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Abstract 
 
Recent census data show that up to 13% of rural establishments in Brazil are derived from 

land reform programs. Long-stated theory has provided inputs for market-assisted land reform 
based on the establishment of land tenure, market intervention, decentralization of governance, 
empowerment of communities, and efficient resource use. Our objective is to explore efficiency 
effects of Brazilian market-assisted land reform (i.e., with land and credit market subsidies, and 
decentralized governance). A stochastic frontier analysis with inefficiency effects is performed for 
181 households in a panel data model for the years 2000 and 2006. The observed gain in 
performance between 2000 and 2006 is irrefutable, even though small gains are observed in 
estimated technical efficiency. The technical efficiency index of Cédula da Terra Program 
beneficiaries demonstrates an increase from 0.35 to 0.44 during the period. Positive efficiency 
effects are provided by environmental conditions captured by state dummies and municipalities 
superior soil quality, and moreover by animal labor, and the presence of livestock. Negative effects 
are related to self-consumption of production, the existence of outer income, and purchase seeds. In 
addition, a closer analysis of the efficiency index reveals an efficiency frontier positively affected 
by the presence of technical assistance, the existence of livestock and animal labor, and increased 
labor days in the property allied to a lack of outer income. These results indicate a certain level of 
idiosyncrasy and that increasing the efficiency of smallholders is certainly an open issue, especially 
within market-assisted policies. 
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Resumo 
	  
Dados recentes do censo agropecuário demonstram que 13% dos estabelecimentos rurais são 
derivados de programas de reforma agrária. Teorias de longa data tem provido insumos para a 
reforma agrária de mercado baseado no estabelecimento de propriedade de terras, intervenção em 
no mercado, descentralização da governança, aumento do poder de comunidades e uso eficiente dos 
recursos. Nosso objetivo é explorar os efeitos de eficiência da reforma agrária brasileira amparada 
pelo mercado (i.e. com subsídios no mercado de terras e crédito, com governança descentralizada). 
Uma análise de fronteira estocástica com efeitos de ineficiência foi feita para 181 famílias em um 
modelo de dados em painel para os anos 2000 e 2006. O ganho de performance observado entre os 
anos 2000 e 2006 é irrefutável, no entanto ganhos na eficiência técnica são pequenos. O índice de 
eficiência técnica dos beneficiários do Programa Cédula da Terra demonstra uma aumento de 0,35 
para 0,44 durante o período. Efeitos de eficiência positivos são derivados de condições ambientais, 
capturadas por dummies de estado e maior qualidade do solo por município, e além disso por 
trabalho animal e presença de rebanho animal. Efeitos negativos são relacionados ao autoconsumo 
da produção, presença de renda externa e sementes compradas. Uma análise mais atenta do índice 
revela que a fronteira de eficiência é positivamente influenciada pela existência de assistência 
técnica,  aumento do número de dias trabalhados na propriedade aliado a ausência de renda externa 
ao projeto. Esses resultados indicam um certo nível de idiossincrasia e que o aumento da eficiência 
de pequenos proprietários é certamente uma questão em aberto. 
 
Palavras-chave: reforma agrária, eficiência de produção, análise de fronteira estocástica, Brasil. 
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1 Introduction 
 
In the wake of four democratic governments, land reform settlements are increasing in many 

Brazilian regions. According to IBGE (2009) census data, which is intended to be current up to 
2005–2006, approximately 13% of all rural establishments in Brazil were land reform settlements. 
By design, land reform settlements actively participate in social programs that aim at enhancing 
peasant-family production dynamics; such as school meal, food acquisition, credit access, and 
technical assistance, and other similar programs, related to bioenergy, for example. Policies adopted 
by the agrarian development leadership in Brazil show a consistent focus on transforming these 
settlements into sustainable organizations, so that they can become economically viable.  

Land reform policy in Brazil is performed by two complementary mechanisms of access to 
land. The first refers to the expropriation of rural properties and is the main policy of agrarian 
reform in Brazil. The second refers to market assisted land access, which is considered a policy 
tool, complementary to land redistribution. 

The National Land Reform Program (PNRA) is based on a mechanism of expropriation of 
unproductive estates for the settlement of landless families or small farmers, in order to enforce the 
constitutional provision of the social function of land. The legislation ensures compensation to the 
expropriated owners for the value of real estate. The families settled on the land receive a donation 
for installation, housing, and access to credit via the National Program for Family Agriculture 
(PRONAF) at subsidized rates and special conditions. The National Institute of Colonization and 
Agrarian Reform (INCRA), an public sector organization linked to the federal government, is 
responsible for the selection of the beneficiaries, setting boundaries of individual plots, and 
deployment of productive and social infrastructure of the settlement (roads, schools, health centers, 
etc.). Beneficiaries are considered emancipated after the implementation of infrastructure, when 
theoretically the settlers are able to support themselves (BUAINAIN et al., 2000). 

Mechanisms of market-assisted land access, by means of intervention in the land market, 
including the Cédula da Terra Program (PCT), provide credit to groups of landless farmers, to 
negotiate and acquire, in associations, their own properties. The beneficiaries are empowered to 
make decisions on the use of funding resources, the strategy of distributing lots amongst the 
families, the use of individual parcels and common lands. The federal government coordinates the 
program through the Ministry of Agrarian Development, providing the credit; and State 
governments guarantees settlers' ownership of the property, technical assistance for productive 
projects, and community investments for public goods. Within PCT, the land is acquired by a credit 
transaction, with payment terms of 20 years, and minimum grace period of three years, providing 
extension depending on regional agro-climatic constraints (BUAINAIN et al., 2000). 

One noteworthy factor is the effect of regional progress on the decision whether to enter into 
or to maintain land reform. A dilemma arises from this situation, suggested by Buainain et al. 
(2000), as those program beneficiaries displaying more agricultural vocation are not always below 
the extreme poverty line, or even ranked as poor. Those who display more vocation, even if 
accepted in land reform settlement programs, sometimes prefer, when located in more dynamic 
regions, to search for other job opportunities.  When this occurs, for example, there is an increase in 
the “rotation rate” of the settlement beyond a level which represents an optimum substitution rate of 
those that the associations and communities consider less adapted to production activities 
(SILVEIRA, 2008). 

The Northeast region of Brazil is a leader in rural poverty, and for this reason is a target for 
many land redistribution actions. There are certain municipalities, such as Cratéus in the hinterland 
of Ceará, which has 37 ongoing land reform settlements, which may justify the perspective adopted 
by many authors who state that this kind of production organization causes significant impacts on 
specific territories (LEITE et al., 2004). These regions, with its smallholder production, suffers a 
double challenge: a) creating conditions to minimize negative effects of climate on production; and 
b) creating possible markets that will benefit capabilities inherent to smallholder production, which 
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is enhancement of commercialization channels that value socioeconomic and cultural aspects of 
peasant-family production. 

Comparing land reform policies, De Janvry et al. (2001) and Lipton (2009) points to many 
factors that shape recent debates surrounding land redistribution. De Janvry et al. (2001) calls for a 
better analysis of different mechanisms of land access, while Lipton (2009) recapitulates the 
noteworthy “efficiency debate” (i.e., productivity of small vs. large farms), which originated in 
classical political economy and is still and open issue. 

This paper will attempt to approach some unanswered questions concerning agricultural 
production, within settlements in the Northeast region, using panel data from the PCT impact 
evaluation5:  What is the state of agricultural efficiency among the households? Can we perceive an 
improvement in efficiency from the years 2000 to 2006?  Are there trends in efficiency and can we 
identify the underlying factors supporting these trends, e.g., what are the individual, plot-specific, 
and environmental determinants of production and time-varying technical efficiency? 

Section 2 of this paper will present a brief review about land access and production 
efficiency. The research strategy utilized, including methodology and data will be presented in 
Section 3. Section 4 will discuss the results of the research, and Section 5 will set forth the 
conclusions. 

2 Access to land and productivity 
 
The issue of agricultural land access in developing countries can now be considered as a 

secular quest in politics and economics, as De Janvry et al. (2001) pose, "the problem of optimum 
access to farm land, i.e., access for whom and under what conditions, remains a serious unresolved 
issue, frequently with high efficiency and welfare costs, environmental consequences, and 
explosive political manifestations.” Specifically in Brazil, where land concentration is high and 
persistent6, all inequality-related costs and consequences manifest themselves in the socio-economic 
system.  

When deciding on how to enable land access for the rural poor, Lipton (2009) argues that 
proponents of land redistribution are usually located on opposite ends of the political spectrum, and 
are divided in “equality-fetishists” and “market-fetishists”. While the former are favorable to mass 
reforms led by the state, the latter favor only market-based solutions without government 
intervention.  

By using land redistribution as a public policy, it is possible to achieve many goals, however 
this debate has been biased by ideology, not leading to an organized pursuit of economic goals, 
namely sustainable growth and poverty reduction. In this sense, De Janvry et al. (2001) argue that 
efficiency and equity effects of each type of land access are idiosyncratic in context, and in the 
types of rural households. 

To build a policy that could reduce rural poverty, access to land should be combined with 
availability of resources and infrastructure, which is necessary due to the relations of 
complementarity and synergy of productive assets, especially for small and under capitalized 
farmers (ESWARAN; KOTWAL, 1986; DE JANVRY; SADOULET, 2004; ALCÂNTARA, 2010). 

Complementarily, it is argued that the characteristics of property rights over the distributed 
assets are important to the governance structure, which in turn affects the incentives for the 
development of productive activities with efficiency and sustainability (BARDHAN, 1996; 
BANERJEE et al., 2002). Having overcome the restrictions of land access, there is then the need 
for productive development to overcome conditions of poverty. This leads to the discussion of 
performance and production efficiency (DEATON, 1997; SILVEIRA et al., 2001). 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 About the impact evaluation see Romano et al. (2008) and Silveira (2008). 
6 Brazil's land concentration Gini coefficient remains stable from 1975 to 2006, at approximately 0.85 (HOFFMAN; 
NEY, 2010). 
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In this spirit, market-assisted land reform has been advocated to resolve some lingering 
issues of land ownership in developing countries. This policy sets forth a devised scheme of 
governance decentralization, providing the empowerment of communities to overcome asymmetric 
information and power relations in the provision of public goods and access to credit markets for 
private goods and land purchases (DEININGER, 2003). In addition, the program governance should 
provide incentives for better beneficiary selection, capacity of payment, thus economic efficiency 
(SOUZA FILHO et al., 2001; SILVEIRA et al., 2001). 

Concurrently, the “efficiency debate”, originated in classical political economy and revived 
in the 1950’s and 1960’s by the Indian Farm Management Surveys and the Inter-American 
Committee for Agricultural Development, attempted to tackle the issue of the “inverse relationship” 
of plot size in relation to productivity (i.e., smaller farms are more productive) in labor-abundant 
developing countries (LIPTON, 2009).  

There are plenty empirical accounts within the inverse/direct relationship framework, and 
most confirm the existence of an inverse relationship. This evidence is based on multiple grounds, 
primarily due to the existence of high transaction costs in the labor market, which causes small 
famers to be more efficient by reducing monitoring costs. However, this issue still remains a puzzle; 
definitive evidence favoring one relation or other is still not ripe (ASSUNÇÃO; GHATAK, 2003; 
BARRET et al., 2010). 

At the aggregate level, some studies have reexamined the link between asset inequality and 
growth, concluding that asset equality is a determinant of greater rates of economic growth 
(DEININGER; SQUIRE 1998; BARDHAN et al., 2000). Others directly link land reform to growth 
and poverty reduction, stating that reform in land relations, be it redistributive or tenure reform, is 
fundamental to the reduction of poverty (including non-rural) and to achieve greater levels of 
economic growth in the long run (BANERJEE et al., 2002; BESLEY & BURGESS, 2000; 
DEININGER et al., 2009; FINAN et al., 2005). One of the proposed channels which asset 
redistribution, i.e. land redistribution, causes poverty reduction and growth is through increasing 
production efficiency (i.e. allocative and technical efficiency) at the micro-level (BARDHAN; 
MOOKHERJEE, 2008, 2011). 

Accordingly, to access the state of agricultural production amongst households that 
participated in the Brazilian land reform we advance from a basic functional form (i.e. a Cobb-
Douglas production function) controlling for institutional and edaphoclimatic effects, as in Mathijs 
and Swinnen (2001), and Sherlund et al. (2002).  

To estimate this structural model, we propose a stochastic frontier analysis with inefficiency 
effects and panel data. Our research strategy is presented in the next section; on section 3.1, we 
present the method, followed by a discussion of estimation process and model specification, on 
section 3.2 we present the data. The results and discussion are done in section 4 and the concluding 
comments on section 5. 

3 Research Strategy 

3.1 The stochastic frontier method applied to the measurement of inefficiency in agriculture 
 
Presentation of the Method 
The general notion of economic efficiency, which reflects the result of production of goods 

and services by means of a given amount of available resources, is passive of separation into 
technical and allocative efficiency. Technical efficiency can be defined as the maximum output that 
can be achieved from a specified level of inputs, given the set of technologies available to the 
producer. Allocative efficiency refers to the adjustment of inputs and outputs as a reflection of 
relative prices. Hence, economic efficiency illustrates the ability to combine inputs and outputs in 
optimal proportions in light of prevailing prices and available technologies. 

Thereby, profit maximization requires production at the highest level given a certain level of 
inputs used (technical efficiency), using an appropriate combination of inputs in light of the relative 
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prices of each input (allocative efficiency of inputs) and producing an appropriate set of products 
given the set of prices (allocative efficiency of products) (COELLI et al., 1998). 

The development of methods to estimate the relative technical efficiency among production 
units began with the definition by Farrell (1957). The information for estimating the production 
frontier is obtained from the ranges shown for a given data set. This estimate becomes, therefore, 
the base reference to the relative positioning of the level of efficiency of each production unit 
(COELLI et al., 1998). 

This advance, made possible by specifying the stochastic frontier, was the result of 
incorporating one term to capture the inefficiency, and another to identify the measurement and 
specification errors, making the assumption of full efficiency a flexible concept. This specialized 
method allows the comparison of productive efficiency among production units, at merely one point 
or between two or more points in time, using a set of microdata. Additionally, this model allows for 
studying both the differential efficiency and the random error (residue) without the need to assume 
that these units are operating at full technical efficiency. 

The stochastic frontier production model can be specified according to equation (1), as 
shown below: 

 
Yit = f(xit ; β).exp(Vit - Uit)   with i,t = 1,..., n      (1) 
 
where Yit represents the production of the ith firm at time t; 
xit are the inputs, which represent land, capital and labor for a production function applied to 

agriculture; 
ß are the parameters, or coefficients, estimated for the production function; 
exp(Vit – Uit) represents the random set containing one component of residue and another 

one of inefficiencies; 
Vit is the white residue, which can increase the potential of the production frontier; and  
Uit represents the technical inefficiency, the second random component, which is the 

purpose of applying the model to explain the inefficiency. 
 
The term Uit has non-negative and unilateral distribution, and can have half-normal, 

exponential or truncated-normal distribution. The Vit distribution is bilateral and reflects the random 
effects (non-systematic), measurement errors and errors of the variables omitted in the model 
(specification error). 

The model presented in equation (1) considers both random components (inefficiency and 
residue). To obtain the stochastic frontier production, simply calculate the estimated production, 
removing the inefficiency component of the model. The estimate of the frontier is given by: 

 
Yit = f(xit ; β).exp(Vit)   with  i,t = 1,..., n      (2) 
 
In equation (1), Uit represents a measure of inefficiency, while the purpose of the model is to 

explain the technical efficiency (TEit) as a random component, which is determined by the relation 
between the actual production and potential frontier production for each observation. Accordingly, 
the technical efficiency estimate is given by: 

 
!"!"   =   

!!"
!!"∗

  !"#  !"!" =
!(!!"  ;  !).!"#(!!"  !  !!")
!(!!"  ;  !).!"#(!!")      

       (3) 
 
A brief discussion of estimation processes 
The processes utilized to estimate efficiency can be completed either in two stages or in one 

stage. Sharif and Dar (1996) and Wang et al. (1996) used two-stage processes to estimate the 
efficiency of rice farmers in India and China, respectively. In the first stage, the frontier production 
function parameters are estimated, disregarding the effects of firm characteristics on inefficiency. In 
the second stage, the inefficiencies are estimated by regression of the random component of the first 
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stage, on the firm characteristics explanatory for inefficiency. Coelli (1996) asserts that the 
assumptions on the independence of the inefficiency effects in the two-stage procedure produce two 
sources of bias. The first source is related to the bias on the regression parameters, as a result of the 
correlation between productive inputs (land, capital and labor) and the firm characteristics 
(explanatory variables for inefficiency). The second source occurs when the effect of the firm 
characteristics is ignored in the first stage of the frontier estimation, thereafter producing a sub-
dispersion of the inefficiency measures in the second stage. The effect of the firm characteristics on 
the inefficiencies is biased tending to zero (WANG and SCHMIDT, 2009). 

In contrast, the one-step method developed by Battese and Coelli (1995) allows for the 
simultaneous estimation of stochastic frontier production and inefficiency measures according to 
firm characteristics, thereby illustrating the relative differences among the companies. Battese and 
Coelli (1995) extended the stochastic frontier production model, considering that the inefficiency 
effects are given by a linear function of explanatory variables for inefficiency (firm characteristics). 
The Battese and Coelli (1995) stochastic frontier production model can be specified as: 

 
Yit = xitβ + (Vit - Uit)          (4) 
 
where Yit is the production logarithm of the ith firm at period t; 
xit is a logarithmic vector (1 x k) of input transformation (land, capital and labor) of the ith at 

time t; 
β=(β0, β1,…, βk) is the vector (k x 1) of unknown parameters to be estimated; 
Vit is the vector of residuals, considered independent and identically distributed (i.i.d.) with 

distribution, and;  
Uit has distribution Uit ~N+(mit,σ2), where mit = zitδ and, finally, zit is the vector of variables 

representing firm characteristics that may influence productive inefficiency (δ). 
 
This model uses a likelihood function to maximize the adjustment of the residue to a 

predetermined distribution for the random component–the error component model–or to a set of 
firm characteristics that influence the inefficiency–the efficiency effect model. 

The maximum likelihood function is explained as a function of the variance of the model 
parameters: 

 
!! = !!! + !!!          (5) 
 
In which it defines the share of explanatory variance for inefficiency as: 
 
!   =    !!!

!!!!!!!
           (6) 

 
This model produces the best fit, as more γ approaches 1, because most of the frontier 

deviations were explained by the random component of the technical inefficiency (Uit). 
A common criticism made regarding the analysis of stochastic frontier production is that 

there would not be a priori reason to assume a particular form of distribution for the effects on the 
random component of technical inefficiency (Uit). 

Usually problems are observed when using distributions with central tendency with mode at 
zero, as in the half-normal distribution. Distributions with mode at zero result in many inefficient 
companies to few efficient companies, because the majority of the Uit tends to approach zero 
(COELLI et al., 1998). Stevenson (1980) utilized a model assuming a truncated-normal 
distribution, which is a generalization of the half-normal distribution. The truncated-normal 
distribution resolves the problem of the distributions with mode at zero, because it allows the use of 
a greater variety of forms of distribution, including a form with mode at nonzero values. 
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Even accepting the view that there are numerous advantages to the single-stage estimation 
method, additional consideration as to the method of parameter estimation, and the importance of 
the use of panel data models must also be given. From the outset, it is worth mentioning that the 
high cost of a field survey of a representative sample of land reform settlements in the Northeast of 
Brazil limits the duration of the sample. By the same token, limits such as these make it hardly 
feasible to implement more advanced models, as it will be discussed below. 

The method of maximum likelihood estimation avoids the restriction of independence 
between the levels of inputs and efficiency (BATTESE, 1998). Hallam and Machado (1996) stated 
this restriction as a drawback of most technical efficiency studies. Battese (1998) recognizes that 
this is a requirement to obtain non-biased least-squares estimators for stochastic regressors, but it is 
not required for maximum-likelihood estimators in stochastic frontier models. The model we apply 
is the one proposed by Battese and Coelli (1995), a stochastic frontier model in which the technical 
inefficiency effects are a function of various observable explanatory variables. The variables 
associated with explaining the technical inefficiency effects may also be associated with inputs in 
the frontier function, as in Coelli and Battese (1996), Huang and Liu (1994) and Ngwenya et al. 
(1997). 

Once the problems of multicollinearity and heteroscedasticity have been overcome by the 
estimation of parameters in linear models with normal errors by the method of maximum 
likelihood, remains the issue that traditional panel stochastic frontier models do not distinguish 
between unobserved individual heterogeneity and inefficiency, thus forcing all time-invariant 
individual heterogeneity into the estimated inefficiency (WANG; HO, 2010). It is assumed that 
there is an evolution in the application of stochastic frontier methods that fundamentally indicates to 
the assessment, elimination, and if possible estimation of the fixed effects related to the firm or 
individuals, using a panel estimation method. According to Wang and Ho (2010) the goal is to 
avoid interpreting the individual effects as a source of inefficiencies. Similar concern is expressed 
by Liu and Myers (2009) that highlight the sensitivity of the obtained results (the sources of 
inefficiency) to the form of incorporation of firm characteristics. 

Such advances and care with the estimation of individual effects match perfectly with the 
debate on the assessment of agrarian reform, specifically in Buainain et al. (2000) and Silveira 
(2008). These studies discuss the importance of considering the effect of land expropriation 
procedures and selection of beneficiaries, and the external factors that influence the success of the 
settlements. In the case of measuring the inefficiency, the individual component, represented by the 
variance of individual attributes, not measured by the variables used in the model, can be confused 
with the effects of variable component of the vector zit, as it was stated in the previous section. 

The panel data estimation applied to the PCT data, despite the limitations of a sample with T 
= 2, is considered an advance on the work of Magalhães et al. (2011), which estimates the 
efficiency of the settlers based on only one year, a cross-sectional model. The application of the 
panel method, even with the indicated limitations, improves the estimation of inefficiency in 
relation to the random V components, i.e., the value of delta, according to Wang and Ho (2010), and 
eliminates individual effects before estimation. 

 
Model Specification 
 
The production of the beneficiaries of land reform programs is characterized by a 

composition of a diverse set of agricultural products. The variable used to represent the production 
was the total value of agricultural production, in Brazilian Reais (R$). The main crops grown were 
cassava, beans, rice, corn, peanuts, squash, cotton, coconut, cocoa, orange, passion fruit, yams, 
cattle, goats, sheep, poultry and forages. The area, measured in hectares, used by farmers 
represented the land factor, considering areas planted with seasonal crops and permanent areas of 
forestry farming, pasture, forage planting, and also small areas of the family's home yard. Labor 
days were considered as working days applied to production, for the aforementioned time period of 
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August 1999 to July 2000 and August 2004 to July 2005. The use of capital was represented by the 
costs of inputs, services, and other production costs. 

The set of variables for the inefficiency term was constructed from variables that represent: 
(i) the scale of production, to show the control of effects of scale on efficiency; (ii) soil quality 
indicator; (iii) the production strategies in terms of composition of the productive structure and 
income sources; (iv) the technological components of production systems; (v) access to technical 
assistance and credit, and (vi) human capital in terms of qualifying characteristics of the workforce 
and the allocation of family labor. 

The empirical model follows the original specification of Battese and Coelli (1995) by 
applying the natural logarithm (base e). The production function for the Cobb-Douglas stochastic 
frontier is defined as: 

 
ln(Yit) = β0 + β1ln(Landit) + β2ln(Laborit) + β3ln(Inputit) + (Vit - Uit)   (7) 
 
where i refers to the ith production unit and t to the year surveyed; 
Yit s the total value of agricultural production in Brazilian Reais (R$); 
Landit is the total area used with temporary and permanent crops, pastures and other areas of 

intensive farming (ha); 
Laborit is the number of working days during the whole year of production;  
Inputit refers to expenses for variable inputs, in Brazilian Reais (R$); 
β0 to β4 are the parameters to be estimated;  
Vit is the component for the residual (random effects, measurement errors and errors by 

omission of variables) and;  
Uit captures the effects of variables associated with the technical inefficiency of production. 
The term for the technical inefficiency (Uit) is given by: 
 
Uit = δ0 + δ1(Year2006it) +δ2(MGit) + δ3(MAit) + δ4(CEit) + δ5(BAit) 
 + δ6(UsedAreait) + δ7(PSoilAit) + δ8(PSoilBit) 
 + δ9(PConsumptionit) + δ10(PCollectiveProductionit) 
 + δ11(PCollectiveLaborit) + δ12(POuterIncomeit) 
 + δ13(Livestockit) + δ14(AnimalLaborit) 
 + δ15(Machinesit) + δ16(PurchasedSeedsit) 
 + δ17(Fertilizersit) + δ18(Irrigationit) 
 + δ19(TechAssistanceit) + δ20(Creditit) 
 + δ21(Schoolingit) + δ22(NumberOfFamiliesit)     (8) 
 
where i refers to the ith production unit and t to the year surveyed; 
Year2006it refers to the a variable capturing time variation effects on inefficiency; 
MGit receives a value of 1 for the state of Minas Gerais and 0 for others;  
MAit receives the value 1 for the state of Maranhão and 0 for others;  
CEit takes the value 1 for the state of Ceará and 0 for others;  
BAit receives the value 1 for the state of Bahia and 0 for others;  
UsedAreait refers to cropland, pastures, and other areas of farming (ha);  
PSoilAit refers to the proportion of municipal land with better soil;  
PSoilBit refers to the proportion of municipal land with medium quality soil;  
PConsumptionit is the ratio of the value of production used for family consumption and the 

total value of production;  
PCollectiveProductionit is the ratio of the value of collective production and the total value 

of production;  
PCollectiveLaborit is the ratio of working days used for collective activities and the total 

days worked by the family during the whole production year; 
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POuterIncomeit is the ratio between the amount of income earned in activities outside the lot 
and settlement, and the total amount of income earned; 

Livestockit is assigned the value 1 for the presence of livestock and zero for absence; 
Machinesit takes the value 1 for the use of mechanical force in production;  
PurchasedSeedsit receives the value 1 for the use of purchased seeds; 
Fertilizersit takes the value 1 for the use of fertilizers, in particular chemical fertilizers; 
Irrigationit assigned the value 1 for irrigated; 
TechAssistanceit registers the value 1 if the beneficiary has received technical assistance; 
Creditit registers the value 1 for those receiving credit, excluding the regular funding of land 

reform programs; 
Schoolingit represents the years of formal schooling of household head;  
NumberOfFamiliesit refers as a proxy for the size of the project. 
PEit (State of Pernambuco) and PSoloCit (soils with low level of quality) were omitted to 

avoid perfect multicollinearity. 
 

3.2 Data 
 
The sample was selected considering the universe of PCT projects prior to July 1999 in 

states contemplated by the program: Bahia, Ceará, Maranhão, Minas Gerais, and Pernambuco. 
The sample of beneficiaries was drawn in two stages. Settlements projects were considered as 
primary units, while families of beneficiaries secondary units. The mesoregions (determined by the 
Brazilian Institute of Geography and Statistics) defined the sample stratification, securing the 
presence and diversity of environmental conditions, taking in consideration edaphoclimatic and 
regional production characteristics. 

The number of families interviewed for the PCT sample in each mesoregion was relative to 
the number of existent beneficiary families. In the process of drawing the project sample these were 
ordinated according to plot size, guaranteeing the presence of multiple project size. A panel data 
sample was realized for this population directly dependent on the first sample. 

The descriptive statistics including mean, standard deviation and median for the variables 
explored by the model are displayed in Table 1. The production value almost doubles from 2000 to 
2006, from R$3,113.10 to R$5,620.09, with an increase also in used area and input costs, from 
6.67ha to 10.08ha and R$774.40 to R$1,602.38, while the labor days decreases, from 601.01 to 
397.62. 

In relation to production organization, the self-consumption by households decreases from 
53% to 45%, while all collective activities cease to exist – collective production has a sharp 
decrease from 15% to 3.5% and collective labor days from 19% to 1.4%. The proportion of outer 
income grows from 33.5% to 38.5%, from 2000 to 2006 respectively. In contrast, the utilization of 
livestock has a sharp increase from 65.2% of the households to 90.6%. 

In reference to technology, while in 2000 few plots utilize animal labor (7.2%), in 2006, 
16.6% of them do use animals in farming. The utilization of machines, fertilizers, and irrigation also 
increases from 34.8% to 47.5%, 47.5% to 55.8%, and 5.5% to 8.8%, respectively. The use of 
purchase seeds is the only variable to decrease, from 45.3% to 37.6%. 

Finally, technical assistance decreases from 52.5% to 45.9% of the households, while access 
to credit decreases sharply, from 50.8% to 20.4%. 
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Table 1. Descriptive Statistics for the sample of PCT beneficiaries, 2000 and 2006 (n=181). 

 

4 Results and Discussion 
 
In this section we analyze the results of the econometric estimation of the panel data model. 

First, the analyses of the production factors and the sources of efficiency is completed, followed by 
the analysis of efficiency average estimates for the years 2000 and 2006. Finally, the analysis is 
concluded by characterizing the farmers positioned near the frontier for both years, by selecting the 
band of the 20% highest values of the technical efficiency index,  against the 50% lower values. 

Obtained estimates, presented in Table 2, for the variance of the model parameters (σ) and 
the portion of variance attributed to the inefficiency explanatory parameters (γ) are statistically 
significant. The likelihood ratio test indicates that the model expresses inefficiency with high level 
of statistical significance. The value obtained in the test was 147.9 considering the !! distribution 
with 29 degrees of freedom. 

The production presented diminishing returns for factors related to land, labor and capital, 
with statistical significance for all partial elasticities. The land presented higher partial elasticity, 
much greater than labor, which has a non-significant parameter. Between 2000 and 2006 there was 
an overall substitution of labor by capital, which caused the decrease of partial productivity of 
capital and the increase for land and labor. The growth of cultivated area, out of sync with the 
substitution of factors, led to a significative increase production, but not accompanied by a similar 
increase in technical efficiency. 

The time variable (δ1) points to a positive effect on the production value, but with marginal 
statistically significant effects on efficiency gains.. 

Mean
Standard 
Deviation Median Mean

Standard 
Deviation Median W p-value !" p-value

Production value (R$) 3113.10 4250.47 2000.06 5620.09 7494.57 3333.57 11638 0.0000 - -

Mann Whitney 
Wilcoxon Test !" Test

Variable

2000
(n=181)

2006
(n=181)

Used area (ha) 6.67 6.60 4.91 10.08 9.92 7.00 12460 0.0001 - -
Labor days 601.01 430.62 510.00 397.62 692.27 211.76 23322 0.0000 - -
Costs (R$) 774.40 1225.69 320.91 1602.38 2491.78 816.00 10785 0.0000 - -

MG (proportion) 0.1215 0.3277 - 0.1215 0.3277 - - - 0.0000 1.0000
MA (proportion) 0.1271 0.3340 - 0.1271 0.3340 - - - 0.0000 1.0000
CE (proportion) 0.3867 0.4884 - 0.3867 0.4884 - - - 0.0000 1.0000
BA (proportion) 0.2155 0.4123 - 0.2155 0.4123 - - - 0.0000 1.0000
PE (proportion) 0.1492 0.3572 - 0.1492 0.3572 - - - 0.0000 1.0000

High quality soil (ratio of county area) 0.5167 0.3920 0.4763 0.5167 0.3920 0.4763 16363 0.9863 - -
Regular quality soil (ratio of county area) 0.2395 0.3275 0.0499 0.2395 0.3275 0.0499 16381 1.0000 - -
Low quality soil (ratio of county area) 0.2438 0.2980 0.0607 0.2438 0.2980 0.0607 16405 0.9810 - -

Consumption (ratio of production) 0.5341 0.3224 0.5225 0.4539 0.3164 0.4276 18799 0.0151 - -
Collective production (ratio of production) 0.1501 0.2508 0.0000 0.0350 0.1157 0.0000 21080 0.0000 - -
Collective labor (ratio of labor days) 0.1893 0.2461 0.1000 0.0143 0.0929 0.0000 27630 0.0000 - -
Outer income (ratio of income) 0.3348 0.3108 0.3219 0.3856 0.2934 0.3283 14119 0.0229 - -

Livestock (proportion) 0.6519 0.4777 - 0.9061 0.2925 - - - 33.9535 0.0000

Animal labor (proportion) 0.0718 0.2589 - 0.1657 0.3729 - - - 7.6269 0.0058
Machines (proportion) 0.3481 0.4777 - 0.4751 0.5008 - - - 6.0339 0.0140
Purchased seeds (proportion) 0.4530 0.4992 - 0.3757 0.4856 - - - 2.2312 0.1352
Fertilizers (proportion) 0.4751 0.5008 - 0.5580 0.4980 - - - 2.4889 0.1147
Irrigation (proportion) 0.0552 0.2291 - 0.0884 0.2847 - - - 1.4918 0.2219

Technical assistance (proportion) 0.5249 0.5008 - 0.4586 0.4997 - - - 1.5916 0.2071
Credit (proportion) 0.5083 0.5013 - 0.2044 0.4044 - - - 36.4324 0.0000

Schooling of the head (years) 1.8564 2.1785 1.0000 2.1713 2.6954 1.0000 15528 0.3743 - -

Number of families into the project 32.5083 21.1814 30.0000 32.6740 21.4349 30.0000 16363 0.9860 - -

Source: Original data from Buainain et al. (2002) and Silveira et al. (2008).
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Table 2. Results of the stochastic frontier production model for the sample of PCT beneficiaries, 2000 and 2006 
(n=181). 

 

The estimated parameters indicate that the efficiency associated with the location of 
beneficiaries in the states of Minas Gerais (MG), Maranhão (MA) and Ceará (CE) are indicative of 
different environmental and operating conditions. The presence of a higher proportion of high and 
regular soil quality in municipalities (PSoilA, PSoilB), which is indicative of access to natural 
resources of better quality, also contributed to the increase in efficiency. 

There is evidence that allocation of part of familiar labor to collective activities in the 
project (PCollectiveLabor) resulted in a strong positive effect on efficiency, although there was a 
break down of collective activities between 2000 and 2006. In terms of composition strategy of the 
productive system, the livestock breeding of medium and large animals (Livestock) positively 
affected the efficiency. This effect can be explained by the short-term gains in animal production, 
i.e., milk and dairy products. On the other hand, the goal of reduction of drought risk is contrary to 
short-term gains, as animals are selected for their resistance to drought and as a savings mechanism, 
instead of being chosen for other characteristics that favor productivity gains in the short term. 

In technological terms, the presence of animal labor (AnimalLabor) and purchased seeds 
(PurchasedSeeds) contributed positively to productive efficiency. Animal labor is associated with 
labor productive gains, while purchased seeds can improve the productivity of land. The results 
could be even better if combined with fertilizers and irrigation. 

Although the sign indicates contribution to efficiency, technical assistance (TechAssistance) 
and credit (Credit) had a marginal role in the model given the low level of statistical significance. 

Estimates Standard 
Error z-value

ß0 Intercept 6.982267 0.400734 17.423700 0.000000 ***
ß1 lnUsedArea 0.264572 0.092806 2.850800 0.004361 ** 
ß2 lnLabor 0.016447 0.041647 0.394900 0.692910
ß3 lnCosts 0.228161 0.041362 5.516200 0.000000 ***

Pr(>|z|)

Production 
Factors

Parameters

!0 Intercept 1.504431 0.542516 2.773100 0.005553 ** 
!1 Year2006 -0.432120 0.268675 -1.608300 0.107761
!2 MG -0.579476 0.342638 -1.691200 0.090795 .  
!3 MA -0.823455 0.309654 -2.659300 0.007831 ** 
!4 CE -0.581245 0.343138 -1.693900 0.090282 .  
!5 BA 0.039991 0.281028 0.142300 0.886842
!6 UsedArea 0.018324 0.012366 1.481800 0.138404
!7 PSoilA -0.763917 0.351245 -2.174900 0.029639 *  
!8 PSoilB -0.727775 0.342714 -2.123600 0.033706 *  
!9 PConsumption 0.891079 0.325234 2.739800 0.006147 ** 
!10 PCollectiveProduction 0.529827 0.522119 1.014800 0.310219
!11 PCollectiveLabor -1.197718 0.847158 -1.413800 0.157418
!12 POuterIncome 1.545336 0.288031 5.365200 0.000000 ***
!13 Livestock -0.423717 0.231655 -1.829100 0.067387 .  
!14 AnimalLabor -0.504680 0.307103 -1.643400 0.100309
!15 Machines -0.034098 0.186520 -0.182800 0.854945
!16 PurchasedSeeds 0.294806 0.153988 1.914500 0.055559 .  
!17 Fertilizers 0.159857 0.198368 0.805900 0.420323
!18 Irrigation -0.571645 0.456183 -1.253100 0.210168
!19 TechAssistance -0.295728 0.190941 -1.548800 0.121431
!20 Credit -0.050749 0.196074 -0.258800 0.795770
!21 Schooling 0.003598 0.033137 0.108600 0.913548
!22 NumberOfFamilies 0.001113 0.004189 0.265600 0.790552
" 2 sigmaSquared 0.889761 0.133549 6.662400 0.000000 ***
# gamma 0.406986 0.173506 2.345700 0.018993 *  

Notes: . 10% of significance; * 5% of significance; ** 1% of significance; *** 0,1% of significance.
Source: Original data from Buainain et al. (2002) and Silveira et al. (2008).

Inefficiency 
Sources
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The allocation of obtained products and self-consumption (PConsumption) negatively 
affected efficiency, as well as access to income external to settlement projects (POuterIncome). 
Although allocation of obtained products for self-consumption and an exogenous source of income 
are important for food security, both can be disincentives to improving productive efficiency. On 
the one hand, efficiency can be affected by access restrictions to a local or regional functioning 
market, i.e. market failure, or by the existence of social norms and conventions that do not favor 
trade in markets. On the other hand, income transfer policies may negatively affect efficiency, as 
credit restrictions will interfere with productive investments and labor is allocated away from 
production. 

The location in the state of Bahia (BA), the participation of collective production in total 
output value (PCollectiveProduction), and the use of fertilizers (Fertilizers), although they showed 
signs that indicate a contribution to inefficiency, were variables with low statistical significance in 
explaining this. The parameters that had virtually null effects on efficiency were cropping area 
(UArea), access to credit (Credit), the presence of agricultural machineries (Machines), the project 
size measured in number of families (NumberOfFamilies), and years of education of the head of the 
household (Schooling). 
	  

Characteristics of the technical efficiency index, 2000 and 2006 
The estimate for the technical efficiency index indicates that productive efficiency of the 

beneficiaries increased in the period between 2000 and 2006. The index increased from 0.3524 to 
0.4410 in 2006, with a statistical significance for the variation in the period (p-value(t)=0.0001). In 
Figure 1 it is noticed the concentration of observations around lower values of efficiency for 2000, 
when compared to the distribution of the values obtained for 2006. 

 
Table 3. Estimated efficiency for the sample of beneficiaries of PCT, 2000 and 2006. 

 

 

Variable N Mean Standard 
Deviation

Dispersion 
(%)

Standard 
Error

Lower 
Bound 
(95%)

Upper 
Bound 
(95%)

2000 Efficiency 181 0.3524 0.2001 56.7772 0.0149 0.3230 0.3817
2006 Efficiency 181 0.4410 0.2076 47.0754 0.0154 0.4106 0.4715

Source: Original data from Buainain et al. (2002) and Silveira et al. (2008).
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(a) 

 
(b) 

Figure 1. Distribution of beneficiaries according to efficiency, 2000-2006: (a) 2000 (n=181), (b) 2006 (n=181). 

 
Characteristics of beneficiaries near the frontier 
The region near the frontier estimated for the year 2000 was established from the band of 

20% of beneficiaries who obtained the highest degree of efficiency. This band corresponds to 37 
observations with the index ranging between 0.5736 and 0.7816. The comparative results with 
relation to the lower 50% (n=90) are presented in Table 4. 

The highest production value is a striking feature of the efficient frontier for 2000. 
Geographically, the differences of this band are the beneficiaries in the states of Maranhão and 
Ceará and in the proportion of the municipal area with high quality soils. However, the frontier does 
not include any beneficiaries in the states of Bahia and Pernambuco, or the lower proportion of the 
municipal area with regular and low quality soils. 

In terms of productive strategy, the frontier is characterized by a greater participation in 
collective activities in terms of employed labor and has a lower proportion of external income. 
Additionally, the projects of the beneficiaries that are located near the frontier are of smaller size, 
considering the number of families. 

At last, the productive systems in the frontier include a higher presence of livestock 
breeding of medium and large animals, irrigation, technical assistance, and access to rural credit. 
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Table 4. Descriptive statistics for the PCT Efficiency Index, 2000 (n=127). 

 

In 2006, the frontier region, presented in Table 5, is composed by a 20% band of 
beneficiaries with the highest efficiency scores, based on 37 observations, with the efficiency index 
ranging between 0.6429 and 0.8575. 

The 2006 frontier is also part of the observed characteristics in 2000. Likewise the year 
2000, the highest production value is a hallmark of this frontier. The farmers from Maranhão lost 
efficiency in comparison to 2000 and this state does not show up anymore as a characteristic of the 
frontier. Also, It is noteworthy that that the efficient frontier has a low frequency of beneficiaries 
from the state of Bahia. In relation to soil quality, there was a balancing movement of efficiency 
inside each soil quality level variable, and that is out of the frontier main characteristics as well. 

The productive system in the frontier is characterized by the full presence of livestock 
breeding, among a higher frequency of animal labor use. 

In terms of strategy, the beneficiaries of the frontier had a lower proportion of external 
income in total income. Collective activities reduce to almost completely cease to exist in 2006, 
compared to the level at 2000. Given the applicable level of production technology, there is also a 
lower frequency of beneficiaries who used purchased seeds, however they used more animal labor 
and technical assistance. For both, 2006 and 2000, the size of the projects of the beneficiaries 
located in the efficient frontier was small, measured on the number of families involved. 

 

Mean
Standard 
Deviation Median Mean

Standard 
Deviation Median W p-value !" p-value

Efficiency 0.1814 0.0813 0.1852 0.6490 0.0621 0.6318 0 0.0000 - -

Production value (R$) 1457.24 2109.05 894.90 7277.99 7147.37 4730.79 238 0.0000 - -

Mann Whitney 
Wilcoxon Test !" Test

Variable

50% Lower
(n=90)

20% Upper
(n=37)

Used area (ha) 7.18 7.40 4.95 5.69 5.29 4.19 1832 0.3783 - -
Labor days 621.63 430.98 560.00 607.57 451.67 540.00 1707 0.8257 - -
Costs (R$) 677.30 998.88 327.09 1189.47 1936.21 309.26 1539 0.5038 - -

MG (proportion) 0.1444 0.3535 - 0.1351 0.3466 - - - 0.0187 0.8913
MA (proportion) 0.1000 0.3017 - 0.2162 0.4173 - - - 3.0545 0.0805
CE (proportion) 0.2778 0.4504 - 0.5405 0.5052 - - - 7.9131 0.0049
BA (proportion) 0.2556 0.4386 - 0.0811 0.2767 - - - 4.9025 0.0268
PE (proportion) 0.2222 0.4181 - 0.0270 0.1644 - - - 7.2387 0.0071

High quality soil (ratio of county area) 0.4649 0.4068 0.3860 0.6389 0.3572 0.7245 1306 0.0556 - -
Regular quality soil (ratio of county area) 0.2255 0.3105 0.0390 0.2306 0.3302 0.0499 1726 0.7418 - -
Low quality soil (ratio of county area) 0.3096 0.3231 0.2341 0.1305 0.2191 0.0446 2098 0.0206 - -

Consumption (ratio of production) 0.5638 0.3403 0.6159 0.5145 0.2995 0.4591 1819 0.4162 - -
Collective production (ratio of production) 0.1553 0.2533 0.0000 0.1309 0.2584 0.0000 1747 0.6376 - -
Collective labor (ratio of labor days) 0.1545 0.2190 0.0779 0.2632 0.3074 0.1463 1311 0.0577 - -
Outer income (ratio of income) 0.4969 0.3169 0.5435 0.1253 0.1620 0.0563 2674 0.0000 - -

Livestock (proportion) 0.5444 0.5008 - 0.8108 0.3971 - - - 7.9129 0.0049

Animal labor (proportion) 0.0444 0.2072 - 0.1081 0.3148 - - - 1.8005 0.1797
Machines (proportion) 0.3889 0.4902 - 0.3514 0.4840 - - - 0.1571 0.6918
Purchased seeds (proportion) 0.5444 0.5008 - 0.2973 0.4634 - - - 6.4259 0.0112
Fertilizers (proportion) 0.4556 0.5008 - 0.5135 0.5067 - - - 0.3534 0.5522
Irrigation (proportion) 0.0333 0.1805 - 0.1081 0.3148 - - - 2.8150 0.0934

Technical assistance (proportion) 0.3667 0.4846 - 0.7568 0.4350 - - - 15.9847 0.0001
Credit (proportion) 0.3778 0.4875 - 0.7297 0.4502 - - - 13.0119 0.0003

Schooling of the head (years) 2.0889 2.2816 1.0000 1.5676 1.8640 1.0000 1862 0.2792 - -

Number of families into the project 36.9778 23.5634 32.5000 25.3784 15.9919 20.0000 2198 0.0047 - -

Source: Original data from Buainain et al. (2002) and Silveira et al. (2008).
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Table 5. Descriptive statistics for the PCT Efficiency Index, 2006 (n=127). 

 

5 Concluding Comments 
 
In this paper we apply a stochastic frontier production function model to a sample of 

market-assisted land reform projects in the Brazilian Northeast region. The gain in performance 
between 2000 and 2006 observed in the descriptive statistics is irrefutable, even though gains in 
technical efficiency are small. The technical efficiency index of the PCT beneficiaries increased 
from 0.3524 to 0.4410, during the period between 2000 and 2006. The production has shown 
diminishing returns, with greater partial elasticity for land. The time variable shows positive effects 
on efficiency gains, although not caused by the adoption of modern inputs as in the technical 
change literature (SCHULTZ, 1964). 

The parameters of the model indicate that efficiency was associated with the location of 
beneficiaries in different institutional and environmental conditions, as in Mathijs and Swinnen 
(2001), and Sherlund et al. (2002). The indicators of location are associated with the states of Minas 
Gerais, Maranhão and Ceará, and municipalities with the greatest share of high and regular quality 
soils. This set of variables remained constant between 2000 and 2006, indicating the existence of 
fixed positive effects on efficiency. In terms of composition strategy for the production system, 
livestock has positively affected the efficiency. In technological terms, the presence of purchased 
seeds contributed negatively to production efficiency, matching with the discussion in Foster and 
Rosenzweig (1995) on the costs of adaption. The share of self-consumption and outer income also 
negatively affect the efficiency. Although these strategies are important for food security, both can 

Mean
Standard 
Deviation Median Mean

Standard 
Deviation Median W p-value !" p-value

Efficiency 0.2646 0.1116 0.2833 0.7266 0.0568 0.7310 0 0.0000 - -

Production value (R$) 2040.19 1530.09 1770.09 13567.51 12552.77 11007.25 151 0.0000 - -

Mann Whitney 
Wilcoxon Test !" Test

Variable

50% Lower
(n=90)

20% Upper
(n=37)

Used area (ha) 11.57 11.78 7.93 7.69 7.05 4.70 2060 0.0362 - -
Labor days 382.65 469.17 277.39 520.34 1234.84 211.76 1760 0.6179 - -
Costs (R$) 1478.32 2794.34 630.75 1654.65 1768.97 925.00 1472 0.3071 - -

MG (proportion) 0.1000 0.3017 - 0.1622 0.3737 - - - 0.9727 0.3240
MA (proportion) 0.0667 0.2508 - 0.1351 0.3466 - - - 1.5537 0.2126
CE (proportion) 0.3333 0.4740 - 0.5946 0.4977 - - - 7.4017 0.0065
BA (proportion) 0.2667 0.4447 - 0.0811 0.2767 - - - 5.3948 0.0202
PE (proportion) 0.2333 0.4253 - 0.0270 0.1644 - - - 7.7922 0.0052

High quality soil (ratio of county area) 0.5238 0.3889 0.4763 0.5797 0.3701 0.6329 1544 0.5210 - -
Regular quality soil (ratio of county area) 0.2157 0.3169 0.0286 0.2244 0.3037 0.1065 1556 0.5546 - -
Low quality soil (ratio of county area) 0.2605 0.2844 0.1503 0.1959 0.2717 0.0558 1838 0.3582 - -

Consumption (ratio of production) 0.4828 0.3360 0.4911 0.3839 0.2502 0.3341 1941 0.1437 - -
Collective production (ratio of production) 0.0447 0.1437 0.0000 0.0329 0.0939 0.0000 1505 0.2775 - -
Collective labor (ratio of labor days) 0.0130 0.1067 0.0000 0.0169 0.0842 0.0000 1569 0.1326 - -
Outer income (ratio of income) 0.5447 0.3016 0.6012 0.1767 0.1456 0.1437 2786 0.0000 - -

Livestock (proportion) 0.8667 0.3418 - 0.9730 0.1644 - - - 3.2249 0.0725

Animal labor (proportion) 0.0667 0.2508 - 0.3784 0.4917 - - - 19.2017 0.0000
Machines (proportion) 0.4556 0.5008 - 0.5135 0.5067 - - - 0.3534 0.5522
Purchased seeds (proportion) 0.4778 0.5023 - 0.1622 0.3737 - - - 11.0224 0.0009
Fertilizers (proportion) 0.5444 0.5008 - 0.6216 0.4917 - - - 0.6361 0.4251
Irrigation (proportion) 0.0778 0.2693 - 0.1351 0.3466 - - - 1.0082 0.3153

Technical assistance (proportion) 0.4000 0.4926 - 0.6216 0.4917 - - - 5.1774 0.0229
Credit (proportion) 0.2444 0.4322 - 0.2432 0.4350 - - - 0.0002 0.9886

Schooling of the head (years) 2.2444 2.9993 1.0000 1.8919 2.1831 1.0000 1746 0.6609 - -

Number of families into the project 33.6000 20.2472 30.0000 25.9459 17.0179 20.0000 2095 0.0225 - -

Source: Original data from Buainain et al. (2002) and Silveira et al. (2008).
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promote disincentives to improving the production efficiency. Factors such as the role of technical 
assistance and elapsed time, only had effects of marginal significance on efficiency. Access to 
credit, machinery usage, value of collective production, project size, and years of schooling of the 
head of household had virtually no effect on the model estimates. 

The higher value of output is one of the main features of the efficient frontier in 2000 and 
2006, albeit at different levels. In 2000, this stratum had a higher presence of beneficiaries from the 
states of Minas Gerais and Ceará, and an absence of beneficiaries from Bahia and Pernambuco. In 
2006, only Ceará state was predominant, and the partial absence of Bahia and Pernambuco 
remained the same. In the 2000 frontier there was a high proportion of high quality soils, combined 
with a low proportion of low quality soils. In 2006, no single soil quality class was predominant. 
Collective activities were a striking feature of the frontier in 2000, while they were practically 
absent in 2006. At the frontier, the household external income was lower for 2000 and 2006. In both 
periods, the production systems had a high presence of livestock, animal labor, and technical 
assistance. The higher frequency of households using machinery in 2006 wasn’t enough to make it 
a hallmark of the frontier. 

Relating back to Deininger (2003) and Silveira et al. (2001), in general, this policy did not 
show improved efficiency like it would be expected. Aside from environmental conditions, such as 
soil quality, which are very important, as demonstrated, there are many open issues relation to the 
microeconomics of land reform. Why does collective labor, that improves efficiency, reduces to 
almost completely cease to exist in 2006 and why does self-consumption, which contributes 
negatively to efficiency, continues to exist? Would this have a relation to the number of families in 
the project (i.e. smaller projects are more efficient)? 

These issues could benefit from the framework proposed by Ostrom (2010), for it is clearly 
an issue of governing the commons. While not exactly a common area or activity, like forests or 
fishery, the organization of the settlements are clearly of upmost importance for productivity 
efficiency. 

Also, it could be related to the framework proposed by Platteau (2000) where he analyzes 
the conditions for market development in areas of low population density, within the role of 
transaction costs and social norms. Not to mention the analysis proposed by De Janvry et al. (1991), 
exploring the effects of missing markets on peasant behavior.  

The posed questions, relate, as well, to the use of irrigation, fertilizers, machinery, and the 
presence of livestock and animal labor that are also of great importance. That is because the use of 
these technologies is intrinsically related to settlement organization and the existence of markets. In 
addition, we could benefit from the literature on technology adoption (FOSTER; ROSENZWEIG, 
1995; CONLEY; UDRY, 2010) and incentive mechanisms for farmers (DUFLO et al., 2011). 

In conclusion, the low estimates of productive efficiency obtained suggest that productive 
efficiency in land reform settlements remains an open issue, particularly for projects installed by 
market-assisted policies. 
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