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Abstract

This paper examines the channels through which education affects
household earnings in environments where wages are unobserved. Utiliz-
ing data from rural Peru, the empirical strategy decomposes the earnings
returns to education into various wage-dependent and labour supply para-
meters. Geographic variation of market development inherent in the Pe-
ruvian Andes assists in the identification of unobserved wages. Results in-
dicate that education affects earnings disproportionately more than hours,
implying strong wage effects of education. This paper provides evidence
that education gives rural households access to better, more lucrative,
jobs characterized by fewer hours. This effect is more pronounced in more
developed market environments.
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1 Introduction

In many rural areas, economic activity is largely driven by household rather than

individual level activities. In addition, job rationing in the non-farm sector, a

common source of market imperfection in such areas, creates a wedge between

actual and desired hours worked. Furthermore, wages do not always reflect the

marginal productivity of labour, nor are they always observable in these settings.

These characteristics of rural economic activity complicate the analysis of labour

supply behaviour.

Typically, the assessment of labour supply behaviour rests on wage-dependent

parameters, such as the wage elasticity of labour supply. Thus, the primary

challenge in adapting the labour supply model to the rural case is to tackle the

problem of identifying the wage. Many empirical studies overcome these compli-

cations by identifying rural shadow wages using the neoclassical family labour

supply model approach and the implied marginal productivity of labour.1 While

an excellent approach to a number of identification issues for rural labour mar-

kets, these attempts typically suffer from a number of shortcomings. First, the

identification of wages often relies on the assumed functional form of agricultural

production. This technique is computationally demanding when households di-

versify their economic activity. Second, the identification of wages relies mostly

on the supply side and often remains mute on the demand side. The level

of local market development is an important determinant of the local demand

for labour and must not be ignored. Third, for ease of computation, agricul-

tural household models must often make strong sample restrictions regarding

1See Jacoby (1993) and Newman and Gertler (1994) for examples using Peruvian data.
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household structure.2 Utilizing schooling as an instrument, this paper fills a

number of gaps in the identification of labour supply behaviour when wages are

unobserved.

First, schooling influences household earnings through increased productiv-

ity, the efficient allocation of factors of production and knowledge spillovers

within the household (Welch 1970, Schultz 1975 and Basu et al. 2001). There

is little evidence, meanwhile, indicating whether the gains to earnings from in-

creased schooling are driven by schooling’s effect on labour supply or by its effect

on the marginal returns to work.3 This paper seeks evidence on the relative im-

portance of these two effects. In a relatively homogeneous and well-behaved

labour market, holding hours worked constant, an additional year of schooling

increases wages insofar as it increases labour’s productivity. In more complex

labour markets, such as in rural areas, schooling may also affect hours worked.

Schooling provides households with increased labour market opportunities and

thus educated household members can allocate labour to where it is more pro-

ductive.

Second, Rosenzweig (1995) stresses the importance of technological change

and the role of markets in the determination of the returns to education. Many

studies find that the only way to experience strong returns to education in tradi-

tional farming is to combine schooling with modern inputs.4 As markets begin

to diversify through increased investment in non-farm sectors, higher wage jobs

become available to an educated workforce, permitting the returns to educa-

tion to rise. As markets continue to develop and more lucrative opportunities

2 Jacoby (1993) includes only households where at least one make and one female household
member works on the family farm and Newman and Gertler (1994) include only households
with land tenure greater than 0.01 hectares. Dropping households with little or no farm
production may lead to biased inferences of labour supply behaviour.

3 See Abowd and Card (1989) for a seminal study on the covariance of hours and earnings for
the US. They show that changes in earnings are mostly driven by changes in hours. Though
widely cited in labour economics, to my knowledge, there has not yet been any formal study
for the developing country case.

4E.g. Schultz,(1975), Lockheed et al. (1980), Cotlear (1989), Moock (1989), Yang (1997),
Rosenzweig (1995), Foster and Rosenzweig (1996).
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abound, the role of education in affecting earnings is eventually reduced. This

study attempts to quantify more precisely the role of market development in

the returns to education and exploits geographic variation in these markets in

the identification strategy.

This paper investigates the relationship between schooling and household

earnings utilizing data from Peru. Most households in rural Peru are engaged

in either farm or household self-employment ventures (or both). As a result,

marginal wages are rarely observed. In addition, the wage may be a function

of hours worked: for example, hours dedicated to a self-employment venture

may influence the marginal returns to this enterprise (see Lemieux et al. 1994

and Oettinger 1999). Easily observable demand shifters identify the labour

supply elasticity and the marginal returns to work. Since the level of market

development is correlated to the level of market demand for goods and services,

as long as markets clear, it is likely that there exist some demand side variables

that influence the returns, but not hours worked.5

A two-stage approach estimates schooling’s effect on household labour supply

and on the marginal returns to work when the latter are unobserved. The first

stage estimates a reduced form simultaneous equations error components model

of hours and earnings with unobserved wages. The second stage then applies a

minimum distance estimator to solve the structural parameters. The technique

utilized here has many salient advantages. First, it permits the identification

of the own price elasticity of labour supply as well as the independent effect of

education on hours worked and on the marginal returns to work when wages

are unobservable. Second, it is possible to identify the effects of local market

development on both hours worked and marginal returns to work. Third, this

technique permits the identification of these structural parameters when the

5This is particularly important for the non-farm self-employed. See Oettinger (1999) for a
discussion on the importance of utilizing demand level variables in estimating labour supply
elasticities in the case of baseball stadium vendors. Card (2001) also emphasizes the need to
appeal to both the supply and the demand side in the estimation of returns to education.
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marginal returns to work are endogenous to hours worked. Fourth, it does not

require stringent sample restrictions. Finally, the methodology developed here

allows ready comparison of alternative models of labour supply behaviour.

Results indicate that schooling affects earnings disproportionately more than

hours worked: more schooling within the household raises the marginal returns

to work while seemingly not affecting hours worked. Nonetheless, once the di-

rect effect of schooling on hours worked is accounted for, the wage elasticity of

labour supply is negative: once schooling permits households to obtain better,

more lucrative employment, households are able to enjoy more leisure. Edu-

cation affects occupational choice, as more educated households are capable of

substituting away from subsistence farming to better paying non-farm activi-

ties. The degree to which this occupational shift occurs depends largely on how

well developed markets are. As the occupational shift occurs, earnings rise and

households’ labour supply behaviour is dominated by an income effect. This

effect is particularly acute in more developed areas. In well-developed areas,

education increases the likelihood of finding a better job, which is accompanied

by both better wages and better hours. The results provided here suggest that

the demand side variables are indeed significant determinants of labour supply

behaviour in this rural economy (both in terms of hours and wages). These

effects suggest that rural labour markets in Peru are indeed characterized by

job rationing, since hours worked respond to local market conditions, holding

wages fixed.

2 The Model

2.1 An Empirical Model of Household Labour Supply

The model borrows from the static neoclassical labour supply model for individ-

uals.6 This analysis, however, shifts the unit of observation from the individual
6 See Killingsworth (1983) and Pencavel (1986) for a comprehensive look at the static labour

supply model.
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to the household. Household members in rural areas often engage in joint pro-

duction, both on and off the farm. Thus, analyses at the individual level might

not capture much of the intrahousehold allocation of labour. In addition, earn-

ings from such ventures are often observed at the household rather than the

individual level. In this time allocation model, households maximize their util-

ity function subject to both a budget and a time constraint. Utility is defined

over consumption goods (c) and leisure (l), both assumed normal goods, for

given taste-shifting parameters collected in vector Z: U = u (c, l;Z). Normal-

izing the price of consumption foods, agents are faced with the following full

income budget and non-negativity constraints:

c+wl = A+wT (1)

c ≥ 0; and T ≥ l ≥ 0 (2)

where w is the wage rate, A is non-labour income and T is the household’s time

endowment.7 The optimization problem is to maximize utility subject to (1)

and (2). The optimal quantity of hours supplied (h) is obtained by subtracting

optimal leisure demanded l∗ = l (w,A, T ;Z) from the time endowment T :

h∗ = T − l (w,A, T ;Z) = h (w,A, T ;Z) (3)

One key theoretical parameter of this model is the wage elasticity of labour

supply that measures the responsiveness of hours supplied to changes in the

wage. A second parameter of interest, implicit in (3), is the return to education

- the responsiveness of the wage to increases in individual schooling levels.8 The

usefulness of equation (3) in policy making depends on the extent to which the

wage elasticity of labour supply and the returns to education can be identified

7This representation asumed homogeneous labour such that each hour of labour supplied
by the household is compensated by the same wage. Relaxing this assumption is left for future
research as it would involve many corner solutions that complicate empirical implementation
of the model.

8 See Becker (1967), Mincer (1958, 1974) and Card (1999) for the human capital investment
model and the returns to education.
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and estimated. Since earnings are a function of hours and wages, the effect of

schooling on earnings is dependent on the wage return to education and the

responsiveness of hours worked to changes in the wages. Unfortunately, most

household data sets for developing countries do not consistently report hourly

wages for each economically active individual within the household.

The self-employment nature of rural economic activity necessitates some

departures from standard estimation of the relationships implicit in (3). First,

household surveys typically report total earnings or profits from these activities,

not hourly wages. In the presence of measurement error, dividing earnings by

hours to obtain average wages leads to an attenuation bias in the estimation of

the wage elasticity of labour supply (Borjas 1980). In addition, these earnings

are not always directly proportional to hours worked.9 As a result, obtaining

the marginal returns to work becomes quite difficult and requires a great deal

of information relating to farm and non-farm production.10 Second, using the

household as the unit of observation eliminates a potential source of self-selection

bias often present at the individual level: most households in rural Peru have at

least one household member working, so that very few observations have hours

or earnings taking the value zero. Finally, since earnings are the product of

hours and the marginal returns to work, any framework employed to analyse

labour supply behaviour utilizing these types of data sets must account for the

determination of both hours worked and wages, a non-trivial task when marginal

wages are unobserved.

Consider the following log-linear approximation form of equation (3):

log h = a+ η logw + Z0hγh + e (4)

The parameter η represents the wage elaticity of labour supply, the vector Zh
9 See Lemieux et al (1994) and Oettinger (1999) for excellent illustrations of endogenous

wages: for the self-employed, wages - or the marginal returns to work - are likely a function
of hours actually worked.
10 Such is the approach in Jacoby (1993).
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includes demographic, market and regional characteristics affecting labour sup-

ply and e is a stochastic disturbance term. The marginal returns to work are

approximated by the following log-linear wage structure:

logw = b+ µS + Z0wγw + u (5)

where µ represents the wage return to household schooling (S), the vector Zw

includes demographic, market and regional characteristics affecting wages, and

u is a stochastic disturbance term. Household earnings (E) are represented by:

logE = logh+ logw (6)

Though wages are unobserved, the econometrician observes both earnings and

hours. Using (6), the structural model can be reinterpreted as follows, with

(5) being a latent wage process, where schooling acts as an ‘instrument’ for

unobserved wages:

log h = a+ η log w̃ + Z0hγh + e (7)

logE = a+ (1 + η) log w̃ + Z0hγh + e (8)

log w̃ = b+ µS + Z0wγw + u (9)

Equations (7) through (9) provide the basic structural model, with the structural

parameters µ (the wage return to schooling) and η (the labour supply elasticity)

to be estimated with a two-stage approach described in section 3. In other

words, log w̃ in equation (9) is approximated by a function of schooling and

other controls. Conceptually, this method amounts to using schooling as an

instrument for the wage.11

11 See Becker (1967), Mincer (1958, 1974), Schultz (1975) and Welch (1970) for more on the
effect of education on the wage. In other words, schooling is a major determinant of the wage,
either through its effect on productivity or through its effect on occupational choice. Ham
and Reilly (2002) also use schooling as an instrument for the wage (see the literature that
they cite for additional examples).
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2.2 Returns to Education in the Basic Model

To use education as a policy tool in raising household earnings, it is necessary

to identify the derivative of household earnings with respect to schooling. Since

earnings are a function of hours and wages, the earnings returns to education

is a function of the wage returns to education. Since wages are presumably

affected by schooling, earnings are also sensitive to the responsiveness of hours

worked to changes in wages. Using equations (7) to (9), the earnings return to

schooling in total household earnings can be shown to be a function of the wage

return to education (µ) and the wage elasticity of labour supply (η):

r =
∂ logE

∂S
=

∂ log h

∂S
+

∂ logw

∂S
= µ (1 + η) (10)

Consider a positive estimate of r. If the wage elasticity of labour supply is

negative (i.e. households are behaving on the backward bending portion of

their labour supply curves), then it must be that households face large wage

returns to schooling allowing more leisure consumption. If the wage elasticity

of labour supply is instead positive (i.e. households are behaving on the upward

sloping portion of their labour supply curve), then the wage return to schooling

must be small relative to the earnings return to schooling.

2.3 Multiple Effects Model

Schooling may have two separate effects on household hours. First, schooling’s

effect on hours works through its effect on the wage: higher schooling means

higher wages and thus changes in hours. Second, it is also possible that schooling

has an effect on a household’s supply of hours, independently of its effect on the

wage. There are a number of reasons to expect this second effect of schooling.

More educated households may work more hours because of the occupations

in which they engage, as they have access to more lucrative jobs. In order to

keep these jobs, they might provide extra time and effort to ensure tenure or
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permanence in the occupation. Moreover, these jobs might instead be less phys-

ically intensive or spread out over more hours. Thus, increased schooling may

provide households with opportunities characterized by different hours require-

ments. Alternatively, schooling can improve a household’s allocation of labour

to various activities. Finally, schooling may affect attitudes towards work and

thus desired hours. If schooling has a direct effect on hours, equation (7) must

be revised as:

log h = a+ η log w̃ + ϕS + Z0hγh + e (11)

The structual parameter ϕ represents schooling’s direct effect on hours worked,

independent of its effect through wages. The structural model with multiple

effects of schooling is thus given by equations (8), (9) and (11). Using this

system, it can be shown that the earnings returns to education are now:

r = µ (1 + η) + ϕ (12)

The earnings return to schooling can thus be decomposed into three effects - the

wage elasticity of labour supply, the wage return to schooling and schooling’s

direct effect on hours. Intuitively, the wage return to schooling is a downward

biased approximation of the earnings return to education if hours respond pos-

itively to increased schooling, independently of its effect through the wage. To

illustrate, increased schooling may lead to households improving their labour

market opportunities: a household engaged predominantly in small scale farm-

ing might dedicate more hours to a non-farm self-employment venture had it

acquired more education. The types of occupations these households engage in

is related to the level of schooling that they have obtained, occupations with

different (and perhaps fewer) hours requirements.
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2.4 Endogenous Wage Model

Alternatively, the types of activities that rural households engage in might be

characterized by endogenous wages: the marginal wage might not be constant

and instead be a function of hours worked. Endogenous wages are likely to

occur in farm and non-farm self-employment activities: marginal wages - the

opportunity cost of time - is dependent on the amount of time, care and effort

that goes into production. Given the small scale nature of self-employment and

subsistence farming production, the marginal product of labour is likely very

sensitive to the amount of hours worked.12 The present framework is easily

adaptable to account for the potential endogeneity of wages. Let the latent

process in (9) be transformed into the following function of hours:

log w̃ = b+ µS + ψ logh+ Z0wγw + u (13)

The system described by (7), (8) and (13) defines the structural model with

endogenous wgaes. The structural parameter ψ represents labour supply’s

effect on wages. More specifically, ψ is a measure of the marginal product of

labour. If ψ is negative, then the endogenous wage process is characertized by

a diminishing marginal product of labour.13 In this model, it can be shown

that the earnings returns to education are calculated as:

r =
µ (1 + η)

1− ηµ
(14)

12Lemieux et al. (1994) and Oettinger (1999) provide excellent examples of endogenous
wages for workers in the underground economy and of stadium vendors, respectively.
13Consider the following simplification of (13): log w̃ = logA + ψ log h where A is some

constant. Then, w̃ = Ahψ. If ψ < 0, then the endogenous wage has the same form as that
assumed in Lemieux et al. (1994).
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3 Empirical Strategy

3.1 Joint Estimation of the Reduced Form Model

The first stage in this approach is to estimate the reduced form of the structural

model in equations (7) to (9). The reduced form is obtained by subsituting the

latent wage equation (9) into the labour supply equation (7) and the earnings

equation (8), yielding:

logh = β10 + β11S + Z
0β1Z + ε1 (15)

logE = β20 + β21S + Z
0β2Z + ε2 (16)

The reduced form model is best estimated using a systems approach such as

Zellner’s seemingly unrelated regression equations (SURE) (Zellner 1962). This

estimation method allows the error term to be correlated across equations, which

is likely in this case as there is a proportional relationship between the dependent

variables in the two equations.

The SURE estimates identify the returns to education in total household

earnings. The reduced form parameter β21 identifies the left hand side of equa-

tion (10); that is, the earnings return to education. The degree to which we

are able to identify the structural parameters from section 2 depends largely

on which structural model we are estimating. Any of the models from section

2 have the reduced form as in (15) and (16). The control variable vectors in

both the hours and the wage equations will contribute to the identification of

the structural parameters.

3.2 Identification of Structural Parameters

The structural model in section 2 assumes that hours and wages are determined

by different control variables, such that Zh 6= Zw. In fact, if there are no

common variables in the two vectors, the system described in (15) and (16) is

underidentified. A reasonable point of departure is to assume that Zh ≡ Zw ≡
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Z. Interpreting the estimated coefficients β̂1Z and β̂2Z becomes straightforward.

To illustrate, if β̂2Z is positive and β̂1Z is indistinguishable from zero, we can

assume that Z affects wages and not hours.

Suppose that the variables that make up Z include both supply and demand

side variables. A reasonable test of the channels through which these variables

affect earnings is to exploit several exclusion restrictions. These exclusion re-

strictions are ex ante obtained by our beliefs about whether the control variables

affect hours or wages or both. For instance, the level of market development

may be correlated with the size of the local demand base. As such, households

selling farm output or their non-farm self-employment product face higher re-

turns where the demand for these products is greater. Thus, one hypothesis

posits that the local demand conditions affect wages not hours. The hypothesis

is easily verified by testing the validity of the restriction that the coefficients on

Zh are jointly zero. The structure of the reduced form system in (15) and (16)

is invariant to the exclusion of Zh in the structural model. Nonetheless, the

reduced form coefficients (and the implied functions of structural parameters)

provide exclusion restrictions that allow us to test the specification of the un-

derlying structural model. Not only do these exclusion restrictions assist in the

identification problem, but they also assess the role of the supply and the de-

mand side variables in establishing the returns to work, the returns to schooling,

and the labour supply responses of both these returns.

3.2.1 Basic Model

The full basic model assumes that Zh ≡ Zw ≡ Z. That is, the non-schooling

control variables are common to both the hours and the wage processes. The

vector θ collects the structural parameters to be identified:

θ = [a, η, γh, b, µ, γw]
0 (17)
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The reduced form estimates, gathered in vector β̂, are functions of the parame-

ters in θ:

β̂ − f (θ) = 0 (18)

These moment conditions are summarized in table 1. The first column maps

the reduced form estimates into their functions of the structural parameters

in the basic model with full controls. In this case, the number of structural

parameters equals the number of reduced form parameters and so the dimension

of θ is the same as the dimension of β̂ and the system is exactly identified. Given

that this model is exactly identified, the parameters in θ are simply estimated

by an Indirect Least Squares method that solves equation (18):

θ̂ = f−1
³
β̂
´

(19)

These expressions are collected and summarized in the first column of table 2.

It remains possible that Zh 6= Zw: that hours and wages are not affected by
the same controls. In particular, we might be interested in determining whether

hours are affected by household and regional characteristics while the wage is

only affected by the household’s schooling. To illustrate, let the level of market

development affect hours worked but not the wage. In isolated areas with low

levels of economic development, households may dedicate a lot of their time

to subsistence agriculture (this is particularly likely in hostile environments for

agriculture such as in the Andes). A better environment and better access to

infrastructure are both correlated with increases in the level of market develop-

ment, thus reducing the need to work as many hours even at constant wages.

In this case, we may want to investigate an extreme version of the basic model

using controls on only the hours process. Schooling is thus conjectured to be

a sufficient statistic for the marginal returns to work. This model implies that

the level of market development is a constraint on hours worked but does not

affect the wage.
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The model with controls on hours only is overidentified: the dimension of the

structural form parameter vector θ (denoted by k) is smaller than the dimension

of the reduced form estimates in vector β̂ (denoted by j):

θ = [a, η, γh, b, µ]
0 (20)

As a result, there are multiple solutions. The moment equations and a solution

for the structural parameters are provided in the second column of tables 1 and

2, respectively. Since the model is overidentified (j > k), table 2 also provides

the overidentification restriction that can then be tested across the reduced form

equations to check whether the exclusion restrictions are reasonable. Similarly,

we might be interested in a model in which hours are purely a function of

the wage and where the household and regional controls operate only through

wages. This case is presented in the third column of tables 1 and 2, and is

also overidentified since (j > k). The structural parameters of this model are

presented in this vector:

θ = [a, η, b, µ, γw]
0 (21)

3.2.2 Multiple Effects Model

The moment equations and the identification of the structural parameters of

this model are represented in the second last column of tables 1 and 2. This

model is also overidentified as j > k.14 In this case, the earnings returns to

education β21 is also a function of schooling’s direct effect on labour supply, ϕ:

β21 = (1 + η)µ+ ϕ (22)

Conditional on the indirect effect through wages, ϕ measures the direct effect

of household schooling on household labour supply. Ignoring this direct effect

14 In order to identify this model, controls are only included in the wage process. Otherwise
the model with multiple effects is underidentified. In section 6, I relax this restriction by
instead considering the interaction between schooling and the demand side variables.
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would lead to an upward bias in the estimated wage return to schooling. The

vector of structural parameters is thus:

θ = [a, η,ϕ, b, µ, γw]
0 (23)

3.2.3 Endogenous Wage Model

The moment equations and the implied structural parameters in the endogenous

wage model are presented in the last column of tables 1 and 2. Since the

number of reduced form parameters exceeds the number of structural parameters

(j > k), this model is also overidentified, and the overidentification restrictions

are also provided in the last row.15 In the endogenous wage model, the earnings

returns to education are also a function of the endogenous wage parameter. For

instance, it is possible that the marginal returns to work are decreasing with

hours worked, as would be expected if these occupations were characterized

by diminishing marginal product. The methodology utilized here allows us

to test whether wages are characterized by diminishing marginal product by

simply estimating the structural parameter ψ. A non-negative estimate of ψ

rejects diminishing marginal product of labour. The structural parameters are

as follows:

θ = [a, η, γh, b, µ, γw, ψ]
0 (24)

3.3 Minimum Distance Estimation

The models described above are identifiable to a certain degree. The basic model

is exactly identified such that the structural parameters are induced by indirect

15As in the mulitple effects model, the control variables are only included in one of the two
processes. Otherwise the model is underidentified.
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least squares. Four of the five models are however overidentified. In these cases,

there exist multiple solutions for the structural parameters. That is, there exists

multiple θ̂ that satisfy equation (19). The minimum distance estimator (MDE),

a Generalized Method of Moments estimator, picks the θ̂ that minimizes the

distance represented by the moment equations in (18).16

The objective is to minimize the distance between the reduced form estimates

and the corresponding functions of the structural parameters. That is, minimum

distance estimation finds the θ̂ that minimizes the moments in (18) by solving

the following optimization problem:

θ̂MDE = argmin
θ

³
β̂−f (θ)

´0 ³
β̂−f (θ)

´
(25)

This MDE, named equally weighted minimum distance (EWMD), shares all of

the usual GMM properties.17 If the system is exactly identified (j = k) then

θ̂MDE = θ̂ILS where θ̂ILS is the indirect least squares estimator of the structural

parameter that is the unique solution to (18).18

This identification technique has several desirable properties. First, it allows

for the identification of key parameters belonging to a latent process. If a struc-

tural, theoretical, process is unobservable, this two-stage procedure identifies

all structural parameters, even when the reduced form model is overidentified.

Second, this technique identifies the structural parameters under alternative

models. Third, this technique does not require the assumption that the in-
16This method has been developed by Chamberlain (1984). Most applications of the

minimum distance estimator have been in the empirical labour literature (Abowd and Card
1984, Benjamin 1995, Kimhi and Lee 1996 and Deschênes 2001).
17Details of this estimator and the construction of the variance covariance matrix is de-

scribed in the appendix
18There may be instances where the EWMD estimator is not efficient. Altonji and Segal

(1996) state that ”the EWMD estimator is not efficient if the elements of e [the error term]
are heteroscedastic or correlated” (p. 354). Since the reduced form estimates are generated by
a simultaneous system, it is possible the estimated β̂ is contaminated by heteroscedasticity.
There exists a correction for heteroscedasticity in minimum distance analogous to Generalized
Least Squares (GLS). The Optimal Minimum Distance (OMD) estimator minimizes the ob-
jective function in (4.23) using a weighting matrixW 6= I (Abowd and Card 1989, Benjamin
1995, Altonji and Segal 1996 and Deschênes 2001). There are however two disadvantages to
using the OMD relative to the EWMD. First, Altonji and Segal (1996) demonstrate that the
EWMD dominates the OMD estimator in small samples. The small sample bias in their paper
is likely to be present here. Second, EWMD dominates the OMD in the simple pragmatic
reason that it is computationally easier to estimate.
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strument in the latent wage equation be orthogonal to the error terms in the

observed equations. Finally, this technique does not suffer from the measure-

ment error bias often encountered in labour supply estimation: measurement

error of the dependent variable is only problematic if the dependent variable

also appears as a regressor.19

4 Data

The primary source of data utilized in this paper is the 1991 round of the Peru-

vian Living Standards Survey (PLSS), a Living Standards Measurement Study

household survey run by the World Bank in collaboration with local Peruvian

statistical agencies. Additional data are drawn from two separate and indepen-

dent sources: Instituto Cuánto S.A. and the Instituto Nacional de Estadística e

Información (INEI).20 Table 3 summarizes and describes the data. Household

hours aggregate annual hours over all working household members and includes

both paid and unpaid work. Total household hours are also shown by activity

(farm and non-farm). Farm activities are broadly considered as all production

(wage- or self-employment) of raw agricultural products (subsistence, small scale

farming, cash crops or livestock). Non-agricutlural activities cover all remaining

activities (wage- or self-employment).21 Rural households spend the majority

of their time in farm activities and derive the majority of their earnings from

these activities as well. Earnings include the value of home consumption of farm

output, evaluated at local market prices by the respondent.

The relationship between hours and earnings becomes apparent when looking

at mean activity level values of the dependent variables (conditional on positive).

Households engaged in non-farm activities work fewer hours than households

19 Since I do not approximate wages by average hourly earnings, there is no attenuation (see
Borjas 1980). Thus, any measurement error in hours is absorbed by the regression error term
(Greene 1993).
20The details of the survey and the additional sources can be found in World Bank (1991a,

b) and Laszlo (2001).
21 See Laszlo (2001) for a more in depth discussion of these activities.
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engaged in farm activities, on average. Average household earnings in non-farm

activities are higher than in farm activities, indicating that the former are more

lucrative than the latter.

The primary independent variable is the schooling variable. Given the house-

hold level analysis, the natural candidate is a household aggregate for schooling:

average years of schooling of household members aged 15 and above.22 Table 3

also provides this variable expressed as activity specific aggregates for non-farm

and farm activities. The average years of schooling of household members in

non-farm activities is higher than in agriculture.

This paper exploits easily observable demand side variables to assist in the

identification of the key theoretical parameters. This approach is also utilized

in Oettinger (1999) and Ham and Reilly (2002). Since many households derive

incomes from self-employment ventures and agriculture, simply utilizing supply

side household variables such as schooling, demographics and other household

production variables will lead to biased estimates of parameters such as the

return to education and the wage elasticity of labour supply. The marginal

return to work in these activities is likely influenced by the prevailing market

conditions. There is a large regional variation in the level of market development

in rural Peru, a source of variation that is very useful in identifying the structural

parameters.

Unlike Oettinger’s study, there is no single, obvious demand variable.23

Combining the various sources of data provides us with several variables that

proxy for the level of market demand and development: altitude, the density

of the rural population, the number of populated centres in the district, the

number of hostel beds in the region and the distance to the nearest daily or

22To reduce the likelihood of an endogeneity bias between earnings and schooling, this
aggregate excludes the education of those household members presumably in school or of
school age. The results presented next are nonetheless checked for robustness by relaxing this
restriction.
23Oettinger (1999) studies the labour supply behaviour of baseball vendors and utilizes

‘exogenous game-to-game variation’ such as game attendance.
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periodic market. For example, closer markets suggest lower transaction costs

in accessing a demand base. The density of the rural population, the number

of populated centres in the district and the number of hostel beds in the region

imply a larger demand base. District altitude is correlated as well with the level

of market development. Rural settlements in the Peruvian Andes are scattered

at many different altitudes.24 Very elevated districts are less likely to support

large populations or dynamic market centers.25

5 Results

5.1 Seemingly Unrelated Regression Equations Results

Table 4 presents the reduced form results from the first stage of the estimation

strategy corresponding to equations (15) and (16). The results reveal that the

average years of household schooling affects only earnings, suggesting that the

wage returns to schooling are large. This finding provides preliminary evidence

that schooling is a reasonable instrument for wages as it affects earnings dispro-

portionately more than hours. The schooling coefficient in the earnings equation

provides an estimate of the earnings return to education of 8.22 percent. This

estimate is only a summary statistic for education’s role in household earnings

(r). On its own, it does not provide any indication whether the effect is work-

ing through the wage return (µ), the wage elasticity of labour supply (η) or

schooling’s direct effect on hours (ϕ). For instance, the coefficient of schooling

on hours may be driven by opposing effects working through η and ϕ (see equa-

tion (12)). In this particular case, an insignificant coefficient on hours can be

misinterpreted as evidence that schooling is a good instrument of wages as it is

likely correlated with the error term in (7).

24The household’s location decision is potentially dependent on the ecological (and thus
elevation) zone, especially for farm households.
25With the exception of the relatively flat highland districts in the Altiplano in the south

of the country, ‘modern’ economic activity is more likely concentrated in the valleys than the
highlands.
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Household size and plot size give us some indication of the importance of

supply side effects. First, household size is positively related to both hours and

earnings. This relationship is tautological: larger households have more workers,

so they supply more hours and earn more than smaller households. The effect

on earnings is however nearly half the effect on hours. This result suggests

that larger households earn less per hour than smaller households. Second,

there is a positive effect of total plot area on household earnings. A natural

interpretation of this correlation is that larger landholdings imply more total

farm output. However, farm plots in the Andes may be difficult to cultivate

because of the slope of the plot as well as its elevation. As a result, households

may need to be compensated for the low quality of the lands by the quantity of

the land.26 A more likely interpretation is that large landholdings are indicative

of wealth (particularly inherited wealth), and this wealth may be correlated with

household earnings through other channels - notably schooling.27 Plot area does

not affect total household hours: on average, having more land does not mean

that households work more.

The remaining variables point to the role of local market development and

demand side effects. The overall picture is consistent with a story in which

household earnings is positively, but household hours negatively, related to the

level of local market development. This pattern suggests that an important ben-

efit of more developed markets is higher hourly returns to work. As the level

of market development rises, household activity becomes more profitable and

households are able to find more lucrative employment. In light of the effects on

hours, more lucrative employment means that households enjoy more leisure. To

illustrate, district elevation is positively correlated with hours worked, but neg-

atively related to household earnings. More elevated areas are on average more

26 Interacting total plot size with altitude positively affects earnings but not hours, thus
substantiating the quantity versus quality trade-off (results not shown here).
27 Interacting schooling with total plot size, however, negatively affects hours worked but

not earnings (results not shown here).
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isolated and economic activity is concentrated in subsistence types of produc-

tion such as cropping of basic staples (potatoes and other tubers) and livestock

tending that require a great deal of labour input to maintain a minimum stan-

dard of living. At lower altitudes, there is an increasing participation in non

farm activities including non-farm self-employment. These activities are more

lucrative and require less labour input.28 The distance to the nearest daily or

periodic market, however, has an insignificant effect on household hours and an

estimated positive effect on household earnings.

Finally, table 4 provides some goodness of fit measures and a Breusch-Pagan

test of independence. The Chi-squared tests are statistically significant in both

equations, indicating that the hypothesis that all coefficients are zero is safely

rejected. The Breusch-Pagan test of independence is statistically significant,

rejecting the hypothesis that the two equations are independent of each other.

The cross-equation error correlation is nonetheless low at 0.0977.

To summarize, the reduced form estimates presented in table 4 suggest that

schooling’s effect on earnings is attributable to its effect on wages. The result

that schooling has no reduced form effect on hours worked might overlook pos-

sible opposing effects caused by a labour supply response to wages. In addition,

the demand side variables that proxy for the level of market development have

statistically different effects on hours and earnings. The following section scru-

tinizes these effects and identifies more conclusively where the effects originate.

In particular, the minimum distance estimates decompose schooling’s effect on

hours into a direct effect and an indirect effect through labour supply elasticity.

5.2 Minimum Distance Estimates

Table 5 presents the structural form results from the equally weighted minimum

distance estimation for the basic model. The basic model with full controls es-
28 See Laszlo (2001) for an analysis of household participation in various activities.
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timates a statistically insignificant wage elasticity of labour supply, suggesting

that Peruvian households supply labour inelastically. The overall pattern of

significance of the key structural parameters is invariant to the exclusion re-

strictions in the basic model. The exclusion of the supply or demand side

variables in the wage equation does not affect the labour supply elasticity or

the wage returns to education. In the third column, excluding the controls on

hours produces slightly different estimates of the key structural parameters: the

wage elasticity becomes larger though still statistically insignificant while the

wage returns become slightly smaller. The patterns in the three basic models

suggest that the control variables are working through hours worked rather than

through the wage: only when the controls on hours are excluded do we estimate

different wage returns to education and labour supply elasticities.

One of the most striking results from the EWMD estimates of the key struc-

tural parameters is found in the multiple effects model (Table 6). Controlling

for schooling’s direct effect on hours, the wage elasticity of labour supply be-

comes statistically significant and negative. Together with the first stage results,

the EWMD estimates support the story in which increased schooling permits

households to enjoy more leisure. Fafchamps and Quisumbing (1999a) attribute

this negative wage elasticity to the omission of socially productive activities:

more educated individuals are more likely engaged in ‘information gathering

and community building (p.27)’, activities that may not be recorded as pro-

ductive, though they are. The present analysis provides a somewhat different

interpretation. As households become more educated, they are able to find

more lucrative employment outside of subsistence agriculture. With more lu-

crative employment, there is less need to work in subsistence agriculture that

may require substantial labour input to meet basic needs.

To gain additional credibility, this effect would be more pronounced where

labour market opportunities abound. The level of market development would
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thus have a larger effect on hours than on wages. Though unidentifiable from

the multiple effects model, the basic model (with full controls) estimates that

the demand side control variables have different effects on wages than on hours.

Households in more elevated areas hours work longer hours and earn lower wages

- this pattern is consistent with the notion that elevated areas are predominantly

characterized by subsistence types of activities that involve long hours and little

pay. The number of beds in hostels in the region provides an approximation

of the level of regional market demand - a larger regional market is correlated

with a larger regional demand base and thus higher wages. With fewer hours

worked, these results point to a dominating income effect. Thus, more developed

areas provide households with improved opportunities allowing them to enjoy

more leisure. The distance to the nearest periodic market performs differently

in the different models. In the basic model excluding the controls on wages, the

more isolated the household is, the more hours it is likely to work, reflecting

the high degree of subsistence or small scale agriculture relative to remunerated

work in remote areas. The reduced form model estimates a positive effect of

this variable on earnings. The structural model estimate of this effect on hours

is still positive, though proportionately more than its effect on wages. Taken

together, the effects of the demand side variables indicate dominating income

effects.

The two supply side variables (household size and the total plot size) have

positive effects on household hours worked - larger households work more hours

than do smaller households, as do households with more farm land. The effects

of these two variables on wages are consistent with intuition. Larger households

earn less per hour, while households with more land earn more. The effects

of land size on earnings seem to be working through wages as the magnitudes

of these coefficients are stronger than their counterparts in the hours equation.

This conclusion reiterates the results from the reduced form estimates in table
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4.29

5.3 Hypothesis Testing

The tests provided in tables 7 and 8 make use of the overidentification restric-

tions described in tables 1 and 2. The first test rejects the hypothesis that the

coefficients across the two simultaneous equations in table 4 have the same ef-

fect: the two equations (hours and earnings) are statistically different from each

other. The second hypothesis tests the first over-identification restriction that

would be compatible with the controls on hours version of the basic model and

corresponds to the overidentification restriction in the second column of table

1.30 The statistic tests the joint hypothesis that the effect of the supply and

demand side controls is the same on the hours and earnings regression. The test

safely rejects the overidentification restrictions, indicating that the basic model

with controls on hours only is rejected. This is evidence that the control vari-

ables are likely affecting the wages more than hours, thus rejecting the exclusion

restriction. By turning our attention to each control individually, however, the

cross-equation tests (III) suggest that some variables are indeed consistent with

the basic model with controls on hours only. Notably, it is not possible to reject

that the density of the rural population, the number of populated centres in the

district and the distance to the nearest daily or periodic market have the same

statistical effect across both equations. Hypothesis tests for the basic model

with controls on wages only are reported in rows (IV) and (V). The overall test

of the overidentification restriction for this model (IV) is safely rejected. The

individual tests in (V) cannot reject that some of the cross-products are the

same across both reduced form equations.

The hypotheses tested in (VI) in table 7 and (VII) in table 8 relate to the

29The SURE and EWMD results are robust to amending the schooling variable to include
the years of schooling of children in the household.
30This tests the validity of the exclusion restriction that the controls have no effect on the

system through wages.
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last two models: the multiple effects model and the endogenous wage model,

corresponding to the overidentification restrictions in the last two columns of

table 1.31 The test statistic in (VI) can not reject the null hypothesis. Table 8

provides the statistics for the separate hypotheses that make up the joint test

in (VI). Only about a quarter of these tests are statistically significant at the

10% level, fewer still at the 5% level and only one at the 1% level. The evidence

presented in this table puts more weight on the multiple effects and the endoge-

nous wage model than on the basic model. The over-identification restrictions,

however, do not permit a way to test which of these two models dominates the

other. In other words, the hypothesis tests provide weak evidence in support

of either the multiple effects model with exclusion restrictions on hours or the

endogenous wage model with exclusion restrictions on wages. These results nev-

ertheless suggest that the relationship between schooling and household hours

and wages is more complex than indicated by the basic model. If we were to

judge the two models according to the minimum distance estimates, the Chi-

square statistic for the goodness of fit in the multiple effects model is slightly

larger than in the endogenous wage model and the value of the minimized objec-

tive function is much lower. Though not conclusive on their own, these results

put additional weight on the multiple effects model.

6 Interacting Schooling with Local Market De-
velopment

The previous discussion highlights the independent roles of schooling and market

development in affecting earnings and hours. In addition to these independent

effects, Rosenzweig (1995) suggests that it is the interaction between these two

variables that matters most in establishing the returns to education: education

leads to higher earnings in more dynamic market environments. The framework
31Note that the degrees of freedom in (VI) are different than the number of individual tests

in (VII): some of the individual tests are redundant.
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developed in this paper is easily amendable to test and quantify this proposi-

tion. Table 9 provides the seemingly unrelated regression equation estimates of

the reduced form model in (15) and (16), augmented with interaction terms of

the schooling variable and the five demand side variables. These results reveal

that the effect of average household years of schooling on household earnings

is greater in more densely populated areas, supporting a complementary effect

between schooling and the level of market development (as proxied by the popu-

lation density). This complementarity is further substantiated when comparing

these results with those in table 4. In particular, the linear effect of school-

ing on earnings is larger when controlling for its interaction with the market

development proxies.

The minimum distance technique described in the previous analysis can eas-

ily be adapted to include these interaction terms. The EWMD estimates in table

10 provide evidence of a complementarity between schooling and local market

development. The structural model now takes the form:

log h = a+ η log w̃ + Z0hγh + SZ01hρh + e (26)

logE = a+ (1 + η) log w̃ + Z0hγh + SZ01hρh + e (27)

log w̃ = b+ µS + Z0wγw + SZ01wρw + u (28)

where Z01h and Z
0
1w are submatrices of Z

0
h and Z

0
w, that include only the demand

side variables.

The first column of table 10 assumes that Z01h = Z
0
1w = Z

0
1: the inteaction

controls are common to both hours and wages.32 The second column presents

the EWMD estimates under the assumption that the interaction controls only

matter for hours. Finally, the third column corresponds to a model in which

market development interacts with schooling only in the case of wages. Strictly

speaking, the parameter is the household wage returns to schooling only in the

32All specificatins assume that Z0h = Z
0
w = Z

0 as in the previous analysis.
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second specification - the partial derivative of the wage equation with respect

to schooling in (28) includes the interaction terms evaluated at a given level of

market development:

Implied household wage return to schooling = µ̂+ Z̄01ρ̂ (29)

The first two models presented in table 10 are similar in their interpretation to

the multiple effects model seen in section 5: schooling is permitted to have an

effect on hours and earnings independently of its indirect effect through wages.

Comparing these results to those found in tables 5 and 6 indicate that once

the interaction between schooling and local market development is controlled

for, the wage returns to schooling are negligible - the estimated household wage

returns to schooling (µ), the intercept in (29), is statistically indistinguishable

from zero.

In the first column of table 10, the implied household returns to education

is similar to that found in table 5 (first column) not controlling for the interac-

tion terms. The second column (corresponding to the second column in table 5,

augmenting with the interaction terms) shows an implied earning return to ed-

ucation significantly higher: the implied return more than doubles from around

8% to more than 18%. The interaction terms are statistically significant in the

case of the density of the rural population. The effect of schooling on hours

worked and on wages is higher in more densely populated areas, reiterating the

results found in the SURE estimates. The overall patterns of the remaining

structural parameters remain relatively unchanged.

Thus, together with the results in tables 4 and 5, the results using the

interaction between schooling and market development confirm the conclusions

in Rosenzweig (1995). In particular, schooling is associated with higher returns

in more developed markets. Education thus has a role in affecting earnings

when there exist opportunities outside agriculture. Thus, as the level of local

market development increases, educated households are better off because of
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more lucrative opportunities.

7 Conclusions

A simple effect conceptually, the empirical identification of the returns to edu-

cation is clouded both by data related problems of observation and by the many

(and possibly opposing) effects of schooling on earnings. In most micro data

sets, marginal wages are unobservable. With data on hours and total earnings,

the empirical strategy formulated in the present paper outlines how it is possible

to back out key parameters of interest pertaining to unobserved wages.

The strategy begins with reduced form estimation of a simultaneous equa-

tion error components model. The identification of wage-dependent structural

parameters is possible by appealing to minimum distance estimation and uti-

lizing schooling as an instrument for the unobserved wages. The framework

also permits the estimation of these parameters when schooling has an effect on

hours worked independent of its effect on wages. The empirical strategy allows

the decomposition of the earnings returns to schooling into various components

relating to the wage, hours worked and schooling. Furthermore, the framework

allows for a potential endogeneity of wages. Various structural models are es-

timated and the exclusion restrictions are exploited to gather evidence on the

relative validities of these models.

Results indicate that an increase in household schooling raises household

earnings disproportionately to its effect on hours, suggesting positive wage re-

turns to education. Households in rural Peru appear to be supplying labour

inelastically. However, once the direct effect of education on hours worked is

controlled for, the results indicate that the wage elasticity of labour supply is

negative. Education thus permits households to find more lucrative employment

opportunities that allow them to enjoy more leisure.

In addition to the identification of the key labour supply and returns to

28



education parameters, the paper investigates the importance of local market

demand variables and their interaction with schooling in affecting household

labour supply behaviour. While it is widely accepted that the role of educa-

tion in affecting earnings in farming is limited, the results in this paper are

encouraging. Education, when combined with local market development, leads

to increases in rural standards of living as evidenced by increased marginal re-

turns to work and increased consumption of leisure. In particular, educated

households in developed areas are likely to generate a large proportion of their

labour incomes from lucrative non-farm sources. There is thus an impetus for

policies that promote human capital investment in conjunction with improved

access to markets in rural areas.

Appendix
The SURE system described in (7) and (8) can be rewritten as:

y = Xβ + ε

corresponding to a structural equations error components model with unob-

served wages, where y = [h,E]0, β = [β1,β2]
0, X = [Xh,Xw]

0, and to keep

matters simple, the error term is assumed to have the following distributional

property:33

ε =

µ
ε1
ε2

¶
∼ N (0,Σ)

where Σ is the variance-covariance matrix of the reduced form simultaneous

equations model:34

Σ =

·
σ11I σ12I
σ21I σ22I

¸
=

·
σ11 σ12
σ21 σ22

¸
⊗ I = Σc ⊗ I

33Note that the εi (i = 1, 2) are functions of the ‘structural error terms’ (e and u) in
equations (7) to (9).
34Note that the variance-covariance matrix is symmetric. See Kinal and Lahiri (1993) for

a similar application of the simultaneous equation with error components.
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Zellner (1962) shows that the SURE variance-covariance matrix is as follows:

V
³
β̂
´
=
¡
X0Σ−1X

¢−1
=

·
σ11X0

hXh σ12X0
hXw

σ21X0
wXh σ22X0

wXw

¸
where σij is the ijth element ofΣ−1c . This allows cross-equation hypothesis test-

ing, a feature that will be exploited in evaluating the models outlined above.

This variance-covariance matrix is indispensable to the second stage of the es-

timation procedure.

The standard errors are given by the following variance covariance matrix:

V
³
θ̂MDE

´
= (G0G)−1G0V

³
β̂SURE

´
G (G0G)−1 (30)

where G is the Jacobian of the objective function in (25). Newey (1985) shows

that the following is a chi-squared distributed goodness of fit statidtic for this

estimation method:

³
β̂−f

³
θ̂MDE

´´0
R−

³
β̂−f

³
θ̂MDE

´´
∼ χ2 (j, k) (31)

whereR− is the inverse ofR = PV
³
β̂SURE

´
P0 and whereP = I−G0 (G0G)−1G.
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Table 1: Moment Equations

Model Basic Model Multiple
Effects

Endogenous
Wage

Moment
Full

controls
Controls
on hours

Controls
on wages

Controls
on wages

Controls
on hours

β10 a+ ηb a+ ηb a+ ηb a+ ηb a+ηb
1−ηψ

β11 ηµ ηµ ηµ ηµ+ ϕ ηµ
1−ηψ

β1i γhi + ηγwi γhi ηγwi ηγwi
γhi
1−ηψ

β20 a+ (1 + η) b a+ (1 + η) b a+ (1 + η) b a+ (1 + η) b a(1+ψ)+(1+η)b
1−ηψ

β21 (1 + η)µ (1 + η)µ (1 + η)µ (1 + η)µ+ ϕ (1+η)µ
1−ηψ

β2i γhi + (1 + η) γwi γhi (1 + η) γwi (1 + η) γwi
(1+ψ)γhi
1−ηψ

Exactly
identified

Over-
identified

Over-
identified

Over-id.
if I > 1,

where i ∈ [1, I]

Over-id.
if I > 1,

where i ∈ [1, I]
Over-ident.
Restrict.

β1i = β2i
β11β1i =
β21β2i

β1jβ2i =
β2jβ1i

β1jβ2i =
β2jβ1i

Table 2: Identification of Structural Parameters

Model Basic Model Multiple
Effects

Endogenous
Wage

Parameter³
θ̂
´ Full

controls
Controls
on hours

Controls
on wages

Controls
on wages

Controls
on hours

a β10β21−β11β20
β21−β11

β10β21−β11β20
β21−β11

β10β21−β11β20
β21−β11

β10β2i−β1iβ20
β2i−β1i

β10β21−β11β20
β21−β11

η β11
β21−β11

β11
β21−β11

β11
β21−β11

β1i
β2i−β1i

β11
β21−β11

γhi
β1iβ21−β11β2i

β21−β11 β1i
β1iβ21−β11β2i

β21−β11
ϕ β11β2i−β1iβ10

β2i−β1i

b β20 − β10 β20 − β10 β20 − β10 β20 − β10
β1iβ20−β10β2i

β1i
∀i ≥ 2

µ β21 − β11 β21 − β11 β21 − β11 β21 − β11
β1iβ21−β11β2i

β1i
∀i ≥ 2

γwi β2i − β1i
β1i(β21−β11)

β11

βj(β2i−β1i)
β1i

ψ β2i−β1i
β1i

Exactly
identified

Over-
identified

Over-
identified

Over-id.
if I > 1,

where i ∈ [1, I]

Over-id.
if I > 1,

where i ∈ [1, I]
Over-ident.
Restrict.

β1i = β2i
β11β1i =
β21β2i

β1jβ2i =
β2jβ1i

β1jβ2i =
β2jβ1i
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Table 3: Descriptive Statistics

Variables Mean Std.
Dev. % >0 Source

Total Hhld Hours (incl. unpaid hours) 4488 2569 100 1991 PLSS
Total Hhld Paid Hours 2492 1641 93 1991 PLSS
Total Hhld Paid Hours in Non-Farm 941 1478 45 1991 PLSS
Total Hhld Paid Hours in Farm 1551 1381 75 1991 PLSS
Per Capita Hhld Earnings (incl. subsistence) 349 444 100 1991 PLSS
Per Capita Hhld Earnings 280 396 99 1991 PLSS
Per Capita Hhld Earnings in Non-Farm 133 302 45 1991 PLSS
Per Capita Hhld Earnings in Farm 94 191 75 1991 PLSS
Average Yrs of Hhld Schooling (Ages 15+) 5.106 3.16 92 1991 PLSS
Average Yrs. of Ed. of Hhld Members in Non-Farm 3.640 3.78 42 1991 PLSS
Average Yrs. of Ed. of Hhld Members in Farm 2.812 4.05 65 1991 PLSS
Household Size 4.882 2.13 100 1991 PLSS
Total Plot Area 1.797 6.08 95 1991 PLSS
Altitude (km above sea level) 3.152 0.54 100 INEI
Density of the Rural Population 57.152 72.41 100 INEI
Number of Popul. Centres in District (/1000) 0.072 0.05 100 INEI
Number of Hostel Beds in the Region 7.056 1.77 100 Cuánto
Km to the Nearest Periodic Market (/1000) 0.106 0.13 89 1985 PLSS
N=423.
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Table 4: Zellner’s Seemingly Unrelated Regression Equations

Dependent Variables Log Household
Hours

Log Household
Earnings

Average Years of Household Schooling (Ages 15+)
0.0002
(0.009)

0.0822∗∗∗

(0.015)

Household Size
0.1384∗∗∗

(0.014)
0.0578∗∗∗

(0.022)

Total Plot Area (Hectares)
0.0035
(0.005)

0.0245∗∗∗

(0.008)

Altitude (km above sea level)
0.4557∗∗∗

(0.057)
−0.2867∗∗∗
(0.091)

Density of the Rural Population
0.0008∗

(0.000)
0.0004
(0.001)

Number of Populated. Centres in the District
−0.7148
(0.578)

0.6298
(0.930)

Number of Hostel Beds in the Region
−0.0747∗∗∗
(0.018)

0.0012
(0.029)

Distance to the Nearest Periodic Market (Km)
0.2082
(0.235)

0.7087∗

(0.377)

Constant
6.6059∗∗∗

(0.213)
6.8035∗∗∗

(0.342)
R2 0.2885 0.1494
Likelihood Ratio χ2 (8) 171.546∗∗∗ 74.285∗∗∗

Cross-Equation Correlation Coefficient 0.0977
Breusch-Pagan Test of Independence 4.041∗∗

Notes: ∗∗∗ significant at 1%, ∗∗ at 5%, ∗ at 10%. Calculations based on the 1991 PLSS, the
1985/86 PLSS, INEI and Instituto Cuánto (see Table 3 ). (std. err. in brackets) N=423
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Table 5: EWMD Estimates of Structural Form Model - Basic Model
Basic Model

Full
Controls

Controls
on Hours

Controls
on Wages

Key Structural Parameters

Wage Elasticity of Household Labour Supply (η)
0.0028
(0.113)

0.0028
(0.113)

0.0529
(0.445)

Household Wage Returns to Schooling (µ)
0.0820
(0.017)

0.0820
(0.017)

0.0779
(0.037)

Effect of Control Variables on Hours Worked

Household Size
0.1386
(0.015)

0.0981
(0.013)

Total Plot Size (Hectares)
0.0034
(0.006)

0.0140
(0.005)

Altitude (meters above Sea Level)
0.4577
(0.095)

0.0845
(0.056)

Density of the Rural Population
0.0008
(0.000)

0.0006
(0.001)

Number of Populated Centres in the District
−0.7186
(0.594)

−0.0425
(0.571)

Number of Beds in Hostels in the Region
−0.0749
(0.020)

−0.0367
(0.018)

Distance to the Nearest Market (Km)
0.2068
(0.238)

0.4584
(0.232)

Effect of Control Variables on Wages

Household Size
−0.0806
(0.025)

0.0613
(0.034)

Total Plot Size (Hectares)
0.0210
(0.009)

0.0234
(0.013)

Altitude (meters above Sea Level)
−0.7424
(0.102)

−0.2500
(0.140)

Density of the Rural Population
−0.0004
(0.001)

0.0221
(0.010)

Number of Populated Centres in the District
1.3446
(1.046)

0.5966
(0.911)

Number of Beds in Hostels in the Region
0.0758
(0.033)

−0.0024
(0.028)

Distance to the Nearest Market (Km)
0.5005
(0.424)

0.6813
(0.464)

Value of Minimized Objective Function 0.0000 1.3111 0.4820
Goodness of Fit Statistic χ2 (d.f.) 2072.86 85.27 169.71
d.f. 0 7 7
Implied r 0.0822 0.0822 0.0820
Notes: Standard errors are in brackets. Optimization of Equation (25) used
the Newton-Raphson algorithm for all models. Calculations are based on the 1991 PLSS,
1985/86 PLSS, INEI and Instituto Cuánto (see Table 3).
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Table 6: EWMD Estimates of Structural Form Model - Alternative Models
Multiple Effects Engogenous Wage
Controls on Wages Controls on Hours

Key Structural Parameters

Wage Elasticity of Household Labour Supply (η)
−0.4353
(0.104)

0.4636
(0.606)

Household Wage Returns to Schooling (µ)
0.0527
(0.017)

0.0827
(0.006)

Direct Effect of Schooling on Labour Supply (ϕ)
0.0190
(0.014)

Endogenous Wage Parameter (ψ)
0.3418
(0.394)

Effect of Control Variables on Hours Worked

Household Size
0.1371
(0.009)

Total Plot Size (Hectares)
0.0040
(0.000)

Altitude (meters above Sea Level)
0.4396
(0.057)

Density of the Rural Population
0.0008
(0.008)

Number of Populated Centres in the District
−0.6852
(0.251)

Number of Beds in Hostels in the Region
−0.0732
(0.013)

Distance to the Nearest Market (Km)
0.2218
(0.030)

Effect of Control Variables on Wages

Household Size
−0.0528
(0.085)

Total Plot Size (Hectares)
0.0235
(0.007)

Altitude (meters above Sea Level)
−0.6874
(0.285)

Density of the Rural Population
−0.0002
(0.001)

Number of Populated Centres in the District
1.2720
(0.917)

Number of Beds in Hostels in the Region
0.0633
(0.051)

Distance to the Nearest Market (Km)
0.5897
(0.345)

Value of Minimized Objective Function 0.4517 30.0489
Goodness of Fit Statistic χ2 (d.f.) 16.60 16.90
d.f. 6 6
Implied r 0.0488 0.1438
Notes: Std. err. in brackets. Optimization of (25) used the Newton-Raphson algorithm.
Calculations are based on the 1991 PLSS, 1985/86 PLSS, INEI and Cuánto (see Table 3).
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Table 7: Cross-Equation Hypothesis Tests (From SURE Estimates)
Hypothesis Test(d.f) Statistic
I. Joint hypothesis that all coefficients are identical across equations Wald χ2 (8) 98.35∗∗∗

II. Joint hypothesis that β1i = β2i for all i Wald χ2 (7) 85.00∗∗∗

III. Separate hypotheses that β1i = β2i for each i
i = Household size Wald χ2 (1) 10.66∗∗∗

Total plot size (Hectares) Wald χ2 (1) 5.87∗∗

Altitude (km. above sea level) Wald χ2 (1) 52.75∗∗∗

Density of the rural population in the district Wald χ2 (1) 0.26
Number of populated centres in the district Wald χ2 (1) 1.65
Number of beds in hostels in the region Wald χ2 (1) 5.43∗∗∗

Distance to the nearest period or daily market (km) Wald χ2 (1) 1.39
IV. Joint hypothesis that β11β2i = β21β1i for all i Wald χ2 (7) 26.01∗∗∗

V. Separate hypotheses that β11β2i = β21β1i for each i
i = Household size Wald χ2 (1) 22.62∗∗∗

Total plot size (Hectares) Wald χ2 (1) 0.35
Altitude (km. above sea level) Wald χ2 (1) 18.97∗∗∗

Density of the rural population in the district Wald χ2 (1) 3.07∗

Number of populated centres in the district Wald χ2 (1) 1.45
Number of beds in hostels in the region Wald χ2 (1) 10.98∗∗∗

Distance to the nearest period or daily market (km) Wald χ2 (1) 0.71
VI. Joint hypothesis that β1jβ2i = β1iβ2j for all i Wald χ2 (11) 32.67∗∗∗

VII. Separate hypotheses that β1jβ2i = β1iβ2j for each i See Table 8
Notes: ∗∗∗ significant at 1%,∗∗ at 5%,∗ at 10%. N=423. Calculations based on the 1991 PLSS,
1985/86 PLSS, INEI and Intituto Cuánto.

Table 8: Cross-Equation Hypothesis Tests (From SURE Estimates)
j =

H0 : β1jβ2i = β1iβ2j
Household
size

Plot
size

Altitude
Rural
density

Populated
centres in
district

Beds in
hostels in
region

Plot size 7.98∗∗

Altitude 16.62∗∗∗ 8.39∗∗

Rural density 0.01 2.22 1.38

i =
Populated
centres
in district

0.97 1.58 0.03 0.58

Beds in
hostels
in region

1.08 6.38∗∗ 1.96 0.41 0.38

Distance to
nearest
market

2.62 0.15 3.84∗∗ 1.35 1.39 3.08∗

Notes: All test statistics are distributed Wald χ2 (1) , ∗∗∗ significant at 1%,∗∗ at 5%,∗ at 10%.
N=423. Calculations based on the 1991 PLSS, 1985/86 PLSS, INEI and Intituto Cuánto.
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Table 9: SURE Results with Interaction Terms

Dependent Variables
Log Household

Hours
Log Household

Earnings

Average Years of Household Schooling (Ages 15+)
−0.0046
(0.063)

0.1809∗

(0.101)

Household Size
0.1399∗∗∗

(0.014)
0.0535∗∗

(0.022)

Total Plot Area (Hectares)
−0.0035
(0.005)

0.0233∗∗∗

(0.008)

Altitude (km above sea level)
0.4675∗∗∗

(0.107)
−0.1953
(0.352)

Density of the Rural Population
0.0019
(0.001)

−0.0040∗∗
(0.002)

Number of Populated. Centres in the District
−0.4320
(1.102)

−0.5390
(1.758)

Number of Hostel Beds in the Region
−0.0944∗∗∗
(0.034)

0.0520
(0.055)

Distance to the Nearest Periodic Market (Km)
0.5920
(0.444)

1.2229∗

(0.707)
Average Years of Household Schooling * Altitude

(km above sea level)
−0.0014
(0.018)

−0.0245
(0.028)

Average Years of Household Schooling * Density of
the Rural Population in the District

−0.0002
(0.000)

−0.0006∗∗∗
(0.000)

Average Years of Household Schooling * Number of
Populated Centres in the District

−0.0531
(0.175)

−0.2874
(0.280)

Average Years of Household Schooling * Number of
Hostel Beds in the Region

0.0044
(0.006)

−0.0093
(0.009)

Average Years of Household Schooling *Distance to
the Nearest Periodic or Daily Market (km)

−0.0820
(0.080)

−0.1078
(0.128)

Constant
6.5806∗∗∗

(0.398)
6.4449∗∗∗

(0.635)
R2 0.2915 0.1669
Likelihood Ratio χ2 (8) 174.05∗∗∗ 84.74∗∗∗

Joint F-test (5) for interaction terms 1.78 8.90
Cross-Equation Correlation Coefficient 0.1027
Breusch-Pagan Test of Independence 4.459∗∗

Notes: ∗∗∗ significant at 1%, ∗∗ at 5%, ∗ at 10%. Calculations based on the 1991 PLSS, the
1985/86 PLSS, INEI and Instituto Cuánto (see Table 3 ). (std. err. in brackets) N=423
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Table 10: EWMD Estimates of Structural Form Model with Interaction Terms
Basic Model with Interactions
Full

Controls
Controls
on Hours

Controls
on Wages

Key Structural Parameters

Wage Elasticity of Household Labour Supply (η)
−0.0247
(0.335)

−0.0247
(0.335)

−0.4710
(0.072)

Household Wage Returns to Schooling (µ)
0.1855
(0.114)

0.1855
(0.117)

0.1745
(0.116)

Effect of Interaction Terms on Hours Worked
Average Years of Household Schooling * Altitude

(km above sea level)
−0.0019
(0.012)

−0.0130
(0.018)

Average Years of Household Schooling * Density
of Rural Population in the District

−0.0001
(0.000)

0.0002
(0.000)

Average Years of Household Schooling * Number of
Populated Centres in the District

−0.0447
(0.207)

0.1171
(0.173)

Average Years of Household Schooling * Number of
Beds in Hostels in the Region

0.0040
(0.006)

−0.0025
(0.006)

Average Years of Household Schooling * Distance to
the Nearest Periodic or Daily Market

−0.0826
(0.078)

−0.0949
(0.079)

All linear control variables included Yes Yes
Effect of Interaction Terms on Wages
Average Years of Household Schooling * Altitude

(km above sea level)
−0.0232
(0.032)

−0.0396
(0.033)

Average Years of Household Schooling * Density
of Rural Population in the District

0.0008
(0.000)

−0.0006
(0.000)

Average Years of Household Schooling * Number of
Populated Centres in the District

−0.3405
(0.314)

−0.0902
(0.323)

Average Years of Household Schooling * Number of
Beds in Hostels in the Region

−0.0137
(0.010)

0.0241
(0.011)

Average Years of Household Schooling * Distance to
the Nearest Periodic or Daily Market

−0.0258
(0.144)

−0.7827
(0.147)

All linear control variables included Yes Yes
Value of Minimized Objective Function 0.0000 0.4977 120.8406
Goodness of Fit Statistic χ2 (d.f.) 1288290 95.26 57272.74
d.f. 0 12 12
Implied r 0.0833 0.1855 0.0959
Notes: Standard errors are in brackets. Optimization of Equation (25) used
the Newton-Raphson algorithm for all models. Calculations are based on the 1991 PLSS,
1985/86 PLSS, INEI and Instituto Cuánto (see Table 3).
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