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Abstract

This paper develops and estimates a model of informal risk sharing with limited commitment that
incorporates children’s school attendance choices. The model is estimated using Mexican rural villages
data from the PROGRESA experiment and is used to analyze how the presence of informal risk sharing
influences schooling and child labor choices, as well as the effectiveness of conditional cash transfer
(CCT) programs. In particular, I compare the outcomes (schooling, child labor, and consumption) gen-
erated under the informal risk-sharing model with those that would be obtained, forcing households to
make choices under autarky. I evaluate the effect of alternative program designs that were also consid-
ered in other papers which did not incorporate inter-household transfers. I find that the number of years
of schooling completed at age 18 is 0.5 years lower under autarky than with risk sharing. Also, the effect
of CCT on schooling outcomes and welfare of households is larger under autarky than under risk sharing,
and CCT increases consumption volatility under risk sharing, especially among households with young
children who are subject to the future program benefit.
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1 Introduction

Over recent decades, many developing countries have adopted conditional cash transfer (CCT) programs

as a new approach to reducing poverty and increasing the human capital of the next generation. These

programs give cash grants to poor households conditional on children’s school attendance. In 1997, the

Mexican government initiated one of the first programs, which is called the Programa de Educación, Salud

y Alimentación, or PROGRESA (the current program is named Oportunidades), and similar programs were

adopted throughout Central and Latin America and, more recently, in South East Asia and Africa (Fiszbein

and Schady, 2009). The randomized implementation of PROGRESA and its collection of extensive data

offered researchers unique opportunities to evaluate the program’s effectiveness and to study alternative

program subsidy designs (Attanasio, Meghir, and Santiago, 2012; Behrman, Sengupta, and Todd, 2005;

Schultz, 2004, Todd and Wolpin, 2006, among others).

Most of the existing studies of the effects of CCT programs on child schooling have modeled the behav-

ior of households without regard to transfers between households and have focused on short-term program

effects. An important reality of the lives of poor families in developing countries is that, in the absence

of formal lending opportunities, they manage income risk through transfers among relatives and neighbors,

often referred to as “informal risk sharing” (see Fafchamps, 2008, for the survey). There is evidence that

public transfers that are targeted to specific groups, such as old age pension programs or conditional cash

transfers, are shared by others through informal risk sharing and crowd out existing informal transfers (Al-

barran and Attanasio, 2003; Angelucci and Di Giorgi, 2009; Dercon and Krishnan, 2003; Jensen, 2004).

The treatment effects estimated with experimental treatment and control groups, such as those obtained un-

der the PROGRESA experiment, are robust as to whether informal risk sharing is taking place. However,

studies that develop structural models to evaluate the effects of alternative program designs, and which as-

sume that households face only household-level income constraints, may not fully capture program effects.1

Moreover, most of the CCT literature focuses on short-term program effects, as the data are usually only

available for a few years. The longer-term effects may be different from observed short-term effects, as

households adjust their risk-sharing behavior in response to both the transfers and to additional changes in

the level and variability of income arising from children’s increased schooling.2 At the subsistence level,

managing income risk is crucial for the ability of households to meet their daily basic needs, and thus, un-

derstanding the change in informal risk sharing behavior is important in evaluating the welfare effect of the

CCT programs. Also, financial constraint is an important determinant of a child schooling and labor choice,

and these outcomes may respond to the change in the availability of informal transfers (Jacoby, 1994; Jacoby

and Skoufias, 1997).

This paper develops and estimates a model of informal risk sharing with limited commitment that incor-

porates children’s school attendance choices. My model builds on and extends the earlier informal village

risk-sharing models introduced in Townsend (1994), on the limited commitment framework developed in

Ligon, Thomas, and Worrall (2000, 2002), Laczó (2011), and on the large economy model of Krueger and

1The notable exceptions are Angelucci, Di Giorgi, Rangel, and Rasul (2010), and Angelucci, Di Giorgi, and Rasul (2012).
2Attanasio and Rios-Rull (2000) and Krueger and Perry (2006, 2011) show that lower income variability may reduce consump-

tion risk sharing.
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Perri (2011). The model is estimated using data from the PROGRESA experiment and is used to analyze

how the presence of informal risk sharing influences the effectiveness of CCT programs. In particular, I

compare the treatment outcomes (schooling, consumption, and income) generated under the informal risk

sharing model with those that would be obtained forcing households to make choices under autarky. I

quantify the effect of informal risk sharing and study the mechanisms through which risk sharing promotes

schooling attainment. I evaluate the effect of alternative program designs which were also considered in

other papers that did not incorporate inter household transfers (Attanasio, Meghir, and Santiago, 2012; Todd

and Wolpin, 2006).

In the model, I consider a closed village economy, populated by a continuum of overlapping generations

of households who make a collective decisions about (1) the size of the transfers given to or received by each

household, and (2) which households send their child to school. The arrangement is based on the house-

holds’ voluntary incentive to share their income with others, and hence, the arrangement is made in such a

way that the future gain from staying in the arrangement relative to autarky is sufficient to compensate for

the amount households have to share in the current period. Incorporating this so-called limited-commitment

constraint, the arrangement endogenously responds to the expected and the actual changes in the autarky

value driven by government transfers.3

Households begin their lifecycle as a married couple, and, with some probability, a child birth occurs.

Children are eligible to attend school between ages of 6 and 18, during which time they can either choose to

stay home, attend school, or work for a child labor wage. There is a utility cost of returning to school after

an interruption of school attendance. Parents’ income and child wage offers are exogenous and stochastic,

and household income is pooled. Children aged 19 and over are assumed to work, and household income

depends on child schooling attainment. Household income may also differ across households according to

permanent unobserved types of parents and children which are incorporated into the model.

Households have an incentive to participate in risk sharing mainly for two reasons. First, households are

risk averse and want to smooth their consumption against future shocks. Second, schooling interruptions are

costly, so parents have an incentive to keep their child in school even in periods where they receive negative

income shocks.

Directly solving for the allocation for all households for all possible states is not feasible. However, a

solution can be found by solving a contract between a household and an infinitely-lived, risk-neutral agent

(see Atkeson and Lucas, 1992, 1995; and Krueger and Perri, 2011). The advantage of this algorithm is that

it reduces the original problem to a recursive cost minimization problem of the risk-neutral agent, who is

committed to deliver a certain level of lifetime utility (which is promised in the contract) to a given household

without having to track the distribution of the allocations received by all households. This approach requires

assuming that the village economy is stationary.

In 1997, the Mexican government launched a large-scale cash transfer program targeting the rural poor.

The program, which was called PROGRESA, paid a cash grant to mothers upon the school attendance of

their children, and detailed panel data were collected to evaluate the program. The data includes 25,000

households in 506 villages, and all households in selected villages were surveyed. Thus, I observe the infor-

3Albarran and Attanasio (2003) find evidence that the limited-commitment constraint is present in these villages.
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mation of all households that would participate in the risk-sharing arrangement. The data contain detailed

information about household income and consumption and also about the age, completed school grade, main

activity, and wage income earned by each household member. Among the 506 villages, 186 were selected

as control villages, and the CCT program for them was delayed until the end of 1999. In estimation, I use

the 11 largest control villages, which have more than 100 households each.4 The model parameters are

estimated by the simulated method of moments, matching the observed income, consumption, and child

activity choices predicted by the model to those in the PROGRESA data.

Based on the estimated model, I find that informal risk sharing promotes more regular school attendance

for children and helps households smooth consumption against income shocks. When households engage in

risk sharing, school attendance and child labor choices are not responsive to parental income fluctuations,

whereas in autarky, they are significantly affected by them. A temporary decrease in parental income leads to

a school enrollment rate that is 12 percentage points lower under autarky than with risk sharing. Due to high

estimated adjustment costs, only a small fraction of children return to school once schooling is interrupted.

Under autarky, the impact of a low income shock in one year is persistent. I find that the amount of schooling

completed by children by the age of 19 is 0.47 years less under autarky than with risk sharing.

I also introduce a CCT program that is similar to PROGRESA to the estimated model with and without

risk sharing and find that the effect of the CCT program on schooling outcomes and household welfare is

larger under autarky than under risk sharing. Compared to when there is no CCT program, the amount

of schooling completed by children by the age of 19 increases by 1.12 years under autarky and by 0.85

years under risk sharing. School enrollment rate increases by 23 percentage points under autarky and by 19

percentage points under risk sharing. One of the benefits of CCT is that it mitigates the effect of negative

income shocks on household consumption and school attendance. This effect, however, is negligible under

risk sharing because the allocations under risk sharing were close to efficient allocations even without the

CCT. Moreover, the correlation between household income and consumption under risk sharing increases

by 13 percent compared to when there is no CCT. This is because beneficiary households can rely on the

CCT benefit if inter-household transfer becomes unavailable, and this weakens their voluntary participation

incentive to remain in the risk-sharing arrangement. This offsets some of the welfare gains from the CCT

under risk sharing.

This paper relates to a large literature that evaluates the effects of the PROGRESA program, especially

to Attanasio, Meghir, and Santiago (2012) and Todd and Wolpin (2006), both of which use a structural

modeling approach to model schooling decisions. Both papers evaluate the effects of alternative policies

that involve reallocating program benefits among households. My modeling framework is much different

in that it is an equilibrium model that allows for transfers among households. I examine how policy effects

differ in an environment where households make or receive transfers and jointly make schooling decisions

relative to an autarky environment.

Other closely related papers are Angelucci, Di Giorgi, Rangel, and Rasul (2010) and Angelucci, Di

4I restrict the sample to large control villages for two reasons. First, the model assumes a continuum of households, which
is approximated better by large villages. Second, the model solution algorithm the economy to be stationary. However, due
to introduction of the transfer program, in the treatment villages the village economy may be in a transition path to a different
equilibrium than the one in the control villages.
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Giorgi, and Rasul (2013). These papers find that the PROGRESA program was effective in increasing

child schooling only for the households which have extended family network ties within the same village,

suggesting that informal risk sharing plays an important role. This paper takes an alternative approach

by developing and estimating a model that allows the amount of risk sharing within each village to be

endogenously determined. This approach is more flexible when it comes to an evaluation of alternative

policies by allowing risk sharing outcomes to vary depending on the nature of each policy.

Several papers structurally estimate dynamic risk-sharing models with limited commitment using village-

level data. Ligon, Thomas, and Worrall (2002) find that estimated model explains the consumption dynam-

ics in rural Indian villages better than alternative models, including autarky and a static risk-sharing model.

Laczó (2011) formally applies statistical tests to different risk sharing regimes using the same Indian villages

data and finds that limited commitment with heterogenous preference outperforms alternative models. She

also studies the effect of a counterfactual public cash transfer policy on the risk-sharing arrangement. Their

analysis is confined to consumption risk sharing and does not incorporate schooling or any other investment

decision.

Ligon, Thomas, and Worrall (2000) consider a limited-commitment risk-sharing model with private

savings that cannot be seized as collateral. In a numerical simulation, they show that the existence of

savings helps to smooth aggregate shocks, but it may decrease welfare by making the outside option more

attractive. My model does not incorporate savings (very few households in the data have savings), but I

instead incorporate the schooling decision as a form of investment. Schooling differs from savings or other

physical capital because schooling investments have to be made continuously during a specific interval of

the lifecycle, and households receive direct utility from schooling. An implication of my model is that

households which want to invest in schooling demand more risk sharing.

This paper is also related to a large literature on informal risk sharing in rural village economies that

originated with Townsend (1994), who studied risk sharing among villagers in rural India. Since then,

numerous papers have documented similar behaviors in many different countries (Dercon and Krishnan,

2003; Fafchamps and Lund, 2003; Kinnan, 2011; Mazzocco and Saini, 2009; and Morduch, 1995, among

others). Cox and Fafchamps (2007) and Fafchamps (2008) provide extensive reviews of the literature on

informal risk sharing and evidence of crowding out of public transfers found in the literature.

The rest of the paper is organized as follows. The model is presented in section 2. Section 3 provides

a description of the data. Section 4 introduces estimation procedure and results. Section 5 presents the

description and the analysis of counterfactual experiments, and section 6 concludes.

2 Model

In the following subsections I first set up the model environment, including the village and household demo-

graphics and the choices and risks which these households face. Then I formally define an allocation under

risk sharing with limited commitment. To solve for an efficient allocation under risk sharing, I introduce

an agent who mediates interaction among households. The agent’s problem is presented at the end of this

section.
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2.1 Set-up

I consider a closed village economy, populated by a continuum of overlapping generations of households.

The life of a household begins without a child. A household is endowed with some level of lifetime utility

ω0. Fertility shocks arrive once a year, and a childbirth occurs with probability πb. Once a child is born,

the fertility process ends. Children between the ages of 6 and 17 are eligible to attend school. After a child

reaches age 18, he or she is no longer eligible to attend school, and instead always works and contributes to

household income. Children in this stage also may permanently leave their households and stop contributing

to household income with probability πm. Households in this stage (i.e., a household whose grown-up

child has left and is no longer present), stochastically dissolve with probability πd , after which they do

not consume nor obtain any utility. Dissolved households are replaced by new households so as to keep

the village demography stationary. At any given time period, each village is populated by households in

different stages in their life cycle.

A period in the model equals one school semester (six months), and there are two periods within one

year (fall and spring semester). All demographic transitions including birth, migration, dissolution, and the

evolution of a child’s age occur once a year, in the beginning of the fall period.5

Children between ages 6 and 11 always attend school. Between ages 12 and 17, they either stay home, at-

tend school, work for a wage, or attend school and also work for a wage. These activity choices are mutually

exclusive. I define d j
t = 1 if alternative j is chosen in period t where j∈{home, school, work, school+work}.

If alternative j is not chosen, d j
t = 0. dt denotes a vector {dhome

t ,dschool
t ,dwork

t ,dschool+work
t }. School enroll-

ment choices for a child are made twice a year, at the beginning of the fall and the spring semesters.

Define Xc
t to be the completed grade of a child at the beginning of period t. Although children between

ages 6 and 11 always attend school, they may fail their school grade and need to repeat the year. Between

ages 12 and 17, school grade completion is determined in the beginning of every Fall semester. The proba-

bility that a grade is completed by a child is a function of school attendance and work choices in the previous

year.

Households face a stochastic income process. This is a major source of risk in the model. Before a child

becomes 12 years of age, his or her parents are the household’s only income earners. The parental income is

denoted by yp. The child’s wage between ages 12 and 18 is denoted by w, and household income, denoted

by yh, becomes yp +w1{dwork
i,t = 1ordschool+work

i,t = 1}. As a child reaches age 18, both the parents and

child jointly generate household income, and the completed grade of a grown-up child enters the household

income process. As a child migrates out, household income becomes yp again.

The period utility of household is derived from household consumption (c), completed school grade and

activity choices of a child. Households discount the future at the rate of δ .

5The model assumes that each household has at most one child. This is restrictive because households in rural Mexico have
around 3.5 children on average. The benefit of having multiple children in the model would be that it provides more heterogeneity
across households in terms of their demand for risk sharing with other households. For example, households who have multiple
children who can work for wages have better self-insurance ability, which will decrease their voluntary participation incentive to
share risk with others. Also, the maximum amount they can receive when a conditional cash transfer program (CCT) is introduced
will vary depending on the number of the children who are eligible to receive the program benefit, which implies that the effect of
CCT on autarky values differ across households. However, allowing multiple children in the model is computationally burdensome;
therefore, in the current stage of this study, I limit my model to a single child.
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2.2 Risk Sharing Problem

In this subsection, I formally define efficient allocations under risk sharing with limited commitment and

present the agent’s problem in a recursive formulation. Recall that the outside option of households is to live

under autarky. Therefore, to characterize the voluntary participation constraint, I first introduce the autarky

problem.

2.2.1 State Space

Let us denote a vector of shocks received by household i in period t by si,t . si,t includes stochastic events

affecting demographic transitions (birth, migration, and dissolution), parental income, child wage, leisure

preference, grade completion. A history of si,t up to period τ is denoted by sτ
i . Define Ωi,τ to be a state

that household i arrived in at the beginning of period τ , consisting of sτ
i and demographic characteristics

including the initial ex-ante lifetime utility ω0:

Ωi,τ = {ω0,sτ
i ,ai,τ ,di,τ−1,Xc

i,τ}

where ai,τ denotes the age of a child in period τ . Also, denote the set of all Ωi,τ that can be reached with a

positive probability in period τ as Ωτ .

2.2.2 Autarky

Under autarky, households make an optimal choice given their household budget constraint, ci,t = yh
i,t . The

only choice involved under autarky is a child activity choice. The discounted present lifetime utility of

household i which arrived Ωi,t in period t is denoted as UAut(Ωi,t). For a complete presentation of the

autarky problem, see Appendix A.

2.2.3 Risk Sharing with Limited Commitment

Households have an incentive to participate in risk sharing for two reasons. First, households are risk averse

and want to smooth their consumption against future shocks. Second, schooling interruptions are costly, so

parents have an incentive to keep their child in school even in periods where they receive negative income

shocks. To manage income risk, households participate in a risk-sharing arrangement where households

pool their income and make a collective decisions about (1) the size of the inter-household transfers given

to or received by each household, and (2) which households send their child to school.

Households opt out to autarky unless they obtain at least as much utility as they would without any

risk sharing. Also, there is no means by which to enforce this informal contract among the households.

The decision whether to remain in or leave the arrangement is made by each household in the beginning

of each period after si,t is realized. For all households, the decision to remain in the arrangement, once

made, binds until the next period si,t+1 is realized. It is assumed that the entire arrangement breaks down

if at least one household chooses to leave the arrangement, and hence, the allocation is constrained to keep
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every household within the arrangement in every state in every period. An allocation under the risk sharing

arrangement is denoted by (c,d)≡ {{ci,t(Ωi,t),di,t(Ωi,t)}Ωi,t∈Ωt}∞
t=0.

Define u(Ωi,τ ,c,d) to be the period utility of household i in period τ under allocation (c,d). The con-

straint to keep households in the arrangement, which will hereafter be called a voluntary participation con-

straint (V P), are given by the following:

u(Ωi,t ,c,d)+
∞

∑
τ=t+1

δ
τ−tEΩi,τ |Ωi,t ,di,t(Ωi,t) [u(Ωi,τ ,c,d)]≥UAut(Ωi,t).

There is no village-level aggregate saving or borrowing technology. Thus, in every period, the sum of

the consumption of all households should not exceed the sum of income of the households in the village.

The village resource constraint (RC) is given by,

ˆ
Ωi,t∈Ωt

ci,t(Ωi,t)dΦt(Ωi,t)≤
ˆ

Ωi,t∈Ωt

yh
i,t(Ωi,t)dΦt(Ωi,t)∀t,Ωt ,

where Φt(Ωi,t) is a cumulative distribution function of Ωi,t over the support Ωt in period t. Subject to (V P)

and (RC), households in a village in period t jointly maximize the sum of their discounted present value of

lifetime utility:

max
c,d

∞

∑
τ=t

δ
τ−tEsτ |st

{ˆ
Ωi,τ∈Ωτ

u(Ωi,τ ,c,d)dΦτ(Ωi,τ)

}
.

An allocation (c,d) is efficient with respect to Φt if the allocation solves the problem with (RC) holds

at equality. As shown in Atkeson and Lucas (1992, 1995) and Krueger and Perri (2011), solving for effi-

cient allocations reduces to a standard dynamic programming problem. In order to use recursive techniques,

however, allocations under a risk-sharing arrangement have to be restricted to stationary allocations. An

allocation is stationary if Φt = Φ for all t. Extending Krueger and Perri (2011), which considered an en-

dowment economy, the solution can be found by solving a dynamic contract between a household and an

infinitely-lived, risk-neutral agent as described in the next subsection.

2.2.4 The agent’s Problem

The constrained efficient allocation of risk-sharing arrangement is found by solving a dynamic contract

between a household and an infinitely-lived, risk-neutral agent who is responsible for allocating resources to

a given household. It is assumed that the agent has an access to an outside financial market where he or she

can borrow or save at a risk-free interest rate R. A household is promised a certain level of lifetime utility in

the contract. The agent determines how much of the promised lifetime utility should be delivered as a form

of current consumption and how much should be postponed into the next period as a utility promise. In this

subsection, I set up the agent’s problem in a recursive form.

In the contract a household is promised a certain level of lifetime utility, ωt , which will be called the

“promised utility” throughout the remainder of the paper. The objective of the agent is to find an alloca-

tion that minimizes the discounted sum of the cost of delivering ωt . The agent chooses the current period

utility, h, and the state-contingent promise to be made in the next period, ωt+1(Ωt+1), along with a child’s
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activity choice dt when it is relevant. Define C(·) to be the inverse utility function that gives the amount of

consumption necessary to deliver ht .

The agent’s problem for households whose child is above age 18 is equivalent to the standard consump-

tion risk-sharing problem which was studied in Krueger and Perri (2011). For these households the agent’s

problem is given by:

TV (ωt ,Ωt) = min
ht ,{ωt+1(Ωt+1)}∀st+1

{
C(ht)+

1
R

EΩt+1|Ωt [V (ωt+1(Ωt+1),Ωt+1)]

}
, (1)

subject to

ωt = ht +δEΩt+1|Ωt [ωt+1(Ωt+1)] , (2)

ωt+1(Ωt+1)≥UAut(Ωt+1)∀Ωt+1. (3)

When a child is of age a and the child’s activity choices are involved:6

Va(ωt ,Ωt)=min
dt

{
Va(ωt ,Ωt |dhome

t = 1),Va(ωt ,Ωt |dschool
t = 1),Va(ωt ,Ωt |dwork

t = 1),Va(ωt ,Ωt |dschool+work
t = 1)

}
where

Va(ωt ,Ωt |dt) = min
h,{ωt+1(Ωt+1)}∀st+1

{
C(ht ,dt)−wtdwork

t

+ 1
R EΩt+1|Ωt ,dt [V a+1(ωt+1(Ωt+1),Ωt+1)]

}
,

subject to

ωt = ht +δEΩt+1|Ωt ,dt [ωt+1(Ωt+1)] ∀Ωt+1

ωt+1(Ωt+1)≥ EΩt+1|Ωt ,dt

[
UAut

t+1(Ωt+1)
]
∀Ωt+1.

The interest rate R is endogenously determined at the level where the agent neither borrows nor saves, and

thus, (RC) holds at equality.

The extension of Krueger and Perri (2011) to this setting is not trivial. It is commonly known that

introducing an investment choice to a limited-commitment model makes the constraint set non-convex.

This is because the investment choice affects the outside option value (under the assumption that returns

from investment are still accrued under autarky), and the convex combinations of the choices of promised

utility and the level of investment jointly may not be contained in the constraint set. The agent’s problem

considered here, however, solves the minimization problem given a discrete activity choice. Thus, given an

activity choice, such a non-convexity issue does not arise, and the minimization problem with respect to the

future promised utilities is well-defined.

Major challenges in computation arise due to the presence in the problem of both discrete child activity

6The agent’s problem presented in this subsection is simplified. For example, I did not distinguish the problems in a fall period
and a spring period to simplify the presentation. The main difference between the fall and the spring problems are, when a child is
present, that the child does not get older nor the school grade is updated at the end of the fall. These events only occur at the end of
the spring. Other than these, the structure of the problems are similar in the fall and the spring.
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choices and continuous choice variables {ωt+1(Ωt+1)}Ωt+1 . The presence of the dynamic discrete choices

makes value functions nondifferentiable and nonconvex with respect to promised utility ωt in the neigh-

borhood where the optimal child activity choice changes from one to another. As the non-differentiable

and non-convex value functions in period t + 1 enter the optimization problem in period t, the first order

condition is not well defined. Unlike in a standard dynamic discrete choice model where introducing many

shocks convexifies the objective function, there is one continuous choice variable (state contingent promised

utility) per each possible realization of shocks. Thus, adding shocks does not mitigate the problem.

Grid searches are robust to the nonconvexity of an objective function; however, the trade-off between

the accuracy of the solution and the computation speed is large. The accuracy of the solution is important

to obtain a value for R that satisfies the village resource constraint. In numerical simulations, a coarse grid

of ωt+1 leads to failure to finding such a value for R. With a grid of ωt+1 that is refined enough to find

an equilibrium R, the computation takes an infeasible amount of time. Because of the non-differentiability

and non-convexity of the objective function, efficient algorithms that are based on the first order condition

cannot be applied.

Fortunately, Clausen and Strub (2013) provide an envelope theorem that is applicable in this setting.

According to their envelope theorem, regardless of the presence of nondifferentiable parts in an objective

function, optimal solutions are always found in differentiable parts of the objective function. Based on that

envelope theorem, Fella (2013) proposes an algorithm that combines a grid serach and an endogenous grid

method, which is based on the first order condition. The altorithm identifies a non-convex interval of the

objective function and applies a grid search in the interval and uses an endogenous grid method elsewhere.7

However, endogenous grid method is not adequate when there are more than one continuous control

variables. The agent solves for a set of state-contingent promised utilities, and there are many possible

states per period determined by demographic transition, grade progression, parental income and child wage

shock realizations. To deal with this issue, I reformulate the agent’s problem by letting each shock realizes

sequentially so that the agent needs to find a promised utility for one state at a time. By reformulating the

agent problem sequentially and by adopting Fella’s algorithm, I achieve both accuracy and speed. A detailed

explanation of the computational procedure is provided in Appendix B.

3 Data

In 1997 the Mexican government launched a large-scale cash transfer program to promote school attendance

of children in poor rural areas in the country. As of 1998, a total of 35,688 villages in 28 states that had

a high “marginalization index” were selected for participation. Among households in each village, the

program further identified the poor households that became beneficiaries of the program (For more details,

see Skoufias, Davis, and Behrman, 1999). Beneficiary households whose children were enrolled in grades

3 to 9 were eligible for educational grants conditional on the attendance of their children at school for more

than 85 percent of the applicable school days. The educational grant schedule is provided in Table 1.8

7All non-differentiable points are contained in non-convex intervals.
8The program also provided cash transfer and nutritional supplements for infants and small children that were not contingent on

schooling, though the educational grant comprised more than 75 percent of the total amount of the grant (Todd and Wolpin, 2006).
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Table 1: PROGRESA monthly education grant schedule in 1998

Monthly grant in pesos
School level Grade Male Female

Primary 3 70 70
4 80 80
5 105 105
6 135 135

Secondary 1 200 210
2 210 235
3 220 255

Source: Schultz (2004)

For the evaluation of the program, village- and household-level survey data was collected in 506 ran-

domly selected villages. Moreover, a randomization of treatment villages and control villages was per-

formed. The beneficiary households in 324 treatment villages started receiving the program transfers in

1998 and those in 182 control villages did at the end of 1999. The survey data was collected in both treat-

ment and control villages before and after the implementation of the program. The baseline surveys were

done in October 1997 and March 1998, and the three follow-up surveys were conducted in October 1998,

May 1999, and November 1999 before the control villages started receiving the program transfers. Then

another rounds of follow-up surveys were collected in 2000, 2003, and 2007 after PROGRESA covered all

sampled villages. Every household in selected villages was surveyed; in the baseline surveys there were

24,077 households (9,221 in the control villages and 14,856 in the treatment villages). The household-level

survey contains information about household members, including their age, most recently completed school

grade, school attendance, employment, and information about individual members’ wage income, house-

hold income from other sources, household food consumption, and household expenditure on both food and

non-food items. Please see [cite papers] for more details.

In the following subsections, I describe the findings in the data to motivate the relevance of informal risk

sharing model with child activity choices to PROGRESA villages.

3.1 School Attendance and Child Labor

The school enrollment status of children at the time of the survey was collected, and if a child was attending

school at the time of the survey, I assume that the child attended school for the entire semester. School

enrollment is almost universal before age 12 and starts to drop sharply around age 14. In control villages,

the school enrollment rate between ages 16 and 18 during the data periods is around 30 percent, and the

completed grade of children at age 18 is less than 7th grade (Figure 1). School attendance is not only low

but also irregular. As shown in Table 2, 20 percents of children of the age of 12 and above make at least

two transitions into and out of school. The most frequently cited reason for absence is “not enough money”

(Table 3) suggesting that financial constraint is important determinant of observed schooling outcomes in

these villages.
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Figure 1: School enrollment rate and completed school grade by age

Source: PROGRESA data October 1998, May 1999, and November 1999. The sample is restricted to all
control villages.

Table 2: Proportion of children making transitions into or out of school

All Age≤12 Age>12
No transition into or out of school 0.72 0.80 0.43
One transition 0.18 0.12 0.38
Two transitions or more 0.11 0.08 0.20

Number of observations 16,981

Source: De Janvry et al. (2006). PROGRESA data over 7 semesters from November 1997-November
2000.

Child labor is prevalent and a significant source of income in these villages. Child labor becomes

increasingly common after the age of 12 and the fraction working for a wage reaches up to 35 percent at the

age of 18 (Figure 2(a)). The contribution of children (including zero wage) to household income increases

along with the age of the oldest child reaching 30 percents of total household income at the age of 18 (Figure

2(b)) and the proportion of children’s contribution is around 40 percents for households whose child works

for a wage (Figure 2(c)).

3.2 Income Risks

Table 4 shows the prevalence of shocks faced by households in PROGRESA villages. In the data, 12

percents of households reported that their head fell ill at least once within a given month, and almost 70

percents of them had to withdraw from work for one or more days due to the illness. Also, 16 percents of

households reported that their head was unemployed at a certain point in a given month. Natural disasters

such as droughts are also common. 40 percents of households reported that they experienced a drought at

least once within the past 6 months. Droughts are regarded as a community-wide shock; however, not all

households in a village report the experience of the same shock. In a given village, on average, 4 out of 10

households report that they had experienced a drought whereas 6 out of 10 households report that they did

12



Figure 2: Child labor in PROGRESA villages

Source: PROGRESA data October 1998, May 1999, and November 1999. The sample is
restricted to all control villages.
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Table 3: Reasons for not attending school

Reason for not attending school % who reported this reason
Not enough money to attend school 55
Did not like school 17
School is far away 6
Help was needed at home or work 6
Others 14
No response 3

Number of observations 8,527

Source: PROGRESA data October 1998, May 1999, and November 1999. The sample is restricted to all
control villages and children between the ages of 12 and 18.

Table 4: Percentage of households having experienced various shocks

Household head ill at least once in a given month 12%
Withdrawn from work due to illness at least a day 68%
Withdrawn from work due to illness at least for a week 36%

Household head unemployed at least once in a given month 16%
Natural disaster in 6 months 43%

Droughts in 6 months 31%
Average percentage of households in a village reporting the droughts 40%

Number of observations 80,916

Source: PROGRESA data October 1998, May 1999, and November 1999. All villages.

not experience any during the same periods. Reported damages also vary across households in each given

village, suggesting that there is a room for risk sharing among households in a village even in the time of

natural disasters.

The data on income from other sources such as sales of a household member’s service, crop production,

livestock sales, government program transfers other than PROGRESA (such as pensions), rent, and any

interest from savings were also available. Household income variable was constructed as the sum of all

members’ wage income and income from other sources. Parental income is obtained by subtracting the

sum of the wage income of children from household income. [Add major source of income and observed

volatility in income]

3.3 Informal Transfers and Insurance

There is evidence that households exchange informal transfers and use informal sources to borrow money in

PROGRESA villages. As shown in Table 5 10 percents of households reported that they had some form of

support received from or given to other households within a single month.9 The average amount of support
910 percents are arguably not large enough to support a model assumption that every household participates in risk sharing, even

after considering that the survey asks about supports made during a particular month. It is possible that the phrase in the survey

14



Table 5: Informal financial activities in PROGRESA villages

Giving or receiving support from other households
Percentage of households reported the activity 10%
Average amount of the support 475 pesos

Borrowing or credit
Percentage of households reported the activity 2%
Percentage of credit from relatives/neighbors/friends 62%

Number of observations 26,972

Source: PROGRESA data October 1998, May 1999, and November 1999. Average amount of the support is
reported in nominal Mexican peso.

is 475 pesos, which is a substantial amount considering that the average monthly household expenditure is

1,071 pesos in these villages. Also, more than 60 percents of reported credit (in frequency, not in the amount

of money) are from informal sources such as relatives, neighbors, and friends. This direct evidence suggest

that informal transfers and credits are a large part of the village economy in Rural Mexico.

Indirect evidence of informal insurance among households in a village is found by testing the comove-

ment of village consumption. [Cite papers.. Townsend, 1994; Deaton, 1996; Hayashi et al, 1996; Cochrane,

1988; Mace, 1988; Mazzocco and Saini, 2010; Kinnan, 2008; Fafchamps, 1998; etc]. Most of these papers

test the presence of consumption insurance (exception is Angelucci et al, 2009). I also test whether child

acitivity choices are also affected by village-level resource constraint.

The survey also contains detailed information about the quantity and the value of household food con-

sumption, non-food expenditures, and income from various sources. The consumption variables are avail-

able in all waves, except the baseline survey. I convert the household income and consumption to the

adult-equivalent per-capita level adjusted by the economies of scale. The adult equivalent weights are based

on the calculation of Di Maro (2004).10 See Appendix C for details about how the income and consumption

variables are constructed.

Table 6 provides household consumption regression results. Household consumption responds to a

change in household adult income, but the magnitude is small; household consumption changes by 0.07

standard deviation when household adult income changes by one standard deviation. Household consump-

tion increases if they have more income from child labor. These suggest that households are not fully insured

against income changes. Household consumption seems to comove as the coefficient of change in village

mean consumption is large positive and statistically significant; 0.23 standard deviation change in household

consumption is associated with one standard deviation change in village mean consumption. Column (3)-

(6) in Table 6 shows how household consumption responded to the introduction of PROGRESA program.

Household’s being eligible for the program increases household consumption by 0.07 standard deviation.

Even if a household is not eligible for the program, if there are other households who become eligible for

question, “support”, may have led to under-representation of the actual extent of interhousehold transfers. Cox and Fafchamps
(2007) documents that in rural China, the response of households for receiving “money gifts” was five times larger than when a
survey question asked about “transfers”, which carried a connotation of “financial support”.

10Di Maro (2004) assigns 1 on adult members above age 18 and 0.73 on members of age 18 and below.
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the program in the same village then consumption of ineligible households increases by 0.06 standard de-

viation. Column (6) of Table 6 suggests that the degree that household consumption responds to household

income increases when a village to which household belongs is covered by the program. This is consistent

with the prediction of limited-commitment risk sharing model that additional ability to insure against shocks

decreases willingess to share risk with others.
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Table 6: Household Consumption OLS Regression
(1) (2) (3) (4) (5) (6)

Change in household adult income (normalized) 0.0735*** 0.0671*** 0.0672*** 0.0672*** 0.0736*** 0.0335***
(0.0047) (0.0046) (0.0046) (0.0046) (0.0047) (0.0110)

Change in the number of children working for wage 0.0224*** 0.0204*** 0.0203*** 0.0203*** 0.0220*** 0.0220***
(0.0052) (0.0050) (0.0050) (0.0050) (0.0052) (0.0052)

Change in village mean consumption (normalized) 0.2326*** 0.2307*** 0.2307***
(0.0050) (0.0050) (0.0051)

Household became PROGRESA beneficiary 0.0530*** 0.0528*** 0.0662*** 0.0679***
(0.0129) (0.0190) (0.0196) (0.0196)

PROGRESA is implemented in the village 0.0003 0.0603*** 0.0591***
(0.0214) (0.0220) (0.0220)

Household receives PROGRESA × Change in household adult income -0.0020
(0.0108)

Village has PROGRESA × Change in household adult income 0.0503***
(0.0139)

Constant 0.1647*** 0.0413*** 0.0423*** 0.0423*** 0.1647*** 0.1650***
(0.0082) (0.0083) (0.0083) (0.0083) (0.0081) (0.0081)

R-squared 0.103 0.157 0.158 0.158 0.105 0.106
Adjusted R-squared 0.100 0.154 0.155 0.154 0.102 0.102

Number of observations 33,657 33,657 33,657 33,657 33,657 33,657
Notes:
1) 1998-2000 Waves.
2) Village mean income and consumption excludes the income and the consumption of a corresponding household.
3) Change in household consumption, village mean consumption, village mean income are normalized to be mean 0 and standard deviation of 1.
4) All regressions included time and municipality fixed effects.
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Table 7 shows the probit regression results for the probability of attending school after having not at-

tended school previous period. Colums (1)-(4) are for the probability of attending school when children

stayed home last period and columns (5)-(8) are for when children worked for wages last period. Columns

(5)-(8) suggest that household adult income affects the probability of attending school when children were

working for wages; however, children who stayed home do not respond to household adult income suggest-

ing that home production of children who already stay home is not substituted with commodities that can be

bought with additional income. Progresa transfer has a similar effect. Availability of PROGRESA transfer

positively affects the transition from working to school but not from home. Column (8) suggests that such

an effect of the program is not confined to beneficiary households. Instead, all children are affected when

their are other households in the same village covered by the program whether or not their own households

are the beneficiaries of the program. This suggests that not only household consumption but also child activ-

ity choices are affected by village-level resource constraint. The coefficients of village mean adult income

variable are weakly significant results in column (5) and (6). When village level progresa eligibility variable

is used instead, the effect is larger and more significant. Whether to work or not is affected by village-level

shocks. The village mean adult income variable may contain many other factors that affect the probability

of transitioning into school. Progresa eiligiblity is exogenous to other village level shocks, and thus provides

more clear identification of the effect of village level resource constraint.
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Table 7: Probit Analysis of Transition into School After Staying Home or Working for Wages
Probability of returning to school after staying home Probability of returning to school after working

(1) (2) (3) (4) (5) (6) (7) (8)

Change in household adult income (normalized) 0.0406 0.0406 0.0406 0.0405 0.0935*** 0.0938*** 0.0941*** 0.0903***

(0.0256) (0.0256) (0.0256) (0.0256) (0.0277) (0.0277) (0.0277) (0.0276)

Change in village mean income (normalized) -0.0268 -0.0267 -0.0266 -0.0267 0.0432* 0.0396* 0.0377 0.0349

(0.0189) (0.0189) (0.0189) (0.0189) (0.0229) (0.0230) (0.0230) (0.0230)

Age -0.2084*** -0.2087*** -0.2087*** -0.2091*** -0.3888*** -0.3886*** -0.3883*** -0.3894***

(0.0115) (0.0115) (0.0115) (0.0116) (0.0133) (0.0133) (0.0133) (0.0133)

Male 0.1903*** 0.1911*** 0.1913*** 0.1914*** -0.1505*** -0.1503*** -0.1493*** -0.1454***

(0.0360) (0.0360) (0.0360) (0.0360) (0.0464) (0.0464) (0.0464) (0.0465)

Completed school grade 0.0129 0.0123 0.0040 0.0027 0.0922*** 0.0934*** 0.1179*** 0.1095***

(0.0093) (0.0093) (0.0153) (0.0155) (0.0102) (0.0102) (0.0172) (0.0175)

Household is PROGRESA beneficiary -0.0417 -0.1146 -0.1405 0.1162** 0.3317** 0.1743

(0.0414) (0.1143) (0.1247) (0.0493) (0.1312) (0.1453)

Household receives PROGRESA × Lagged grade 0.0124 0.0141 -0.0350* -0.0250

(0.0181) (0.0184) (0.0197) (0.0201)

Village has PROGRESA 0.0387 0.2245**

(0.0746) (0.0904)

Constant 1.4559*** 1.5191*** 1.5702*** 1.5497*** 4.6483*** 4.4986*** 4.3369*** 4.2456***

(0.5200) (0.5236) (0.5289) (0.5304) (0.4793) (0.4836) (0.4920) (0.4936)

Pseudo R-squared 0.089 0.089 0.089 0.090 0.271 0.272 0.272 0.273

Number of observations 9,367 9,367 9,367 9,367 7,301 7,301 7,301 7,301
Notes:
1) 1998-2000 Waves.
2) Village mean income excludes the income of a corresponding household.
3) Change in household consumption, village mean consumption, village mean income are normalized to be mean 0 and standard deviation of 1.
4) All regression equations included time and municipality fixed effects.
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Table 8 shows the probit analysis results of probability of dropping out of school to stay home or to work

for wages. The estimated coefficients of household adult income are not significant, both for the probability

of staying home and working for wages. The effect of household income was postive when it was from the

transition from work to school, but the opposite is not ture. This result is not intuitive and needs further

analysis. The effects of PROGRESA is as expected and not confined to beneficiary households.
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Table 8: Probit Analysis of Transition out of School to Home or Wage Work
Probability of dropping out to stay home Probability of dropping out to work for wages

(1) (2) (3) (4) (5) (6) (7) (8)
Change in household adult income (normalized) -0.0129 -0.0120 -0.0119 -0.0121 -0.0039 -0.0038 -0.0035 -0.0034

(0.0145) (0.0144) (0.0144) (0.0144) (0.0197) (0.0197) (0.0196) (0.0197)
Change in village mean income (normalized) 0.0075 0.0097 0.0098 0.0107 0.0318* 0.0322* 0.0332** 0.0346**

(0.0118) (0.0118) (0.0118) (0.0118) (0.0167) (0.0167) (0.0167) (0.0167)
Age 0.2292*** 0.2290*** 0.2290*** 0.2293*** 0.3861*** 0.3860*** 0.3859*** 0.3865***

(0.0076) (0.0076) (0.0076) (0.0076) (0.0104) (0.0104) (0.0104) (0.0104)
Male -0.3029*** -0.3028*** -0.3027*** -0.3030*** 0.6423*** 0.6422*** 0.6417*** 0.6416***

(0.0202) (0.0202) (0.0202) (0.0202) (0.0321) (0.0321) (0.0321) (0.0322)
Completed school grade -0.0294*** -0.0315*** -0.0378*** -0.0342*** -0.0301*** -0.0304*** -0.0581*** -0.0533***

(0.0061) (0.0061) (0.0097) (0.0098) (0.0079) (0.0079) (0.0127) (0.0129)
PROGRESA beneficiary household -0.1186*** -0.1738** -0.1086 -0.0207 -0.2793*** -0.1906*

(0.0246) (0.0697) (0.0764) (0.0344) (0.0985) (0.1089)
PROGRESA beneficiary household× Lagged grade 0.0090 0.0049 0.0395*** 0.0338**

(0.0107) (0.0109) (0.0142) (0.0145)
Village has PROGRESA -0.0942** -0.1228**

(0.0445) (0.0625)
Constant -3.7541*** -3.6125*** -3.5688*** -3.5346*** -6.7800*** -6.7530*** -6.5407*** -6.4972***

(0.3116) (0.3134) (0.3177) (0.3185) (0.4035) (0.4058) (0.4133) (0.4136)

Pseudo R-squared 0.114 0.115 0.115 0.115 0.240 0.240 0.240 0.241
Number of observations 35,342 35,342 35,342 35,342 33,582 33,582 33,582 33,582

Notes:
1) 1998-2000 Waves.
2) Village mean income excludes the income of a corresponding household.
3) Change in household consumption, village mean consumption, village mean income are normalized to be mean 0 and standard deviation of 1.
4) All regressions included time and municipality fixed effects.

21



[Add diff-in-diff estimation results.]

4 Estimation

In this section, I specify the model for estimation and discuss the identification of the model parameters,

final sample for the structural estimation of the agent’s problem, and estimation method.

4.1 Model specification for estimation

4.1.1 School Grade Completion and Activity Choices of Children

The probability that Xc
i,t = Xc

i,t−1 +1 when children are under age 12 is given by:

Pr(Xc
i,t = Xc

i,t−1 +1) =

π6
gr,0µ

gr
i if Xc

i,t−1 = 0

π6
gr,1µ

gr
i if Xc

i,t−1 > 0

Note that the probability depends on the parental type component, µ
gr
i .

Between ages 12 and 17, school grade completion probability is denoted by π12
gr (di,t−2,di,t−1).

4.1.2 Income Process

Households face a stochastic income process. This is a major source of risk in the model. Before a child

becomes 12 years of age, his or her parents are the household’s only income earners. The parental income

process is given by the following:

log
(

yp
i,v,t

)
= β

p
v + ε

p
i,v,t , ε

p
i,v,t ∼ N

(
0,σ2

p,v
)
,

where β
p
v is a village-specific intercept, and ε

p
i,v,t is an idiosyncratic shock component that is independent

over time and across households. Let a denote the age of a child. The child’s wage process between ages 12

and 18 is given by the following:

log(wi,v,t(a)) = β
w
a +β

w
school1{dschool+work

i,t = 1}+ ε
w
i,v,t , ε

w
i,v,t ∼ N(0,σ2

w),

where β w
a is an age specific mean and εw

i,v,t is an idiosyncratic shock. When a child is between ages 12 and

17, household income, yh
i,v,t , is the sum of the parental income and the child’s wages:

yh
i,v,t = yp

i,v,t +wi,v,t1{dwork
i,t = 1ordschool+work

i,t = 1},

ε
p
i,v,t and εw

i,v,t are independent of each other. As a child reaches age 18, both the parents and child jointly

generate household income:

log
(

yh
i,v,t

)
= β

h
v +βX Xc

i + ε
h
i,v,t , ε

h
i,v,t ∼ N

(
0,σ2

h,v
)
,
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where Xc
i denotes an unobserved type component of a household with a grown-up child.

As a child migrates out, household income becomes yp
i,v,t again.

4.1.3 Preference

The period utility of household is derived from household consumption, completed school grade and activity

choices of a child:

ui,t =
[ci,t +φ(κhome

ai,t
µhome

i +ξi,t)1{dhome
i,t = 1}]1−η −1

1−η
(4)

+ (1−φ)(κhome
ai,t

µ
home
i +ξi,t)1{dhome

i,t = 1} (5)

+ µ
school
i 1{dschool

i,t = 1}+κ
work
ai,t

1{dwork
i,t = 1} (6)

+ κ61{Xc
i,t ≥ 6}+κ91{Xc

i,t ≥ 9}+κ121{Xc
i,t ≥ 12} (7)

where ci,t is household consumption, κhome
ai,t

µhome
i + ξi,t is age- and type-specific utility from child leisure

where logξi,t ∼ N(0,σ2
ξ
). µschool

i denotes a type-specific utility from attend school, and κwork
ai,t

denotes an

age-specific utility from working. The utility from leisure can be interpreted as the value of child’s home

production, and its value may change as a child gets older. φ , 0≤ φ ≤ 1, governs the substitability between

consumption and child leisure. If φ = 1, all components of child home production or leisure is perfect sub-

stitute of commodities. If φ = 0 then child leisure is not substitable with commodities. Households are risk

averse over ci,t , and their period utility is represented by the constant relative risk aversion utility function

with risk aversion parameter η . Note that utility from working does not have a type-specific component.

This is because µhome
i and µschool

i are interpreted as utilites from staying home and attending school relative

to that from working. κ6, κ9, and κ12 captures the utility from the completed school grade, Xc
i,t ; households

enjoy a flow utility if their child completed 6th, 9th, and 12th grades.

4.1.4 Type Probability

There are three type-specific components in the model: µ
gr
i , µschool

i , and µhome
i . In the estimation, I allow for

two values that each parameter can take: high or low. I normalize the parameter values for the low-type as

1 and denote high-type values by µgr, µschool , and µhome. The probability of each household’s being a high

type is associated with the completed school grade of parents. Let X p to denote the completed school grade

of parents. Let us also define a categorical variable for parental education, Zp, where Zp = 1 if X p = 0,

Zp = 2 if 1 < X p < 6, and Zp = 3 if X p ≥ 6. Let pgr(Zp), pschool(Zp), and phome(Zp) denote the probability

of being a high-type for grade completion and preference over sending a child to school and keeping home,

respectively.

4.2 Identification of the model parameters

This subsection provides an argument how the model parameters identified. The arguments below provide

which variations in the data are critical to identify one parameter separately from others; however, no pa-
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rameter value is independent of other parameters and that all the parameters are jointly determined in the

estimation.

4.2.1 Income process parameters

σ
p
v and σh

v are identified from the variance of the first difference of the log of parental or household income.

β
p
v is identified by the mean log of parental income in each village. βX is identified if there is at least one

village with grown-up children with two different completed school grades:

E(logyh
i,v,t |Xc

i = X1,v = v0) = β
h
v0
+βX X1

E(logyh
i,v,t |Xc

i = X2,v = v0) = β
h
v0
+βX X2

4.2.2 Child wage process parameters

Wages are observed only for those who selected into a wage work. I assume that parental type in terms of

their preference for school and children being home as opposed to sending children to a wage work affects

wage work decision but not the wage offer. Parental types are associated with parental education level. The

fraction of children working and the mean observed wage rate by parental education level provide a source

of identification. The mean accepted wage by age and by school attendance status give information about

β w
a and β w

e .

4.2.3 School grade completion probability

The probability of completing a given school grade level by age 12 is identified from the fraction of children

who complete each grade level by parental education. The mean and the variance of the completed grade

identify the type specific probability.

4.2.4 Preference parameters

Risk aversion coefficient η governs the degree of risk sharing along with time discounting factor δ . They

are not separately identified. I fix δ . Then, η can be identified by the correlation between a change in adult

income and hosuehold consumption. The more risk averse households are, the more risk sharing they will

have.

Parameters that govern utility from child leisure enter the utility function in two different ways in (4).

There is a component that is substitutable with commodities and another that is not. φ governs the wieghts

of the two components. If it is perfectly substitible with commodities, we will observe larger fraction of

children staying home when households experience larger drops in adult income, if risk sharing is imperfect.

On the other hand, if it is not substitutible, the agent will make children of households with high income

realizations stay home more because when the participation constraint of these households binds, it would

be cheaper to compensate them with child leisure because consumption is already high and marginal utility
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of consumption is low. By observing the change in the fraction of children staying home by income change

quintile, we can identify φ . κhome
a is identified by observing the change in the fraction of children staying

home by age cohort. On the other hand, σξ governs the transition in and out of home between two periods

within a school year (holding the age constant). Type-specific preference for leisure, µhome, phome
1 , phome

2 ,

and phome
3 are identified by the fraction staying home in a given period and the variance of the number of

periods that children have stayed home by parental education, Z.

µschool and pschool
1 , pschool

2 , and pschool
3 are identified by the probability of fraction attending school and

the variance of completed grade at age 12 and age 18 by parental education. The intuition is that if µschool

approaches infinity, children whose parents have high µschool will always attend school and the completed

grade of the low-type and the high-type will be polarized, which will produce a large variance of completed

grade given parental education. Thus, the variance of completed grade at age 12 and age 18 will give an

information about µschool . Then, pschool
1 , pschool

2 , and pschool
3 will be identified by the fraction of children

attending school by parental education given µschool .

Parameters that govern utility from working, κwork
a , is identified by the fraction of children working by

age group given the child wage process parameters.

If κ6, κ9, and κ12 are positive then children who are enrolled in 6th, 9th, and 12th grades are more likely

to attend school to complete the grade level than those who are enrollend in 7th, 10th, and 13th grades.

4.2.5 Demographic transition parameters

Demographic transition probabilities are identified using the observed fraction of households in each demo-

graphic stage under the assumption of stationarity. Recall that there are five distinctive demographic stages

in the model. Normalize the measure of the households in each village by 1, and let us denote the measure

of households in stage s by Fs, s ∈ 1,2,3,4,5. Also, denothe the measure of the households with a child in

each age cohort, a, by fa. Stationarity requires that fa = f for all a = 0, ...,17. Note that Fs and f are easily

caculated from the data.11 Then, by stationarity,

πm =
f

F4
, πd =

f
F5

, πb =
f

F1

In the data, however, households usually have multiple children and there are many households who have

both grown-up children and school-aged children. I track the age of the oldest child of each household to

determine to which life-cycle stage each household belongs. Among households who do not have a child,

if a household head is older than age 40 then I assumed that the household belong to s = 1, and otherwise,

to s = 5.12 F1 = 0.0263, F4 = 0.38, F5 = 0.12, and f = 0.0263, which gives the calibrated demographic

transition parameter values of πb = 1,πm = 0.07, and πd = 0.22.

11The fraction of each age cohort between age 6 and 18 in the sample varies sligtly across cohorts, but they all fall in the range
of 0.68 and 0.83. Also, there does not seem to a systematic relationship between the size of the cohort and their birth year. I take
the average fraction as f .

12Age 40 is the 90th percentile of the age of the first birth among household heads. Also, only 2% of household heads who are
below age 40 has a grown-up child.
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4.3 Estimation Method

I use the method of simulated moments to estimate the model parameters.13 This estimation method finds

a set of parameter values that minimizes the weighted distance between the aggregate moments constructed

with the data and that with the simulated outcomes of the model. The weights are given by the inverse of

estimated variances of the data moments following Lee and Wolpin (2010).

The simulated moments are generated from the computed stationary distribution for a given set of pa-

rameters. I use the observed completed school grade of mothers and the estimated type-probability process

to determine the type of the parents of each household. Given the parental type, the age and the completed

school grade of each child is drawn from the stationary distribution. I assume that the state of the economy

when the parents’ schooling investment was made is different from the current steady state and that the

parental schooling distribution and the parental type distribution are exogenous to the model. I also assume

that the new households entering the economy have the same schooling distribution as the mothers in the

sample. Thus, the parental schooling distribution and the resulted parental type distribution are constant over

time. Given the parental type, the age and the completed school grade of a child, and a set of shocks, an ef-

ficient allocation is computed by solving the agent’s problem. Then, the simulated moments are constructed

as an average over the outcomes which are associated with many different sets of shocks.

4.4 Sample for the Estimation

In the estimation, I use the 11 largest control villages, which have more than 100 households each. I restrict

the sample to large control villages for two reasons. First, I use large villages because the model assumes

a continuum of households, which is better approximated by large villages. Second, I use control villages

because the model solution algorithm requires stationarity of the economy. In treatment villages, the village

economy may be on a transition path to a different steady state than in the control villages, due to the

introduction of the cash transfer program. There are 1,433 households in the selected sample. Also, when

I map the model to the data, I only track the information about the oldest child of each household. For

example, the model outcomes such as school attendance and the accepted wage of a 12-year-old-child are

13Parameters in the model are identified by the combination of functional forms, distributional assumptions, and exclusion restric-
tions. µ p in the parental and household income processes for high-income type are normalized to be zero. Although the parameters
in the parental and household income processes are identified outside the model, estimating the income process jointly with other
model parameters makes the estimation more efficient. This is because the parameters in the income process determine the return
from schooling, and thus they affect other parameters that govern child activity choices. I fix the subjective discount factor δ at a
conventional level of 0.95 because with a constant relative risk aversion (CRRA) utility function it is not obvious how to separately
identify the risk aversion and time discounting parameters. Grade-completion probability for grades 7-12, πgr(dschool

t ,dschool
t−1 ) are

not estimated but imputed based on the fraction of children completing one school grade given their observed enrollment status. The
computed grade-completion probability for grades 7-12 is given by πgr(1,1)= 0.8, πgr(1,0)= πgr(0,1)= 0.25, and πgr(0,0)= 0.1.
Grade-completion probability for children below age 12 (or between grades 1-6), π12

gr (X ,k), for each (X ,k) are estimated where
X is a school grade in which a child is enrolled and k is a parental type. Although πgr(dschool

t ,dschool
t−1 ) is independent of parental

type, the proportion of children who complete a school grade each year can differ across different parental types because dschool
t is a

choice and is affected by parental type. Demographic transition probabilities πb, πm, and πd are also imputed based on the observed
proportion of households which make a given demographic transition each year. The imputed values are: πb = 0.17, πm = 0.036,
and πd = 0.12.
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compared to the observed outcomes of the households whose oldest child is 12 years of age in the data.14

Table 9 provides the summary statistics of the selected sample. The school enrollment rate and the fraction

of children working for a wage by age is based on the oldest child. When constructing moments in the

estimation, income is deflated so that the aggregate income level is the same as the aggregate consumption

level.15

Table 9: Summary statistics

mean (s.d.)
Completed school grade

mothers 3.18 (2.69)
fathers 3.81 (2.56)
children at age 18 7.42 (2.37)

School enrollment rate
6≤age≤11 .98 (.13)
12≤age≤15 .77 (.42)
16≤age≤18 .36 (.48)

Fraction of children working for wage
12≤age≤15 .06 (.24)
16≤age≤18 .31 (.46)

Children’s wage income 1,179.24 (1,232.13)
Household income 2,478.75 (2,978.39)

Number of observations 4,152

Source: PROGRESA data October 1998, May 1999, and November 1999. The sample is restricted
to the eleven largest control villages. Children’s wage income and household income variables are
in per adult-equivalent level and in 1998 Mexican pesos.

The evidence from the data exhibit that larger villages acheive more insurance and that the effects of

progresa in large villages are different from small villages. Thus, the results obtained using the largest

villages should not be generalized.

4.5 Moment Conditions

Target moments which are used in the estimation are listed below. A “grown-up child” refers to a child

whose age is above 17.

14In PROGRESA villages, the birth order does not seem to affect the school attendance decision much as the coefficient of the
birth order variable in the probit regression of the school enrollment was close to zero and not significant at conventional level. The
sample used in the analysis was comprised of all children between ages 6 and 18 in both the treatment and control villages (about
48,000 children in total). Other controls were age, gender, parental education, completed grade, and village-fixed effect. The most
important determinant was the age of a child.

15The aggregate consumption-to-income ratios in each village are 0.58, 0.68, 0.96, 0.56, 0.66, 0.67, 0.77, 0.73, 1.25, 0.95, and
0.96. Except for one village, the surplus is on the income side, and in the majority of villages, the surplus is larger than 20 percent.
What accounts for the surplus is not clear. Ligon, Thomas, and Worrall (2002) had the same issue in Indian ICRISAT villages data,
and they suggest mismeasurement or village aggregate saving as possible sources of such discrepancies. In the estimation, I deflate
income in each village so that the village aggregate consumption and income are the same.
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1. Income process

(a) Mean log of parental income in each village, excluding households with a grown-up child

(b) Mean log of household income by the completed school grade of a grown-up child in each

village, households with a grown-up child only

(c) Variance of log of household income by the completed school grade of a grown-up child in each

village, households with a grown-up child only

(d) Variance of mean-differenced log of parental income by village, excluding households with a

grown-up child

(e) Variance of mean-differenced log of household income by village, households with a grown-up

child only

2. Child wage process

(a) Mean accepted wage by age, from ages 12 to 17

(b) Mean accepted wage by school attendance status

(c) Mean accepted wage by parental education

(d) Mean accepted wage by parental income quartile

3. School grade progression

(a) Fraction of children who did not complete any school grade at age 12 by parental education

(b) Fraction of children who complete school grade each year by parental education, from ages 6 to

11

(c) Mean completed school grade at age 12 by parental education

(d) Variance of completed school grade at age 12 by parental deucation

(e) Fraction of children who did not complete any school grade by age 18 by parental education

(f) Fraction of children who complete school grade each year conditional on their school attendance

and work activity in the previous year, from ages 12 to 17

(g) Mean completed school grade by age 18 by parental education

(h) Variance of completed school grade by age 18 by parental deucation

4. Child activity choice

(a) Fraction of children staying home, attending school, and working by age, from ages 12 to 17

(b) Fraction of children staying home, attending school, and working by parental education, from

ages 12 to 17
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(c) Fraction of children staying home, attending school, and working by parental income quartile,

from ages 12 to 17

(d) Fraction of children attending in each of the 5th, 6th, 8th, 9th, 11th, and 12th grades

(e) Fraction of children switching from staying home to attending school and vice versa within a

school year, from ages 12 to 17

(f) Mean number of periods in which children have stayed home over three periods by parental

education

(g) Variance of the number of periods in which children have stayed home over three periods by

parental education

(h) Fraction of children who attend school in the both semesters and only one semseter, from ages

12 to 17

5. Consumption

(a) Mean consumption by parental education

(b) Mean consumption by parental income quartile

(c) Mean first-differenced consumption by the quintile of first-differenced parental income

(d) Mean consumption by life-cycle stage

4.6 Parameter estimates16

The estimated parameters are shown in Table 10-Table 13.17 I discuss the parameter estimates of particular

interests in the following subsections.

4.6.1 Income, wage, and type process parameters

Table 10-Table 12 provide parameter estimates for parental income, child wage, household income, and

type process parameters. As shown in Table 10, the mean and the variance of parental and household

income vary significantly across villages. In all villages, household income with a grown-up child is larger

than that of other households. Table 11 provides parameter estimates for the child wage process. Mean

wage offers for children substantially increase with the child’s age, implying a higher opportunity cost of

attending school for older children. Table 12 provides type process parameter estimates. The estimated

type component in income process, µ p, is -0.9 for the low-income type, translating to a mean income

that is 41 percent of high-income-type ones.18 This is compatible with the observed difference in mean

16The sections below are based on the estimation of the previous version of the model. Previous version had a slightly different
parameter specification, but the structure of the model stayed the same.

17Some of the standard errors are missing. The estimation results will be updated soon.
18This calculation is done by:

Realized income of low-income type
Realized income of high-income type

=
eβv+µ p+ε p

eβv+ε p == exp(−0.9)' 0.41
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Table 10: Parameter estimates: income process

Village fixed effect Income shock variance

Village
Parental Household Parental Household

income (β p
v ) income (β h

v ) income (σ p
v ) income (σh

v )
1 8.12 (.0063) 8.84 (.0210) .88 (.0002) .58 (.0069)
2 7.49 (.0063) 8.79 (.0370) .87 (.0002) .71 (.0358)
3 7.52 (.0061) 8.08 (.0331) .90 (.0002) .84 (.0310)
4 8.23 (.0063) 8.87 (.0325) .57 (.0001) .69 (.0234)
5 7.87 (.0062) 8.74 (.0274) .55 (.0002) .62 (.0206)
6 8.11 (.0063) 8.40 (.0390) .87 (.0002) .86 (.0368)
7 7.71 (.0081) 8.27 (.0456) .70 (.0002) .92 (.0337)
8 7.61 (.0066) 8.05 (.0288) .79 (.0001) .78 (.0251)
9 7.72 (.0049) 8.50 (.0391) .71 (.0002) .75 (.0436)

10 7.57 (.0054) 8.14 (.0308) .89 (.0002) 1.01 (.0291)
11 7.80 (.0057) 8.62 (.0113) .55 (.0002) .84 (.0000)

Notes: Standard errors are in parentheses.

incomes of poor (CCT beneficiaries) and non-poor households in the data.19 The estimated parameters in

the type probability process predict that the probability of being a high-income-type child when no grade is

completed is 0.25 and that completing the 6th, 9th, and 12th grades increases this probability to 0.48, 0.56,

and 0.66 respectively. Combined with the estimated µ p, the estimated type probability process predicts that,

compared to those who did not finish any school grade, the expected mean household income is 24, 33,

and 43 percent higher when a child completes 6th, 9th, and 12th grades.20 The type components of parents

and children enter multiplicatively in the household income process, and households with high-income type

parents have larger return from schooling.

4.6.2 Preference Parameters

Preference parameter estimates are provided in Table 13. The estimated risk aversion coefficient is 0.63.

This is within the range of the values which were found in other studies that structurally estimate limited-

commitment risk-sharing models using village-level data in developing countries.21

19In the sample used in the estimation, the observed mean of per adult-equivalent household income of the beneficiary households
for 6 months is 1835.68 pesos and that of the non-beneficiary households is 3022.26 pesos.

20The relative size of income is obtained by the following calculations:
(A) Mean income of those who did not complete any school grade = 0.75eβv−µ p+0.5σ

p
v +0.25eβv+0.5σ

p
v

(B) Mean income of those who completed 6th grade =0.52eβv−µ p+0.5σ
p
v +0.48eβv+0.5σ

p
v

The relative size of mean income when completing 6th grade=(B-A)/A=0.24. Similar calculations were done for 9th and 12th
grades.

21Other papers that structurally estimate a limited-commitment risk-sharing model by using data from rural villages have found
larger risk aversion coefficient estimates. For example, the estimated risk aversion coefficients of the CRRA utility function in
Ligon, Thomas, and Worrall (2002) are between 0.84 and 1.61. These values are associated with the estimated values of time
discount factors which range between 0.7 and 0.95, where a large discount factor is associated with a low risk aversion coefficient.
In Morten (2013) risk aversion coefficient is fixed at 1.6 and the estimated values of discount factor lie between 0.43 and 0.66.
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Table 11: Parameter estimates: child wage process

Age-specific constant (β w
a )

age 12, 13 2.00 (.0793)
14 4.00 (.2227)
15 4.00 (.2169)
16 4.20 (.2226)
17 5.00 (.3514)
18 5.03 (.1132)

Wage shock variance (σ2
w) 1.62 (.0062)

Notes: Standard errors are in parentheses.

Table 12: Parameter estimates: type process

Unobserved type component in income process
Constant term for low-income type (µ) -.90 (.0058)

Type probability process (probability of being high-income type)
When completed grade is observed

Constant (γ0) -1.00 (.0021)
Coefficient of completed school grade
For grade between 1 and 6 (γX ,primary) .10 (.0143)
For grade above 6 (γX ,secondary) .08 (.0183)
Coefficient of completing primary school (γ6) .30 (.0595)
Coefficient of completing middle school (γ9) .12 (.0132)
Coefficient of completing high school (γ12) .17 (.0123)

When completed grade is not observed
Constant (γX0) .80 (.0130)

Notes: Standard errors are in parentheses.

The estimated parameters for utilities from completing primary, middle, and high school are 0.30, 0.50,

and 0.75 respectively. To provide an idea of how large these numbers are I convert them into consumption-

equivalent terms given a reference consumption level of 2,634.46 pesos, which is the estimated mean con-

sumption level in the economy. The utilities from completing schools are translated into 183.42, 210.57,

and 259.24 additional pesos of consumption respectively, compared to the households of which the child

did not finish primary school.22

The estimated parameters for the leisure value of a child are translated into 100.34 pesos for ages 12 and

22The consumption-equivalent values were obtained by the following way. Suppose that a household has household consumption
of 2,634.46 pesos (which is the average amount of consumption in the villages) and that the household has a child who completed
6th grade. Let x denote the estimated utility from completing 6th grade. Then, the period utility of the household is 2634.461−η−1

1−η
+x.

I solve for c such that:
(2634.46+ c)1−η −1

1−η
=

2634.461−η −1
1−η

+ x
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Table 13: Parameter estimates: preference

Risk aversion coefficient (η) .63 (.0015)
Utility cost of attending to school

At least one years behind of standard grade level
-.50 (.0016)

at certain age (κgap1)
6+ years behind of standard grade level (κgap6) -1.20 (.0016)
9+ years behind of standard grade level (κgap9)

-1.20 (.0049)
Attending school after not attending school in the
previous period

Spring semester (κprev,spring) -1.00 (.2561)
Fall semester (κprev, f all) -.20 (.0408)

Utility from staying home (κhome,a)
For children age 14 4.50 (.1669)
For children age between 15 and 16 4.80 (.9891)
For children age between 17 and 18 5.00 (.1974)
Idiosyncratic leisure preference shock variance (σξ ) 3.50 (.5514)

Utility cost of working for a wage (κwork,a)
For children age between 12 and 14 -1.40 (944.29)
For children age between 15 and 16 -1.40 (.2398)

Utility from completed schooling
Completing primary school (κ6) .36 (.2804)
Completing middle school (κ9) .56 (.2462)
Completing high school (κ12) .76 (.3743)

Notes: Standard errors are in parentheses.

13; 272.75 pesos for age 14, 15, and 16; and 449.68 pesos for ages 17 and 18. Because consumption and

leisure values are perfectly substitutable under the current specification, the utility from leisure is relatively

more important for households which have a smaller amount of household consumption.

The utility cost of attending school can be converted into consumption-equivalent terms in a similar way

as it was done for the utilities from completed schooling. The utility loss from attending school when a child

is behind by at least one school year, 6 or more years, or 9 or more years is translated into a decrease in

household consumption by 190.28, 243.70, and 298.79 pesos respectively. The cost of returning to school

when a child did not attend school in the previous semester is translated into 336.12 pesos.

4.7 Model fit

Tables 14-19 provide information on how well the estimated model fits the data.

Table 14 compares the actual and predicted mean and log-variance of parental and household incomes.

The model fits the mean and variance of income values at the village level very well.

Table 16 compares the actual and predicted mean and log-variance of parental income. The model fits
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the variance very closely, but the mean incomes for lower education groups (those with no schooling or only

some primary schooling) are overpredicted.

Table 17 shows that the model fits the completed grade by age, the proportion of children attending

school and working for a wage, and the mean accepted wage by age very well. In other age groups, the

model predictions are very close to the actual levels found in the data. Although the mean wage offer

increases with age, because of the selection, the accepted mean wage level does not increase with age after

age 13.

The predicted correlation between household income and consumption is 0.103 and is close to the actual

level of 0.084 as shown in Table 19. This suggests that the allocations in these villages are close to allocations

under complete risk sharing.

Table 14: Actual and Predicted Mean Parental and Household Income

Parental income Household income
without a grown-up child with a grown-up child

Village Actual Predicted Actual Predicted
1 3124.25 3126.74 3837.55 3829.02
2 1586.64 1527.31 4074.70 4083.43
3 1638.21 1604.79 2041.31 2024.47
4 2658.78 2628.94 4230.92 4269.64
5 1855.24 1833.06 3470.49 3493.49
6 3071.18 3035.35 2992.50 3040.96
7 1825.64 1822.71 2820.83 2836.88
8 1760.51 1757.09 1901.35 1960.59
9 1701.70 1696.31 2849.33 2822.12
10 1707.54 1714.15 2493.06 2507.88
11 1656.71 1643.14 3509.41 3526.11
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Table 15: Actual and predicted log parental and household income variance

Parental income Household income
without a grown-up child with a grown-up child

Village Actual Predicted Actual Predicted
1 0.72 0.72 0.45 0.46
2 0.70 0.69 0.55 0.54
3 0.74 0.74 0.65 0.65
4 0.46 0.46 0.53 0.55
5 0.44 0.44 0.48 0.49
6 0.71 0.71 0.67 0.67
7 0.57 0.57 0.71 0.72
8 0.63 0.63 0.60 0.61
9 0.59 0.59 0.58 0.57

10 0.72 0.72 0.79 0.76
11 0.42 0.42 0.65 0.67

Table 16: Actual and predicted parental income by mother’s completed school grade

Mean s.d.
Actual Predicted Actual Predicted

no school 1812.39 2063.89 0.8757 0.8843
some primary 1946.08 2071.67 1.0164 0.8829
primary and beyond 2233.32 2287.21 0.8559 0.8829
not reported 2213.08 2156.61 1.0666 0.8934
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Table 17: Actual and predicted moments by age

Completed school grade Fraction attending school
Age Actual Predicted Actual Predicted
12 4.49 4.52 0.91 0.91
13 5.47 5.22 0.91 0.91
14 5.99 5.92 0.70 0.73
15 7.06 6.48 0.53 0.63
16 7.11 6.98 0.46 0.55
17 6.87 7.44 0.29 0.35
18 7.42 7.75 0.13 0.24

Fraction working Mean accepted wage

Age Actual Predicted Actual Predicted

12 0.01 0.01 359.12 406.43
13 0.02 0.01 522.83 437.66
14 0.12 0.10 1503.66 1196.84
15 0.11 0.11 923.64 1159.54
16 0.17 0.12 1322.43 1320.00
17 0.32 0.32 1528.20 1448.41
18 0.44 0.49 1204.83 1042.14

Table 18: Actual and predicted consumption, proportion attending school and staying home, mean wage by
income quartile

Mean Consumption Fraction in school
Income quartile Actual Predicted Actual Predicted

25% 1982.09 1852.64 0.64 0.61
50% 2142.22 2231.33 0.65 0.70
75% 2259.76 2526.20 0.73 0.73
100% 2987.52 2789.29 0.78 0.78

Mean Wage Fraction staying home
Income quartile Actual Predicted Actual Predicted

25% 836.45 1004.40 0.25 0.23
50% 869.86 1171.71 0.23 0.17
75% 1402.24 1226.61 0.20 0.15

100% 2150.56 1328.46 0.15 0.12
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Figure 3: Estimated distribution over discretized income states

Table 19: Actual and predicted correlation between household income and consumption

Actual Predicted
0.084 0.103

5 Counterfactual Analysis

In this section I discuss the results of the two counterfactual experiments. Throughout this section, the base-

line model refers to the estimated limited-commitment risk-sharing model without any policy intervention.

In the first experiment, I simulate the consumption and child activity choices under autarky given the esti-

mated set of parameter values, and compare the outcomes to those predicted by the baseline model. The

purpose of this exercise is to quantify the effectiveness of informal risk sharing in smoothing consumption

and schooling. In the second experiment, I introduce CCT to both the baseline model and the autarky model.

Todd and Wolpin (2006) make a prediction about the long-term effect of PROGRESA and alternative de-

signs of the program subsidy under the autarky assumption. Using the model developed in this paper, I can

compare the predicted CCT outcomes when risk sharing interacts with CCT and when households make

decisions under autarky without risk sharing. All simulated outcomes are drawn from the stationary distri-

bution. The distribution of the completed grade of parents is not affected by CCT or the presence of risk

sharing.

5.1 Risk Sharing and Autarky

Figure 4 and Table 20 provide the outcomes from the first experiment. Figure 4 shows (a) the fraction of

children attending school and (b) fraction working for a wage between ages of 12 and 18, (c) average house-

hold consumption, and (d) the mean accepted wage by children between ages of 12 and 18 of households

which are in different parental income states at a cross-section. The estimated cross-sectional distribution of

discretized income states is given by Figure 3. On the x-axis of all four panels, the size of the relative devi-

ations from the mean log-income which corresponds to each income state is given. The dark solid lines are
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outcomes obtained under risk sharing, the dark dotted lines are outcomes under autarky, and the light solid

lines are from the data. If risk sharing is complete, the outcomes should not vary across different income

states. As it is shown in Figure 4, in the data, the observed outcomes do not vary across different parental in-

come states which are associated with negative or small positive shocks suggesting that households are well

insured against these shocks. The outcomes under risk sharing capture this pattern very well. However, in

the data, the observed schooling and consumption outcomes are positively associated with parental income

states for large positive income shocks. The outcomes under risk sharing fail to capture this pattern and

predict that households are well insured against large positive shocks as well. Under autarky, all outcomes

vary substantially with parental income states.

Table 20 shows that the overall fraction of children attending school is lower under autarky than under

risk sharing. Under autarky, there are more children whose school attendance was interrupted at least once

in the past due to a negative parental income shock. Once school attendance is interrupted, the cost of

attending school becomes higher. The effect of this transitory income shock accumulates over time, which

leads to a lower school attendance rate under autarky. Overall, under autarky, the fraction attending school

is 11 percentage points lower than that with risk sharing and the completed school grade by age 19 is higher

by almost a half year, as shown in Table 20.

Although the income earned by children younger than age 19 is smaller as fewer children work for wages

under risk sharing (Table 20), a higher completed school grade leads to a larger fraction of high-income

type children, which increases the size of the village resource available for consumption. I also compare

the lifetime welfare of new households under the two regimes. Welfare is converted into consumption-

equivalent terms, assuming that households live for 60 years (or 120 model periods) and that the amount of

consumption in every period is constant.23 The consumption-equivalent lifetime utility under risk sharing is

23Under these assumptions, and with the discount factor of 0.95 and risk aversion coefficient of 0.63, the lifetime utility of a new
household is given by:

(lifetime utility) =
120

∑
t=1

δ
t−1
(

C1−η −1
1−η

)
=

1−δ 120

1−δ

(
C1−η −1

1−η

)
= 19.08

(
C0.37−1

0.37

)
,

and the consumption-equivalent term, C, of the given lifetime utility is calculated by the following formula:

C =

[
(lifetime utility)0.37

19.08
+1
] 1

0.37

.

Table 20: Outcomes under risk sharing and autarky

Risk sharing Autarky
Completed grade at age 19 8.42 7.95
Fraction attending school, 12≤age≤18 0.64 0.52
Fraction working, 12≤age≤18 0.18 0.21
Children’s (accepted) wage (in peso) 1,255.80 1,141.65
Household consumption (in peso) 2,643.06 2,627.05
Welfare in consumption equivalence (in peso) 2,034.84 1,862.54
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Figure 4: Outcomes under risk sharing and autarky by cross-sectional income states
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Table 21: Educational grant schedule used in counterfactual experiment, 12≤age≤18

School level Grade Monthly grant in pesos
Primary 3 145.83

4 168.48
5 211.22
6 269.15

Secondary 1 410.69
2 403.86
3 457.14

2,034.84 pesos, which is 172.30 pesos or 9 percent larger than under autarky. The difference comes from a

combination of a higher level of consumption and a larger utility from completed schooling, as well as from

less volatility in household consumption.

[The differences in household welfare are decomposed to further understand how much of gains of

informal insurance comes through smoother consumption and and how much through more schooling.]

5.2 Effects of Conditional Cash Transfer

In the second counterfactual experiment I introduce a conditional cash transfer (CCT) program, which is

similar to the design of PROGRESA to both the baseline risk-sharing model and the autarky model. Actual

PROGRESA beneficiaries were selected based on multidimensional household characteristics, such as the

main materials of walls and floors of household dwellings and ownership of durable goods and assets.

Because my model does not have these variables I cannot apply the same criteria. Instead, I choose the

low-income type households in the model as beneficiaries. To make the exercise compatible with the actual

policy, I take the actual PROGRESA educational grant schedule and convert it into adult-equivalent terms

and adjust for the economies of scale as was done for household income and consumption.24 Because

households vary in their size, the adjusted amount varies across households. I take the median value of the

adjusted amount of program transfers in each grade level and introduce the amount to the model. Because

I do not track the school grade of children before age 12 in the model, for that age group it is not feasible

to implement the subsidy schedule based on their completed school grade. Instead, I construct the subsidy

schedule based on their age instead of school grade. The constructed semi-annual educational grant schedule

is provided in Tables 21 and 22. Table 23-Table 26 provide the results of the CCT experiments.

The effect of the CCT on schooling outcomes under risk sharing is shown in Table 23. The fraction of

children attending school between ages 12 and 18 among beneficiary households increases by 0.24, from

0.51 to 0.75, and their completed grade at age 19 increases by 1.17 years, from 7.11 to 8.28. There is

little change for non-beneficiary households. There is no change in the outside option value for the non-

24To do this, I first assign the program transfers as shown in Table 1 to the sample households. The amount of the program
transfers assigned to each household corresponds to the completed school grade of the oldest child of that household. Then I
rescale the amount of program transfers for each household by an adult-equivalent household size and adjust for the economies of
scale.
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Table 22: Educational grant schedule used in counterfactual experiment, 6≤age≤11

Age Monthly grant in pesos
6 0
7 0
8 145.83
9 145.81

10 170.14
11 206.50

beneficiary households and their demand for risk sharing is not affected by the introduction of the CCT. Also,

the current model assumes that a village is populated by a continuum of households. Because idiosyncratic

risks can be pooled among each type and any difference in permanent or deterministic components in income

are not shared, the high-income type households are not much affected by changes among the low-income

type households. Note that under this experiment households fully anticipate the presence of subsidy from

the beginning of their lifecycle. Although there is an equilibrium effect, the effect turns out to be very small

on the high-income type (non-beneficiary) households.25

Table 23: The effect of CCT on schooling outcome under risk sharing

No CCT CCT
All Beneficiary All Beneficiary

Fraction attending school 0.55 0.51 0.73 0.75
Completed grade at age 19 7.53 7.11 8.37 8.28

Table 24: The effect of CCT on income, consumption, and welfare outcome under risk sharing

No CCT CCT
Household consumption 2,634.46 2,661.46
Beneficiary household consumption 1,667.29 1,839.44
Correlation of income and consumption 0.10 0.12
Welfare in consumption equivalence 1,926.66 1,952.93
CCT expenditure - 28.43

Notes: The unit of the reported numbers is Mexican peso.

Table 24 shows the effect of the CCT on household income, consumption, and welfare. The reported

outcomes are at the village-aggregate level which includes both beneficiary and non-beneficiary households.

The household consumption level with the CCT is higher by 27 pesos, and the welfare in consumption equiv-

alence increases by 26.27 pesos. The correlation between household income and consumption increases by

25Among high-income type households, the fraction attending school slightly increases from 0.6685 to 0.6689 and the completed
grade at age 19 increases from 8.5825 to 8.5836. The changes are negligible and are thus not reported in the tables.
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Table 25: The effect of CCT on schooling outcome under autarky

No CCT CCT
All Beneficiary All Beneficiary

Fraction attending school 0.44 0.39 0.69 0.74
Completed grade at age 19 7.10 6.68 8.22 8.26

Table 26: The effect of CCT on income, consumption, and welfare outcome under autarky

No CCT CCT
Household consumption 2,629.79 2,666.89
Beneficiary household consumption 1,802.63 2,025.85
Welfare in consumption equivalence 1,770.81 1,805.17
CCT expenditure - 28.05

Notes: The unit of the reported numbers is Mexican peso.

20 percents, from 0.10 to 0.12. This is because CCT increases the outside option value of beneficiary

households which makes (V P) of these households bind more. The reported CCT expenditure is total CCT

amount claimed by beneficiary households in all villages divided by the total measure of households. The

CCT expenditure computed in this way is 28.43 pesos, which means that the CCT budget was large enough

to give 28.43 pesos to every household in the village in each period. The return from the CCT is calculated

as the change in the outcome of interests divided by the CCT expenditure. The computed return is 0.95 for

household consumption and 0.92 for welfare.

The effect of the CCT on schooling outcomes under autarky is shown in Table 25. Because there is no

interaction among households, non-beneficiary households are not affected by the introduction of the CCT.

The fraction of children attending school among beneficiary households increases by 0.35, from 0.39 to 0.74.

Their completed grade at age 19 increases by 1.58 years, from 6.68 to 8.26. Household consumption and

welfare in consumption equivalence increases by 37.10 and 34.36 pesos respectively. The CCT expenditure

is 28.05 pesos. The return from the CCT is computed as in under risk sharing, and it is 1.32 and 1.22

respectively for household consumption and welfare.

In comparison to the outcomes under autarky, the effects of the CCT under risk sharing are smaller.

Under risk sharing, without the CCT, the fraction of children attending school among beneficiary households

is 12 percentage points higher under risk sharing than under autarky; however, with the CCT, the difference

is only one percentage point. The returns from the CCT in terms of household consumption and welfare are

much larger under autarky. There are two possible explanations. First, the CCT also serves as insurance

under autarky. Without the CCT, there are more borrowing-constrained households under autarky than

under risk sharing. The CCT not only increases the return from schooling but also relaxes the borrowing

constraints of households which are hit by negative parental income shocks. However, under risk sharing,

the latter effect is negligible because households already had informal insurance that was close to complete

risk sharing. Second, this may be due to the design of the program transfer schedule which gives cash
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transfer only up to the 9th grade. Because there are more children who are closer to or above the 9th grade

under risk sharing than under autarky without CCT, there are more households that would respond to CCT

under autarky (“ceiling effect”).

Table 27: (a) Fraction of children attending school and (b) mean household consumption under autarky by
cross-sectional parental-income states

(a) Fraction attending school
Deviation from the mean log income No CCT CCT Diff
- two s.d. .36 .68 +.32
- one s.d. .41 .69 +.28
zero .44 .70 +.26
+ one s.d. .47 .68 +.21
+ two s.d. .49 .64 +.15

(b) Mean consumption
Deviation from the mean log income No CCT CCT Diff
- two s.d. 623.03 787.74 +165.02
- one s.d. 1002.22 1167.12 +165.39
zero 1827.51 1988.95 +162.32
+ one s.d. 3741.84 3893.40 +152.61
+ two s.d. 7699.53 7833.98 +136.44

Notes: The unit of the reported numbers is Mexican peso.

Table 28: Effect of CCT with completed grade at age 12 fixed at 2nd grade, beneficiary households only

Risk sharing Autarky
No CCT CCT Diff No CCT CCT Diff

Fraction attending school 0.69 0.94 0.25 0.65 0.93 0.28
Completed grade at age 19 5.90 7.11 1.21 5.75 7.09 1.34

I provide two pieces of evidence which support that the first effect is present. The first piece of evidence

is provided in Table 27. The increase in enrollment rate is much larger among the households that were hit

by negative income shocks. This suggests that households with greater borrowing constraints were further

away from an efficient allocation and responded more strongly to the CCT. The second piece of evidence

is obtained by conducting another counterfactual experiment which introduces the same CCT, but under

an environment where the cap on the 9th grade does not bind. In this experiment, I force the completed

grade at age 12 to be the 2nd grade for every child. As children continue onward from the 2nd grade, the

highest grade level they can complete before turning 19 is 9th grade. The schooling outcome under this

experiment is provided in Table 28. Again, the differences between the outcomes with and without the CCT

in both the fraction attending school and the completed grade level are smaller under risk sharing than under

autarky. The results of the original CCT experiment hold even when there is no ceiling effect. However,
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the difference in the effect of CCT under risk sharing and autarky is smaller in this experiment than in the

original CCT experiment suggesting that ceiling effect is also present.

Another interesting observation from the two counterfactual experiments is that having risk sharing is

much more effective in improving the welfare of households than having CCT, although the effectiveness of

CCT is greater when it comes to improving schooling outcomes alone. The difference in household welfare

under risk sharing and autarky is 1,156.85 pesos (1,770.81 vs. 2,926.66 pesos). When CCT is introduced to

autarky economy the welfare increases only by 34.36 pesos from 1,770.81 to 1,805.17 pesos.

6 Conclusion

This paper is the first to incorporate school attendance choices into an inter-household risk-sharing model

with limited-commitment constraints. This paper develops and structurally estimates a dynamic risk-sharing

model with limited-commitment constraints and school attendance choices in order to study the effectiveness

of informal risk sharing in smoothing consumption and schooling, and to evaluate CCT programs when

inter-household transfers are allowed. The model considers a village economy comprised of overlapping

generations of heterogeneous households. The model parameters are estimated by the simulated method of

moments matching the observed income, consumption, and child activity choices predicted by the model to

those in data from PROGRESA program in Mexico.

Based on the estimated model, I find that the PROGRESA villages are able to smooth consumption and

schooling against idiosyncratic income shocks effectively through inter-household transfers. The amount

of consumption and children’s school attendance or labor choices are not significantly affected by idiosyn-

cratic income shocks. In contrast to this, a counterfactual simulation of an economy under autarky shows

that without inter-household transfers, children’s school attendance and labor choices as well as the amount

of consumption are substantially affected by income shocks. The estimated utility cost of attending school

for children whose schooling was interrupted in the past is substantial. Therefore, the effect of transitory

negative income shocks on children’s school attendance under autarky accumulates over time, leading to

lower schooling outcomes compared to the outcomes under risk sharing. Under autarky, the fraction attend-

ing school is 11 percentage points lower than that with risk sharing and the completed school grade by age

19 is higher by 0.47 years.

I also conduct counterfactual policy simulations by introducing a CCT program similar in design to

PROGRESA to the model, both with and without risk sharing. Based on the counterfactual simulations I

find that the effect of the CCT program on schooling outcomes and the welfare of households is larger under

autarky than under risk sharing. The CCT not only increases net returns from schooling by reducing the

opportunity cost of attending school, but also mitigates the effect of negative income shocks on household

consumption and school attendance. The former effect of the CCT is common under both risk sharing

and autarky. The latter effect of the CCT, however, is negligible under risk sharing because the allocations

under risk sharing were close to efficient even without the CCT. Moreover, the simulation results show that,

under risk sharing, consumption volatility increases by 20 percents after the introduction of the CCT because

beneficiary households can rely on the CCT benefit if inter-household transfer becomes unavailable, and this
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weakens their voluntary participation incentive to remain in the risk-sharing arrangement. This “crowding-

out effect” offsets some of the welfare gains from the CCT under risk sharing. Overall, the simulation

outcomes suggest that the benefits of CCT may be inflated if the role of inter-household transfers are not

taken into account in an evaluation of CCT programs.

Although consumption risk-sharing models considered in previous studies also capture the crowding-out

effect of public transfers, the model developed in this paper is the first to study risk sharing and schooling

outcomes jointly under CCT programs which are designed to improve schooling outcomes in particular.

This cannot be done without a model that explicitly models school attendance choices. Moreover, introduc-

ing school attendance choices to a limited-commitment risk-sharing model adds substantial computational

challenges, which I overcome by adopting novel theoretical results and computational algorithms (Clausen

and Strub, 2013; Fella, 2013). This is an equilibrium model, and the model is simplified in several dimen-

sions (e.g., with a single-child assumption) to keep computational time manageable. Once computation of

the model becomes more tractable, developing a richer model that allows for more realistic evaluation of

CCT programs in the presence of inter-household transfers would be possible.

There are a number of avenues for future research. First, this paper studies the effect of an existing pro-

gram design. Ex-ante evaluation of the alternative CCT program designs in the presence of inter-household

transfers will also be of interest to both researchers and policymakers. Second, the model considered here

assumes a continuum of households, and thus the analysis was confined to large villages. I plan to con-

ducting similar analysis for small villages with a model that assumes a finite number of households as was

considered in Ligon, Thomas, and Worrall (2002), Laczó (2008), and Morten (2013).
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A Autarky Problem

I set up an autarky problem for five distinctive lifecycle stages: before a birth occurs (Stage 1), after a birth

and before a child is age 12 (Stage 2), during the child is between age 12 and 18 (Stage 3), after the child

finishes schooling and before a migration occurs, and finally (Stage 4), after a migration occurs (Stage 5).

In autarky, households maximize their present discounted value of lifetime utility given their period budget

constraint,

ci,t = yh
i,t

There is no saving or borrowing. Autarky problem is presented in functional equations, and autarky value

functions will be denoted by UAut
L,S where L = 1, ...,5 is a subscript for a lifecycle stage and S ∈ f all,spring

is a subscript for a semester. Households in Stage 3 make a child activity choice. Households in other stages

simply consume yh
i,t . Parental type is invariant throughout the lifecycle of a household and is omitted from

the equations.

• In Stage 5 households’ lifetime utility under autarky is given by,

UAut
5, f all(si,t) = u(yh

i,t)+δEst+1

[
UAut

5,spring(si,t+1)
]

UAut
5,spring(si,t) = u(yh

i,t)+δ (1−πd)Est+1

[
UAut

5, f all(si,t+1)
]

• In Stage 4,

UAut
4, f all(si,t ,Xc

i ,ctype) = u(yh
i,t)+δEst+1

[
UAut

4,spring(si,t+1,Xc
i ,ctype)

]

UAut
4,spring(si,t ,Xc

i ,µ
c
i ) = u(yh

i,t)+δ
{
(1−πm)Est+1|migrate=0

[
UAut

4, f all(si,t+1,Xc
i ,µ

c
i )
]
+

πmEst+1|migrate=1
[
UAut

5, f all(si,t+1)
]}

where ctype is a child type.

• In Stage 3, when the age of a child is a,

UAut
3,a, f all(si,t ,dschool

i,t−1 ,Xc
i,t) = max

di,t

{
u(yh

i,t)+δEst+1

[
UAut

3,a,spring(si,t+1,dschool
i,t ,Xc

i,t)
]}

and in the spring, if a < 18,

UAut
3,a,spring(si,t ,dschool

i,t−1 ,Xc
i,t) =

max
di,t

{
u(yh

i,t)+δEst+1

[
UAut

3,a+1, f all(si,t+1,dschool
i,t ,Xc

i,t+1)
]}
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and if a = 18,

UAut
3,a=18,spring(si,t ,dschool

i,t−1 ,Xc
i,t) =

max
di,t

{
u(yh

i,t)+δEst+1

[
UAut

4, f all(si,t+1,Xc
i,t+1,ctype)

]}
• In Stage 2,

UAut
2,a, f all(si,t) = u(yh

i,t)+δEst+1

[
UAut

2,a,spring(si,t+1)
]

and in the spring, if a < 11,

UAut
2,a,spring(si,t) = u(yh

i,t)+δEst+1

[
UAut

2,a, f all(si,t+1)
]

and if a = 11,

UAut
2,a,spring(si,t) = u(yh

i,t)+δEst+1

[
UAut

3,a+1, f all(si,t+1,dschool
i,t = 1,Xc

i,t+1)
]

• In Stage 1,

UAut
1, f all(si,t) = u(yh

i,t)+δEst+1

[
UAut

1,spring(si,t+1)
]

UAut
1,spring(si,t) = u(yh

i,t)+δ
{
(1−πb)Est+1|birth=0

[
UAut

1, f all(si,t+1)
]
+

πbEst+1|birth=1
[
UAut

0,2, f all(si,t+1)
]}

B Solution Algorithm for the agent’s Problem

In this subsection, I describe the numerical solution algorithm for the agent’s problem. For the computation,

the supports of ε p, εh, εw, and ξ are discretized. The elements in the discretized supports will be denoted by

ε̄ p,ε̄h, ε̄w, and ξ̄ in the remainder of this section. The minimum and the maximum value of the discretized

support of each shock variable are given by −3σ and +3σ respectively where σ is the standard deviation

of a given variable. To obtain the right-hand side of (V P) constraints, the autarky problems are solved first.

Given the autarky value functions, the agent’s problem is solved by the following procedure.

1. Discretize the support of promised utility ω for each state, Ω:

(a) The lower bound of ω grid is given by the corresponding autarky value

(b) The upper bound is given by the discounted lifetime utility associated with household consump-

tion equivalent to the largest possible yh in every period and the largest possible ξ̄ and Xc values

(c) A uniform grid of logω with the given lower and upper bounds is constructed.

2. Choose an initial guess of R:26

26The lower and upper bounds of R are the smallest and the largest value with which the discounted sum of the agent’s cost is
bounded and the convergence of the value functions in Stage 1, 4, and 5 are ensured
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(a) The lower bound of R is given by (1−πm)
1
2

(b) The upper bound of R is given by 1
δ (1−πd)

.

3. Given R, solve the agent’s problem for Stage 4 and 5. Iterate value functions until they converge. This

is a direct application of Krueger and Perri (2011).

4. Given V4, f all(·), solve Stage 3 problems by using backward induction starting from the spring of age

18.27

(a) Given each choice of dt , solve the following problem:

V3,a=18,spring(ωt ,Ωt |dt) =

min
ht ,{ωt+1(Ωt+1)}∀Ωt+1

{
C(ht ,dt)−wtdwork

t + (8)

1
R ∑

Ωt+1

Pr(Ωt+1|Ωt ,dt)V 4, f all(ωt+1(Ωt+1),Ωt+1)

}

subject to

ωt = ht +δEΩt+1|Ωt ,dt [ωt+1(Ωt+1)] ∀Ωt+1

ωt+1(Ωt+1)≥ EΩt+1|Ωt ,dt

[
UAut

t+1(Ωt+1)
]
∀Ωt+1.

Here,

{ωt+1(Ωt+1)}∀Ωt+1 = {ωt+1(ε̄
h,X ,ctype = low),ωt+1(ε̄

h,X ,ctype = high),

ωt+1(ε̄
h,X +1,ctype = low),ωt+1(ε̄

h,X +1,ctype = high)}∀ε̄h

Optimal ht and {ωt+1(Ωt+1)}∀Ωt+1 can be found by the first order condition:28

∂V4, f all(ω
∗
t+1,Ωt+1)

∂ωt+1
= Rδ

∂C(h∗t ,dt)

∂ht

ωt+1(Ωt+1) = ω∗t+1 for all Ωt+1 that (V P) does not bind, and ωt+1(Ωt+1) =UAut
4, f all(Ωt+1) other-

wise.29

(b) Then, choose dt that minimizes V3,a=18,spring(ωt ,Ωt |dt).

27I ignore εwand ξ throughout this section for the simplicity of the presentation of the algorithm. In practice, these shocks have
to be included as state variables whenever needed.

28In the spring of age 18, the continuation value function, V4, f all(·), is convex and differentiable because Stage 4 problem does
not involve any discrete choice. Thus, the solutions can be found from the first order condition given a choice of dt . Multiple events
occur between the end of age 18 and the beginning of Stage 4: (1) the grade failure or completion is determined; (2) given the final
school grade, the child type is drawn; (3) ε̄h is drawn. Thus, for each given ε̄h, there are four different states that the promised
utility needs to be assigned.

29Because ε̄h is i.i.d., as long as (V P) does not bind, the same promised utility value is assigned for all ε̄h states. For
∂V4, f all(ω

∗
t+1,Ωt+1)

∂ωt+1
I use the derivative of C(·) at the optimal level of ht+1 which is obtained in the fall of Stage 4 (envelope con-

dition). Because ω∗t+1 is usually not on the ωt+1 grid, I interpolate for an optimal ht+1 value which is associated with (ω∗t+1,Ωt+1).
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5. Solve the agent’s problem in the fall of age 18. Given each choice of dt , the structure of the problem is

the same as in (8) but with V 3,a=18,spring(ωt+1(Ωt+1),Ωt+1) as the continuation value function. Here,

{ωt+1(Ωt+1)}∀Ωt+1 = {ωt+1(ε̄
p)}∀ε̄ p

Note that the continuation value function, V3,a=18,spring(ωt+1(Ωt+1),Ωt+1), contains a non-differentiable

point along the dimension of ωt+1 due to a discrete school attendance choice which will be made in

the spring of age 18.30

(a) Given a choice of dt , identify a non-convex interval in V3,a=18,Spring(ωt+1, ·). Specifically, find

the points on the ωt+1 grid where the non-convex interval begins and ends.

(b) (Endogenous grid method) For some ωc
t+1 which is on the ωt+1 grid and is contained in the

convex interval, find hc
t that satisfies the first order condition31:

∂V3,a=18,spring(ω
c
t+1,Ωt+1)

∂ωt+1
= Rδ

∂C(hc
t ,dt)

∂ht

For Ωt+1 in which (V P) does not bind ωt+1(Ωt+1) = ωc
t+1. Otherwise,

ωt+1(Ωt+1) =UAut
3,age=18,Spring(Ωt+1).

Then, back out ωc
t using (PK),

ω
c
t = hc

t +δ ∑
Ωt+1

Pr(Ωt+1|Ωt ,dt)ωt+1(Ωt+1)

Note that ωc
t may not be a point on the ωt grid.32 Compute the cost of delivering ωc

t , V3,a=18, f all(ω
c
t ,Ωt |dt).

(c) For some point ωnc
t+1 which is on the ωt+1 grid and is contained in the non-convex interval, do the

same as above.33 Back out ωnc
t which is associated with ωnc

t+1 and compute V3,a=18, f all(ω
nc
t ,Ωt |dt).

However, since ωnc
t+1 is contained in a non-convex interval, the first order condition is necessary

but not sufficient. Thus, given ωnc
t , we need to check whether {hnc

t ,ωnc
t+1} minimizes the cost of

delivering ωnc
t .

(d) Given ωnc
t solve the agent’s problem using a grid-search method searching over the ωt+1 grid. If

{hnc
t ,ωnc

t+1} indeed minimizes the agent’s cost given ωnc
t , keep the pair (ωnc

t ,V3,a=18, f all(ω
nc
t ,Ωt |dt)).

Otherwise, discard the pair.

30The continuation value is EΩt+1|εw ,ξ

[
V3,a=18,spring(ωt+1(Ωt+1),Ωt+1, ·)

]
, but I will ignore {εw,ξ} as I mentioned in the earlier

footnote.
31The first order condition given here is well defined because V3,age=18,Spring is differentiable at the solution to this first order

condition, ω∗t+1, given a point ω∗t (Clausen and Strub, 2013)
32The reason I use the endogenous grid method instead of solving for a set of optimal {ωt+1} given ωt is because when numer-

ically solving for {ωt+1}, the solver may step into the non-convex interval, in which case the numerical solver does not function
well.

33The derivative ∂V3,a=18,spring(ω
nc
t+1,Ωt+1)

∂ωt+1
is well-defined and the envelope condition also holds because the optimal solution is

always found on the smooth part of the objective function (Clausen and Strub (2013)).
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(e) Do this for all the points on the ωt+1 grid.

(f) Then, using the pairs, (ωt ,V3,a=18, f all(ωt , ·)) obtained in the above steps, interpolate V3,a=18, f all(ωt ,Ωt |dt)

over ωt grid. See Fella (2013) for more details about and applications of this algorithm.

6. Solve the agent’s problem in the spring of age 17. Given each choice of dt , the structure of the problem

is the same as in (8) but with V 3,a=18, f all(ωt+1(Ωt+1),Ωt+1) as the continuation value function. Here,

{ωt+1(Ωt+1)}∀Ωt+1 = {ωt+1(ε̄
p,Xt+1 = Xt),ωt+1(ε̄

p,Xt+1 = Xt +1)}∀ε̄ p

Unfortunately, the endogenous grid method which was used to solve the agent’s problem in the fall of

age 18 is not adequate here. This is because the method cannot be applied when there are more than

one continuous choice variables. To circumvent this issue, I break the problem into three stages each

of which involve only one continuous choice variable.

(a) In the first stage, the agent only decides how much of ωt should be delivered as the current

period utility, ht , and how much should be postponed to the next period as a form of promised

utility, ωt+1:

V3,age=17,spring(ωt ,Ωt |dt) = min
ht ,ω

(1)
t+1

C(ht ,dt)+
1
R

V (1)
3,age=18, f all(ω

(1)
t+1,Ωt |dt)

subject to

ωt = ht +δω
(1)
t+1

ω
(1)
t+1 ≥ ∑

Ωt+1

Pr(Ωt+1|Ωt ,dt)UAut
3,age=18,Spring(Ωt+1)

where V (1)
3,age=18, f all(ω

(1)
t+1) comes from the second-stage problem which is described below in

6-(b).

(b) In the second-stage problem, the agent allocates ω
(1)
t+1 across the two states, grade failure (Xt+1 =

Xt) or completion (Xt+1 = Xt +1):

V (1)
3,age=18, f all(ω

(1)
t+1,Ωt |dt) =

min
ω

(2)
t+1(Xt),ω

(2)
t+1(Xt+1)

{
πgrV

(2)
3,age=18, f all(ω

(2)
t+1(Xt +1),Xt+1 = Xt +1,Ωt |dt)

+(1−πgr)V
(2)
3,age=18, f all(ω

(2)
t+1(Xt),Xt+1 = Xt ,Ωt |dt)

}
subject to,

ω
(1)
t+1 = πgrω

(2)
t+1(Xt +1)+(1−πgr)ω

(2)
t+1(Xt)

ω
(2)
t+1(Xt+1)≥ ∑

Ωt+1

Pr(Ωt+1|Ωt ,dt)UAut
3,age=18,spring(Ωt+1) for Xt+1 = Xt ,Xt +1

where πgr is the probability that the child completes a school grade and
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V (2)
3,age=18, f all comes from the third-stage problem which is described below.

(c) In the third-stage problem, the agent determines the allocation of {ω(3)
t+1(ε̄

p)}ε̄ p given Xt+1 and

ω
(2)
t+1(Xt+1):

V (2)
3,age=18, f all(ω

(2)
t+1(Xt+1),Xt+1,Ωt |dt) =

min
{ω(3)

t+1(ε̄
p)}ε̄ p

∑
ε̄ p

Pr(Ωt+1|ε̄ p,Xt+1,dt)V3,age=18, f all(ω
(3)
t+1(ε̄

p),Ωt+1)

subject to,

ω
(2)
t+1(Xt+1) = ∑

ε̄ p
Pr(ε̄ p)ω

(3)
t+1(ε̄

p)

ω
(3)
t+1(ε̄

p)≥UAut
3,age=18, f all(Ωt+1|ε̄ p,Xt+1,dt) for all ε̄

p

(d) I use the endogenous grid method for the first-stage problem and the grid search method for the

second- and the third-stage problems. It turns out that a coarse grid in the second- and the third-

stage problems leads to failure in finding R that satisfies (RC). Because the problem is solved

by backward induction, the third stage problem is solved first and the first stage the last.

7. Continue to solve the agent’s problem to age 0 by backward induction. Then, given the value function

at age 0, V2,age=0, f all(ωt), solve the Stage 1 problems using the value function iteration.

8. Compute the stationary distribution Φ(Ω)34.

(a) Denote Φ
(0)
1, f all to be the initial distribution over the set of {ωt , ε̄t

p} in the fall of Stage 1. Obtain

Φ
(0)
1,spring over {ωt+1, ε̄

p
t+1} by updating ωt+1 using the optimal solution found by solving the

agent’s problem.

(b) At the end of the spring, households of measure πb experience a birth and exit to Stage 2. Also,

the new households of measure πb enter the village. Update Φ
(1)
1, f all using the optimal solution.

Assign the same {ωt+1, ε̄
p
t+1} distribution to the new households.

(c) Repeat until Φ
(n)
1, f all ≈ Φ

(n+1)
1, f all . For (1− πm)

1
2 < R < 1

δ (1−πd)
, there exists a unique stationary

distribution Φ∗1, f all (Krueger and Perri 2011).

(d) Given Φ∗1, f all the distribution over the households in different life-cycle stages is computed by

updating the distribution using the optimal solution of the agent’s problem.

9. Compute the excess demand and update R.

(a) Simulate household consumption and income and compute the excess demand (village aggregate

consumption - village aggregate income including children’s wage income) using the stationary

distribution.
34Φ(Ω) is village specific. The solution of the agent’s problem also differs across different villages
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(b) If the excess demand is positive, decrease R. If it is negative, increase R. I use a bisection

method.

10. Repeat from step 1 to step 9 until the excess demand becomes close to zero.

C Household Consumption and Income Variables

C.1 Consumption

Consumption measures are consistent throughout the three data waves of October 1998, May 1999, and

November 1999. The data contains detailed information on food consumption and non-food expenditures

by category.

Households report their weekly food consumption during the week prior to the survey on a recall basis.

For each item, they report the quantity consumed, quantity purchased, expenditure on the purchase, and the

quantity of home-produced goods that were consumed within the household.35 I obtain the unit price of

each item by dividing the expenditure on the purchase by the quantity purchased. Then, the weekly food

consumption variable was constructed by multiplying the unit price and the quantity consumed (including

the home-produced goods) for each item and then adding up the values for all food items. When the expen-

diture variable is missing so that the actual unit price paid by a household is not available, I use the village

median price if there are more than 20 households through which the unit price could be computed. If there

are fewer than 20 households providing available prices, I use the municipal median price; if the number of

the available prices in a municipal is less than 20, the province median price is used. Finally, the semiannual

household food consumption variable is constructed by multiplying the weekly food consumption variable

by 26.

The non-food expenditure category includes transportation in the past week; electricity, fuel, hygienic

products, medication, and school fees in the past month; and household utensils, home and personal ac-

cessories, clothing, shoes, toys, transportation, school supplies, ceremonies, and expenditures on home im-

provement in the past six months. I convert the weekly expenditure and monthly expenditures to a semian-

nual expenditure by multiplying by 26 and 6 respectively. The non-food expenditure variable is constructed

as the sum of semiannual expenditures on the all non-food categories.

Household consumption is the sum of the food consumption and non-food expenditure variables. Infla-

tion is adjusted by the monthly CPI. I use the price in October 1998 as a base; May 1999 and November

1999 values were deflated by 1.10998 and 1.1392 respectively.

C.2 Income

Household income is constructed by finding the sum of the wage income of household members, the crop

production and livestock income, and the income from other sources such as rent, public program transfers,
35Items in the food consumption survey are the following. The “fruit and vegetable” category includes tomatoes, onions, potatoes,

carrots, leafy vegetables, oranges, bananas, apples, lemons, and pears. The “grain” category includes corn, maize, bread, flour,
pasta, rice, cookies, and beans. The “meat and dairy” includes chicken, beef, pork, sheep, goat, fish, seafood, canned fish, eggs,
milk, and cheese. The “industry goods” category includes coffee, sugar, alcohol, vegetable oil, and refreshments.
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Table 29: Income by source (in 1998 pesos)

Source October 1998 May 1999 November 1999
Wage 5281.5 (7399.3) 3984.6 (5420.1) 5154.2 (6479.0)
Crop production 1987.0 (8001.8) 1022.4 (5021.7) -
Livestock 42.8 (750.6) 23.2 (524.2) -
Sales of service 175.8 (1932.0) 75.5 (744.2) 32.3 (463.8)
Public transfer 354.0 (956.4) 295.6 (799.6) 259.5 (779.1)
Other 90.98 (946.0) 57.9 (657.6) 760.5 (3903.0)

Observations 7,405 5,307 5,661

Source: PROGRESA data from October 1998, May 1999, and November 1999. Control villages data only. Other
income includes pensionss, interest payment, rent, and income from community gains. The number of observations
indicates the number of households that had non-missing observations for all income categories.

and the sales of the services of household members. Table 29 provides the mean and the standard deviation

of income from different sources.

In the wage income category, for every household member above age 6, the number of days worked in

the past week of the survey, the number of weeks worked in the past month, and the amount and frequency

of the wages received are reported. The wage rate is calculated using the information about the amount

of wages received and the frequency of the payment. The number of days worked in the past week and

the number of weeks worked in the past month are also available. Using the calculated wage rate and the

days and weeks worked, the monthly wage rate is computed. For example, when the weekly wage rate is

available for a given individual, and the individual worked for 3 weeks in the past week, then the monthly

wage income is the product of the weekly wage rate multiplied by 3 weeks. Monthly wage income is then

multiplied by 6 and converted into a semiannual wage income.

The October 1998 and May 1999 waves also contain detailed information about crop and livestock pro-

duction. For each plot used for crop cultivation, the type of crop, quantity sold, quantity harvested, income

from the crop sales, and the expenditure on inputs such as fertilizer, seeds, insecticides, machinery, and labor

are reported. Crop production income is computed by subtracting the total expenditure on production inputs

from the value of the total quantity harvested. The value of the harvest for each type of crop is calculated

by multiplying the unit price by the quantity harvested. I use the producer prices published by the Food and

Agriculture Organization of the United Nations for the corresponding years of 1998 and 1999. (I use the

value of harvest rather than the sales value because sales do not account for the amount that is unsold and

instead left for consumption.) I impute the missing observations for the expenditures on inputs by running

a regression of the observed expenditures on the characteristics of the production, such as the type of crop,

size of the cultivation area, and municipal dummies. The regression result is reported in Table 30. For

those households which did not own any plots or did not use any plots for cultivation, income from crop

production is set to zero.

The November 1999 wave did not survey income from crop and livestock production. Instead, the survey

included another subcategory for income from the sales of product in other income category. As shown in
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Table 29, the amount of income in other income category is substantially larger in November 1999 compared

to that of October 1998 and May 1999 waves although the amount is smaller than the income from crop and

livestock production in the two waves. This may be because the income from the sales of product does not

include the value for the produce consumed within the household.

Parental income is the total household income minus the sum of the child wage income.

Table 30: Regression of the log expenditures on crop production inputs

October 1998 May 1999
Dependent variable Coefficient (s.e.) Coefficient s.e.
total cultivation area 0.0116 (0.0124) 0.0516 (0.0421)
irrigated area 0.0231 (0.0657) -0.0376 (0.0658)
family owned area 0.0367 (0.0028) 0.0727 (0.0045)
rent area -0.0178 (0.0159) 0.0439 (0.0357)
corn 0.1009 (0.0633) 0.1805 (0.0688)
corn area -0.0111 (0.0124) -0.0517 (0.0142)
corn irrigated area 0.0089 (0.0635) 0.0320 (0.0648)
beans 0.2646 (0.0275) 0.2039 (0.0358)
beans area -0.0004 (0.0005) -0.0002 (0.0008)
beans irrigated area 0.0188 (0.0233) 0.0575 (0.0320)
tomato 0.6425 (0.1803) 0.3655 (0.3006)
tomato area -0.0012 (0.0011) -0.0532 (0.1011)
tomato irrigated area 0.1158 (0.1573) 0.3126 (0.2150)
pumpkin -0.0440 (0.1407) -0.0072 (0.1262)
pumpkin area 0.0309 (0.0275) 0.0054 (0.0148)
pumpkin irrigated area -0.0352 (0.0908) -0.3145 (0.3359)
chickpea 0.0499 (0.3406) 0.9729 (0.7593)
chickpea area -0.0295 (0.0613) -0.2254 (0.2353)
chickpea irrigated area 0.2620 (0.2043) -0.5883 (0.9868)
wheat 0.0930 (0.3222) 0.3263 (0.2836)
wheat area 0.1417 (0.0877) -0.0761 (0.0444)
wheat irrigated area -0.0943 (0.2213) 0.0983 (0.1650)
rice 0.1713 (0.7023) -0.0623 (2.2196)
rice area 0.0265 (0.1312) -0.0011 (0.6745)
rice irrigated area 0.2569 (0.2841) - -
coffee 0.4191 (0.0745) 0.5073 (0.0754)
coffee area -0.0150 (0.0130) 0.0239 (0.0160)
coffee irrigated area 0.3143 (0.3383) -0.0616 (0.0689)

continued
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fruit 0.5025 (0.1458) 0.7269 (0.0986)
fruit area 0.0046 (0.0319) -0.0647 (0.0103)
fruit irrigated area 0.1268 (0.0842) 0.1200 (0.0665)
sugarcane 1.2394 (0.0995) 1.3903 (0.1250)
sugarcane area 0.0303 (0.0131) -0.0498 (0.0173)
sugarcane irrigated area 0.2052 (0.0973) 0.1683 (0.1233)
chilli 0.3088 (0.2483) 0.5370 (0.2038)
chilli area -0.0543 (0.0783) -0.0225 (0.0362)
chilli irrigated area -0.0670 (0.1651) 0.0917 (0.0756)
potato 0.5793 (0.1997) 0.3508 (0.2434)
potato area -0.0065 (0.0223) 0.0187 (0.0503)
potato irrigated area 0.6545 (0.2128) 0.0679 (0.1850)
other crops 0.5254 (0.0540) 0.3686 (0.0838)
other crops area 0.0005 (0.0010) -0.0059 (0.0148)
other crops irrigated area 0.0063 (0.0330) 0.0389 (0.0657)
municipal fixed effect yes yes

R-squared 0.3249 0.3137
Observations 11,273 7,794

Source: PROGRESA data from October 1998, May 1999, and November 1999. Both treatment and control
villages data are used. Standard errors are in the parenthesis. For example, "Corn" is a 0-or-1 indicator variable
that shows whether a household cultivated corn during the period. "Corn area" is the area of the plot that is used
for the cultivation of corn. "Corn irrigated area" is the area of the irrigated plot that is used for corn.
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