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Abstract

Do employers substitute adults for children, ottldey treat adults as complements to children?
Any policy to reduce child labor depends on theasardo this question, but any empirical
strategy to answer it must overcome two obsta¢lgsvhatever program reduces child labor
supply must have no direct impact on adult labonaed. (2) Any program that changes child
labor supply will almost certainly affect adult @supply; therefore, changes in adult labor
demand must be identified without assuming consdduntt labor supply. | hypothesize and
establish that schooling experiments can redudd Ebor supply without directly affecting

adult labor demand. Furthermore, my strategy dantify changes in adult demand without
assuming constant adult supply, by analyzing coatéid movements in price and quantity.
Applying this strategy to a Mexican schooling exypemnt, | find that a decrease in the supply of
child farm labor is accompanied by an increasé@éndemand for adult farm labor. This increase
was not directly caused by treatment money reaclmgloyers: there were no significant
effects on expenditures on non-labor inputs, ortidnes of land used, on output prices or on
harvest size. Furthermore, the wages of healthytreated adults living around children who
stopped working also increased, suggesting thatnrent-related health increases were not
responsible for the wage change. Thus, the falhild labor supply caused the increase in adult
labor demand: in other words, employers substitathdts for children.
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|. Introduction

What happens to adult labor market outcomes wh#dren are removed from the labor
force? The empirical evidence regarding this daress scant, while the policy implications are
far-reaching (Galli 2001). According to the Intational Labor Organization’s recent estimates,
there are 186.3 million child laborers worldwidea@® and Tzannatos 2003). If we wish to
propose government interventions to reduce chiddriand encourage education, then the
optimal manner of intervention depends on whetheroo children and adults are labor
substitutes. Where employers substitute adultsHddren, an increase in adult wages and/or
hours will accompany a decrease in child labortiglér offsetting the short-term welfare loss
that families face when some of their childrenr@@donger working. In particular, the work of
Basu and Van (1998) shows that in this case a baritd labor could increase household
welfare. But where adults complement children = winere adult wages and/or hours decrease
when children leave the workforce — interventiamseduce child labor can more seriously harm
household welfare, and thus such interventions megygl to be accompanied by more extensive
government programs to make up for this loss.

Indeed, the possibility that in developing cowdradult labor complements that of
children is not necessarily remote: complementadty arise for simple reasons such as the
necessity of adults to monitor child workers. tidiéion, from their empirical work on aggregate
production functions, Diamond and Fayed conclu@e ¢hildren and adult men are
complements in Egyptian industry (Diamond and Fay@@B). Finally, the 2001 survey by
Rosanna Galli cites evidence that suggests tHatuisehold production and agriculture, children

complement adults (Galli 2001). However, Gallidedf concludes that there is not yet enough



good empirical evidence to support either complearéy or substitutability, and she cites this
issue as a main gap in the empirical literaturetald labor.

Despite the mixed evidence and lack of good engdistudies, governments and
international organizations have argued that daibdr is a major determinant of adult
unemployment, i.e. that children and adults aresstuibes. Thus, there is a pressing need for
empirical work to address the goals and assumptibpslicy makers. Galli states:

The. . .Child Labor Deterrent Act introduced in theited States in 1993 argued that a worldwidedran
trading goods produced by child labour would bdrb& exporting countries practicing child labour
through reduced adult unemployment.. . .This ide#ot exclusive to the Act, and has been ofteedtat
by researchers and by the ILO itself in the bootrtating Child Labour’, where it is asserted that
“...child labour is a cause of, and may even contélia, adult unemployment and low wages ..."” (ILO
1988: 90). Notwithstanding its popularity, there gery few theoretical and applied studies examgini

the child labour impact on [the] adult labour marke

In this paper, | address this empirical gap.

There are two challenges that any such empirtcailesyy must overcome: (1) whatever
program reduces child labor supply must have nectlimpact on adult labor demand — this
allows any changes in adult labor demand to betréo the change in child labor supply. (2)
Any program that changes child labor supply is atmoertain to affect adult labor supply;
therefore, the changes in adult labor demand nmeugtdntified without assuming constant adult
labor supply. | hypothesize and establish thabelihg experiments can reduce child labor
supply without directly affecting adult labor dendanFurthermore, my strategy, as developed in
Section Ill, can identify changes in adult demantheut assuming that adult supply has
remained constant, by analyzing coordinated movésrarmprice and quantity. | thereby obtain
experimental evidence on the effect of child lakapply shifts on adult labor market outcomes.

Applying this new strategy to Mexico's PROGRESAenment, | find that a decrease in

child farm work participation (Section V) is accoamped by an increase in adult labor demand



(Section VI). This increase was not directly calisg treatment money reaching employers:
there were no significant effects on expendituresan-labor inputs, on hectares of land used,
on food prices, or on harvest size (Section VRurthermore, the wages of healthy non-treated
adults living around children who stopped workitgpancreased, suggesting that treatment-
related health increases were not responsibldéowiage change (Section VII).

Thus, the decline in child labor supply must heaased the increase in adult labor

demand, or, in other words, employers substitutkdts for children.

Il. Literature Review

There are very few studies of child labor demamadyf employers’ elasticity of
substitution between the labor of children and tfaither age groups. Parameters of labor
demand functions are in general difficult to measestablishment data is rare, and it is not easy
to gather consistently across multiple establisimeihis leaves aggregate data or household
surveys; but estimates based on aggregate data fwifn simultaneous equations bias, and
household surveys measure the decisions of workeris, either case one needs a reliable
exogenous shift in labor supply or wages. Withcclabor, these difficulties are compounded
because of the problems in identifying the emplsytre parents, or the children themselves,
and because even when identified they may be ungilb share information about their
employment, especially where child work is illegal.

Perhaps because of these obstacles, the litexatiutes parameters of labor demand
interactions across age groups is sparse and gdewitgeneralizations. But a survey by
Hammermesh (1993) concludes that the (then) curesnits suggested that most elasticities of

substitution “are quite small, implying that chaage the relative [labor] supply of one group



will not greatly affect wages received by workerother groups.” Levinson, Anker, Ashraf and
Barge (1996) use a survey of 362 carpet-weavimgsfin India to conclude that children and
adults perform similar tasks with similar levelspsbductivity — thus rejecting the “nimble
fingers” argument for complementarity between adattd children. Brown, Deardorff and

Stern (2002) report the results of Diamond and &4$698), who estimate aggregate production
functions from Egyptian household survey data toctade that “the elasticity of substitution
between children and adult females is . . . quitegh figure,” but that “adult male and child

labor are complementary.” Finally, Ray (2000) isaito test Basu and Van'’s substitution axiom
via household surveys in Peru and Pakistan, bytfords evidence of substitution in the case of
adult males and children in Péru.

Galli (2001) interprets the existing empirical@esmce to conclude: “Whether children
actually do substitute [for] adult workers creatault unemployment and/or reducing adult
wage rates remains an open question. . . Furthaditafive and scattered evidence suggests that
in household-based production activities and incagiure the complementarities between
children and adults are stronger.” However, semeh study in this small set uses either
aggregate data (producing estimates that suffer fionultaneous equations bias), household
surveys (which, in the absence of some exogenafisrslabor supply, simply produce
estimates of parameters of labor supply), or tasdet evidence (which is not ideal, because
inputs may be used for seemingly similar tasks euitecessarily being substitutes), it is not
possible to draw good conclusions from this literatabout causal relationships between child

labor supply and adult labor demand.

! Ray didnot test Basu & Van'’s Substitution Axiom of labor dardab/c he measured the household’s decision to
supply labor.



| circumvent these difficulties by using data fredROGRESA, a randomized controlled
experiment performed in about 500 villages in rivlakico, which exogenously reduced the
supply of child labor in treatment villages. Empitg a strategy that can identify movements in
adult demand without assuming constant adult supyploit this exogenous shock to child
labor in order to estimate the effect of a decreéasiee supply of child labor on the demand for
adult labor. Throughout, | am careful to accountthe effects of the PROGRESA treatment on

any variables that are related to my identificatibalevelop the strategy below.

[ll. Conceptual Framework and Identification Strate gy

In this section, | present a standard theoreticadehof production. | use the model to
structure the identification strategy, to harmorapparently contradictory potential effects of an
increase in child wages, and to explain how thalte®f such an identification strategy can and
cannot be generalized.

(A) The Model: Farm Production

Suppose that there are a large number of farmsipaynd selling in competitive input
and output markets. Each farm has the followirgglpction function:

Y =F(X%... X" ,...,.X¥) )
(whereY is the quantity of output an¥l' is the quantity of factarused in production).

| assume thaf is strictly concave and strictly increasing inteacgument. Each farm
solves its production problem in two steps. Fitstalculates how to minimize the total cost
associated with the production of a given quantitf output. Second, it calculates the quantity

of output that maximizes its profits.

2 Note that much of the notation in this sectioadspted from Cahuc and Zylberberg (2004).



Let w' be the strictly positive wage paid to factofThe cost minimization problem can

then be written as follows:

K . .
Min )ZW'X' subject toF (X*,..., X )2 Y )
X )T

(x1 .....

The Lagrangian associated with this problem is:

L:i(wixi FAF(Xx4)-Y)) 3)

i=1
| define F, to be the partial derivative &fwith respect to its" argument. The first order

conditions are thus:
al_ .= i . = i =
AX' w +AF =0, 0i =1,...,K (4)

Becausew' and F, are strictly positive, the production constrambinding. Becausg is
strictly concave, these necessary conditions fanaity are also sufficient conditions for
optimality.

| can then use these first order conditions andthéing production constraint to
implicitly define the conditional factor demands’ . These are the demands for each factor
holding output constant (while the unconditionaitéa demandsX ', are the demands for each
factor assuming that output has been optimized)efihe the cost function to be the minimum
value of the total cost. The cost function thuged&ls on the factor prices and on output:
C(Wl,...,WK ,Y).

Given these definitions, it is easy to show thatc¢bst function satisfies Shephard’s

Lemma:

X, =C,(wWh...we,Y) i =1,....K (5)



| define adult workers to be factor 1 and child kess to be factor 2. | can then obtain an
expression for the effect of a change in the wégshitd workers (v*) on the unconditional

demand for adult workersX*), by taking the derivative of equation (5) witlspect tav*,
allowing both the optimal output Y and the demamdather factors to adjust to the new price of

child labor:

1 K i
X W =C, +Cyy 9y oW’ + Z (Cl,i aWAWZ) (6)

i=3

| define children and adults to be gross-subsl'itifteaxyw2 >0

| define children and adults to be gross-compIemiain@X%W2 <0

A priori, the sign of equation (6) is unknown.thfre are only two inputs, then the first
term of (6) is necessarily greater than zero; @isejgn is indeterminate. If the production
function is homogenous, then the second term a(6gcessarily less than zero; else, its sign is
indeterminate. Thus, regardless, the sign ofy@hidetermined theoretically, and | must apply
an identification strategy to empirical data in@rtb identify its sign in any given settifig.

(B) Basic Identification Strategy
Based on equation (6) and the definitions of gmagsstitutes and gross-complements

above, it is clear that the foundation of the idferdtion strategy will be to observe an
exogenous change i’ and a response to this change in the functibn In order for the

change inw® to be exogenous, it must be caused by forcesdautise farm; in other words, it

3 My definition of gross-substitutes allows for thetimal output to change in response to the changist
structure. It is thusot the same as that definition of substitutes that assumes constant output. However, | will be
working throughout in a setting in which the numbéfarms that are perturbed by the change in chiddes is
small relative to the total number of farms thakeap the entire world market for the output, cofiius, the price
of output is being held constant, and my definiidrsubstitutes must be assumed to be: gsolsstitutes when the
price of output is held constant. This is therefore not the same as that notiagra$s-substitutes in which the price
of output potentially changes due to the increasghild wages. | will discuss this more in sectih(F) below.



must be caused by a change in the supply of chlidrl(factor 2). Thus, the basic identification
strategy consists of identifying a change in thapdyiof child labor and a response in the
unconditional demand for adult laboX¢).

Identifying changes in the unconditional demandafult labor can be challengifig.
This is because if something changes househoityilfficiently to affect the supply of child
labor, then it is impossible to rule out that tti@nge in household utility also affected the
supply of adult labor. Thus, | must identify chaagn adult labor demand without assuming
constant adult labor supply. This identificatisrpossible by considering both the price and
guantity of adult labor. In Figure 1 below, | shgvaphically that if the unconditional demand
schedule for adult labor is downward-sloping (whicis in the model above), then an increase
in the price of adult labor without a decreasenm quantity hired of adult labor (or vis-versa)
implies that the labor demand schedule must hasreased (or decreased) — in other words, that
the optimalX* must have increased. But if price and quantigngfe in opposite directions, then
the new equilibrium price and quantity may indeedh the same demand curve, on a higher

demand curve, or on a lower demand curve, makingade movements ambiguous.

* Note that throughout this paper, when | referaduit labor demand” (or, “the demand for adult i&hd am
referring to the function describing the desiredmfity of adult labor for firms as a function oktlvage, given a set
of other parameters. When | wish to distinguighghrticular point in price and quantity space thaictually
chosen on the labor demand schedule in any patiegluilibrium, | instead always refer to the “griof adult
labor,” or the “quantity of adult labor,” or the Ugntity demanded of adult labor.” Thus, an incedasadult labor
demand refers to a shift in the entire demand fanctvhereas a change in the quantity demandeduwf Ebor
refers to a change in the particular point in peod quantity space that is actually chosen inliguim.

> The labor economics literature has long knowrhefusefulness of coordinated movements in priceqandtity

to estimate the direction of demand movements. aHorch earlier example of this strategy, see ldssic paper
(Katz and Murphy 1992).



Figure 1: Determining Demand Movements When Supplivoves as Well
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In the next subsections, | consider whether equiilib in other factor markets and the
output market imply any testable predictions tlaat be used to distinguish between the gross-
complementarity or the gross-substitutability ofldten and adults.

(C) Accounting for the Supply of other Factors

| must be careful of the supply of other factolfsthe supply of a third factor changed,

then | cannot determine whether the observed ditirecchange inX* came from the change in

the supply of child labor, or from the change ia supply of the third factor. In other words,
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GX%WZ could be negative or positive without affecting sign of the observed changexih,

if the magnitude ofX’ was sufficiently large. Therefore, | will alsoatkto check whether

ow®
the supplies of other factors remained constamthe absence of other information, the only
way to be sure of this is to check the price anahtjty of each of the other inputs and measure
whether they each remained constant. If so,ribtgpossible that their supplies changed. | relate
this identification requirement to the zero prafindition below.
(D) Accounting for the Farms’ Zero Profit Condition

A change in the wage of children (denoted\May) will potentially affect the equilibrium

in the other factor markets. In the long-run,¢hange in the price of outpulp, must satisfy

the following equation:
Ap=> 6 MW , whered' =the cost share of factor (7)
i=1

In this agricultural setting, the price of corrlikely set on a world market; in any case, it

is not altered by the treatment in comparison wih-treated villages (as | show later

empirically). ThusApwill be 0 in the equation above. Using this fétcis clear that ifAw* and

Aw' are both positive (as would be the case if adukssubstitutes with children and the supply

of children decreases), then it is necessarilyctis® thatt\w® should be negative for some third
factor.

Technically, this does not introduce another tdstpbediction. Rather, this conclusion
is drawn from an equation that is only requirethotd in long-term equilibrium. In the short-
term, firms can and will produce output at pridesttexceed average variable cost but are

exceeded by average total cost, thus breakingghaliey of equation (7). Since the relative

11



decrease in child labor supply in my data covely thre period of one or at most two harvests, it
is impossible to rule out that short-term effects dominate, leaving the prices of third factors
potentially unchanged by the increase in child vsags¥evertheless, it is likely that the demand
for at least one other factor must decrease. cudsthe empirical evidence for this, and the
implications for my identification, on pages 38-40.
(E) Accounting for the Supply and Demand of Output

If the fact that children and adults are gross-stultes (or gross-complements) has a
necessary implication for the supply of outputntfi@s implication would have to be checked in
a complete identification strategy, and if it wasified, it would serve as a useful piece of

evidence for my conclusion. Rearranging termsuregion (6) clearly shows that the sign of

6X%W2 does not determine the sign @)VWZ . Likewise the fact thatv® increases or

decreases does not in itself imply anything able@tdirection of any changes in the marginal
cost schedule, or hence the direction of any cheirgéwhen prices are held constdnthis
implies, of course, that general equilibrium effeah the supply of output are ambiguous.
However, exogenous changes in the demand for oagpublur my identification in an
analogous way to that specified in 111(C) abovehus, | must rule out any changes in the
demand for output. This requires verifying tha grice and quantity of output remained the

same’

® This is surprising. It has often been assertatlah increase in the price of one factor alwageeimses the
marginal cost schedule, thus necessarily redugitignal output when output prices are held constémtact, this
is only true of normal factors — inferior factorfsppoduction cause the opposite effect. Likewishkile an increase
in the price of one factor always increases avecagts, it does not always decrease the optimaubat the
bottom of the average cost curve, i.e. the optmogbut when prices adjust through free entry. Thianly true of
superior factors (those whose output elasticitglerhand exceed one).

" Given the facts that | assert in footnote 6 abéhie,clear that this restriction in general neithules out a
particular direction for the change in the supdlghild labor, nor the gross-complementarity orgg-o
substitutability of children and adults.

12



(F) Generalizability
The identification strategy outlined above can pgliad to any given setting of
production, with particular production technologse=l particular factor prices. If the

production technologies differ in other settindgrt the cost structures may be radically

different in other settings, making the predictiérmsn one setting about the sign @ﬁywz

irrelevant for other settings. But even holdingqurction technologies constant, the shape of the
average cost curve (including the sign of its sdaderivative) can change radically as relative
factor prices change (Takayama 1993). Thus, thdtsefrom applying this identification

strategy cannot be generalized to settings witlséimee production technologies but different
relative factor prices. In other words, this papestimates suffer from the same lack of
generalizability found in any paper estimating prctibn parameters.

Furthermore, as | stated in Section 1lI(A), throaghthe paper my setting has restricted
the price of output to be constant (because theifietion to child wages in my data occurs in
only a very small fraction of the total number afrhs which together make up the much larger
corn market). Thus, my measure of substitutabiibgld not necessarily be useful in the
context of a world-wide elimination of child labahich in turn affected the world-wide cost
structure of corn production. However, | note thatording to the USDA, Mexican corn
production in 2007 accounted for less than threegme of total world corn output (USDA, (b)).
Thus, even the end of all child labor in Mexico \Wbhe unlikely to affect the world price of
corn. Therefore, my measure of substitutabilityugtl be useful for estimating the effects of a
nation-wide end of child labor in any individualtioa that itself makes up a very small portion
of the world corn market. Since the only natidmat individually produce more than three

percent of total world corn output are the Unitedt&s, China, and Brazil (and since at least
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eleven other nations produce between 0.5 and geeent of world corn output each), this
leaves my measure of substitutability useful fostrodividual corn-producing nations that use
child labor around the world (USDA, (b)).
(G) Summary

| summarize the identification strategy in TableHirst, | must observe the price and
guantity hired of child labor moving in oppositeatitions due to some treatment. Second, |
must observe the price and quantity of adult laboving in the same direction in the areas in
which child labor has been treated. Third, | malsterve constant price and quantity of output.
Fourth, | must observe constant price and quaafigimost all of the other factors of production
(allowing for the probability of a simultaneous degse in price and quantity of at least one other
factor of production§. This information is necessary to determine whesiailts and children
are gross-substitutes or gross-complements irs#timg.

Table 1: Mapping from Treatment Effects to Gross-Sbstitutes vs. Complements

Gross-Substitutes Gross-Complements
Wage of Children Increase Increase
Quantity of Children Hired Decrease Decrease
Wage of Adults Increase Decrease
Quantity of Adults Hired Increase Decrease
Price of Output Constant Constant
Quantity of Output Constant Constant
Price of Land Constant Constant
Quantity of Land Constant Constant

In Section 1V, | introduce the data set and treatinpeogram that | use to carry out this
strategy. In Section V, | report that the treatmeareased child wages and decreased child

work participation. In Section VI, | report théet treatment increased adult wages without

8 In Section VII, | explain why the empirical evidenfor a decrease in demand for one factor of pioludoes
not also open up the possibility of a decreasbénsupply of that factor of production — thus megritification is
unaffected by the empirical evidence of a decr@agemand for that factor.
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decreasing the quantity of adult work. In Sechfih | report that the treatment held constant
the price and quantity of output as well as thegand quantity of all non-labor inputs except
for land (whose quantity held constant but whoseepmay have decreased). Thus, my results
satisfy the necessary theoretical requirementsHidren and adults to be gross-substitutes. In
Section VII, | further rule-out other empirical dlemges to identification, concluding that

employers substituted adults for children whendreih left the workforce.

IV. Data

Mexico’s Program in Educam, Salud y Alimentadin (ProgrESA) or “The Program in
Education, Health and Nutrition”, was the firstgarscale schooling experiment in Latin
America. PROGRESA was designed to promote edutatid health in poor rural areas of
Mexico. It began with an experimental phase, dnelmse primary aims was to determine
whether, if payments were made to families condélan their children’s school attendance,
school attendance would increase in the treatnrenipg Census and administrative data
identified 506 villages in rural Mexico as “pooiBKoufias and Parker 2001). Of these villages,
320 were randomly selected to form the treatmemtigr The remaining 186 villages formed the
randomized control group.

Five surveys were conducted over households B0dlvillages at the following times:
October 1997, March 1998, October 1998, May 19%BNwmvember 1999. In the spring of
1998, the Mexican government announced that it dgie benefits (conditional on children’s
school attendance and family participation in Heatid nutrition programs) to the eligible

families of the treatment group. The first paynsenere made in May 1998. Thus, the first two

° See Behrman and Todd 1999 for a discussion afth@omization procedure.
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surveys are pre-treatment, and the latter thregegarare during the treatment. After the
experimental phase was complete, eligible contaalilies began receiving benefits as well.

PROGRESA administrators used the results of theligc 1997 census to determine,
based on variables associated with household weelfiae families that were relatively poor. It
assigned these families to the eligible group,gasisg relatively well-off families to the non-
eligible group (Skoufias, Davis, Behrman 1999).isTdssignment was conducted for families in
both control and treatment villages. Eligible fagslin the treatment group of villages received
conditional benefits targeted towards improvingadion and healtf If a child under 18
missed fewer than 15 percent of the school dagsparticular month, then PROGRESA
provided a cash award that month to the mothenethild. Cash awards increased to keep
pace with inflation, increased with the child’s deaand were higher for girls than boys. These
monthly grants ranged from about 80 pesos for tipiediers to 280 pesos for ninth grade boys
and 305 pesos for ninth grade girls. As a comparigr 1997 the average monthly salary
income of an adult jornalero was about 600 pesuslzat of a child jornalero was about 500
pesos. The program also provided basic healthfoagd! family members and a fixed monetary
transfer for nutritional supplements (Skoufias &adker 2001).

| make use of data from this experimental phadeRIOGRESA. | obtained the data
from the Opportunidades office. | primarily maksewf three surveys that were conducted at
the same time in the agricultural cycle (Octobex/®ber): the pre-treatment survey in 1997
and two post-treatment surveys in 1998 and 199 506 villages in the experiment were

located in seven Mexican states, shown shadedjuré&R.

9 The eligibility status was revised in 1998, andading to my data the number of eligible familess higher in
1998 than in 1997 and higher still in 1999.
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Figure 2: States in Mexico where the PROGRESA Expénent took place

State Number of Observations in 1997 Percent
Guerrero 8.29
Hidalgo 17.22

Michoacan 12.04
Puebla 15.66
Queretaro 5.82
San Luis Potosi 16.01
Veracruz 24.95
Total 100.00

Table 2: First Response to Principal Activity & Crop Questions, Local Survey, 1997

Question Response Villages listing response Ptgen
Agriculture 491 97.8%
Commerical 3 0.6%
N Ganaderia 3 0.6%
APrl_nplpgl Artisan Production 1 0.2%
ctivity in . o
this village? Constrgctlon _ 1 0.2%
Industrial Production 1 0.2%
Services 1 0.2%
Other 1 0.2%
Corn (Maiz) 443 88.2%
Principal Beans 20 4.0%
Crop in this Coffee 19 3.8%
village? Haba 2 0.4%
Other 18 3.6%

In Table 2, | report the first response localgeach village gave when asked about their

village’s principal activity and principal cropt it clear that these village economies were
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mostly agricultural, and that the main crop in theslages was corn. The primary corn harvest
in Mexico lasts from October through December (USIE&), although a smaller corn harvest
occurs in the summer. Thus, | interpret my resadtinformation about production technology
and labor demand during the primary corn harvétss of course possible that production
technology and labor demand are different for qgamting or for the planting or harvesting of
other crops in other regions.

Table 3 shows the distribution of adults and cleifdacross the job categories listed in
the main job category variable (one that is avé&l@ach year). Workers in two job types
consistently report salary informatigrnaleros (farm workers), andbreros (non-farm
workers) — those in other categories typically doneport earning a salary. This paper analyzes
the jornalero workforce, which has nearly threessnas many observations as the obrero
workforce (see Table 4) and — given the corn-hewatyre of agriculture in this sample —is
presumably more homogenous than the obrero workfvbich seems to potentially incluek
regularly paid non-agricultural jobS).

Table 4 reports summary statistics for importartables across both treatment and
control villages over the three years in my sampleether individuals were eligible for the
program, whether they were working for a salaryattheir job title was, measures of their

income, and measures of the amount of time thekedbr

1t would be nice, following Katz and Murphy (1998) estimate demand changes for multiple industrie
However, here paid work occurs only in two indwestriand only one of these has both enough chilindrenough
homogeneity to admit useful analysis.
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Table 3: Pre-treatment Distribution of Adults and Children across job categories

Year 9% with Job Title: Adults

Children

Jornalero (farm worker)
Obrero (non-farm worker)
Self-employed

Pattern Work

Family Work, No Pay

1997 Other Work, No Pay 119

15,675 (50%)
5,320 (17%)
4,472 (14%)

150 (0%)
3,428 (11%)

1,701 (38%)
642 (15%)
317  (7%)

9 (0%)

1,654 (37%)

(0%) 50

Member of Cooperative 28 (0%) 3 (0%)
Communal Farmer 2,245 (7%) 21 (0%)
Other 229 25 (1%)
Total 31,666 (100%) 4,422 (100%)

Table 4: Some Summary Statistics by Treatment Villge Status and Year

Year Variable Control Villages

Treatment Villages

9,221 families
48,475 people

Total # families
Total # people

% male 50.0%
1997 % child (< 17 years) 46.8%

% adult (17 to 59 years) 45.3%

% worked last week 40.0%

% worked as jornalero 15.6%
Mean jornalero wage 3.36 pesos / hour

14,856 families
77,199 people
50.7%
47.3%
44.8%
41.9%
15.2%
3.38 pelsosr/

Total # families 9,919 families
Total # people 52,299 people

% male 50.0%

% child (< 17 years) 47.5%

% adult (17 to 59 years) 44.7%

% worked last week 35.7%

% worked as jornalero 21.4%

Mean jornalero wage 4.39 pesos / hour

1998

15,927 families
85,141 people
50.6%
48.1%
44.1%
36.2%
21.8%
4.37 pesosr/

Total # families 10,498 families
Total # people 55,793 people

% male 49.6%
1999 % child (< 17 years) 45.9%

% adult (17 to 59 years) 46.0%

% worked last week 35.6%

% worked as jornalero 22.7%
Mean jornalero wage 5.1 pesos / hour

16,474 families

83,631 people
50.3%

46.3%

45.5%

36.0%

22.5%

5.65 pesosr/ h

Entries are italicized if they are significantlyffdrent between control and treatment at the 5%llev

| classify people who are ages 16 and under adrehiland people ages 17 to 59 as

adults. In 1997, children made up 8.78 percemth@total jornalero workforce, while adults
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made up an additional 80.22 percent. | have toadeasure the sensitivity of my results to
changes in the definitions of these age groups] aasle found the results to be robust.

Everyone who reports income reports ibime of the following measures: pesos per day,
pesos per week, pesos per two weeks, pesos pehhoomtesos per year. The measures of the
amount of time worked are hours per day and daysvpek, and most people who report
income report the amount of time they worked usiath of these measures. About 90 percent
of the income observations are in pesos per dggsos per week. For people who report daily
salaries, | impute hourly wages by dividing thelylaalary by the number of hours worked per
day. For people who report weekly earnings, | iteghourly wages by dividing earnings by the
number of days worked per week multiplied by thenber of hours worked per day. For the
remaining 10 percent of income observations, | @g&sthat bi-weekly reporters work both
weeks, that monthly reporters work four weeks penth, and that yearly reporters work fifty
weeks per year.

The resulting hourly wages range from .000285bgg@er hour to 7506.25 pesos per
hour. With bounds these extreme, it is likely ttinggt very high and very low hourly wages suffer
from measurement error. Mean regressions of waigethus likely to be biased by the incorrect
measurements at the top of the distribution, andmmegressions of log wages may be biased by
the incorrect measurements at the bottom of thtellision. Thus, in later sections | will often
perform two tests that do not depend only on m@ansder to establish the existence and
direction of any treatment effect on the distribatof wages: a kolmogorov smirnov test of first-
order stochastic dominance; and estimation of glearetyressions by decile. But, once the
existence and direction of the treatment effecelasen established by the above tests, in order

to get one number for the size of the treatmemtceéfl do run mean regressions as well,
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attempting to eliminate the bias caused by thernecob measurements at the top and the bottom
of the distribution by dropping observations withges in the top and bottom five percent for
each of the six comparison groups (control vs tneat, 1997 vs. 1998 vs. 1999).

In asking about workers’ hours, the surveys askexk&rs how many hours a day they
tended to work last week, or simply how many hauday they worked. Thus, if workers
worked a different number of hours each day, thienese of the hours per week will be noisy
unless the workers correctly averaged their hodmsnwresponding to this question. Because of
this, in the analysis below | replicate most meagressions of hourly variables using daily
variables — i.e., with daily income instead of Hpuvages, and days worked per week instead of

hours per week. This helps ensure that measuresn@mtin hours is not driving the results.

V. Did the Experiment Reduce the Supply of Child Laor?

In the first few months of the program, as measdimethe 1998 survey, it is unclear
whether the experiment has yet reduced the sugmlyildiren to the jornalero workforce. But
by 1999, 18 months after the program started,réba@rment has clearly caused a decline in child
participation in the jornalero workforce as wellasincrease in the wages of child jornaleros.
These results are demonstrated in the differenciHi@rence estimates of the treatment effect
described below.
(A) Empirical Strategy

My usual empirical strategy in this section andrikegt is to estimate reduced form
equations of the treatment effects on labor mawsk&tomes such as work participation, hourly

wages, etc. My unit of observation is an individataa point in time. As Table 2 showed, some

12 This cropping is carried out relative to the saenged in each regression (usually, this is alltgonaleros, but
sometimes, for the purpose of identification, iaisubsample, as in Section VII(C)). The sta$tignificance of
some mean wage regressions is sensitive to widatiear in the level of cropping, but it is fairlplbust.
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characteristics of treatment villages and contitdges differed in small but significant ways
before the treatment even started, so it is impot@use a difference-in-differences appro&ch.
This entails a treatment village dummy variablppat-treatment dummy and an interaction
dummy — with the interaction coefficient being th#ference-in-difference estimate of the
treatment effect. In addition to differencing ¢l pre-program differences between the control
and experimental group, | also control for the effe composition differences between the two
groups by including controls for important persoctaracteristicd? Finally, to ensure that |
control for village-specific components of the aate of the error term, | include clustering at
the village level in most specifications.

Thus, in summary, the difference-in-difference e are of the following pattern:

Y, = alDiff —in- Diff;, +bOreatmentVillage , + c[Post,, +d [PersonalChars , + £,

wherei indexes people artdndexes time.

TheDiff-in-Diff dummy variable is 1 when the observation is frotreatment village
and is also from a post-treatment survey. Treatment Village dummy is 1 whenever the
observation is from a treatment village (this dummgot included in specifications which
include village-level fixed effects). THeost dummy is 1 whenever the observation is from a

post-treatment survey. | includemersonal Characteristics dummies for gender, age,

13 Furthermore, a key PROGRESA paper argues: “evéreifandomization of program placement is not
challenged, . . ., the difference in differencémaators are preferred to the post-program diffeespbecause they
remove persistent sources of regional variatiothat might exist” (Schultz 2004).
1% Schultz (2004) explains the logic of this: “It msifll be useful to add additional explicit contrariables and
estimate their marginal effects jointly with thasfethe program on the enroliment of poor childrieecause this
should increase the statistical power of the medgimated at the level of the individual child ¢olate significant
effects attributable to the program treatmentyéfré are any.” This is also a justification forking the unit of
observation as small as possible in my specificati@msually it is at the level of the individual).
15| use the “robust cluster” command in Stata. Véeance-covariance matrix is determined by thifaihg

AN -1
=(xX) Zluj w; (XX)

i=

formula: V go

(whereu; = Z:e,xi , N, is the total number of clusters, agd is the residual of observation i).

Jcluster
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schooling, language abilities and marriage statile(e these are age and specification
appropriate). | run this specification separatelythe 1997 vs. 1998 comparison and the 1997
vs. 1999 comparison.
(B) The Decline in Child Jornalero Work Participation

| add to the previous studies of this experime®ckultz 2004}° and (Skoufias and
Parker 2001Y) that estimated significant decreases in workigigetion for children, by
estimating specifically the treatment effect ondlparticipation in the jornalero workforce. |
create a dependent variable dummy for working jasnalero by assigning the dummy the value
1 if the person worked as a jornalero in the lastkvand O if they did not work or worked in a
different job category. | regress the dummy forkirg as a jornalero on my independent
variables as outlined in Equation 1. Table 5 repthre results of probit specifications of this
regression model. [ find that by 1998, there wasignificant effect on child jornalero farm
work participation® However, by 1999, child jornalero work participatsaw a significant
decrease of seven percent due to the treatheftis corresponds with Skoufias and Parker’s
result that only by 1999 did 12 to 17-year-old gl percent of whom are jornaleros if they
work at all, and who make up 87 percent of thedcjafnalero workforce) see a significant

decrease in child work participation.

16 Based on differences between means, Schultz (2@0%)udes: “All of the differences in child worltween
treatment and control populations are negativexpscted, and they are statistically significarieast at the 10%
level for the probability of paid work for primasghool females and males and for secondary schalelsirfor
household and market work for secondary school esnéor paid work for secondary school males tter OLS
hours for primary school boys, and for the Tobitifsofor primary school females and males and seargrethool
males” (I deleted references to Schultz’s tablahigmsentence). He goes on to use more sopheti¢® estimates
to further conclude that the program had statilyicignificant negative effects on child work.

" Based on a difference in differences estimateus and Parker (2001) conclude: “The resultshow that
PROGRESA has had a clear negative impact on chikleork.”

'8 The 1998 wage change is statistically signifidghhtlo not adjust the standard errors for villdgeel clustering
¥ The percentage change is calculated by dividiegtefficient on the Diff-in-Diff dummy from Tabke by the
pre-treatment mean value of the independent vayi&054.
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Thus, while the initial 1998 treatment effects dilatlabor participation are
inconclusive, it is clear that by 1999 child lalparticipation in the jornalero workforce has
significantly decreased. Hence, the treatmentedhasdecline in the quantity of paid child farm
labor by 199%°

Table 5: Probit Treatment Effects on Child Jornalero Work Participation

Dependent Variable: work participation in jornalevork force,
for children aged less than 17 years old (Baselase: 1997).

Explanatory Variables (1) Post-Treatment: 1998  R@3t-Treatment: 1999
Diff-in-Diff (post =1 & -0.003 -0.004**
treatment village = 1) (0.002) (0.002)
Post-treatment Dummy -0.005** -0.006***
(0.002) (0.002)
Male Dummy 0.047*** 0.043***
(0.001) (0.001)
Age Dummies YES YES
Village Fixed Effects YES YES
# Observations 61128 58852
Pseudo R2 0.28 0.30

Coefficients reported are the marginal effects.
Standard errors, adjusted for village-level clustgrare in parenthesis.
* = gignificant at 10%, ** = at 5% *** = at 1%

(C) The Increase in Child Jornalero Wages
If the supply schedule of child jornalero labaymss upward, then it will always be true
that the supply schedule has shifted backward ¢dsed) when a decrease in the quantity of

child jornalero labor is accompanied by an increagbe price of child jornalero labor. Thus, in

 There is also a statistically significant decreiaste total hours of paid child farm work, acdogito a tobit
regression of the hours of paid farm work per weekysored at zero for non-participants.
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Table 6, | report the results of OLS estimationhaf difference-in-difference treatment effects
on child hourly wages. It is clear that the treatinhas caused an over ten percent increase in
mean child hourly wages, and that this increasgastically significant.

Table 6: Treatment effects on child jornalero log lbourly wages

Dependent Variable: log hourly wage
for children aged less than 17 years old who reporking as a jornalero (Baseline year:
1997).

Explanatory Variables (1) Post-Treatment: 1998  R@3t-Treatment: 1999
Diff-in-Diff (post =1 & 0.08* 0.12%**
treatment village = 1) (0.04) (0.05)
Post-treatment Dummy 0.08*** 0.26***
(0.03) (0.03)
Male Dummy 0.07* 0.05
(0.04) (0.04)
Age Dummies YES YES
Village Fixed Effects YES YES
# Observations 2736 2666
R2 0.04 0.13

Standard errors, adjusted for village-level clustgrare in parenthesis.
* = significant at 10%, ** = at 5% *** = at 1%

Because the participation rate of children in geno labor has declined (as reported in
Table 5) and the hourly wage of children in jormalebor has increased (as reported in Table
6), | conclude that the labor supply of childrerte jornalero workforce has declined. In
Section VI, | estimate the treatment effects onghantity and price of adult labor to assess any

change in the demand for adult labor. In Sectidin Mhen look for additional evidence to
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determine whether the decline in child labor sugplthe farms was responsible for the change

in farms’ demand for adult labor.

VI. Was there an Increase in the Demand for Adult labor?

Since the results in the previous section showatlttiere was a decrease in child labor
supply to the jornalero workforce by 1999, | neeaheck whether the demand for adult labor
increased by 1999. As | explained in Section IlI, if a treatment hasreased the price of adult
jornalero labor without decreasing its quantitgrthhis is sufficient to show that it increased the
demand for the labor of adult jornaleros. | thheak whether by 1999 there was an increase in
the price of adult jornalero labor without an acpamying decrease in the quantity. | consider
first the treatment effect on the price of aduittdg and second the treatment effect on the
guantity of adult labor.

(A) Treatment effects on the price of adult labor:

| estimate treatment effects on adult hourly wayes daily income. As explained in
Section IV, | establish the existence and directibthese treatment effects from kolmogorov
smirnov tests on the distribution of wages, andifiquantile regressions by decile. | then
estimate a single number for the size of the treatraffect by estimating OLS hourly wage and
daily income specifications. These results shaat bty 1999, there are positive and significant

treatment effects on both adult jornalero hourlygesand daily income.

% The fact that there was no robust decrease id filor participation by 1998 suggests another ifest
PROGRESA did not directly impact adult labor demérel, without the mechanism of changing childdab
supply), then there should have been no robustaser in adult labor demand by 1998. This is wiiatdl In
regressions similar to those reported in this eactifind that by 1998 there may have been areeme in adult
labor demand, but that not all specifications slsoh an increase. This corresponds well withdbk of
robustness in the decrease in child labor participdy 1998 that | reported above.
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The kolmogorov smirnov test on the pre-treatmesirithution functions shows that the
pre-treatment distribution of wages in treatmefiages is first-order stochastically dominated
by that in the control villages. The p-value foe inhull hypothesis that the two distributions are
identical — when the alternative hypothesis is thattreatment distribution is stochastically
dominated by the control distribution — is 0.02d @thus rejected. The p-value for the null
hypothesis that the two distributions are identicalhen the alternative hypothesis is that the
control distribution is stochastically dominatedthg treatment distribution — is 0.20, and cannot
be rejected.

But the kolmogorov smirnov tests clearly show tihat post-treatment distribution of
wages in the treatment villages first-order stotthady dominates that in the control villages.
The p-value for the null hypothesis that the twstributions are identical — when the alternative
hypothesis is that the control distribution is si@stically dominated by the treatment
distribution — is 0.00, and is thus rejected. Phealue for the null hypothesis that the two
distributions are identical — when the alternatiypothesis is that the treatment distribution is
stochastically dominated by the control distribatieis 0.38, and cannot be rejected.

This shift can be seen visually in Figure 3, whatbits the cumulative distribution
functions of the hourly wages of adult jornalenod997 and in 1999. The wage distribution is
too lumpy for all deciles to increase, but the dilamegressions by decile reported in Table 7
show that four deciles increased significantly (fvabow the median and two above) and none

decreased significantly.
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Figure 3: Cdfs of Hourly Wages, Control vs. Treatmat, 1997 & 1999
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Table 7. Quantile Difference-in-Difference Treatmat effects on Hourly Wages, no
controls or cropping

1997 vs. 1999

10" Percentile 0.000
(0.017)
20" Percentile 0.131
(0.023)
30" Percentile 0.179
(0.008)
40" Percentile 0.000
(0.050)
50" Percentile -0.083
(0.076)
60" Percentile 0.069
(0.032)
70" Percentile 0.000
(0.056)
80" Percentile 0.625
(0.061)
90" Percentile -0.020
(0.270)

Standard Errors are in parenthesis. Results signifat the 5% level are bolded.

It is clear that by 1999 the hourly wages of aghrtaleros have increased due to the
treatment. Furthermore, the adult wage increapeap to be real, not only nominal: the 2000
study by Handa et al. concludes that the treatmtientot produce food price inflation in the
treated villages. What number summarizes thedfigas increase? | consider the treatment’s
effect on mean wages by estimating OLS regressiorisg hourly wages and log daily income
according to the difference-in-differences stratdggussed Section V (with the effect of the
tails diminished via the cropping discussed in BacdlV), reporting the results in Table 8. There
is an increase in adult jornalero wages of betviese and six percent. A replication of Table 8

with weekly earnings gives similar results.
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Table 8: Treatment effects on adult log hourly wage and log daily income from 1997 to

1999
Explanatory Variables (2) (2) 3 (4)
Log Hourly Log Hourly Log Daily Log Daily

Wage Wage Income Income

Diff-in-Diff (post =1 & 0.065*** 0.041%** 0.061*** 0.031**

treatment village = 1) (0.016) (0.014) (0.006) (0.014)

Treatment Village -0.039** -0.029***

Indicator (0.018) (0.005)

Post-treatment Indicator ~ 0.332*** 0.326*** 0.314%** 0.308***
(0.011) (0.009) (0.005) (0.009)

Male Indicator 0.010 0.022** 0.037*** 0.056***
(0.011) (0.009) (0.007) (0.009)

Age, Schooling Level, YES YES YES YES

Langauage Skills, and

Marriage Status

Indicators

Village Fixed Effects YES YES

Constant 1.12%** 1.08*** 3.17%** 3.12%**
(0.023) (0.014) (0.014) (0.014)

# Observations 24605 24605 24605 24605

R2 0.42 0.37 0.41 0.35

Standard Errors, corrected for village-level clusig are in parenthesis.
* = gignificant at 10%, ** = at 5% *** = at 1%

(B) Treatment Effects on the Quantity of Adult Labar:

Having established that, by 1999, the treatmentas®ed the price of adult jornalero

labor, | turn now to the quantity of adult labordd. | estimate treatment effects on mean work

outcomes for adult jornaleros between 1997 and 1998m Table 9, it is clear that the

treatment increased both adult hours worked pekwad adult days worked per week

conditional on working.
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Table 9: Treatment effects on log hours worked andays worked per week from 1997 to
1999

Explanatory Variables (@) @) (3) (4)
Log Hours per Log Hours per Log Days per Log Days per

Week Week Week Week

Diff-in-Diff (post =1 & 0.035* 0.026 0.039** 0.035**

treatment village = 1) (0.020) (0.019) (0.018) (0.017)

Treatment Village -0.026 -0.036**

Indicator (0.016) (0.015)

Post-treatment Indicator  -0.077*** -0.082*** -0.059*** -0.064***
(0.015) (0.014) (0.013) (0.012)

Male Indicator 0.102*** 0.113*** 0.075*+* 0.079*+*
(0.017) (0.015) (0.015) (0.013)

Age, Schooling Level, YES YES YES YES

Langauage Skills, and
Marriage Status

Indicators

Village Fixed Effects YES YES

Constant 3.60%** 3.58%** 1.56*** 1.54%**
(0.027) (0.021) (0.024) (0.020)

# Observations 24575 24575 24575 24575

R2 0.02 0.02 0.01 0.01

Standard Errors, corrected for village-level clusig are in Parenthesis.
* = significant at 10%, ** = at 5% *** = at 1%
t = significant at the 1% level without village-thclustering.

Table 10 shows that it is likely — though not neseaesy — true that the treatment
increased the probability of adult participatiorthe jornalero workforce as well. | interpret
these results to mean that the treatment incraaseguantity of adult jornalero labor hired in
treatment villages. At the least, these resulgigest that it is very unlikely that the quantity of

adult labor decreased due to the treatrfient.

% Three of the four specifications in Table 9 shagnBicant increases in adult jornalero labor (ciiothal on
jornalero work participation). Specification (If) able 10 shows a significant increase in jorraleork
participation as well. But in specification (2) Bdble 10, where village fixed effects are replaa#tti clustering at
the village level, the increase in adult jornalesrk participation is no longer significant, leagiopen the
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Table 10: Treatment effects on other quantity of laor measures from 1997 to 1999

Explanatory Variables (@) ) (3) (4)
Probit: Worked Probit: Worked OLS: Hours OLS: Hours
as Jornalero  as Jornalero per Week with per Week with

0’'s 0’'s
Diff-in-Diff (post =1 & 3.6%* 4.1% 0.635*** 0.690
treatment village = 1) [0.08] [0.428] (0.212) (0.533)
Treatment Village -1.5% -0.501
Indicator [0.78] (0.561)
Post-treatment Indicator ~ 22.7%*** 21.9%** 1.07%** -1.10%**
[0.01] [0.00] (0.165) (4.00)
Male Indicator 203%*** 200%0*** 22.8%** 22.9%**
[0.00] [0.00] (0.106) (0.434)
Age, Schooling Level, YES YES YES YES
Langauage Skills, and
Marriage Status
Indicators
Village Fixed Effects YES YES
Constant 1.07*** 38.5%**
(0.319) (1.2)
# Observations 103402 103402 102517 102517
R2 0.39 0.34 0.31 0.32

Standard Errors are in Parenthesis, and are ced &mt village-level clustering in specificatior®y @nd
(4). * = significant at 10%, ** = at 5% *** = at 1%P-values for Probits are in brackets

Since the treatment increased the price of aduijero labor without decreasing its
guantity, | conclude that the treatment increabeddemand for adult labor. | do not conclude
that the treatment had no effect on adult labopbuypput only that any such effects were

outweighed by the increase in adult labor demdat. example, if the treatment reduced the

statistical possibility that work participation deased by a small amount (since the 95% confidenesval of the
change in work participation overlaps 0). Thuséferscodasticity is being correctly adjusted iigge level
clustering, and if the true change in adult workipgpation is on the low end of this confidencéeval, and if the
large increase in adult labor reported in Tabla®& aboubnly because people who would have worked low hours
left the workforce, then it is possible that intfédwe quantity of adult labor actually decreased tuthe treatment.
Given the number of conditions that seem to besszsg to conclude that the quantity of adult ladecreased, |
believe it is likely that the quantity of adult tabdid not decrease.
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labor supply of adults through an income effechtties reduction was outweighed by the
increase in demand for adult labor, because thetgquaf adult labor probably increased.
Likewise, the increase in demand for adult labostiave outweighed any increases in adult
labor supply, because adult wages increased.

In sum, by November 1999, comparison of treatmedtcntrol villages shows a
significant decrease in the supply of childrenawnf labor, accompanied by a significant
increase in the price of adult farm labor and mmisicant decrease in the quantity of adult farm
labor. If the only effect of the treatment on adabor demand was through the decrease in child
labor supply, then these results are sufficiemiotoclude that adults and children aobstitutes
in production: when children became more diffi¢olhire, employers increased wages for
adults, thus increasing both the hours adults wbper week and their weekly earnings. In the

next section, | verify this claim.

VII. Did the Reduction in Child Labor Cause the Increase in the Demand for

Adult Labor?

| explained in Section Il that in order to deten@iwhether adults and children are gross-
substitutes or gross-complements, it is necessagpgdure that the treatment’s only effect on the
demand for adult jornalero labor was through therekse in child labor supply. There are four
alternative pathways to consider. One is thatrib@tment families spent their money in a way
that would increase the demand for output, thuseasing the derived demand for the
jornaleros’ labor. The second is that the treatnsansed a change in the supply of other factors
of production, which in turn caused an increastnéndemand for adult jornalero labor. These

first two alternative pathways were considered tbgcally in Section Ill. The third alternative
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pathway is that thdirect treatment benefits in income, nutritional consumption, or medical
consumption lead to improved health, thus leadmigetter productivity and hence to better
adult wages. The fourth is that timelirect treatment benefits (e.g.spilloversin income,
nutritional consumption, or medical consumptior@deo improved health, leading to better
productivity and hence to better adult wages.ld-nut each of these four alternative pathways
below.
(A) Ruling-out an increase in derived demand

It is essential to observe constant price and tifyasf output in order to rule-out
treatment effects on the demand for output (aviéurexplained in Section III(E)). If | can
observe such constancy, then this will rule-outfitst alternative explanation.

| use two different measures of quantity of outpls probability of a household bringing
in a harvest (i.e., the number of working farms)j she average size of the harvest. Table 11
reports the treatment effect on an indicator fanding in a non-zero harvest, as well as the
treatment effect on the number of tons of corn ésied (I report post-treatment first-differences
rather than difference-in-differences because thex®no pre-treatment data on harvest-size).
These both demonstrate no statistically signifiteedatment effect on the quantity of

production®

% |n the October 1998 data, | dropped 536 obsemsiid harvest size 98.8 tons that appeared to ieee
intended to be listed as “do not know” and thususthtvave been coded as missing. The marginahteyateffects
from tobit regressions of the expected number 10 tearvested unconditional on a positive harvesabso
statistically insignificant for both October 1998daMay 1999. There is also data on the numbewrtf of corn
sold for both October 1998 and May 1999 (familiesndt necessarily sell all of the corn that thegvhat).
Specifications analogous to those in Table 11 twaitts of corn sold as the dependent variable olstaifiarly
statistically insignificant results.
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Table 11. Treatment Effects on the Corn Harvest ifDctober 1998 and May 1999

Dependent Variables

(1) Indicator for (2) Log # Tons (3) Indicator for (4) Log # Tons
a positive Corn Harvested a positive Corn Harvested

Harvest in during the Harvest in May  during May
Independent  October 1998  October 1998 1999 1999 Harvest
Variables: (probit) Harvest (OLS) (probit) (OLS)
Treatment -0.00 -0.05 -0.00 -0.01
Village (0.02) (0.10) (0.02) (0.08)
Dummy
(Treatment -1.0% -5.0% -1.0% -1.0%
Percentage insignificant insignificant insignificant insignificant
Change)
Constant 0.26*** -0.11
(0.08) (0.07)
# Obs 23143 7172 21961 6713
R2 0.00 0.00 0.00 0.00

Standard Errors, corrected for village-level clusig are in Parenthesis, * = significant at 10%*$ignificant at
5%, *** = significant at 1%

Given the agricultural products listed in TablaH& prices that matter in determining
whether the demand for local agricultural goodsihaeased are (mostly) the price of corn, and
(secondarily) the price of beans and coffee. Theexisting work on prices using the surveys of
village leaders; but not every locality reportcps, and Handa, Huerta, Perez, and Straffon
(2000) do not have information on corn itself (oalycorn paste and corn tortillas). What their
work does show is that the price of beans appedraye increased by similar amounts in both
treatment and control villages; that the priceafee may have decreased in treatment villages
and stayed constant in control; that the priceooh paste appears to have increased by similar
amounts in both treatment and control villages; tuadl the price of corn tortillas may have
increased by about the same amount in both treatamehcontrol villages, though only the

treatment increase was significant. My own regoessshow no significant difference between
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treatment and control prices for corn flour, coaste, or corn tortillas in the November 1999
post-treatment survey used in this paper.

Furthermore, | divided the revenues that corn-pcottufarmers gained from their crops
in October 1998 and in May 1999 by the size ofrtharvests to obtain the average price which
each farmer received per ton of corn sold. Re@rsf these prices on an indicator for a
treatment village showed no treatment effect tontlean price per ton of corn (even with
variation in the degree of cropping of outlier§)kewise, kolmogorov-smirnov tests showed
that the treatment price distribution was not digantly likely to first-order stochastically
dominate the control price distributiéh.

This overall evidence is difficult to reconcile wiany large positive treatment effect in
the price of the crops most local farmers produtieis is not surprising, considering that the
above authors believe that government-run Dicotwas (which are equally distributed across
villages) are likely to “maintain a relatively cdast supply of basic items at a fixed price,” and
hypothesize that this should have a stabilizingafbn prices. Furthermore, the authors report
that people in outlying communities travel to themeipal centers to receive their benefit
checks, and spend money there; thus, people dalways buy goods in the village that they live
in.

Since there were no significant treatment effeatshe quantity or price of output, there
is no evidence for an increase in the demand fggutu If the demand for output remained
constant, then it is not possible that the treatmemey caused an increase in the local derived

demand for adult labor, i.e. the demand for agudot derived from the demand for output. This

% |n the May 1999 data, there were significant tresit effects to the seventh and ninth decilesthmse effects
were unable to influence the mean or the kolmogarairnov test. In the October 1998 data, thereevegposite
and significant treatment effects to the mediantsigtler quantiles, averaging out to no significaeatment effect
on the mean, and no significant difference in tbkrlogorov-smirnov test.
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IS not surprising, since it seems likely that therkets for basic foodstuffs such as corn are
considerably larger in geographic scale (perhaps @vernational) than those for short-term
labor assistance during the corn haré@st.

(B) Ruling-out a change in the supply of non-labomputs

It is useful to observe constant price and quanfitther factors of production in order
to rule-out that changes in the supply of othetdiecof production caused the farms to change
their demand for adult labor (as further explaime&ections I1I(C) and I1l1(D)). If | can observe
such constancy, then this will rule-out the secalternative explanation.

First, | consider land. | consider two measurethefquantity of land used in production:
total hectares of land used for any purpose, atadl hectares of land used for agricultural
purposes. Table 12 shows that there was no treatffect on the number of hectares of land
used for either purpose in the treatment villagfes;point estimates were less than one percent

and were insignificant.

% At the least, the fact that it is more difficubt move people than it is to move corn suggestsdisént labor
markets would take longer to respond to local wagétion than distant goods markets would for Igeice
variation. Thus, in the short-run, the relevardgraphic scale for a labor market should be sméitem that for a
corn commodity market, although in the long rurinational migration shows that labor markets sedie global
as well. This wage increase lasted one seasonebiiie experiment was extended to the control greaipne
should consider the possible short-term respomeddong term ones.
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Table 12. Treatment Effects on Hectares used or s&d, Total and Agricultural

Dependent Variables

(1) Total Hectares in  (2)Agricultural (3) Total Hectares in
October 1998 versusHectares in October November 1999

Total Hectares in 1998 versus versus Total
November1997 Agricultural Hectares in
Independent Hectares in November 1997
Variables: November1997
Diff-in-Diff 0.02 0.05 0.02
(0.08) (0.06) (0.11)
(Treatment +0.8% +2.6% +0.7%
Percentage Change) insignificant insignificant insignificant
Post-treatment -0.56*** -0.38*** -0.65***
(0.06) (0.05) (0.09)
Village Fixed YES YES YES
Effects
Constant 2.26*** 1.91 % 2.27***
(0.03) (0.02) (0.03)
# Obs 47826 47595 47035
R2 0.00 0.00 0.01

Standard Errors, corrected for village-level clusig, are in parenthesis, * = significant at 10%75%, *** = 1%.
The unit of observation is an individual household.

While lacking data on land prices, | have a limiteonber of households that report
income earned from renting land (157 observations fthe October 1997 survey, and 53
observations from the November 1999 survey). orethe difference-in-differences treatment
effects on the deciles of rental income in Table TBe results suggest a treatment-related
decline in rental income. If I hold the total amowof land rented constant (which is consistent
with, though not implied by, Table 12), then thelde in rental income implies a decline in

land prices. However, | note that the statiststghificance of the decline in rental income
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measured on this very small data set is fra&fil@hus, either there is no evidence for a
statistically significant change in land pricestlogre is evidence of a statistically-significant
decrease.

Table 13. Treatment Effects on Land Rental Incomdn pesos per day

1997 vs. 1999

10" Percentile -1.84x*
(0.83)
20" Percentile 178
(1.02)
30" Percentile -3.99%
(1.70)
40" Percentile -4, 1 2%
(1.81)
50" Percentile -9.80***
(2.81)
60" Percentile -14.37%+
(4.22)
70" Percentile -14.89%
(5.24)
80" Percentile 6.05
(10.79)
90" Percentile 19.05
(29.62)
# Obs 210

Standard Errors are in parenthesis. The medidy iaital income was 5.5 pesos per day, and thexmea
was 15 pesos per day.

If the supply of land is strictly upward-slopingcatine demand for land is strictly-
downward-sloping, then it is possible that a camstaantity of land and a decrease in the price
of land could together occur through a declineathldthe supply of land and the demand for land

simultaneously. This would seem to be a problemdentification, because a decline in the

% The results in Table 13 are confirmed by kolmoga@mirnov tests of first order stochastic dominanBet the
statistical significance of the decline is only fibned by OLS mean regressions in the case of fsgmit cropping
of the tails of the rental income distribution.kéwise, the statistical significance of the declsgenerally
unconfirmed by regressions in which the log of yladéintal income is the dependent variable as opptsthe level.
Thus, this is the most fragile result reportechis paper. Given the very small number of obséwat to seek
certainty of the sign of the treatment effectsamdl prices is to ask too much of the data.
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supply of land could have independently affectexldamand for adult labor. However, this is
unlikely for two reasons.

First, the supply of land is likely to be inelasti@nd since the agricultural industry as a
whole is being analyzed in this paper, it is likeigt the supply of land to this industry is
perfectly inelastic. This would mean that const@mntity of land in use (as suggested by Table
12) is inconsistent with a decline in the supplyarfd. Second, even if the supply of land is not
perfectly inelastic, land is almost certainly a gdement to adult labor. A decline in the supply
of land could thus not be a reasonable alternatxpdanation for the increase in the demand for
adult labor. For both of these reasons, | concthdea decline in land prices is consistent with
my overall argument that the increase in the denfi@nddult labor was caused by employers
substituting adults for children. In particuldretdecline in land prices is not consistent with a
change in the supply of land being an alternatiy@anation of the increase in adult labor
demand. One loose end is an explanation for wéytlte of land may have declined at all: this
can be tied-up by pointing out that the farm’s zprofit condition, as explained in Section I,
implies that the demand for some third factor nuestline when the prices of child and adult
labor both increase.

Next, | consider other non-labor inputs. In theyM&99 survey, respondents are asked
about the total amount of money spent in the pressgix months on seeds, fertilizers, pesticides,
machinery, and yoke labor. |regressed on a trettwillage indicator the following outcomes:
an indicator for spending any money on non-labpuis (a probit regression); the natural
logarithm of the total amount of money spent candal on spending any money at all (an OLS

regression); and the unconditional total amoumhohey spent (a tobit regression, censored
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below at zero). | report the results in Table 2dl.the point estimates of the treatment effects
indicate percentage changes of less than two pee@et none of these changes are signifitant.
Table 14. Treatment Effects on Expenditures on Nofabor Agricultural Inputs

from December 1998 through May 1999: seeds, feitikrs, pesticides,
machinery, and yoke labor.

Dependent Variables

(1) Indicator for (2) log of total (3) total
Positive expenditures, expenditures,
Expenditures conditional on unconditional
Independent (Probit) expenditures > 0 (Tobit)
Variables: (OLS)
Treatment Village 0.006 -0.019 -2.97
Dummy (0.023) (0.067) (23.55)
(Treatment +1.5% -1.9% -1.0%
Percentage Change) insignificant insignificant Insignificant
Constant 6.10
(0.053)
# Obs 22139 7668 20508
R2 0.00 0.00 0.00

Standard errors, corrected for village-level cltistg are in parentheses. The probit coefficiartalumn 1 is the
marginal effect of the treatment village indicatorthe probability of expenditures being positivihe tobit
coefficient in column 3 is the marginal effect béttreatment village indicator on the unconditiozgbected value
of total expenditures. Percentage changes in aedubhrand 3 are calculated by dividing the margafigcts by the
control group mean.

* = significant at 10%, ** = at 5% *** = at 1%

(C) Ruling-out direct health benefits as the only ause of increased wages
The third alternative hypothesis is that the wiageease arose when eligible families in

treatment villages spent their treatment moneywaw that increased nutrition, in turn leading

27| crop the top one percent of expenditures in easie — the results are largely the same withaiping. In the
first post-treatment October 1998 survey, respotsdare asked about the total amount of money spéehée
previous year on non-labor inputs such as seedsizfers, insecticides, machinery, and yoke lab®his year
covers about six months of pre-treatment decisigeisthe results are similar to those in Table 14is interesting
to note that other questions on animal purchasew #mat eligible families in the treatment villagdid buy more of
some types of animals. But it is not clear whetheraddition of these animals required more lalvdess (since
horses, e.g., could substitute for farm work) (Angei and De Girogi, 2005). In any case, there m@statistically
significant change in the total expenditures omah-labor inputs combined, as reported in Table 14
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to improved health and productivity. But undesthiternative hypothesis, ineligible families in
treatment villages would not receive higher wageéeme of the families in both treatment and
control villages were not eligible to receive traant because their wealth was too high, and
some did not receive treatment money because oihetrative errors. If these ineligible
families living in treatment villages experiencedge increases, then this suggests that health
benefits from direct reception of the treatment eoare not necessary for receiving higher
wages; the only necessity is living around childnéro left the workforce.

Thus, | estimate the same wage regression on desmestricted sample of all people in
the experimental group who were not eligible teeree money in 1997 and did not receive any
money by 1999 (this includes people who did noéirez money because of administrative error)
and a similar sample from the control group (seeAppendix for a description of how these
samples were constructed). On this restricted &grop 1999 there is a 2.2% wage increase due
to the treatment, which is significant at the fpercent level. Likewise, there is a 2.0% increase
in daily income due to the treatment, a 3.6% ineeda hours worked per week and a 3.5%
increase in days worked per week. The resultseqr@rted in Tables A2 and A3. That the
treatment increases the wages on this restricteglsasuggests that the results are not dependent
on receiving treatment money (e.g. a causal pattvay treatment money to increased
nutrition to increased productivity is not respdesifor all of the wage increases).

(D) Ruling-out indirect health benefits (spilloverg as the only cause of increased wages

Finally, the above robustness check must itsel tacobustness check in the form of the
fourth alternative explanation: might treatmentlspers have been responsible for the increase
in wages seen in the sample of non-treated adlitswere living in treatment villages? To rule

out the pathway of treatmesjillovers leading to better health which in turn leads ttidye

42



productivity and wages, | restrict the above sanagian by considering in any year only those
non-treated adults who report perfect health adogrb ten criterig® On this restricted sample,
| find that the wages paid to healthy adults a@ragbout 2% higher due to the treatment. This
suggests health improvements were not necessawoftieers to experience the wage increase,;
the only necessity was to live in a village whemnddclabor decreased.

(E) Other Robustness Issues

One potential cause for concern is a connectitwdsn the labor market for farm
workers and other labor markets. For a varietyeabons, PROGRESA may have caused non-
farm employers to increase their demand for lalsor@ll, and at first glance this seems
problematic for my identification. However, if PRBRESA increased the demand for labor in
other industries, then this would not affect thendad for labor in the farms; it would affect the
supply of labor to the farms. And all stories timolve changes in the supply of adult labor to
the farms are irrelevant to this identificatiorasdgy: as | explained in Section Ill, simultaneous
changes in wages and quantities can identify trectlon of changes in demand regardless of
any changes in supply.

Another potential cause for concern is the impasisumption that labor markets are
local. This is a strong assumption, because itldvply that people in control villages do not
supply labor in treatment villages, even thoughdmam assignment of villages may have placed
some villages close together. In reality, howettas is not a problem. If treatment and control
labor markets sometimes overlap, then this wattiehuate the program’s effects on both the

supply of child labor and the demand for adult labbhus, when | find significant program

% The ten criteria are: days of difficulty performiactivities due to bad health in the past monghtardays of
missed activities due to bad health in the pasttmare 0; days in bed due to bad health in therpasth are 0O;
yes, | can currently perform vigorous activitiessyl can currently perform moderate activities, yecan carry an
object of 10kg 500meters with ease; yes, | canyelifsia paper of the floor; yes, | can walk 2 kmith ease; yes, |
can dress myself with ease; | have had no phypaialin the last month.
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effects on the supply of child labor and the demfanédult labor, | have enough information to
conclude that the program’s impacts without ovgriag labor markets would have been
significant as well.

Finally, a legitimate concern is that the housdad’ own labor supply to their own
farms (or their own families’ farms) may have deeti due to the treatment. Such a decline
could explain the increase in the demand for cglaleitts’ labor without children and adults being
substitutes. But further tests show that the neat effect on the probability of reporting self-
employment as one’s primary job is insignificant i small magnitude between 1997 and
1999%° Thus, this alternative explanation is unlikelyb® problematic for identification.

| therefore conclude that by 1999, a reductiotheasupply of children to jornalero farm
work in the treatment villages had a positive aigdificant hourly wage effect on adult farm
workers, which in turn increased adult hours worgedweek (conditional on workingj. This
result occurs without any changes in expendituresan-labor inputs, land usage, food prices or
harvest size. It is not consistent with shiftadult labor supply alone. The result does not
disappear when | restrict to a much smaller sartaledid not receive treatment money, or to a
subsample of that which includes only perfectlyltigaadults. Thus, in this region and time
period, employers appear to substitute adultshddien, not to treat them as complements:

when child labor supply decreases, the demanddiglt Ebor increases.

? Likewise, regressions of the probability of worifor your family without payment (which could resent
working in your own household’s farms) only showtatistically significant decline for people livimg households
that do not own or use any land.

% The relative magnitudes of these percentage clsaiigigend on the specification. Since the oveealtehse in
the jornalero workforce by 1999 (caused by the elese in child work participation) was likely smallean the
increase in adult wages by that point, the natyuaktion is: what else was changing adult wagds® niost
obvious answer is a backward shift in adult lahgry, caused by the large increases in houselaidvage
income instituted by PROGRESA. | reiterate thathssimultaneous changes in supply are irrelevantfp
identification strategy (see Section IlI).
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VIII. Interpretation of Results

What are the theoretical and practical implicatiohthis result?  Any solution to the
child labor phenomenon depends on the questiorhetiver adults complement children or
substitute for them, as demonstrated theoretitsllitaushik Basu and Pham Van (Basu and
Van 1998) (Basu 20003 The authors set up a simple and plausible modehioh restricting
the possibility of children working can actuallypnove household welfare. Their two main
assumptions are as follows. Firsie Luxury Axiom: parents only send their children to work
when not doing so would cause the family to falblaesome subsistence level. Secahe,
Substitution Axiom: the production technology is a function of a inaggregate of child and
adult labor (hence, children and adults are sultestin at least one sense of the word). The first
assumption suggests a household labor supply thatés capable of leading to two
intersections with the labor demand curve, ands#wnd assumption allows for one demand
curve for effective household labor. Thus, thesgy/ine multiple equilibria, and depending on
household utility, one equilibrium may involve haghwelfare for the labor-supplying
households than another.

Analyzing a specific example, the authors concldd@aere are at least two potential
equilibria. Suppose an economy is caught in tliedopiilibrium. . . Then a total ban on child
labor could deflect the equilibrium all the waythe good equilibrium. . . Hence, all working-
class households would be better off. And thegyaokould be self-liquidating in the sense that
once in place it plays no role and constrains reobehavior.”

The work of Eric Edmonds (Edmonds 2003) showsith#te agricultural setting of

Vietnam, the Luxury Axiom seems to hold. My resiwdtiggest that in this agricultural area of

31 For example, substitutability allows for the padiity of multiple equilibria in Basu and Van’s meld in which
case a minimum wage w’ will eliminate child labbthe child market wage < w’ < adult market waged & child
productivity is low enough such that there existsess demand when only children are working).
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Mexico, the Substitution Axiom seems to hold. Rarmore, the fact that these results are both
from agricultural settings is useful. As Udry (B)(@oints out: “Child labor is overwhelmingly a
rural and agricultural phenomenon. For exampl®akistan, 70% of working children are
employed in agriculture.” Thus, together with Basul Van (1998), Edmonds (2003), and Udry
(2006), my results suggest the possibility — intipes of labor markets that most children work
in throughout the world — of a poverty trap that & escaped through stricter child labor laws
and better schools, and in which programs useddape the poverty trap could be “self-
liquidating” in the sense that Basu and Van descaibove.

However, the distributional consequences of thesstution of adults for children depend
on how child workers and adult workers are disteuacross families and across industries.
For instance, in families where adults work in istly A and children work in industry B, a ban
on child work in industry B will not necessarilyalé to higher wages in industry A, and thus the
welfare consequences for that family are likelypéonegative. Alternatively, in a family where
children do not work, and adults work in industryaBoan on child work in industry B will lead
to an increase in the adult wage in industry B,rionpg welfare unambiguously for that family.
Thus, even when adults substitute for childrenvierg industry, in order for labor market
outcomes of adults to mitigate the welfare losseess all families due to a ban on child labor, it
must be the case that either (1) the ban on chiidrlis successfully implemented across all
industries, and/or (2) there is a perfect correfabetween the industry of employment of adults
and that of children within a family. In the PROB®A data, there are many households with
jornalero adults that are without jornalero childras well as many jornalero children living in
households without jornalero adults, which sugg#sisthe first condition must be kept in mind

by policy makers.
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IX. Conclusions

There has been little empirical research on thetiue of what happens to adult labor
markets when children leave the workforce. Paligkers who need a reliable answer to this
guestion in order to make child labor law effecthave in fact been forced to assume the
answer. Any empirical strategy to answer this jaesnust surmount two hurdles: (1) it must
find a program that reduces child labor supply authdirectly affecting adult labor demand, and
(2) it must identify changes in adult labor demanthout assuming constant adult labor supply.
| hypothesize and demonstrate that randomized $clgoexperiments can reduce child labor
supply without directly affecting adult labor dendanFurthermore, | make use of coordinated
movements in price and quantity to identify theediron of movements in adult labor demand
without assuming constant adult labor supply.

| apply this strategy to Mexico’'s PROGRESA expemmeThe results demonstrate that
when the opportunity wage of not working increasduld workers responded by decreasing
their labor participation rates. | rule out altatiie pathways to conclude that this reduction in
child labor participation is what caused an incegasthe equilibrium price and quantity of adult
labor. Thus, in these areas of rural Mexico duthregautumn corn harvest, adult labor
substitutes for child labor. The partial elasyi@f adult hourly wages with respect to child
hourly wages is clearly positive.

The first implications of these results are thdoat Models such as those of Basu and
Van (1998), and Ranjan (2001) — which assume thi&t and adult labor are substitutes — are
reinforced by my result. Indeed, in the contexBaku and Van’s 1998 model “The Economics
of Child Labor,” this paper’s update of the pre\d@mpirical results — which had showed

ambiguous effects of changes in child labor supplyadult wages — is very useful. By
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providing evidence for their labor demand assunmptibe “Substitution Axiom”), the result of
my paper reinforces the theoretical possibilityt their paper introduced: stricter child labor
laws may help labor markets escape a kind of pgwsp. Since Basu and Van’s child labor
supply assumption (the “Luxury Axiom”) has been sonped by recent empirical evidence from
another agricultural region, my result helps clagemaining empirical gap (Edmonds 2003).

Second, these results are of general use to polakers, because they suggest that in
environments similar to the one observed here (based agriculture), efforts to reduce child
labor may have positive impacts on adult wagesesmployment. This means that programs to
reduce child labor may mainly require funds fort&eschools, better enforcement of labor laws,
and better transfexsithin communities — that they may not require largedtgams of cash from
outside communities to make up for lost child and adulges

Finally, this paper is the firgkperimental estimate of labor demand parameters across
labor input types. The idea of this paper candsdlgapplied to the many other schooling
experiments recently conducted in Latin America @nother nations in the developing world,
thus showing how these results vary across regtons, level of industrialization, and
cultures®? The results here may thus be the first of a saseful estimates of the medium-term

effects of child labor reduction on adult labor ketroutcomes.
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Appendix
A1l. Construction of the no-treatment money sample and comparison control group

Each person in both treatment and control villagaesbe identified from the surveys as a
member of one of three eligibility categories: ¢tiginally eligible; (2) eligible under the re-
calculation of eligibility status in 1998; and (@ver eligible. The PROGRESA administrators
assigned people who were materially well-off tcegaty three, and people who were less-well
off to category one. Everyone in both treatmeimt emntrol villages is in one of these three
groups, and the method of assignment should na haned depending on whether one is in a
treatment or control village. Therefore, peopléhwm a given eligibility category should be
relatively similar across treatment vs. controlages.

In order to find out which individuals in particuldid not receive treatment money, |
obtained administrative records identifying theipemt households and the timing for all
payments made during the PROGRESA evaluation frsmPROGRESA evaluation website, at

http://evaloportunidades.insp.mx/en/index.phound that almost everyone living in treatment

villages who was in eligibility category three neveceived money, but that in addition many of
the presumably poorer people in eligibility catggtwo also never received money (about 60
percent of them). According to Hoddinott, Skoufeasl Washburn 2000, the PROGRESA
administration claims that of the households thetereligible to receive benefits but never did
receive any, 85.7 percent did not receive benkétause the administrators never incorporated
them into the program. Thus, it seems that trehétle room for selection in this sample of non-

treated people living in the treatment group. ddiion, because | am able to include people in



eligibility category two, my sample of non-treateebple in the treatment group includes
households that are not restricted to be the richeke villages.

| construct a similar comparison sample in thet@dmgroup by including everyone in the
control group who is in eligibility category 3 andandom sample of 60 percent of the people in
eligibility category 2 Since the households within a given eligibilitpgp should be fairly
similar by administrative design, and since the iaitrators should not have used different
standards for eligibility status in the control @aneatment villages, this technique creates a
control group comparison sample that should béyfaimilar to the treatment group non-treated
sample. Table Al shows baseline (1997) summatgtsta for the two samples.

Table A2 shows the results of my hourly wage sjeatibn on these samples, with five
percent symmetric cropping and controls and villlgyed effects as before. These results
demonstrate that by 1999 there was a significageviiacrease even for the much smaller group
of people living in treatment villages who did meteive treatment money. Table A3 shows the
results of my quantity specifications on this sanplkhey suggest that the quantity of adult

jornalero labor in this sample also increased.

! As a robustness check (to avoid potential probleitis selection), | also consider only the richesople in each
village: those in category three who were nevaildk to receive treatment according to the cidtapplied to both
control and treatment villages. Performing kolmayosmirnov tests on the wage distributions in 188@d 1999
shows that before treatment | can reject theiruadty, but after treatment | cannot reject tha tontrol
distribution is smaller. This holds for the ovéssimple, and for the healthy-only sample descridtatie end of
this section. Thus, the results in this sectia@mnséo be robust to restricting the sample to oméyriever eligible,
where there are fewer potential problems with selac

2 The results are similar when my control sampléithes all the people in eligibility category twoiiwweights of
0.6) and all in eligibility category three (with igéts of 1.0).



Table Al: Comparison of baseline characteristics of no-treatment samplein treatment
villages with comparison samplein control villages.

Year Variable

Control Villages

Treatment Villages

Mean Std. Dev. Mean Std. Dev.
total # families 4,276 5,530

families families
total # people 15,874 24,453

people people
% male 50.9% (0.50) 51.4% (0.50)
% child (< 17 years) 34.5% (0.48) 33.2% (0.47)
% adult (17 to 59 years) 53.9% (0.50) 54.7% (0.50)
% worked last week 46.7% (0.50) 48.5% (0.50)
% worked as jornalero 19.3% (0.39) 19.5% (0.40)

1997 Mean jornalero wage 3.69 pes093.97) 3.81 pesos (4.30)

/ hour / hour
Mean age 29.3years (21.2) 30.0 years (21.4)
% with high schooling 18.5% (0.39) 19.5% (0.40)
% speaking a dialect 19.3% (0.39) 22.4% (0.42)
% literate 79.3% (0.41) 78.2% (0.412)
% married 39.1% (0.49) 40.5% (0.49)
% separated 1.7% (0.13) 1.9% (0.14)
% divorced 0.2% (0.04) 0.2% (0.04)
% widowed 5.4% (0.23) 5.6% (0.23)

Finally, as a robustness check I consider a fughbsample of the above adult jornaleros
who are perfectly healthy according to the follogvten criteria: days of
difficulty performing activities due to bad healththe past month are 0; days of missed
activities due to bad health in the past month0aaays in bed due to bad health in the past
month are 0; yes, | can currently perform vigoraasvities; yes, | can currently perform
moderate activities; yes, | can carry an objed@Kg for 500 meters with ease; yes, | can easily
lift a paper of the floor; yes, | can walk 2 km witase; yes, | can dress myself with ease; | have
had no physical pain in the last month. Withoudatmg the cropping from the larger subsample
above, | perform the same difference-in-differenaggession on wages. The results show that
point estimates of the treatment effect are esslgntinchanged, and remain statistically

significant.



Table A2: Treatment Effect on log hourly wages and log daily income from 1997 to 1999
for no-treatment sample and comparison control sample

Dependent Variable: log hourly wages or log dailggme
for Adult (ages 17 to 59) Jornaleros

Explanatory Variables (1) (2) 3) 4)
Log hourly Log hourly Log daily Log daily
wage wage income income
Diff-in-Diff (post = 1 0.018** 0.022** 0.0120** 0.020**
& treatment village = (0.009) (0.009) (0.008) (0.009)
1)
Post-treatment 0.320*** 0.318*** 0.301*** 0.300***
Dummy (0.007) (0.007) (0.006) (0.009)
Male Dummy 0.022*** 0.020** 0.061*** 0.060***
(0.009) (0.010) (0.009) (0.009)
Age -0.000 -0.000**
(0.000) (0.000)
Age Dummies YES YES
Schooling Level YES YES
Dummies
Language Skills YES YES
Dummies
Marriage Status YES YES
Dummies
Village Fixed Effects YES YES YES YES
Constant 1.14%** 1.14%** 3.20%** 3.17***
(0.01) (0.02) (0.01) (0.02)
# Observations 8944 8647 8977 8653
R2 0.31 0.31 0.30 0.30

Standard Errors in Parenthesis
** = significant at 5% level
*** = gjgnificant at 1% level



Table A3: Treatment Effect on log hours per week and log days per week from 1997 to

1999 for no-treatment sample and comparison control sample

Dependent Variable: log hours per week or daysysek
for Adult (ages 17 to 59) Jornaleros

Explanatory Variables (1) (2) 3) 4)
Hours per Hours per Days per Days per
week week week week
Diff-in-Diff (post = 1 0.032** 0.036** 0.028** 0.035**
& treatment village = (0.015) (0.016) (0.014) (0.014)
1)
Post-treatment -0.085*** -0.087*** -0.065*** -0.068***
Dummy (0.012) (0.012) (0.011) (0.011)
Male Dummy 0.112%** 0.127*** 0.079*** 0.081***
(0.016) (0.016) (0.015) (0.015)
Age -0.001*** -0.001**
(0.000) (0.000)
Age Dummies YES YES
Schooling Level YES YES
Dummies
Language Skills YES YES
Dummies
Marriage Status YES YES
Dummies
Village Fixed Effects YES YES YES YES
Constant 3.64%** 3.59%** 1.58*** 1.56***
(0.019) (0.034) (0.017) (0.031)
# Observations 8997 8698 9019 8716
R2 0.01 0.02 0.01 0.01

Standard Errors in Parenthesis
** = significant at 5% level
*** = gjgnificant at 1% level



