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ABSTRACT

A model forex ante impact evaluation of Conditional Cash TransfergPams (CCT) is described. Assessment of
the impacts of such programs is critical for theige of public policies. We developed an agent-dasedel, aimed at
predicting the decisions that families would madieen their characteristics and environment buhaiit any assumption
of rationality. Thus, expected behaviors and effa@n be predicted, based on the individuals'strdiyy computing the
odds of making different choices concerning chitdseeducation. The model we developed has the itgpgacsimulate
the decision making process, including adaptiveaisieins and learning strategies to realisticallyrespnt actual situations

in more detail.

The model was applied to Brazil’'s Bolgca Familiagseon in 2011 and results compared to a previoudystu
Our model indicates that this Conditional Cash $fanprogram has been successful and that, asseqoence, school

attendance has increased during the period bettheszvaluations.
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INTRODUCTION

Currently, there is a consensus on the importaheealuating the impact of public policies, givdmetsize of the
investments required and the need for their repiicg Considering the limited investment resowgcé is essential to

select the policies and programs that produce és&et impacts on the population.

Conditional cash transfers (CCTs) have become goritant public policy instrument in developing ctigs.
They are, as (Fizbein and Schady 2009) describm,tfrograms that transfer cash, generally to gemrseholds, on the
condition that those households make prespecifiedstments in the human capital of their childrevitist existing CCT
programs require that the prespecified investmieatsiade in the children’s education, health oitrarr These programs
have been implemented with varying success in aél@tin American countries, including, Brazil, Mea, Colombia
and Ecuador. Many countries have invested subatartiounts of money in order to reduce inequalitigsenhancing the
odds of poor children succeeding in life. Therefatrés important to assess how effective thoseatments have been,

since otherwise the resources allocated to themgams could be used in other, perhaps more efteatays.
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92 Sonia Esperanza Monroy & Hernando Diaz

Impact assessment differs from the mere assessvhapsults of projects or programs. Often, the ysial of
results refers to short-term effects of a decisibmvestment or financing. Impact assessmentsherother hand, analyze
the medium and long-term effects, both positive aegative, caused by the intervention resultingifpolicies, programs
or projects, OECD (2002).

Generally, impact assessments are dengogt, i.e., after the program has been carried out. él@w in recent
years it has become clear the need to make impsséssments of social policy before its implemeoiati
(ex ante evaluations) in order to select the policies thetduce the greatest possible positive effect uradgiven
budgetary constraint. Alternatively, decision makemight be trying to design a policy that guarastaegiven effect,
while minimizing its cost. Actually, it is desirabto be able to predict different effects of thdigyoon the agents of the
system, to choose the program to be implementstkad of undertaking social programs whose actexadl effects are

not known accurately.

Ex ante impact assessments aim to predict the effect oietyoof financing programs or projects and, ingah
of investment policies. The predictions are basedhe simulation of the effects of program funditizrough general
economic equilibrium models or through determigistnd stochastic simulation models. For this pugpasodels aiming
to predict the macroeconomic outcome of economaisitins have been developed. They are based onlsnofithe
behavior of individuals who make decisions whileldag to maximize their welfare. These models gimesstimate of the
sum of all individual decisions and the resultifiget on the economy. Based on those modzlante impact assessments
can be obtained. Behavioral models allow decisiakars to forecast the impact of policies. Thengptimization process

may be used to select the most effective poliogaoh situation.

More recently, a different kind of models for extemvaluations have been considered that allow nmafe
detail in the representation of the individuals mgkdecisions. These methods consider a large nuwibmdividual
economic agents whose characteristics resemble tifdbe population being studied. Both individiealel variations and
fluctuations due to varying geographical or soctainditions can be incorporated into the simulatimodels.
Currently, these assessment models, based on sinylare of two kinds: micro simulations and ageatsed models.

We use an agent-based model (ABM) in this work.

Microsimulation has been defined as “a techniquedu® model complex real life events by simulatthg
actions and/or impact of policy change on the iighligl units (micro units) that make up the systehermg the events
occur” Harding (2007). This type of model has bemed extensively in economics. Applications inclymgpulation
dynamics to evaluate effects of employment policiepension reform schemes. There are also apiplisain the general

urban and economic planning.

Leite, P., A. Narayan, and E. Skoufias, (2011)riedrout a comparison between the impacts, estarat®ugh
microsimulation models of programs of conditionasle transfers with the actually measured valwexspbst) in
randomized experiments in Mexico (Progresa progrant) Ecuador. The results show that the predictddeg by an
ex ante micro-simulation approach agreed within reasonablauracy with thex post data obtained by experimental and
quasi-experimental methods. In a similar way, Baiggon et al (2003) evaluated the impact of a paogof conditional
cash transfers in Brazil: the Bolga Escola progremihis project cash stipends were awarded tolfasnivhose children,

between 5 and 15 years of age, attended schodarbgu
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The authors developed a model of utility functiged to simulate decision-making within a familyséd on
information on family income, family characteristiandthe child.We have used the Bolca Escola program’s sequel to

illustrate the application of the model.

An alternative approach to impact assessment, naigd independently in several areas of knowledge
(ecology, artificial intelligence, computer netwerketc.), is one in which the behavior of indivitblugs simulated
independently. This is the so-called Agent Basedl®@pproach (ABM). These are computation-intensiveulation
models in which individual behavior of a given ptgiion is studied by simulating the behavior ofépdndent entities
(agents) represented in the simulation by ruledeaision functions. This allows greater flexibilgince agents can assume
any kind of behavior, not necessarily determinedebgnomic conditions. In addition, agents can comioaie through
mechanisms provided in the environment where thehjcs evolves. And it is also possible to model ¢listence of

subsystems with coordination functions.

In agent-based models as well as in micro simulattbe population under study is modeled by a stith
population whose characteristics are similar tos¢hof the actual population. The object is to sttty behavior of
individuals comprising the population under anaysiarge sets of agents are considered, choserwiy&hat they are
representative of the population at large. Oftka,éntire population is represented, thus leadingddels with millions of
individuals. This means that it is necessary toehlavge amounts of information, depending on theystModels of the
decision-making process are also included, as on@wetric models. However, in micro simulations ahBMs,

the behavioral models are used individually. Thhere is a model for each individual that makeshgppopulation.

Recently, agent-based models have been used tssa$ise impact of social and agricultural programs.
In particular, they have been utilized to modekiuention policies in agricultural markets. Nevef#ss, agent-based
models have been used much less frequently thaer alternatives. Filipski and Taylor (2012), fostance, used an
agent-based model to study the impact of incomsidutpolicies for rural populations in Ghana andidha. The impact
of direct payments to residents was studied, inpaniaon to alternative mechanisms of subsidizipgis, production and

other welfare policies.
METHODOLOGY

Economic models usually rely on general assumptamnsut therationality of decisions made by economic
agents. And, while this premise may be justifiedemperfect or near perfect market conditions,etsge many situations
where actual decisions are made in a way that isdan rational. Therefore, the model to be destibext relies only on
empirical distributions of the actual decisions még the people in a sample. Although a utilitydiion may be implicit,
its purpose is purely theoretical and it only serte identify the variables that are relevant te Household’s welfare.
These are the variables that may affect the chomade by a family regarding their children’s schatiendance.
We present in this section the basis for the dg@rmémnt of the model. The assumptions made are gegsérst and then

the procedure for the simulation is described.

In Conditional Cash Transfer (CCT) programs, stifseare assigned to families. Therefore, it is abereid that it
is a joint family decision whether to comply witiet conditions (e.g., sending the child to schosiaad of letting him get
a job) or not. Hence, it is necessary to estimageprobability of making each of several possiliieices regarding the

child’s human capital.
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Assumptions of the Model

We assume that the families make decisions retatédte CCT based on social, regional and econooniditions
as well as on the amount of cash received as stigerorder to develop a model that may be use@xfaante evaluations,
it is important to include the conditions of the T@&nd its amount as part of the set of variables pnedict the odds of
making each choice. A decision variable is intragtuthat describes feasible choices regarding thé'<lparticipation in
the CCT program. It is also assumed that the egdeglue of the wage that a child might earn utieiconditions may
be weighted against the prospective cash transfar fhe program. Therefore, an estimate of the Wéggrned by a child

(?) with some characteristics is considered to klable. In practice, this value must be obtairedfa sample.

It is also assumed that information on family ahddccharacteristics is available. The informatissummarized
in a vectorZ; that contains variables that charaetehe children, like age, school grade, birtheord\Iso included are

household characteristics like the location, famiige, age and educational level of elder familymber, etc.

The monetary income is considered separately inhenwvariableYi that includes all family earningsept the money

received as stipend or the child’s wages.

Next, a multinomial logistic model is utilized tostablish the relation between the variables idieatifas
potentially affecting the choices and the probabitf making each of the possible choices. A moitimal logistic

regression Agresti and Kateri2011) is thus used to establish these relatipsshiet’s assume that the possible choices
regarding the participation of the household in pihegram are given by a discrete variable deswibhe decision
made by the -th child’s family. Possible choiceeséfri €{0,1,... n} Then, a multinomial logistic model is fittedhth
gives the odds of choosing opticjn versus ophionsing standard methods.

log@;) =720;+(Y +y)B; jFk

Then, the probability of choosing each option impated for each individual family.

Finally, an agent-based model is used to simulaée decision that each family makes, given theiriadpc
geographic and familiar conditions. Taking into @aat that no utility function is used explicitlyn agent-based model
implementation was preferred. This opens the wayntwe complex representations of the family deoisidancluding

adaptive behaviour. It is also possible to studyitiiluence of migrations and other geographicalgvant dynamics.
Procedure

The approach we have used to estimate the impatiteotash transfer programs can be summarizedein th

following stages:

* Find a source of information on the variables tarmuded in the model. Our model requires thabinfation,
on the actual choices made by the individual denishakers with respect to their participation ie frogram,
be available. In the example to be presented,nti@ians the decision on sending a child to schoolp avork,

or both is known for a sample of the population.

* Generate a synthetic population representing aselsloas possible the statistical characteristicshef real

population being studied: number, gender compasitioral and urban distribution, education levét, e
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» Estimate the available monetary resources for dneil§, resulting from each possible choice madethin case
we study, this means that the expected income erfyeshild who wants to work is estimated as a fiomcof the
child’s characteristics and other local variabiks the median income for the state where his famgsides and

whether the family lives in a rural or urban neighimod, among others.

» Estimate the odds of making each different choigeiding a multinomial logistic regression estimatiof the
likelihood of family decisions, based on a samlhen the actual choices are known for the indivislizcluded
in the survey being used, the multinomial logiséigression allows us to compute the probabilitgadh possible

choice for each individual.

« Simulate the effect of the policy for different segios, using the agent-based model, in order topeoe the
potential impacts of the various policy alternasivd number of simulatiomeplications' will be necessary to

ensure reliable computation of mean values andademée intervals of impact variables.
CASE STUDY: BRAZIL'S “BOLCA FAMILIA PROGRAM — BFP”

The Bolga Familia Program (BFP) in Brazil provides a monthly stipend in cdasheach family with children
from ten to seventeen years of age that satisfaiceconditions. A sum of money will be given faoh child in the age
range, provided that they attend school on a redpalais and regular medical check ups. The objedivo reduce poverty
and inequality in the country by encouraging schaitdndance, better nutrition and health.BFP enteig003 from the
integration of several previous social programsrtivides a monthly subsidy between R$35 and R$&0&ualifying
families having a monthly household income up td®% Total annual cost of the program was aroudéocf Brazil's

gross domestic product at that time.

A study database provided by the Brazilian Ingtitaf Geography and Statistics (IBGE) in its anmsaivey
entitled "National Survey by Household. Sample ofiseholds" (PNAD) of 2011 was taken as a base doranalysis.
Survey income data were obtained for persons o@gears of age in the 27 states that make up thetigo One of these
data is the income received from the person’s rjedinn Reals (R$). However, only 7.7% of this padidn has income

information in the sample, leaving out a large ticat of children.

A predecessor of this program had been studied@3 2y Bourguignon and Ferreira. While testing owdel,

we wanted to compare our results to their analysis.
Estimation of Prospective Children’ S Wages

Household income varies widely from one state tottaer. Therefore, a revenue base that takes thsgarities
into account is necessary to estimate children'gesaThe state median income was chosen as refatdgerof the
income level for the state. ABecker - Mincer huneapital type model was developed to predict how lages of
children behave in their entirety taking as basethre wages of children who actually earned it.hwhie data provided by

the PNAD of 2011 and based on the work of Bourgoigand Ferreira (2003) we used the following equmati

ISince a stochastic simulation is being used, eactwill be a different realization of the underlgistochastic process. Thus a number
of replications should be averaged to accountdndom fluctuations.
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logy; = BZ; + aX; + 1)

Where the logarithm of wages of théh child observedyi , is expressed in terms ofaoreZ i of characteristics

of the child? , such as age, education, sex, ett.ofm decision variable&; indicating the family témn with respect to

the child’s school attendance.

1 Child works and studies

0 Child works; he does not study
X =
2 Child attends school, exclusively

To predict the wages, a linear regression usingnarg least squares was performed to estimate dneneters:

the vectorﬁ and the coefficiegt , using the staispackage Stata. Only the data for children betwl10 and 17 years
of age, working during the week referenced in tinevesy PNAD of 2011 who had a declared income frogirtmain job,
were considered. The model shows that the obséneetne grows with age. That behavior agrees witmemic theory:
the older and more educated the person, the hitigelexpected wages are, for the economically agiweulation.
The distribution of predicted revenues also presangjrowing trend, and although its magnitude ightlly greater than
those observed, the characteristic we focus oantidin on is the trend. The coefficients of our edoare similar to those

obtained by (Bourguignon 2003), and fitealues show that the variables are statisticadjgiicant.
Estimation of the Odds of Family Decisions

It is possible to estimate the probability f thegms who makes the decisions in the family choosing of the
three options available for th&;  variable, based @ample of families who actually made those dtmuss In order to
estimate the odds that a household with given enonand family conditions make a given choice, dtimomial logistic
regression was done using 51,815 observationsilofeh between 10 and 17 years old. The resultsar@resented here,
due to space limitations, but they show that theneded income variable described above has aip®sitarginal effect
when the decision was made to work exclusively, amepposite effect when it was decided that thiel gdihould attend
school and work. This result makes sense if thiel ¢that only works is more likely to generate highreome compared to

one who divides his time between study and work.
RESULTS

The first and most important result is that 97%cbfldren between 10 and 15 years are attendingoscho
This means that the program could be considereckssful since one of its primary objectives istewe the children’s
school attendance. This result is even more prognisthen compared with previous results from Bowggan and
Ferreira (2003), in which for the period of 199@ total number of children attending school wa®9%3.The number of

children attending school decreases to 92.77% whasidering the total group of children up to tige af 17 years.

Simulations show a marked decreasing trend of gnegmtage of students who attend school with irsingaage.
While for children younger than 13, the percentafyehildren who only attend school is higher th&®3¥@ this number is
significantly reduced for ages from 15 years tachef5% at the age of 17, as shown in Figure 1.Tkenaacomparison,
they are presented in the same axes as the pageentalculated for 2009 by Borguignon and Ferr&@03). In this
figure, the triangles represent the estimated galising our model for the period 2011, while theasgs are the results of
the micro simulations made by Bourguignon. Our ltesaclude the ages of 16 and 17, which were noluded in the

original BolgaEscola program but were incorporatéd the new BFP.
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A Our results
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Figure 1: Fraction of Children Attending School andNot Working, By Age
Even though it is not possible at this time to lelish whether the conditions under which our models
developed are consistent with the model of Boungoig a simple comparison of the percentages of yqaople who
have made the decision to attend school insteabd€ing shows that those numbers have grown sigmifly for all ages.
In fact, the current percentage of 15 year olds attend school without working is higher than tleegentage of children

of 13 years of age who were in the same situatioing the previous period.

These results suggest that, at least from the pbiniew of discouraging school dropouts, the Bdkgrola and
Bolca Familia programs have had a significant impaed should be considered a success. Nonethetess,still

worrisome that almost 25% of 17 year olds (24.88%6)edicated to work, not to study.

Figure 2 summarizes the overall results, by agetHe study population. There is a clear associahetween
older age and the probability of dropping out oham. To try to quantify this trend, a Kruskal-Wall”?/ statistic
(seeAgrestianKateri (2011)) was computed. This statistic is an attetopgive numerical values to this qualitative
relationship. In the case of association betweea agd relative importance of education with respectevenue
(quantified byX; ), the estimated value = —0.6053  This skawstrong (negative) association between the two
variables, although the relationship is clearly tiotar, as shown in Figure 2. That graph showsstiheng positive

association between age and the likelihood of drapput of school.
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Figure 2: Fraction of Children of a Given Age in Eazh Condition
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Additionally, we are interested in looking at tmfluence of other variables on the decisions alfamakes about
the education of their children. First, we wantedstudy whether there were differences betweerddusions that the

families living in urban areas and those livingimal areas made about their children’s educatiowas found that there

are indeed differences and a valuelof= 0-3692 was foume. rElationship between these variables is best isee

Figure 3.
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Figure 3: School Attendance Decisions by Rural or than Living Area

Although the association is not as strong as wile, ahere is a moderately strong association obalch
attendance-related decisions with the area whegefdahmily resides. It is noticeable, for exampleattiior the rural
population, the percentage of youth who only stigly1.5% while in urban areas that value is 85.6#%vould be
interesting to try to assess whether the causesstametural, such as greater distance to schoojreater relative
contribution to the family finances or whetherdta matter of perception. It is clear that the Amdntal difference is
among those who study and work, simultaneouslyhigicase, the fraction for rural areas is 2.7 sttt for urban areas.

An analysis by age shows that the difference grasvage increases.

The analysis also shows that more educated padenitsiply less likelihood of the child starting tcoki early.
The difference is not as pronounced among thosehalve completed only primary school or who complaialy a few
years of high school. However among those havingpteted high school the difference in attitude witspect to early
age work is quite different from those less edutaResults were also studied from a gender perispethe fraction of
children who do not attend school but only worlapproximately the same for both sexes. And thidieppo all age
groups. However, the fraction of children who staohd work at the same time is significantly higfarboys than for
girls in the same situation. A more detailed agealymis shows that the difference is practically stant

(the fraction of boys who work and study is neawice that for girls), for all age groups.
CONCLUSIONS

We used an agent-based model to assess the infpagestments on social programs. It has been shbainit is
possible to evaluate the impacts of a given proguaimg a model calibrated with actual data fromphsgram. A model
of this type allows the evaluation of the programanex ante form by predicting the outcomes and impacts ofverny
investment program. Thus, decision makers can sissegeral alternative investment programs befosihg one.

Therefore, an optimal design of public policiesdrees possible.

Impact Factor (JCC): 3.1936 NAAS Ratj 3.17



Ex Ante Impact Assessment of Conditional Cash Trarier 99
Programs Using an Agent-Based Model

The model has been applied & ante evaluation of the impact of Brazil's Bolca Familmogram. Publicly
available data from a PNAD survey in 2011 were usechlibrate the model. This database, althougiredit breadth and
helpful in the preparation of this work, was short point estimates of children’s revenue, an infation required to

generate the marginal effects of a multinomialtiogbdel.

The results of this evaluation show that Brazikdgad Familia program has been successful from tiet pf view
of encouraging children’s school attendance. Adtléas is what can be concluded from a comparagahe results of this

work with the results of Bourguignon and FerreR2aQs3).

Agent-based models allow us to overcome some ofvaknesses of traditional econometric models, thie
assumption of rational decision-making. More re@libehaviors, e.g., adaptation and cheating, magitmulated with

agent-based models.

These models can be profitably applied to the assest of impacts of social investment program®ag bs the
required information is available. At the presemment, a general model of this type is being inooaped into a tool for

ex ante evaluation of the impact of research program fugdi
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