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RESUMO: Este trabalho tem como objetivo analisar a efidg@térnica dos estabelecimentos agropecuarios
do Brasil e de suas regides, utilizando como bas@dos do Censo Agropecuario 2006. Mais espetiéinte,
procura comparar as eficiéncias técnicas dos dstafentos rurais familiares em relacdo aos deteara
patronal, considerando-se as diferengas regiowamis. Para tanto, estimaram-se, sob diferenpésesies,
fronteiras estocasticas de producdo e, simultangammodelos de efeitos de ineficiéncia. Com i$so,
possivel mensurar as eficiéncias técnicas dosedstalmentos rurais, bem como analisar as influénd@a
fatores relacionados ao ambiente produtivo, pemdutia indicacdo de politicas publicas voltadas ao
aperfeicoamento do desempenho dos produtores. $tiasagbes empiricas, observou-se menor eficiéncia
técnica para os estabelecimentos familiares. Emo®regionais, destacou-se, no que concerne érefiai
técnica dos estabelecimentos patronais, a regifiddSpais, a qual também apresentou, ao lado doden
Oeste, o0s indices mais elevados para os estabetgosnfamiliares, em média. Quanto a influéncia do
ambiente produtivo, obteve-se que a educacao famakesso a crédito sobressaem como importatbess
para a eficiéncia técnica da agropecuaria braaileir

Palavras-Chave:Fronteiras Estocasticas; Censo Agropecuario; Dedemento Regional.
Classificacao JEL:D24; Q12; R11.

ABSTRACT: This paper aims to analyze the technical efficieocfarms in Brazil and its regions, based
on the data from the 2006 Census of AgriculturereMpecifically, it seeks to compare the techreffaiency

of family farms in relation to business farms, ddesng the regional differences in the country.dboso, one
simultaneously estimated, under different assumptistochastic production frontiers and inefficieatfects
models. Thus, it was possible to measure the teaheificiency of farms, as well as analyze théuerfice of
factors related to the production environment,vlhg the indication of public policies aimed at iraping
the performance of producers. In the empiricalnestiion, it was observed, as expected, lower teahnic
efficiency for family farms. In regional terms, Witespect to the technical efficiency of businesms, the
South region of Brazil stood out, also presentaigng with the Midwest region, the highest effiagmates
for family farms, on average. Regarding the infeewf production environment, it was found thanfat
education and access to credit are noteworthy periamt factors for the technical efficiency of Biten
agriculture.

Keywords: Stochastic Frontiers; Census of Agriculture; Regidbevelopment.
JEL Code: D24; Q12; R11.

Revista Brasileira de Estudos Regionais e Urbawok,08, n. 1, pp. 16-35, 2014



Production efficiency of family farms and businesmfain the Brazilian regions 17

1. Introduction

Despite its modernization and consequent integrationarkets (either as a supplier of inputs
for the agro-industry or as a source of foreignhexge), Brazilian farming is still characterized by
the poverty that afflicts considerable number sfgtoducers. Among these, the family farms are of
special concern — these are producers which holitedl areas and often have in their small scale an
obstacle to participate in the modernization precg<Brazilian agriculture.

Still, beyond their already recognized historicaldasocial roles, the family farms are
important also from an economic standpoint. ThusJuating their production performance is an
urgent matter. In order to take full advantagewvailable inputs and existing technology, the foisus
on the technical efficiency of these agricultunagucers. Moving from the assumption that, like the
others, they are economic agents concerned withophienization of their earnings, one should
analyze the exogenous factors that affect its el performance in order to develop public
policies that are designed to minimize existingfinencies.

Another important point is that in a country sustBaazil, characterized by a vast and diverse
territory under different aspects, it would be estpd that the performance of agricultural producers
be they family farmers or not, is marked by inedied at the regional level — the objective cormhs
of production vary for various reasons, intra-amei-regionally. Therefore, this issue should &leo
considered when evaluating the technical efficiemicggriculture in the country.

1.1. Context

In 2005, according to Helfanet al. (2009), the proportion of poor people in rural Braz
reached impressive 46% — almost two times highan the poverty level found nationally. Since
labor income represented 75% of total income ialrareas and having in view the low likelihood
that the growth of transfers seen in recent yeditsd country is sustainable, in order to reduce iy
and rural inequality continuously, the essentigplioation is that public policy should aim to pro-
poor sources of rural incomes. In this contextjged that contribute to the competitiveness of the
family farms seem to be very important.

In a context where resources are generally scardethee opportunity to develop or adopt
better technologies is still limited, the agricuéibeconomy of the country and, in particular, riélesf
of rural poverty could greatly benefit from the bBisés on the technical efficiency of rural
establishments. The presence of significant lesiglsefficiency suggests that there are opportasiti
for expanding production using the existing levalsnputs and technology (NISHIMIZU; PAGE,
1982).

In this framework, this work aims to address thetiad issue of technical efficiency of family
farms. The Brazilian family farming, in addition its traditional role in absorbing labor and
producing food, has more recently been recognized aelevant wealth generating complex,
considering not only the rural and regional ecoremnbut the country as a whole (GUILHOEBD
al., 2010)? Thus, the analysis of technical efficiency of fgnfiarms is highly appropriate, since, as

1 On July 24, 2006, Law No 11.326 was enacted, bshatg guidelines for the formulation of the Nata Policy for
Family Farming and Family Ventures, thus, providthg legal framework for family farming. Accordirig Law No
11.326, only farmers or rural entrepreneurs thatuaneously meet the following requirements cancbesidered
“family farmers”: a) Do not hold, on any accountea larger than four fiscal modules; b) Use predamily labor of
their own families in economic activities of theistablishment; c) Have their income predominantlgiating from
economic activities linked to the establishmentikdj their establishment with their family. Thuslldwing the current
legal framework in Brazil, this study will use thbove definition for family farming. The remainiegtablishments will
be characterized as business farms.

2According to Guilhoteet al. (2010), in 2006 the GDP of Brazilian agribusinegseeded the value of R$ 675 billion (in
2009 value), which corresponded to 24% of totalomal GDP. From this total, over 30% had their orign the
production of household establishments. Thus, tmepdex composed by household farming, which incduysieduction
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pointed by Abramovay (1997), its dynamism doesdegend on supposedly “cultural” characteristics
of its farmers, but on the same factors that affeet performance of rural producers in general.
Following the indications of Schultz (1964), itasgreat importance the incentives and possikslitie
that producers face in order to accomplish thaiicafjural potential. It is, therefore, an econoatig
important point to examine and evaluate means \valydiamily farm’s production efficiency can be
enhanced.

Moreover, one cannot ignore that the family farmemes inserted in a scenario marked by
historic land concentration in Brazil (GUANZIROEt al, 2001). lllustrating the persistence of such
context there is the observation that in 2006 émeiliy farms accounted for approximately 84.4% of
the number of establishments in the country, baupied only 24.3% of its agricultural area (IBGE,
2010). Given this context, this study of the patedrdaf family farming was complemented by a joint
analysis of the production of business establistisnerso, following this approach, the measure of
technical efficiency of family agricultural estadliments has its results compared to those of Bssine
farms.

It is also evident the need for considering redialifferences inside Brazil in the analysis. In
addition to the natural conditions, the territofyttte country is heterogeneous by other factors suc
as those relating to its historical occupation (BNAIN, 2007). Thus, especially keeping in view
the nature of this activity, when studying the parfance of agriculture one should consider the
problems and peculiarities of Brazilian regionatedsity. This is a point that this paper intends to
highlight, investigating the efficiency of both B of agricultural establishments in the Brazilian
regions.

This paper also sought to deal with an issue thathdeen emphasized by the international
literature about technical efficiency of agricudur especially when focusing family farmers — but
(according to what we know at the time of this img) not yet addressed by studies on the Brazilian
case. It is the consideration of income earnedfifaom activities as part of the product valuatin
farmers. As will be shown later, this study soughtontemplate this aspect through the estimation
of a stochastic frontier model where the outputalde includes wages earned in off-farm activities.
The justification for considering the income earmedff-farm activities is based primarily on the
following points (PAULet al, 2004; CHAVASet al, 2005; OLSON; VU, 2007): i) such activities
would use common inputs to rural production, ahdfiiect the economic performance of producers.
In this context, as stated by Guanziedlial. (2001) about the Brazilian family farming scenatiee
possibility to generate income outside the familgduction unit is a factor that can determine the
capacity of accumulation and thus the viabilityaal production system.

Having in mind what has been presented in thigthtction, it can be stated, more succinctly,
that the present study has the motivation that avipg the dimensioning of Brazilian agriculture,
pointing out its strengths and limitations, is icat to the effectiveness of public policies and
institutional innovations. Thus, the overall gaathe analysis of technical efficiency of agrictaiu
establishments in Brazil, based on data from thesGgof Agriculture of 2006, distinguishing family
farms and business farms, and indicating factoet ttan explain differences in productive
performance.

To this end, this paper is organized as followsadidlition to this Introduction: section 2
presents the methodology used in the empiricalyaiglA brief review of literature on the technical
efficiency of Brazilian agriculture is made in geat3. Section 4, in turn, explores the database us
in the present work. The results are analyzedéti@e5. Then, the last section presents some final
comments.

of family-run crops and livestock, and the sectbes relate to these rural activities, represemezD06 approximately
7% of the Brazilian economy in terms of value added
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2. Methodology

For a comprehensive explanation on microeconomdystion theory, and on the
development of the methodology of stochastic feardinalysis, see Kumbhakar and Lovell (2000).

2.1. Stochastic frontier production functions model

The stochastic frontier production model was ingelemtly proposed by Aignet al. (1977)
and by Meeusen and van der Broeck (1977), in th@dong formulation:

Yi = expixB+V;-U;) (1)

In the above expression; ¥presents the output of the ith firmjxthe vector corresponding
to the inputs, is the vector of unknown parameters, a symmetric random disturbance
representing statistical noise ang i) a non-negative random variable associated eéaebhnical
inefficiencies. The model defined above is callestothastic frontier function” because the
production values are delimited superiorly by theckastic variable exp{k+V;). The random
disturbances Mmay be positive or negative, so that the prodadcixording to the stochastic frontier
varies in relation to the deterministic part of thedel, exp().

As indicated by Queiroz and Postali (2010), theneaaic logic of this model lies in the fact
that the production process is subject to two ram@sonomically distinguishable disturbances, U
and V.. The term Yreflects the assumption that the production afra €annot be above the level
indicated by its frontier of potential productiagiyen its inputs. In turn, the random disturbange V
indicates that the production frontier may randondyy between companies or over time for the
same firm.

2.1.1. Stochastic frontier model incorporating adabfor technical inefficiency effects

According to Kumbhakar and Lovell (2000), the asaf production efficiency should have
two components. The first is the estimation ofaclsastic production frontier that would work as
reference to evaluate the technical efficiencyhef producer. The objective of this first component
would be to analyze the efficiency of producersiggheir inputs, under certain assumptions about
their behavior. The other component emphasizedhbyauthors and more recently widely in the
literature regarding productivity, corresponds he inclusion of another group of factors in the
analysis, which are not outputs or inputs, butcftee performance of producers. The objective of
this component is relating changes in performarfcproducers to variations in factors that are
exogenous to their choice and that usually charaete¢he economic environment in which they
operates. Note that the inclusion of these fadtotise analysis allows us to analyze the role dilipu
policies relating to technical efficiency (IGLIORAQ05). Following a significant volume of empirical
studies involving stochastic production frontidhss study employed the methodology proposed by
Battese and Coelli (1995). Accordingly, we describelow the stochastic frontier model
incorporating a model for technical inefficiencyests as proposed in their artiéle.

The authors consider the following stochastic fiemproduction function for panel data:

Yit = expXit+Vi-Uy) (2)

3 One should also note the possibility of adoptiog-parametric techniques for the analysis of tezdingfficiency,

among which the DEA (Data Envelopment Analysis) modblogy is prevalent in the literature. It invodvihe use of
linear programming methods to construct a convexiagal border above the data points, and measfréschnical

efficiency are then calculated. A more completespngation of this methodology can be found in Galal. (2005).

4 However, we point out that our study used crossiaeal data, given the unavailability of Censusadr family

farming for the other years for which the reseawels published.
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In the above expression; denotes the output of the ith firm (i = 1, 2,N),in the t-th period
(t=1,2,...,T). xis the vector (1 x k) of production inputs, whioly include other control variables.
B is the vector (k x 1) of parameters of the produrctrontier to be estimated. It is assumed thgg V
are i.i.d. random disturbances such that-\{0,6%) and they are independently distributed from the
U, terms. In turn, WJs are nonnegative random disturbances that represgmmical inefficiencies of
production and are assumed to be independentiybdittd. It is assumed that;&are obtained by
truncation, at zero, of a normal distribution witlean z& and variance?, where z is a vector (1 x
m) of explanatory variables for the technical ir@éincies and is a vector (m x 1) of parameters to
be estimated. Therefore, the inefficiency effecthef stochastic frontier model,;lUcan be defined
by the following specification:

Uit = Z;0+ Wi (3)

The random variable s defined by the truncation of a normal distribotwith zero mean
and unknown variance?, so that the truncation point is givenays, that is, W > -z, and U > 0.

Battese and Coelli (1995) propose to use the metiisdaximum likelihood estimation to
obtain simultaneously the parameters of the staichfientier (8) and of the model of inefficiency
effects ). Therefore, it is used the parameterization dté@ and Corra (1977), replacisg and
62 by 6%= 6%+0% andy=c2/c% in the maximum likelihood function. The maximurkelihood function

and its partial derivatives with respect to theneation parameters of the modg| §, 6% andy) are
presented in Battese and Coelli (1993).

The technical efficiency (TE) of each firm in egmériod can be defined by the ratig A,
where Y, is output on the efficient frontier (i.e., when+®). Therefore:

o expix;;p+Vi-Ui)
t expixiB+Vit)

=exp(-U;;) =exp(-%0- W) (4)

The prediction of technical efficiencies is basedtioeir conditional expectation, given the
assumptions of the model. This result is also prteskin Battese and Coelli (1993).

2.2. Definition of regional areas

One may question the hypothesis that the techrnzbgiructure of farmers and the effects of
exogenous factors on their production are identicall regions of Brazil, which is assumed when
estimating the stochastic production frontier asdnodel for technical inefficiency effects using a
observations in the country. To overcome this pieaeproblem, one can perform the estimations
separately for each region, with the same parasies®d for the national model. However, against
such segregation of the analysis account the Fett tising it, the results regarding the technical
efficiency indices are not comparable between regidVith those points in view, the present study
aimed to address the issue about the regional dgsteeity including regional dummies in the
specification of the model for technical inefficagneffects. The regional definition used here dgfe
from the usual division of the Brazilian space ireaj regions, aiming to aggregate similar
municipalities in terms of the characteristicshodit agriculture.

5 Thus, five regions in the country were consideiadthe North region, the municipalities of LegamAzonia were
included, with the important exception of thoseobejing to the state of Mato Grosso. Thereforehéndresent work, the
North region is composed of the municipalities @nBbnia, Acre, Amazonas, Roraima, Para, Amapa, mosa and
western Maranhdo. In the Northeast region, the anpalities included those from the area of operatad the
Superintendence for the Development of the North€aldDENE), with the exception of those from Mardaahand
already included in the North. Thus, within this ngothe Northeast region includes the municipaditaf eastern
Maranhao, Piaui, Ceara, Rio Grande do Norte, ParRé&rnambuco, Alagoas, Sergipe, Bahia and noriMeras Gerais
and Espirito Santo. The third region, Southeastudes other municipalities of Minas Gerais andifitspSanto, S&o
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3. Literature review

Since it was theoretically proposed in the late0E97he stochastic frontier model has been
applied in several studies related to agricultureler various assumptions and having as subject of
study the performance of producers in differentnttes and region%.

In the recent literature on BraZilgliori (2005) employed the methodology Battesd @oelli
(1995) to analyze the technical efficiency of farmef the Legal Amazon. For this, the author
employed data of 257 regions resulting from aggdgregamunicipalities, based on the Census of
Agriculture of 1996.

Magalhde®t al.(2011) applied the methodology of Battese and ICd®€I95) on primary data
to assess the determinants of technical ineffigierfc308 beneficiaries of the land reform program
Cédula da Terra in five states in the Northeasbredpetween the years 2002 and 2003. Among their
results, Magalh&est al. (2011) point out that labor was the factor thadeasially determined
production. Regarding the variables of the modelrfefficiency effects, beyond the state dummies,
only that for establishments’ self-consumption wamificant. The non-significance of the other
variables, however, also point to important elemméot understanding constraints on the production
of the beneficiaries. In particular, accordinghe authors, they were expending resources to obtain
precarious technical assistance which, combineti g#nerally low levels of education, did not
provide good results to the establishments.

More recently, Lambaist al.(2012) extended the analysis of the program CéthlBerra to
panel data, comprising 181 families in the yea@02&nd 2006. The authors observed small gains in
technical efficiency of producers between the twarg. Positive effects on efficiency were provided
by animal labor, and the presence of livestock. mégative effect of self-consumption, found in
Magalhdeset al. (2011) was confirmed, accompanied by the negaffect of the proportion of
income earned outside the establishment, and #efysurchased seeds. Therefore, the use of this
new panel data changed some of the results of Magaét al. (2011), but confirmed its main
conclusions.

Magalhdeset al. (2012) analyzed the question about the effectiftédrent mechanisms of
land access (expropriation of rural land or makstisted land access) on efficiency of farmers.
Employing a database that included both recipiehtee program Cédula da Terra and farmers that
were settled by INCRA, the authors rejected theolygsis of gaps in productive efficiency due to
different mechanisms of land access.

Other studies also focused on the application efrttethodology of stochastic production
frontiers to data from the Census of Agriculture26068 Loures and Moraes (2013a) analyzed the
efficiency of farmers of Minas Gerais, employingabata from the Census of Agriculture of 1996.
The frontiers were separately estimated for eadr.yi@ the period, the authors observed many
changes in the efficiency ranking of the Minas @2maesoregions.

Employing data from the Census of Agriculture o080 comprising 558 homogeneous
microregions of Brazil, Almeida (2012) aimed to @stigate the existence of differences in technical
efficiency of small, medium and large agricultueatablishments. Using Chow tests and analysis of
dummy variables applied to initial estimates, tbthar concluded that the regions and the different

Paulo, and Rio de Janeiro. The South region coepadl the municipalities of Santa Catarina, Parand Rio Grande
do Sul. Finally, the Midwest region includes themuaipalities of Mato Grosso do Sul, Mato Grossaj &vias.

8 For an extensive literature review on the tecHrééficiency of agricultural establishments, we gast the following
studies: Battese (1992), Bravo-Ureta and Pinhdi#®8), Thiam (2003), Bravo-Ure# al. (2007).

"It should be pointed out that the problem of tecalrefficiency of agriculture in the Brazilian iegs was also addressed
by the use of alternative methodologies, especib8#yDEA. Some of this papers: Helfand and Lev2@)d@), Nogueira
(2005), Barros (2011), Loures and Moraes (2013bjbBsa and Sousa (2013), Barbesal. (2013).

8 We also point out the work of Feleranal. (2013), which applied partial productivity measuréhe authors analyzed
the net productivity of labor and land in Brazihdaidentified production factors that influencegbgroductivities. The
present work is distinguished by applying a methoglp that simultaneously considers the use of pigtinputs in the
production and analyzes the effect of externaloiacthat are not inputs or products on the techmafficiency of
producers.
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farm size strata were characterized by their owaapction functions. Thus, estimates were presented
for each of the five geographical regions of Braad well as for each size stratum. From his result
the author concluded that the Schultz's hypothasigoor but efficient” could not be rejected fdr a
Brazil, despite rejecting it for small establishrtsewith less than 10 ha of area in the Midwestaegi
and for the stratum under 50 ha in the North region

A very important aspect to be highlighted in therkture review is that different authors with
different subjects and databases have addressegdrobéem of measuring the performance of
agricultural producers in quite different ways. Tpecification that was adopted in this paper was
based on the literature concerning the technidmlieficy of agriculture, but was also limited byth
available database, as shown below.

4. Database

The data used in this study was obtained by redrmstthe Center for Agrarian Studies and
Rural Development (NEAD) to IBGE, who tabulated thenicipality-level data from the Census of
Agriculture of 2006, detailing the family farms fno the municipal total. For reasons of
confidentiality, the data regarding survey queditirat were answered by less than 3 establishments
were not disclosed. Thus, we could not considemaihicipalities that were investigated by the
Census of Agriculture of 2006.

4.1. Stochastic production frontier

The estimations used as output variable the tatlalevof production of the establishments in
2006 and, alternatively, the sum of that value with wages earned outside the establishment by
rural producers.

As production inputs, we considered four categdhasare usual in the literature on technical
efficiency of agriculture: labor, capital, land aather inputs. For the construction of the variable
labor, we considered the guideline of Proger Rwsalit was measured in labor units employed by
the establishment. As the capital, we consideredvidue of vehicles, tractors, machinery, and
implements declared as assets by the producete loategory of other inputs, we considered the
expenses with fertilizers, soil amendments, seedssaedlings, pesticides, animal medicines, salt
and feed, and fuel. For land input, we considenedatal area of establishments, which includes the
area used for crops and pastures, but also thaipmct by woods and forests, water bodies for
aquaculture, constructions, and degraded or usieled’

4.2. Model for technical inefficiency effects

The specification of the inefficiency effects modatludes variables based on the literature
concerning the technical efficiency of agricult /@ORTON; DAVIDOVA, 2004)!! The first
assessed variable, of central concern to the presek, it was the dummy indicative of the family
character of the establishment. Thus, we evalutitechypothesis that, conditionally to the other

® One should indicate, though, that this procedugies the imposition of the hypothesis that battegories of activities
(inside or outside the establishment) are consilasesequally important by producers (Solis, 2005).

10 One should point out that the inclusion of woodd forests, as well as areas unsuitable for agui@lin the inputs

used by producers is not trivial. Possibly suchusion affects the answer to the main questiorhisf tesearch study,
which is the difference between the technical &fficies of family farms in relation to business @riEhe reason is that,
on average, these areas represent a larger pageasftéhe total area of business establishmengdi, Zgainst 26% for
family farms. This difference, significant at 1%tiggiests that the inclusion of these areas posslliyces the efficiency
measure of business producers, since — as comfuatied case where such areas were excluded — amgréasing the

amount of inputs used by them without proportioe#lirn for their production value.

1 Due to unavailability of data, variables suggestgthe literature as related to technical efficieof agriculture could

not be considered. Among these variables, one dginidght those related to access to technical &ssie and

participation in associations.
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variables included in the model, the category ef ¢stablishment (family or business) implies, on
average, at different levels of technical efficignc

The model also incorporated variables that arended to indicate the effects of differences
in the composition of output on the technical edicy of agricultural establishments (HELFAND,
2003). The proportions of the total area of fanulybusiness farms in the municipality that were
destined to livestock, to permanent crops or temmyarrops were included as control variable.

In order to analyze the effect of human capitatientechnical efficiency of agriculture, the
model included a variable referring to formal edigra This is the average years of schooling of
people with more than 25 years in each municipadisymeasured by the Population Census of 2000.
Therefore, for reasons of data availability, we ao¢ differentiating formal education of workers
employed by family farms and business farms irstiee municipality. The model also included the
groups of years of management in the establishnmetitated by producers in the Census of
Agriculture of 2006. Note that such variable isigadive both of the experience as of the age of
producers.

Among the structural factors, we sought to evaltiadeeffects of access to credit, land tenure
status and environmental conditions on the techeffiaiency of agricultural establishments. As the
variable referring to credit, the model for ineféiocy effects employed the proportion of
establishments in each municipality and in eacbgraty (family or business) which received funding
in 2006 through various agents (banks, credit craapes, suppliers, integrator companies, other
financial institutions, NGOs, relatives, ett?) Regarding the land tenure status, the specificaif
the model for inefficiency effects included the poation of establishments in each municipality and
in each category (family or business) which wer@aeavby the producers, as opposed to they being
renters, partners or occupants of the managed fahutending to further control by some
environmental factors, the model included, besithes altitude of the municipality (taken from
IBGE's register of cities and towns in 1998), coigrrelated to rainfall and temperature (estimates
of annual averages from 1961 to 1990 conductechéyiristitute of Applied Economic Research,
IPEA, from data base of the University of East Aap|

Table 1 presents descriptive statistics for theresgntative establishments that were
considered in this work, for Brazil as a whole. Orealizes that representative business
establishments presented, on average, much highers/for both the output variables and for those
relating to inputs. It should be noted that, coesity the partial productivity measure given by
production per area, the family farms presente@dwvamnage, higher value: R$ 886.33 per hectare were
produced, compared to R$ 549.58 per hectare imessifarms. Regarding the variables of the model
for inefficiency effects, Table 1 indicates thgpnesentative family establishments had, on average,
greater portions of their area dedicated to agucal crops. Family farmers presented, in 2006,
higher average years of management of their estab&nts. On the other hand, a smaller proportion
of family farmers, by municipality, were named amers of their lands, in comparison with business
producers.

It is also noteworthy that descriptive statistics £ach region, here omitted for space
constraint, showed a very diverse picture in Brazihgriculture.

121n the present work, access to credit is consitler@genous, following the practice commonly addjitethe literature
of agricultural economice(g.Soliset al, 2009).

13 As pointed by Igliori (2005), the importance ofchucontrol stems from the fact that owners, renteastners and
occupants have different property rights and p#femint prices for the use of the land, which mapact the technical
efficiency of their establishments.
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Table 1 - Descriptive statistics, Brazil

Family Business
Mean SD Min. Max. Mean SD Min. Max.
Production value (R$ thousand) 20.20 74.77 0.62 4909.29 157.23| 403.15 1.09 13 333.68
§ . | Off-farm income (R$ thousand) 069 124 0.00 21.82 471 | 6.86 0.00 199.72
§ % Labor (units) 2.99 0.85 1.09 23.10 6.18 | 10.03 1.33 490.25
8L Capital (R$ thousand) 16.67 19.24 0.13 507.70 114.59| 326.36 0.17 9 948.33
& & | Other inputs (R$ thousand) 433 1279 0.01 591.40 64.44 | 442.07| 0.04 18 432.71
Area (hectares) 22.79 18.49 0.85 222.83 286.10| 441.27 2.67 8617.09
Area - Livestock (proportion) 045 0.23 0.00 0.97 0.44 | 0.24 0.00 1.00
Py Area — Temporary crops (proportion) 0.21 0.19 0.00 0.97 0.19 | 0.21 0.00 0.99
& Area — Permanent crops (proportion) 0.08 0.12 0.00 0.92 0.06 | 0.11 0.00 0.85
% « | Education (average years of schooling) 4.01 1.26 0.81 9.26 4.02 1.26 1.04 9.26
Q g Experience (groups of management years 339 0.25 1.66 4.00 3.28 | 0.26 1.52 4.00
5 % | Credit access (proportion) 0.20 0.15 0.00 0.87 0.20 | 0.15 0.00 1.00
“T‘J Land owners (proportion) 0.79 0.18 0.00 1.00 0.86 | 0.14 0.00 1.00
3 Altitude (meters) 419.27 289.23  0.00 1 505.00 420.17| 288.93| 0.00 1 505.00
> Rainfall - average (mm/month) 11477 35.84  28.87 254.24 114.73| 35.73 | 28.87 254.24
Temperature - average (°C) 22.79 3.03 14.38 28.04 22.78 | 3.02 14.38 28.04
| Observations | | 5215 | | 5198

Source: research data.
5. Results
5.1. Parameter estimates and hypothesis testing

Following the recommendation of Battese and Brda€®7), we used a general specification
for the model as a starting point and tested a Iginfprmulation within a formal framework for
hypothesis testing. In this work, the most genéwain of the stochastic production frontier is a
translog function.

The results of the maximum-likelihood estimates tbe parameters of the stochastic
production frontier and the model for technicalfilegency effects are shown in Table Al, in the
Annex. Models | and Il employed the sum of the eadfiproduction of the establishments and wages
earned in off-farm activities as the output vamgbhdopting, respectively, the functional forms
translog and Cobb-Douglas. In turn, the Modelsahd 1V incorporate only the production value as
output variable, also adopting the functional fotnasislog and Cobb-Douglas, in that order.

After obtaining these estimates by maximum-liketiipwe proceeded to carry out several
tests of hypotheses in order to evaluate the @ties considered for the production technologies.
The results are shown in Table 2. The test groy@sahd 3 made use of the likelihood rakid?

In short, besides the statistical significancehaf parametey indicating that the stochastic
production frontier approach proved to be more appate than the model of average production
function, results of tests of hypotheses presemtédhble 3 indicate that: i) the translog functibna
form provided a better representation of the prédadrontier than the Cobb-Douglas specification
and satisfied the theoretical consistency conditiormean data poitit ii) the model for inefficiency
effects was to be incorporated into estimationithie levels of the explanatory variables jointly
affect the estimated technical efficiencies; ivpabing the output variable did not affect the ragki
of the estimated technical efficiencies. Takingthig in mind, the following analysis will focus on
the results of the estimations obtained under Modahd IIl, which adopted a translog functional
form for the production frontier, included the mbdfter inefficiency effects of Battese and Coelli
(1995) and considered different variables reprasgrdautput (sum of the value of production of

14 Through it, it is possible to compare the likebiofunctions under alternative hypotheses (SOLEB5Y. If the null
hypothesis, I is true, the=2In[L(Hp)/L(H,)] is asymptotically distributed as a chi-squaned@m variable (or mixed
chi-square) with the number of degrees of freedquakto that of restrictions being tested (BATTESEELLI, 1995).

If the null hypothesis involves=0, then)\ has a mixed chi-square distribution, given t+ is a value at the border of
the parameter space farThe critical values for the tests in this case loa found in Kodde and Palm (1986).

15 Namely: a) monotonicity; b) diminishing marginabguctivity; ¢) quasi-concavity.
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establishments plus wages earned in off-farm as/iand only the value of production,
respectively).

Table 2 — Hypothesis testing of stochastic productn frontier models

Test Null hypothesis  Test Statistic Conclusion
1) Cobb-Douglas x Translog
Model | x Model Il B.=0,Vij 625.38 Reject K
Model Ill x Model IV oo 611.79 Reject H

2) No inefficiency effects in the production funcm

Model | 1729.27 Reject b
Model I Y =80=0;=...=0,5=0  1939.11 Reject K,
Model 1| 1701.44 Reject K,
Model IV 1968.47 Reject B

3) Variables in the inefficiency effects model have
no effect on the level of technical inefficiency

Model | 1729.27 Reject K
Model Il 81=8,=...=819=0 856.42 Reject K
Model Il 1701.44 Reject K
Model IV 2046.09 Reject H
4) Spearman correlation

Model | x Model 1l 0.973

Model 11l x Model 1V Same ranking of 0.977

Model | x Model 111 technical 0.974

Model | x Model without inefficiency effects efficiencies 0.399

Model 11l x Model without inefficiency effects 0.415

Source: research data.

Returning to the analysis of parameter estimatdiseo§tochastic production function, shown
in Table A1, for Models | and Ill, we can point dbiat one should be careful when interpreting the
estimated parameters, since they have little meggmén se for the translog function. Calculating the
elasticities for each input would actually be otaper interest. The values of these elasticities
(calculated at the mean data point) are presentdalble 3. In both Models | and 1ll, the higher
elasticity of the production frontier (at mean dptant) corresponded to labor, followed by that of
other inputs and that of capital.

Table 3 - Elasticities of production frontier in relation to inputs

Model
I 1}
Labor 0.509 0.549
Capital 0.272 0.290
Other Inputs 0.322 0.328
Land 0.136 0.164

Source: research data.

As pointed out by Barnes (2008), the measure afmetto scale can be obtained by summing
these partial elasticities. In the case of Modeld,obtained a sum equal to 1.238, whereas for Mode
[l it was equal to 1.330. Thus, in both Modelse sum obtained was greater than unity, indicating
increasing returns to scale at the mean data point.

5.2. Technical efficiencies
This section is dedicated to analyzing the resafithe estimation of technical efficiencies of
representative establishments, obtained from thehastic production frontiers under Models | and

lll. Such estimations were performed accordindhdxpression (4). First, we analyze the resuits fo
Brazil as a whole, which are then segmented byregi
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We observed that the choice of variable regardiegdutput brings changes that are not
negligible as regards the distribution of technieHiiciencies estimated considering each type of
agricultural establishments. Note that under Madldelvhich does not consider wages earned in off-
farm activities as part of their output, a largeimier of representative family establishments
presented technical efficiencies correspondingipesor intervals (compared to what was observed
under Model I).

Under both Models, however, family farmers presgrntsver average technical efficiency
than business farmers. The average technical effigi indices of representative family
establishments were 0.54, under Model I, and Quéder the Model Ill. This indicates that, on
average, with the same levels of inputs and tedyythe sum of production value of establishments
and wages earned in off-farm activities, in theecaisModel I, or the production value, in the cabe
Model Ill, could be increased in 46 percentage {soand 40 points, respectively. These results,
therefore, suggest that substantial gains coutthved by family farmers, given the existing leve
of inputs and technology employed by producersuin, the representative business establishments
presented average technical efficiency indices™ @nd 0.71 in Models | and 111, in that order.

Figure AT® in the Annex, shows the geographical distributmnestimated technical
efficiencies. As would be expected given the higlug of the Spearman correlation between Models
| and lll, shown in Table 2, the representatior®shp very similar.

The North region is the one that has the lowestamestechnical efficiency considering the
family farms, under Models | and Il — under botle obtained the result that over 70% of family
farmers have technical efficiency below 0.50. Ry business establishments in the North region,
although they are more efficient than family fartihgy too could achieve substantial gains of output
under both Models | and IIl — the estimated avetaghnical efficiencies of these two models were,
respectively, 0.60 and 0.57. Figure A1l highlightspwever, that representative business
establishments corresponding to some municipalitieaorthwest Rondénia, northern Para and
Amapa obtained technical efficiency indices abod®0

For the Northeast region, we observed that its [fafarms could also achieve substantial
gains in output, given their inputs levels and picitcbn technology, since they showed low technical
efficiencies estimates, on average: 0.46 and OrxBmuModels | and lll, respectively. As for
representative business establishments, it waddfthat, under estimates of both Models | and llI,
the Northeast region had, on average, the lowesinteal efficiencies. Also, it should also be
indicated that this was the only region in whicb¢@ding to the results of Model Ill, the average
efficiency of representative family establishmemés not inferior to that of business establishments
which presented average technical efficiency le¥8l52 (under Model I, 0.56). According to Figure
Al, especially some representative business estadints regarding municipalities from S&o-
Francisco valley in Bahia and from east Piaui presklow technical efficiencies. On the other hand,
it is observed that the representative busineabksttments corresponding to areas closer to thstco
showed considerably higher technical efficienciedar both Models.

The Southeast region was in middle position regards estimated technical efficiencies for
representative family establishments, both undeMbdel I, as under the Model 11l — their average
ratios were 0.58 and 0.64, respectively. Regarding technical efficiency estimates for
representative business establishments, one cacatiedhat the average value presented by the
Southeast was lower only than in the South regb85 under Model |, 0.83 under Model III).
According to Figure Al, the representative businessablishments imbued with technical
efficiencies higher than 0.90 in the Southeastoregorresponded for municipalities located mainly
in the areas of northeast of S&o Paulo, south obMiGerais (besides Uberaba and Uberlandia, in
this state), and south of Rio de Janeiro.

As for the South and Midwest regions of the countne can indicate that such regions have
obtained technical efficiency indices to their fgniarms whose means were not statistically diffiére

1% In these Figures, the blank areas of the Brazil@mitory correspond to municipalities whose degguired for
estimating the stochastic production frontier aralmodel for inefficiency effects were not avaitabi the database.
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and were higher than in other regions of the cqummnsidering both Models | and 11l — the South
had averages of 0.64 and 0.69, respectively, whéeVlidwest had averages of 0.66 and 0.71. For
business establishments, as pointed out in theegieg paragraph, the South presented the highest
average technical efficiency in the country — uruteth models, 0.89. It is noteworthy, in this regio
the large proportion of municipalities whose repreative business establishments had efficiency
rates higher than 0.90: 54.20%, according to theléfld, 46.06%, according to the Model Il
According to Figure Al, these municipalities weoedted, in the South region, especially in the
western areas of their states. As for the Midwibss, region was found in an intermediate position
for the technical efficiency of their representathusiness establishments (0.82 under Model I, 0.78
under Model Il1). Figure Al indicates that the eiincy ratios above 0.80 corresponded mainly to
municipalities of Mato Grosso do Sul and southeaas of the states of Mato Grosso and Goiés.

5.3. Model for inefficiency effects

We analyze now the estimated parameters for theeleddr technical inefficiency effects,
included in Models | and Ill, whose results wereganted in Table AY.First, we evaluate the effects
of the explanatory variables that are not dumniegarding the composition of production, the
results for both Models | and Il indicate thateothe category of area use that was omitted fham t
specification employed here (woods and foresttgrad that is useless for agriculture) increasirgy th
proportion of area for any of the other activithes positive and statistically significant effenttbe
technical efficiency of farms. This is an underdi@nle result: everything else constant, the alionat
of a greater proportion of the area for activitvesose production more greatly contribute to the
composition of the output variables of Models | didvould lead to greater technical efficiency
measures.

The parameter refering to formal education wasredBd to be negative and significant. This
indicates that an increase in the number of yealmooling of the adult population of a given
municipality would lead to greater technical e#ficcy of its agricultural establishments. This is a
strong indication that, in agreement with what weeorized by much of the literature, also in the
Brazilian agriculture education would act as a@lrief technical efficiency, providing the processes
for capturing information and making decisions byducers to be faster and well dorey(,Battese;
Coelli, 1995; Battese; Broca, 1997; Abdulai; Eber2001; Soli®t al, 2009).

About the other component of human capital incluitettie model for inefficiency effects of
the present work, the experience of producers,epted significant parameter (at 5% level of
significance) only in Model Ill. That is, only itn¢ model which did not consider wages earned in
off-farm activities as part of the output variabfehe stochastic frontier, the farmers’ experiewes
significant and positively related to the technietiiciency of agricultural establishments. Thus, i
the empirical application of Model Il of this papehere is evidence that the positive effect of
experience on the producers' technical efficienaeed unfavorable aspects that accompany their
increasing age (WILSOBMt al, 2001). However, the parameter on the producepem®ence was not
significant in the model for inefficiency effectsciuded in Model | — it is not an isolated cas¢hi
empirical literatured.g.,Sherluncet al, 2002; Thiam, 2003; Paat al, 2004; Solist al, 2009).

One possible explanation for the lack of signifioarof the parameter referring to the
producers’ experience in the estimation of only Elodwould be that getting salaries in off-farm
activities — embodied in the output variable ot tmadel — would be more substantial among younger
producers. Possibly, such producers have moredrégqccess to jobs, both in rural establishments
directed by others, and in urban areas, which edgp#s product as considered by Model | and, given
the used inputs, also its technical efficiency.itis, the significant positive relationship ot

7 In interpreting the effects of these variableshibuld be indicated that, since in the model hefficiency effects of
Battese and Coelli (1995) the dependent variabtedselement relating to the inefficiency erromeJ;), a negative
parameter indicates that the respective variablerfatechnical efficiency.
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in Model Il between technical efficiency and prodws’ background would be less evident. The
issue clearly deserves a more thorough study, whmvever, is beyond the scope of this work.

Regarding access to credit, the estimation resdltdodels | and 1ll suggested that it has
positive influence on technical efficiency. Thus,rdicated by Helfand (2003), it seems that, o, fa
in Brazil, access to credit would lead establishisiém choose the most appropriate combinations of
inputs and outputs, facilitating the employmentsaperior crop qualities and the gathering of
information necessary for a better performancesTisia result, although not unanimowsg(,
Battese; Broca, 1997; So#isal, 2009), also found in empirical applications canagy other regions
(e.g.,Liu; Zhuang, 2000; Abdulai; Eberlin, 2001).

Similarly to the results obtained for the variable producers’ experience, the parameter of
the variable referring to land tenure status wgaiicant only in the model for inefficiency effect
corresponding to Model lll. In this model, wheres tivages earned in off-farm activities are not
considered as components of outputs, the signifevath positive relationship between the percentage
of land owners in municipalities and technical @éncy suggested the validity of the idea that land
ownership reduces risks and encourages investmeteichniques that enable higher productivity
(Gebremedhin; Swinton, 2003). However, the empgiapplication developed under the Model | did
not find a statistically significant relationshigtiveen land tenure status and technical efficiency,
which constitutes a recurrent result in literat{ggy.,Battese; Broca, 1997; Igliori, 2005).

The parameters of the variables that were includdtie model as environmental controls
were statistically significant in both Models | altlj suggesting that these factors actually infice
the technical efficiency of Brazilian agricultur€hus, on average, in Brazil, higher altitudes are
associated with lower technical efficiencies. Astioer environmental controls, it was observed, that
on average and considering the country as a whalbger temperatures are associated with lower
technical efficiencies, with the opposite beingetfar rainfall.

Concerning the dummy variables, first we analyeaésults for the variable of central interest
to the study, namely, that indicating the familyL=r business (=0) character of the representative
establishment. Table A1 shows, for both Models d &ih, positive and statistically significant
maximume-likelihood parameters for the dummy of fignwharacter. The results therefore suggest
that, conditionally to the other variables in thedal for inefficiency effects, the family characier
negatively related to technical efficiency of agtiaral establishments.

Concerning the relationship between the heterogenéieach region, an important point is
the examination of Figure Al in comparison to theuits that were obtained for the parameters
relating to the regional dummies. It should be eagred that, unlike the technical efficiency indice
illustrated by Figure Al, the measured relationshgiween each variable in the model for
inefficiency effects, including the regional dumsiyieand the performance of productive
establishments is conditional to the other factorssidered in the model.

Table Al shows that, in Model |, we obtained a fnsiand significant (at 10% level)
parameter for the dummy relative to the North regibherefore, given the indicated controls, the
agricultural establishments in the North were ograge less efficient than those in the South (ewhitt
in the specification). In turn, the parameter foe tummy of the Midwest region in the model for
inefficiency effects of Model | was estimated agjatéve and statistically significant, indicating
higher levels of technical efficiency, given thentols of the model.

In Model Ill, which considers as the output varebbnly the production value of
establishments, some results concerning the relgiumamies were different from those of Model |.
The main difference refers to the statistical digance of the negative parameter for the dummy on
the Northeast region in the model for inefficiertfects. Thus, in the case where one considers only
the value of production as output variable, thetheast region, given the factors of the model for
inefficiency effects?® would be more positively related to technical aéfncy of agriculture in

18 |.e. conditionally to presenting values that werpial to those of the South region for variablesceening the
composition of production, education, producergtkggound, land tenure status, access to credit,eangtonmental
aspects.
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relation to the South region. This is a result tamécts to an important point for the frequent
association between productive inefficiency and Biiazilian region. It is indicating that the low
average technical efficiency of the Northeast regitbustrated by Figure Al, can be explained by
disadvantages in terms of human capital and straictactors that influence the performance of
farmers.

In accordance with Model I, also in Model Il thgriultural establishments of Midwest
region showed up, on average and given the conimolse model for inefficiency effects, more
efficient than those of the South region. Thisasaisurprising result since, especially amongriass
producers, agricultural production in this regitine Brazilian frontier of agricultural expansion
(BAER, 2008), is guided primarily in technologyeéntsive and high market value commodities,
especially soybeans (NEAD, 2010).

6. Final remarks

The wider goal of this study was to analyze thehmexal efficiency of agricultural
establishments in Brazil, based on data from thesGe of Agriculture of 2006. In particular, we
sought to evaluate the difference between theieffates of family and business farmers in the
country — this point is important because, dedmieg marked by several restrictions on production,
family farming plays major roles, from historicafcial and economic standpoints. In order to do so,
we applied the model of stochastic production fiemnas presented by Battese and Coelli (1995).
Thus, it was possible to simultaneously measuréettienical efficiencies and assess how exogenous
factors affect the producers’ performances, so ithaas possible to analyze the role of public
policies on technical efficiency.

A main point among the results obtained in the ystigdthat family farmers presented, on
average, low performance relatively to businesméas. Also conditionally, considering factors
related to human capital and structural conditioingroduction, the family character was related to
lower technical efficiency. That is, those factthrat affect agriculture as a whole, such as constte
in this study, could not fully explain the gap ffi@ency between groups of producers, both in Braz
and in their regions. This implies that public peds aimed at increasing the competitiveness of the
farming family, by improving its technical efficiep, should preferably be designed in a specific way
for these producers. In this context, it seemsssang to analyze and deal with likely market fakir
that are hindering the access of family farmermpuots of better quality and higher value crops, in
order to strengthen local economies.

Among the variables considered in the model fofficiency effects, we highlight the effect
observed for the formal education. Thus, we haaephblic policies focused on formal education of
the general population significantly and positivaffect the technical efficiency of the rural secto
It may be pointed out that, especially in a scenamarked by modernization of agriculture, the
investment in education should be considered aaeziement in a strategy designed to improve the
performance of rural production. In such scenav®also highlight the implication of our results fo
the variable on credit access, which displayedyaifstant and positive relationship with technical
efficiency. The development and availability of gdate lines of credit can be indicated as central
for the competitiveness of producers, especialiparkets of modern outputs.

At the regional level, among our results, thetaésindication that the possibility of increasing
technical efficiency through public policies thahgrove conditions for productive context is
especially great for municipalities in the are&SDENE. This is an important result, since it psint

91t is also possible to regionally distinguish #fect of the family character of establishmentstantechnical efficiency
through a specification of the model in which iaietions between dummies for the family characterfanthe regions
were included. Among the main results that weraioletl with such specification, we have that in Mdtle given
controls of the model for inefficiency effects, epting those located in the North region, in avertgnily farms in the
South are more technically efficient than thosetber regions the country (in line with what woullel expected given
the historical development of family farming in tbeuntry), while their business farms are les<ieffit.
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out tangible instruments to increase outputs, gihenavailable inputs and technology, in a region
where on average technical efficiencies are lowan those of other regions.

Even with limitations, some of which were alreadyrped out, it is thought that the present
work has contributed to the discussion on the tieahefficiency of Brazilian agricultural producers
as well as exogenous factors that affect its ecamperformance, providing support for the design
of public policies more carefully aimed at mininmgithe inefficiencies existing in the rural secibr
Brazil and its regions.

An important observation to be made, finally, cansehe question about the sustainability
of the alternative indicated in this work to theolplem of rural poverty, namely, improving the
performance of farmers, especially those of famglyaracter. Although increasing technical
efficiency could in the short term compensate faslpfactors in poorer rural areas, easing the
dynamics of emptying of labor, one should ask wietuch an increase would be a sufficient and
sustainable balance in the long term, especialthaopportunity costs for members of the family
group increase with new opportunities in urban eentespecially the young people. Clearly, it is
desirable to create better opportunities for predsiand their families, so then other questiorseari
how to integrate the rural labor to urban markeisa secure way? What are the prospects for
agricultural production, especially typically fagikrops? Among others, these questions are
necessary for future studies about the Braziliamlfafarming.
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Annex
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Table A1l — Parameter estimates of the stochastic pduction frontier with model for inefficiency effeds - Models |, 11, 11l and IV
Model | Model Il Model 11l Model IV
Parameter SD Parameter SD Parameter SD Parameter SD
Constant 1.377 0.103 = 1.472 0.056 *** 0.985 0.095 | *** 1.144 0.048 | ***
Labor 0.589 0.072 **= 0.454 0.018 **=* 0.660 0.075 | **= 0.488 0.019 | **=*
Capital 0.464 0.030 *** 0.316 0.009 *** 0.551 0.031 | *** 0.349 0.009 | ***
& | Other inputs -0.238 0.024 **= 0.225 0.007 **=* -0.255 0.025 | *** 0.220 0.007 | **=*
*E Land 0.257 0.031 *** 0.127 0.009 *** 0.253 0.033 | *** 0.146 0.009 | ***
© | Labor*Labor -0.105 0.020 *** -0.112 0.021 | **=
LL | Capital*Capital -0.012 0.005 ** -0.014 0.005 | **=*
g Other inputs*Other inputs -0.008 0.003 ** -0.009 0.003 | ***
F | Land*Land -0.018 0.005 *** -0.015 0.005 | **=*
_g Labor*Capital 0.001 0.020 -0.011 0.021
© | Labor*Other inputs 0.075 0.016 **= 0.071 0.016 | **=
E Labor*Land -0.006 0.018 0.005 0.019
Capital*Other inputs 0.036 0.006 *** 0.039 0.006 | ***
Capital* Land -0.043 0.008 *** -0.052 0.008 | **=*
Other inputs*Land 0.070 0.006 *** 0.076 0.006 | ***
Constant 0.450 0.281 *** 0.588 0.275 ** 0.334 0.300 | *** 0.376 0.327
%) Family dummy 0.604 0.036 *** 0.388 0.031 *** 0.400 0.033 | *** 0.204 0.033 | ***
§ | Area - Livestock (proportion) -0.290 0.062 *** -0.297 0.060 **=* -0.362 0.062 | **= -0.387 0.074 | **=*
&= | Area — Temporary crops (proportion) -0.313 0.076 *** -0.399 0.078 *** -0.483 0.077 | *** -0.590 0.085 | ***
q; Area — Permanent crops (proportion) -0.561 0.105 = -0.621 0.107 *** -0.797 0.113 | *** -0.882 0.129 | ***
© | Education -0.263 0.013 *** -0.282 0.013  **=* -0.312 0.015 | *** -0.342 0.015 | **=*
@ | Experience -0.068 0.042 -0.102 0.045 ** -0.095 0.042 | ** -0.131 0.051 | **
2 | Credit access (proportion) -0.558 0.102 **= -0.605 0.099 **=* -0.582 0.108 | **= -0.696 0.121 | **=*
D | Land owners (proportion) -0.087 0.069 0.073 0.074 -0.179 0.072 | ** -0.007 0.072
£ | Altitude 0.000 0.000 *** 0.000 0.000 *** 0.000 0.000 | *** 0.000 0.000 | ***
S | Rainfall - average -0.002 0.000 *** -0.001 0.000 **=* -0.002 0.000 | **=* -0.001 0.000 | **=*
% Temperature - average 0.062 0.008 *** 0.070 0.008 *** 0.089 0.009 | *** 0.102 0.010 | ***
o | North 0.102 0.058 * -0.050 0.058 -0.037 0.057 -0.204 0.062 | **=*
% Northeast -0.022 0.046 -0.251 0.045 *** -0.141 0.046 | *** -0.383 0.049 | ***
Southeast 0.048 0.042 -0.061 0.040 0.006 0.040 -0.118 0.044 | ***
Midwest -0.162 0.054 *** -0.307 0.059 **=* -0.200 0.056 | *** -0.402 0.061 | **=*
6?2 0.432 0.009 *** 0.455 0.009 *** 0.487 0.010 | **= 0.519 0.011 | **=*
v 0.170 0.023 *** 0.167 0.025 *** 0.182 0.024 | *** 0.198 0.025 | ***
Log-likelihood -10079.32 -10392.01 -10627.46 -10933.35

Source: research data. Significance levels: * 185%%, *** 1%.
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Figure A1— Technical efficiency estimates of reprentative family (left) and business establishmenigight), Model | (above) and Il (below)
Representative family establishments — Model | Representative business establishments — Model |

0,12-
021-0,30
0 031-040
I 0.41-050
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B o71-080
B os1-0%
I 091 -1.00

Source: research data.
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