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Abstract 
This paper provides an impact evaluation of the Programa Nacional de Crédito Fundiário, 
a Market Assisted Land Reform program in Brazil. Making use of a panel dataset and a 
pipeline control group, the paper evaluates the impact of the Rural Poverty Alleviation 
line of the program on the outcome variables of agricultural production and earned 
income, using both difference in differences and individual fixed effects models. Because 
beneficiaries acquired land at different times, the heterogeneous effect of additional years 
of land ownership is investigated. The findings suggest that the program is successful in 
increasing beneficiaries’ agricultural production by 100% and earned income by 35%, but 
only after four years of land ownership. Once the repayment of the loan is taken into 
consideration, however, the benefits of the program largely go to making debt payments 
and improving the net worth of the beneficiaries rather than to raising current household 
expenditures. If the program impact on income continues grow, as it did in the first five 
years, improvements in net wealth and current welfare could both be achieved.   
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I. INTRODUCTION 

 At the beginning of the 21st century, the rural areas of developing countries were home to 

nearly 900 million people living on less than one dollar per day, and over two billion people 

living on less than two dollars per day (World Bank, 2007). Households are more likely to be 

chronically poor when they have low levels of assets (Bird et al., 2002; Carter and Barrett, 2006). 

Policies that facilitate access to land—one of the most important assets in rural areas—may be 

able to assist poor rural households to develop and eventually sustain a non-poor standard of 

living. While important, land acquisition by itself is often insufficient to eradicate poverty; 

supporting infrastructure, access to credit, technology, and markets are also essential in order to 

elevate asset returns (Deininger, 1999). One program that provides beneficiaries with subsidized 

loans to purchase land from willing sellers, as well as assistance with complementary 

investments, is the Brazilian National Land Credit Program (Programa Nacional de Crédito 

Fundiário, PNCF). Between 2002 and 2012, the PNCF had over 90,000 beneficiaries. This paper 

provides an impact evaluation of this program. 

There are few impact evaluations of land transfer programs, and the debate surrounding 

their effectiveness has been highly politicized (Deere and Medeiros, 2007). In an evaluation of 

South Africa’s Land Redistribution for Agricultural Development program, Keswell and Carter 

(2014) provide one of the most credible studies. They conclude that living standards initially 

decrease with land transfers, but after three years of land ownership, living standards increase by 

fifty percent. We seek to contribute to this debate by providing evidence from a similar program 

in a different part of the world. Because we utilize panel data to evaluate this program, in 

contrast to the single cross-section used for the South Africa study, fewer assumptions are 

required to address potential concerns caused by the unobservable characteristics of the 

participants.   

 This paper evaluates the Rural Poverty Alleviation line (CPR) of the PNCF on the 

outcome variables of agricultural production and earned income, using both difference in 

differences and individual fixed effects models. Because beneficiaries acquired land at different 

times, the heterogeneous effect of additional years of land ownership is investigated. The paper 

uses a panel dataset from 2006 and 2010 of beneficiaries randomly selected from program 

participants and a control group randomly selected from the program’s pipeline. Because both 
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treatment and control groups applied to the program, and were verified to be eligible, the use of a 

pipeline control group helps to reduce concerns over unobservable differences between the two 

groups. Concerns related to the influence of unobservables are further tested by the inclusion of a 

proxy for the “eagerness” of groups in applying to the program (Agüero et al., 2009). Finally, the 

use of a fixed effects model removes unobservable individual characteristics that are time 

invariant. While panel data has many advantages, there was also considerable attrition in this 

panel. Attrition tests provide mixed evidence on whether or not it was random. Given the 

possibility of non-random attrition, the models were re-estimated with weights to correct for 

attrition. The results of the paper were only strengthened.   

The paper finds that the Brazilian Land Credit Program has a significant impact on the 

outcome variables of program participants. Yet the benefits of land ownership only start to 

appear after a certain amount of time. While there is no statistically significant impact on 

agricultural production or earned income in the first three years of land ownership, after 5-6 

years of program participation, production and income rise by over 100% and 35% respectively.  

These are important gains for households living at around US$2 per day, most of whom qualify 

for the Bolsa Família conditional cash transfer program in Brazil. Because the PNCF program 

requires the repayment of the loan, however, a more complete evaluation of its effectiveness in 

reducing rural poverty must take the burden of the debt into consideration. When this is done, the 

results suggest that the benefits of the program largely go to making debt payments and 

improving the net worth of the beneficiary households rather than to raising current household 

expenditures. If the beneficiaries’ income continues to grow at the rate observed in the first five 

to six years of land ownership, it is likely that they will soon reach a level at which they can 

simultaneously meet their debt obligations and raise their standard of living.   

 In Section II of the paper, background information on the program and dataset are 

provided. The methodology is described in Section III and descriptive statistics are presented in 

Section IV. Section V contains a discussion of the main econometric results. Section VI provides 

a battery of robustness checks, including an analysis of attrition. Section VII analyzes 

beneficiaries’ ability to repay the PNCF loan, and Section VIII offers conclusions.      
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II. BACKGROUND AND DATA 

Market Assisted Land Reform (MALR) began as a pilot project in Colombia in 1994. It 

was then implemented in South Africa, Brazil, Honduras, El Salvador, Guatemala, Mexico, 

Malawi, and the Philippines. MALR was first implemented in an experimental fashion in Brazil 

in 1997 as a joint effort of the World Bank and the Brazilian government. Due to the success of 

earlier projects, the PNCF was created in 2003. The program functions by providing subsidized 

loans to poor farmers to purchase land from willing sellers. There are two main lines of credit 

within the PNCF, each of which is aimed at different target populations. The analysis in this 

paper is limited to the Rural Poverty Alleviation line (CPR), in order to assess the ability of the 

program to reduce poverty in the Northeast of Brazil. This is the poorest region of the country, 

and over half of the rural poor reside there. By 2012, this line of the program had 48,000 

beneficiaries.1  

 The PNCF aims to promote access to land and to provide infrastructure on the acquired 

lands. There are a series of eligibility requirements for enrollment, including earning less than 

R$9,000 (US$5,049) per year, having assets totaling no more than R$15,000 (US$8,415), not 

owning enough land to sustain a family, and having at least five years of experience as a farmer.2 

Individuals apply to this line of the program by forming an association with other interested 

individuals. Once all of the eligibility requirements are verified, the eligibility of the land 

intended for purchase is checked. The most important eligibility criteria with respect to the 

property are that it not be eligible for expropriation through state led land reform, and that the 

property’s price be similar to those of other properties in the same region, using the Ministry of 

Agrarian Development’s Land Market Monitoring System as a guide. 

After ensuring that both the association and the land meet the eligibility requirements, a 

productive project for the land is analyzed and the loan is approved or rejected. The maximum 

amount of the loan per beneficiary was R$40,000 (US$22,440) in 2009, however, each region of 

the country had different caps associated with local market prices. In addition to 14-17 year loans 

made for the purchase of land, the program makes infrastructure grants available to the 

association, which can be used to build houses and community infrastructure, or to purchase 
                                                
1 The other line of the PNCF is the Consolidation of Family Farming (CAF), which has a higher income cap for 
eligibility than the CPR. Another important difference is that CAF makes individual loans, while CPR makes group 
loans. CAF has been more important in other regions of the country.   
2 The values are according to the CPR Manual of 2009 and the dollar values were calculated with the January 2010 
exchange rate of R$1 to US$0.561. 
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capital for agricultural production. In an effort to create an incentive for the land price to be 

negotiated as low as possible, the R$40,000 cap applies to the sum of the grant and loan. Thus, 

the smaller the loan component, the larger is the grant component. After the acquisition of the 

land, technical assistance is provided. 

 In 2012, the Ministry of Agrarian Development published a report in Portuguese of an 

impact evaluation of the PNCF (Sparovek, 2012). That evaluation used a similar dataset as this 

paper, but a different methodology throughout. The authors used Propensity Score Matching 

together with a Difference in Differences approach. Unlike the results presented here, they found 

no impact on monthly monetary income or gross agricultural production. The differing results 

the reader will find below are most likely due to the fact that they did not distinguish the 

heterogeneous effect of additional years of land ownership, nor did they systematically account 

for the changing number of family members over the two waves of the survey. Differences in the 

datasets used could also matter. Our sample has 39% percent more observations, largely because 

we do not exclude the non-beneficiaries who became beneficiaries between the two waves of the 

panel.    

 The dataset used in this impact evaluation is a two period panel, collected in 2006 and 

2010. We were involved in the creation of the questionnaires used in both periods, in addition to 

the data collection process in the second period. The data were thoroughly cleaned to ensure that 

no observations were wasted.3 The treatment group of this dataset was randomly selected from 

members of beneficiary associations through stratified random sampling, by municipality, 

association and member. We call these beneficiaries (B). The control group was drawn from 

members of associations in the program pipeline—those that were enrolled in the program, were 

deemed eligible as program participants, but had not yet acquired their land. These pipeline non-

beneficiaries (PNB) were selected from the same or neighboring municipalities as the randomly 

selected projects of beneficiaries. As will be explained below, many pipeline non-beneficiaries 

acquired land between the baseline and follow-up periods, and thus transitioned into the 

treatment group.  

 In the baseline period, the reference period for beneficiaries was the twelve months prior 

to the acquisition of land, which changed from project to project. In order to minimize potential 

                                                
3 For example, if sex was missing but name was not missing, sex could be inferred from the name since Brazilian 
names are generally unambiguous with respect to sex. Similarly, if the land purchase date was missing for one 
beneficiary but not for others in the same association, the missing value could be corrected. 
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measurement error due to recall, the universe of projects that was used to sample from was 

restricted to those projects that had been created in the thirteen months prior to the fieldwork in 

2006. For the pipeline non-beneficiaries in both the baseline and the follow-up, and for the 

beneficiaries in the follow-up, the reference period was the twelve months prior to the interview. 

 The original sample had 1335 households; of these, about 42% attrited. In order to take 

advantage of the panel nature of the data, the main analysis in this paper uses a sample of 773 

households that were interviewed in both periods. Attrition is subsequently dealt with in detail in 

the section on robustness checks. When weighted regressions are estimated to correct for attrition 

bias, the main results in the paper are only strengthened.   

The balanced panel has 367 pipeline non-beneficiaries and 406 beneficiaries in the 

baseline period. By the time of the follow-up period, 162 of the pipeline non-beneficiaries had 

acquired land. Because of this expected change, the final count of pipeline non-beneficiaries is 

205, and the final count of beneficiaries (defined as having been observed to acquire land during 

the sampling period) is 568. Because different associations of beneficiaries acquired land at 

different times, we explore the impact of the duration of exposure to treatment on outcomes. For 

this analysis, we divide the beneficiaries in the follow-up period into groups based on the number 

of years of land ownership. Specifically, in the follow-up period three groups are defined: 

beneficiaries with three or less years of land ownership, beneficiaries with four years of land 

ownership and beneficiaries with five or six years of land ownership. 

The number of people in member households was found to be decreasing significantly 

between the baseline and the follow-up period. In the baseline period, both pipeline non-

beneficiaries and beneficiaries had between 4.7 and 4.8 people per household. In the follow-up 

period, the pipeline non-beneficiaries had 4.5 people per household while the beneficiaries had 

3.9. Because of these changes, it is important to use outcome variables measured in household 

per capita (HHPC) units. The primary outcome variables that were analyzed were earned income 

and agricultural production, which will be defined in detail in Section IV. In all cases, the 

income and production variables were deflated to Reais of January of 2010. Figure 1, below, 

displays mean agricultural production and earned income, in HHPC units, by period, status and 

number of years of land ownership. This simple analysis of means displays an important pattern 

that this paper addresses: the positive—or U-shaped—relationship between the value of outcome 

variables and the number of years of land ownership. 
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III. IDENTIFICATION STRATEGY 
 In this section, a description of the methodology is presented. Two models are estimated: 

Difference-in-Differences (with the fixed effects at the level of the group) and individual Fixed 

Effects (with the fixed effects at the level of the individual enrolled member). Using these 

models, we additionally incorporate an analysis allowing for the heterogeneity from additional 

years of land ownership. While the individual FE model is superior, we estimate the DD model 

for comparison, and because a number of robustness checks can only be estimated in this 

framework. 

 When attempting to evaluate the impact of a program, an important problem to address is 

selection bias. If a program is not randomly assigned, one can assume that individuals who are 

more eager, able or otherwise more likely to benefit from a program will apply. A possible 

income increase following participation in the program might then be attributable, at least in part, 

to the qualities of the applicants, as opposed to the effectiveness of the program. We employ 

three different strategies in an effort to avoid this bias and arrive at the causal impact of the 

program.  

 First, by using a pipeline control group (Ravallion, 2008), application to the program is 

held constant across treatment and control groups. In principle, any unobserved characteristics 

that motivate people to apply to the program are held constant across both groups, thereby 

reducing selection bias. In addition, since the program depends on individuals forming groups in 

order to acquire the loan for land purchase, it is likely that variation of unobservables across 

individuals within each group will increase the degree of randomness of the treatment. There is 

still concern that there might be some unobserved characteristics of individuals that influence the 

timing of application or, given application, influence whether or not they will receive land. As 

shown below, there is suggestive evidence that receiving land after enrolling in the program 

appears to be random. Thus, unobserved characteristics do not appear to influence the timing of 

the acquisition of land. In the robustness checks section, we also include a proxy for the 

eagerness of beneficiaries, to assess whether early applicants to the program were perhaps more 

motivated for success. The analysis serves as additional evidence that it is, in fact, land 

acquisition and not unobserved characteristics of enrolled members that are driving the results.    

 Second, a Difference-in-Differences (DD) estimation technique is used in order to 

remove any time-invariant differences between the treatment and control groups, and also to 
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eliminate time-trends that are common to both groups. The DD technique has been useful in 

estimating the causal impact of policy interventions in numerous studies by modeling the fixed 

effects at the level of the group. The approach entails estimating the equation: 

Yist = α+βTt+γSs+ π(T*S)st+δXist+εist                                                                                           (1)      

where Y is either agricultural production or earned income, T is an indicator variable that equals 

one in the follow-up period, S is an indicator variable that equals one if the enrolled member has 

acquired land, T*S is an indicator variable that equals one if both T is equal to one and S is equal 

to one, and X is a vector of control variables. In addition, i, s and t index individuals, status of 

treatment (beneficiary or pipeline non-beneficiary) and time (baseline or follow-up period). The 

estimate of the effect of acquiring land via the PNCF, then, is π. In order to avoid possible bias, 

potentially endogenous time varying controls are kept at baseline levels. The DD identification 

strategy relies on E(εist|S, T, Xist)=0. In other words, there can be no omitted factors that are 

causing both the growth in the outcome variable and the treatment status.  

Third, another way of dealing with the issue of selection bias is to difference out 

individual level unobserved characteristics that are fixed through time by using a fixed effects 

(FE) model. The error term εit can be decomposed into time-invariant (ui) and time-varying (ηit) 

components. Thus we have: 

Yit = αt+ πLit+δXit+ui+ηit                                                                                            (2) 

where η is normally distributed, and L is an indicator variable that equals one if the enrolled 

member received land before the follow-up period. If we lag this equation by one period and take 

the difference between the two, we have: 

ΔYi = Δα+πΔLi+δΔXi+Δηi                                                                                                            (3) 

In this way, the time invariant unobservable characteristics at the individual level are differenced 

out (Wooldridge, 2002). Using an individual fixed effects model can result in a more accurate 

estimate of the impact of treatment because assignment into treatment is more likely to be 

random given the removal of time invariant unobserved and observed characteristics and the 

pipeline control group and the group nature of the program design. Because of this, the FE model 

is the preferred specification as it is most likely to arrive at the causal impact of the program.  
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 In the techniques mentioned so far, treatment was modeled with a binary variable. The 

implicit assumption was that the average impact of treatment was the same for all beneficiaries 

of the program. However, as mentioned in the previous section, different associations obtained 

land at different times. One can suppose that the intensity of treatment increases with the amount 

of time a member is exposed to treatment, thus leading to a greater impact (King and Behrman, 

2009). One approach to allow for heterogeneity by year of land acquisition is to estimate an 

intensity of treatment DD model:  

Yist = α+βTt+γSs+π3LO3ist+π4LO4ist+π5LO5ist+δXist+εist                                                              (4) 

Where LO3 is an indicator variable for land ownership for three years or less, LO4 is for land 

ownership for four years, and LO5 is land ownership for five to six years. These indicator 

variables measure the effect of increasing years of land ownership without assuming that the 

impacts increase in a linear fashion. For the FE model, the equivalent intensity of treatment 

equation is: 

Yit = αt+ π3LO3it+ π4LO4it+ π5LO5it +δXit+ui+ηit                                                                     (5) 

 The standard errors for the regression coefficients throughout the paper are calculated 

with corrections for clustering to allow for the possibility of heteroskedasticity across projects or 

correlation of errors across time within a geographical region. The errors were clustered at the 

level of the project for beneficiaries and many pipeline non-beneficiaries, and at the level of the 

municipality for pipeline non-beneficiaries when the project code—that could uniquely identify 

an association—was missing.4 There were a total of 200 clusters.  

IV. DESCRIPTIVE STATISTICS AND VALIDITY OF THE PIPELINE 
The outcome variable agricultural production was defined as the total value of 

agricultural production (including animal production), whether sold, stocked, exchanged or 

consumed. As can be observed in Table 1, beneficiaries had less agricultural production than 

pipeline non-beneficiaries in the baseline period, significant at five percent. In the follow-up 

period, beneficiaries that had owned land for four or more years had substantially more 

agricultural production than the remaining pipeline non-beneficiaries. Thus, their productive 

opportunities appear to have increased as a result of land ownership. Earned income, the second 
                                                
4 Clustering all at the level of municipality results in slightly larger standard errors, but the levels of statistical 
significance remain the same.  
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outcome variable, was defined as the value of net agricultural production—total agricultural 

production minus variable costs—plus income earned in the labor market and from self-

employment activities. There is no statistical difference between the average earned income of 

pipeline non-beneficiaries and beneficiaries in either period, regardless of the length of land 

ownership. 

 Control variables were used to capture differences in the outcome variable that were due 

to baseline characteristics of the enrolled members as opposed to the acquisition of land via the 

PNCF. Basic demographic and location variables were used (age, sex, race, marital status and 

urban status), in addition to education and experience (years of schooling and years of 

experience as a farmer). As can be seen in Table 2, among these individual characteristics, 

beneficiaries statistically differ from the pipeline non-beneficiaries only in sex composition and 

urban status—the beneficiary group being more female and less urban than the pipeline non-

beneficiary group. These individual characteristics were included in the estimations since they 

might influence treatment status and the outcome variables.  

Measures of baseline social capital in the association were used in an attempt to capture 

the effects of social capital on the outcome variables. More socially cohesive associations will 

likely be predictive of both participation in the program and the success of the eventual projects. 

The first social capital variable, position held, is an indicator variable that equals one if the 

member held a position in the leadership of the association. While the beneficiaries held more 

positions in their associations than the pipeline non-beneficiaries, the other social capital 

variables display the opposite pattern. Beneficiaries had fewer meetings and less trust in other 

association members. Frequency of meetings shows how frequently association members met, 

while trust is a variable that indicates the amount of trust that the enrolled member had in other 

association members. Since there was less social cohesiveness in the beneficiary group, it is 

unlikely that these variables explain their success. 

Agricultural variables were also included since they may influence both treatment status 

and the outcome variables. Technical assistance and PRONAF are household level agricultural 

variables that indicate whether enrolled members received technical assistance and whether they 

received additional loans from a credit program for family farmers. While technical assistance is 

statistically equivalent for both groups, pipeline non-beneficiaries did receive more family 

farming loans, which is consistent with their higher levels of agricultural production in the 
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baseline. The regional agricultural variables included are yield of corn and daily agricultural 

wage. State level corn yields (tons/hectare) proxy for time varying geo-climactic characteristics.5 

Pipeline non-beneficiaries found themselves in areas with more favorable geo-climactic 

conditions; this is, once again, consistent with their higher levels of agricultural production in the 

baseline period. Pipeline non-beneficiaries also occupied areas that had higher agricultural wages 

in the baseline.   

 When using a pipeline control group, there should not be any unobserved characteristics 

that influence which enrolled members receive treatment after application (Ravallion, 2008; 

Angrist, 1998). While this is impossible to prove, a few basic tests serve as evidence that 

receiving land after applying for the PNCF loan appears to be random. First, a comparison of 

means indicated that there is no statistically significant difference in the baseline between the 

outcome variables of pipeline non-beneficiaries that go on to acquire land and those non-

beneficiaries that remain in the pipeline in the follow-up period (see Appendix Table A1). 

Second, probit regressions were run attempting to predict which pipeline non-beneficiaries go on 

to acquire land between the baseline and the follow-up periods. As can be seen in Table 3, where 

the dependent variable is an indicator variable that equals one if the member acquired land 

sometime between the baseline and follow-up period, earned income and agricultural production 

fail to significantly predict the movement into the treatment group, regardless of the inclusion of 

control variables.6 Furthermore, it is likely to be the case that the timing of treatment was random 

at the level of the individual member because treatment occurred at the level of the association. 

As such, these tests provide suggestive evidence that unobserved characteristics of pipeline non-

beneficiaries are not influencing which ones go on to receive land. 

V. ECONOMETRIC RESULTS 

 This section presents the results for the different specifications used. Outliers for each 

outcome variable were excluded from their respective regressions and were detected by plotting 

the residuals against the fitted values from the regressions.7 The panel on the left of Tables 4 and 

                                                
5 Tons of corn and hectares harvested were obtained from the Brazilian Institute of Applied Economic Research 
(ipeadata.gov.br) to calculate yield of corn by state.  
6 The estimation in Table 3 is done with baseline values only and the sample is limited to the balanced panel of 
pipeline non-beneficiaries and non-beneficiaries who became beneficiaries after the baseline period.  A separate 
estimation was run including attritors, and the results are equivalent.     
7 In the case of agricultural production, ten outliers were detected. In the case of earned income, nine of those ten 
were also outliers, plus an additional four for a total of thirteen. 
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5 show the results for the difference in differences estimation. Time and status dummies, along 

with municipal fixed effects, were included in all specifications. The first column shows the 

results from a specification without any control variables, with the exception of municipal fixed 

effects. Starting with the second column, individual level controls are included—age, sex, race, 

marital status, years of schooling, years of experience as a farmer and urban status—all kept at 

baseline levels. Baseline social capital controls are included in the third column and both 

household and regional agricultural controls in the fourth. Because technical assistance and 

PRONAF loans reflect individual choices, they are kept at baseline levels. The daily agricultural 

wage and the yield of corn, in contrast, are allowed to vary over time. These variables are 

exogenous because they refer to geographical levels that are much larger than the individuals in 

the treatment and control groups. This last specification that utilizes all available controls is the 

preferred DD specification.  

 The individual fixed effects results are presented in the right panel of Tables 4 and 5. 

Since the individual fixed effects model is estimated by taking the first difference over time, only 

time varying control variables remain in the model. The first specification includes no control 

variables. In the second specification in column six, the difference in the daily agricultural wage 

and the difference in the yield of corn remain in the model in order to capture variation in the 

outcome variables that are due to time-varying characteristics of the surrounding environment. 

This second specification, with the inclusion of viable time-varying controls, is the preferred 

specification for the FE model. In fact, since the FE model differences out time invariant 

individual level unobserved characteristics, it is the preferred specification of the paper.  

 Table 4 displays the results for the dependent variable agricultural production. In the 

panel on the top left, the binary case, the estimation shows significant and positive effects of 

receiving land, robust to the inclusion of different controls. In the first column, which only 

includes municipal fixed effects, receiving land via the PNCF increases beneficiaries’ 

agricultural production by R$428 (US$240) per person during the last year as compared to the 

pipeline non-beneficiaries. The estimated coefficients change little in the remainder of the 

specifications, and are not statistically different from each other. The coefficient remains the 

same when individual level controls and social capital controls are included stepwise in columns 

two and three. In the preferred specification in column four, the coefficient decreases slightly to 
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R$405 per person in the household. All estimated coefficients in the first row of the left panel of 

Table 4 are statistically significant at the five percent level. 

 The bottom left panel of Table 4 displays the results for agricultural production using the 

intensity of treatment estimation. It shows the effects of the program for increasing number of 

years of land ownership. The pattern is clear: increasing years of land ownership increase the 

magnitude of the estimates. The coefficients on being a landowner for three years or less are all 

positive, but none are statistically significant. The coefficients on being a landowner for four 

years are all positive and significant at ten percent. Finally, the coefficients on being a landowner 

for five to six years are all of a much larger magnitude than the coefficients for the previous two 

categories and all become significant at the one percent level. The preferred specification in 

column four indicates that owning land via the PNCF for five to six years increases per capita 

agricultural production in the last year by R$583 (US$327). Given the limitations of the data, we 

cannot know for certain if the returns will continue to increase at an increasing or decreasing 

rate, or at what point they might plateau, with additional years of land ownership. Nevertheless, 

the results based on up to six years of ownership suggest that acquiring land via the PNCF will 

likely have an increasing effect on agricultural production over time. 

 The results for the binary individual FE model in the top right panel of Table 4 show 

almost identical effects as the difference in differences model. The binary case shows significant 

and positive effects on agricultural production of being a beneficiary of the program. The 

coefficient is robust to the alternative specification with time varying controls. In the intensity of 

treatment estimation in the bottom right panel, the expected pattern is observed. Increasing years 

of land ownership are associated with increased magnitudes of the effects on agricultural 

production per member in the household. Nonetheless, the coefficients are only significant for 

landowners for four years and for landowners for five to six years. From the preferred 

specification in column six, it can be concluded that being a beneficiary of the PNCF for five to 

six years increases agricultural production per person in the household by an average of R$750 

(US$421) in the last year. This result is significant at the one percent level.  

 For the outcome variable earned income (Table 5), all binary models show a positive 

effect of being a beneficiary of the program, although the coefficients are not statistically 

significant. The estimation results that allow for the heterogeneous effects of additional years of 

land ownership are shown in the lower panels of Table 5. In both the DD and individual FE 
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models, the impact of the PNCF only becomes positive and significant at 5% for beneficiaries 

with five or six years of land ownership (with the exception of column four). Based on the 

preferred FE specification in column six, the estimated impact of the PNCF on earned income is 

R$501 (US$281) per person in the household in 2010, significant at five percent. 

VI. ROBUSTNESS CHECKS 

 In order to ensure that the estimates presented are robust to alternative specifications and 

that a causal interpretation is appropriate, a variety of robustness checks were performed. First, 

in order to investigate whether some unobserved trend could be causing spurious findings, a 

placebo test was run. Second, there exists a concern that there could be some characteristics of 

the earliest beneficiaries that were causing their agricultural production and earned income to 

grow more. In order to control for this, an eagerness variable in the spirit of Agüero et al. (2009) 

was included in the estimation. Third, sample attrition and potential attrition bias was analyzed.8  

 Despite the apparent validity of using the pipeline control (Table 3), it could be possible 

that the beneficiaries were subject to different trends than the pipeline non-beneficiaries. The 

estimated parameters, then, could be reflecting these different unobserved trends, instead of 

accurately estimating the impact of the program. In order to provide suggestive evidence that the 

identification strategy is indeed valid, a placebo test was run. This placebo test entails estimating 

the regressions above on a variable that the PNCF should not have any effect on. If there were 

unobserved trends affecting the beneficiaries and not the pipeline non-beneficiaries, then the 

results could display a similar pattern to those in Table 4 and 5. The chosen variable for the 

placebo test is total transfers, which include old age pensions, Bolsa Família conditional cash 

transfers, other government transfers and private transfers. There is no reason to expect that 

access to land via the PNCF should affect this variable. As can be seen in Table 6, regardless of 

the estimation technique, no significant effects are observed on total transfers in either the binary 

or intensity of treatment case. This provides some evidence that it is unlikely that the 

beneficiaries and pipeline non-beneficiaries were exposed to different group-specific time trends.  

 In addition to the placebo test, another model was estimated to address the concern that 

there may be differences within the beneficiary group itself. It could be that the earliest 

                                                
8 A test of the parallel trends hypothesis would also have been appropriate, but we do not have data from a prior 
period.  We considered testing parallel trends at a municipal level with an auxiliary dataset, but this too was not 
feasible because the beneficiary and control individuals were largely drawn from the same locations.   
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beneficiaries were simply more motivated (as indicated by their early participation in the 

program), which is what caused them to have increased levels of the outcome variables in the 

intensity of treatment specifications. To the extent that this reflects a time invariant characteristic 

at the individual level, the FE model will address this concern and generate unbiased estimates of 

the program impact. The same cannot be said of the DD model. In order to analyze this 

hypothesis directly in the context of the DD model, a proxy for “eagerness” was created in the 

spirit of Agüero et al. (2009). Eagerness was defined as the average contract date of projects in a 

given municipality minus the individual’s contract date. If the enrolled member was eager, the 

difference between his or her date of contract and the average date of contract of projects in the 

same municipality was negative, while the difference was positive for less eager, or tardy, 

applicants.  

 The inclusion of the eagerness variable affected the coefficients of interest in the same 

way in both the agricultural production and earned income regressions. The inclusion of the 

variable decreased all coefficients for landowners with three or less years on their land, while 

increasing the coefficients for landowners with four or five to six years on their respective lands. 

In the preferred specification in column four, both the significant coefficients (for LO 4 years 

and LO 5-6 years) increased slightly compared to the same model without eagerness, although 

the changes were not statistically significant. The same pattern is observed for the earned income 

coefficients in column eight. Thus, while the eagerness of the early applicants might be a small 

piece of the story, it is not the principal reason why the earliest beneficiaries had increased 

agricultural production and earned income.       

Attrition 

 In the follow-up phase of the data collection process, thirty six percent of the original 

beneficiaries, and forty seven percent of the original pipeline non-beneficiaries were not 

interviewed again, for a variety of reasons. These reasons range from withdrawing from the 

program, refusing the interview, death, coding errors, enumerators not being able to locate the 

individual (or in some cases entire associations), the enrolled member living in another city or 

state, to the enrolled member being out of town during the enumerator’s visit. There were also 

162 pipeline non-beneficiaries that acquired land after the baseline period and were re-

interviewed as beneficiaries. As such, they exited from the pipeline non-beneficiary sample, 
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potentially leaving it unrepresentative of how it was constituted in the baseline. Finally, a small 

number of observations had to be excluded due to missing values in the follow-up period.9  

Attrition can be a serious threat to inference using panel data because it can cause the 

original random sample to become unrepresentative of the treatment and control groups as 

individuals exit from the panel over time. This can lead to biased parameter estimates of the 

impact of treatment. These potential biases, however, depend not on the magnitude of attrition 

but on whether the attrition was non-random. Specifically, if there was systematic selection on 

characteristics of the enrolled members even after conditioning on observed covariates, bias 

could ensue. In this section, a number of tests indicate that attrition was random in this dataset, 

while others suggest that it was not. In order to control for the potential bias resulting from 

nonrandom attrition, the inverse probabilities of retention (i.e., non-attrition) are used as weights 

(Fitzgerald, Gottschalk and Moffitt, 1998). 

 A number of steps were taken in order to analyze whether there was any pattern to the 

attrition in the data. The first test conducted was a simple comparison of base year means, and a 

Student’s t-test of the differences between those enrolled members that disappeared and those 

that remained (Alderman et al. 2001). Because we suspected that there may be heterogeneous 

patterns to attrition, all comparisons and tests were done first for the full sample, then by group. 

Table 8 summarizes the findings of the mean comparison by group. Looking at the case of the 

full sample, attritors seemed to be younger, more white, less married, had more schooling, less 

experience as farmers and were more urban. They had less trust in other members of their 

association than non-attritors, and lived in areas where there was a lower daily wage. While there 

are many significant differences in observable variables, within the full sample and the 

beneficiary group there was no evidence that attritors had systematically different outcome 

variables at baseline. Nevertheless, it appears that the weakest of the pipeline non-beneficiaries, 

in terms of agricultural production, were attriting at the one percent level of significance. In other 

words, pipeline non-beneficiaries with lower levels of agricultural production were more likely 

to disappear from the sample after the baseline period. This would result in a pipeline non-

beneficiary group that appeared stronger than it would have, had the attritors remained in the 

sample. This pattern of attrition would lead to a downward bias on the estimated coefficients of 

                                                
9 The “attritors” that were dropped because of missing values only represent 1.6% of the total number of attritors. 
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program impact. Because this comparison of mean group characteristics shows significant 

differences, nonrandom attrition is suspected.  

 Following Alderman et al. (2001) and Chawanote and Barrett (2014), we next 

implemented a BGLW test (Becketti, Gould, Lillard, and Welch, 1988) by estimating the 

following equation with the sample of attritors and non-attritors using baseline data only: 

Yi=α+βattritioni+δXi+µ(Xi*attritioni)+εi                                                                                     (6) 

where “attrition” is an indicator variable that equals one if the enrolled member attrited between 

the baseline and follow-up periods, Y are the outcome variables agricultural production and 

earned income, X are control variables and “attrition” is multiplied with the control variables to 

create interaction terms.10 Table 9 shows that none of the coefficients on the attrition dummy are 

significant, regardless of the inclusion of control variables, indicating that attrition is not 

significant in determining either agricultural production or earned income. Nevertheless, an F-

test of the joint significance of the coefficient on the attrition dummy and the coefficients on the 

control variables interacted with the attrition dummy shows that these variables are jointly 

significant, for agricultural production in the full sample and earned income in both sub-samples. 

In this way, we conclude that the coefficients on the explanatory variables differ between 

individuals who disappear from the panel and those who do not. This result indicates that there 

was nonrandom attrition and thus the use of attrition weights is warranted. 

 The final test to assess whether attrition was random were a series of probit regressions 

with the dependent variable equal to one if the enrolled member left the sample between the 

baseline and follow-up period, and zero otherwise.11 At the ten percent level of significance and 

when not conditioning on observed covariates, the weaker pipeline non-beneficiaries in terms of 

agricultural production appear to have an increased probability of attrition (Table 10). For the 

beneficiary group, when including control variables, it appears that the stronger beneficiaries 

with respect to agricultural production have an increased probability of attrition. If the lower-

than-average producers leave the pipeline non-beneficiary sample, the pipeline non-beneficiary 

group appears to be stronger than it actually is, and the reverse is true for the beneficiary group. 

                                                
10 The included control variables are identical to those used in the main regressions. Due to multicollinearity, race 
was substituted by the variable “white” (an indicator variable that equals one for Caucasians and zero otherwise) and 
municipality was not interacted with the attrition variable.  
11 State fixed effects are used instead of municipal fixed effects due to multicollinearity. 
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A stronger pipeline non-beneficiary group coupled with a weaker beneficiary group would lead 

to estimated parameters that would be biased downward. In order for the balanced panel to 

produce unbiased estimates, the use of attrition weights is required. Due the particular pattern of 

attrition described above, it is likely that the use of attrition weights will increase the estimated 

impact of the program.   

 The attrition weights, or the inverse probabilities of retention, are estimated using 

baseline-level data only and defined by:  

w(z,x)=[Pr(A=0|z,x)/Pr(A=0|x)]-1                         (7) 

where Pr(A=0) is the probability of retention, x are the control variables used in the estimation 

and z are auxiliary variables that affect the attrition propensity, can be related to the density of 

the outcome variables conditional on the control variables, and yet are not in the original 

regressions (Fitzgerald et al., 1998). Two variables were used as the auxiliary variables—

previous ties with association members and whether the enrolled member had lived in a different 

city in the past ten years. Previous ties with the association members equals one if the enrolled 

member was friends with, or related to, members of the association before the association 

formed. Previous ties to association members is highly predictive of retention amongst pipeline 

non-beneficiaries, and significant at the 10% level in the full sample (Appendix Tables A2 and 

A3). Whether the enrolled member lived in a different city in the past ten years is predictive of 

retention in the full and beneficiary samples, but only when additional controls are not included 

(Appendix Tables A2 and A4).  

 The intuition behind the attrition weights is that they give more weight to enrolled 

members that have similar initial characteristics to enrolled members that disappear from the 

sample than to enrolled members with characteristics that make them more likely to remain in 

the sample. Because the nonrandom patterns of attrition were found to be different in the pipeline 

non-beneficiaries and beneficiary groups, the attrition weights were calculated separately for 

each group. The weights ranged from 0.54 to 3.2, with a mean of 1.01. With the inclusion of 

attrition weights, Tables 11 and 12 show that all estimated parameters of the impact of treatment 

unambiguously increase in the preferred specification where all available control variables are 

included. This result confirms that attrition is not the source of the positive and statistically 
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significant findings reported in Section V, and confirms that the patterns observed in attrition 

were biasing downward—even if only slightly—the estimates of program impact. 

VII. REPAYMENT 

While the regressions and supporting robustness checks showed that the PNCF is 

successful in increasing beneficiaries’ agricultural production and earned income after four years 

of land ownership, an important factor to consider is their ability to repay the PNCF loans, and 

also the effects of the program once accounting for repayment. A few policies facilitate 

repayment. First, if the principal is above R$15,000, beneficiaries have up to seventeen years to 

repay. For smaller loans, the repayment period is limited to fourteen years. Second, the grace 

period is twenty-four months, and the annual interest rates vary between two and five percent 

depending on the principal. In the first year of repayment—the beginning of the third year of 

land ownership—the beneficiaries with a principal of less than R$15,000 are only required to 

pay the interest accrued on the loan during the first two years (MDA, 2009).12 In addition, in the 

semi-arid regions of the Northeast of Brazil, there is a forty percent discount on all installments 

made on or before the due date. In the rest of the Northeast, the discount is thirty percent for on-

time payments. Lastly, there is an additional ten percent discount on installments for associations 

that are able to negotiate the price of the land below what the predicted price would have been 

using the land price monitoring system. The cap for the discounts is R$1,000 per installment. 

Given these two discounts, it is likely that a high share of beneficiaries should be able to repay 

their loans. What follows is not an analysis of the percentage of beneficiaries that actually paid.  

It is an analysis of the percentage that should have had enough income to meet their loan 

obligations.  

As can be seen in Table 13, in 2010, there were 88 beneficiaries in the third year of the 

program, 320 beneficiaries in the fourth year, and 148 beneficiaries in the fifth to sixth year. 

Looking only at the cases with both discounts, depending on the year of land ownership, 79 to 84 

percent of beneficiaries could repay given their earned income, and 91 to 92 percent could repay 

once transfers are included.13 This would leave beneficiaries with 64 to 75 percent of their earned 

                                                
12 The beneficiaries with loan amounts above R$15,000 must repay the interest and also the first installment.   
13 Although including government monetary transfers no longer allows us to strictly measure the ability of 
beneficiaries to repay given increases in income due to the program, transfers such as old age social security 
benefits and the conditional cash transfer program Bolsa Família represent an important share of income in the rural 
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income after repayment, and 74 to 83 percent of their income including transfers. Nevertheless, 

many beneficiaries do not secure these discounts and have a more difficult time repaying.  

The above analysis suggests that there appears to be a relatively high share of 

beneficiaries who should be able to repay their loans. Nevertheless, the payments range from 25 

to 40 percent of beneficiaries’ earned income, depending on the level of discount. Considering 

that these are very poor families, these payments might be too burdensome, and substantially 

decrease their quality of life. In order for the burden of the debt to be minimized, the grace 

period could be extended so as to give the beneficiaries sufficient time to adapt to their new 

circumstances and acquire enough earned income to pay the debt with greater ease. In this 

regard, a more forward looking analysis suggests that—if the program impacts continue to grow 

at the rate observed in the first six years of land ownership (Table 12)—beneficiaries should be 

able to make debt payments more and more easily. 

 Although the beneficiaries’ ability to repay is an important consideration, an equally 

pressing issue is the effectiveness of the program in poverty reduction. While the analysis in 

Section V and VI showed that the program has a significant impact on agricultural production 

and earned income, that analysis did not address the repayment of the loan. In order to address 

this missing piece, the value of the installment due was calculated for each beneficiary and then 

subtracted from earned income in the follow-up period. Regressions were re-estimated using the 

updated earned income, and attrition weights were also used to ensure the representativeness of 

the sample.  

Table 14 shows the results for the intensity of treatment estimation including control 

variables (equivalent to column (iv) in Table 12). The results indicate that once repayment is 

included in the analysis beneficiaries no longer enjoy an increase in their current welfare because 

the gains to earned income are being used for repayment. With both discounts, beneficiaries in 

the fourth, fifth or sixth year of land ownership now display no significant effects on earned 

income. Beneficiaries in the fourth year with only one or no repayment discounts, and all 

beneficiaries with three or less years of land ownership display negative and significant effects of 

being a beneficiary of the program, once repayment is taken into account. As such, while the 

program works to increase the earned income of beneficiaries, once repayment is taken into 

                                                                                                                                                       
Northeast. Helfand et al. (2009) report that social security transfers accounted for 23 percent of income in the rural 
Northeast in 2005. In this dataset, the number is slightly higher—at 25 percent. 
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consideration, the beneficiaries in the first four years of the program are statistically worse off in 

terms of current welfare than the pipeline non-beneficiaries. For beneficiaries with five to six 

years of land ownership, all of the gains in earned income go towards paying the debt and 

increasing the net wealth of the household, rather than toward improving current welfare. Since 

the results become less negative and eventually positive with increasing number of years of land 

ownership, it is likely that improvements in this situation are only a matter of time.   

VIII. CONCLUSION 
 The primary objective of the National Land Credit Program (PNCF) is to promote the 

creation of productive activities which, in turn, increase the income and wellbeing of the 

beneficiary population. This impact evaluation confirms that the program achieves the first part 

of this objective—to create productive activities—through the evidence of increased agricultural 

production for program beneficiaries. The results for agricultural production are highly 

significant and robust to alternative specifications, indicating that the program increases 

agricultural production after the first three years of land ownership. Using the preferred 

specification of the fixed effects model, we conclude that relative to the control group 

agricultural production increases by an average of R$750 (US$421) per person in households 

with five to six years of land ownership. This represents an increase of 103 percent relative to the 

baseline production of beneficiaries.  

 With regard to the welfare of the beneficiary population, earned income is a superior 

indicator because it accounts for the fact that beneficiaries might increase agricultural production 

by substituting away from labor market earnings. The analysis of earned income revealed that 

positive and significant effects only appear for the most seasoned beneficiaries. Relative to the 

control group, the fixed effects model shows that earned income increased by R$501 (US$281) 

per person in households with five to six years of land ownership. This increase of 36 percent 

relative to the baseline income of beneficiaries indicates that the program also appears to achieve 

the second part of its primary objective, but exclusively for beneficiaries with more than four 

years of land ownership. The income gain is roughly equivalent to what a poor household would 

have received in 2010 through the conditional cash transfer program Bolsa Família in exchange 

for ensuring that two children remained in school. 

 Once repayment of the PNCF loan is factored into the analysis, however, it appears that 

beneficiaries face a trade-off between current welfare and asset accumulation. The impact of the 
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program net of loan payments becomes negative and significant in the early years, and only 

becomes positive (but not significant) with five to six years of land ownership. Thus, although 

the beneficiaries’ earned income increased as a result of participation in the program, most of 

this gain goes to making debt payments for the land. In effect, their current income net of 

payments was no higher than income in the control group, but beneficiaries were increasing their 

net wealth. A more forward looking analysis suggests that—if the program impacts continue to 

grow at the rate observed in the first five to six years of land ownership—beneficiaries should be 

able to make debt payments and improve current welfare simultaneously. This is the cautiously 

optimistic scenario. The alternative, at least for a share of the beneficiaries, is to fall into arrears 

on their payments, thereby losing access to the on-time discount and to PRONAF family farm 

credit.  

 The results of this study have important implications for policy. First, since beneficiaries 

only see significant income gains as of the fifth year of land ownership, the grace period should 

be extended beyond two years to allow sufficient time for productive projects to mature. Second, 

policy should facilitate improved access to technical assistance and PRONAF loans, which 

contribute to the success of productive projects and thus to the beneficiaries’ repayment capacity. 

Third, even with five to six years of land ownership, beneficiaries have not achieved a level of 

earned income that permits both a higher level of welfare and the ability to repay the loan. This 

problem could be overcome by spreading debt repayment over a longer horizon in order to 

reduce the burden of annual payments. Instead of the current 14-17 years, loans could be 

amortized over 20-30 years. Alternatively, payments of principal could grow more gradually in 

the initial years of the loan, tracking the expected path of income growth. Fourth, the conclusion 

that positive effects on income grow with time and become statistically significant as of the fifth 

year of land ownership underscores the importance of conducting medium term impact 

evaluations of asset transfer programs, rather than restricting attention to the first few years of 

program impacts.    

 The general conclusion, then, is optimistic, but cautious. The PNCF can provide a 

pathway out of poverty by transferring assets to the poor. There is a positive impact on earned 

income, which appears to be growing rapidly after the first few years of land ownership. But 

repayment in the early years is an issue. Beneficiaries require sufficient time on their newly 

acquired land to realize adequate returns on their investments. It would seem, then, that the 
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PNCF—and asset transfer programs more generally—is a viable option for rural poverty 

reduction, but positive and significant results are only achieved in a matter of time.   
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Table 1: Descriptive Statistics on Production and Income Variables

Baseline Period Follow-up Period
PNB B PNB B≤3 Years B 4 Years B 5-6 Years

Agricultural Production 951.3 734.4** 735.7 792.3 1089.7** 1057.4*
Earned Income 1558.9 1438.1 1456.8 1235.4 1367.5 1624.2

Stars indicate mean is different from PNB group by period.

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

All values in household per capita Reais of January of 2010.



Table 2: Descriptive Statistics for Control Variables

Baseline Period
Pipeline NB Beneficiary

Individual Characteristics
Age 37.6 36.6
Sex 0.71 0.86***
White 0.20 0.17
Married 0.82 0.79
Urban 0.27 0.21*
Years of Schooling 4.0 4.3
Years of Experience 23.4 22.7

Social Capital Variables
Position Held 0.42 0.57***
Frequency of Meeting 2.3 2.2*
Trust 2.8 2.7**

Household Agricultural Variables
Technical Assistance 0.05 0.07
PRONAF 0.32 0.25*

Regional Agricultural Variables
Yield of Corn 1.2 0.90***
Daily Agricultural Wage 12.6 12.3**

Stars indicate mean of B group is different from PNB group.

***Significant at 1%; ** Significant at 5%; * Significant at 10%.



Table 3: Probits for Pipeline Analysis

(1) (2) (3) (4) (5)
Agricultural Production -0.0001 -0.0000 -0.0001

(0.0001) (0.0001) (0.0001)
Earned Income -0.0000 0.0001 0.0001

(0.0001) (0.0001) (0.0001)

N 349 349 349 349 349
State FE N N Y Y Y
Individual Controls1 N N Y Y Y
Social Capital Controls2 N N Y Y Y
HH Agricultural Controls3 N N Y Y Y
Reg. Agricultural Controls4 N N Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn.



Table 4: Effects on Agricultural Production

Difference in Differences Fixed Effects
(1) (2) (3) (4) (5) (6)

B
in

a
ry

Time*Status 427.71** 427.04** 427.87** 405.43** Land Acquired 421.76** 403.01**
(184.03) (184.77) (184.88) (181.99) (175.66) (168.52)

Time -257.83 -258.20 -258.90 -81.13
(160.69) (161.33) (161.43) (745.49)

Status -120.01 -177.67 -219.41 -177.60
(142.34) (137.10) (139.16) (135.08)
(1) (2) (3) (4) (5) (6)

In
te

n
si

ty
o
f

T
re

a
tm

e
n
t LO≤3 Years 293.72 291.68 305.73 301.56 LO≤3 Years 179.89 155.44

(246.38) (243.74) (244.43) (237.93) (254.09) (247.94)
LO 4 Years 381.34* 379.55* 384.07* 363.88* LO 4 Years 363.86* 343.90**

(195.38) (197.50) (197.69) (196.30) (192.13) (184.57)
LO 5-6 Years 616.65*** 619.26*** 603.23*** 582.77*** LO 5-6 Years 710.67*** 749.53***

(203.21) (203.32) (203.33) (204.75) (196.49) (199.74)
Time -257.68 -258.02 -258.71 -82.99

(160.81) (161.46) (161.56) (750.75)
Status -99.89 -159.11 -201.13 -165.45

(142.60) (136.92) (139.32) (134.94)

N 1522 1522 1522 1522 1522 1522
Municipal FE Y Y Y Y N N
Indv. Controls1 N Y Y Y N N
SC Controls2 N N Y Y N N
HH Ag. Controls3 N N N Y N N
Reg. Ag. Controls4 N N N Y N Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4 Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 5: Effects on Earned Income

Difference in Differences Fixed Effects
(1) (2) (3) (4) (5) (6)

B
in

a
ry

Time*Status 81.85 82.15 82.31 43.43 Land Acquired 99.65 87.49
(172.78) (173.23) (173.46) (182.59) (165.12) (171.46)

Time -114.14 -115.21 -115.40 120.83
(139.68) (140.14) (140.33) (760.18)

Status 27.06 -47.66 -84.38 -34.31
(152.31) (141.84) (144.66) (147.15)
(1) (2) (3) (4) (5) (6)

In
te

n
si

ty
o
f

T
re

a
tm

e
n
t LO≤3 Years -43.09 -50.79 -42.22 -39.67 LO≤3 Years -120.93 -112.03

(206.11) (200.65) (200.78) (196.60) (207.01) (203.80)
LO 4 Years -43.87 -36.81 -32.28 -53.65 LO 4 Years -25.46 -19.69

(193.50) (194.96) (194.19) (207.71) (193.57) (204.63)
LO 5-6 Years 435.84** 426.84** 411.82** 324.90 LO 5-6 Years 519.69** 501.19**

(207.04) (206.68) (207.54) (221.72) (204.58) (227.66)
Time -114.07 -115.07 -115.24 157.08

(139.79) (140.24) (140.44) (777.45)
Status 58.88 -19.04 -54.76 -16.66

(152.43) (141.91) (144.50) (146.43)

N 1516 1516 1516 1516 1516 1516
Municipal FE Y Y Y Y N N
Indv. Controls1 N Y Y Y N N
SC Controls2 N N Y Y N N
HH Ag. Controls3 N N N Y N N
Reg. Ag. Controls4 N N N Y N Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 6: Placebo Test – Effects on Total Transfers

Difference in Differences Fixed Effects
(1) (2) (3) (4) (5) (6)

B
in

a
ry

Time*Status 64.61 96.58 94.26 185.16 Land Acquired -7.37 -0.28
(211.64) (203.59) (203.80) (200.68) (199.67) (191.62)

Time 32.78 43.65 45.33 -1110.64
(174.61) (168.28) (168.46) (795.58)

Status -568.89** -604.20*** -590.62*** -633.22***
(233.39) (223.98) (225.77) (222.71)
(1) (2) (3) (4) (5) (6)

In
te

n
si

ty
o
f

T
re

a
tm

e
n
t LO≤3 Years 50.14 105.62 76.45 178.36 LO≤3 Years 178.64 242.12

(283.03) (255.88) (254.70) (258.98) (267.80) (272.55)
LO 4 Years 160.31 158.05 162.28 287.77 LO 4 Years -35.98 0.17

(239.07) (228.86) (229.38) (230.05) (233.44) (231.90)
LO 5-6 Years -134.30 -44.69 -42.30 -33.56 LO 5-6 Years -78.07 -219.18

(268.10) (253.67) (253.87) (256.11) (265.36) (273.00)
Time 32.89 43.65 45.38 -1175.26

(174.77) (168.45) (168.64) (819.08)
Status -581.96** -612.45*** -598.33*** -643.67***

(233.05) (224.14) (226.13) (223.48)

N 1444 1444 1444 1444 1444 1444
Municipal FE Y Y Y Y N N
Indv. Controls1 N Y Y Y N N
SC Controls2 N N Y Y N N
HH Ag. Controls3 N N N Y N N
Reg. Ag. Controls4 N N N Y N Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 7: Effects with Eagerness Variable in Intensity of Treatment Difference in Differences
Estimation

Agricultural Production Earned Income
(1) (2) (3) (4) (5) (6) (7) (8)

LO ≤ 3 Years 246.55 255.88 269.90 265.15 -124.89 -102.02 -92.87 -88.56
(249.03) (246.18) (246.13) (238.24) (203.40) (198.27) (198.11) (193.48)

LO 4 Years 385.41* 382.71* 387.23* 368.48* -36.92 -32.36 -27.90 -47.54
(196.34) (198.46) (198.66) (198.19) (193.70) (195.24) (194.58) (208.61)

LO 5-6 Years 638.11*** 635.40*** 619.45*** 606.82*** 473.04** 449.97** 434.81** 357.38
(206.57) (206.41) (206.42) (212.38) (209.35) (208.57) (209.67) (226.44)

Time -257.11 -257.59 -258.29 -103.43 -113.07 -114.46 -114.65 129.45
(160.81) (161.45) (161.55) (756.31) (139.74) (140.21) (140.39) (778.98)

Status -281461 -217021 -218619 -220990 -485438* -309200 -307894 -295852
(311825) (301477) (298694) (306166) (289049) (269986) (265620) (271667)

Eagerness 0.28 0.22 0.22 0.22 0.49* 0.31 0.31 0.30
(0.31) (0.30) (0.30) (0.31) (0.29) (0.27) (0.27) (0.27)

N 1522 1522 1522 1522 1516 1516 1516 1516
Municipal FE Y Y Y Y Y Y Y Y
Indv. Controls1 N Y Y Y N Y Y Y
SC Controls2 N N Y Y N N Y Y
HH Ag. Controls3 N N N Y N N N Y
Reg. Ag. Controls4 N N N Y N N N Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 8: Attrition Mean Comparison (Mean of Attritor–Mean of Non-Attritor)

Full Sample Non-Beneficiary Beneficiary
Agricultural Prod. No Significant Difference Difference<0*** No Significant Difference
Earned Income No Significant Difference No Significant Difference No Significant Difference

Age Difference<0*** Difference<0* Difference<0***
Sex No Significant Difference Difference>0*** Difference<0*
White Difference>0*** No Significant Difference Difference>0**
Married Difference<0*** Difference<0* Difference<0***
School Difference>0** Difference>0* Difference>0*
Experience Difference<0*** Difference<0*** Difference<0***
Urban Difference>0*** Difference>0** No Significant Difference

Position Held Difference<0* No Significant Difference No Significant Difference
Meet No Significant Difference Difference<0* No Significant Difference
Trust Difference<0*** Difference<0*** Difference<0*

PRONAF Difference<0** Difference<0** Difference<0**
Technical Assistance Difference>0** Difference>0** No Significant Difference

Daily Agric. Wage Difference<0*** Difference<0*** No Significant Difference
Yield of Corn No Significant Difference Difference<0*** No Significant Difference

***Significant at 1%; ** Significant at 5%; * Significant at 10%.



Table 9: BGLW Test for Attrition Analysis

Agricultural Production Earned Income
(1) (2) (3) (4) (5) (6)

F
u
ll

S
a
m
p
le Attritor -116.64 57.77 1699.73 -32.77 54.94 2485.67

(111.46) (98.39) (1451.44) (115.78) (109.26) (1579.50)
(F-Stat) 1.59* 1.15
(p-value) 0.08 0.32
N 1316 1316 1316 1316 1316 1316

(1) (2) (3) (4) (5) (6)

P
N
B

G
ro

u
p NB Attritor -320.93 -111.60 1003.70 -191.89 -106.97 1975.93

(216.67) (103.45) (1831.76) (218.48) (130.21) (2321.52)
(F-Stat) 1.25 1.94**
(p-value) 0.24 0.02
N 678 678 678 678 678 678

(1) (2) (3) (4) (5) (6)

B
G
ro

u
p

B Attritor 52.47 203.22 -2837.05 118.43 88.49 -1109.15
(151.97) (127.92) (2332.10) (108.48) (90.94) (1503.90)

(F-Stat) 1.17 1.76**
(p-value) 0.30 0.05
N 638 638 638 638 638 638

Municipal Fixed Effects N Y Y N Y Y
Individual Controls1 N Y Y N Y Y
Social Capital Controls2 N Y Y N Y Y
HH Agricultural Controls3 N Y Y N Y Y
Reg. Agricultural Controls4 N Y Y N Y Y
Interaction N N Y N N Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn.



Table 10: Probits for Attrition Analysis

(1) (2) (3) (4)

F
u
ll

S
a
m
p
le

Agricultural Production -0.0000 -0.0000
(0.0000) (0.0000)

Earned Income -0.0000 -0.0000
(0.0000) (0.0000)

N 1315 1315 1315 1315

(1) (2) (3) (4)

P
N
B

G
ro

u
p Agricultural Production -0.0001* -0.0001

(0.0001) (0.0000)
Earned Income -0.0001 -0.0000

(0.0001) (0.0000)
N 677 677 677 677

(1) (2) (3) (4)

B
G
ro

u
p

Agricultural Production 0.0000 0.0001*
(0.0000) (0.0000)

Earned Income 0.0000 0.0000
(0.0000) (0.0000)

N 638 638 638 638

State FE N N Y Y
Individual Controls1 N N Y Y
Social Capital Controls2 N N Y Y
HH Agricultural Controls3 N N Y Y
Reg. Agricultural Controls4 N N Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling,

experience and urban status.
2Social capital controls include: position in association, frequency of

meetings and trust in association.
3Household Agricultural controls include: technical assistance and

PRONAF.
4Regional Agricultural controls include: daily agricultural wage and

yield of corn.



Table 11: Effects on Agricultural Production With and Without Attrition Weights

Difference in Differences Fixed Effects
(i) (ii) (iii) (iv)

B
in

a
ry

Time*Status 428.56** 405.43** Land Acquired 425.28** 403.01**
(178.62) (181.99) (167.66) (168.52)

Time -235.51 -81.13
(593.78) (745.49)

Status -185.42 -177.60
(133.27) (135.08)

(i) (ii) (iii) (iv)

In
te

n
si

ty
o
f

T
re

a
tm

e
n
t LO≤3 Years 304.50 301.56 LO≤3 Years 159.01 155.44

(234.83) (237.93) (244.49) (247.94)
LO 4 Years 390.76** 363.88* LO 4 Years 371.44** 343.90**

(185.95) (196.30) (177.36) (184.57)
LO 5-6 Years 605.93*** 582.77*** LO 5-6 Years 753.39*** 749.53***

(208.32) (204.75) (206.63) (199.74)
Time -235.71 -82.99

(592.50) (750.75)
Status -171.76 -165.45

(133.13) (134.94)

N 1522 1522 1522 1522
Attrition Weights Y N Y N
Municipal FE Y Y N N
Indv. Controls1 Y Y N N
SC Controls2 Y Y N N
HH Ag. Controls3 Y Y N N
Reg. Ag. Controls4 Y Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF
4Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 12: Effects on Earned Income With and Without Attrition Weights

Difference in Differences Fixed Effects
(i) (ii) (iii) (iv)

B
in

a
ry

Time*Status 92.46 43.43 Land Acquired 124.07 87.49
(177.67) (182.59) (167.99) (171.46)

Time -272.42 120.83
(685.81) (760.18)

Status -46.96 -34.31
(149.89) (147.15)

(i) (ii) (iii) (iv)

In
te

n
si

ty
o
f

T
re

a
tm

e
n
t LO≤3 Years -19.11 -39.67 LO≤3 Years -93.19 -112.03

(193.46) (196.60) (196.83) (203.80)
LO 4 Years -1.30 -53.65 LO 4 Years 28.06 -19.69

(198.24) (207.71) (197.03) (204.63)
LO 5-6 Years 387.35* 324.90 LO 5-6 Years 512.44** 501.19**

(217.71) (221.72) (225.06) (227.66)
Time -240.41 -157.08

(693.09) (777.45)
Status -27.82 -16.66

(149.01) (146.43)

N 1516 1516 1516 1516
Attrition Weights Y N Y N
Municipal FE Y Y N N
Indv. Controls1 Y Y N N
SC Controls2 Y Y N N
HH Ag. Controls3 Y Y N N
Reg. Ag. Controls4 Y Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)

All values in household per capita Reais of January 2010.
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF
4Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table 13: Beneficiaries’ Ability to Repay PNCF Loan

Percent Able to Pay Share of EI Used for Payments
Discount Type Discount Type

Year N No On-time Both No On-time Both
Discount Discount Discounts Discount Discount Discounts

3 88 66% 81% 84% 40% 35% 36%
4 320 73% 78% 79% 37% 28% 26%
5-6 148 79% 84% 84% 38% 27% 25%

Including Transfers
3 88 82% 90% 91% 31% 26% 26%
4 320 86% 90% 91% 27% 19% 18%
5-6 148 89% 92% 92% 28% 19% 17%



Table 14: Effects on Earned Income Subtracting Repayment – Intensity of Treatment Fixed
Effects Estimation

No Discount One Discount Both Discounts
Land Owner ≤ 3 Years -716.40*** -512.57** -492.48**

(256.66) (235.82) (235.96)
Land Owner 4 Years -558.49*** -356.78* -329.24

(205.27) (200.80) (200.69)
Land Owner 5-6 Years -77.81 137.17 169.05

(242.01) (234.11) (233.12)

N 1516 1516 1516
Attrition Weights Y Y Y
Reg. Ag. Controls1 Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Standard errors clustered at project or municipality in parentheses.)

All values in household per capita Reais of January 2010.
1 Regional Agricultural controls include: daily agricultural wage and yield of corn, both of which are time varying.



Table A1: Comparison of Means within Pipeline (Mean of New Beneficiaries - Mean of Remaining
Non-Beneficiaries)

Agricultural Production No Significant Difference
Earned Income No Significant Difference

Age No Significant Difference
Sex Difference>0***
White No Significant Difference
Married Difference<0*
School No Significant Difference
Experience Difference<0**
Urban Difference<0*

Position Held Difference>0*
Meet Difference<0*
Trust Difference<0*

PRONAF No Significant Difference
Technical Assistance Difference>0**

Daily Agricultural Wage Difference<0***
Yield of Corn Difference<0***

***Significant at 1%; ** Significant at 5%; * Significant at 10%.



Table A2: Probits for Auxiliary Z-Variables Analysis – Probability of Retention (Full Sample)

(1) (2) (3) (4) (5)
Different City 2006 -0.1951** -0.1443 -0.1305

(0.0984) (0.0977) (0.0986)
Previous Ties 2006 0.3886*** 0.2407* 0.2286

(0.1396) (0.1394) (0.1416)
Age 2006 -0.0013 -0.0020 -0.0016

(0.0065) (0.0064) (0.0065)
Sex 2006 -0.1167 -0.1188 -0.1172

(0.0999) (0.1004) (0.1002)
Married 2006 0.2550** 0.2499** 0.2504**

(0.1096) (0.1090) (0.1088)
Years of Schooling 2006 0.0118 0.0107 0.0110

(0.0142) (0.0141) (0.0142)
Years of Experience 2006 0.0114** 0.0122** 0.0114**

(0.0057) (0.0057) (0.0057)
Urban 2006 -0.2846** -0.2649** -0.2696**

(0.1233) (0.1213) (0.1216)
Position Held 2006 0.1175 0.1132 0.1131

(0.0927) (0.0930) (0.0931)
Frequency of Meetings 2006 0.0667 0.0596 0.0575

(0.0456) (0.0456) (0.0456)
Trust 2006 0.1338* 0.1231 0.1236

(0.0804) (0.0814) (0.0810)
PRONAF 2006 0.2063* 0.2040* 0.2093*

(0.1096) (0.1094) (0.1092)
Technical Assistance 2006 -0.1457 -0.1602 -0.1626

(0.1620) (0.1609) (0.1617)
Daily Agricultural Wage 0.5913*** 0.5825*** 0.5865***

(0.0986) (0.0972) (0.0975)
Yield of Corn -1.6668*** -1.6636*** -1.6774***

(0.3495) (0.3465) (0.3485)

N 1315 1315 1315 1315 1315
State FE N N Y Y Y
Individual Controls1 N N Y Y Y
Social Capital Controls2 N N Y Y Y
HH Agricultural Controls3 N N Y Y Y
Reg. Agricultural Controls4 N N Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn.



Table A3: Probits for Auxiliary Z-Variables Analysis – Probability of Retention (Non-Beneficiary
Sample)

(1) (2) (3) (4) (5)
Different City 2006 -0.2763 -0.1565 -0.1070

(0.1746) (0.1621) (0.1625)
Previous Ties 2006 0.6994*** 0.6000** 0.5829**

(0.2488) (0.2628) (0.2682)
Age 2006 -0.0093 -0.0097 -0.0096

(0.0096) (0.0095) (0.0096)
Sex 2006 -0.5637*** -0.5468*** -0.5404***

(0.1182) (0.1235) (0.1210)
Married 2006 0.1724 0.1381 0.1404

(0.1593) (0.1569) (0.1571)
Years of Schooling 2006 -0.0247 -0.0255 -0.0255

(0.0214) (0.0215) (0.0216)
Years of Experience 2006 0.0105 0.0114 0.0111

(0.0077) (0.0076) (0.0077)
Urban 2006 -0.3175 -0.2610 -0.2690

(0.2138) (0.2087) (0.2096)
Position Held 2006 -0.0098 -0.0223 -0.0215

(0.1384) (0.1362) (0.1362)
Frequency of Meetings 2006 0.1969*** 0.1812** 0.1789**

(0.0704) (0.0704) (0.0707)
Trust 2006 0.2325* 0.1809 0.1847

(0.1298) (0.1263) (0.1262)
PRONAF 2006 0.3748** 0.3929** 0.3937**

(0.1664) (0.1633) (0.1629)
Technical Assistance 2006 -0.4974** -0.5181** -0.5267**

(0.2512) (0.2553) (0.2525)
Daily Agricultural Wage 0.1387 0.1277 0.1231

(0.2338) (0.2193) (0.2194)
Yield of Corn 0.8501 0.8057 0.8242

(1.1969) (1.1120) (1.1147)

N 677 677 677 677 677
State FE N N Y Y Y
Individual Controls1 N N Y Y Y
Social Capital Controls2 N N Y Y Y
HH Agricultural Controls3 N N Y Y Y
Reg. Agricultural Controls4 N N Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn.



Table A4: Probits for Auxiliary Z-Variables Analysis – Probability of Retention (Beneficiary
Sample)

(1) (2) (3) (4) (5)
Different City 2006 -0.2560** -0.1942 -0.1878

(0.1199) (0.1276) (0.1283)
Previous Ties 2006 0.3942** 0.1471 0.1344

(0.1738) (0.1663) (0.1674)
Age 2006 0.0144 0.0128 0.0140

(0.0102) (0.0102) (0.0101)
Sex 2006 0.1293 0.1275 0.1200

(0.1443) (0.1475) (0.1460)
Married 2006 0.3703** 0.3745** 0.3718**

(0.1516) (0.1518) (0.1508)
Years of Schooling 2006 0.0331* 0.0323* 0.0325*

(0.0195) (0.0196) (0.0195)
Years of Experience 2006 0.0034 0.0053 0.0034

(0.0093) (0.0094) (0.0093)
Urban 2006 -0.1227 -0.1108 -0.1131

(0.1484) (0.1488) (0.1494)
Position Held 2006 0.1787 0.1742 0.1748

(0.1244) (0.1249) (0.1251)
Frequency of Meetings 2006 -0.0264 -0.0292 -0.0335

(0.0682) (0.0687) (0.0687)
Trust 2006 0.1145 0.1143 0.1143

(0.1163) (0.1173) (0.1176)
PRONAF 2006 0.2874** 0.2776* 0.2872**

(0.1440) (0.1426) (0.1439)
Technical Assistance 2006 0.2164 0.1911 0.2053

(0.2000) (0.1974) (0.1980)
Daily Agricultural Wage -0.1705 -0.1884 -0.1769

(0.2079) (0.2075) (0.2067)
Yield of Corn 0.9275 0.9660 0.9443

(0.6898) (0.6951) (0.6901)

N 638 638 638 638 638
State FE N N Y Y Y
Individual Controls1 N N Y Y Y
Social Capital Controls2 N N Y Y Y
HH Agricultural Controls3 N N Y Y Y
Reg. Agricultural Controls4 N N Y Y Y

***Significant at 1%; ** Significant at 5%; * Significant at 10%.

(Clustered standard errors in parentheses.)
1Individual controls include: age, sex, race, marital status, schooling, experience and urban status.
2Social capital controls include: position in association, frequency of meetings and trust in association.
3Household Agricultural controls include: technical assistance and PRONAF.
4Regional Agricultural controls include: daily agricultural wage and yield of corn.
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