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Abstract

In the last 25 years the Brazilian economy has rguie impressive transformations.
More individuals gained access to the consumer ebatke informal sector has
shrunk, and the real value of minimum wage hasesmed. There has also been a
significant decline in inequality due to governmeifiorts to provide income to the
most needed, such as the Bolsa Familia program, BE)Beneficio de Prestacao
Continuada program (BPC), and subsidized crediaaily agriculture and housing.
Some recent studies suggest that public transfetrshee dynamics of the job market
were the leading causes of poverty and inequaktglice in Brazil in the last 15
years. No study, as far as we know, take a compsiye econometric analysis of the
impact of transfers in the rural areas in conterapoBrazil. Combining different data
sources to create a balanced panel of state-rmitd af analysis, we estimate the
impact of the major public (pensions) and privateef-household) transfers on the
dynamics of rural poverty in Brazil between 1996 &011. We combine data from
the Brazilian National Household Survey (PNAD) amtinistrative data from State
Statistics Bureaus, compiled and distributed byBh&zilian Institute of Geography
and Statistics (IBGE), in order to estimate an Galimed Method of Moments-
System (GMM-System) dynamic panel model for pove(§GT measures).
Controlling for demographic composition, GSP (Gr&sate Product) agricultural
share, GSP share to GNP (Gross National Produchycational attainment,
unemployment rate, land concentration, and agetsie; we focus on how public
(pensions) and private (inter-household) transtessyell as their interaction, affected
the dynamics of poverty and inequality in the rumahtemporary Brazil. Our results
show a strong significant impact of both transfenspoverty dynamics, with scale
dominance for the retirement income. Despite cdmtused, poverty persistence is
still significant in contemporary rural Brazil.

Keywords. Poverty, Dynamic Panel Model, Public Transferv&e Transfer, Rural
Brazil, GMM-System
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In the last 20 years, the Brazilian economy hasertgmwhe impressive economic and social
transformations, leading to significant reductionpoverty and inequality. Hyperinflation
was eliminated, more individuals gained accessi¢oconsumer market (Rocha, 1996), the
informal sector has shrunk (Corseuil et al., 20hhy the real value of the minimum wage
has increased (Saboia, 2007). There has also bsgmiicant decline in inequality due to
government efforts to provide income to the mostideel, such as the Bolsa Familia program
(BF), the Beneficio de Prestacdo Continuada prodBf€), and subsidized credit to family
agriculture and housing. The expansion of the $&=aurity to the rural areas, and the right
of rural elderly women to access non-contribut@irement were also an important social
instrument of sectorial income redistribution iretlast two decades (Kreter and Bacha,
2006). Empirical evidence suggests that publicsfiens and the dynamics of the job market
were the leading causes of poverty and inequakglide in Brazil in the last 15 years
(Soares, 2006; Hoffman, 2010). Although some gatal¢ and local studies for rural areas of
Brazil suggest that the impact of public transfamgpoverty and inequality is apparent at both
the household and municipality level (Albuquerquale 1999; Augusto and Ribeiro, 2006),
the long-term dynamics for the country as a whslkaigely unknown. The only exception is
the recent study conduted by Marinho and Araujd(20Their study, however, comprises a
shorter period of time (1995 to 2004), and lacksmeamportant predictors of poverty
dynamics in the econometric specification, suckhascontribution of the agricultural sector
to the gross national product, land concentratmal the percent contribution of the regional
gross product to the gross national product. Tlhostemporary analysis of the impact of
transfers on rural population is an important emgirquestion not fully addressed.

Rural population is an especially vulnerable groap, household members tend to be
involved in vulnerable occupational activities (sucas sharecropping, temporary
employment, and family agriculture) and househottbme is usually unstable. This explains
the low contributory capacity of rural areas arahsequently, the low coverage rates in most
developing countries (Barrientos, 2003; Mesa-Laf®94). In response to that, many
countries developed formal arrangements to supglddrly people in rural areas (Manson
and Lee, 2006; Turra and Queiroz, 2005). Althoughunique among developing countries
(Mesa-Lago 1994), the Brazilian rural pension gysis the most comprehensive among
them in regards to coverage and targeting of ther géfonso and Fernandes, 2005),
although this is not intentional as entitlement uisgments are not based on income
(Schwarzer, 2000). Furthermore, the rural retirensgatem has been seen as instrumental in
the reduction of both social unrest and oppositiorthe restructuring of the agricultural
sector during the import substitution industrialiaa model in Brazil, as well as a mitigation
mechanism for rural-urban migration. This instibatl and political environment, fueled by
the universalization principles brought about bg %988 Brazilian Constitution after 20
years of authoritative rule, set the base for tkigaasion of benefits to all rural households,
increasing the political viability and long-termssainability of the cash transfer scheme
(Barrientos, 2003).

International literature on the distributive eff@ftremittances on rural populations has been
long established (Barham and Boucher, 1998; Stasak ,€1986; Taylor et al., 2005), but has
yielded conflicting results about the impact of reéamces on income inequality. The most
convincing theoretical argument and empirical enate in the literature suggests that
remittances, as a responsive benefit of migratme,higher among origin-areas with short-

2



term tradition to outmigration due to the high castd risk of migration activity. As
outmigration becomes more prevalent, risk declidies to social network returns; origin-
household incomes and remittances become thepdsgs/ely or even negatively correlated
(Stark et al., 1986; VanWey, 2004). Literature emittances and poverty is less established
and few empirical studies can be found. Taylor le{2005) argues that remittances may
influence poverty in two possible ways. Remittaneeght reduce poverty in origin areas by
shifting population from low-income rural sectooshigher-income economic sectors through
migration. Conversely, remittances may be ineffitien reducing poverty if migration is
risky and costly, which prevents poor househola@snfraccessing migrant labor markets.
Evidence supports the optimistic view that remitemare efficient in reducing poverty but
increase their impact when social networks diffueducing cost or risk of migration among
the poor (Taylor et al., 2005). Research on remitta and land use also suggests that
remittances might work as a combination of altioisind contractual arrangements to
mitigate risk and improve investment capacity afjior households (VanWey, 2004; Adams,
1996).

The aim of this study is to estimate the impagbublic and private transfers on rural poverty
in Brazil. We analyze the evolution of rural-sté¢geel wellbeing indicators from 1996 to
2011 using a GMM-system (Generalized Method of Motse dynamic panel regression
model. Our focus on understanding the distributievedlbeing effects of different sources of
transfers (public or private) mirrors internatiomesearch on the positive impact of transfers
on rural wellbeing and investment capacity in depglg countries (Barrientos, 2003; Taylor
et al., 2005). The rural retirement income itsetiyides an opportunity to analyze an income
shock that is tightly connected to the Braziliamreamic growth. This aspect is particularly
relevant to redistributive effects of the ruralineshent program since its recent contributory
requirement is tied to the minimum salary, whictp@xenced a consistent appreciation in
real terms from 1995 to the present.

Some studies suggest that the real appreciatitireahinimum salary explained a substantial
amount of the inequality decline in Brazil in tlesti decade (Soares, 2006; Hoffmann, 2010).
From 1998 to 2008, for example, the minimum salacyeased by 58% (Hoffmann, 2010).
Barros et al. (2001) however emphasize that a highlee for the minimum salary may have
a negative impact on poverty due to a reductioamployment opportunities. This result is
modified when considering the impact of the incesmsthe purchase power of the minimum
salary over the retirement income, that shows angtrpositive multiplier effect on the
economy, with an undoubtedly reduction in povemarfos et al., 2001) and inequality
(Barros et al., 2007). This simultaneous relatiebween the value of the minimum salary
and poverty/inequality indices is thus clearly nageld by the non-contributory portion of the
retirement system, which does not depend on thar ladarket. This is the main explanation
why, even in a system of indirect effects (in a egah equilibrium scenario), the social
security system functions as a powerful redistiueutmechanism, with even stronger effects
in its rural segment (Barros et al., 2001; Schwar2z@01; Afonso and Fernandes, 2005). The
effect of the rural retirement income in metrogiitareas of Brazil is found to be regressive
(increase inequality), and this is mainly explairgdhigher concentration of benefits over
one minimum salary and by its connection to theoflamarket (contributory scheme)
(Hoffmann, 2010). The non-contributory charactethaf rural system is the key that explains
its potential as a redistributive mechanism frorbawr to rural areas, from richer to poorer
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regions (Afonso and Fernandes, 2005), and frontetb@ market to the poor elderly (Francga,
2004).

The literature seems to agree about the posititextedf the rural retirement on inequality
decline (Soares et al., 2006; Hoffmann, 2010),caigin there is mixed evidence about its
impact on poverty (Schwarzer, 2000; Barrientos, 08offmann, 2006; Marinho and
Araujo, 2010). Following Franca (2004), we arguat thart of this mixed evidence regards
the limited scope of the studies when defining lagihg. Franca (2004), for instance, shows
that the social security system is highly releveot the local economy across Brazilian
municipalities, reaching a higher share of the G8Rss National Product) than the “Fundo
de Participacdo dos Municipios” in 92 of the 100nmipalities with the highest HDI
(Human Development Index). The relevance of theiabagecurity system to the local
economies will further increase with the rapid pagon aging under course in Brazil
(Ansiliero and Paiva, 2008). Although not directgptured by the traditional poverty and
inequality indices, case studies reveal importanrovement in non-monetary dimensions of
wellbeing among households with elderly receivihg tural retirement income. Schwarzer
(2000) found that the rural retirement income isigenvested in not only food, but also in
house improvement and private health products amdces. Augusto and Ribeiro (2006)
argue that the rural benefit increased the abititacquire credit, facilitating the acquisition
of durable goods and services, in addition to fasfesmall businesses. Albuquerque et al.
(1999) suggest that the rural retirement preveantaldurban migration by improving the
wellbeing in rural areas and is an important memnto reduce extreme poverty and
prostitution, as well as to increase elderly’s levity.

Some authors argue that not only the source ohmecbut also its stability may influence the
expenditure behavior of households, especially @momal populations where credit and
insurance markets are underdeveloped or abseneliRasig, 1988; VanWey, 2004) and
property rights not fully established (Ludewigsaét 2009). Variable income sources (such
as remittances) are considered to be generallyt spemmmediate needs (such as nutrition
and non-durable goods), while stable and lastingnme sources (such as retirement income)
might be channeled towards productive and permangestments (such as human capital,
physical capital, and market-oriented land useesysj (Brown, 2006). We argue that
because a certain level of income is needed tgdrigroductive investment, both sources of
income may interact in order to allow reductionnmestment poverty. In addition, because
rural families with children under 17 years olda@ted in public schools are eligible for the
Bolsa-Familia conditional cash transfers, they rhigke it as a mechanism to improve
welfare well-being (Duarte et al., 2007), releasiagittances and retirement income to be
invested in productive activities.

2. Data

To estimate the impact of public and private trarsfon poverty indicators, we combined
microdata from the Brazilian National Household\&yr (PNAD), covering the years from

1996 to 2011, and state-level data derived fronteSHatistics Bureaus, Government State
Offices, and SUFRAMA (Superintendéncia da Zona €sade Manaus, in Portuguese).
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These state-level data are compiled and made pubNailable by the Brazilian Institute of
Geography and Statistics (IBGE). PNAD is also atéd and distributed by IBGE.

We started by using PNAD data at the individuakleand generating a series of drivers of
poverty, using both individual and household-lev#fiormation. Then, we collapsed all
individual-level data among the rural populatiortred state level, creating a panel of rural-
state data from 1996 to 2011. Because PNAD isoitgated in years when the Demographic
Census is conducted, we would lose two years oklier geriod analyzed. Thus, we
interpolated the missing years (2000 and 2010)gusia values of each variable from years
right before and after, creating a balanced paaels#t with N = 27 stateand T = 16 years.
We opted for constraining the analyses to incluterwaal-state units, but the 7 units
belonging to the rural North. This was necessangesiPNAD is not representative of the
rural areas of states from the North Region in Bitaefore 2004. From PNAD microdata we
estimated the following variables: poverty indiceasgequality indices, retirement income,
private transfers, educational attainment, Lando@atration indices, and the unemployment
rate. From IBGE aggregate data we estimated tie statribution to Brazilian GNP and the
agricultural share of the Gross State Product (GB&%ails of variable construction are given
in the next section.

3. Variables Construction
3.1. Dependent Variables

Our dependent variable is represented by povedicés of the Foster-Greer-Thorebecke
family (Foster et al.,, 1984). Poverty then will beeasured by the following three FGT
measures: the headcount ratip)( the poverty gapF) and the squared poverty gap X
Each of these measures requires a previously estatll poverty linez. With the poverty
lines correctly specified, the poverty headcoutior@,) is defined by:

Po=7 (1)

whereh is the number of poor individuals in a populatwith n persons, with restriction
0 <P, <1. This is a measure of incidence or extension,taking into account poverty
intensity. Thus, P, is insensitive to decline of a poor’s income (Hhadihn, 2000; Simao,
2004). If income insufficiency is considered as thigerencez — x;, withi < h, wherez is
the poverty line and; the income from the x-ith poor, the income povdrtgufficiency
ratio, I, can be defined as:

2 Distrito Federal (DF) is included as a typicakstdBecause it is mainly urban, we performed aealys
excluding it but results did not change. So, toidwveduction in sample size we decided for keeifrgn the
final results.
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I=—=3t.z-x) (2

wherehz is the maximum value for income insufficiency il & poor persons had no
income. Thus, the higher the valydhe lower the average income of the poor relatve
If one callsm as the average income of the poor, given by:

~h
m= (T, x;) (3)
it can be shown that:

I=1-2 (4

zZ

Equation (4) shows that, for given valuesz@ndm, I is insensitive to the number of poor
persons k). Measures®, andl are complementary ones, the former being insessii
povety intensity, the latter to poverty incidenddoffmann, 1998). Foster, Greer, and
Thorbecke (1984) proposed a class of poverty measgiven by the general formula:

o(@) =—3" (z—x)% (5)

nz%

Wherea > 0. It can be shown thé@t< ¢(a) < 1, with the following extreme cases: when

o(a) = 0, all individuals haver; > z; whenp(a) = 1 (@) =1 all individuals haver; =
0. Class measure (5) summarizes all above measyrasdl. Whena = 0, Equation (5)
becomed’,, whilea = 1 represent®,I. The latter measure is called poverty gap.(When
a = 2, FGT represents the severity of pove®y)( The measuré, is a function of botlP,
andP;, and of a coefficient of variation for the incoro& poor individuals, as shown in
Hoffmann (1998). Therefore, is sensitive to the number of poor individualswhmoor they
are, and how unequal they are among them (Hoffni2000).

FGT poverty indices are decomposable, that isy thedues at the aggregate level may be
reconciled by averaging out lower-level indicesc{sas state or municipality levels), with
weights being given by the lower-level share todbgregate level. They also meet the focal
axiom, since they are all insensitive to variationnon-poor income (Hoffmann, 1998;
Expert, 2006). Other desirable properties for axbmindices are not met by all the three
measures. For instanck, does not meet two properties: 1) monotonicity, dose it is
insensitive to variation of the income among therpadividuals, 2) focal axiom, because it
does not respond to within-poor income redistrimutP;, while satisfying the monotonicity
axiom, does not respond to the focal axiom. They ¢fGT satisfying all the axiomatic
properties isP,, but it is the less intuitive to interpret (Expe®006). The different
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dimensions of income poverty covered by the thi@& ihdices described above justify their
separate use for the analyses given in this stadis study we present results #ronly,
but all regression results usiRg andP, are available upon authors’ request.

Because the cost of living is heterogeneous iredfit parts of Brazil (including rural-urban
differences), we used the regional poverty linesnmeged by the Brazilian Institute for
Applied Economic3(IPEA, 2014). The original IPEA data on regionaverty lines are
available for the period 1976-2009, although yedren PNAD is not collected have missing
information for the series. Thus, we need to esemvalues for 2000, 2010, and 2011. For
2000 we used the average value from 1999 and 26/0&ach regional value. For the years
2010 and 2011, we used forecasted values from atMAR(0,1,1) regression model.
Because all series showed unit root, requestingection for changing averages over time,
deterministic projections would be naive estimakestimates of the regional poverty lines
used in our poverty measures are available updroesitrequest.

3.2. Independent Variables

Our two state variables are the rural retiremebime and income received from other
households. These are our proxies for public andfgr transfers. Because our models are
estimated at the rural-state level over time, vatetk different proxy specifications, such as
the proportion of individuals in the rural area wowered by the rural retirement system, as
well as the proportion of individuals not receiviagy private income from non-coresidents.
Because results with both type of measures dichabge results significantly, we opted for
the income measures since it is more intuitiventerpret, as well as a direct component of
the FGT poverty measures used.

Following the procedure proposed by Marinho andufgg2010), we estimated the rural
retirement income by first identifying all individis who declared in the PNADs to be
receiving one minimum salary as retirement incomeo were living in the rural area, and
who were at least 60 years old if men and at I8&syears old if women. Although we
acknowledge that this proxy may underestimate tm@ber of individuals covered by the
Rural Retirement System, since there can be indalgliving in rural areas and contributing
to the General Social Security System or receivimye than one minimum salary, it is
impossible to identify the exact persons receiving specific income using PNAD data.
Then, we multiplied the numbers of beneficiaries\abidentified by the nominal value of
the Brazilian minimum salary for each year from @99 2011. This gives us a proxy for the
total amount of money provided by the Rural ReteaimSystem in rural Brazil. Finally, we
divided this total amount by the number of indivatkiin the rural area of each state for each
year, resulting in a per capita rural retiremembime, as suggested by Marinho and Araujo
(2010). Different from the authors, however, weramkledge that this measure would not

3 Although the regional poverty lines are curremtigilable on IPEA website, in the beginning of paper
writing the data was available upon request onlg.Wéuld like to thank Emerson Marinho and Eduardo
Araujo, from the Economics Department at Cearda Fdéniversity (CAEN/UFC), who sent us the data for
use.
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capture the impact of public transfers on poventythe econometric models, because it is
highly contaminated by the effect of age structdieerefore, in the regression models, we
controlled for age structure to standardize denpigcastructures across states. For age
structure, we defined two variables: proportionirafividuals aged 15 to 64 years old and
proportion of individuals aged at least 65 yeadsp#r state and year.

To proxy private transfers we used individual ineoraceived from other households. This is
non-coresident private income transfers as appesredNAD, with no transformation.
Although a direct measure of income private transtas clearly under declared since other
datasets, such as the Budget Family Survey (POPprtuguese), also collected by IBGE,
shows significant higher levels of transfers (Dimiz al., 2007). We could not use POF,
however, since it is not representative for rurala, in addition to having only three points
in time available for the period here studied. Bseaof the known downward bias in the
level of private transfers, we tried to use thepprtion of rural residents receiving any
money from other households, but results did nanged significantly. An interaction term
between public and private transfers was createzipture the triggering effect pointed out
above. The interaction is expected to be negapioeering the effect of public income on
poverty for those receiving more volatile, non-pabhcome. Because we are dealing with
nominal values of income in a time series, curratties had to be deflated to account for
inflation over the period analyzed. We used ther€eiland Foguel (2002) implicit deflator
for PNAD. The index was adapted to reflect reatgsiat 1996 values (baseline). We also
tried the implicit deflator for the Gross NationBroduct, estimated by IBGE, with no
difference in trends. Because the deflator sugddsgeCourseil and Foguel (2002) is specific
for PNAD, we decided to use that one. All transfeese transformed to Neperian logarithm
to correct heavily positively skewed distributicargoss states for every year.

For inequality indices, we tried different spedtions: Gini, Mehran, and Piesch. Because
Mehran is more sensitive to pro-poor redistributi®mesch to pro-rich redistribution, and
Gini is an average of both indices; we tested noaath each one of those (Hoffmann,
2004). We decided for Mehran because of its seitgitio change in poor income, since we
are interested in the dynamics of poverty over tilmeaddition, because inequality indices
vary little from year to year and cross-sectionatlyabsolute terms, we took the Neperian
logarithm to reveal hidden scale heterogeneitycdiatrol for regional economic factors, we
used the proportion of Gross State Product dueheoagricultural sector, as well as the
proportion of GSP to the Gross National Productesehvariables were available from
aggregate data at IBGE website. We also contrédiedifferences in education attainment of
the rural population across state and over timecaBge average years of education
completed showed little variance cross-sectionatlg temporally, we estimated a proxy as
the proportion of individuals in the rural arealwdt least 8 years of education completed.
This strategy avoids lack of explanatory power @dication on poverty due to lack of data
variability. We also used a land concentration indéhe Brazilian Agricultural Census could
be used, although it would be available for 3 yemny. Thus, we created a proxy using the
PNAD microdata. We first summed all land owned liyat employers and autonomous
farmers in hectares (first, second, and third parae informed by PNAD questionnaire). To
avoid bias in the calculation of the land concdrdgraindex due to influential cases (extreme
outliers), we excluded those farm owners with lanela above 3 standard deviations. Then,
the Merhan index was used to estimate how unequdl dreas were distributed across states
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and over time. As for the income inequality measure took the Neperian logarithm of the
land concentration index to reveal hidden hetereggnFinally, unemployment rates were
used as traditionally defined: the proportion ofocecupied individuals in the rural area
divided by the number of economically active indivals in rural areas.

4. M ethodology

To estimate the impact of public and private trarsbn poverty dynamics, we use a first
order linear dynamic panel model of the form:

Vit = PYie-1 + X+ + &t (6)
fori={1,-,N}and t = {1,-,T}

whereu; represents the individual heterogeneity, and capttihe non-observed and time
invariant effects which affect the dependent vdeiabhis individual effect includes a wide
range of factors, such as geographic charactexiatid cultural factors. Theg, term
represents the idiosyncratic errors vector, idatifiand independently distributed. In a
dynamic panel of this sogt; exhibitsstate dependengcthat is, the current y level depends
on its level in the last period, even after thavrial heterogeneityy(;) and other control
variables £;;) are included in the model. The lagged Equation (6) is, by construction,
correlated with the individual effects, singg_, containsu;. However, usual methods used
to eliminate individual effects, such as thighin transformationFixed Effects estimation),
and the first difference transformation, still yiehconsistent parameter estimators. The
inconsistency persists because such transformatidase correlation between the
transformed error terms and the transformed laggedble,y;;_;.

The usual dynamic panel estimation consists okfcaming variables in first difference, or
forward orthogonal deviations, in order to elimimégte individual effecfs Then, it uses Two
Stage Least Square (2sls) or Generalized Methtlted¥loments (GMM) estimation with
appropriate selection of instruments to reducectireelation of the first difference of the
lagged dependent variabl&y(;_,) and the transformed error terndg{). The use of the
GMM method for dynamic panels was first introdubgdHoltz-Eakin, Newey and Rosen
(1998), latter developed by Arellano and Bond ()9%8tellano and Bover (1995), and
Bludell and Bond (1998). The GMM for panel dataat simultaneously control for
individual and temporal effects, at the same tittenaiating endogeneity created by the
inclusion of the lagged dependent variable in tloelehas an explanatory variable. There are
at least two main variants of GMM estimators fonamwic panel: the first difference GMM
estimators (Arellano and Bond, 1991) and the GMIgtay (Blundell and Bond, 1998). The
GMM estimator in first differences consists in esting the regression equation with all
variables as the first difference of the originatiables in level, using lags of the lagged

* The within transformation can be used if the akd# instruments are strictly exogenous; for moiteishich
the strict exonegeneity is violated, instead hajdiequential exogeneity only, first difference isedter strategy
(Wooldridge, 2010). For unbalanced panels a comstiaitegy is to perform forward orthogonal deviasion
minimizing loss of cases (Arellano and Bover, 19%srward orthogonal transformations consist intiadbing
the average of future values of the variable frtsxurrent value.
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term,y;;_1 (t = 3) and the lagged exogenous variables as instrurseritgeat endogeneity
induced by the correlation between the lagged miffeed endogenous variable and the
differenced errors are attenuated. Arellano anddB@891) suggest using the lagged
explanatory variables in level as instruments lier équation in first difference. Blundell and
Bond (1998) developed a GMM-system estimator, whmmbines in the parameters
eqguation the equations in first difference with dggiations in level. The former are
instrumented by the lagged variables in level, athie latter are instrumented by the
variables in first difference. This empirical segy is the solution for variables with unitary
root.

In this paper, we test both approaches to testiwépecification yields more robust results,
using the Hansen test for instruments, as in tledlaro/Bond approach, and the Sargan test
for extra instruments used in the GMM-system apghd®lundell and Bond, 1998). We also
performed the Arellano-Bond test for error autoetation, since GMM-system estimators
are consistent under two conditions: validity ofraxnstruments used and absence of serial
autocorrelation of residuals (Bludell and Bond, 809

4.1. Empirical Model
Our equation in level for the FGT poverty measusedefined as:

Pyit = Bo + B1Pyit—1 + P2In[Publnc;] + Bzin[Privincy] + fyln[PubInc x Privinc;] +
Bsin[Mehran;;] + B¢ln[%AgrGSP;:] + B;ln [% %, ] + fgln[MehranLand;;] +
it

BoUnempRate;, + B1o%Personst> * + Bo%PersonsS> + u; + €;; (7)

Where:
P, = FGT poverty indexd = 0,1,2)
PubInc = Per capita rural retirement income (deflated)
PriVinc = Income received from non-coresidents (deflated)
Mehran = Mehran income inequality index
%AgrGSP = Agricultural share of the Gross State Producdt (%
%GSP/GNP = State share of the Gross National Product (%)
MehranLand = Mehran land inequality index
UnempRate = Unemployment rate (%)
%Persons'>~%* = Proportion of individuals aged 15 to 64
%Persons®> = Proportion of individuals aged at least 65

Our equation in first difference is given by:
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A{Pa,it} =
.BlA{Pa,it—l} + B, A{In[Pubinc;;|} + BsA{In[Privinc; |} + B.A{In[PubInc x Privinc;]} +

Bsalin[Mehrany,1} + BeA{n[%AgrGSPe]} + BrA fin [% 22 |} +

GNPj¢
BsA{in[MehranLand;, ]} + foA{UnempRate;} + B1oA{%Persons}> %%} +
B1oA{%Persons$>t} + Ae;} (8)

whereA{P, ;.} = Py it — Py it—1. Because {A{Pa,it—l}: A{eit}} # 0, Ordinary Least Square
estimators would be biased and inconsistent. Tihasuments foA{Pa,it_l} must be used.
Assuming the moment conditioﬁs{A{Pa,it_S}, A{git}} =0fort =34,..,T ands > 2,

good instruments for Equation (7) would P, ;. s} for ¢ = 3,4,..,T ands > 2, as
suggested by Arellano and Bond (1991). This emgdigtrategy eliminates weak endogeneity
only. In the presence of strong time persistenqeowkrty, a strategy of estimation in system,
combining level and difference as instruments (Bseussion above) would yield consistent
estimators under endogeneity, where errors arelebed in the past, present, and future
(Arellano and Bover, 1995; Bludell and Bond, 1998)e inconsistency in estimators for
Equation (7) with differenced instruments is asyotipally irrelevant on T. We believe the
consistency gain from the GMM-system over the GMifledence is relatively small for our
panel, since we have a relatively large time windtvam 1996 to 2011). To assure robust
results, we test both strategies.

Additional endogeneity had to be considered ineyapirical model. We assumed that
Mehran, % GSP/GNP, and %AgricGSP are endogenguavierty. In addition, the argument
that retirement income is exogenous to povertylg walid until 2005; from 2006 on,
contributory rules became effective, varying byetyys benefit. Thus, contributory capacity
and retirement income become endogenous starti2@0&, with individuals in 2006 who
could retire without any contribution suddenly lgeforced to contribute. This could raise
poverty in the year following the change in conitibn rule. Thus, we instrumented
retirement income in 2006 with a lagged value 0@, 2 lags for 2007, and so on. As
shown in Tables 3, we used 176 instruments in tMd/&Gystem regressions (all Sargan tests
for over identification not significant at 5%). Falt estimated models, we weighted the
covariate matrix with the individual variance taguce robust standard errors of parameters.
To compare gain in parameter consistency, we shoze tmodels foP, FGT poverty

measure with increasing consistency: Ordinary L8gsiare, Fixed Effect, and GMM-
System with forward orthogonal deviations.

5. Results
5.1.Descriptive Results

As discussed in section 4, our analytical panelpamomprises 320 observations for the
level dataset and 280 for the instrumented firffedince dataset. In total, 20 rural state units
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over 16 years (1996 to 2011) were used in our arsabf poverty dynamics. Table 1 shows
that the grand average poverty level over the defdmd states) was 49.49%, ranging from
values as low as 7.5% (Séo Paulo in 2011) andgisds 86.9% (Ceara in 1997). Most of the
variation observed comes from differences in pgvencidence across states, although
poverty decline over time for each state is consiolg high, especially after 2003 (line

trends available upon authors’ request). As preshopointed, the per capita retirement
income (expressed in 1996 R$) is contaminated fgrdnces in state-year age structure.
This being said, variation is balanced from betwetsmies and within state over time
variation. With an average of R$11.57 per individuaalues range from R$0.78 (Distrito

Federal in 1996) to R$30.79 (Rio Grande do Sul0t&12. Average monthly income from

non-coresidents shows a low value, as large as .B$98anging from R$14.68 (Espirito

Santo in 2008) to R$2,065.24 (Espirito Santo in600he range of extreme values
concentrated in the same state in such a shoddgefitime reflects the volatile nature of this
income source, with the largest share of variati@ing accounted by the within state
differences over time.

Table 1: Descriptive statisticsfor variables used in the
dynamic panel models of rural poverty in Brazil - 1996 to 2011

Variable Mean Std. Dev. Min Max
Headcountratio overall 49.49 22.74 7.49  86.88
between 20.77 2401 75.29
within 10.28  24.03 68.35

Poverty gap overall 23.72 14.75 2.00 54.95
between 13.56 8.20 42.08

within 6.50 2.12 36.88

Squared poverty overall 14.61 10.45 0.88 39.62
gap between 9.59 3.91 28.61
within 4.63 -2.49 26.09

Percapitarural  overall 11.57 5.57 0.78  30.79
retirement INCOMe papyween 3.72 250  18.40
within 4.22 336 23.96

Income received overall 98.31 149.66 14.68 2065.24
from non- between 46.87 50.00 230.59
coresidents within 142.49 -117.601932.96

Mehran income overall 0.603 0.047  0.485 0.799
inequality index  petween 0.035 0553 0.708
within 0.033 0522 0.738

Mehran land overall 0.953 0.057 0.600 1.000
12



inequality index  petween 0.032 0.876 0.993

within 0.048 0641 1.078
Agricultural share gverall 9.23  6.44 0.21 3535
of the Gross Statepetyeen 6.25 0.32  26.20
Product within 207 -016 18.37

State shar_e of the overall 4.76 7.45 0.50 36.72
Gross National  petween 7.62 0.53 34.53
Product within 0.35 2.80 6.95

Unemployment  overall  3.09 2.52 0.20 12.97
rate between 2.35 0.90 9.73
within 1.03 -1.21  6.56

Proportion of 15 ogverall  0.70 0.02 0.63 0.77
to64 yearsold  pepween 0.02 0.67  0.73
individuals within 0.02 065 074

Proportion of 65 overall 0.10  0.02 0.03 0.19
ﬁn%?v?&lljeglgears *between 002 005 014
within 0.02 0.07 0.15

Source: PNAD 1996-2011 (IBGE); State-level Stats(iBGE)
Note: N =320/n=20/T = 16. North states edel

The grand mean for Mehran income inequality indes wstimated of as 0.603, ranging from
0.485 (Santa Catarina in 2009) to 0.799 (Distrisdétal in 1998). Within and between
variations are balanced, as for the Mehran landcexmnation index. For the latter, an
estimated grand mean of 0.953 hides strong difta®ifrom 0.600 (Distrito Federal in 2001)
to 1.000 (Bahia in 2007). The occurrence of anxnde high as 1.000 is a clear sign of
declaration bias from values reported in PNAD, hstrelative distribution across states
mirrors the history of land concentration in ruBaézil. Both sectorial and regional economic
indicators have their grand mean variation mostbcoanted by regional (between)
differences, as expected. In contemporary rurakiBréhe importance of the agricultural
sector to the GSP in our sample ranged from 0.2tr{id Federal in 2006) to 35.5% (Mato
Grosso in 2004). The regional contribution to theRGranged from 0.5% (Piaui in 2001) to
36.7% (Sao Paulo in 1997), mirroring the strongiaeg concentration of economic
activities in Brazil. Finally, unemployment ratesmural areas also showed strong between-
state variation, ranging from as low as 0.2% (M@mwsso do Sul in 1996) to as high as
13.0% of the economically active population (Dtstfrederal in 2007).

5.1.Regression Results

We turn now to our regression results. Table 2 shtve estimated effects of public and
private transfers on rural poverty in Brazil. Usitlge headcount ratio as the dependent
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variable, we compare three estimation procedurés, Gixed-Effect, and GMM-System. As
shown in the table, we found a significant persiséeeffect of poverty over time, even in the
GMM-System. As expected, OLS usually overestim#tedagged coefficient, due to strong
bias in the estimation caused by endogeneity. Adsogxpected by the econometric theory,
GMM-System standard errors are larger, leading twentonservative hypothesis tests for
coefficients. We found that both rural retirememid gorivate income have a significant
statistical impact on poverty in rural Brazil wislsale dominance for public transfer. Also as
discussed by the economic literature on the infteeaf income volatility on investment
decisions and poverty reduction, our interactidectfis highly significant, meaning that the
ability of public income to reduce poverty is poegiby the additional levels of income from
private transfers. It is worth nothing that endaggnin both income sources were taken into
account in the GMM-System estimation, with addiéibtests required by the estimation
procedure being validated by the non-significaniuedor the Sargan test (Prob > Thi
0.5890). The Arellano-Bond test for zero autocatieh in first-differenced errors shows that
autocorrelation is present for the first order eliénce, justifying the use of GMM-System
strategy. Results are consistent for all povertasuees used (results for the other two FGT
measures available upon request).

Table 2: Deter minants of Poverty Dynamicsin Rural Brazil from 1996 to
2011 - Headcount Ratio

Variable OLS Fixed Effect GMM-System
Lagged headcount ratio 0.905*** 0.542***  (0.544***
(0.0358) (0.0494) (0.0454)
Ln of public retirement income -1.779 -13.59%*  _BH**
(4.062) (4.271) (7.095)
Ln of Mehran inequality index 5.908 12.63*** 8.391
(3.617) (4.364) (6.643)
Ln of private transfer income -2.095 -6.133*** -8+
(2.136) (2.056) (3.607)
Interaction (public x private income) -0.572 -2.256 -2.816*
(0.870) (0.935) (1.456)
Ln of GSP agricultural share -0.348 4.101**  5.266*
(0.356) (0.987) (1.088)
Ln of GNP state share 0.108 -7.884** -8.050**
(0.270) (2.847) (3.541)
% of individuals with 8 years + of
education -16.50***  -34.86***  -41.74***
(5.988) (11.43) (12.74)
Ln of Mehran land concentration index 0.421 2.875 794
(3.117) (3.267) (4.875)
Unemployment rate 0.0778 -0.183 -0.199
(0.170) (0.138) (0.198)
% of 15-64 years old individuals -47.95** -22.65 8:10
(20.50) (16.90) (20.81)
% of 65+ years old individuals -43.14* -56.01** -Bb
(24.73) (20.15) (27.08)
Constant 54.18***
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(18.31)
Global Test (F or Wald) Wald
F(12,287) F(12,19) = chi2(12) =
=1703.48 329.16 3258.34

Sargan test of overidentifying restrictions S
chi2(164)
(Prob > chi2 = 0.5890) =159.30
First Order  P[z(-10.13)>z]=0.0000
Arellano-Bond test for zero Second
autocorrelation in first-differenced errors  Order P[z(1.37)>z]=0.1697
Observations 320 320 280
Number of groups (States) 20 20
Instruments (#) 176
R-squared 0.980 0.928

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: PNAD - 1996/2011 — North states excluded.

For the control variables, effects go in the dimttexpected by the theory and empirical
literature. Although the Mehran income inequalitgléx was not significant in the GMM-
System regression fd), its effect is statistically valid for the othewd FGT indices (not
shown). This is expected sinBgandP, are more sensitive to income distribution, witk th
latter even more sensitive to change in relativatgpms of the poor among them. As shown
in Table 2, the sectorial and regional economixi@®show strong impacts on rural poverty.
For instance, a 1-point increase in the In of tecaltural share to GSP for a state in Brazil
(approximately 2.71% increase in the original scaleuld raise poverty by 5%. The same
increase in the state contribution to GNP wouldrei@se poverty by 8%. Education is also
quite powerful in reducing poverty; with an increas 1% of individuals in the rural area
with at least 8 years of education reducing rucalgoty by almost 42%. The high impact of
education is explained by the variable used inmadel, which emphasizes the top part of
the educational distribution; using average yedrsducation would have a smaller effect.
Scale here, however, is irrelevant.

6. Final Remarks

Although the Brazilian Social Security System wasated in 1923, it was just in
1971 that the government established a non-combripuetirement program to cover the
rural population, incorporated to the general estient system after 1988 Brazilian
Constitution was promulgated (Schwarzer, 2000).febgint from other international
experiences, the Brazilian rural retirement systess universal and non-contributory until
mid-2006, depending on age and affiliation of thieledy to agricultural activities
(Schwarzer, 2000; Kreter and Bacha 2006). Theaéss no means test. Thus, the presence of
an elderly in the household represents an incoroeksto the family with likely impacts on
investment capacity of smallholders and powerfut@®al redistribution (Carvalho-Filho,
2008; Ramos and Arend, 2012). To date, local |lestetlies suggest that the retirement
income has important impact on the local econongy/,weell as on the well-being of
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beneficiary households, increasing family expemdguon food and home improvement
(Schwarzer, 2000; Barrientos 2003).

There is a vast literature on poverty and inequal@écomposition in Brazil showing
empirical evidence of the importance of retirem@mtome for poverty and inequality
dynamics in the last 15 years. Hoffmann (2006), ifstance, shows that pensions and
retirement income have a concentration effect @guality. This pro non-poor effect of the
social security system in Brazil is likely to beleeting the high values of benefits from
government bureaucrats. In addition, before reclkahges in the implementation of an upper
limit for benefits, beneficiaries with higher abylito contribute still receive substantial
income from the system. In rural areas little isown about the impact of the non-
contributory rural retirement program on povertyd anequality decline. A recent study
(Marinho and Araujo, 2010) found no effect of retirent income on rural poverty for Brazil
between 1995 and 2004. Their study caries a ddtab®nometric analysis to account for
endogeneity of variables and the dynamic natuggweérty over time.

From 2004 to 2011 a dramatic change in monetarilvehg indicators took place in
Brazil. In the last 20 years, many studies foundgignificant reduction in poverty and
inequality (Hoffmann, 2010, Corseuil et al., 201Bfonso and Fernandes (2005), for
instance, argue that the rural retirement inconseahaery strong impact on poverty, since the
highest estimated Internal Return Rate for benefitfound in areas where the Rural
Retirement is more important, such as the ruraasagd the North and Northeast regions of
Brazil. Ansiliero and Paiva (2008) also show tha&sistent increase in the social security
coverage in Brazil, with rural areas accountingtf@ highest percentage increase. Thus, the
recent combination of increase in the minimum salahich the rural retirement benefit is
tied, and coverage expansion of the rural systemdymed a different context for the role
played by the retirement income on rural povertyildng on Marinho and Araujo (2010)
study, we estimated a dynamic panel model of poakrty combining different datasets and
including a wider time horizon, from 1996 to 20Tifferent from the authors, we found a
strongly and consistent significant impact of theat retirement program on poverty
dynamics for contemporary Brazil, confirming emgaili evidence as in Barrientos (2003)
and evidence from institutional analyses (Franf@42 Kreter and Bacha, 2006).

Our findings, compared to Marinho and Araujo (201@ay reflect a variety of
differences: 1) a larger panel dataset (importantttie asymptotic properties of estimators
and hypothesis testing), 2) differences in thedi@mation of variables (we did try logarithm
transformations of the dependent variable, but aogbi distribution suggests that FGT
measures should be used as estimated), 3) includi@aditional variables, such as land
concentration index, sectorial importance of adnoe, and regional contribution to GNP,
and, finally, 4) the inclusion of age structuretive models. The last difference is key, since
by construction the per capita rural retirementdbénn the authors’ study was jointly
capturing monetary impact and age structure infteeon poverty. Our econometric results
confirm the importance of the rural retirement bénfor rural wellbeing in Brazil, as
suggested by many previous qualitative studies u@lierque et al., 1999; Augusto and
Ribeiro, 2006).
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