, 2,04 e 1,73, respectivamente,
a menos de horas trabalhadas comparados as familias que ndo recebem o repasse monetario.
Ja nas regides Nordeste e Norte, os impactos foram menos expressivos, no qual a média das
horas trabalhadas entre os grupos foi de -1,20 e -1,15, respectivamente. Vale ressaltar que
2010 foi um ano de seca no Nordeste e que mais de 50% dos beneficiarios sdo agricultores,
assim pode ser que neste ano o repasse monetario do programa tenha ajudado a atender

12O teste de balanceamento para as regides mostrou que o método de Kernel é o mais adequado, com excegdo da
regido Nordeste, no qual o método do vizinho mais proximo foi o que melhor se adequou. Os resultados para o
teste de balanceamento podem ser observados no Apéndice.

15O matching Kernel e Raio apresentaram o mesmo balanceamento, porém, o Kernel foi escolhido por ndo
apresentar no pareamento familias com escores de propensdes diferentes. Desta forma, o grupo dos tratados e de
controle serdo mais homogéneos.



apenas as necessidades fundamentais dos beneficiarios, sem que tenha havido grandes
incentivos para uma maior reducdo das horas trabalhadas.

Embora os resultados das horas trabalhadas entre os beneficidrios e o grupo de
controle, tenham mostrado que a Regido Sul ¢ aquela que apresenta o maior “efeito
desincentivo” médio, esta regido ¢ responsavel pela maior quantidade de horas trabalhadas
entre todas as regides. Por outro lado, o Nordeste que apresentou o segundo menor “efeito
desincentivo” ¢ a regido com a menor média de horas trabalhadas, além disso a regido se
destaca por ser responsavel por aproximadamente 72% do total de beneficidrios do Programa

Bolsa Familia no Brasil, como visto na tabela 1.
Tabela 2 - Impacto do PBF nas horas trabalhadas do chefe familiar

Regides | Tratados |Controle | ATT | teste t
Brasil 31,31 33,35 -2,04 -15,04
Nordeste 29,28 3048 -1,20 -6,83
Norte 31,22 32,36 -1,15 -3,52
Sudeste 33,95 35,68 -1,73 -4,71
Centro-Oeste 32,97 35,02 -2.,04 -2.47
Sul 35,90 38,29 -2,39 -6,25

Fonte: Elaborado pelos autores, com base nas estimagoes.
4.2.2 Impacto do Programa Bolsa Familia na renda do trabalho per capita

Seguindo os procedimentos realizados para a andlise anterior, estimou-se um modelo
logit, no qual os resultados estdo expostos na Tabela A4 do apéndice. Percebeu-se que, no
caso do Brasil, as variaveis idade do chefe, deficiéncia auditiva, fisica e mental foram as
unicas que nao foram estatisticamente significantes a 5%, enquanto as demais foram.
Também observou-se que caracteristicas como ser chefe homem, branco, possuir niveis de
escolaridade como gindasio, superior e pos graduacao, carteira de trabalho assinada, bem como
saneamento e tratamento de lixo reduzem as chances de participar do Programa Bolsa
Familia.

A regido do suporte comum para o Brasil foi dada entre o intervalo cujo o escore de
propensao variou entre 0,09171998 e 0,99989093, no qual dentre a amostra de 193.086
familias, 193.082 estdo dentro desse intervalo, sendo um total de 128.040 tratados e 65.042 de
nio tratados. O teste de balanceamento'® do Brasil apontou que, apos o pareamento, em quase
todos os casos, houve um balanceamento moderado das varidveis, mas o pareamento por
kernel foi o mais apropriado para fazer o matching. Quanto ao Pseudo-R2, percebeu-se que
este reduz de 0,107 para 0,001 (Tabela A5 do apéndice).

A tabela 3 mostra o Efeito Médio do Tratamento sobre os Tratados (ATT) para o
Brasil e Regidoes. Por meio dela, percebe-se que, em média, as familias beneficiadas pelo
programa no Brasil possuem renda do trabalho per capita inferior as familias elegiveis,
chegando a uma diferenca de R$19,16. Nas regides, essa diferenca ¢ ainda maior na regiao
Sul (-R$20,15), enquanto a regido Norte (-R$14,73) é responsavel pela menor diferenca,
seguida do Nordeste (-R$16,80) e Sudeste (-R$16,85).

Dessa forma, pode-se verificar que no Brasil e Regides os beneficiarios do Bolsa
Familia possuem renda inferior per capita quando comparados com aqueles elegiveis que nao
participam do programa, sendo que, para as regides, 0 maior € 0 menor impacto ocorreu nas

Regido Sul e Norte, respectivamente.
Tabela 3 - Impacto do PBF na renda do trabalho per capita

Regides | Tratados | Controle | ATT |teste t
Brasil 61,33 80,48 -19.16 -90,67
Nordeste 61,57 78,37 -16,80 -59,66
Norte 62,23 76,96 -14.73 -29,54
Sudeste 75,01 91,87 -16,85 -37.29
Centro-Oeste 77,84 94,91 -17,07 -18,73
Sul 72,59 92,74 -20,15 -34.46

Fonte: Elaborado pelos autores, com base nas estimacgdes.

16 O método de Kernel também foi o mais adequado para as regides, com excegdo da regido Nordeste em que o
método mais apropriado foi o Vizinho mais préximo



4.3 Resultados para o Modelo de Firpo (2007)
4.3.1 Impacto do Programa Bolsa Familia nas horas trabalhadas do chefe familiar

Os efeitos do Bolsa Familia nas horas trabalhadas do chefe familiar para as regides, na
distribuigdo, sdo apresentados na Tabela 4. Para os quantis. os resultados apresentam efeitos
distintos. Pode-se perceber que no primeiro guantil, em que a quantidade de horas trabalhadas
¢ de 2h semanais (para o Nordeste, Norte, Sudeste e Centro-Oeste) e 3h semanais (para o Sul),
ndo existe “efeito desincentivo” ao trabalho para os trabalhadores. A ndo existéncia desse
efeito persiste nos primeiros quantis para a regido Nordeste e Norte. J4 na regido Norte, ¢
possivel perceber efeitos negativos mais fortes nos quantis mais elevados e um pequeno

impacto positivo entre os quantis 0,1 e 0,25.
Tabela 4 - Impacto do PBF nas horas trabalhadas dos chefes familiares — Brasil e Regides.

Quantis Brasil Nordeste Norte Sudeste Centro- Oeste Sul
H | wmr| » | w]wr] % [ n]mr] %« | n]rr| « H]mr]| % | nlrr] %
0 0 0 0 0 0
0,01 2 (0,135) ) 2 0176) 2 0284) 2 (0,412) ) 2 0,840) 3 (0,479)
0 9 M 9 8 0 8 0 T 8 2 s -2 3%
1 11,1% - - 9 22,2% 250% | 14 -14,
’ 0136 0 ° 0212) (0,335) (0,502) -7 (1,106) ’ (0,761) ’
0 0 0 Rk 0 g
0,25 20 - 20 - 20 0,0% | 20 200% | 20 - 25 -32,0%
’ (0,105) (0,154) (0,363) ’ (0,873) ’ (1,307) (0,647) ’
0,5 36 5 man| 30 O oo 30 0 40 0 a0 T Loow| 40 0
i (0260) 2% 0.949) 0% 0450) (0,246) ) 0971) 0% (0,242)
0,75 40 0 - 40 0 - 40 0 - a5 T ooy 4 T s | s 0
> (0,043) (0,064) (0,172) (0.405) o o711y 77 (0372)
Y Yk Yk 0 0 SEE
0,95 60 0278) 6% | 50 (1264 -80% | 58 (0912) -69% | 60 (0,730) - 60  (1,038) - 65 (2359) -1,7%
_Q sk 0 _] Qe _GEE* _12% 0
0,99 77 0,705) -104% | 72 (0569) - 80 (1,786) -12,5%| 80 (2,130) -7,5% 80 (4.642) -150%| 80 (1,838)

Nota: (') Os valores entre parénteses representam o desvio-padrao. (?)A tabela apresenta somente alguns quantis
selecionados. (3)***Estatisticamente significante a 1%, **Estatisticamente significante a 5%, *Estatisticamente
significante a 10%. Fonte: Elaborado pelos autores, com base nas estimacdes

A regido Centro-Oeste tem a maior redugdo (12h) na jornada de trabalho, mais
precisamente para os individuos que trabalham 80h semanais. Para as regides Sudeste e Sul,
destacam-se efeitos negativos entre os quantis 0,1 e 0,25. Ademais, a regido Centro-Oeste ¢ a
que possui maiores efeitos desincentivo ao trabalho, enquanto a regido Norte é responsavel
pelos menores efeitos. Para aqueles que trabalham 40h semanais tanto para o Brasil quanto
para as regides, ndo existem efeitos significativos, com excecdo da regido Centro-Oeste, em
que parte dos beneficidrios que se encontram nessa faixa chegam a ofertar até 4h a menos
com relacdo aos que ndo sdo beneficidrios. Estes resultados seguem os encontrados por Costa
et al (2014), os quais consideraram para o Brasil urbano e rural.

Destacam-se alguns efeitos encontrados: 1) Efeitos neutros, ndo significantes, para os quantis
em que sao poucas as horas trabalhadas do chefe familiar e para os que trabalham 40h
semanais nas regides, com excecdo da Centro-Oeste. 2) Efeitos negativos para os que
trabalham acima de 40h semanais em todas as regides, excetuando-se os guantis com efeito
nulo, neste caso, esta reducdo nas horas trabalhadas pode ser ocasionada pelo fato desses
individuos ndo quererem ultrapassar a linha de pobreza estipulada pelo Governo, e assim
poder continuar recebendo os beneficios do programa, pois presume-se que quanto maior a
carga horaria de trabalho ofertada, maiores seriam os rendimentos. 3) Efeitos positivos entre
os quantis 0,1 e 0,25 da regido Norte, no qual as familias beneficiadas encontram incentivos
para aumentar a quantidade de horas trabalhadas.

4.3.2 Impacto do Programa Bolsa Familia na renda do trabalho per capita

A Tabela 5 retrata o impacto do Programa Bolsa Familia na renda do trabalho per
capita. Por meio dela, percebe-se que, a excecdo do primeiro quantil da regido Nordeste, a
renda dos beneficidrios do PBF, comparada aos nao beneficiarios, ¢ menor ao longo de toda a
distribuicao para todas as regides do pais.



Tabela 5 — Impacto do PBF na Renda do trabalho per capita — Regibes.

Quanti Brasil Nordeste Norte Sudeste Centro- Oeste Sul
uantis
RS | QT | % [ Rs | mOr | % [ Rs | mQr | % [ R | mQr [ % [ ms| mQr | % [ RS | mor [ %
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18,75+ % 16T -15,83%%% 220,00%+* ~15,00%%% 225,00%%*
05 6700 > -28,0%| 60,00 7 -194%| 7038 22,5%| 87,50 -22.9%| 100,00 -150%| 85,72 -29,2%
0,376) ’ (0,562) ’ (0,805) ’ (0,519) ’ (1,295) ’ (0,755) ’
- ok - Kook - ks R ok R ek ~ -
0,75 {10000 2(2626229) 22.2%| 90,00 1(6663775) -18,5% | 100,00 1?656028) -14,5%)| 107,15 2(3603003) 21,5%)| 116,67 2(50’55072) 21,9%)| 10625 2(56(1?23) 23,5%
20,83+ % 222,75+ 23,334 % -5 83%Hx -5 83 H 13000 533
095 12750 (0262) -163%[12500 (0202) -18.2%|12750 (0746) -183%|127.50 (0172) -46% [13200 (0396) 44% | T (0537) -64%
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Nota: (') Os valores entre parénteses representam o desvio-padrdo. (*)A tabela apresenta somente alguns quantis
selecionados. (?)***Estatisticamente significante a 1%, **Estatisticamente significante a 5%, *Estatisticamente
significante a 10%. Fonte: Elaborado pelos autores, com base nas estimagdes.

Com relagdo as regides Nordeste e Norte, os maiores impactos em termos monetarios
sdo observados da mediana pra cima, chegando a receber até R$22,75 (Nordeste) ¢ R$23,33
(Norte) a menos que as familias elegiveis ndo beneficiadas. Ja nas regides Sudeste, Centro-
Oeste e Sul, a redu¢do na renda ¢ maior no quantil 0,75 (assim como para o Brasil),
correspondendo a uma diminuigdo de R$23,00, R$25,50 ¢ R$25,00, respectivamente.

Tratando-se do impacto percentual no quantil, os efeitos negativos sdo maior
encontrados nas regides Sul e Centro-Oeste, no qual os chefes domiciliares beneficiados
recebem 35,0% (quantil 0,1) e 34,3% (quantil 0,01), respectivamente, a menos que 0s nao
beneficiados. Dessa forma, embora haja uma menor renda oriunda do trabalho dos
beneficiarios comparado aos ndao beneficidrios, ndo se pode afirmar que essa diferenca seja
atribuida exclusivamente ao efeito desincentivo ao trabalho, visto que foram observados
distintos efeitos na distribuigao.

CONSIDERACOES FINAIS

Este trabalhou procurou avaliar possiveis efeitos do Programa Bolsa Familia nas horas
trabalhadas do chefe familiar e na renda do trabalho per capita dos individuos que situam-se
em dareas rurais, contribuindo com a literatura em vista dos poucos estudos existentes que
buscam avaliar o impacto do programa no mercado de trabalho destas areas. A anélise foi
feita utilizando dados do Censo Demografico de 2010 e duas metodologias: Propensity Score
Matching (PSM) e de Firpo (2007). A principal diferenga entre os dois métodos reside no fato
de que o primeiro analisa o efeito médio nas variaveis, enquanto o segundo avalia o efeito ao
longo da distribuigao.

Considerando os efeitos médios, foi possivel observar, em todas as regides e Brasil,
resultados negativos sobre as horas trabalhadas e a renda do trabalho dos beneficiarios do
programa comparado as familias que sdo elegiveis, mas ndo sdo beneficiadas. Assim,
constatou-se um efeito desincentivo para o Brasil e Regides, sendo este efeito de maior
impacto na regido Sul, enquanto o menor impacto foi registrado na regido Norte. J& o
Nordeste que € a regido com a maior quantidade de beneficidrios do programa no Brasil, foi a
segunda regido com menor impacto nas horas trabalhadas, no entanto, esta regido ¢ a que
oferta menos horas trabalhadas em média no pais, enquanto a regido sul ¢ a que oferta mais,
logo, para os beneficiarios que se encontram na regido Nordeste, uma maior redugdo das
horas trabalhadas poderia implicar em uma perda monetaria mais significativa comparado aos
beneficiarios da regiao sul.

Quanto aos efeitos na distribuicdo, foram verificados trés tipos de efeitos nas horas
trabalhadas do chefe familiar: 1) Efeitos neutros nos quantis em que as horas trabalhadas



equivalem a no maximo 3h, para todas as regides, bem como nos guantis em que as horas
trabalhadas ¢ de 40h, com excecdo da regido Centro-Oeste e em outros quantis pontuais. 2)
Efeitos negativos, especialmente, onde as horas trabalhadas sdo superiores a 40h, talvez
explicada pelo fato de que os beneficiarios ndo queiram ultrapassar o teto de rendimento
estipulado para a linha de pobreza, permanecendo com o beneficio. 3) Efeitos positivos entre
os quantis 0,1 e 0,25 da regido Norte. Ressalta-se ainda que os maiores e menores efeitos
desincentivo ao trabalho foram observados na regido Centro-Oeste e Norte, respectivamente.
Para a renda do trabalho, os efeitos na distribuicdo foram negativos, exceto para o primeiro
quantil da regido Nordeste, ou seja os beneficidrios possuem menor renda do trabalho do que
0s nao beneficiarios.

Estes resultados nao necessariamente implicam que essa menor renda do trabalho per
capita dos beneficiarios ¢ consequéncia da reducdo de horas trabalhadas do chefe familiar,
visto que os efeitos negativos nas horas trabalhadas foram em poucos quantis, enquanto na
renda foi ao longo de todos os quantis analisados. Diante disso, devem existir outros fatores
que tenham impacto no mercado de trabalho que ndo foram identificados nos resultados aqui
obtidos, como, por exemplo, os postos de trabalho ocupados pelos individuos e o diferente
dinamismo economico de cada regido rural do pais.
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APENDICE
Tabela A1 — Estima¢io do Modelo Logit para as horas trabalhadas.

Brasil Nordeste Norte Sudeste Centro-Oeste Sul

Variiveis Cocf. ll,):::;: P>z | Coef. l],):;r‘:_; P>z | Coef. 11)):::‘:: P>z | Coef. ll,):;r‘;‘: P>z | Coef. E:;:;Z P>z | Coef. II,):;:;': P>z
idade_chefe -0,004 0,001 0,000 0,011 0,001 0,000 0001 0,002 058 -0,011 0,002 0,000 -0,020 0,005 0,000 -0,006 0,003 0,031
chef_homem 0,136 0018 0000 -0144 0025 0000 -0.071 0046 0,126 -0,021 0053 0699 -0075 0,110 0496 -0,078 0059 0,182
chef branco -0412 0,018 0,000 -0,100 0,025 0,000 -0,130 0,054 0016 -0458 0,047 0,000 -0,192 0,108 0,076 -0,657 0,056 0,000
ensino_2o0_grau -0,545 0,032 0000 -0,127 0,032 0,000 0301 0,059 0000 -0223 0,068 0,001 0,166 0,137 0224 -0,375 0,079 0,000
ensino_ginasio -0,252 0,023 0,000 0,129 0,023 0,000 0472 0,043 0,000 0,081 0,054 0,132 0398 0,114 0,000 -0,125 0,070 0,073
ensino_primario 0,033 0,017 0,05 -0405 0,043 0,000 0,155 008 0,070 -0,641 0,098 0,000 0275 0,177 0,120 -0903 0,112 0,000
ensino_superior 1,582 0171 0000 -1392 0216 0000 -1437 0532 0007 -1313 0537 0014 -1921 1,078 0075 -2021 0630 0,001
mestrado_doutorado  -2,264 0,510 0,000 -1,612 0,598 0,007 - - - - - - - - - - - -
cart_trab -0,326 0,040 0,000 -0,497 0,059 0,000 -0,163 0,140 0246 -0,250 0,080 0,002 -0,407 0,181 0,025 -0,297 0,110 0,007
nfilho_5 0,169 0,010 0,000 0219 0,015 0,000 0,053 0,020 0,009 0292 0,029 0000 0234 0058 0000 0500 0,035 0,000
nfilho_10 0,563 0,010 0,000 0,693 0,015 0,000 0444 0,020 0,000 0,607 0,026 0,000 0599 0054 0000 0,633 0,030 0,000
nfilho_15 0542 0009 0000 058 0014 0000 0468 0021 0000 059 0025 0000 0628 0053 0000 0,678 0029 0,000
nfilho_17 0,488 0,018 0,000 0,559 0,027 0,000 0430 0,042 0,000 0554 0,049 0,000 0529 0,110 0,000 0430 0,052 0,000
nfilhos_18 0,192 0,010 0,000 0,177 0,014 0,000 0,136 0,020 0,000 0,117 0,029 0,000 0,200 0,068 0003 0,093 0,039 0,017
filho_branco 0,206 0,017 0,000 0213 0,024 0,000 0231 0,047 0,000 0233 0,046 0000 0,134 0,104 0,197 0,162 0,057 0,005
auditiva 0,130 0,071 0,067 0,117 0,101 0,248 -0,245 0,187 0,190 -0,084 0,197 0671 0,579 0464 0212 0338 0,180 0,073
fisica 0,021 0,054 0,69  -0,119 0,075 0,111 0,25 0,132 0,050 0,000 0,165 1,000 0,075 0351 081 0,145 0,146 0,319
visual 0,185 0,034 0,000 -0,192 0,110 0,08 -0,127 0,199 0,524 0,085 0243 0,727 0,266 0,505 0,598 0411 0247 0,096
mental 0040 0082 0627 0120 0048 0011 0231 0081 0004 0178 0,102 0079 -0,164 0230 0475 0259 0095 0,007
agricultor -0,148 0,017 0,000 -0,043 0,024 0,072 -0,284 0,045 0,000 0,103 0,049 0,036 -0,239 0,105 0,022 -0,217 0,057 0,000
condi_dom 0,094 0,018 0,000 0,136 0,026 0,000 0,143 0,055 0,009 0,103 0,042 0015 0,068 0094 0471 -0,091 0051 0,075
material_dom 0,529 0,016 0,000 0,286 0,025 0,000 0,095 0,047 0,043 -0,104 0,076 0,172 0,089 0,102 0384 -0,363 0,043 0,000
tipo_dom 0,745 0,075 0,000 0,505 0,144 0,000 1,147 0,145 0,000 0254 0250 0308 0,527 0203 0009 0212 0233 0,363
saneamento 0409 0023 0000 -0180 0037 0000 -0373 0085 0000 -0266 0055 0000 -0263 0,145 0071 -0263 0051 0,000
agua_canalizada 0,358 0,017 0,000 0,081 0,023 0,000 0373 0,055 0,000 0445 0,057 0000 0424 0,121 0,000 0448 0,046 0,000
tratam_lixo -0,379 0,021 0,000 -0,134 0,031 0,000 -0,218 0,075 0,004 -0493 0,052 0,000 -0,315 0,153 0,039 -0,386 0,048 0,000
eletricidade 0,403 0,019 0,000 0316 0,027 0,000 0420 0,040 0,000 0,077 0,060 0204 0061 0,124 0,620 -0,181 0,077 0,019
_cons -1,449 0,083 0,000 -1475 0,151 0,000 -2,610 0,174 0,000 -0,522 0,265 0,049 -1,409 0304 0,000 -0,165 0,254 0517
Log likelihood -60043,60 -30854,34 -9108,22 -8133,32 -1644,07 -7313,50
Pseudo R2 0,12920 0,12620 0.1222 0.1314 0.1534 0.1588
N°de Observ. 103.648 59.284 14.990 13.695 2.906 12.756
Suporte Comum [0.07688124, 0.99987008] [0.11227859, 0.99910881] [0.058789, 0.9711901]  [0.10045646, 0.99980859] [0.04481351, 0.99596426] [0.07296871, 0.99399378]

Fonte: Elaboragao propria



Tabela A3 — Testes de comparacio das médias dos grupos dos tratados e controle, antes e apés os pareamentos — horas trabalhadas — Brasil.

Antes do Pareamento

Apb6s pareamento

Variaveis Vizinho mais préximo Alcance Kernel
Tratados | Controle | pvalor | Tratados | Controle | p valor Tratados | Controle | p valor Tratados | Controle | p valor

idade_chefe 39,46 38,68 0,000 38,94 38,68 0,002 39,46 39,49 0,606 39,46 39,488 0,631
chef_homem 0,704 0,746 0,000 0,733 0,746 0,000 0,704 0,705 0,664 0,704 0,705 0,657
chef branco 0,273 0,371 0,000 0,338 0,371 0,000 0,273 0,273 0,872 0,273 0,273 0,840
ensino_ginasio 0,143 0,196 0,000 0,179 0,196 0,000 0,143 0,139 0,060 0,143 0,139 0,061
ensino_primario 0,535 0,480 0,000 0,508 0,480 0,000 0,535 0,530 0,076 0,535 0,530 0,800
ensino_20_grau 0,043 0,084 0,000 0,062 0,084 0,000 0,043 0,043 0,914 0,043 0,043 0,901
ensino_superior 0,001 0,004 0,000 0,001 0,004 0,000 0,001 0,001 0,559 0,001 0,001 0,572
mestrado_doutorado 7.8E-05 0,001 0,000 0,000 0,001 0,000 7.8E-05 0,000 0,746 7,8E-05 0,000 0,733
cart_trab 0,035 0,032 0,006 0,034 0,032 0,000 0,035 0,037 0,043 0,035 0,037 0,046
nfilho_5 0,609 0,588 0,000 0,613 0,588 0,000 0,609 0,655 0,000 0,609 0,655 0,000
nfilho_10 0,828 0,427 0,000 0,513 0,427 0,000 0,828 0,853 0,000 0,828 0,854 0,000
nfilho_15 0,860 0,396 0,000 0,455 0,396 0,000 0,860 0,855 0,374 0,860 0,856 0,388
nfilho_17 0,252 0,125 0,000 0,149 0,125 0,000 0,252 0,248 0,184 0,252 0,248 0,185
nfilhos_18 0,450 0,326 0,000 0,380 0,326 0,000 0,450 0,470 0,000 0,450 0,470 0,000
filho_branco 0,402 0,361 0,000 0,388 0,361 0,041 0,402 0,407 0,082 0,402 0,407 0,080
auditiva 0,011 0,009 0,045 0,010 0,009 0,537 0,011 0,011 0,682 0,011 0,011 0,724
fisica 0,018 0,018 0,451 0,018 0,018 0,085 0,018 0,019 0,402 0,018 0,019 0,387
mental 0,007 0,008 0,416 0,007 0,008 0,936 0,007 0,007 0,761 0,007 0,007 0,768
visual 0,053 0,045 0,000 0,048 0,045 0,798 0,053 0,053 0,638 0,053 0,053 0,617
agro_chef 0,666 0,721 0,000 0,698 0,721 0,004 0,666 0,658 0,001 0,666 0,658 0,001
condi_dom 0,816 0,790 0,000 0,799 0,790 0,000 0,816 0,808 0,000 0,816 0,808 0,000
material_dom 0,715 0,612 0,000 0,666 0,612 0,000 0,715 0,694 0,000 0,715 0,694 0,000
tipo_dom 0,994 0,984 0,000 0,992 0,984 0,000 0,994 0,992 0,000 0,994 0,992 0,000
saneamento 0,086 0,120 0,000 0,105 0,120 0,000 0,086 0,088 0,146 0,086 0,088 0,155
agua_canalizada 0,281 0,218 0,000 0,240 0,218 0,000 0,281 0,279 0,460 0,281 0,279 0,486
tratam_lixo 0,132 0,160 0,000 0,150 0,160 0,000 0,132 0,136 0,023 0,132 0,136 0,024
eletricidade 0,822 0,753 0,000 0,790 0,753 0,000 0,822 0,801 0,000 0,822 0,801 0,000
Pseudo-R2 0,126 0,018 0,002 0,002

LR chi2 17415,31 1967,76 296,63 2992

Fonte: Elaborado pelos autores, com base nas estimagdes



Tabela A4 — Estimacio do Modelo Logit para a renda do trabalho per capita.

Brasil Nordes te Norte Sudeste Centro-Oeste Sul

Varidveis Coef. l;:f]r‘;o- P>z | Coef. [1:::]:.;; P>z Coef. [1::3:;:; P>z Coef. l;:sd:.;: P>z | Coef. [1::3:';‘; P>z | Coef. l;:f]:-’.;: P>z
idade_chefe 0,000 0,001 0,698 0,008 0,001 0,000 0,007 0,002 0,000 -0,003 0,002 0,052 -0,005 0,003 0,128 -0,004 0,002 0,031
chef homem -0,247 0,014 0,000 -0,247 0,019 0,000 -0,226 0,038 0,000 -0,150 0,039 0,000 -0,196 0,079 0,013 -0,178 0,048 0,000
chef branco -0,276 0,013 0,000 -0,077 0,019 0,000 -0,126 0,040 0,002 -0,329 0,032 0,000 -0,179 0,072 0,013 -0,419 0,045 0,000
ensino_2o0_grau -0,444 0,023 0,000 -0,118 0,023 0,000 0,225 0,044 0,000 -0,096 0,045 0,033 0,111 0,088 0,207 -0,300 0,062 0,000
ensino_ ginasio -0,200 0,017 0,000 0,129 0,017 0,000 0,317 0,032 0,000 0,131 0,035 0,000 0,256 0,071 0,000 -0,062 0,053 0,243
ensino_ primario 0,036 0,013 0,004 -0,360 0,031 0,000 0,063 0,062 0,312 -0,458 0,067 0,000 0,058 0,123 0,639 -0,712 0,087 0,000
ensino_superior -1,334 0,120 0,000 -1,252 0,159 0,000 -1,141 0,338 0,001 -1,044 0,366 0,004 -1,087 0,453 0,016 -1,288 0,429 0,003
mestrado_doutorado -1,450 0,335 0,000 -0,726 0,477 0,128 -2,128 0,773 0,006 -1,514 1,134 0,182 - - - - - -
cart_trab -0,686 0,018 0,000 -0,799 0,028 0,000 -0,465 0,063 0,000 -0,529 0,036 0,000 -0,632 0,081 0,000 -0,619 0,058 0,000
nfilho_5 0,185 0,007 0,000 0,260 0,011 0,000 0,070 0,016 0,000 0,250 0,018 0,000 0,173 0,037 0,000 0,352 0,026 0,000
nfilho_10 0,554 0,007 0,000 0,688 0,011 0,000 0,453 0,016 0,000 0,586 0,017 0,000 0,541 0,035 0,000 0,548 0,024 0,000
nfilho_ 15 0,505 0,007 0,000 0,595 0,011 0,000 0,432 0,016 0,000 0,521 0,017 0,000 0,487 0,035 0,000 0,548 0,023 0,000
nfilho_17 0,470 0,014 0,000 0,546 0,020 0,000 0,419 0,033 0,000 0,501 0,033 0,000 0,479 0,070 0,000 0,369 0,043 0,000
nfilhos_ 18 0,149 0,007 0,000 0,159 0,010 0,000 0,073 0,015 0,000 0,103 0,020 0,000 0,117 0,045 0,008 0,078 0,032 0,015
filho_branco 0,208 0,013 0,000 0,247 0,018 0,000 0,197 0,035 0,000 0,139 0,032 0,000 0,121 0,068 0,077 0,169 0,046 0,000
auditiva 0,024 0,053 0,648 -0,045 0,072 0,529 -0,067 0,143 0,640 -0,031 0,137 0,820 0,332 0,290 0,253 0,216 0,160 0,178
fisica 0,005 0,042 0,907 -0,072 0,057 0,208 0,261 0,106 0,013 -0,132 0,114 0,247 0,075 0,272 0,782 0,173 0,123 0,161
visual 0,146 0,026 0,000 -0,179 0,086 0,036 0,048 0,166 0,772 0,018 0,169 0916 0,872 0,428 0,042 0,162 0,194 0,404
mental -0,041 0,064 0,517 0,098 0,036 0,006 0,156 0,063 0,014 0,213 0,074 0,004 0,058 0,154 0,707 0,101 0,081 0,212
agricultor 0,133 0,012 0,000 0,190 0,016 0,000 0,032 0,032 0,311 0,240 0,031 0,000 -0,042 0,064 0,508 0,114 0,042 0,006
condi_dom 0,302 0,012 0,000 0,311 0,017 0,000 0,270 0,037 0,000 0,256 0,028 0,000 0,199 0,061 0,001 0,133 0,039 0,001
material dom 0,430 0,012 0,000 0,245 0,019 0,000 0,142 0,034 0,000 -0,073 0,052 0,157 0,082 0,065 0,207 -0,215 0,036 0,000
tipo_dom 0,222 0,057 0,000 0,133 0,107 0,211 0,393 0,121 0,001 0,196 0,163 0,228 -0,082 0,132 0,534 0,533 0,165 0,001
saneamento -0,347 0,017 0,000 -0,208 0,026 0,000 -0,337 0,059 0,000 -0,289 0,035 0,000 -0,209 0,092 0,023 -0,180 0,043 0,000
agua_canalizada 0,298 0,013 0,000 0,077 0,017 0,000 0,266 0,040 0,000 0,340 0,037 0,000 0,296 0,081 0,000 0,358 0,039 0,000
tratam_lixo -0,379 0,015 0,000 -0,255 0,021 0,000 -0,237 0,049 0,000 -0,440 0,032 0,000 -0,202 0,094 0,031 -0,280 0,040 0,000
eletricidade 0,367 0,014 0,000 0,334 0,019 0,000 0,317 0,030 0,000 0,110 0,041 0,006 0,168 0,079 0,034 0,078 0,057 0,169
_cons -0,999 0,062 0,000 -1,002 0,111 0,000 -1,769 0,141 0,000 -0,756 0,173 0,000 -1,004 0,198 0,000 -0,776 0,185 0,000
Log likelihood -109832,59 -58389,23 15726,34 -17931,14 -3788,74 -10364.,87
Pseudo R2 0,10970 0.1242 0.0976 0.1064 0.0929 0.0984
N° de Observ. 193.086 115.475 25.312 29.559 6.049 16.688

Suporte Comum

[0.09171998, 0.99989093] [0.11194566, 0.99979729]

[0.03859959, 0.99165672]

[0.098113, 0.99979052]

[0.07783643, 0.98841281]

[0.10334952, 0.98705872]

Fonte: Elaborado pelos autores, com base nas estimagdes



Tabela AS — Testes de comparacao das médias dos grupos dos tratados e controle, antes e apdés os pareamentos — renda do trabalho - Brasil.

Antes do Pareamento

Ap6s pareamento

Variaveis Vizinho mais proéximo Alcance Kernel
Tratados | Controle | p valor | Tratados | Controle | p valor | Tratados | Controle | p valor Tratados | Controle | p valor

idade_chefe 39,65 38,25 0,000 38,71 38,25 0,000 39,65 39,96 0,000 39,65 39,930 0,000
chef_homem 0,773 0,813 0,000 0,808 0,813 0,027 0,773 0,769 0,017 0,773 0,769 0,015
chef branco 0,269 0,321 0,000 0,324 0,321 0,280 0,269 0,277 0,000 0,269 0,277 0,000
ensino_ginasio 0,141 0,190 0,000 0,187 0,190 0,180 0,141 0,140 0,224 0,141 0,140 0,437
ensino_primario 0,524 0,470 0,000 0,483 0,470 0,000 0,524 0,522 0,246 0,524 0,522 0,362
ensino_2o0_grau 0,044 0,082 0,000 0,072 0,082 0,000 0,044 0,045 0,459 0,044 0,045 0,322
ensino_superior 0,001 0,003 0,000 0,002 0,003 0,000 0,001 0,001 0,833 0,001 0,001 0,869
mestrado_doutorado 1,2E-04 0,000 0,000 0,000 0,000 0,022 1,2E-04 0,000 0,892 1,2E-04 0,000 0,928
cart_trab 0,076 0,117 0,000 0,107 0,117 0,000 0,076 0,078 0,029 0,076 0,078 0,041
nfilho_5 0,632 0,642 0,017 0,664 0,642 0,000 0,632 0,655 0,000 0,632 0,656 0,000
nfilho_10 0,800 0,441 0,000 0,416 0,441 0,000 0,800 0,817 0,000 0,800 0,817 0,000
nfilho_15 0,818 0,404 0,000 0,345 0,404 0,000 0,818 0,819 0,644 0,818 0,819 0,626
nfilho_17 0,239 0,124 0,000 0,112 0,124 0,000 0,239 0,238 0,685 0,239 0,238 0,653
nfilhos_18 0,462 0,353 0,000 0,391 0,353 0,000 0,462 0,488 0,000 0,462 0,488 0,000
filho_branco 0,394 0,341 0,000 0,353 0,341 0,000 0,394 0,401 0,000 0,394 0,401 0,000
auditiva 0,010 0,010 0,545 0,010 0,010 0,933 0,010 0,010 0,790 0,010 0,010 0,706
fisica 0,017 0,016 0,726 0,017 0,016 0,279 0,017 0,017 0,614 0,017 0,017 0,701
mental 0,006 0,007 0,246 0,007 0,007 0,476 0,006 0,006 0,309 0,006 0,006 0,261
visual 0,049 0,042 0,000 0,043 0,042 0,320 0,049 0,049 0,529 0,049 0,049 0,632
agro_chef 0,661 0,647 0,000 0,649 0,647 0,531 0,661 0,651 0,000 0,661 0,651 0,000
condi_dom 0,786 0,709 0,000 0,728 0,709 0,000 0,786 0,783 0,083 0,786 0,783 0,079
material dom 0,730 0,661 0,000 0,678 0,661 0,000 0,730 0,715 0,000 0,730 0,715 0,000
tipo_dom 0,994 0,988 0,000 0,991 0,988 0,000 0,994 0,992 0,000 0,994 0,992 0,000
saneamento 0,092 0,124 0,000 0,121 0,124 0,094 0,092 0,097 0,000 0,092 0,097 0,000
agua_canalizada 0,287 0,241 0,000 0,244 0,241 0,159 0,287 0,284 0,107 0,287 0,284 0,091
tratam_lixo 0,156 0,198 0,000 0,195 0,198 0,222 0,156 0,164 0,000 0,156 0,164 0,000
eletricidade 0,826 0,763 0,000 0,784 0,763 0,000 0,826 0,816 0,000 0,826 0,816 0,000
Pseudo-R2 0,107 0,004 0,001 0,001

LR chi2 26406,32 726,93 424,67 410,84

Fonte: Elaborado pelos autores, com base nas estimagdes.
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RESUMO

Este artigo investiga como a exposi¢do pré-natal a temperaturas extremadamente altas afeta o investimento
em capital humano na Colombia. Usando uma estratégia de efeito-fixos, encontra-se que criangas expostas a
estresse de calor durante o segundo trimestre da gravidez sdo mais propensas a receber as vacinas necessarias
e sdo amamentados por mais tempo. Uma variedade de evidencia ¢ apresentada em favor da interpretagao de
que esses resultados refletem respostas compensatorias das familias a mudangas nas dotagdes inicias das
criancas. O artigo também encontra evidencia sugestiva de que os efeitos de estrese de calor pré-natal podem
persistir at¢ a vida adulta, o que indica que os aumentos nos investimentos durante a infancia nao remediam
completamente os efeitos de linha base de choques pré-natais de calor.

Palavras-Chave: Eventos extremos de temperatura; dotagdes iniciais das criangas; Investimentos em capital
humano

ABSTRACT

This paper studies how in utero exposure to extreme hot temperatures affects parental investments in
Colombia. Using a sibling-fixed effects strategy, we show that children who were exposed in utero to heat
stress during second trimester are more likely to receive necessary vaccines and are breastfed for longer. A
variety of evidence is presented in favor of the interpretation that this household behavior reflects a
compensatory response to shifts in children’s endowments. We also provide suggestive evidence that the
effects of prenatal heat stress can last into adulthood, indicating that increased investments during infancy are
not sufficient to remedy the baseline effects of in utero shocks.

Keywords: Extreme weather events; birth endowments; parental investments.
JEL Codes: D1, 11, J1
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1. Introduction

Poor environmental conditions in utero can have significant effects on later-life outcomes. Compared to their
counterparts, children endowed with poor health are more likely to have lower cognitive abilities, lower
educational attainment, and worse health outcomes as adults (Currie and Hyson 1999; Behrman and
Rosenzweig 2004; Almond 2006). One intriguing question is how parental behavior responds to shifts in
initial endowments. Such parental responses indicate by how much household behavior exacerbate or
mitigate the effects of in utero shocks. This question has been subject of theoretical debate for a long time.
According to Becker and Tomes (1976), if low initial endowment in a child implies lower returns on
investments, then parents are likely to adopt reinforcing strategies. Conversely, Behrman et al. (1982)
conjecture that when parents care about sibling inequality in welfare, then they would make more human
capital investments in the less-endowed child. Ultimately, how parental behavior responds to shifts in initial
endowments is an empirical question.

In this paper, we estimate the impact of prenatal exposure to heat waves on health investments using
Colombian data. Exposure to extreme high temperatures is believed to be hazardous for health. A pregnant
woman is more susceptible to high temperatures due to the additional physical strain and the reduced
capacity to lose heat by sweating (Strand, Barnett, and Tong 2011; Wells and Cole 2002). As a result, it has
been hypothesized that exposure to heat stress during pregnancy could harm the development of the fetus.
Randomized experiments with animals suggest that exogenous exposure to high temperatures in utero
negatively affects health and the motor development of offspring (Strong et al. 2015; Shiota and Kayamura
1989). A set of recent research in humans also has found suggestive evidence that maternal heat stress during
pregnancy has adverse consequences on infant health (Deschenes, Greenstone, and Guryan 2009; Strand,
Barnett, and Tong 2011). Altogether, these facts suggest that greater exposure in utero to heat waves has the
potential to explain low levels of human capital.

The question is especially relevant in view of projections indicating that extreme temperature
episodes will increase in the next decades (IPCC 2007). A growing body of recent work has tried to quantify
the effects of such climatic shocks on several dimensions, including health and income (Dell, Jones, and
Olken 2012; Deschénes and Moretti 2009). However, most of studies focus on the short-term impacts of
extreme temperatures. Remarkably, the pathways on how weather events could have long-term impacts are
not well-studied. Understanding the parental responses to shifts in endowments induced by prenatal extreme
hot temperatures would provide important insights.

Our identification strategy exploits plausibly exogenous variation in temperature over time within
municipalities. We construct a municipality-by-month weather dataset, which then is combined with
microdata by using date and place of birth to identify the prevailing temperature conditions during
pregnancy. The empirical approach then compares parental investments on children that were prenatally
exposed to extreme hot temperatures relative to those that experienced less extreme temperature conditions in
utero. Since the occurrence of a temperature shock at a given moment in time and place is unpredictable,
prenatal exposure to heat waves can be considered as good as randomly assigned. In addition, we can control
for sibling-fixed effects to address the issue that different types of families may change their fertility
decisions based on temperature around the time of conception (Barreca, Deschenes, and Guldi 2015; Wilde,
Apouey, and Jung, Forthcoming). This research design is particularly suitable for the Colombian context. As
hydro-meteorological patterns are affected by a recurrent climatic event, temperature records in Colombia
vary widely year to year across municipalities. Furthermore, since agricultural production account for a low
share of Colombia GDP, the potential for general equilibrium effects is diminished.



The inputs that we have examined are breastfeeding and vaccination. Both investments are believed to
be particularly important for child health in developing countries. Vaccinations such as polio and measles
have been shown to be effective in preventing ill health and mortality. Likewise, breastfeeding plays a central
role in nutrition, especially in environments characterized by unsafe drinking water and limited supply of
food. A large body of work has also documented that breastfeeding is predictive of later cognitive outcomes.!

Using the sibling-fixed effects strategy, we document that children who were exposed to heat waves
while in utero are more likely to receive necessary vaccines and are breastfed for longer. These results are
not driven by time-series correlation in temperature, migration, or changes in local economic activity.
Furthermore, we find that the quantity and spacing of births are not significantly affected. Therefore, we
believe that it may be reasonable to attribute the effects to variations in child endowments. This interpretation
is made somewhat more plausible by the evidence that prenatal heat stress has adverse consequences on
offspring endowments and by the documented relationship, both theoretically and empirically, between child
endowments and parental investments. As such, our findings point out that birth endowments are an
unexamined mechanism by which extreme hot temperatures could have long-term impacts on human capital
accumulation of cohorts prenatally exposed during these periods.

One implication of these findings is that the long-term impacts of prenatal heat waves on human
capital accumulation are not trivial. If early health investments play an important role in the later-life
capabilities, the net long-term impact of prenatal hot temperature could become small or even translated into
improved human capital accumulation. To shed lights on this issue, we provide reduced-form estimates of the
impacts of heat waves on total years of schooling for adults aged 20-36, using census data. We find a small,
but statistically significant effect of prenatal exposure to heat waves on educational attainment. Cohorts
exposed prenatally to one heat wave received an average of 0.03 fewer years (0.34 per cent) of education.
This suggests that the initial shock is not completely offset by the increased health investments during
infancy.

Our study contributes to a growing body of knowledge on the links between in-utero exposure to
environmental shocks and human capital investments (Almond, Edlund, and Palme 2009; Kelly 2011;
Venkataramani 2012; Parman 2013). While studies in this area typically focus on uncommon and severe
historical events, we focus on an environmental shock that is less drastic but occurs with higher frequency.
We see our results as a first attempt to show the systematic importance of heat stress in utero on parental
investments. Furthermore, most of existing historical studies use limited measures of investments and have
used a variety of indirect strategies to infer parental responses. For example, Almond, Edlund, and Palme
(2009) argue that parents adopt reinforcing strategies because the effect of fetal exposure to the radioactive
fallout on cognitive skills was greater in children from poor families. This evidence is compelling, but not
conclusive. In contrast to these studies, we use more direct measures of parental inputs. Our study also builds
on the recent work by Adhvaryu and Nyshadham (2014), who find that children with higher exposure to an
iodine supplementation program during pregnancy received more health investments in Tanzania.

This paper is also related to a number of previous studies that link parental investments to proxy
variables for endowment, such as birth weight. This literature is not conclusive.” While some studies find
evidence for reinforcement (Datar, Kilburn, and Loughran 2010; Aizer and Cunha 2012), others find that
parents respond with compensating behavior (Del Bono, Ermisch, and Francesconi 2012). In part, clear
stylized facts are not developed due to the endogeneity issues. Prenatal and postnatal unobserved investments
could create a correlation between birth endowments and parental investment, even in the absence of a

! See, for example, Del Bono and Rabe (2012), Anderson, Johnstone, Remley (1999), and Victora et al (2015).
2 See Almond and Mazumder (2013) for an inventory.



behavior response.® Our strategy adds to this discussion by using exposure to heat waves as a source of
variation. Given the idiosyncrasy of the occurrence of a temperature shock, we argue that prenatal exposure
to heat waves is more likely to be free of the endogeneity issues that plague these previous works.

The rest of the paper is structured as follows. In section 2, we provide background information on the
relationship between heat stress and offspring outcomes. In sections 3 and 4, we describe our data and
empirical strategy, respectively. In section 5, we present our empirical findings, including robustness checks
and section 6 includes an exploration of potential long-run impacts on human capital accumulation. Section 7
concludes.

2. Background on Heat-Stress and Endowments

Exposure to high temperatures is one of the most encountered physical stressful events. Medical literature
indicates that prenatal heat stress increases mother's levels of cortisol, a hormone that plays a critical role in
fetal health and the regulation of the psychomotor development (Davis and Sandman 2010; Wadhwa et al.
1993).* An early study by Vaha-Eskeli et al. (1991) investigates the effect of moderate heat stress on levels
of cortisol in three groups of women: 1) non-pregnant women, (2) women 13-14 weeks pregnant, and (3)
women 36-37 weeks pregnant. Blood samples were taken every 5—10 minutes during a resting period
followed by the heat stress intervention. Although this study uses a relatively small sample, the authors found
that exposure to moderate heat stress increased significantly cortisol levels in pregnant women. While this
study does not examine offspring outcomes, it does suggest that changes in cortisol levels could be an
important mediator. This evidence is important in view of the growing consensus that prenatal exposure to
increased cortisol levels negatively impacts offspring outcomes. Indeed, a set of recent studies have found
that exposure to high increased levels of cortisol is associated with impaired brain development at three and
eight months, and with worse health outcomes (Aizer, Stroud, and Buka 2012; Huizink et al. 2003).

Considering this, it has been hypothesized that prenatal heat stress can have adverse consequences on
child outcomes. Randomized studies based on animals have established a strong link between in utero
exposure to extreme hot temperatures and poor offspring outcomes. These works generally exogenously
expose pregnant animals to high temperatures. Examples include Shiota and Kayamura (1989) who exposed
mice to high temperatures during pregnancy and observed retardation in brain growth of offspring. Strong,
Silva, Cheng, and Eicher (2015) likewise exposed pregnant cows to hot temperatures and found that the
offspring of exposed cows exhibited poorer health outcomes, including damages in immune system.

As these studies show that heat stress during the prenatal period results in diminished offspring outcomes,
they are keys to extrapolate findings based on animal experiments to humans. This supports evidence from
non-randomized studies that exposure to extreme hot temperatures during pregnancy is associated with poor
infant outcomes. Much of this evidence becomes from epidemiological literature. In general, this literature
finds that exposure to higher temperatures is associated with increased risk of prematurity and low birth
weight.> But these studies suffer from problems of endogeneity as they are based on cross-sectional or time
series comparisons. Surprisingly, the most convincing evidence comes from works in economics. For

3 Some studies using twin-fixed effects have overcome this problem. However, those works based on comparisons of non-twin
siblings must deal with the problems mentioned above.

4 There are other potential mechanisms through which extreme hot temperatures may affect initial endowments, including increases
in disease transmission like malaria. It has been well documented that prenatal exposure to malaria is associated with poorer birth
outcomes (e.g, Sarr et al. 2006). However, we believed that such mechanism is likely to be less prominent since the incidence of
malaria is not high in Colombia. While this potential mechanism is not emphasized through article, we do not rule out the
possibility that it plays a role.

5 A full review of the epidemiological literature can be found in Strand, Barnett, and Tong (2011).



instance, Deschenes, Greenstone, and Guryan (2009) exploit plausible exogenous variation in temperature
within counties in U.S and find that prenatal heat stress during second trimester negatively affects birth-
weight. Other studies using a similar approach find also negative impacts on APGAR scores and prematurity
(Andalon et al. 2014). In general, this body of evidence suggests that prenatal heat stress could have adverse
consequences on child endowments.

3. Data

Our analysis is based on children who are under five years of age with at least a sibling. Below, we describe
the weather, investment, and supplementary data that we will analyze. Investment outcomes data are
available for cohorts born 1990-2010. To identify exposure to heat waves during pregnancy, these data are
matched to the weather measures based on the date of birth and the mother’s municipality of residence.
Summary statistics of these data are presented in Table 1.

3.1.Weather Dataset

We have built a series for temperature and precipitation using data from the Terrestrial Air Temperature and
Terrestrial Precipitation: 1900-2010 Gridded Monthly Time Series, version 3.02, respectively (Matsuura and
Willmott 2012). This dataset provides worldwide estimates for weather conditions at the 0.5 x 0.5 degree
latitude/longitude grid.® Using an interpolation algorithm, Matsuura and Willmott (2012) computes values for
each grid node from several nearby weather stations. Since some years did not have weather stations over the
entire period, the data for missing years are imputed using a meteorological model. To minimize any
potential bias from this measurement error, we focus on the period 1970-2010, as most of the weather
stations were established in Colombia from 1970 and onwards. We use a strategy similar to Rocha and
Soares (2015) to construct a municipality-by-month of weather panel. To start, we compute the centroid for
each of the 1,120 municipalities in Colombia. Then, using the centroid, we located the four closest nodes to
build a monthly series of temperature and precipitation as the weighted average of estimates related to these
four nodes. As weights, we use the inverse of the distance to each node. The mean per municipality per
month of temperature in our sample is 21.5 °C, with a standard deviation of 4.7 °C.

Using this consolidated dataset, we define a heat wave for a given month as temperature above the
90™ percentile of distribution for that calendar month within the municipality. Since we are not comparing
municipalities, the “extreme” hot temperature should not be taken in an absolute sense. These are simply
extreme high temperature months for each municipality within the given time frame. We also investigate the
effects of less severe heat waves by defining heat wave as temperature above 85", 80", and 75" percentiles.

Prenatal exposure to heat waves through pregnancy is measured by first trimester, second trimester,
and third trimester. 1f, for example, a child was born on October, then first trimester is calculated as the
number of extreme high temperature months that occurred in their municipality of birth during the months of
February, March and April. Naturally, the second trimester is computed by the number of extreme high
temperature months that occurred in their municipality of birth during the months of May, June, and July;
and third trimester is computed using these criteria during the months of August, September, and October.

3.2.Main Outcomes

Our empirical analysis uses the 1995, 2000, 2005 and 2010 waves of the Demographic and Health Survey
(DHS) of Colombia, a nationally representative survey of women ages 15 to 49. The DHS contains detailed

60.5 degree correspond to 56 kilometers.



information on early-life health investments for all children under five. For our analysis, we pooled these
DHS waves into one dataset. We restricted the sample to mothers with at least two children given that we
used family fixed effects models. We also focus on children who were more than 12 months old at time of
the survey. Our basic sample consists of 8,949 children with at least one sibling. We use the municipality of
residence as a proxy for child’s municipality of birth. This is a reasonable proxy given the low migration
rates of infants.

Our health investments variables include vaccinations, and breastfeeding. Available measures of
vaccination reported consistently across the four waves of the DHS include: polio, DPT (diphtheria, pertussis
and tetanus combination), and measles. In Colombia, the recommend vaccination schedule is: polio at two
months, four months, and six months; DPT at two months, four months, and six months; measles at 11
months. Our analysis investigates the effect of prenatal heat on the likelihood of being vaccinated for specific
diseases. In terms of breastfeeding, we use a dummy variable that equals to one if the child was breastfed for
more than six months. This is the minimum length of breastfeeding recommended by the World Health
Organization. In the 2005 DHS, breastfeeding duration is only recorded for the youngest child born to a
surveyed mother. Therefore, we exclude children from the 2005 DHS for the breastfeeding analysis.

3.3.0ther Data

As a complementary analysis, we use the birth certificate microdata for the period 1998-2010 from the
Colombian Department of Statistics (DANE). We obtained these administrative data for all the municipalities
in Colombia- approximately 8 million birth records. This register provides date of delivery, information on
gestation length, weight, and APGAR scores. In Colombia, there are between 400,000 and 700,000 births per
year.” Using this information, we construct a municipality-by-month of birth data set for the 1998-2010
period. The municipality of reference in this panel is that where the mother lives at birth. Our outcomes of
interest are rate of low 5 minute APGAR (<8), rate of very low birth-weight (<1,500 gr.), rate of low birth-
weight (<2,500 gr.), rate of birth via Caesarian section and rate of prematurity (less that 37 weeks of
gestation). ®

For further analysis, we also use microdata from the 2005 demographic census (the most recent
available). The Integrated Public Use Microdata Series (IPUMS) provides a one percent sample. Although
the census does not collected information on parental investments, we can assess whether selective migration
may drive our main results. Using these data, we also estimate the long-term impacts of prenatal exposure to
heat waves. The census does not have any measure of earnings, but there is information on educational
attainment. Educational attainment is particularly interesting, as it is an important determinant of other later-
life outcomes, including earnings, health and productivity (Cutler and Lleras-Muney 2010; Oreopoulos
20006). Thus, we investigate whether prenatal heat waves affect total years of schooling for adults aged 20-36.

Finally, we use other data sources for supplementary analysis. To assess whether our main results may be
driven by changes in the local economic activity, we collected data on: /) municipality-year level information
on local public revenue and spending collected by the Economics Research Center at Andes University for

7 Since there is no unique mother identifier in the data, subsequent births by the same mother cannot be identified. This precludes
the use of the sibling-fixed effects estimator.

8 APGAR score is a clinical test that is given to the newborn in which five parameters are assessed. The parameters evaluated are
muscle tone, respiratory effort, heart rate, reflexes and skin color. The test provides a total score between 0 and 10, where a higher
score means healthier.



the period 1993-2010; ii) departmento-year level data on Gross Domestic Product (GDP) and Agricultural
production (available for the period 1990-2010) from the DANE.’

3.4.Variation in Prenatal Heat Stress Within Families

An important concern about the sibling analysis is that siblings may experience “too similar” prenatal
exposure to extreme hot temperatures. This may weaken the within-sibling relation between parental
investments and prenatal heat stress. However, this argument has little empirical support. Prenatal exposure
to heat waves varies widely across children in our sample. The standard deviation in the number of months
exposed to hot temperatures during pregnancy is 1.58 (relative to a mean of 0.94). More importantly, mother
fixed-effects explain only about 48 percent of the variation in the number of months exposed to heat waves
while in utero, leaving a fair amount of within-sibling variation. This wide within-sibling variation is the
basis of our identification strategy.

4. Empirical Strategy

Equation (1) relates each parental investment, y, of the child (i) born from mother (j) in municipality (k) to
the three measures of prenatal heat waves discussed above:

Yijkem = @ + fy(1sttrimester);jxem + Bz (2ndtrimester);jxem + B3 (3rdtrimester);jxem + 6'Xijkem +1j + ¢ +
Um + fijktm (1)

where the vector X;jx.n, includes indicators for child’s gender, birth order, age in months, and municipal-
rainfall for each trimester. A, and u,, are fixed effects for year of birth and month of birth, respectively.
Because 7; is included on the right-hand side of the equation, it is used only within-sibling variation to
identify the parameters g; through S;.

Model (1) essentially uses sibling differences in prenatal exposure to extreme hot temperatures, the
timing of which is plausibly exogenous, give the unpredictability of a temperature shock, to identify prenatal
heat stress impacts. Thus, our strategy compares parental investments of children prenatally exposed to
greater extreme hot temperature months against the parental investments for siblings exposed to less extreme
hot temperature months. The reason why one of them ended up with a greater exposure and the other one did
not can be, for all practical purposes, considered as random. Given the evidence of previous studies that heat
stress during pregnancy has negative consequences on initial endowments, positives values for By, ., and B3
are interpreted as compensatory parental responses and negative values are interpreted as reinforcing
responses.

Using this empirical approach, we are able to identify the causal impact of prenatal extreme hot
temperature on parental responses. A potential problem pervading our analysis is related to recent evidence
that parents may be changing fertility decisions based on temperature around the time of conception. Barreca,
Deschenes, and Guldi (2015) convincingly show that parents are likely to postpone conception by one month
in response to additional extreme high temperature. To the extent that this is important and that these parents
may differ in ways that could affect parental inputs, between-family estimates of the effect of heat stress
during first trimester may be biased. Our approach deals with this issue as it relies on within-family
comparisons, thereby controlling any time-invariant family qualities. The use of this strategy would be biased
if the specific-shift in the timing of conception is directly related to future family postnatal investments.
There is no reason to believe that this is plausible. In addition, we provide a variety of evidence that our

% Departamento is a first-order administrative unit similar to U.S States. In Colombia, there are 33 departamento.



results are unlikely to be driven by time series correlation in temperature, selective fertility, migration, or
changes in local economic activity.

5. Results
5.1.Main Results

Our main results are presented in Table 2. Columns (1)-(4) look at vaccination during infancy. We use
dummy variables indicating whether the child has the recommend vaccination doses for specific diseases.
Column (4) uses a dummy variable that equals one if the child has all recommend vaccination doses. The
results for breastfeeding are presented in columns (5).

The results from (1)-(4) show that exposure to heat waves during second trimester significantly
increases the likelihood of being vaccinated. The magnitudes of the effects vary depending on the
vaccination. One additional month of exposure to heat waves during the second trimester increases the
probability of receiving the recommend vaccination schedule for polio, DPT, and measles by 2, 3, and 1.5
percentage points, respectively. In column (5), we find that exposure to prenatal heat stress during second
trimester is significantly associated with increases in probability of having been breastfed for more than six
months (point estimate of 0.03).

Overall, the evidence suggests that prenatal heat stress increases health investments. One way to assess
the size of the effects is to compare them to the impacts of early-life interventions. For example, Attanasio et
al. (2005) show that Familias en Accion (FA), a conditional cash transfer program in Colombia, increases the
probability of DPT vaccination by 9 percentage points. This shows that the estimated effect of second
trimester exposure on DPT vaccination is on third of the effect of the FA program. In other words, the child
from a mother who was exposed to three extreme high temperature months during the second trimester
would have a similar probability of receiving DPT vaccination as a child of a mother enrolled in the FA
program.

5.2.Heterogeneity by severity of intensity

Our baseline specifications estimate the impacts of prenatal exposure to very extreme hot temperatures. A
natural extension is to assess the presence of heterogeneous effects with respect to the severity of the shock.
Table 3 explores this question by using measures of prenatal exposure that define heat waves as temperature
above 85" 80™ and 75™ of distribution. In general, we find in fact that exposure to less extreme hot
temperatures has significant smaller effects. For example, the marginal effect of exposure during second
trimester ranges on the likelihood of total vaccination ranges from 3.5 percentage points in the baseline
estimate to 1.6 percentage points in specification that uses the least extreme measure of heat wave. This
analysis highlights the usefulness of an intensity-specific analysis when assessing the effects of
environmental shocks in utero.

5.3. Potential Mechanisms and Robustness Checks

Next, we explore potential mechanism by which maternal heat stress affects parental investments. The results
from this section suggest that variations in child endowments is a plausible explanation to our results. While
the evidence is supportive of this idea, alternative interpretations may be also consistent with the patterns in
parental investments. As we shall see, such alternative hypothesis have little empirical support.

5.3.1 Heat stress and child endowments



Studies based largely on animal experiments suggest that exogenous exposure to heat stress in utero
negatively affects offspring endowments. This and discussions in economics that returns to child investments
depend on initial endowments suggest that variations in birth endowments could be an important mediator
between maternal heat stress and parental investments. While there is extensive literature documenting that
prenatal heat stress has adverse consequences on fetal health (see, for example, Deschenes, Greenstone, and
Guryan (2009)), we also test for the relationship using birth certificate data for the period 1998-2010. The
results are presented in Table 4. We weight observations by the number of births per month in the
municipality.

Panel A uses a specification that adjusts only for the baby’s sex, for municipality-rainfall in each
trimester and for municipality of residence at birth, year of birth and month of birth fixed effects. We find a
positive and significant effect of prenatal exposure to heat stress during first trimester on very low birth
weight. Increasing the number of extreme high temperature months by 1 increases the probability of very low
birth weight by 0.009 percentage points (P-value=0.052). Compared to the mean of 0.8 percent, the effect is
1.1 percent. We also find that prenatal heat stress during second trimester has a positive and large effect on
the likelihood of having a low APGAR score. One additional month exposed during second trimester
increases the incidence of low 5 minute APGAR by 0.98 percentage points. Relative to the mean low 5
minute APGAR rate of 2.3 percent, the effect is substantial at 40 percent. Almond, Chay, and Lee (2005)
show that 5 minute APGAR may be a more reliable measure of fetal health than birth weight.

The remaining columns examine the effect on other proxies for fetal health. In column (4) we show
that an additional heat wave in the second trimester increases the probability of having a caesarian section by
0.16 percent points (p-value =0.04). We consider that this variable potentially reflects the presence of
problems at birth, which may be correlated with an increased risk of poor infant health. The specific timing
of the effect is consistent with Currie and Rossin-Slater (2013) who find that exposure to stress induced by an
extreme weather event during the second trimester increases the probability of having a caesarian section in
U.S. In column (5) we also find that exposure to prenatal heat in the third trimester leads to preterm birth.

Panel B corresponds to specifications that include maternal characteristics as control variables. The
estimated coefficients are insensitive to adding such additional variables. In general, the estimates are
significant and imply that prenatal exposure to heat waves is associated with poorer health at birth.
Furthermore, in many cases, their precision improves. This provides reassuring evidence on the validity of
the empirical approach.

Overall, the findings support the notion that heat waves can have adverse consequences on the infant
health, confirming the evidence from prior studies. It is important to recognize that this analysis may
underestimate the impact of heat stress, as we do not use other more direct measures of infant health. For
example, Currie and Rossin-Slater (2013) show convincingly that prenatal stress induced by extreme weather
events has a substantial larger effect on the probability of complications of labor and delivery, and of
abnormal conditions such as meconium aspiration syndrome. In view of this evidence and that these
variables could be more direct proxies for health at birth, our estimates can be interpreted as lower bounds of
the effect of maternal heat stress on infant health.

5.3.2 Migration

Given that we use the municipality of residence as a proxy for child’s municipality of birth, a bias could
drive our results if municipality-migration is related to extreme hot temperatures. It is hard to argue that this
is the case since we have used temporary variations in temperature and they are unable to cause disruption of
physical infrastructure (unlike others weather events such as storms). To asses this more formally, we have



examined the 2005 census and analyzed differences in prenatal heat waves between migrant and non-migrant
children. In Table 5 we regress prenatal exposure to heat waves on a dummy variable that equals 1 if the
child was born in the survey municipality. Consistent with the view that heat waves are unlikely to be related
to migration, we find no differences in prenatal exposure to extreme hot temperatures between migrant and
non-migrant children.

Still, the use of municipality of residence as a proxy for municipality of birth most likely introduces a
random measurement error that attenuates our estimates. To investigate the magnitude of this potential bias,
in Table 6 we estimate the investment regressions based on a sample that includes only mothers with children
who were born in the municipality of residence. The results are qualitatively similar to our baseline
estimates. While in general the estimated coefficients of second trimester exposure are larger in magnitude,
they are very similar to those of the baseline estimates. Collectively, these findings are consistent with the
presence of a random measurement error and suggest that the resulting attenuation bias in our sample is
small.

5.3.3. Subsequent fertility

Some studies argue that child endowments can affect future fertility decisions. This would be a potential
channel explaining the link between heat stress, initial endowments and parental investments. The seminal
study by Becker and Tomes (1976) suggests ambiguous predictions on the direction of how variations in
child endowments may affect future fertility. On the one hand, if less healthy children increase the cost of
child quantity, then it would lead to a reduction in fertility. Alternatively, if returns to child quality are lower
in less endowed children, then this would increase fertility in response to the higher shadow price of child
quality. However, we are unable to find any significant effect of heat waves on fertility. We do this in Table
7 by checking whether prenatal heat stress affects the quantity and spacing of children. The estimates are
small and tightly bound around zero, suggesting that having a child who was prenatally exposed to heat
waves did not alter subsequent fertility decisions significantly.

5.3.4. Other hypothesis

Perhaps an obvious objection to our interpretation of the main results comes from recent evidence that high
temperatures shocks lead to economic downturns (Dell, Jones, and Olken 2012). Therefore, one may argue
that the patterns in parental investments are in fact not so much determined by child endowment shifts, but by
parents’ reactions to reductions in the cost of opportunity, given that the inputs we have used are time-
intensive. This hypothesis is somewhat consistent with Miller and Urdinola (2010) who show that time-
intensive investments are higher during economic downturns. Yet, for this alternative interpretation to make
sense, agricultural sector should be an important sector in the Colombian economy. This does not seem to be
the case. Indeed, the agricultural value-added only accounts for 11 percent of GDP across the 1990-2010
period, which contrasts with countries like Uganda where agriculture importance ranges from 30 to 60
percent of GDP. Furthermore, the available evidence indicates that higher temperature leads to economic
downturns only in poor countries. Even if temperature shock lead to economic downturn, it is hard to think of
reasons why this would explain significant effects on parental investments in urban children since such
economic shocks would be presumably important in rural areas. In fact, we find little evidence of differential
impacts between rural and urban children.'”

In any case, we can directly investigate this alternative hypothesis by estimating the relationship
between heat waves and production, using departmento-year level data on GDP and agricultural production

19 These analyses are available upon author request.
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for the period 1990-2010, and municipality-level data on local public finance for years 1993 through 2010.
We use data on public finance as proxies for local economic activity. The variable independents of interest
are the number of extreme high temperature months that occurred in the departamento/municipality in a
given year, along with a one-year lag. The results are presented in Table 8, with dependent variables shown
in the first column of each row. Considering the discussion above, it is not surprising to find insignificant
estimates on these regressions. Moreover, the estimated coefficients are very small in magnitude. We take
these results as evidence that our main findings are in fact not driven by changes in local economic activity.

Other alternative hypothesis is that heat waves this month may be correlated with heat waves next
months. If so, our estimates may not represent the effects of heat waves while in utero. While this is a
reasonable hypothesis, we can test it by including in the same regressions the variables of heat exposure after
birth. We do this in Table 9. The coefficients associated with heat stress in utero during second trimester
remain virtually identical, casting doubt on this alternative explanation.

One could argue that was not just child endowment shifts that affect parental investments, but also
reductions in time allocated to labor to minimize the potential health impacts of warmer temperatures. This
idea is made more plausible in view of evidence from Graff Zivin and Neidell (2014), who find a moderate
short-run (within few weeks after the shock) decline in time allocated to labor at high temperature. This
alternative hypothesis may explain why parents increase health investments, as vaccination and breastfeeding
inputs are made early in life. However, the evidence from Table 2 that exposure during the third trimester
does not affect parental investments weights against this alternative interpretation, as one would expected to
observe an effect of exposure around the time of birth. Note also that, to the extent that this explanation is
important, we should see changes in our estimates when controlling for heat waves after birth. We do not.
Although we cannot completely rule out this possibility, the evidence suggests that it is unlikely to be the
main mechanism driving the patterns in parental investments.

5.3.5. Further robustness checks

We conduct additional robustness checks.!! First, we examine the relationship between prenatal heat stress
and parental investments by using specifications that control for municipality-specific linear time trends. In
general, the use of this more demanding specification produces estimated coefficients of the second trimester
exposure that are very similar and that remain statistically significant. Second, we exclude twin children
given that prenatal exposure between them does not vary. Our results are broadly similar. Finally, we also
assess whether there are heterogeneous effects by child’s sex, rural/urban location, and mother’s education.
We then present estimates that interact second trimester exposure with these characteristics. We find
differential impacts that are statistically significant only in a few cases. For instance, the compensating
investment behavior in terms of breastfeeding is more pronounced in boys than girls. Still, there are no
significant differences between boys and girls in vaccinations. We conclude that there is little evidence of a
consistent interaction between prenatal heat exposure and these characteristics.

6. Long-Term Effects on Human Capital Accumulation

We also explore whether there are long-term impacts of exposure to extreme hot temperatures on the
accumulation of human capital. If parental health inputs are important enough in the production of child
quality, then the prenatal temperature shock may be completely remedied. To explore this question, we use
data from 2005 census and estimate a specification similar to Eq. (1), but in this case we use total years of
schooling for cohorts born 1970-1986 (ages 20-36 at time of survey) as a dependent variable. The census

! Given space constraints, we do not present the results for these robustness exercises, but they are available upon author request.
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only keeps information on the sibling composition of those individuals who co-reside with their relatives. As
adults are less likely to live with their parents than children, we do not include sibling-fixed effects. In
practice, we include a robust set of municipality of birth, year of birth and month of birth fixed effects.

In Table 10, the results indicate that exposure during second trimester of pregnancy to heat waves is
associated with lower levels of schooling. The effect in magnitude is small (0.3 percent relative to the mean).
Column (3) uses a specification that interacts second trimester with female. While the effect appears to be
stronger for men, this heterogeneity is not statistically significant. The results from columns (4)-(6) show that
the estimated coefficient is robust to controlling for exposure to heat waves after birth. Overall, in this
section, we provide evidence that the effects of prenatal heat waves can last into adulthood, suggesting that
compensatory health investments during infancy are not sufficient to remedy the initial health insult.

7. Conclusion

In this paper we estimate the impacts of in utero exposure to heat waves on parental investments using
Colombian data. We find that prenatal exposure to heat waves is associated with more postnatal health
investments. A variety of evidence is presented in favor of the interpretation that this parental behavior
reflects compensating responses to shifts in children’s endowments. We interpret these findings as evidence
highly consistent with the model of intrahousehold resource allocation from Yi et al (2015). In particular a
possible interpretation is that under substitutability between health and investment in health, endowment
shifts induced by prenatal heat stress would increase the returns to child health quality. As a result, parents
responded by devoting more resources in health.

These results relate to a growing literature in economics that documents long-term effects of exposure
in utero to environmental shocks. The findings in this paper are consistent with previous studies indicating
that family investments respond to child endowments. One implication is that reduced-form estimates of the
effect of environmental conditions in utero on later life outcomes do not necessarily represent a biological
effect. Therefore, caution is necessary when interpret estimates from such studies.

Our findings have important policy implications. Climatic projections indicate that the climate’s earth
will become hotter in the coming century, which would make more frequent the incidence of extreme
weather events. The long-term effects of such extreme weather events on human capital accumulation several
decades later should be factored into cost-benefit analyses of climate change mitigation policies. The
evidence that the initial shock is not completely remedied by parental investments provides additional
justification for interventions that shield pregnant women from the consequences of temporary environmental
shocks.
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Tables
Table 1. Descriptive statistics, Demography Health Survey (1995, 2000, 2005 and 2010 rounds)

Mean Standard deviation
Complete schedule of vaccination (Polio, DPT and Measles doses) 0.60 0.48
Complete schedule of Polio vaccination 0.72 0.44
Complete schedule of DPT vaccination 0.80 0.40
Measles vaccination 0.83 0.37
Breastfed for more than six months 0.68 0.46
Child is male 0.51 0.50
Child’s age in months 35.50 1.45
First born 0.21 0.41
Note. Survey weights are used.
Table 2. Effects of Heat Waves In Utero on Parental Investments
Health investments
Vaccinations
Polio DPT Measles thal ) Breastf;d for more
vaccination than six months
(1) 2) (3) @) )

1st Trimester -0.000 -0.005 -0.010 -0.001 0.006

[0.011] [0.011] [0.008] [0.011] [0.016]
2nd Trimester 0.022 0.029 0.015 0.035 0.031

[0.009]** [0.0107]%* [0.0097* [0.012]%* [0.015]%*

3rd Trimester 0.014 -0.003 -0.008 -0.004 0.002

[0.010] [0.008] [0.009] [0.009] [0.015]
N 8,949 8,949 8,949 8,949 5,932

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. All regressions
are based on the mother-effects fixed estimator, and include as controls dummies for age in months, precipitation in each trimester,
dummies for year of birth, dummies for month of birth, and child’s sex and birth order.
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Table 3. Effects of Heat Waves In Utero on Parental Investments (Heterogeneity by severity of intensity)

Temperature above:

90" percentile 85" percentile 80" percentile 75™ percentile
p p p p
@ @ 3 @
Panel A: Dependent Variable is Polio vaccination
2nd Trimester heat exposure 0.022 0.025 0.016 0.019
[0.009]** [0.008]*** [0.007]** [0.007]**
N 8,949 8,949 8,949 8,949
Panel B: Dependent Variable is DPT vaccination
2nd Trimester heat exposure 0.029 0.018 0.015 0.010
[0.010]*** [0.008]** [0.006]** [0.005]*
N 8,949 8,949 8,949 8,949
Panel C: Dependent Variable is Measles vaccination
2nd Trimester heat exposure 0.015 0.014 0.009 0.005
[0.0097* [0.007]** [0.006] [0.006]
N 8,949 8,949 8,949 8,949
Panel D: Dependent Variable is Total vaccinations
2nd Trimester heat exposure 0.035 0.027 0.019 0.016
[0.012]*** [0.011]** [0.009]** [0.007]**
N 8,949 8,949 8,949 8,949
Panel E: Dependent Variable is Breastfed for more than six months
2nd Trimester heat exposure 0.031 0.017 0.009 0.005
[0.015]** [0.012] [0.010] [0.009]
N 5,932 5,932 5,932 5,932

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. Column (1)
produces baseline results. Columns (2) through (4) report estimates by using alternative definitions of prenatal heat waves.

Table 4. Effects of Heat Waves In Utero on Birth Outcomes

Rate of Rate of Rate of

very low low 5 minute Rate of Rate of
low birth weight birth weight APGAR C-Section preterm birth
@ @ 3 “ ()
Panel A: Baseline specification
1st Trimester in utero 0.0099 0.0004 -0.200 0.1161 0.0036
[0.0050]** [0.0258] [0.441] [0.1271] [0.0405]
2nd Trimester in utero -0.0060 -0.0008 0.9880 0.1662 -0.0776
[0.0044] [0.0201] [0.5770]* [0.0839]%* [0.0589]
3rd Trimester in utero 0.0010 0.0131 0.3370 0.03762 0.0580
[0.0046] [0.0223] [0.3120] [0.1140] [0.0332]*
Panel B: Controlling for maternal characteristics
1st Trimester in utero 0.0099 -0.0009 -0.2050 0.1321 0.0044
[0.0049]** [0.0255] [0.4461] [0.1272] [0.0401]
2ndTrimester in utero -0.0061 -0.0024 0.9890 0.1711 -0.0792
[0.0045] [0.0196] [0.5781]* [0.0836]** [0.0591]
3rd Trimester in utero 0.0010 0.0117 0.3311 0.0508 0.0585
[0.0046] [0.0218] [0.3091] [0.1161] [0.0328]*
Mean of dependent variable 0.82 7.31 2.32 30.23 14.15
N 168,692 168,692 167,800 169,113 168,743

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. Panel A is a
specification that controls for municipality of birth, year of birth, and month of birth fixed effects, and for precipitation in each
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trimester, and baby’s sex. In addition, Panel B includes dummy for mother age under 20 years, dummy for mother age over 45
years, dummy for mother’s education (some college), dummy for mother’s marital status (married).

Table 5. Heat Waves In Utero between migrant and non-migrant children

Number of prenatal heat waves during:

Ist trimester 2nd trimester 3rd trimester
(1) (2) 3)
Child was born in the survey municipality 0.021 0.001 -0.012
[0.0158] [0.014] [0.016]
N 1,222,311 1,222,311 1,222,311

Notes. Robust standard errors in brackets (¥***p < 0.01, **p < 0.05, *p <0.1) are clustered at the municipality level. All regressions
are based on the mother-effects fixed estimator, and include controls for precipitation in each trimester, dummies for municipality
of birth, dummies for year of birth, dummies for month of birth, and child’s sex and age.

Table 6. Effects of Heat Waves In Utero on Parental Investments (Excluding migrant families)

Health investments

Vaccinations
Polio DPT Measles Total Breastfed for more
Vaccination than six months

@ @ 3) “4) €)]

Panel A: Baseline estimates

1st Trimester -0.000 -0.005 -0.010 0.001 0.006
[0.011] [0.011] [0.008] [0.013] [0.016]
2nd Trimester 0.022 0.029 0.015 0.035 0.031
[0.010]** [0.010]*+* [0.009]* [0.012]#+* [0.015]**
3rd Trimester 0.014 -0.003 -0.008 -0.004 -0.002
[0.010] [0.007] [0.009] [0.009] [0.015]
N 8,949 8,949 8,949 8,949 5,932
Panel B: Excluding migrant families
1st Trimester 0.000 -0.008 -0.006 0.003 0.010
[0.012] [0.011] [0.008] [0.013] [0.018]
2nd Trimester 0.029 0.039 0.014 0.043 0.040
[0.009]+#* [0.010]*+* [0.010] [0.014]#+* [0.015]%++
3rd Trimester 0.018 -0.009 -0.008 -0.005 -0.008
[0.012] [0.009] [0.011] [0.011] [0.014]
N 7,150 7,150 7,150 7,150 4,714

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. Panel A
produces baseline results. Panel B presents results based on a sample of children who were born in the municipality of residence.
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Table 7. Effects of Heat Waves In Utero on Quantity and Spacing of Births

Subsequent births Succeeding birth interval
@ 2

Ist Trimester -0.000 -0.600

[0.004] [0.366]
2nd Trimester 0.001 0.335

[0.005] [0.39]
3rd Trimester 0.002 0.484

[0.005] [0.360]
N 8,949 4,923

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p <0.1) are clustered at the municipality level. All regressions
are based on the mother-effects fixed estimator, and include controls for mother’s age at birth, precipitation in each trimester,
dummies for year of birth, dummies for month of birth, and child’s sex and birth order.

Table 8. Relationship between Heat Waves and Economic Activity

(Heat waves)t (Heat waves)t-1
Coefficient Standard Coefficient Standard
Estimate Error Estimate Error N
Agricultural production -0.001 [0.010] 0.005 [0.008] 640
GDP 0.005 [0.004] 0.004 [0.003] 660
Total Income (Indirect+ direct taxes) -0.002 [0.004] -0.003 [0.003] 17,257
Capital Income -0.005 [0.006] 0.002 [0.006] 16,304
Transfer 0.005 [0.004] 0.000 [0.007] 16,791
Total Spending -0.001 [0.004] -0.003 [0.004] 17,316
Investment Spending -0.004 [0.005] 0.002 [0.007] 11,676
Operational Spending 0.000 [0.002] -0.007 [0.005] 17,236
Housing Spending -0.001 [0.017] -0.010 [0.020] 10,211
Education Spending -0.008 [0.012] 0.000 [0.010] 11,662
Health Spending -0.001 [0.007] 0.006 [0.007] 11,648

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the departamento level. Coefficients
in each row are from a different regression. Regressions for agricultural production and GDP use data at departamento level and
include departamento and year fixed effects, and control for precipitation and departamento-specific time trends. Regressions on
local public finance use data at municipality level and include municipality and year fixed effects, and controls for precipitation
and departamento-specific time trends.
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Table 9. Effects of Heat Waves In Utero on Parental Investments (controlling for heat waves after birth)

Controlling for heat waves:

Baseline 1 trimester 2 trimester 3 trimester 4 trimester 5 trimester
after birth after birth after birth after birth after birth
@) 2) A3) “4) %) 6)
Panel A: Dependent Variable is Polio vaccination
2nd Trimester heat exposure 0.022 0.022 0.024 0.022 0.022 0.022
[0.009]** [0.009]** [0.0097*** [0.009]** [0.0097** [0.009]**
Panel B: Dependent Variable is DPT vaccination
2nd Trimester heat exposure 0.029 0.029 0.029 0.028 0.028 0.028
[0.010]*** [0.0107%** [0.0107*** [0.010]*** [0.010]*** [0.010]***
Panel C: Dependent Variable is Measles vaccination
2nd Trimester heat exposure 0.015 0.015 0.016 0.016 0.017 0.016
[0.0097* [0.0097* [0.010]* [0.010%] [0.0107* [0.009]*
Panel D: Dependent Variable is Total vaccinations
2nd Trimester heat exposure 0.035 0.035 0.036 0.034 0.034 0.034
[0.012]*** [0.012]#** [0.012]*** [0.012]*** [0.012]*** [0.012]***
Panel E: Dependent Variable is Breastfed for more than six months
2nd Trimester heat exposure 0.031 0.031 0.031 0.028 0.028 0.028
[0.015]** [0.015]** [0.014]** [0.014]* [0.014]* [0.014]*

Notes. Robust standard errors in brackets (¥***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. Column (1)
produces baseline results. Columns (2) through (6) report estimates controlling for heat waves after birth.

Table 10. Effects of Heat Waves In Utero on Total Schooling

1 (2) 3) 4) (5) (6)
1st Trimester 0.007 0.007 0.005 0.005
[0.013] [0.013] [0.014] [0.014]
2nd Trimester -0.030 -0.036 -0.053 -0.030 -0.031 -0.033
[0.014]** [0.014]** [0.015]*** [0.014]** [0.014]** [0.014]**
3rd Trimester -0.026 -0.022 -0.020 -0.021
[0.030] [0.029] [0.029] [0.029]
2nd Trimester x Female 0.033
[0.021]
Ist Trimester after birth -0.014 -0.008 -0.006
[0.017] [0.017] [0.017]
2nd Trimester after birth -0.023 -0.016
[0.022] [0.020]
3rd Trimester after birth -0.025
[0.016]
N 9,092,354 9,092,354 9,092,354 9,092,354 9,092,354 9,092,354

Notes. Robust standard errors in brackets (***p < 0.01, **p < 0.05, *p < 0.1) are clustered at the municipality level. Dependent
variable is years of education (Ages 20-36). The regressions contain municipality of birth, year of birth and month of birth fixed
effects, and controls for age and sex.
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New Evidence of the Effect of Body Weight on Labor Market Outcomes in Brazil
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Resumo

Este artigo fornece novas evidéncias do efeito do peso corporal sobre os sucessos no mercado
de trabalho no Brasil. A metodologia usa mudangas no peso corporal devidas a fatores genéticos
como uma fonte de variacdo exdgena. Os resultados mostraram que o peso corporal tem um
efeito positivo sobre os salarios e a probabilidade de emprego formal. Além disso, evidenciaram-
se impactos heterogéneos por sexo, raca e area de residéncia. A evidéncia sugere também que
a educacao é um importante mecanismo através do qual o peso corporal afeta os sucessos no
mercado de trabalho.
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Abstract

This paper provides new evidence of the effect of body weight on labor market outcomes in Brazil.
The methodology exploits changes in body mass index due to genetic factors as a source of
exogenous variation. We found that body weight has a positive effect on wages and formal
employment. Furthermore, we also find heterogeneous effects by sex, race, and residence, and
area. The evidence also suggests that education is an important mechanism through which body
weight affects labor market outcomes.
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1.

Introduction

This paper provides new evidence of the effect of body weight on labor market outcomes
in a developing country context. Besides estimating the effects on wage, we also examine
informal employment, one dimension of labor market that is prevalent in developing countries and
has not previously been examined by literature. The literature has long discussed the relationship
between body size, measured by body mass index (BMI), and labor market outcomes (BAUM;
FORD, 2004; CAWLEY; HAN; NORTON, 2009; CAWLEY, 2004). It has been argued that obesity
increases the risk of various diseases such as cancer, diabetes, depression and arthritis
(ABBOTT et al., 1994; PI-SUNYER, 2002), adversely affecting labor productivity. This has been
one of the main arguments in the literature to expect a negative relationship between BMI and
wages, and much of the evidence, which has focused on the developed countries, is consistent
with this view. However, such relationship may be different in developing countries. To the extent
that the insufficient intake of nutrients is much more prevalent in developing countries, weight
gains may reflect better health and nutrition, which could result in higher labor productivity. There
is evidence consistent with this. Indeed, while increases on BMI lower wages in obese people,
increases in BMI are associated with higher wages in non-obese individuals(SHIMOKAWA, 2008;
WADA; TEKIN, 2010). This suggests that increases in BMI, on average, may lead to better labor
market outcomes in developing countries.

Understanding the effects of body size on labor market outcomes is important for a number
of reasons. First, an estimation of this relationship may provide relevant information on the
determinants of poverty persistence due to that success in the labor market is directly related to
family income and individual welfare. Second, understanding the effects of variations in the health
and nutrition on labor productivity might contribute to formulation of employment benefit policies
such as health insurance, health promotion programs and disease management interventions.
Third, because body weight is related to health, the economic effects of events in the environment,
such as environment-related disease, affecting health may be better quantified. This is particularly
important in developing countries since adverse health shocks are more frequent and harder to
be mitigated (CURRIE; VOGL, 2013).

Any empirical exercise that attempt to ascertain the importance of body weight in labor
market outcomes must take into consideration the endogeneity of BMI. A source of endogeneity
is simultaneity or reverse causality. Individuals with higher earnings may differently invest in their
health. Moreover, if relevant variables, such as individual background, that are correlated with
both labor productivity and BMI are omitted, the regressions will be subject to omitted variables
bias, or the second source of endogeneity. Furthermore, if the anthropometric variables used to
calculate the BMI are subject to measurement error, then this would lead to attenuation in the
estimates. These sources of bias have been well discussed in the literature and various methods
have been proposed to remedy. For developing countries, much of the existing studies have used
disease environment, health infrastructure and health input prices as instruments for BMI. In the
Brazilian case, Thomas and Strauss(1997)use the relative prices of food as instrumental variables
for BMI and find that higher BMI leads to higher wages. The problem with using these instruments
is that they could be correlated with other local characteristics (e.g. input supplies for firms) that
may affect wages regardless of BMI.

Using Brazilian data, we explore the strategy proposed by Cawley (2004), which exploits
changes in BMI due to genetic factors as a source of exogenous variation. Specifically, this author
proposes the use of the BMI of a sibling as instrumental variable for BMI, arguing that the BMI
between siblings is strongly correlated because they share much of the same genes. The crucial
assumption of this identification strategy is that the BMI of a sibling is not correlated with
unobserved determinants of labor market outcomes. The plausibility of this assumption relies on
the evidence suggesting that the correlation between BMI across siblings is not explained by
home environment (COMUZZIE; ALLISON, 1998; VOGLER et al., 1995).

Differently from previous studies, we extend the analysis to a measure related to
employment quality. Specifically, we investigate the effect of body size on labor informality among



Brazilian workers. The literature has emphasized the potential detrimental effects of informality
on well-being due to inferior working conditions. If the BMI is related to productivity, then
differences in BMI could explain variations in the employment conditions because the least
productive individuals may be unable to find work in the formal sector. Alternatively, less
productive individuals may see the informal sector as a mechanism for receiving higher income
than that they would receive in the formal sector.

Brazil is a developing country characterized by one of the highest inequalities in income.
At the same time, Brazil has a high fraction of people living below the poverty line. The figures
indicate that about 6.8 % of the population living on less than $2.00 a day in 2012(WORLD BANK,
2015). Not surprisingly, in many other ways Brazil is a developing country: life expectancy is 73
years, which is nearly 15 years lower than in countries such as Japan; infant mortality is 12 per
hundred thousand inhabitants, a figure 150% higher than the corresponding to US; and the
incidence of malnutrition is 10 times higher than in countries like Canada. Therefore, an
investigation of the magnitude of the effect of body weight on labor market outcomes would
provide useful information for the formulation of policies aimed at reducing inequality and poverty
in the country.

To preview, we found that increases in BMI is associated with better labor market
outcomes. Specifically, we found that BMI has a positive effect on wages and reduces the
likelihood of informal employment (measured as lack of social security). We also find
heterogeneous effects by sex, race and urban/rural status. Indeed, we find a greater impact on
women, non-white people and individuals living in urban areas. We also found suggestive
evidence that education is an important mechanism through which BMI affects labor market
outcomes. In particular, we find that the effect of BMI on wages is reduced by about 80% when
the years of schooling is included as a control variable. Education is a plausible mechanism in
view of studies showing that poor health, particularly during early stages of life, may adversely
affect human capital accumulation(CURRIE, 2009; JANET CURRIE; ENRICO MORETTI, 2007).
Thus, one possible interpretation is that lower BMI means poorer health, which implies less
human capital formation and, in turn, worse labor market outcomes. However, we recognize the
possibility that our analysis underestimate or exaggerate the role of education as mechanisms
since we do not solve the endogeneity of education. Therefore, we see this as an exploratory
exercise and should be interpreted as suggestive.

The rest of the paper is organized as follows. The following section presents a review of
the literature. The third section presents a description of the data. The fourth section presents a
description of the methodology used and discusses the plausibility of using the strategy proposed
by Cawley (2004) in the Brazilian context. In the fifth section, we present the results of the
estimates from OLS and Instrumental Variables (IV). Finally, the sixth section concludes with a
discussion of the results.

. Literature

There is a large body of studies investigating how labor market outcomes respond to
variations in body weight. Most of this empirical evidence is concentrated in developed countries®.
In particular, the relationship between weight and wages tend to be negative in developed world,
but positive in developing countries(CAWLEY; HAN; NORTON, 2009). For developing countries,
it has been documented that the increase of weight (from underweight to normal) is associated
with the improvement of current health status and thus with higher level of labor productivity
(SCHULTZ; PETERS; HEDLEY, 1995; THOMAS; STRAUSS, 1997). Another possible
explanation for the negative sign in developing economies is attributed to the fact that jobs are

5 See, for example, Sargent and Blanchflower (1994), Baum and Ford (2004), Shimokawa (2008), Greve (2008), Kline and
Tobias (2008) and Norton and Han (2008).



more exhausting in developing countries and higher body mass upgrades productivity in this way
(GLICK; SAHN, 1998).

In an often-cited study, Cawley (2004 ) found that weight has negative impact on wages for
white females using employs the fixed effect and IV models with the BMI of a sibling as instrument
for BMI in order to deal with the endogeneity of weight. The authors pointed out that OLS
estimates for those females indicate that difference in weight of two standard deviations (around
64 pounds) is associated with a difference in wages of 9 percent. This difference in wages is
equivalent in absolute value to the wage effect of roughly 1.5 years of education or three years of
work experience (CAWLEY, 2004, p 468). His results of other gender-ethnic groups showed a
negative weight-wage relationship caused by unobserved heterogeneity. Other empirical
contributions have already indicated that heavier individuals tend on average to earn less in
developed countries(KLINE; TOBIAS, 2008; NORTON; HAN, 2008). For example, Conley and
Glauber (2006) using data from the Panel Study of Income Dynamics (PSID), estimate sibling
fixed effects models where a body mass index measure is lagged by 15 years to correct for
endogeneity bias. Conley and Glauber (2006) compare OLS estimates with sibling fixed effects
estimates and find that obesity is associated with an 18% reduction in women's wages and a 16%
reduction in women’s probability of marriage. Using data on bioelectrical impedance analysis for
United States, Wada and Tekin (2010) develop measures of body composition, body fat, and fat-
free mass, and analyze the relationship with wages. Their results indicate that body fat is
associated with decreasing wages for both women and men, and fat free mass is associated with
increased wages. Sabia and Rees (2012) used OLS and fixed effects estimates to provide
evidence that overweight white women are paid substantially less per hour than their slimmer
counterparts. Finally, Sabia and Rees (2012)used a model two-stage least squares (2SLS) that
used sibling BMI or mother’s obesity status in order to confirm and isolate exogenous variation in
body weight.

Conversely to studies described above, literature in developing countries seems to show
a positive sign in the correlation between weight and wage®. In view, Schultz (2003) found that a
unit increase in BMI is associated with a 9% raise in wages for women in the Ivory Coast. His
results for men suggested that an additional unit of BMI increases men’s wages by 15% in the
Ivory Coast and by 7% in Ghana. Schultz (2003) used instrumental variable techniques to correct
for the potential endogeneity and errors in measurement of BMI. Dinda et al., (2006), using data
from of Indian coalmine workers, estimate the associations between body weight and labor market
outcomes. Dinda et al., (2006) found a positive effect of BMI on wage earnings. For Brazil,
Thomas and Strauss (1997) examined the link of body side with wages among a sample that
gathered detailed information of 53,000 households on incomes, expenditures, and socio-
demographic characteristics of household members. Using relative prices of food as instrumental
variables for BMI, these authors provided evidence that BMI is associated with higher wages for
males after controlling for height and nutrient intakes, and these impacts are generally largest
among the less educated.

. Data

This study uses data from the last Consumer Expenditure Survey — POF (Pesquisa de
OrgamentosFamiliares) 2008-2009 which was conducted by the Brazilian Census Bureau — IBGE
(InstitutoBrasileiro de Geografia e Estatistica) between May 2008 and May 2009 through
interviews in a sample of Brazilian households. Each household was interviewed for a 7-day
period through questionnaires regarding the household and its members. The survey aimed to
provide information on the household budget composition and on population’s life conditions as
to measure the structures of consumption, expenditures and income sources. The sampling of

¢ For instance, a higher weight-for-height is associated with higher wages in Philippines (HADDAD; BOUIS, 1991) and Guinea
(GLICK; SAHN, 1998).



POF is part of the group of complex surveys which involves the use of three types of probability
samples (simple random sampling, stratified sampling and cluster sampling). Firstly, census
sectors, which are geographical areas defined in the Brazilian 2000 Demographic Census, were
selected to form a chief sample used by IBGE in all household surveys of the bureau. These
sectors were then divided in strata by a geographical and statistical stratification method”.
Secondly, census sectors were sampled from each stratum and formed a subsample used to
select the 55,970 households of POF final sample. All the information is available in the form of
microdata disposed in different records. Only Registers 02 and 14 were used in this study, the
first is related to the people living in the household and the second has information on labor,
income and income deductions. The sample of this study includes family® members in the
household from 18 to 40 years old and was restricted to individuals that were registered as
children in POF. In other words, these individuals are related to the household manager through
a parental relationship. This restriction was imposed due to the estimation method chosen to test
the hypothesis on how Body Mass Index (BMI) affects household members’ labor market
outcomes. More precisely, the estimation requires information on the individual’s siblings.
Furthermore, the sample excluded individuals that were not in the labor market.

In Brazil, country-representative household budget surveys have been conducted since
the seventies’ decade and more recently information on anthropometric measures was collected
from each member in the household during the period of the interview. These measures contain
information such as body weight and height which made possible to calculate the BMI. This index
was then estimated for each individual by dividing weight (kilos) by the square of height (meters).

In order to establish a relationship between BMI and labor market outcomes the variables
considered were people’s hourly wages and a proxy created to measure informality in the labor
market. The hourly wage variable is simply the division of the individual’s monthly labor income
by the number of monthly hours worked. We only considered in the analysis the main job declared
by the respondent and jobs of only four groups: private sector, public sector, domestic and
temporary (rural areas). In addition, we only considered monthly wages above 100.00 Brazilian
Reais to generate the hourly wage variable. To create the proxy for informality, we used one of
the indexes presented Henley, Arabsheibani, and Carneiro (2009). These authors define
informality as the number of people in the labor market that do not contribute to any form of social
security. We created a binary variable as a measure of the informal labor market; this variable is
equal to 1 if the individual did not contribute to a public social security system, and 0, otherwise.
The other variables included were the individual's social and demographic characteristics such
as age, month of birth, sex, race, education years, area of residence and region. These are
considered control variables that could also affect labor market outcomes.

Table 1 presents the summary statistics for all the variables discussed. It is interesting to
notice the high participation of informal labor market at 42%. The maximum hourly wage observed
was 116.79 Brazilian Reais. The level of BMI is on average 23.67 which is considered normal
weight according to World Health Organization classification® (WHO, 1995). The age is on
average 26 years and the years of education is on average 10 years. About 58% of the individuals
are male and 52% declared themselves as whites. Only 9% of the individuals live in rural areas
while 41% belong to cities in the metropolitan area. Most of the individuals live in the Southeast
of Brazil (53%) followed by Northeast (21%) and South (14%).

"For more details on POF stratification method see the publication “Despesas, rendimentos e condi¢oes de vida” of IBGE.

8 The definition of family differs from the definition of household in POF. One household is composed by people who live under
the same roof and share food and living expenses while families are blood-related individuals or individuals connected by
domestic dependence or living rules. This implies that one household can have more than one family. Particularly, this condition
was observed in only 5.34% of the 55.970 sampled households.

® The WHO classification of body weight is: underweight if BMI < 18.5 kg/m?, normal if 18.5 kg/m? > BMI < 25 kg/m?,
overweight if 25 kg/m? < BMI < 30 kg/m? and obese if BMI > 30 kg/m?.



4. Empirical Strategy

We use the technique of instrumental variables to estimate the effect of BMI on labor
market outcomes as follows:

First stage:
BMI; = 6 BMI,SPlin8 1 X' + & (1)
Second stage:
y; = 8BMI; + X'm + 1 (2)

BMI is the body mass index of the individual i and BMI;**'"8 s the body mass index sibling.
yrepresents different measures of labor market outcomes. The X vector includes a set of specific
individual characteristics such as sex, race, and civil status. The terms &andn are idiosyncratic
errors. The standard errors are clustered at States level.

The final coefficient of interest is &, which represents the effect of BMI on a given labor
market outcome measure. The model essentially follows the same strategy of identifying of
Cawley(2004). The assumptions behind the identification strategy are: i) the sibling BMI has a
significant correlation with the BMI; and ii) the sibling BMI is properly excluded from the equation
(2), or equivalently is uncorrelated with n. The validity of the first assumption is expected due to
the sibling of same parents share half of their genes. This would ensure a strong correlation
between BMI and sibling BMI.

The second assumption is more challenging since we have no way to test their validity in
the data. However, there is indirect evidence for this assumption, as discussed by Cawley (2004).
However, it could be argued that non-genetic variation in BMI could be correlated with the error
term of the second-stage. In particular, a possibility is that learning habits at home are correlated
with BMI and wages. Nevertheless, there is no evidence finding that a significant effect of common
environment within the home on BMI (COMUZZIE; ALLISON, 1998; VOGLER et al., 1995). On
the other hand, there is evidence shown, for example, that the BMI between adopted siblings are
significantly correlated. This suggests that most of the BMI correlation between siblings is mainly
explained by genetic factors. These facts make plausible the main assumption of the identification
strategy.

5. Results
5.1. OLS and IV Estimates

The first procedure to analyze the relationship between BMI and labor market outcomes
was to estimate OLS regressions (See Table 2).Panel A shows the results for wage while panel
B shows the results for informal employment. Column (1) is based on a specification that includes
State and Cohort fixed effects (dummies controlling for the individual’s birth year) and a dummy
for male individuals as control variables. The other columns correspond to different specifications
that include additional groups of controls. At the bottom of the table, the number of observations
presented.

The BMI parameter varies from a significant effect on the logarithm of hourly wages in the
first specification to insignificant estimates in the remaining ones. In terms of magnitude, the
parameter of interest suffered a substantial decrease when more control variables were included.
When the controls related to the area of residence are added the coefficient of interest is reduced
by 32%, and now is not significant. Indeed, when all the control variables are added (column 4),
the coefficient of interest is reduced by 223%.

On the other hand, the relationship between BMI and informal employment is never
statistically significant. As more groups of controls are included, the parameter became larger. It
is also important to note that the sign of the coefficients is positive; it suggests that higher BMI
increases the likelihood of informal employment. This is counterintuitive.



In general, there is little evidence of a systematic association between BMI and labor
market outcomes. In addition, the results are very sensitive to control variables included in the
regressions. This suggests that the measurement error in BMI and omitted variable bias could
play an important role.

The second approach to estimate the relationship between BMI and labor market
outcomes in Brazil was carried out by making use of instrumental variables. All the estimates are
from two-stage least squares estimation. We opted to use as instrument the BMI of the individual’s
sibling. Table 3 presents evidence that the sibling’s BMI is strongly correlated with BMI.
Specifically, the estimates shown are for the equation that relates the individual’s BMI to his/her
sibling’s BMI. The sign of the coefficient is positive and statistically significant in all regressions,
as expected. Also, the F-statistics for instrument exclusion above 10 indicates that the sibling’s
BMI has sufficient predictive power on BMI. Importantly, the parameter of interest does not
change significantly, as different controls were included in the regression. For example, the
coefficient of interest changes from 0.17 to 0.168.This can be interpreted as evidence favorable
to the fundamental assumption of the identification strategy.

Table 4 presents instrumental variables estimates of the association between BMI and
labor market outcomes. In this regression the individual’s own BMI was instrumented by his/her
sibling’s BMI and the same controls included in the previous regressions were used as shown in
Columns from (1) to (4). In contrast to OLS estimates, the instrumental variables results are all
significant. The addition of more sets of controls caused a decrease in the parameters magnitude
in both the hourly wage and the informal employment equations. However, it seems to stay more
stable in comparison to OLS estimates. The results indicate that increases in BMI are associated
with increases in wages. An important difference with the OLS results is that now the effect on
informal employment BMI is negative and statistically significant, suggesting that increases in BMI
reduces the likelihood of informal employment.

The BMI effect on labor market outcome was also evaluated in different subsamples to
capture the heterogeneity of this effect among different groups of the society. Table 5 illustrates
how BMI may affect hourly wages and informal employment according to the individuals’ sex,
race and residence area. It was used instrumental variables estimation considering all the group
of controls. Interestingly, the positive impact on wages and the negative impact on informal
employment were also observed in all subsamples. Nevertheless, BMI may not affect labor
market outcomes of some groups separately.

The parameters were significant only for female individuals, non-white individuals and for
people living in urban areas in the hourly wages equation. On the informal employment equation,
the significant parameters were also for female individuals and in contrast to the hourly wage
equation, informal employment seems to be affected by BMI only for people in rural areas. These
results indicate that BMI is positively related to women’s hourly wages and it has no influence on
male individuals’ labor market outcome.

The significant relationship between BMI effect and hourly wages of non-white individuals
indicates that race is a relevant aspect on this subject as a higher body weight or a better sign of
nutritional condition may enhance higher wages in this specific group. It makes sense that only
individuals in urban areas may present a positive response on hourly wages by an increase on
BMI. Labor markets in urban areas tend to be more competitive and individuals with a higher body
mass may more productive and therefore better compensated.

5.2. Does Education Matter?

Our final effort is to present evidence on a potential channel through which BMI may affect
labor market outcomes. In particular, we investigate if education plays a role. In order to address



this issue directly, Table 6 present an exercise in where we run the benchmark specification
controlling for years of education (Column 2).The education could be a mechanism give that
human capital accumulation is directly affected by individual’s health conditions, as suggested by
the literature (CURRIE, 2009; JANET CURRIE; ENRICO MORETTI, 2007). For comparison
proposal, the column (1) of Table 6 presents the results of the column (4) of Table 4. The results
in panel A in the table show that the effect of BMI on wages are reduced and no longer statistically
significant when education years is included as a control variable. In fact, the effect of BMI on
hourly wages is reduced by about 80%. Panel B results indicate that the effect of BMI on informal
employment is also reduced (in absolute value) and no longer statistically significant. These
results suggest that education may be an important mechanism through which the BMI affects
labor market outcomes. However, we emphasize that this exercise can be considered as
suggestive and demands further investigation.

5.3. Robustness of Findings

Our strategy to test the validity of the results was to analyze the changes on BMI
parameters by performing two different specifications. One consisted in the exclusion of outliers
in BMI and the other in the inclusion of extreme low values in wages. Table 7 presents the results
of the alternative specifications in comparison to the baseline model in Column 1. The results in
the table show that the estimates are not sensible to outliers both in BMI and wage.

6. Final Remarks

Analyzing the relationship between Body weight and labor market outcomes has been the
main subject of this study. To deal with the potential endogeneity of body weight, we use
instrumental variable technique. Our findings suggest that higher BMI is associated with higher
wages and reductions in the probability of informal employment. In addition, we found that the
effects are greater in women, the nonwhite people and individuals living in urban areas. These
results contrast with those of developed countries where a negative relationship is found between
BMI and labor market outcomes. One potential explanation is that increments in BMI mean
improvements in the health and nutrition due to that of nutrient intake is lower in developing
countries. This interpretation is also consistent with studies that show a nonlinear association
between BMI and wages. Specifically, these studies show that BMI follow an inverse-U-shaped
pattern relative to wages, being the turning point a BMI of 29(SHIMOKAWA, 2008; WADA,; TEKIN,
2010).

Our results also suggest that education may be an important mechanism through which
the BMI affects the results of the labor market. This is plausible in view of studies showing that
early nutrition is an important determinant for formation of human capital. Therefore, our results
could represent the long-term relationship between BMI and labor market outcomes.
Nonetheless, evidence of this study is essentially suggestive and requests further research.

We are aware that there are several limitations. The use sibling's BMI as an instrument
implies that our sample is based on individuals who have at least one sibling. Therefore, our
results may not be generalized to the entire population. Furthermore, the use of that instrument
necessarily implies a reduction in the number of observations which could affect the precision of
estimates. Setting aside the issue of generalizability, the fact that the performance in the labor
market is directly related to poverty and individual welfare, estimating the causal effect of
malleable variables in terms of policy as the BMI is an important question per se.
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Tables

Tables

Table 1. Summary Statistics

N Mean Standard Deviation Min Max
Labor Market Outcomes:
Hourly wage 8,831 4.83 5.60 0.47 116.79
Informal employment 8,461 0.42 0.49 0 1
Socioeconomic and Demographic Characteristics
Body Mass Index (BMI) 8,831 23.67 4.32 13.80 150
Age (in years) 8,831 26.06 7.57 18 60
Male 8,831 0.58 0.49 0 1
White 8,831 0.52 0.50 0 1
Education years 8,770 10.48 3.14 0 15
Area residence :
Rural 8,831 0.09 0.28 0 1
Metropolitan City 8,831 0.41 0.49 0 1
Region:
North 8,831 0.05 0.21 0 1
Northeast 8,831 0.21 0.41 0 1
Southeast 8,831 0.53 0.50 0 1
South 8,831 0.14 0.35 0 1
Midwestern 8,831 0.07 0.25 0 1

Source: Research results.
Notes: All statistics were obtained using sample weights.



Table 2. OLS Estimates of the Relationship between BMI and Labor Market Outcomes

1 ) ®3)

(4)

Panel A: Log of Hourly Wage

Body Mass Index 0.00356 0.00268 0.00240 0.00110
[0.00192]* [0.00184] [0.00196] [0.00175]
Number of observations 8,815 8,815 8,815 8,754
Panel B: Informal Employment
Body Mass Index 0.000635 0.000880 0.00112 0.00149
[0.00179] [0.00174] [0.00175] [0.00183]
Number of observations 8,446 8,446 8,446 8,386
State Fixed Effects Yes Yes Yes Yes
Cohort Fixed Effects Yes Yes Yes Yes
Male Dummy Yes Yes Yes Yes
Residence Area No Yes Yes Yes
Other Demographic Characteristics No No Yes Yes
Household Head Characteristics No No No Yes

Source: Research results.

Notes: Standard errors (in brackets) are robust to heteroskedasticity. State fixed effects include dummies of State of residence.
Cohort fixed effects include birth year dummies. Residence area includes dummies indicating metropolitan city and rural
residence status. Other demographic characteristics contain dummies indicating birth month and white race. Household head
characteristics are education years, age, and sex. All estimations use sample weights. * p<0.1.



Table 3.First Stage Results: Relationship between BMI and Sibling BMI

Dependentvariableis BMI

(1) (2) 3) 4)

Sibling Body Mass Index 0.17 0.17 0.169 0.168
[0.02407*** [0.0243]*** [0.0244]*** [0.02497***

Exc. instruments F-stat. 50.11 48.84 48.18 45,5
Kleibergen and Paap test (p-value) 0.00 0.00 0.00 0.00
Number of observations 8,781 8,781 8,781 8,725
Basic Controls Yes Yes Yes Yes
Residence Area No Yes Yes Yes
Other Demographic Characteristics No No Yes Yes
Household Head Characteristics No No No Yes

Source: Research results.

Notes: Standard errors (in brackets) are robust to heteroskedasticity. Basic controls include State and cohort fixed effects, sex
and dummies for sibling’s birth year and sex. Residence area contains dummies indicating metropolitan city and rural residence
status. Other demographic characteristics contain dummies for birth month and white race, and sibling’s month birth and white
race. Household head characteristics are education years, age, and sex. All estimations use sample weights. *** p<0.01.



Table 4. Instrumental Variables Estimates of the Relationship between BMI and Labor Market Outcomes

(1) 2) (3) (4)
Panel A: Log of Hourly Wage

Body Mass Index 0.0342 0.0318 0.0264 0.0248
[0.0141] [0.0132]** [0.0130]** [0.0116]**
Number of observations 8,781 8,781 8,781 8,725

Panel B: Informal Employment

Body Mass Index -0.0180 -0.0165 -0.0161 -0.0161
[0.00943]* [0.009477* [0.00908]* [0.00912]*
Number of observations 8,413 8,413 8,413 8,359
Basic controls Yes Yes Yes Yes
Residence Area No Yes Yes Yes
Other Demographic Characteristics No No Yes Yes
Household Head Characteristics No No No Yes

Source: Research results.

Notes: Standard errors (in brackets) are robust to heteroskedasticity. Basic controls include State and cohort fixed effects, sex
and dummies for sibling’s birth year and sex. Residence area contain dummies indicating metropolitan city and rural residence
status. Other demographic characteristics contain dummies for birth month and white race, and sibling’s month birth and white
race. Household head characteristics are education years, age, and sex. All estimations use sample weights. * p<0.1, ** p<0.05,
**% p<0.01.



Table 5. Instrumental Variables Estimates of the Relationship between BMI and Labor Market Outcomes
by Sex, Race and Residence Area

Male Female White Non-White Urban Rural
(1) (2) 3) 4) (5) (6)
Panel A: Log of Hourly Wage

Body Mass Index 0.0159 0.0326 0.0182 0.0381 0.0262 0.00384
[0.0145] [0.0178]* [0.0202]  [0.0179]*  [0.0125]*  [0.0275]

Number of observations 5,133 3,592 3,779 4,946 7,485 1,240

Panel B: Informal Employment

Body Mass Index -0.000759  -0.0434 -0.0168 -0.0179 -0.0123 -0.0459
[0.0120]  [0.0157]*  [0.0137] [0.0141] [0.00930]  [0.0212]**

Number of observations 4,901 3,458 3,619 4,740 7,151 1,208
Basic Controls Yes Yes Yes Yes Yes Yes
Residence Area Yes Yes Yes Yes Yes Yes
Other Demographic Characteristics Yes Yes Yes Yes Yes Yes
Household Head Characteristics Yes Yes Yes Yes Yes Yes

Source: Research results.

Notes: Standard errors (in brackets) are robust to heteroskedasticity. Basic controls include State and cohort fixed effects, sex
and dummies for sibling’s birth year and sex (columns 1 and 2 do not include sex, while columns 3 and 4 do not include white
dummy). Residence area contain dummies indicating metropolitan city and rural residence status (columns 5 and 6 do not include
rural dummy). Other demographic characteristics contain dummies for birth month and white race, and sibling’s month birth and
white race. Household head characteristics are education years, age, and sex. All estimations use sample weights. * p<0.1, **
p<0.05, *** p<0.01.



Table 6. Instrumental Variables Estimates of the Relationship between BMI and Labor Market Outcomes
(Controlling by Education Years)

Contollingby
Baseline Educationyears

(1) (2

Panel A: Log of Hourly Wage

Body Mass Index 0.0248 0.0137
[0.0116]** [0.0106]
Education Years 0.0798

[0.00361]***

Number of observations 8725 8668

Panel B: Informal Employment

Body Mass Index -0.0161 -0.0121
[0.00912]* [0.00877]
Education Years -0.0318

[0.00286]***

Number of observations 8359 8302
Basic Controls Yes Yes
Residence Area Yes Yes
Other Demographic Characteristics Yes Yes
Household Head Characteristics Yes Yes

Source: research results.

Notes: standard errors (in brackets) are robust to heteroskedasticity. Basic controls include State and cohort fixed effects, sex
and dummies for sibling’s birth year and sex. Residence area contain dummies indicating metropolitan city and rural residence
status. Other demographic characteristics contain dummies for birth month and white race, and sibling’s month birth and white
race. Household head characteristics are education years, age, and sex. All estimations use sample weights. * p<0.1, ** p<0.05,
**% p<0.01.



Table 7. Instrumental Variables Estimates of the Relationship between BMI and Labor Market Outcomes
(Robustness of Findings)

Excluding Including
Baseline Outliers extreme low
in BMI wages

() 2) (3)
Panel A: Log of Hourly Wage

Body Mass Index 0.0248 0.0359 0.0298
[0.0116]** [0.0151]* [0.0119]**
Number of observations 8,725 8,565 9,072

Panel B: Informal Employment

Body Mass Index -0.0161 -0.0219 -0.0177
[0.00912]* [0.0118]* [0.00915]*
Number of observations 8,359 8,208 8,727
Basic controls Yes Yes Yes
Residence Area Yes Yes Yes
Other Demographic Characteristics Yes Yes Yes
Household Head Characteristics Yes Yes Yes

Source: Research results.

Notes: Standard errors (in brackets) are robust to heteroskedasticity. Column 2 eliminates potential outliers by restricting our
sample to include only individuals with a BMI above 15 and lower than 35. Column 3 includes individuals with a wage lower
than 100.00BrazilianReais in our sample. Basic controls include State and cohort fixed effects, sex and dummies for sibling’s
birth year and sex. Residence area contain dummies indicating metropolitan city and rural residence status. Other demographic
characteristics contain dummies for birth month and white race, and sibling’s month birth and white race. Household head
characteristics are education years, age, and sex. All estimations use sample weights. * p<(0.1, ** p<0.05, *** p<0.01.



Secondary vocational education and earnings in Brazil

Marina Aguas (IBGE, Rio de Janeiro, Brazil, e-mail: mariffaguas@gmail.com)
Danielle Carusi Machado (UFF, Niter6i, Brazil, e-mail: daniellecarusi@vm.uff.br)

Abstract

Vocational education is a type of human capital investment that aims to provide workers with
knowledge, know-how, skills, specific competences and practices in a specific area, which is
expected to improve their performance in the labor market. Investing in vocational education
can also reduce the barriers to an individual’s entry in their first-time job, as well as improve
the quality of the job-worker match. Consequently, more skilled and productive workers can
benefit from higher wages, promoting positive impacts for the entire economy. This paper
investigates whether secondary vocational education is related to labor earnings in Brazil.
Making use of data from the 2007 PNAD, the empirical analysis is conducted through three
different methodologies: OLS, Treatment Effect and Propensity Score Matching. Evidence
shows that attainment of a secondary vocational education is associated with an increase in
labor earnings between 20% and 24% in all these methods. Evidence also suggests that the
decision to attend such programs does not seem to be correlated with unobserved productive
characteristics of workers.

Keywords: labor market, income, vocational training.
JEL: C21, J24, J31

Resumo

Educacao profissional ¢ um tipo de investimento em capital humano que tem como objetivo
prover os trabalhadores com conhecimentos e competéncias/praticas especificas para
determinada area, sendo esperado que isto melhore sua performance no mercado de trabalho.
Investir em educagao professional pode igualmente reduzir as barreiras de entrada ao primeiro
emprego e, também melhorar o casamento entre trabalhadores/empregadores.
Consequentemente, trabalhadores mais produtivos € com melhores conhecimentos ganham
salarios mais altos, impactando positivamente a economia. O objetivo deste artigo ¢ investigar
como a educacdo profissional se relaciona com os rendimentos do trabalho no Brasil.
Usaremos os dados da PNAD de 2007 e adotaremos trés metodologias empiricas: OLS, efeito
tratamento ¢ PSM. Mostramos que o impacto da educacdo profissional ¢ de aumentar os
ganhos de 20% a 24% em todos métodos e que a decisdo de realizar estes cursos ndo parece
ser correlacionada com caracteristicas produtivas ndo observadas.

Palavras chaves: mercado de trabalho, educagio profissional, renda do trabalho.

Area 2: Economia social e do trabalho



Secondary vocational education and earnings in Brazil

1. Introduction
Vocational education is a type of human capital investment that aims to provide workers

with knowledge, know-how, skills, specific competences and practices in a specific area,
which is expected to improve their performance in the labor market. Investing in vocational
education can also reduce the barriers to an individual’s entry in their first-time job, as well as
improve the quality of the job-worker match. Consequently, more skilled and productive

workers can benefit from higher wages, promoting positive impacts for the entire economy.

In Brazil, the current education law (# 9394/1996) defines three types of vocational
education: vocational training, secondary vocational education and tertiary vocational
education. Each one of these categories is structured for a specific target, with specific
prerequisites and objectives. These programs usually have a shorter duration than regular
education courses. Vocational education can be seen as a faster way of qualifying the
workforce, especially in countries with a large population characterized by low levels of

education.

The aim of this paper is to investigate the relationship between earnings and vocational
education. Specifically, we chose the secondary vocational education (SVE) to do our
analysis, because it is considered an intermediate level of the vocational education, it has
guidelines and rules for all courses defined by Brazilian law and it is not a tertiary education
course. Therefore, in order to receive the secondary vocational education degree, students
must have finished the secondary school, as well as attend and successfully complete
vocational courses recognized and structured by the Brazilian government. Thus, this segment
differs from both vocational training courses, which are not regulated and have no educational
prerequisites, and tertiary vocational education, which is part of the undergraduate courses in

Brazil.

The empirical analysis is inspired by Mincer (1974), which defines an earnings equation
as a function of educational level, experience and individual characteristics. After some
adjustments, our analysis incorporates the SVE as an explanatory variable in the educational
context. We use the data from the Brazilian National Household Survey (PNAD) for the year

of 2007, as this year was held an additional questionnaire about vocational education. We



chose a sub-sample of people aged between 25 and 55 years old, prime age group for labor

market analysis, that live in metropolitan regions or self-representative areas in Brazil.

The estimation of the earnings equation is performed through three different methods:
Ordinary Least Squares (OLS), Treatment-Effect Model (TE) and Propensity Score Matching
(PSM). These last two methods are proposed to fix the possible selection bias present in the
fact that educational choices are not random. This correction is based on observable factors, to
the extent that these two methods cannot capture the observed selectivity which is the
classical problem of the relationship between education and earnings. The OLS is the usual

method and the results are compared with other two methods.

The results show that people who attended a SVE course have a positive and significant
impact on their salary per hour, regardless of the estimation techniques used. For the OLS
estimation, this effect increases wage per hour in 22%. In the TE method, the expected gain in
hourly wage between those who have the training is 21% higher than those who did not. In
this method, the results suggest the absence of sample selection bias. Finally, the PSM
method shows salary increases ranging between 22% and 24%, according to the matching
method chosen. These values are similar to those found in the OLS method and support the

idea of the absence of selectivity in the observable characteristics of the sample.

2. Data and descriptive statistics

From the PNAD, of 2007, we selected a sample of employed people, with positive
earnings, aged between 25 and 55 years old and with a high school diploma, only. This group
should live in metropolitan regions or self-representative areas in Brazil. These choices were
made to reduce heterogeneity problems between individuals and regions. The restriction to
analyzing people who completed high school but did not attend college, aims to evaluate the
return of the training between people who might benefit from it and that have similar
characteristics. This sub-sample corresponds to 45% of the population between 25 and 55

years old, in 2007.

With the vocational education questionnaire in PNAD of 2007, it was possible to identify
people who attended or completed a SVE course as well as their individual characteristics
(sex, age, race, place of residence). Additionally, as part of the TE model, we created two
identification variables that are based on observable characteristics of individuals in the

sample to try to correct the selectivity bias of the data. These variables attempt to capture if



the place of residence, and its surroundings, influence people's decision to have a training

course. Table 1 presents a description of these variables.

Table 1: Variables

Variables Description
Attended SVE course Equal to 1 if the person held a SVE course, 0 otherwise.
Complete SVE course Equal to 1 if the person complete a SVE course, 0 otherwise.

Percentage of people who have completed a | For every person i, aged J and resident in stratum T, calculate the number of people, who

SVE course in the stratum of residence are residents in stratum T, aged equal to or greater than J, excluding itself, which concluded

a SVE course, divided by the number of people, aged equal to or greater than J, excluding i

itself, resident in stratum T.

""Percentage of people who did not attend a | For every person i, aged J and resident in stratum T, calculate the number of people, who -
SVE course because there was no provision | are residents in stratum T, aged equal to or greater than J, excluding itself, which did not
of such courses in the stratum of residence attend a SVE course because there was no provision of such courses in the stratum of

residence, divided by the number of people, aged equal to or greater than J, excluding i

itself, resident in stratum T.

With respect to characteristics of the sample, Tables 2 and 3 show the individuals’
profiles. Note that 14% of people aged 25-55 years old and with completed secondary school
had attended a SVE course, and 12.7% completed this course. Among people who completed
SVE course, 35% have never worked in the professional field of training. With respect to
individuals without SVE course, it is important to emphasize that most part had no interest in

doing them and a minority failed to do so due to the absence of courses.

The individual characteristics of people with and without SVE courses, in Table 3, reveal
themselves very close: the percentage of men and women is about the same, the percentage of
whites and the average age is slightly larger for those who attended SVE courses. With
respect to labor market indicators, we notice some differences. The proportion of employed
people with positive labor earnings is 10 percentage points higher for those who attended
SVE courses compared to those without such training. The average hourly income for people
who did not attend a SVE course is approximately 70% of the average hourly income of those

who attended.

Table 2: individual characteristics Table 3: Characteristic of employed people with
Varidvel Brasil positive hourly income by attendance a SVE course
People between 25-55 years old who are employed and 31417 Attended Did not
with positive hourly earnings (people in 1000) i Variables a SVE Attedent a
Attended SVE course (% of people) 13.9 course SVE course
Completed the course 91.4 Women 473 45.8
Completed the course and work or have worked in 64.0 White people 57.3 53.5
the training area _ Avarageage . 37.5 364 .
Reason for not attended SVE course: (% of people): % of people between 25-55 years old
Is attending now any vocational education course or did who are employed with positive 80.5 70.9
a different segment 34.9 hourly ~earnings in the total " ’
no provision of such courses 2.4 _population of this age group____________________...__________
Lack of interest 36.8 Average hourly income 3.8 621
Other reasons 11.9 (in BRL from 2007) )
Source: own elaboration, using PNAD 2007/IBGE. Source: own claboration, using PNAD 2007/IBGE.



3. Methodology
Research on the impact of the SVE on labor earnings follows the approach implemented

by Mincer (1974) in which labor earnings is represented as a function of education and
experience. We try to capture the related effect of carrying out a SVE course on wages
including a dummy variable indicating whether the individual attended or not this kind of

education in the Mincer equation. Therefore, the model to be estimated is:
Vi = lnRi = f(nti,Xi,Zi)+ui,i=1,2, o 11 (eql)

Where [InR; indicates the natural logarithm of hourly labor earnings of individual i, nt; is
the binary variable indicating whether the person 1 did or did not a SVE, x; is her labor
experience, z;are other individual characteristics, like gender, place of residence, etc, and u; is

a stochastic error.

The model is estimated by three methods: ordinary least squares (OLS), treatment-effect
(TE) and propensity score matching (PSM). A concern about OLS estimates is the fact that
individuals can choose to do or not to do a SVE course and this choice can be a source of bias
if some unobservable individual characteristics, such as skills talent, affect wages and also the
probability of doing a SVE course. Thus, an individual with more skill talent may receive a
higher salary and may also have a higher probability to engage in a vocational course.
Therefore, it is possible that higher earnings for those who are trained are due in fact to their

greater ability.

In order to dealing with the sample selection problem mentioned before, we use two
others methods: TE and PSM, which are very useful in the economic literature of impact
evaluation of public policies and social programs. These techniques allow researchers to
measure the causal effect of a "treatment" or "program" on a generic outcome variable. In our
case, the SVE can be considered a "program" or "treatment" and the amount of hourly labor
earnings as the outcome variable. The better way to evaluate the impact of SVE would be to
calculate the difference between the individual's labor earnings that result from participating
and not in training. We do not observe, however, the wages of individuals who receive
training if they had not received it, and we do not observe wages for individuals who were not
trained if they were trained. In order to estimate the casual effect of the treatment we should
reconstruct the outcomes that are not observable, making use of counterfactuals. The TE and

PSM methods propose different ways to estimate counterfactuals outcomes.



3.1. Treatment-effect model'

This method estimates the effect of n#; on the continuous variable observed y;, hourly
labor earnings, conditional on exogenous independent variables x; and w;, taking into account
the decision process of doing or not doing a SVE course. This process is modeled as a result
of a latent unobserved variable, nz;, which is supposed to be a linear function of the

exogenous explanatory variables w;, and a random error component e;. That is,

Y = x; f+ont; + u; (eq. 2) nt; =w;y+e; (eq.3)

nt, = {1, if nt; >0 (eq. 4)

0, otherwise

Where, e and u have a bivariate normal distribution with zero mean and correlation equal

Although this method has a parametric specification and, therefore, the identification can
be achieved even if W = X, in practice, the estimator will not perform well in the absence of
an exclusion restriction in W. The set of variables in X are: sex, age, age squared, race, place
of residence and household situation for each individual. The set of variables in W includes

those in X and the identification variables shown in the data section.

Identification variables are intended to represent the perceived benefit associated with
attending or not a SVE course in the vicinity of the residence of each individual i. We assume
that the higher the proportion of persons aged greater than or equal to i who have completed a
SVE course, the greater their influence on younger workers decision regarding attending this
modality of education. Similarly, higher the percentage of people who did not attained such
courses because there was no provision of this type of education in their neighborhood

diminishes the younger individuals incentives to attend a SVE course.

Considering the sample selection problem, the wage equation for treated individuals is

represented by (5):
E(qilnt; = 1) =x; B+6 + E(uint; = 1) =x; f + 6 + poyA(w;y) (eq.5)

And the wage equation for non treated individuals is represented by eq. (6):

' For more information, see Maddala (1983), Barnowet al. (1981) and Cong&Drukker (2000).



E(yoilnt = 0) = x; B+ poy [ %] (eq.6)

Where A is the inverse Mills ratio and the parameters will be estimated in two stages.
The difference in expected hourly labor earnings between participants and non-

participants can be written as:

E(ysilnt; = 1) = E(yoilnt; = 0) = 8+ poy [g—tio——]  (cq.7)

Where ¢ and ® are density and cumulative distribution functions of a normal
distribution. If the correlation between error terms, p, is zero, the difference reduces to 9, and
we could estimate it using OLS. However, it is believed that p is positive, since there are
unobserved factors that influence the decision to do a SVE course. Thus, the OLS method

should overestimate the treatment effect, o.

3.2 Matching Model

The Matching model is a non-parametric approach that seeks to reproduce an experiment
ex post. The method consists in selecting, among those in the untreated group, a sample of
individuals as similar as possible to the treated group, called control group. This method
departs from the assumption that all relevant differences between treated and untreated
persons are captured by the observed characteristics. Under this assumption, all relevant
outcome differences between treated and non-treated individuals are captured by their
observable attributes; the only remaining difference between the two groups is the treatment

status. In our case, the treatment is the attainment of a SVE course.

The matching on the propensity score is implemented as follows. The method proposes to
summarize in a single variable index, called propensity score, the individual characteristics
pre-treatment. The propensity score (PS), defined by Rosenbaum and Rubin (1983), is the
probability of receiving treatment given the set of observed characteristics jointly affecting

treatment status and outcomes: p(X) = Pr(nt = 1|X) = E(nt|X) (eq.8)

Since treated and non-treated individuals with the same value of the PS have the same
distribution of the vector of regressors X, and adopting the assumption that treatment is
randomly assigned within the groups defined by X, Rosenbaum e Rubin (1983) show that
treatment is also randomized within groups defined by p(X). As a result, if the PS of an

individual 1 is known, p(X1), so the average treatment effect on the treated (ATT) is given by:



ATT = E[Yy; — YyiInt; = 1] = E{E[Yy; — YoiInt; = 1, p(X)1}
= E{E[Yy;Int; = 1,p(X;)] — E[YyiInt; = 0,p(X)] Int; = 1} (€q.9)

Where Y; and Yy; are the potential results of the two contrafactuals situations of treated
and non-treated. So, conditioning on the propensity score allows us to obtain unbiased

estimates of average treatment effects.

The first step to evaluate SVE effect on earnings is to estimate Pr(nti=1|Xi). We estimate
the propensity score using a probit regression model, in which treatment status is regressed on
observed baseline characteristics. The estimated PS is the predicted probability of treatment
derived from the fitted regression model. As it is too difficult to observe two individuals with
the same value of p(X) to do the matching, the match for each individual in treated group to
someone in the control group depends on the distance between their propensity scores. We
compare four different methods to do this matching: (i) the nearest neighbor matching, which
selects the non-participant for whom the value of Pj is closest to Pi, (ii) the radius matching,
where a match for individual 1 is selected only if the propensity score falls within a radius r
from Pi, (iii) the kernel matching, where the outcome of treated unit i is matched to a
weighted average of the outcomes of more (possibly all) non-treated units, where the weight
given to non-treated unit j is a function of the closeness of the characteristics of i and j, and
(iv) the stratification method, where the sample is stratified into K groups according to PS
intervals. For each group, these covariates are balanced, that is, for each covariate there is no

significant difference between the groups.

4. Results

Table 4 shows the OLS estimates results of eq. 1, considering individuals who
attended or completed a VSE course. The results show that attending a SVE course means
getting an hourly labor earnings about 21% higher than that received by those who have not
attended such a course, even with all the prerequisites of doing it. The estimated coefficients
are significant at 1% level and vary little when geographical controls are included. For people
who finished the course, a slightly higher and significant effect on hourly labor earnings is

generated (22%), with our without geographical controls.

Table 4: Results — OLS estimates

Variables Ln (hourly labor earnings)




OLS  OLS with geographical controls

Attended a SVE course 0.211*** (0.016) 10.213*** (0.017)

Completed a SVE course 0.221*** (0.017) | 0.224%%* (0.017)
Observations 22,262 22,262 122,262 22,262

R? 0.187 0.187 10.212 0.212

Robust standard errors in brackets. *** p<0,01, ** p<0,05, * p<0,1. Source: microdata PNAD 2007 (IBGE).

Table 5 shows EF two-stage estimate results for eq. (2) and (3). For the first stage,
coefficients of the identification variables are significant and exhibit the expected sign. The
decision to make a SVE course is positively associated with the percentage of people who
have completed it in the neighborhood, and negatively related to the percentage of people who
did not this type of course because there was no provision of that in the neighborhood. The
second stage estimates the wage equation taking into account all the explanatory variables and
the selectivity term from the first stage (lambda variable). The coefficients associated with the
participation or conclusion of a SVE course are significant and positive. But the selectivity
correction term (lambda) is negative and not significant for both specifications. With our two
identification variables, sample selection does not seem to exist.

The difference in expected earnings between those who attended the SVE course and
those who did not attend it (eq. 7) is significant and equal to 0.207. For those who completed
the course, compared to those who did not, the difference is 0.217. Results are slightly lower

than those obtained by OLS.

Table 5: Results: TE estimates

Ln (hourly labor Attended a SVE i Ln (hourly labor Completed a SVE

. . hazard . . hazard
Variables earnings) course ' earnings) course
Attended a SVE course 0.343** (0.133) :
Completed a SVE course 1 0.357%% (0.145)
Percentage of people who have :
completed a SVE course in the stratum ?003(?:)** E ?00806:)**
of residence. ) ' ’
Percentage of people who did not :
attend a SVE course because there was -0.051%** ; -0.048%**
no provision of such courses in the (0.012) ' (0.012)
stratum of residence ;
Lambda -0.072 | -0.073
(0.073) (0.078)
Constant 0.306*** (0.104) -1.782*** (0.255) 1 0.386*** (0.108)  -2.888*** (0.266)
Observations 22,262 22,262 22262 122262 22,262 22,262
E;éflfte;ence between treated and non- 0.2074%** (0.010) i 0.2176%** (0.010)

Robust standard errors in brackets. *** p<0,01, ** p<0,05, * p<0,1. Source: microdata PNAD 2007 (IBGE).



Table 6: Propensity Score Matching: estimates

Variables ATT ;
Attended # treated #control ' Concluded # treated #control

Nearest neighbor matching 0.221 (0.016) 3083 12793 1 0.231 (0.017) 2793 12443
Kernel 0.232 (0.014) 3083 19151 10.235 (0.015) 2793 19442
Stratification 0.209 (0.001) 3083 19151 1 0.219 (0.016) 2793 19442
Radiusmatching - radius=0,01 0.229 (0.015) 3083 19100 10.225 (0.015) 2793 19442
Radiusmatching - radius=0,001 0.228 (0.015) 3083 19100 1 0.220 (0.015) 2792 19372
Radiusmatching - radius=0,0001  0.234 (0.015) 3058 17482 1 0.229 (0.016) 2775 18020

Source: microdata PNAD 2007 (IBGE).

Table 6 shows the ATT results (eq. 9) using the PSM and the four possible techniques to
do the matching between the treatment and the control group. The estimated ATT are
positives and significant for all matching methods reported. Estimated coefficients for people
who attended the SVE course range between 0.20 and 0.23. Therefore, a person who attended
a SVE course has the hourly labor earnings 20% to 23% higher than another one who did not
attended the training. The results for people who concluded a SVE course is a little bigger,

between 22% to 23,5%.

The four matching methods used to make the correspondence between the treated group
and the control group generated similar results. Moreover, results are close to the coefficients
obtained by the OLS estimation, which does not consider the presence of sample selection,

and also to the results obtained by TE method.

5. Conclusions

Without sample selection, OLS estimates to determine the effects of vocational secondary
education on hourly labor earnings should be correct. The OLS results show that attended or
concluded a vocational secondary course means getting hourly labor earnings about 21 to
22% higher than that received by those who have not attended such a course. Taking into
account the sample selection, TE and PSM methods (and all four techniques to do matching),
show similar results to OLS estimates. These estimated differences between treated and non-
treated lie in the range 20 to 23%, so, no longer than OLS estimates and suggesting that there

is no evidence of sample selection.

Despite this, we must keep in mind that the estimation methods that seek to correct the
possible selection bias of the data are based on strong assumptions and their results should be
interpreted with caution. In the case of TE method, there is the hypothesis that all
heterogeneity among individuals regarding the decision to do a vocational secondary course is

captured by the identification variables. In PSM method, conditional on the probability of
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participation, the average difference in results between the treatment group and the control is

only explained by the participation in a vocational secondary education.
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