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Abstract
I develop and estimate a dynamic household choice model that incorporates a broad set of
determinants of children’s labor supply and school attendance, to perform ex-ante evaluations of alternative versions of the urban implementation of the Mexican conditional cash
transfer program Oportunidades. Previous research suggests that re-calibrating the targeting and parameters of the educational component of the program could potentially improve
its effectiveness with respect to two key objectives: (i) increasing average schooling levels
and (ii) eliminating the educational gender gap. The estimation of this behavioral model
complements previous ex-post evaluations by providing a forecasting tool that can replicate
how the households solve the optimization problem as the program’s structure changes. I
focus on evaluating cost-equivalent policy schemes that improve the program’s efficacy in
the first dimension. I find that, by eliminating grants at primary and lower secondary levels
(where attendance is close to universal) and proportionally expanding transfers at upper
secondary, attendance rates could increase by 14.8% for youth 15-17.
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Introduction

Conditional Cash Transfer (CCT) programs are now internationally recognized as
a leading social assistance mechanism to break intergenerational transmission of
poverty. Attaching conditions to cash transfers, such as regular school attendance,
health check-ups, nutritional supplementation or prenatal care, has proven to be an
effective means to engage poor households in behaviors that promote children’s human capital accumulation.1 Mexico’s Oportunidades (formerly called PROGRESA)
has become a paramount example of CCT programs given its large scale, relative
early start and the collection of rigorous experimental data during the initial stages
of implementation. Based on the randomized social experiment carried out in rural
areas between 1997 and 2000, impact evaluations show that the program effectively
increased school enrollment and educational attainment, improved health outcomes
and reduced child labor.2
However, an evaluation by Behrman et al. (2010) suggests that the urban implementation of Oportunidades was not as successful in promoting human capital
formation among low-income youth in the short-run (after 2 years). In particular,
they suggest that reforms to this CCT program could potentially improve its effectiveness with respect to two key objectives: (i) increasing average schooling levels and
(ii) eliminating the educational gender gap. Using a difference-in-difference matching methodology and non-experimental data gathered after the urban expansion of
Oportunidades between 2002 and 2004, they study the program’s impact on schooling
attainment, school enrollment and child labor supply. Their research shows that, because pre-program enrollment rates where already over 90% for children 14 years old
or younger (i.e., in compulsory basic education: grades 1-9), there is little scope for an
effective intervention for this age group. More importantly, they document that, after
two years of intervention, the program had no statistically significant impact on enrollment rates of children 12 to 18.3 Precisely because the average drop-out rate is high
1

The conditions and scale of CCT programs vary significantly across countries. Fiszbein et al.
(2009) present a survey of the different motivations and types of implementations of CCT programs
in over 30 low and middle income countries around the world.
2
Impact evaluation of Oportunidades on school enrollment and educational attainment can be
found in Schultz (2000). The effects on drop-out rates, grade progression and repetition and re-entry
rates are studied by Behrman, Sengupta and Todd (2000). Skoufias and Parker (2001) evaluate the
impact of the program on salaried and non-salaried activities. Gertler (2000) documents positive
effects on child health and growth. Hoddinott, Skoufias, and Washburn (2000) show that Oportunidades increased overall household consumption.
3
Behrman et al. do find a small but statistically significant positive effect on school attainment
(years of schooling) for youth 12-18 after two years of implementation of the program. More importantly, their results suggest that after one year the program had an effect on enrollment rates of
children 15-18. Yet, this effect disappears when the 2-year impact is measured. The conclusion of
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for this group (around 40%), they suggest the program should be re-calibrated in order to promote school attendance after compulsory education. In addition, Behrman
et al. (2010) find that, even though the program offers higher educational grants to
girls, their labor supply is not significantly affected by the program and there are no
proportionally greater impacts on female schooling outcomes. This result is particularly important since the subsidy scheme with differentiated transfers across genders
was motivated by the fact that Mexico was one of the few Latin American countries
that had not yet achieved gender parity in terms of average years of education by year
2000 (see Duryea et al. 2007). These results highlight the need to answer further
questions that require adjusting the original setup of the urban implementation of
the program in order to improve its efficacy.
In this paper I tackle this issue by developing and estimating a dynamic model
of the household that incorporates key determinants of children’s labor supply and
school attendance, such as: income shocks, credit constraints, family structure and
comparative advantages in household and market production activities.4 A structural estimation approach lets me perform ex-ante evaluations of alternative policy
designs, including changing the program’s targeting (i.e., extrapolating the treatment
to different groups) and parameters (e.g., varying the amount and timing of monetary
transfers).
To my knowledge, there have been two previous endeavors to perform ex-ante policy evaluations of Mexico’s CCT program using structural estimation methods. Both
use experimental data from the initial implementation of the program in rural villages.
Todd and Wolpin (2006) (TW, henceforth) estimate a parental fertility and school
attendance choice model using only pre-treatment data. This approach lets them
test the robustness of the estimated model with an out-of-sample validation exercise,
that is, comparing actual post-program outcomes with simulation results. Among
the series of alternative program scheme evaluations they analyze, the elimination
of subsidies at lower grade levels and the proportional expansion at higher levels is
particularly interesting because it shows how this methodology contributes to policy
fine-tuning. Simulations show that under this setup average schooling attainment is
around 25% larger than the gain under the original design.
their analysis is that the program encouraged children to attain their “targeted” education at earlier
ages. For instance, if a girl’s objective was to reach nine years of education and normally it would of
taken her 11 years, the incentives introduced by Oportunidades could of motivated her to complete
ten years of education in 10 years.
4
I group all paid or unpaid work outside the household as market production activities. Home
production activities include: Cooking, washing clothes, cleaning the house, taking care of elder
people and other children, helping any home member to study, collecting firewood or water and
helping with the household agricultural activities (weeding hoe, cleaning, sowing, ungraining corn,
extirpating herbs or taking care of animals).
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Attanasio, Meghir and Santiago (2001) (AMS, henceforth) develop and estimate
a model of educational choices using both pre- and post-treatment data, thus using
the variation induced by the randomized experiment in the estimation of the specified
structure. In contrast, TW use the variation in wages —i.e., the opportunity cost
of schooling— across villages, and not the experimental variation. The alternative
strategy of AMS has advantages and disadvantages. On the one hand, using the variability induced by Oportunidades lets them estimate a more flexible structural model
without imposing income pooling within the household: the effect of the program
transfers are not assumed to be equivalent to a reduction in child wages. This specification lets them incorporate general equilibrium effects that the program might have
on the wages of children. On the other hand, they cannot perform an out-of-sample
validation exercise.
This paper builds on the seminal work of TW and extends it in several ways. First,
I model explicitly the parental choice problem of household consumption, own labor
supply and sibling’s school attendance and labor supply. An innovative feature is that
labor supply is chosen both on the extensive and intensive margins, separately for
market and home production. This specification intends to capture how comparative
advantage in these activities determines the time allocation of school-aged children.
Second, to estimate the structural model I use non-experimental data collected in the
2002 wave of the Mexican Family Life Survey (MxFLS) that was carried out before
the expansion of the Oportunidades program to non-rural areas of Mexico. Third,
instead of using a likelihood maximization procedure to estimate the structural model,
I use an indirect inference method. As a first approach, in this paper I focus only
on estimating a dynamic model of time allocation choices of the parents and their
first-born child. Evidence shows that, after controlling for age, gender and household
characteristics, birth order is strongly correlated with a child’s labor supply and
school attendance. This approach reduces the problem’s complexity and makes the
estimation more tractable. In the spirit of TW, I evaluate the elimination educational
grants at primary and lower secondary levels (where attendance is close to universal)
and the proportional expansion of transfers at upper secondary. I estimate that, by
reallocating the resources, the average cash transfer could be almost doubled at upper
secondary and consequently increase attendance rates by 14.8% for youth 15-17.
The paper is organized as follows. Section 2 presents a description of the urban
expansion the Oportunidades program and a brief overview of the Mexican education
system. In section 3, I introduce the data and discuss the general stylized facts that
motivate the specification of the structural model presented in section 4. Section 5
describes the estimation of the model. The estimation results and model fit assessment
are presented in section 6. The motivation and results of the policy counter-factual
experiments are described in section 7. Lastly, section 8 concludes.
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2

Institutional and Policy Intervention Overview

2.1

The Mexican Education System

The Mexican education system is organized in four major components: pre-school,
compulsory basic education, upper secondary education and higher (or tertiary) education. Preschool caters early education to children aged three to five. One year of
preschool became mandatory after 2004. The nine grades of compulsory basic education are divided into primary and lower secondary. Primary education consists of
grades 1-6 and serves only children between 6 and 14 years of age. The last three
grades of basic education (7-9) make up lower secondary education, and serve children
12-16 years old.5 By law, basic education in Mexico is publicly provided and free (not
including transportation, uniforms and other costs).6 Upper secondary (also know
as high school) includes grades 10-12, it is not mandatory and serves students that
are normally between the ages of 15 and 17. Two types of education are offered at
this level: technical or vocational training, and the usual academic track required to
advance to tertiary education.

2.2

The Oportunidades Program

In 1997 the Oportunidades program was first introduced to rural areas of Mexico, and
by 2002 a swift expansion started toward urban areas of the country. The program
is targeted at families classified as eligible using a marginality index that summarizes
household characteristics such as assets and education. The main components of the
program’s treatment are a health and nutrition subsidy and a schooling subsidy. The
condition attached to the first subsidy is attending to regular check-ups and informational health talks at clinics. To get the schooling subsidy, children in participating
households and enrolled to one of the eligible grade levels, have to attend school for
at least 85% of school days. Education grants are given to a child at most two times
for the same grade and when aggregated at the household level they cannot surpass
a ceiling.
The design of the program varied significantly between the rural and urban implementation stages, particularly in two dimensions: the application and enrollment
procedure, and the inclusion of schooling transfers for upper secondary students. In
the rural program, a census was done at the targeted villages and the households that
5

Kids older than 14 that do not complete primary education and kids older than 16 that do
not complete lower secondary education, can only enroll in an adult schooling system that works in
parallel.
6
According to the Mexican Education Ministry, private schools account for around 12% of total
enrollments.
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met certain requisites where informed of their eligibility. In contrast, for budgetary
reasons a census was infeasible in the urban implementation, so potential beneficiaries had to self-select into the program by visiting local sign-up offices that were open
for a limited time. This process meant that beneficiaries had to know about the
existence of the program, visit the office to learn their eligibility status, and apply
if their incentives were compatible with the program’s. The result of the procedural
differences in terms of the observed take-up rates is not surprising. While program
participation rates of eligible households was above 90% in rural areas, in the urban
implementation phase it was only about 60%.
In general terms, the education grant structure in rural and urban areas is almost
identical. The only difference is that in the urban implementation the benefits were
extended to students enrolled in grades 10-12. In 2003 average monthly benefits
ranged between 10 and 63.5 USD and were offered throughout the ten month academic
period. As shown in Table 1, subsidy amounts increase with grade level and are higher
for girls. The rationale behind this design is to compensate older children’s higher
opportunity costs of going to school, and reduce the gender gap in post-primary
enrollment rates.

3

Stylized Facts

As mentioned before, to estimate the model I use data from the first wave of the
MxFLS, which was collected in 2002, before the expansion of Oportunidades to urban areas of Mexico. Using this dataset has several advantages. There most relevant
is that the survey collected detailed information of all of the household member’s time
allocation in market and home production activities. Edmonds (2009) estimates that
when studying child labor supply in developing countries, ignoring domestic work
would understate average total hours worked by a child by a factor greater than two.
According to the 1973 “Minimum Age Convention” of the ILO, the difference between light work and child labour is that the former is: (i) “not likely to be harmful
to their health or development” and (ii) “not such as to prejudice their attendance at
school, their participation in vocational orientation or training programs approved by
the competent authority or their capacity to benefit from the instruction received”
(Article 7, Section 1, Convention 138, ILO). Therefore, it is clear that both theoretical and empirical definitions of child labour should include work outside (paid or
unpaid market production) and inside the household (home production) given that
they impede a child to allocate enough time to welfare enhancing activities, such as
schooling. Second, this survey has rich information about siblings that do not reside
at the household, a feature that lets me use an additional subsample of first-born
children in the model estimation.
6

An initial analysis of the data highlights several important characteristics of children’s time allocation. The first one is that working and going to school are not
necessarily mutually exclusive activities: 77% of the children 10-17 years old report
to be working, yet approximately nine out of ten say that they are going to school.
However, as shown in figure 1, when the amount of working hours reaches the 36
hours per week threshold, school attendance rates drops bellow 50%.7
Secondly, there is a distinct specialization in domestic and market production
across genders. Girls specialize in home production activities: while 85% of the girls
work in home production activities, only 9% of them participate in market activities
(see fig.2). In contrast, the labor participation of boys concentrates in market activities; only 24% of the boys work more than one hour per day in home production,
but approximately 14% work more than 21 hours per week in home market activities
(see figure 3). This is particularly relevant because home production appears to be
less rival with school attendance. As shown in figures 4 and 5, the gradient of school
attendance rates to the number of hours worked per week is significantly larger with
respect to market production activities.
As mentioned before, I focus on the labour supply of first-born children. As a
starting point, it is interesting to study the mechanisms behind the eldest child’s
labour supply because this sub-sample has particular characteristics, such as greater
number of younger siblings and being the first in the birth order ranking, that are
strongly correlated with both the extensive and intensive margins of labour supply. A
simple visual comparison between the distribution of total hours per week worked of
first-born children and non-first-born children (see figure 6) suggests that the latter
are less prone to participate in any activity and, if they do, in average they have a
lower workload. This could be explained by the fact that both birth order (figure 7)
and age (figure 8) are strongly associated with labour supply: in general younger and
higher birth order children work less (work hours distribution is skewed to the left).
Exploiting the panel structure of the 2002 and 2005 waves of the MxFLS, I examine how labor supply is statistically associated with the child’s gender, age, birth
order and sibling structure, controlling for household-specific unobserved heterogeneity (household level fixed effects). The reduced form analysis indicates that, after
accounting for gender and age effects, birth order is significantly correlated with labor
supply in both the extensive and intensive margins. I estimate the linear probability
model represented by equation 1, where the probability of labor participation of child
i from household j (I(Hij > 0)) is explained by birth rank (a vector of dummies for
kids ranked second, third, fourth or more that is equal to one for child i’s birth rank,
7
Edmonds (2009) finds a similar discontinuity in drop-out rates when children work between 35
and 38 hours per week in Albania, Burundi, Cote d’Ivoire, DR Congo, Guyana, Madagascar, Nepal
and Swaziland.
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k=2 I(BRij = k)), gender (a dummy equal to one if child i is female, I(Girlij )), age
(a vector of dummies for each child aged 11-17 years that is equal to one for child
P
i’s age, 17
k=11 I(Ageij = k)), household fixed effects (F Ej ) and logistically distributed
errors (eij ).8 By including interactions of the gender dummy variable with other right
hand variables I allow for differentiated effects by gender.

I(Hij > 0) =

5
X

β1,k I(BRij = k) +

k=2

5
X

β2,k I(BRij = k) ∗ I(Girlij )

k=2

+ β3 I(Girlij ) +

17
X

β4,k I(Ageij = k)

k=11

+

17
X

β5,k I(Ageij = k) ∗ I(Girlij ) + F Ej + eij

(1)

k=11

The estimates presented in table 2 indicate that increasing the birth ranking (from
older to younger) is associated with a lower probability of working (both in home or
market production, see columns 2 and 3, respectively). In particular, when this equation is estimated only for girls (tab.3) the results suggest the correlation is stronger
within female children. Additionally, it is worth mentioning the fact that age is always
positively correlated only with a kid’s probability of participating in market activities.
In contrast, the association between age and home production participation is weaker
and non-linear: it becomes negative for kids that are 14 or more years old.
I also analyze the intensive margin of labor supply by estimating a simple linear
model of the conditional mean of total weekly hours worked (that is, E[Hij |Hij > 0]).
In this linear fixed effects (FE) model I include the above mentioned right hand
variables (except here eij is only assumed to be iid and have mean zero, see equation
2) and include only children that participate in any labor activities (Hij > 0). The
FE coefficients indicate a strong correlation of working children’s labor supply with
birth order (see column 1 in table 5).9 For instance, controlling for household and
age heterogeneity, a first-born boy works approximately 10 hours per week more
than a boy that is fourth in the birth ranking. The magnitude of this association
is significantly greater when the analysis is made for the conditional mean of home
production hours (column 2), rather than for market production hours (column 3).
In particular, the FE estimates show that age is highly correlated with the amount
8

Throughout the paper I(·) represents indicator functions.
The FE estimates are not corrected for sample selection biases. The high complexity of estimating a model with both fixed effects and sample selection bias corrections exceeds the motivational
purpose of this exercise. Instead, first I estimate a model of the extensive margin of labor supply
(selection into work) and second a model of the intensive margin of labor supply conditional on
participation.
9
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of market production hours. Holding everything else constant and conditional on
participating, a 17 year old kid works in average almost 17.5 more hours per week
than a 10 year old. Particularly, age has a stronger and positive association with the
intensive margin of labor supply in market production activities.
E[Hij |Hij > 0] =

5
X

β1,k I(BRij = k) +

k=2

5
X

β2,k I(BRij = k) ∗ I(Girlij )

k=2

+ β3 I(Girlij ) +

17
X

β4,k I(Ageij = k)

k=11

+

17
X

β5,k I(Ageij = k) ∗ I(Girlij ) + F Ej + eij

(2)

k=11

Furthermore, when the extensive margin of labor supply is analyzed separately by gender —i.e., when the reduced form model is estimated for girls and boys separately—
the association with birth order is more significant for girls (tab.6): the conditional
mean of both home and market production hours decreases with the birth rank. In
contrast, for boys this relationship sustains only with respect to home production
hours (see table 7).
Similar results are found when focusing on the number and gender composition
of siblings. As shown in table 8, for all children participation in any kind of activity
increases with the number of younger siblings. In particular, the probability of working rises faster with the number of younger sisters than with the number of younger
brothers (tab.9). However, when comparing within gender (again, estimating the
Logit models for each gender separately), the results are mixed. On the one hand,
for boys the number of younger sisters is not associated with participation in home
production activities. On the other hand, girls’ participation in market activities is
not correlated with the number younger brothers.
When studying the intensive margin of labor supply the story changes partially:
given that kids are working, the number of younger siblings is mostly associated
with the average amount of hours per week invested in home production activities.
As shown in the second panel of table 10, only when comparing within girls the
conditional mean of market production hours increases with the number of siblings.
For instance, the results indicate that after controlling for age and household effects,
compared to a girl with no siblings a girl with more than 3 siblings works on average
10 more hours per week in home production and 8 more in market production (for
a total of 18 extra hours per week). On the contrary, when comparing a boy with
no siblings with one with more than 3 —and holding everything else constant—, the
latter works on average an additional 8 hours in home production but no extra hours
in market production.
9

Additionally, it is interesting how the number of male and female siblings is associated with the conditional mean of work hours per week of kids. As shown by the
estimates presented in the second and third panels of table 11, while the number of
younger brothers and sisters is highly correlated with a girl’s total amount of workload in both market and home production, among boys only the number of younger
sisters is associated with additional hours of market work.
The results presented in this section give an idea of some of the features a theoretical model of child labor supply should have. As shown above, child labor supply is
simultaneously associated with gender, age, birth order and sibling structure. Hence,
these variables should be included in the model as factors behind the time allocation
choices made by within households. Moreover, given the observed sector specialization of girls and boys, it is important to differentiate between labor supply in home
and market production activities and to incorporate mechanisms that promote it,
such as differences in home and market productivity across genders. Finally, the idea
of reducing the complexity of the problem by analyzing only the eldest child’s time
allocation decisions comes from the empirical observation that birth rank is strongly
correlated with both the extensive and intensive margins of a child’s labor supply .

4
4.1

The Model
General structure of the household’s problem

The proposed model addresses the sequential decision-making process of the parents
about their labor supply in market and home production activities (mpt , hpt ), the
household’s aggregate consumption (Ct ) and savings (st ), and, if present, the eldest
child’s leisure (lct ), labor supply in market and home production activities (mct , hct )
and school attendance (ect ). These choices are made every period conditional on a
vector of state variables: the amount of savings from the previous period (st−1 ), the
age and educational attainment of the first-born child (Act , Ect ), the household size
(i.e., the number of siblings, Nt ), the market wage offers to the parents and the eldest
child (wpt , wct ), the price of consumption goods (PtC ), the price of education (Pte ) and
the interest rate (Rt ). The structure of the household’s problem varies across these
three stages: (i) when there are no productive children in the household, (ii) when
the first-born child is school-aged and productive and (iii) when the parents no longer
decide for the first-born child. Figure 9 presents the timing and sequentiality of the
three stages.
I assume that all children under six are not productive in any home or market
production activities, therefore, in the first stage (when t ∈ S1 ) the first-born’s time
allocation is not part of the problem (i.e., mct = hct = ect = 0). Similarly, in the
10

third stage (t ∈ S3 ) the eldest child is assumed to reach his or her independence,
meaning that the parents no longer choose for the child. At these two stages, given
state vector zt and price vector Pt , parents choose vector x1t to solve:
(
)
X
t
max
E0
δ U (Ct , Ht , lct , Ect |zt , Pt )
{x1t }

t∈S1∪S3

x1t = {st , hpt , mpt }
zt = {st−1 , wpt , wct , Nt , Act , Ect }
Pt = {PtC , Pte , Rt }
subject to:
PtC Ct + st
2
1
Ht
sM IN
Nt+1

=
=
=
=
≤
=

wpt mpt + Rt st−1
mpt + hpt
lct + mct + hct + ect
H(hpt , hct , Act , Sc , Nt |α)
st
N (Edup , Act , Nt , ξ)

(3)
(4)
(5)
(6)
(7)
(8)

At these two stages parents have preferences toward Ct , total home production (Ht )
and the educational attainment and leisure of the first-born (Ect , lct ). In addition,
their choices are constrained by an intertemporal budget constraint (eq.3), the time
constraints (eq.4 and 5), a given home production technology (eq.6), and an exogenous
fertility process (eq.8) that depends on the parent’s educational attainment (Edup ),
Act , Nt and iid shock ξ. Additionally, households face a maximum credit limit, that
is, a lower bound in negative savings (sM IN ). Both the wage offer processes and the
fertility processes are explained in detail in section 4.2. I assume home production
technology uses the family member’s time spent in home production activities as
inputs and varies by household size (Nt ). The idea behind this structure is that home
production technology should reflect the fact that the number of siblings affects the
level of Ht that a household can and needs to produce. Also, in order to capture the
fact that access to credit depends on the households wealth or ability to provide a
collateral, in the model the maximum credit limit depends on the educational level
of the parents.
Following Behrman et al. (1982), I assume the welfare function parents maximize
depends indirectly on their children’s expected adult full income, in this case only
on the eldest child’s expected adult full income: Yct . It is commonly denominated
as “full” income because it is a linear combination of the child’s income and her/his
spouse’s income. Hence, during their parenting lifetime, mother and father consider
11

both future labor market returns and future marriage market returns when deciding
the time allocation in schooling, leisure and labor supply of the first-born child. In
other words, parents not only take into account how well a kid is going to do in the
labor market thanks to her or his accumulated human capital, but also consider that
human capital is a determinant of the “quality” of the child’s match in the marriage
market.
By imposing this structure I am assuming that parents don’t actually receive a
fraction of their children’s future human capital returns in the form of a direct monetary transfer. I do not have information about the transfers made by adult offspring
to their parents. As an alternative, I include Yct as a public good in the parent’s utility
function. Even if I cannot directly observe Yct in the data, I impose a structure where
the eldest child’s expected adult full income in t is a function of observed past and
present variables that capture her or his human capital accumulation process. In
particular, I assume the child’s own adult income depends only on school attainment,
hence Ect is included in the household’s welfare function as an indirect measure of
Yct .
The second stage of the problem starts when the eldest child reaches the schooling
age (Act = 6) and finishes when she/he reaches the age of majority (Act = 18). During
this stage, the first-born can participate in home production activities and have a job
outside home. In addition to Ct , st , mpt and hpt , parents will choose every period
the labor supply (mct ,hct ), leisure (lct ) and school attendance (ect ) of the eldest child.
Again, Ht is produced with the given technology.
Parent’s and first-born’s allocation across market labor supply, home production,
leisure and schooling is bounded by a time constraint (equations 4 and 5, respectively).
Schooling is the only activity that cannot be adjusted in the intensive margin: either
the child goes to school for a fixed number of hours or she/he doesn’t. Similarly as
before, for the household wage offers (wct , wct ), the fertility process, prices and credit
limit are given. The household’s problem in the second stage is:
)
(
X
max
E0
δ t U (Ct , Ht , lct , Ect |zt , µt , Pt )
{x2t }

t∈S2

x2t = {st , mpt , hpt , mct , hct , ect }
zt = {Act , Ect , Nt , st−1 }
subject to equations 4, 5, 6, 7, 8 and:
PtC Ct + st + Pte ect = wpt mpt + wct mct + Rt st−1

12

(9)

4.2

Exogenous sources of uncertainty

In order to replicate the observed specialization of adults, boys and girls, I assume
differentiated wage processes. For the parent’s, the process is determined by their
education (edup ) and experience (exppt ). For the children, age and gender (Sc ) enter
in the wage profile as a determinant of their productivity. Additionally, I assume
that wages are also determined by a skill shock that is identically and independently
normally distributed: µpt ∼ N (0, σp2 ) and µct ∼ N (0, σc2 ). Therefore, wpt and wct have
different first and second moments. Given this assumed structure, the wage profiles
are given by:
wpt = ν1 + ν2 edup + ν3 expp + µpt
wct = ρ1 + ρ2 Sc + ρ3 Act + µct

(10)
(11)

The fertility process is assumed to be determined exogenously, i.e. parents don’t
choose the timing or number of children. Following Brien, Lillard and Stern (2006)
I introduce a statistical process for Nt that tries to match the data. In particular, I
assume that the stochastic process of having a child (nt = {1, 0}) is represented by a
Probit model where the explanatory variables are the parent’s education, the number
of children, the age of the first-born and the square of these variables (to capture
non-linear effects):

1
if χ0 + χ1 edup + χ2 Act + χ3 A2ct + χ4 Nt + χ5 Nt2 − ξ > 0
nt =
0
if χ0 + χ1 edup + χ2 Act + χ3 A2ct + χ4 Nt + χ5 Nt2 − ξ ≤ 0
Therefore, given ξ ∼ N (0, σξ ) we have that:


χ0 + χ1 edup + χ2 Act + χ3 A2ct + χ4 Nt + χ5 Nt2
P r(nt = 1) = Φ
σξ

(12)

I addition, I assume that there is no uncertainty on educational investment, that is,
school attendance always increases the educational stock of the children.

4.3

Model solution: household’s Dynamic Programming Problem

The recursive problem faced by every household at every period t can
the following form:

max {U (t|Θ) + δEt V (zt+1 , Pt+1 , µt+1 , ξt+1 )}


 x1t
max {U (t|Θ) + δEt V (zt+1 , Pt+1 , µt+1 , ξt+1 )}
V (zt , Pt , µt , ξt ) =
x2t


 max {U (t|Θ) + δEt V (zt+1 , Pt+1 , µt+1 , ξt+1 )}
x1t
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be written in
, t ∈ S1
, t ∈ S2
, t ∈ S3

Every period, after observing the vector of state variables (zt ) and using the known
distributions of the stochastic shocks (µt = {µpt , µct } and ξt ), each household computes the value functions (i.e., the present period utility plus the discounted expected
value function in t+1) associated to all of the feasible choices. Hence, the parents can
choose optimally knowing that this will affect the state variables and feasible choice
set in period t + 1. Given that the problem has a finite horizon, it can be solved
by backwards recursion. In the final period, when t = T , the continuation value is
assumed to be zero, thus the value function equals the present utility at T . Following
Keane and Wolpin (1994), this problem can be simplified and solved by indirectly
recovering the expected value functions —also known as Emax functions—. The first
step is to discretize the state, shock and choice spaces. Then, for every t, the Emax
functions are calculated for the finite number of points in the resulting space generated by combining the above mentioned discrete spaces. The Emax functions can be
approximated with a parametric function of the state variables in the current period.
These approximations are used then to generate the optimal decision rules (or policy
functions) that let us simulate the behavior of the households. The details of the
discretization and approximation procedure are addressed in section 5.

4.4
4.4.1

Introducing functional forms
Utility function

The advantage of choosing the functional form presented in equation 13 as the representation of the parent’s preferences is that the parameters can be easily interpreted.
. The
The intertemporal elasticity of substitution for consumption is described by −1
θ1
relative importance of home production and the leisure and educational attainment
of the eldest child are captured by θ3 , θ2 and θ4 , respectively.
Ut
4.4.2

(Ct )1−θ1
+ θ2 ln lct + θ3 ln Ect + θ4 ln Ht
=
(1 − θ1 )

(13)

Home production technology

The functional form presented in equation 14 captures some important features of
the observed time allocation to home production activities. The parameters α̂1 and
α̂2 measure the elasticity of Ht with respect to the domestic labor of the parents and
the first-born child. Also, α̂3 and α̂4 capture the additional effect of the parent and
eldest child’s allocation of time in home production when Nt siblings are present in
the household. Additionally, α̂5 captures the productivity impact of the eldest child’s
age (Act ) and α̂6 the differential productivity across girls and boys in home production

14

(Sc = 1 if the first-born is a girl).
(α̂ +α̂3 Nt ) (α̂2 +α̂4 Nt +α̂5 Act +α̂6 Sc )
hct

Ht = hpt 1

(14)

Given this structure, it is impossible to separately identify the parameters in the
home production technology. If we substitute equation 14 into the fourth term of the
utility function presented in eq.13 we have that:
θ4 ln Ht = (α1 + α3 Nt ) ln hpt + (α2 + α4 Nt + α5 Act + α6 Sc ) ln hct

(15)

where: α1 = θ4 α̂1 , α2 = θ4 α̂2 , α3 = θ4 α̂3 , α4 = θ4 α̂4 , α5 = θ4 α̂5 and α6 = θ4 α̂6 .
Again, only α1 , α2 , α3 , α4 , α5 and α6 can be separately identified. As a starting
point, in this paper I use a very simple structure for the home production technology
that captures only the coarse effect of the total time allocated in home production
activities by the parents and eldest child:
θ4 ln Ht = α1 ln hpt + α2 ln hct

5
5.1

(16)

Estimation Methodology
Indirect Inference Algorithm

The vector of parameters in the model (Θ) is estimated using the method of indirect
inference proposed by Gourieroux and Monfort (1996). Given a sample of n households and S simulations of each household, the solution of the problem proposed by
this approximation is represented by:
"
#0
#
"
S
S
X
X
1
1
λs (Θ) Ωn Λn −
λs (Θ)
(17)
Θ∗ = arg min Λn −
Θ
S s=1 n
S s=1 n
The goal is to estimate the unknown vector of parameters by minimizing the distance
between a vector of simulated statistics (λsn ) —also known as auxiliary parameters—,
to the corresponding vector of actual data statistics (Λn ). I use an iterative search
procedure, were, for an initial guess Θo I follow these steps: (i) solve the model
recursively, (ii) simulate model, (iii) build λsn (for n households and S simulations),
(iv) compare λsn with Λn and estimate a distance measure. If the matching between
the simulated and data statitstics is not good enough (i.e., the distance measure is too
large), (i)-(iv) are repeated with a new guess (Θo +). This procedure is repeated until
the distance is minimized, thus Θ∗ has been found. The list of auxiliary parameters to
be matched in the indirect inference procedure is presented in tables 12 and 13. Ωn is a
positive definite weighting matrix given by the inverse of the covariance matrix of the
data statistics (estimated using a standard bootstrap method with 1000 bootstraps).
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5.2

Estimated Parameters

As a first approach, I estimate a reduced version of the full scale model presented
before. First, to narrow the dimensions in the search procedure, only four structural
parameters are estimated endogenously: θ1 , θ3 , α1 and α2 . As explained in appendix
1, to pin down the scale of the estimated parameter vector, θ2 is given the ad hoc value
of 0.006529. The parameters estimated outside the model are the ones in the wage
processes (ν1 , ν2 , ν3 , σν , ρ1 , ρ2 , ρ3 and σρ ), the marginal cost or price of education
(Pte ) and the credit limit (sM IN ). The interest rate (Rt ) is set to be 40%.10
Second, I aggregate children in 12 age groups, and assume that at each period
t the parents choose if their first-born attends and completes the age corresponding
three-year educational level: lower primary (grades 1-3), upper primary (grades 4-6),
lower secondary (grades 7-9) or upper secondary (grades 10-12). As shown in figure
9, the problem is limited to a horizon of 12 periods where each age group is indexed
to a period.11 For instance, a household in the in the fifth period (t = 5) starts with
a 15 year old child with Ec5 years of education, and chooses to pay or not the price
P5e to get three additional years of education. Given that the household can only
invest in the child’s educational stock during the second stage of the model (while
t ∈ S2 = {2, 3, 4, 5}), the maximum attainable educational stock is 12 years. Third,
the fertility process is excluded, hence the number of siblings is constant and always
known for a household. Therefore, χ0 , χ1 , χ2 , χ3 , χ4 and χ5 are not estimated.

5.3

Discretization of state, shock and choice spaces

As mentioned before, the solution and estimation of the model requires the discretization of the state, shock and choice spaces. The variables that I re-classify into discrete
grids (i.e., discretize) are: household’s net savings, father’s education, father’s experience, number of siblings, labor supply in market and home production activities of
the parents and the eldest child, and the eldest child’s leisure. Net savings are discretized into a 10 point grid that corresponds to the 5th , 10th , 20th , ... , 80th and 95th
percentiles of the empirical net savings distribution. Father’s education and experience are discretized in two-point grids (edup = {Low,High} and expp = {Low,High}).
Households where the father has less than nine years of education are grouped in the
first point of the father’s education grid, and the ones with more than 9 years in the
second. Experience is approximated by the father’s age at the time his eldest child
was born. If the father was less than 23 years old when his eldest child was born,
10

According to the Mexican National Financial Institution User Protection and Defense Committee (CONDUSEF) the average APR offered by banks was 40%.
11
Ac1 includes ages 0-5, Ac2 ages 6-8, Ac3 ages 9-11, Ac5 ages 12-14, Ac5 ages 15-17, Ac6 ages
18-21 and so on, upto Ac12 that includes first-borns 38 or more.
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then the household is classified into the first grid point (otherwise, into the second).12
The number of siblings was discretized into a four point grid: Nt = 1 if the first-born
child has no siblings, Nt = 2 if the first-born child has one sibling, Nt = 3 if the firstborn child has two siblings or Nt = 4 if the first-born child has three or more siblings.
Time allocation variables (labor supply in market and home production activities and
leisure) are discretized into three point grids: {None, Half-time, Full-time}. School
attendance of the eldest child is the only time allocation choice that is restricted to a
two point grid: {None, Full-time}. For the stochastic shocks (µp , µc ) I use a five point
grid that corresponds to the 5th , 25th , 50th , 75th and 95th percentiles of the empirical
distribution of the residuals from the estimated wage equations.

5.4

Function approximation

To approximate the Emax and policy functions along a continuous support, I use an
extended version of the B-spline interpolation routine presented by De Boor (2001).
The basic idea of this methodology is to estimate a sequence of polynomial approximations —one for each segment of the grid— that are connected end to end. This
method guarantees a continuous approximation that passes through the estimated
values at each point of the discrete grid. I extend this routine by including a safeguard that substitutes all non-monotonically-increasing polynomial splines with linear
splines.

6
6.1

Results
Sample Selection

The estimation sample includes only households that meet the following criteria: located in non-rural areas (cities with population greater than 2,500), both parents
reside in the household, either are reported as the household head, the father is less
than 65 years old, they have at least one sibling (not necessarily living with them),
and they have complete information on educational attainment, time allocation and
financial history. After dropping the households with incomplete financial information the sample size falls from 2,347 to 1,912 (an 18.5% decrease). Tables 14 and 15
present descriptive statistics of the sample before (panel A) and after (panel B) this
restriction. The most relevant effect of this sample selection is that I drop disproportionately more households with more educated fathers that are on the upper tail of
12

I chose this threshold for two reasons. First, because a 23 year old a person has had the chance
to complete at least some tertiary education. Second, because it guarantees I have a large number
of households in each group.
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the labor income distribution.13

6.2

Parameter Estimates

Table 17 reports the OLS estimates of the adult labor income process.14 The dependent variable is the aggregate three year labor earnings of working parents. Considering that in 2002 the official minimum daily wage in Mexico was $42.15 Pesos
(approximately $39,452 Pesos in a 3 year period with 26 working days per month),
my predicted average labor earnings for a low education and low experience adult of
$50,480 (ν1 ) seems relatively high. As expected, the results suggest both education
and experience have a positive and significant effect on adult earnings. On average,
having more than 9 years of education increases expected labor income by a factor
greater than three. In contrast, parents in the high experience level group have on
average only a 60% earnings premium. The parameters in the youth labor income
equation are estimated using a two-stage sample selection bias correction procedure
(see table 17). The estimates indicate that boys have a wage premium —ρ2 is significant and negative— and that wage offers increase with age —ρ3 is significant and
positive—.
As mentioned before, the cost of education is taken directly from the observed
distribution of reported household expenditures in education.15 . As shown in table
18, the average cost of upper secondary is approximately 70% higher than in lower
secondary, three times larger than in lower and upper primary and represents 38% of
the 2002 official minimum wage.
Similarly, the credit limit used in the model estimation and simulation is derived
from the distribution of current debt reported by the households in the MxFLS. Table
19 presents the average credit for the households in my sample, conditional on the
educational level. Two facts are worth highlighting. First, that the average credit
amount for households where the father has 9 or more years of education is 72.5%
higher. Second, that credit access is very limited: the debt to income ratio for a low
education and low experience household is approximately 2.4%.16
13

Since the relevant educational policies for this paper are the ones targeted at low income households, loosing information of the wealthiest households does not seem critical.
14
For two reasons I decide to ignore selection biases in the estimates by using an OLS approach.
First, because I observe that in almost 90% of the households in my sample at least one parent is
working full-time. Second, because I would have to include an additional state variable in the model
that serves as a valid exclusion restriction for the first stage of the selection model. This is not very
tractable considering the high dimensionality the problem already has.
15
Including school fees (enrollment, fellowship, exams, special courses, school maintenance and
others), school material (books, educational material, uniforms and sports fear), school festivities
an celebrations, transportation and spending money.
16
According to OECD data, in 2008 consumer debt to income ratio was above 60% in Western
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The estimates of the parameters endogenous to the indirect inference procedure
are presented in table 20. All of the parameters are statistically different from zero at
a 95% confidence level. The intertemporal rate of substitution (θ1 ) is 2.37 and is in
the range of values found in the empirical literature: {2, 5}. The relative importance
of the educational stock of the first-born to parents (θ3 ) is 0.142. The home production technology parameters, α1 and α2 , are 0.189 and 0.068. The interpretation
of the last three parameters is not very transparent since they coarsely capture the
relative importance of the child’s educational stock, the time in home production of
the parents and the child, with respect to the child’s leisure.

6.3

Model Fit

The auxiliary parameters estimated using the MxFLS data and the simulated data
are presented in table 21 and 22. The model does a very good job fitting the average
school attendance rate of first-born children by age group (statistics 1-4). In particular, the simulated data closely replicates the observed drop of more than 30% in
school attendance for youth 15 to 17 years old. Additionally, the simulation broadly
reproduces the pattern observed on school attendance rates across household size
(statistics 5-8): as the number of siblings increases, the probability that the eldest
child attends school diminishes.
However, the fit for the rest of the auxiliary statistics is not completely satisfactory: even if they are generally in the ballpark —the average relative distance for
statistics 9-28 is 12.1%—, they don’t replicate important patterns observed in the
data. For instance, the model is not able to reproduce the fact that on average attendance rate is higher for girls (statistics 9-10) and children in households with more
educated and older fathers (statistics 11-14). Also, the model is not able to match
the positive correlation between the first-born’s time allocation in home production
and the number of siblings in the household (statistics 10-22), and the negative correlation between the parent’s time allocation in home production and the age of the
first-born (statistics 24-28).

7

Policy experiments

The main purpose of estimating the underlying structural parameters of a dynamic
model is to perform ex-ante evaluations of alternative policy designs were the program’s targeting and/or parameters are modified. Given the estimated parameters,
my behavioral model can be used to predict the impact of different conditional cash
developed countries and 120% in the US.
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transfer schedules on school attendance in urban areas of Mexico. This effort complements previous ex-post evaluations of the urban implementation of Oportunidades
—based on the straightforward impact measurement between treatment and control groups— by providing a forecasting tool that can replicate how the households
solve the optimization problem as the program’s structure changes. In the simulated
counter-factual scenarios I present, educational grants enter the household’s budget
constraint when subtracted from the educational-level-specific costs (Pte ). Therefore,
at some point the subsidy amount can surpass education costs and compensate (partially or completely) the forgone earnings when attending school.

7.1

Policy Exercise 1: Original Oportunidades Scheme

The first policy exercise presented serves as an external validation exercise: an exante evaluation of the original scheme of educational grants offered in the 2003 urban
implementation of Oportunidades. An optimal external validation exercise would
require the use of experimental data to test if a model estimated using only preprogram data is able to replicate the impact found with observational methods (i.e.,
any reduced form ex-post impact measurement). Since I’m using the MxFLS data, I
do not have experimental data to create an impact baseline to do this kind of external
validation exercise. However, I can use the results from Behrman et al. as a point of
reference to evaluate the validity of the model’s structure.
In this exercise the subsidy is offered to all households, not only to households with
a low income generating capacity (or poor). The schedule of transfers is presented in
table 23, where the amount is given for each 3-year long education level. To have an
idea of the generosity of the transfers, in the third and fourth columns I report their
relative size with respect to the official minimum wage in Mexico. As you can see, the
subsidies are quite significant: for a girl in upper secondary, being a recipient of the
subsidy would represent a 55% supplement to the labor income of a household with
a single minimum wage earner. Schultz (2000) finds that in rural areas the highest
transfers of the program represented 44% of the minimum wage. Furthermore, the
subsidy is larger than the average school expenses at the last three educational levels
(see columns 5 and 6), meaning that the subsidy is generous enough to cover the direct
costs of attending school and compensate at least partially forgone labor earnings.
Overall, the model does a good job reproducing the results by Berhman et al.: the
simulated data predicts that this policy scheme would not have a substantial effect
on the school attendance rates of all children. As shown in figure 10, the largest
impact would be on the attendance rate of children in upper secondary, yet this effect would be merely 1.2%. This roughly matches the results from the matching
difference-in-difference estimation: after 2 years of implementation, the program has
no statistically significant impact on enrollment rates of youth 12-18. Nevertheless,
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the ex-post evaluation reports that the impacts for the 8-11 age group were approximately 2-3%, yet in the simulation the impact is closer to zero (0.14% for children
9-11).

7.2

Policy Exercise 2: Focusing on Upper Secondary

As mentioned before, the subsidy offered to students in grades 3-9 was identical in
urban and rural areas. Yet, in urban areas an additional and substantially larger grant
was offered at grades 10-12. The main motivation for this new transfer schedule was
to compensate youth’s higher earnings potential in urban areas and provide enough
incentives to promote enrollment beyond compulsory school and hopefully increase
overall school attainment. However, the results previously discussed suggest that this
effort was insufficient.
In the second policy exercise I evaluate an alternative subsidy schedule were the
transfer at primary and lower secondary is eliminated, and the grant at upper secondary (to children 15-17) is increased. This kind policy adjustment has been suggested before in the literature supported by the fact that, at compulsory school,
pre-program enrollment is already close to universal, while at upper high school attendance rates are below 65%.17 In other words, the grants offered at grades 3-9 are
closer to a direct transfer: since most of the children were planning to go to school, the
subsidy is not changing their behavior and only increasing the household’s resources.
Hence, it seems reasonable to reallocate the program’s resources toward the grades
in which they.
Since my model does not do a good job replicating gender differences in school
attendance, I evaluate a transfer scheme that is homogeneous for boy and girls. In
figure 11 I present the simulated impact —i.e., the change in the attendance rate with
respect to the original level of 63.2%— as the conditional cash transfer per month
is increased. Given the highly discretized structure of the model, graphical representations of the simulated data result in step functions with presumably interesting
thresholds. Since the number and location of the thresholds depend on the ad hoc
grids imposed on the choice and state variables, my analysis focuses on a smooth
approximation of the simulations (thus undermining the relevance of the thresholds).
I focus on the ex-ante evaluation of a cost-equivalent policy scheme were the
increment of the transfer at upper secondary is fully funded by the cuts in primary
and lower secondary. According to official administrative data18 the distribution of the
urban beneficiaries across the four educational levels was: 19.7% in lower primary,
42.3% in upper primary, 21.9% in lower secondary and 16.1% in upper secondary.
17

Todd and Wolpin (2006) and Attanasio et al. (2011) evaluate this kind of policy fine-tunning
for the rural implementation of the program.
18
Details about the ENCELURB survey can be found at www.oportunidades.gov.mx.

21

Using this distribution, a back-of-the-envelope calculation indicates that the freed
resources would be enough to increase the average cash transfer offered to youth 1517 by a factor of 1.91 (to $1,075 Pesos per month). As shown in figure 11, the model
predicts this amount would be enough to take the attendance up to 72.5%, which
represents an impact of 14.8%. To be able to reach an attendance rate of 80%, the
model predicts the subsidy would have to be 3 times larger than the original.
The implementation of this policy should consider one important caveat: modifying the targeting of the program could have the unintended consequence of generating
an intra-household reallocation of work. For instance, for a family that has multiple
children with ages such that they should be attending different educational levels,
the new subsidy scheme increases the incentives for the parents to send the eldest
children to school, but also to shift the home production and/or income generating
responsibilities partially or completely to the younger siblings. 19 To evaluate this
second order effect we need a more sophisticated model that maps the time allocation
choice of all of the household members. I leave this endeavor to future research.

8

Conclusions

In this paper I develop and estimate a dynamic structural model to preform an exante evaluation of alternative versions of a CCT program in urban areas of Mexico
(Oportunidades). By estimating the underlying structure of the incentives behind
time allocation choices of adults and children in a household, I create a tool to compare
counter-factual scenarios and measure the effectiveness of different subsidy schedules
in promoting school attendance. Ample empirical research has shown that in rural
areas this CCT program was successful in increasing educational attainment and
reducing child labor. However, an impact evaluation of the urban version of these
educational grants policy finds that, after two years of implementation, the financial
incentives offered had no statistically significant impact on the enrollment of youth
15 to 18 years old. This finding is particularly important since the risk of dropping
out form school is substantially higher for this age group: while enrollment rates
are above 90% for children 6-14, less than 65% of youth 15 or older report to be
attending school. The purpose of my analysis is to provide some insight on the future
fine-tunning of this program.
To estimate the structural model I use non-experimental data collected in the 2002
wave of the Mexican Family Life Survey (MxFLS) that was carried out before the
expansion of the Oportunidades program to urban areas of Mexico, and I focus only
on the time allocation choices of the parents and their first-born child. Following
19

Barrera-Osorio et al. (2011) find strong evidence of this kind of intra-household work reallocation
in their evaluation education-based conditional cash transfers in Colombia.
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the suggestions proposed in the literature, I evaluate a cost-equivalent policy that
eliminates educational grants at primary and lower secondary levels (where attendance is close to universal) and proportionally expands the transfer amount at upper
secondary. In this policy simulation I estimate that the reallocated resources would
multiply the average cash transfer to youth 15-17 by a factor of 1.91 and attendance
rates at upper secondary could increase by 14.8% (to 72.5%). The model’s predictions suggest that focalizing the program’s resources on upper secondary would not
be enough to reach enrollment rates similar to the ones at compulsory school levels.
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9

Figures

Figure 1: Distribution across school attendance rates and working hours per week
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Figure 2: Joint distribution of working hours in Home Production and Market Production
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Figure 3: Joint distribution of working hours in Home Production and Market Production
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Figure 4: School attendance rates by working hours per week in home production
activities
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Figure 5: School attendance rates by working hours per week in market activities
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Figure 6: Nonparametric Kernel Distribution Estimation of Total Labor Supply
(weekly hours): Firstborns vs. Others
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Figure 7: Nonparametric Kernel Distribution Estimation of Total Labor Supply
(weekly hours)
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Figure 8: Nonparametric Kernel Distribution Estimation of Total Labor Supply
(weekly hours)
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Figure 9: Timing of the Structural Model

Figure 10: Ex-ante Evaluation of Policy Exercise 1
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15‐17

Figure 11: Ex-ante Evaluation of Policy Exercise 2
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Tables
Table 1: Oportunidades CCT Values - Educational Component
Level
Lower Primary

Upper Primary

Lower Secondary

Upper Secondary

Grade
1
2
3
4
5
6
7
8
9
10
11
12

Monthly Transfer*
Boys

Girls

0
0
100
115
150
200
290
310
325
490
525
555

0
0
100
115
150
200
310
340
375
565
600
635

*2002 Mexican Pesos (1US=10pesos).
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Table 2: Children’s participation and birth order: Logit with household fixed effects
and age-gender controls
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Table 3: Girls’ participation and birth order: Logit with household fixed effects
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Table 4: Boys’ participation and birth order: Logit with household fixed effects
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Table 5: Working children’s labour supply and birth order: LS with household fixed
effects and age-gender controls
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Table 6: Working girls’ labour supply and birth order: LS with household fixed effects
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Table 7: Working boys’ labour supply and birth order: LS with household fixed effects
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Table 8: Participation and number of younger siblings: Logit with household fixed
effects
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Table 9: Participation and number of younger sisters and brothers: Logit with household fixed effects
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Table 10: Working children’s labour supply and number of younger siblings: LS with
household fixed effects

44

Table 11: Working children’s labour supply and number of younger sisters and brothers: LS with household fixed effects
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Table 12: Definition of auxiliary statistics used in the indirect inference estimation
Auxiliary Statistic Definition
Average school attendance rate of first-borns, by age group of child:
1 E[e|age = 6, 7, 8]
2 E[e|age = 9, 10, 11]
3 E[e|age = 12, 13, 14]
4 E[e|age = 15, 16, 17]
Average school attendance rate of first-borns, by number of siblings:
5 E[e|N = 1]
6 E[e|N = 2]
7 E[e|N = 3]
8 E[e|N = 4]
Average school attendance rate of first-borns, by gender:
9 E[e|Boy]
10 E[e|Girl]
Average school attendance rate of first-borns, by education of father:
11 E[e|Edup = 0]
12 E[e|Edup = 1]
Average school attendance rate of first-borns, by experience of father:
13 E[e|Expp = 0]
14 E[e|Edup = 1]
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Table 13: Definition of auxiliary statistics used in the indirect inference estimation
(Continuation)
Auxiliary Statistic Definition
Average time in home production of first-borns, by age group:
15 E[hc |age = 6, 7, 8]
16 E[hc |age = 9, 10, 11]
17 E[hc |age = 12, 13, 14]
18 E[hc |age = 15, 16, 17]
Average time in home production of first-borns, by number of siblings:
19 E[hc |N = 1]
20 E[hc |N = 2]
21 E[hc |N = 3]
22 E[hc |N = 4]
Average time in home production of first-borns, by gender:
23 E[hc |Boy]
24 E[hc |Girl]
Average time in home production of parents, by age group of child:
25 E[hp |age = 6, 7, 8]
26 E[hp |age = 9, 10, 11]
27 E[hp |age = 12, 13, 14]
28 E[hp |age = 15, 16, 17]
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Table 14: Descriptive statistics of estimation sample
Meana

S.D.

Min

Max

9.4
0.5

1
0

46
1

0.1
0.1
0.2
0.5
1.3
5.1
10.5
95.9

0
0
0
0
1
0
18
0

1
1
1
1
10
18
65
2400

Panel A: 2,347 Obs.
Child’s age
16.4 (0.194)
Child’s sex (=1 if female) 0.51 (0.010)
School attendance rate:
−Age 6-8
0.98 (0.009)
−Age 9-11
0.99 (0.006)
−Age 12-14
0.97 (0.012)
−Age 15-17
0.66 (0.032)
Num. of siblings
2.5 (0.026)
Father’s education
6.7 (0.105)
Father’s age
41.6 (0.217)
HH Labor Incomeb
42.5 (2.26)

435 observations were dropped.
Standard error in parenthesis.
b
Total annual joint labor income of parents.
Thousands of 2002 Mexican Pesos (1US=10Pesos).
a
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Table 15: Descriptive statistics of estimation sample (Continuation)
Meana

S.D.

Min

Max

9.6
0.5

1
0

46
1

0.2
0.1
0.2
0.5
1.3
4.8
10.8
66.4

0
0
0
0
1
0
18
0

1
1
1
1
10
18
65
1200

Panel B: 1,912 Obs.
Child’s age
16.4 (0.219)
Child’s sex (=1 if female) 0.50 (0.011)
School attendance rate:
−Age 6-8
0.98 (0.011)
−Age 9-11
1.00 (0.005)
−Age 12-14
0.96 (0.014)
−Age 15-17
0.62 (0.036)
Num. of siblings
2.5 (0.030)
Father’s education
6.0 (0.110)
Father’s age
41.5 (0.247)
HH Labor Incomeb
34.0 (1.73)

Panel B: Sample restricted to households with complete financial history.
435 observations were dropped.
a
Standard error in parenthesis.
b
Total annual joint labor income of parents.
Thousands of 2002 Mexican Pesos (1US=10Pesos).

Table 16: Adult Labor Income Process: OLS Model
Parameter

Estimate

SE

ν1
ν2
ν3
σν

50.48
157.43
30.82
276.73

10.44
13.32
13.05
79.46

The dependant variable is the total labor income
of the father and mother in a three year period,
in thousands of 2002 Mexican Pesos
(1US=10Pesos). 1,806 observations. R2 = 0.074.
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Table 17: Youth Labor Income Process: 2-Stage Heckman Selection Model
Parameter

Estimate

SE

2nd Stage

ρ1
ρ2
ρ3
σρ

-68.96
-23.12
7.69
85.65

66.86
12.51
1.58
71.21

1st Stage

Constant
edup

-0.99
-0.44

0.05
0.08

The dependant variable is the total labor income
of children and young adults 8-26 in a three year
period, in thousands of 2002 Mexican Pesos
(1US=10pesos). 200 observations. R2 = 0.114.

Table 18: Education Cost*
Parameter

Estimate

SE

Lower Primary P2e
Upper Primary P3e
Lower Secondary P4e
Upper Secondary P5e

3.80
4.19
7.39
12.50

0.07
0.06
0.12
0.91

* Thousands of 2002 Mexican Pesos (1US=10Pesos).

Table 19: Estimated Credit Limit by Educational Level*
Parameter

Estimate

SE

sM IN (edup = 0)
sM IN (edup = 1)

3.035
5.208

0.147
0.250

* Thousands of 2002 Mexican Pesos (1US=10pesos).

50

Table 20: Preferences and Home Production Technology Parameters
Parameter

Estimate

ASE

Household Preferences
θ1
2.3655
0.0060
θ3
0.1421
0.0495
Home Prod. Technology
α1
0.1885
0.0072
α2
0.0683
0.0063
ASE estimated using the asymptotic
distribution of indirect inference
estimators by Gourieroux et al. (1993).

Table 21: Model fit: data and simulated statistics
Statistic

Data

Simulated

% Difference

1
2
3
4

E[e|age = 6, 7, 8]
E[e|age = 9, 10, 11]
E[e|age = 12, 13, 14]
E[e|age = 15, 16, 17]

0.986
0.992
0.966
0.658

0.979
0.977
0.966
0.632

0.8
1.5
0.0
4.0

5
6
7
8

E[e|N
E[e|N
E[e|N
E[e|N

0.936
0.953
0.893
0.764

0.886
0.863
0.826
0.783

5.3
9.4
7.5
2.5

9 E[e|Boy]
10 E[e|Girl]

0.888
0.918

0.861
0.852

3.1
7.2

11 E[e|Edup = 0]
12 E[e|Edup = 1]

0.858
0.944

0.856
0.856

0.1
9.3

13 E[e|Expp = 0]
14 E[e|Expp = 1]

0.876
0.934

0.857
0.842

2.2
9.9

= 1]
= 2]
= 3]
= 4]
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Table 22: Model fit: data and simulated statistics (Continuation)
Statistic

Data

Simulated

% Difference

15
16
17
18

E[hc |age = 6, 7, 8]
E[hc |age = 9, 10, 11]
E[hc |age = 12, 13, 14]
E[hc |age = 15, 16, 17]

0.326
0.383
0.517
0.369

0.458
0.404
0.318
0.330

40.3
5.5
38.4
10.8

19
20
21
22

E[hc |N
E[hc |N
E[hc |N
E[hc |N

0.296
0.372
0.437
0.469

0.368
0.361
0.358
0.368

24.5
3.0
18.1
21.5

0.336
0.461

0.340
0.385

1.3
16.6

1.019
0.996
0.880
0.833

0.978
0.960
0.961
0.951

3.9
3.6
9.1
14.1

= 1]
= 2]
= 3]
= 4]

23 E[hc |Boy]
24 E[hc |Girl]
25
26
27
28

E[hp |age = 6, 7, 8]
E[hp |age = 9, 10, 11]
E[hp |age = 12, 13, 14]
E[hp |age = 15, 16, 17]

Table 23: Oportunidades Total CCT Amount by 3-Year Educational Level
Level (grades)
L. Prim. (1-3)
U. Prim. (4-6)
L. Sec. (7-9)
U. Sec. (10-12)

CCT Amount*a

as % Min.Wageb

as % Educ.Cost

Boys

Girls

Boys

Girls

Boys

Girls

1,000
4,650
9,250
15,700

1,000
4,650
10,250
18,000

1.5
7.1
28.1
47.8

1.5
7.1
31.2
54.7

26.3
111.0
125.2
125.6

26.3
111.0
138.7
144.0

* Thousands of 2002 Mexican Pesos (1US=10Pesos).
a
Total value of the subsidy granted by Oportunidades at each educational level.
Each level has 30 academic months (10 months per year).
b
The official minimum daily wage in 2002 was $42.15 Pesos ($32,877 for a 30 months
period with 26 working days per month).
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Appendix 1

After preliminary exercises, I noticed that the identification of the model’s parameters
are only given up to a scale, meaning that I could multiply the parameters by a scalar
and still get the same simulated moments. To solve this issue, I impose a an ad hoc
value to θ2 —the relative importance of the first-born’s leisure (lct )—. The marginal
rate of substitution of lct for Ct tells us how much consumption is the household
willing to give up to increase the leisure of the eldest child:
M RS =

∆Ct
=
∆lct

∂U
∂lct
∂U
∂Ct

= θ2

Ctθ1
lct

Take a household where the first-born works half-time in the market (mct = 0.5)
and spends the rest of the time in leisure (lct = 0.5). To get 0.5 more of lct (to go
from 0.5 to 1), the parents would give up the labor earnings of the kid (wct 0.5), and
this would directly diminish the disposable income of the household by that amount.
Then, assuming they do not save that period, we get that: M RS = wct . Using this
result and solving out for θ2 :
(−θ1 )

θ2 = wct lct Ct

= 0.006529

To get this value of θ2 , I use: the average earnings of a household were only one
low education and low experience parent works (wpt = 50) and savings equal to zero
(resulting in Ct = 50), the conditional mean of the wage offer to a 14 year old boy
(wct = 33) and θ1 = 2.
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