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used by Benjamin.
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1. Introduction

Small-scale, family-run enterprises form the backbone of many developing countries, and millions of
households around the world produce goods and services both for their own consumption as well as
for sale. These family farms and business enterprises operate in complex, interlinked markets for
consumption, labor, credit, and output, and face considerable risk and uncertainty.

Modeling production and consumption decisions of family firms is a substantial challenge
and many studies have relied on the neoclassical agricultural household model that integrates a
family operated firm within a household utility maximization problem. The vast majority of
empirical studies in this literature are founded, explicitly or implicitly, on a particularly simple form
of the agricultural household model that assumes markets can be treated as if they are complete
(Singh, Squire and Strauss, 1986). The implications of this model were tested and not rejected in an
extremely influential and widely-cited study by Benjamin (1992) published in Econometrica using data
from rural Indonesia. Pitt and Rosenzweig (1986) also failed to reject the model. This paper re-
examines the evidence presented by Benjamin using recently collected data from rural Indonesia and
finds that the assumption of complete markets is rejected. We also provide evidence that data quality
likely explains the difference in conclusions.

The result is important. There is a large and influential body of work that is predicated on
the model with complete markets. This includes seminal work on nutrition and farm productivity,
adoption of agricultural technology, labor supply choices, and responses to policy interventions (e.g.
Yotopolous and Lau, 1974; Barnum and Squire, 1979; Strauss, 1982, 1986; Singh Squire and Strauss,
1986)." Recent studies that have their origins in this model have made important contributions to the
study of distributional impacts of agricultural productivity shocks and the operation of labor markets
(Jayachandran, 2006; Kaur, 2014; Mobarak and Rosenzweig, 2014), risk sharing (Townsend, 1994),
the impact of microcredit (Kaboski and Townsend, 2011), understanding intra-household resource
allocation (Udry, 19906), property rights (Field, 2007), and child labor and household production
(Akresh and Edmonds, 2012).

Under the complete markets assumption, the agricultural household is assumed to behave as
a price taker in all markets, and all farm production decisions can be treated as if the household
operates a profit-maximizing firm. To wit, input choices depend only on the prices of inputs and
characteristics of the farm. Production choices are made without reference to the preferences of

household members and, therefore, to consumption allocations. The agricultural household can be

' Taylor and Adelman (2003) provide a review of the agricultural household literature. See also Strauss and Thomas
(1995), Behrman (1999) and Schultz (2001).



modeled as if decisions are recursive in that production choices are made in the first stage, and, in
the second stage, consumption choices are made taking into account income from farm profits.
Consumption choices depend on production decisions but not vice-versa: the recursive form (or the
model assuming separation) substantially simplifies empirical implementation of the model.

The assumptions that underlie the recursive model are not only very powerful, they are also
very strong. It is assumed that the household behaves as if all current and futures markets exist, that
all prices are treated as parametric by all agents in the economy, that there is no uninsurable
uncertainty, and that household labor and hired workers are perfect substitutes in on- and off-farm
work. It is important to underscore that if farm household behavior is consistent with the recursive
model, it does not mean that complete markets actually exist. Rather, one can conclude that
households allocate resources in ways that make up for missing markets and, thereby, their choices
can be modeled as if all markets exist. See, for example, Stiglitz (1974) for an articulation of how
sharecropping serves such a purpose or the large literature describing how family and social
networks substitute for credit and insurance markets.

The contribution of this research is an empirical assessment of whether the recursive model
is consistent with decision-making by farm households in rural Central Java, Indonesia using new,
longitudinal data specifically designed to address limitations in the existing literature. Indonesia is a
good context for this research since the key papers in this literature relied on data collected from
rural households in Indonesia in the early 1980s and concluded that those households behave as if
complete markets exist (Pitt and Rosenzweig, 1986; and Benjamin, 1992). Using data collected two
decades later, it is reasonable to suppose that markets have deepened and there are more inter-
linkages across markets since the agricultural sector has undergone dramatic change over the last
quarter century with the adoption of new technologies and diversification out of rice and into a
broad array of cash crops. There is an active rural labor market, substantial migration between the
rural and urban sector and many rural dwellers are engaged in both agricultural and non-agricultural
work (see, for example, Booth (2002) for a discussion).

In fact, the recursive model is unambiguously rejected in our more recent data: demand for
labor on the farm varies systematically with household characteristics even after taking into account
unobserved heterogeneity at the farm level in a flexible way and treating household composition as
endogenous, issues which plague past studies examining the agricultural household model (see, for
example, Lopez 1984, 1986; Jacoby, 1993; Grimard, 2000). Many models in the development
literature highlight the theoretical importance of differential monitoring costs of hired relative to

own labor, which, if empirically important, is not consistent with the assumption of perfectly



substitutable hired and own labor (Stiglitz, 1974). This issue is investigated directly and no evidence
is found to suggest that our rejection of recursion is explained by differential monitoring costs of
own and hired workers.

Further investigation suggests the divergence of our results from Benjamin’s stems from a
stark difference across the two studies in how much family members work on their own farms.
Recording unpaid laborers as family labor, Benjamin uses an agricultural supplement to the 1980
Indonesian National Socioeconomic Survey (SUSENAS) which suggests families hire approximately
78 person-days of labor over the course of the year but supply only 26 person-days; an average of
one day of work by one family member every fortnight. We show that this labor supply estimate is
implausibly low and inconsistent with information on employment activities in the same 1980
SUSENAS, ethnographic data collected during the period, and the income sources of farm
households in the 1983 Indonesian agricultural census. Moreover, down-weighting the labor use
data in our sample to match the first-moment of labor supply from Benjamin’s data suggests an
underestimate of family-supplied labor plausibly yields an incorrect failure to reject recursion.

These results are important not only for modeling farm household decision-making, but for
the design and evaluation of development policy, and for understanding rural markets around the
world. Analyses that assume the recursive model is valid are likely to yield misleading inferences
about markets, production, preferences, and consumption. The next section outlines a dynamic
version of the neoclassical agricultural household model as a guide for the empirical research. After
describing the data, we present empirical tests of implications of recursion and draw our

conclusions.

2. Theoretical Framework
This section presents a dynamic generalization of the neoclassical agricultural household model in
Singh, Squire and Strauss (1986) to formalize intuition and establish the empirically testable
implications of the model. The model incorporates production choices into an intertemporal utility
maximization objective function with exogenous prices and complete markets.

If implications of the recursive model are rejected, formalizing specific deviations from this
framework is a natural next step. Given the state of the literature, it behooves us to first provide

convincing evidence on the empirical validity of the recursive model in our setting.

The farm household’s problem

Farm households simultaneously act as both producers and consumers making decisions regarding



farm production in one realm, and maximizing household utility in the other. For an infinitely lived
household, the objective is to maximize the expected present discounted value of current and future
utility choosing consumption, leisure, savings, farm labor, and other variable farm inputs in each
time period and state. The household is constrained by the farm production process, its time

endowment, and an intertemporal budget constraint. Formally, the objective is:

max F Zﬁtu(ﬁmt,xat,gt;ut,gt)
=0 M

where x,, 1s a vector of market consumption goods, x,, is a vector of agricultural consumption goods

nt
(ie. food, some of which may be grown by the household), and €t is a vector of houschold
members’ leisure. Preferences are captured by W, which includes observed household characteristics
such as household size and composition, and unobserved characteristics, €, The utility function may
be of general form as long as it is inter-temporally separable, quasi-concave, non-decreasing, and
strictly increasing in at least one argument.

The agricultural production function specifies the technology that links inputs to output, 0,,
in period #

lef = <>Q1‘ (Lf) Vﬂ Al) (2)

where the period 7 is a complete crop cycle from land preparation through harvesting. The inputs
include labor used on the farm that period, L, a vector of other variable inputs, 1/, , such as seed
and fertilizer, and fixed inputs, A4, , which in the study setting is effectively land.” Rice is by far the
dominant crop in the study area and for expositional simplicity, we assume a single output; the
empirical implementation allows multiple outputs on a farm.’

Total farm labor consists of the sum of family labor supplied to the farm, L', , and outside
labor hired onto the farm from the marketplace, ", .

L=L"+L" 3

2 Land remains a choice variable in the model, but in the actual rural Indonesian setting studied in this paper there is
little new land to acquire, and very few purchases or sales of land in the data. Family farms remain generally stable over
time. Ethnographic evidence suggests land is typically inherited by the eldest son rather than divided amongst all siblings.
Often the eldest may temporarily share the land with their younger siblings while retaining ownership, but when the
younger siblings become deceased, the entire plot falls to the primary heir and their children (White and Schweizer,
1998). Technology in the study area is not capital intensive and while farms have small capital stocks, primarily sickles to
harvest rice, these are treated as variable inputs.

3 The empirical application of the model is robust to a number of alternative forms of the production function, including
those allowing for intertemporal links in production where output in period #is a function of inputs in the current period
as well as those from a previous period (e.g. Kochar, 1999). The empirical tests and results are also robust to production
frameworks that explicitly include capital as an input and specify a transition process for capital over time. The form in
equation (2) is maintained for ease of exposition.



Both family and hired labor are assumed in the baseline model to share a common shadow wage as
in Benjamin (1992), although specifying differential productivity for family and hired labor does not
change the results. A household’s endowment of labor, E", is divided between leisure, time spent
working on the family farm, and time in off-farm labor, 1°.

E'=l+1F +1° 4)
The household is also constrained by an intertemporal budget constraint that describes the evolution
of wealth between periods. In the presence of credit markets or some other mechanism for inter-
temporal smoothing, farmers can borrow resources in period 7 to be repaid with interest rate 7,,,; a
parallel market exists for savings that earn the same interest rate. Let IV, be assets or wealth at the

beginning of time period 7 the budget constraint is:

W,y = (1+5.) W, + w(E" - b +{ 0, — wL,— p,V,= p A} = oy + purct] ©)

Wealth in the next period is equal to the interest earned on current period wealth and income from
work and farm profits, less expenditure in the current period. Wealth is negative if a household is in
debt. The household earns wage income from off-farm labor at the market wage, », which, under
the assumption of complete markets, is also the shadow wage for work on the farm. Thus, the
imputed value of labor supply is w(E" - gt). Net profits is the first pair of braces; it is the value of
output p,0, evaluated at the market price less the cost of inputs including the imputed value of labor
demand (at the market price), » [, and the costs of variable and fixed inputs, p,l/, and p A4,
respectively. The value of consumption is in the final pair of braces and is given by total spending on
goods purchased in the market, p,x,, and the value of consumption of own production evaluated at
the market price, p,x,.

Under the assumption of complete markets, maximizing the household’s objective function
subject to restrictions (2)-(5) and additive inter-temporal separability yields the standard first order
conditions. Current consumption demands depend on current prices, wages, the interest rate, and
net income, as well as expected future prices, wages, and interest rates. An Euler equation guides
inter-temporal decisions, and the demands for farm inputs are determined solely by the relationship
between their marginal products and prices in every period.

The solution to the joint production-consumption problem reveals that the optimal choice
of farm inputs is determined as if households operate their farms as risk neutral profit maximizing
firms. There is a separation between production and a household’s preferences which implies the

joint problem may be formulated recursively in a two-step process. In the first stage, households



maximize profits on their farms independent of preferences or any consumption side influences by
choosing farm labor, variable inputs, and land. Utility is then maximized in the second stage, and
consumption allocations are affected by production decisions only through the amount of income
provided by farm profits. The result of the second stage is a set of conditional demand functions
similar to those obtained in standard inter-temporal models, but augmented by farm profits entering

as any other (non-labor) income. The demand for consumption good ¢in period #is:

Xy = X[t([b/ﬂﬂ DPus Wo Vs nz‘(pvﬂ D Wo p/{f);]f) j’ﬁ. M 8;) (6)

where consumption depends on market and agricultural prices, p,, and p,, wages, interest rates, farm
profits, 7, income, y, and expected future prices through the marginal utility of wealth, 4,.

The assumptions that yield a recursive system for the neoclassical agricultural household are
very powerful: the model with recursion is substantially more tractable than the general model. The
implication of recursion that will be the focus of this paper follows directly: since consumption
behavior (and factors that affect consumption) have no impact on production, the composition of
the farm household will have no direct impact on production choices. Put another way, since farm
labor can be supplied on and off the farm at the same (shadow) wage, which is also the wage of
hired farm labor, excess demand for labor over and above that of household members can be
purchased in the market, hiring people who are exchangeable with household members. Excess

supply of labor can be sold at the same wage (Benjamin, 1992).*

Recursion, farm production, and labor demand
The implications of recursion for farm labor demand choices follow from the first order
condition for profit maximization, which sets the marginal revenue product for labor to its price:

pat% =w; Vit

Solving (7) and inverting, total demand for labor on the farm in period # I.”,, is the sum of

hired and family labor, which depends on all prices including the (shadow) wage:

LDt = LDt @ﬂﬂ pm Wy P/u) v t (8)

% The model with recursion also predicts that all decisions on the family farm affect consumption only through profits.
This restricts the influence on consumption of any production-side exogenous factors that do not directly enter the
demand system, such as prices of variable inputs: they can only affect consumption through an income effect which
operates through their impact on farm profits. See LaFave, Peet and Thomas (2011) for more detail.



and, is independent of observed and unobserved characteristics that affect consumption choices of
the farm household, |, and ¢, respectively. Concretely, demand for farm labor does not depend on
the demographic composition of the household.

The model rules out many situations that have been discussed in the theoretical — and to some
extent — empirical literature. There is no scope for differences in the productivity of farm household
workers and hired labor because of, for example, farm-specific experience or differences in the
propensity to shirk or because of unobserved differences in productivity that are not rewarded in the
market. The latter might include entrepreneurship, farm management skills or tastes for doing well
on one’s own farm. There are no costs of monitoring workers and no transactions costs (and
commuting costs) that differ between own and hired workers or between on- and off- farm work.
Labor is readily available at the prevailing wage at all times during the production process and there
is no unemployment (or under-employment) in the local labor market. The model also rules out
credit constraints, a wedge between farm gate and consumption prices, and within-household

bargaining over labor supply, resource allocation or farm production.

3. Empirical model of farm labor demand

Whether recursion provides a reasonable approximation of farm household behavior is an empirical
question. It is tested in this paper by determining whether the demand for farm labor (8) depends on
the demographic composition of the farm household using longitudinal survey data from Central
Java, Indonesia. Given a Cobb-Douglas production function as in Benjamin (1992), the demand for

labor by farm household 4 in community ; at time #is:

InLpji = o+ BNpji + 0 Xpje +nj¢ + nn + enje )

where I, is the total number of person-days of farm labor and N, represents household
demographic characteristics; X, are time-varying household and farm level characteristics such as
farmer experience, land size and farm productivity; 7, are community-specific fixed effects, one for
each period t; and 1), are household-farm fixed effects. Under the null that farm household decisions

are recursive, N, , has no impact on labor demand and £ is zero.

hjt

The labor demand function, (9), addresses two potentially important concerns raised in
studies that have relied on cross-sectional data. First, there may be unobserved farm-specific
characteristics that affect labor demand and are correlated with household demographic

composition. These include, for example, soil quality, plot fertility, farm specific knowledge, and
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managerial experience, all of which are extremely difficult to measure and likely correlated with
wealth and thus household composition (Benjamin, 1992; Udry, 1996; Rangel and Thomas, 2012).
The farm fixed effects, 77,, absorb all observed and unobserved farm-specific heterogeneity that is
fixed over time and affects labor demand in a linear and additive way so that the tests are not
contaminated by these sources of heterogeneity.” Second, demand for labor will vary with wages and
prices as well as with technology or weather shocks; these factors are absorbed in the community-
and time-specific fixed effects, 1),. Tests for recursion presented below exploit variation in
household composition for the same farm household over time while also controlling all local area
variation in each period. Households are surveyed multiple times and standard errors are clustered
allowing for arbitrary correlation within households across time.’

Demographic composition of the household is allowed to affect labor demand flexibly by
specifying the number of members, #°,, in each of 12 gender- and age- specific demographic

groups.” Household composition, N, 4» 1s defined as:

12
k

Nhjt = Z hjt

k=1 (10)

Six age groups are distinguished -- children and adolescents from birth to 14 years old, young adults
ages 15 to 19, prime age adults ages 20 to 34 and 35 to 49, adults 50 to 64 and seniors 65 and above.
Variation in //e,jj, arises from aging into the next age category, births, deaths, and migration into and
out of the household. Conclusions based on finer or coarser age stratifications are not different, nor
do they differ in a model with household size as the only indicator of the demography of the

household. The data used to estimate the model is described in the next sub-section.

5>This is similar to the approach used by Bowlus and Sicular (2003) who analyze recursion using a four-wave panel of
250 households in China. The authors report that of 442 person days of labor used per year on the average farm, only 4
person days per year are hired in with the remaining 438 provided by household members. In the absence of a local
labor market, it is not surprising that complete markets are rejected in their setting.

6 Standard errors calculated using block-bootstraps with blocks defined at the household level do not change the
quantitative nor qualitative results presented here with clustered standard errors.

7 Benjamin (1992) and Bowlus and Sicular (2003) follow Deaton (1986) and specify the vector N as

K-1
nk

N =log(n) + Z w
k=1
where 7 is total household size and # is the number of household members in demographic group 4. This specification
separates scale effects from composition effects (holding scale constant). None of our results depend on the
specification of IN; we prefer to use (10) which has a clearer interpretation of the impact of a change in household
composition on labor demand.



4. Data

The Work and Iron Status Evaluation (WISE), a large-scale longitudinal survey conducted in Central
Java, Indonesia, is designed to collect the information on individuals, households and communities
necessary to test implications of recursion in the agricultural househol model. After a listing survey
in late 2001, a population-representative sample of households living in Purworejo kabupaten were
interviewed every four months beginning in 2002 and continuing through 2005. A longer-term
follow-up was conducted five years after the start of the survey in 2007. All waves of the survey are
included in this study. Since the tests of recursion rely heavily on changes in household composition,
it is imperative that selective attrition does not contaminate inferences. Attrition is extremely low in
WISE: ninety-seven percent of the baseline farm households from the 2002 baseline were re-
interviewed five years later in the 2007 wave (Thomas et al., 2011).

The WISE instrument collects extensive and detailed information on each household’s farm
business every four months. This includes ownership and use of land, the value of farm assets, farm
activities performed by each household member, the number of hired laborers, their wages and
activities and amount of work performed. This information, combined with detailed data on the
costs of all other variable inputs and the quantity and value of output of each crop as well as
quantities sold are collected so that it is possible to estimate farm profits.

Table 1 reports means and standard errors of the data pooled over the eleven waves of
WISE used in this paper. The sample consists of approximately 4,500 farm households and 38,000
household-wave observations. As the baseline sample is representative of the study population,
every individual interviewed at baseline is eligible to be followed and interviewed throughout the
study. When an individual moves out of a baseline WISE household and forms a new household, it
becomes part of the WISE sample.

Panel A describes characteristics of the farms in the sample. Agriculture is the primary
source of income in the study area, with wetland rice being grown by eighty-five percent of farm
households. Rice is harvested three times per year and an increasing fraction of farmers have
diversified into also producing oranges, groundnuts, and coconuts. The average farm household
owns approximately half an acre of land and a modest capital stock.

Household composition is reported in panel B of the table. The average household has 3.83
members including one prime age (20-64) male and female. Variation in household composition is
key for identification in our models with household fixed effects; the percentage of households that
experience changes in composition is displayed in column 3. There is substantial variation over time

with sixty percent of households having a change in the number of members as a result of birth,



death, exit or entry. This understates the extent of change (if an entrant offsets an exit in a period):
over eighty percent of households experience at least one change in household composition during
the study period. An average of two individuals work on the farm in each household, while both
men and women participate in nearly all tasks.” Household members also sell their labor off farm,
with seventy-eight percent of households ever having a member who works away from the farm as a
private employee. Approximately one-third of all off-farm jobs are in the service sector in small
shops and restaurants.

The allocation of labor on the farm is reported in panel C. The average farm uses seventy-
two person days of labor in each four-month season. Three-quarters of the labor (fifty-four person
days) is provided by family members, of which over three-quarters is supplied by male household
members. There is an active and functioning labor market. Workers are hired by ninety percent of
farm households and ninety-five percent of them are paid a daily wage; the rest are involved in
exchange labor contracts in which the worker provides labor in exchange for labor on his farm.
Hired workers are engaged primarily in planting, weeding and harvesting with the daily wage for the

latter at approximately Rp18,000, three times greater than the wage for planting or weeding.

5. Empirical tests of an implication of complete markets

Estimates of the demand for farm labor model (9) are presented in Table 2 which displays estimates
of each element of f,, the coefficients on household demographic composition as specified in (10).
Under the null that the model is recutrsive, all of these coefficients should be zero. Test statistics for
joint significance are presented at the bottom of the table, and estimates of variance-covariance
matrices take into account clustering at the household level.

Farm household fixed effects are excluded from the model in column 1 to provide a direct
comparison with the existing literature, while fixed effects are included in column 2 and thereafter.
In both models recursion is rejected as indicated by the F-tests for all demographic covariates with
prime age males and females significantly predicting farm labor demand. Older and younger
household members predict labor demand in models without household fixed effects and to a less
extent in the models with fixed effects. This, and the fact that the estimated coefficients on prime
age males are smaller in models with farm household fixed effects suggests part of the association in

the first model reflects the influence of unobserved heterogeneity.

8 The exceptions are preparing land and working with livestock, which are nearly exclusively male tasks.
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Labor demand by farm task

It is possible that these tests are contaminated by unobserved heterogeneity that varies within
a farm household over time. For example, theory has highlighted principal agent problems inherent
in the farmer-hired worker relationship in settings where monitoring is costly. These concerns may
be especially important for weeding, planting, and applying fertilizer in rice cultivation since all of
these activities are conducted in a flooded paddy. In contrast, harvesting is substantially easier to
monitor. Hired labor is widely used in all of these activities. Arguments for using household labor
because of difficulties monitoring workers have been discussed in the literature for land preparation
and caring for livestock (Rosenzweig and Wolpin, 1993). Indeed, these tasks are done almost
exclusively by male household members, while female household members do most of the drying,
selling and milling of the rice. We therefore examine demand for labor in these tasks separately.

To capture these features of the local economy, in each wave, the WISE agricultural business
module records the number of person-days hired for each of seven tasks performed on the farm
during the prior four months, as well as which household members work in each task.” Task-specific
labor demand is the sum of person-days hired for that task and labor supplied by family members to
a task. Family supplied labor is calculated by matching the farm tasks reported for each household
member to their individual employment data."

Panel B of Table 2 presents estimates of the demand for farm labor for three groups of
activities: land preparation, caring for livestock, and drying, selling and milling rice (in column 3),
weeding, planting and applying fertilizer (in column 4) and harvesting (in column 5). Monitoring
costs does not explain the rejection of recursion. Household composition predicts demand for labor
for harvesting, for which monitoring is likely to be less salient, as well as the other two groups of
activities. If shirking is a substantial concern, farm owners and hired labor are likely to respond by
making multi-season contracts and, in fact, such contracts are widespread for planting, weeding and

harvesting in the study area.

Treating household composition as endogenons
Some farm tasks such as land preparation and caring for livestock rely heavily on labor of household
members and use relatively little hired labor. This suggests an alternative threat to identification in

our empirical model: household composition may be jointly determined with the nature of farm

9 The seven tasks are: working with livestock, preparing land, planting, weeding, fertilizing, harvesting, and drying, selling
and milling the harvest.

10 Every adult member of each farm household desctibes their labor activities on and off the farm in detail. Hours
recorded on each of the seven farm tasks are summed across all members to calculate total hours provided by farm
household members for each task.
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activities and, therefore, with farm labor demand. The farm household fixed effects included in the
model absorb household-specific time-invariant unobserved heterogeneity and community-time
fixed effects absorb variation in each time period at the community level. It is possible that there are
unobserved farm-household specific productivity shocks that are related to household composition
which contaminate the test statistics. For example, in a particularly good season when demand for
labor (and thus wages) are high, family members who are not co-resident may return to the farm to
work; in a bad season, household members may temporarily exit the household in search of work
elsewhere.

One approach to addressing this concern is to relate current labor demand to household
composition in the prior season. These estimates, which are purged of contamination due to
contemporaneous movements of members into and out of the household, are reported in column 6
of Table 2. Prior season household composition predicts current labor demand. It is possible that
there are costs of moving into and out of the household and so we examine the relationship
between farm labor demand and household composition in the next season as well. There is no
reason to expect future household composition to be driven by unanticipated productivity and labor
demand shocks and so these estimates should not be contaminated by reverse causality. Column 7
establishes that future household composition — particularly males — does predict labor demand. In
order to close down scope for selective migration into or out of the household, column 8 reports
estimates that include only households for whom variation in composition over time can be
attributed to aging of household members and not to new entrants or exits.'' This reduces the
sample by two-thirds. Even within this select sub-sample, household composition predicts labor
demand.

Finally, we adopt an instrumental variables approach to address the potential endogeneity of
household composition. Controlling farm household and time-specific community-fixed effects,
conditional on current household composition, composition in prior seasons should have no impact
on labor demand. Column 9 reports fixed effects instrumental variables estimates using composition
lagged one, two, and three seasons as instruments. All of the first stage estimates are well determined
(with F test statistics for the identifying covariates ranging between 26 and 75 with 8 of the 12 test
statistics exceeding 50; see Appendix Table A). The models are over-identified and we cannot reject
that composition lagged one and two seasons is exogenous conditional on assuming composition

lagged three seasons is exogenous. Treating household composition as endogenous has no impact on

11 As this subsample has the same men and women in a household in each wave, family size is captured by the
household fixed effect. Given that changes in demographic composition do not then change total size, estimates must be
interpreted relative to an omitted group for both males and females (birth to age fourteen).
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our substantive finding: household composition significantly predicts farm labor demand in the
fixed effects instrumental variables model."

The evidence presented in Table 2 establishes that the behavior of the average farm household
is not consistent with the existence of complete markets. It is, however, possible, that a subset of
households invest in financial capital, family or social networks, risk diversification or risk mitigation
strategies that serve as substitutes for missing markets. For such households, behavior may be
consistent with complete markets. For example, there is evidence suggesting that wealthier and
better-educated households are better able to cope with unanticipated shocks (Townsend, 1994;
Frankenberg, Smith and Thomas, 2003).

To investigate this issue, the sample of farm households has been stratified by measures of
resource availability and the labor demand functions have been estimated separately for each sub-
sample. Results are reported in Table 3. We begin with better educated farmers who are not likely to
have better access to resources but are also likely to be better informed about markets and more able
to exploit new technologies and entrepreneurial opportunities. The first panel of Table 3 stratifies
the sample into three groups by the education of the household head: 15% who did not complete
primary school, 67% who did not complete secondary school and the 18% who completed at least
secondary school. For all three groups, including the better-educated, household composition is a
significant predictor of farm labor demand. The same conclusion emerges when the sample is
stratified by a measure of the cognitive ability of the household head and when households are
stratified by the level of education of the best educated adult in the household.

It is possible that it is financial resources rather than education or cognitive ability that are key
in assuring that incomplete markets do not distort behaviors. The second and third panels in the
table stratify farm households based on average real per capita household expenditure over the
entire survey period which we interpret as a measure of longer run resource availability or
“permanent income.” Results in columns 4 and 5 of the table stratify households at the median of
permanent income. While recursion is rejected for both groups, the effects of household
composition are smaller for households with more resources.

We have investigated this more fully and find that when we separate households into the
bottom 15 percent, the middle 70 percent and the top 15 percent in the permanent income

distribution, there is evidence that among households with more resources, household composition

21V estimates are not substantively different using only three and two season lags in household composition as
instruments. In all cases, the first stage estimates and overidentification tests indicate the instruments are valid, the joint
test of all demographic groups rejects recursion, and individual coefficient estimates are similarly significant and slightly
larger than the model including one season lags in the instruments.
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is not a significant predictor of demand for farm labor. However, there are legitimate concerns
regarding the power of the test. The estimated coefficients on 35-49 year old males and females in
the top income group are very close in magnitude to the estimates for the middle-income group and
none of the coefficients on the demographics groups are significantly different between the two
groups. The failure to reject recursion in the top income group is arguably largely driven by the
relatively large standard errors.

We have also explored whether household composition predicts labor demand for several
other sub-samples. These include households with only one adult member (who is likely to need
hired labor) relative to households with many adults (and unlikely to hire labor); households with
large plots (whose demand for labor is greater) and those with small plots; and households that
experienced a negative weather shock (and may need help at that time). In all of these cases,
household composition is a significant predictor of farm labor demand for every sub-sample.

While there are active labor markets across the entire study area, there is heterogeneity in the
level of development, nature of markets and, importantly, for this study, the extent to which labor is
hired for farm work. Stratifying communities into quintiles of the extent to which labor is hired in
the local economy, we find that recursion is rejected in every sub-sample including those
communities where over a third of labor demand is hired.

The only sub-sample for which there is any evidence that recursion is not rejected is those
farm households in the top 15 percent of the resource distribution. We conclude that there is only
modest evidence that some households behave as it there are complete markets. For the vast
majority of farm households in the study area, the assumption that complete markets exist is not
consistent with observed household behavior. In contrast, Benjamin (1992) implemented the same
test using data on farm households in rural Java collected in 1980 and could not reject the complete
markets hypothesis. It is useful to investigate the reasons for these different conclusions.

It is possible that local economies have become less efficient over time in rural Java. That
seems very unlikely. There has been a sustained and substantial increase in the use of hired labor in
the agricultural sector over the last forty years with the majority of farm households both purchasing
labor for their own farms while household members work off the farm (Booth, 2002). Agricultural
production has been transformed over the last quarter century with the adoption of high yielding
varieties of rice and diversification into other cash crops (Pearson et al, 1991).

Our investigation suggests that a more likely explanation lies in differences in the data.
Benjamin used a business module administered as part of the 1980 Survei Sosial Ekonomi Nasional

(National Socioeconomic Survey, SUSENAS), a multi-purpose cross-sectional survey conducted in
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February of each year by Statistics Indonesia."” At that time, the centerpiece (or core) of the survey,
which was repeated every year on a new sample, was a detailed consumption module that usually
took up the vast majority of interview time along with a listing of household members and their
activities.

The business module was administered to a 10% subsample of households and has been
administered only once. Questions are asked of the household head about sources of household
business income and, for agricultural businesses, information about land holdings, choice of
technology, labor and other inputs, and harvest and sales. Farmers are also asked to recall the
number of person days provided by unpaid workers and the number of person days provided by
paid workers and their total wage bill over the last 12 months. These questions are asked about each
of six tasks (e.g. planting, harvesting). Unpaid workers are assumed to be family workers. Benjamin
(1992) estimates that the average farm household that produced rice in Java used 104.5 person days
of labor in the prior year of which 78.2 person days were hired workers and 26.3 person days were
contributed by household members.

This estimate of household labor appears to be very low. First, it implies that one household
member worked on the farm for one day in each fortnight of the previous year. This seems unlikely
since the average farm household had 1.4 males and 1.4 females, rice was cropped three times a year
at the time, and rice farming is the primary activity of the farm households examined in Benjamin
(1992).

Second, the activity module of the SUSENAS core provides a check on this estimate. For
each household member age 10 and older, the household head reports whether the person worked
and, if so, whether the person worked in a family business and the number of hours worked in the
past week. Benjamin (1989) summarizes those data. For the same Javanese rice farmers, the
household head reported that in the last week, male household members worked 28.5 hours, female
household members worked 14.2 hours, and so the average household provided 42.7 hours of labor
for the household businesses in the week before the survey. This is at least 5 person days in the last
week and, if the previous week was not unusual, around 200 to 250 person days in the last year.

It is possible that households had many farm businesses and that only about one-tenth of
their labor (26 person days) was allocated to rice farming. While other businesses likely account for
some of the time, it is unlikely that they account for ninety percent of the time since rice farming is

the primary activity of the households. It seems more likely that unpaid labor reported in the

13 Unfortunately, the micro-data from the Agricultural Supplement (Section IV) to the 1980 SUSENAS is no longer
available from Statistics Indonesia and we have been unable to locate the data from any other soutrce.

15



business module is a substantial under-estimate, possibly, in part, because of the substantial
cognitive demands of recalling over the last 12 months the number of person days of household
labor worked on the farm.

Third, Hart (1978) followed rice farmers in Central Java as part of an intensive ethnographic
study. She estimates that the average household provided about 202 person days of labor on the
family farm, which is much closer to the estimate from the SUSENAS core module than the
estimate reported in the business module. (Hart did not enumerate hired labor.)

In contrast with the design of SUSENAS, in WISE each household member reports the
amount of labor supplied on the farm over the last four months, and hired labor for the last four
months is reported by the person who manages the farm, usually the household head. Farm labor
demand is the sum of all these components. It amounts to nearly 220 person days aggregated over
the last 12 months, of which one-quarter is hired and over 160 days of labor are provided by
household members. This estimate is closer to Hart and the SUSENAS activity module; again the
SUSENAS business module appears to be very low.

It is not straightforward to draw comparisons over time; average farm size has declined,
technology has changed as high yield rice varieties have been adopted, household size has declined
and labor productivity on and off the farm has changed. However, it is straightforward to adjust for
a key change that likely captures much of the variation in labor intensity over time: the decline in
farm sizes. According to Benjamin (1992), in the 1980 SUSENAS, the average farm uses 220 person
days of labor per hectare of which less than one-quarter, 50 person days per hectare, was provided
by household members. Hart estimates that rice farm household members worked 404 person days
of labor per hectare of land cultivated in 1978. This is eight times the estimate in the SUSENAS
business module. In WISE, it is estimated that farm household members work 490 person days per
hectare on the farm which is very close to Hart’s estimate. Total demand for labor per hectare in
WISE is 660 person days per year. This suggests that labor intensity in rice cultivation has increased
over time, which is plausible given the smaller farm sizes, shift to high yield varieties and increased
use of other inputs.

It is also possible to compare sources of income across surveys. Statistics Indonesia has
conducted an Agricultural Census every decade since 1983. Those data document that in 1983, 83%
of total farm household income was earned from agricultural activities and the rest was from non-
farm work (Rusastra, Lokollo, and Friyanto, 2009). It is difficult to reconcile this estimate with the
1980 SUSENAS estimate of only one-quarter of farm labor being provided by household members.

The Agricultural Census also documents a secular decline in the share of household income from
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agriculture as more off farm opportunities have arisen. In 2003, 69.5% of the income of farm
households was from farm work (Rusastra, Lokollo, and Friyanto, 2009). The estimate of the share
of income from agriculture in farm households in WISE is very close: 71%.

The balance of the evidence points to the 1980 SUSENAS data on farm work by household
members being implausibly low. We have explored whether this is likely to lead to failing to reject
recursion. The labor use data in WISE have been reweighted to match the first moment of
household labor supply in Benjamin (1992) and we have replicated his specification of the demand
for farm labor with farm fixed effects. None of the household demographics is individually
significant nor are they jointly significant. Recursion cannot be rejected. This conclusion is reversed
if the models do not include farm fixed effects or if the specification of demographics is the more
flexible form used in Table 2.

We conclude, based on the evidence in WISE, that household behavior is not consistent with
the existence of complete markets for the vast majority of households, with the possible exception

of those at the top of the income distribution.

6. Conclusion

Family-run farms and microenterprises play an important role in low income settings and are
thought to be key drivers of global growth. In order to understand the labor market choices of these
households and formulate and evaluate policies, it is essential to model the opportunities and
constraints such households face. This research has established that the model of a farm household
under the assumption that markets are complete, which implies that there is a separation between
production and consumption decisions, is rejected using recently collected longitudinal survey data
from Central Java, Indonesia. Specifically, with complete markets, household demographic
composition should not be related to the demand for farm labor. This implication is rejected even
after taking into account time invariant unobserved heterogeneity at the farm level, treating
household composition as endogenous, and examining labor demand for separate farm tasks that
vary in the extent to which shirking is likely to have an impact on profits.

These results contrast with the prevailing wisdom in the literature based on seminal research
by Benjamin (1992), which failed to reject the implications of complete markets in rural Java in the
1980s. While there are many potential explanations for the difference in conclusions, our empirical
strategy has followed the approach described by Benjamin and, after extensive investigation we

attribute the difference in conclusions to differences in the quality of the data.

17



References

Akresh, Richard and Eric V. Edmonds, “Sibling Rivalry, Residential Rivalry, and Constraints on the
Availability of Child Labor” Working Paper, 2012.

Barnum, Howard and Lyn Squire, “An Econometric Application of the Theory of the Farm Household,”
Journal of Development Economics, 1979, 6, 79-102.

Behrman, Jere R., “Labor Markets in Developing Countries,” in Otley Ashenfelter and David Card, eds.,
Handbook of Labor Economics, Vol. 3, Elsevier, 1999, pp. 2859-2939.

Benjamin, Dwayne, .An Econometric Analysis of Farm Labor Demand in Rural Java, 1989, Doctoral dissertation,
Princeton University.

Benjamin, Dwayne, “Household Composition, Labor Matkets, and Labor Demand: Testing for Separation in
Agricultural Household Models,” Econometrica, 1992, 60 (2), 287-322.

Booth, Anne. “The changing role of non-farm activities in agricultural households in Indonesia: Some
insights from the agricultural census.” Bulletin of Indonesian Economic Studies, 38(2): 179-200, 2002.

Bowlus, Audra J. and Terry Sicular, “Moving Toward Markets? Labor Allocation in Rural China,” Journal of
Development Economics, 2003, 71, 561-583.

Deaton, Angus, “On Measuring Child Costs with Applications to Poor Countries,” Journal of Political Economy,
1986, 94:720-44.

Frankenberg, Elizabeth, James Smith, and Duncan Thomas. “Economic shocks, wealth, and welfare.” Journal
of Human Resources, 38(2): 280-321, 2003.

Field, Erica, “Entitled to Work: Urban Property Rights and Labor Supply in Peru,” Quarterly Journal of
Economics, 2007, 122 (4), 1561-1602.

Grimard, Franque, “Rural Markets, Household Composition, and Rainfall in Céte d’Ivoire,” Review of
Development Economics, 2000, 4 (1), 70-806.

Hart, Gillian, Labor Allocation Strategies in Rural Javanese Housebolds. Ph.D. Thesis, Cornell University, 1978.

Jacoby, Hanan G., “Shadow Wages and Peasant Family Labour Supply: An Econometric Application to the
Peruvian Sierra,” The Review of Economic Studies, 1993, 60 (4), 903-921.

Jayachandran, Seema, “Selling Labor Low: Wage Responses to Productivity Shocks in Developing
Countries,” Journal of Political Economy, 2006, 114 (3), 538-575.

Kaboski, Joseph P. and Robert M. Townsend. “A structural evaluation of a large-scale quasi-experimental
microfinance initiative.” Econometrica, 79(5):1357-14006, 2011.

Kaur, Supreet, “Nominal Wage Rigidity in Village LLabor Markets,” Working Paper, 2014.

Kochar, Anjini, “Smoothing Consumption by Smoothing Income: Hours-of-work Responses to Idiosyncratic
Agricultural Shocks in Rural India,” Review of Economics and Statistics, 1999, 81 (1), 50—61.

LaFave, Daniel, Evan Peet, and Duncan Thomas, “Are Rural Markets Complete? Prices, Profits, and
Separation in Agricultural Households,” April 2011. Working Paper.

18



Lopez, Ramon, “Estimating Labor Supply and Production Decisions of Self-Employed Farm Producers,”
European Economic Review, 1984, 24 (1), 61-82.

Lopez, Ramon, “Structural Models of the Farm Household that Allow for Interdependent Utility and Profit
Maximization Decisions,” in Inderjit Singh, Lyn Squire, and John Strauss, eds., Agricultural Housebold
Models: Extensions, Applications, and Policy, Johns Hopkins University Press, 1986, pp. 306-326.

Mobarak, Ahmed Mushfiq and Mark Rosenzweig. “Risk, insurance and wages in general equilibrium.”
Working Paper, June 2014.

Pearson, Scott, Walter Falcon, Paul Heytens, Eric Monke and Rosamund Naylor. Rice Policy in Indonesia.
Ithaca: Cornell University Press. 1991.

Pitt, Mark and Mark Rosenzweig, “Agricultural Prices, Food Consumption and the Health and Productivity
of Indonesian Farmers,” in Inderjit Singh, Lyn Squire, and John Strauss, eds., Agricultural Household Models:
Extensions, Applications, and Policy, Johns Hopkins University Press, 1986, pp. 153—182.

Rangel, Marcos and Duncan Thomas, “Out of West Africa: Evidence on the Efficient Allocation of
Resources within Farm Households,” Working Paper, November, 2012.

Rosenzweig, Mark and Kenneth Wolpin, “Credit Market Constraints, Consumption Smoothing, and the
Accumulation of Durable Production Assets in Low-Income Countries: Investments in Bullocks in
India”, Journal of Political Economy, 1993, 101.2:223-224.

Rusastra, I Wayan, Erna M. Lokollo, and Supena Friyatno. “Land and household economy: Analysis of
agricultural census 1983-2003”. In 1. W. Rusastra, S. Pasaribu, and Y. Yusdja, editors, Proceeding of the
National Seminar on Land and Household Economy 1970-2005: Changing road for poverty reduction, ICASEPS and
UNESCAP-CAPSA, 2009, pp. 99-124.

Schultz, T. Paul, “Women’s Roles in the Agticultural Household: Bargaining and Human Capital
Investments,” in “Handbook of Agricultural Economics,” Vol. 1, Elsevier, 2001, pp. 383—456.

Singh, Inderjit, Lyn Squire, and John Strauss, eds, Agricultural Honsehold Models: Extensions, Applications, and
Policy, Baltimore, MD: Johns Hopkins University Press, 1980.

Stiglitz, Joseph E. “Incentives and Risk Sharing in Sharecropping,” Review of Economic Studies, 1974, 41.2:
219-55.

Strauss, John, “Determinants of Food Consumption in Rural Sierra Leone: Application of the Quadratic
Expenditure System to the Consumption-Leisure Component of a Household-Firm Model,” Journal of
Development Economics, 1982, 11 (3), 327-353.

Strauss, John, “Joint Determination of Food Consumption and Production in Rural Sierra Leone: Estimates
of a Household-Firm Model,” Journal of Development Economics, 1984, 14 (1), 77-103.

Strauss, John, “The Theory and Comparative Statics of Agricultural Household Models: A General
Approach,” in Inderjit Singh, Lyn Squire, and John Strauss, eds., Agricultural Honsehold Models: Extensions,
Applications and Policy, Johns Hopkins University Press, 1980.

Strauss, John and Duncan Thomas, “Human Resources: Empirical Modeling of Household and Family
Decisions,” in Jere Behrman and T. N. Srinivasan, eds., Handbook of Development Economics, Vol. 3,
Elsevier, 1995, pp. 1883-2023.

19



Taylor, ]. Edward and Irma Adelman, “Agticultural Household Models: Genesis, Evolution, and Extensions,”
Review of Economics of the Housebold, 2003, 1 (1), 33-58.

Thomas, Duncan, Elizabeth Frankenberg, Jed Friedman, Jean-Pierre Habicht, Mohammed Hakimi, Nick
Ingwersen, Jaswadi, Nathan Jones, Christopher McKelvey, Gretel Pelto, Bondan Sikoki, Teresa Seeman,
James P. Smith, Cecep Sumantari, Wayan Suriastini, and Siswanto Wilopo, “Causal Effect of Health on
Labor Market Outcomes: Experimental Evidence,” August 2011. Working Paper.

Townsend, Robert M., “Risk and Insurance in Village India,” Econometrica, 1994, 62 (3), 539-591.

Udry, Christopher, “Gender, Agricultural Production and the Theory of the Household,” Journal of Political
Economy, 1996, 104 (5), 1010-1046.

White, Douglas R. and Thomas Schweizer, “Kinship, Property and Stratification in Rural Java: A Network
Analysis,” in Douglas R. White and Thomas Schweizer, eds., Kinship, Networks, and Exchange, Cambridge
University Press, 1998, pp. 36-58.

Yotopolous, Pan A. and Lawrence J. Lau, “On Modeling the Agricultural Sector in Developing Economies,”
Journal of Development Economics, 1974, 1 (2), 105-127.

20



Table 1: Summary Statistics

Panel A Panel B Panel C
Farm Characteristics Household Composition Farm Labor in the Last 4 Months
@ @ €) Q)
Mean Mean Percent with Mean
a Change
Rice Farm (%) 84.89 [Household Size 3.83 60.34  |Person-Days of |...]
(0.18) (0.008) (0.77)  [Total Labor Demand 72.45
Males age |...] (0.30)
Own Land (%) 73.20 |0 to 14 years 0.51 28.87
(0.23) (0.004) (0.72)  |Family Supplied Labor 54.38
Size of Land Owned (m®)  2076.45 (15 to 19 0.19 27.64 (0.22)
(70.72) (0.002) 0.71)
20 to 34 0.30 27.02  [Hited Labor 18.07
Value of Farm Assets 236.29 (0.003) (0.70) (0.19)
(Rp0,000) (4.50) |35 to 49 0.36 22.36
Value of Non-Farm Assets  461.01 (0.003) 0.66)  |Family labor supplied by [...]
(Rp0,000) (5.49) |50 to 64 0.31 24.44  |Male Household Members 40.33
(0.002) 0.68) 0.18)
Ageof [...] 65 and older 0.30 16.07  |Female Household Members  14.05
Primary Male 54.50 (0.002) (0.58) (0.10)
(0.07)  |Females age |[...]
Primary Female 49.23 |0 to 14 years 0.47 26.36  |Person-Days Hired for [...]
(0.06) (0.004) (0.70)  |Planting 6.39
15to 19 0.14 24.51 (0.07)
Years of Education of |...] (0.002) (0.68)  [Harvesting 4.86
Primary Male 6.14 (20 to 34 0.27 26.19 0.07)
(0.02) (0.002) 0.70)  [Weeding 410
Primary Female 498 |35t049 0.41 23.76 (0.08)
(0.02) (0.003) (0.67)  |Other Farm Tasks 2.72
50 to 64 0.34 2591 (0.08)
(0.002) (0.69)
N. Households 4452 |65 and older 0.25 17.70
N. Household-wave Obs. 38189 (0.002) (0.60)
Any Change in Household 81.42
Composition (0.62)

Notes: Table reports means and standard errors in parentheses for variables of interest. The sample consists of households with farm businesses, approximately 75%
of households in the survey. All labor measured as unconditional means of person-days over the past 4 months, and assets as January 2002 Rp0,000.



Table 2 : Labor Demand (in log of person days per season) and Household Composition

A. Baseline Results B. Labor Demand by Farm Task C. Treating Household Composition as Endogenous
M ) 3 @ ) © ™ ®) )
Home//o/d' Pooled Cross  Household La}nd Prep Weed.mg . Compositionin  Composition Household's with Instrumer.lt.al V?rS:
demographic Secti Fixed Effect Livestock Planting Harvesting . iod ¢ period only aging composition in
comporsition cctions xed BHECS | Dry/Sell/ Mill  Fertilizing priot perio next perio vatiation  (t-1), (t-2), & (t-3)
Number of males in farm HH
0 to 14 years 0.02 -0.00 -0.01 -0.01 -0.04 -0.02 0.03 - 0.00
0.01) 0.02) (0.03) 0.02) 0.03) 0.02) 0.02) 0.04)
15to 19 0.11 0.09 0.16 0.07 0.06 0.06 0.07 0.10 0.10
(0.01) 0.02) (0.03) 0.02) (0.03) 0.02) 0.02) (0.05) (0.04)
20 to 34 0.17 0.13 0.14 0.09 0.12 0.08 0.07 0.17 0.17
0.01) 0.02) 0.03) 0.02) 0.03) 0.02) 0.02) 0.11) (0.05)
35 to 49 0.20 0.16 0.18 0.11 0.17 0.07 0.04 0.16 0.15
0.02) (0.03) (0.05) 0.03) 0.04) 0.03) 0.02) 0.12) (0.08)
50 to 64 0.27 0.21 0.22 0.13 0.21 0.07 0.11 0.25 0.17
0.02) (0.03) (0.06) (0.04) (0.05) (0.03) 0.03) 0.12) (0.09)
65 and older 0.20 0.19 0.17 0.11 0.18 0.05 0.11 0.25 0.11
(0.03) (0.03) (0.06) (0.04) (0.05) (0.04) (0.03) 0.13) 0.11)
Number of females in farm HH
0 to 14 years -0.02 -0.04 -0.03 -0.05 -0.03 -0.02 -0.01 - -0.02
(0.01) 0.02) 0.03) 0.02) (0.03) 0.02) 0.02) (0.04)
15to 19 0.01 -0.01 0.01 -0.02 -0.03 0.00 -0.01 -0.01 -0.02
0.02) 0.02) 0.03) (0.02) 0.03) 0.02) 0.02) (0.05) (0.04)
20 to 34 0.01 0.06 0.05 0.05 0.07 0.06 0.01 0.21 0.09
(0.02) (0.02) (0.03) (0.02) (0.03) 0.02) 0.02) (0.10) (0.05)
35 to 49 0.08 0.14 0.06 0.13 0.10 0.12 0.05 0.32 0.26
(0.02) (0.03) (0.05) (0.03) (0.04) (0.03) (0.03) 0.11) (0.08)
50 to 64 0.10 0.11 0.04 0.11 0.10 0.07 0.07 0.32 0.18
(0.02) (0.03) (0.05) (0.03) (0.04) (0.03) (0.03) 0.12) (0.08)
65 and older -0.04 0.04 -0.05 0.05 0.07 0.03 0.00 0.25 0.08
0.02) 0.03) (0.05) (0.03) (0.05) 0.03) 0.03) 0.13) (0.08)
Tests for joint significance of demographic composition
All Groups 37.73 12.57 6.23 491 4.59 5.18 5.21 2.72 39.23
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Males 53.81 17.86 9.83 6.08 6.37 5.61 7.63 2.28 20.74
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00
Females 10.01 6.66 1.29 3.60 1.65 3.87 2.12 2.90 13.33
p-value 0.00 0.00 0.26 0.00 0.13 0.00 0.05 0.01 0.04
Prime age adults 48.78 21.77 10.27 8.86 7.34 9.39 5.84 2.65 36.27
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
C-test - 1 Period Lags (¥) 12.65
p-value 0.97
Obsetrvations 38189 38189 27387 33166 24353 34414 34769 11594 26951
N. Households 4452 4452 4176 4166 4022 4300 4305 1584 3861

Notes: All estimates of variance-covatiances take into account clustering at the household level and allow arbitrary heteroskedasticity. Joint tests for the significant of demographic groups are F-statistics (columns 1-8) and chi-
squared (column 9). The C-test is an overidentification test examining the exogeneity of 1 and 2 period lags conditional on the validity of the 3 period lags. All models control land ownership status and the size of land
owned, whether land is irrigated and size of irrigated land, quintiles of farm and household (real) assets, age and education of the household head and spouse, and month of interview indicators. Columns 2 through 9 include
farm household fixed effects and community-time fixed effects. As column 8 limits the sample to household with the same men and women across waves, changes in demographic composition do not change household size
and ate therefore interpreted relative to omitted groups (birth to age 14).



Table 3: Labor Demand for Stratified Samples

Household Head's Years of Education

Position in Per Capita Expenditure Distribution

O] @ ) ) ® ©) @ ®
5 or Less 6to1l 12 or More |Bottom 50%  Top 50% | Bottom 15% Middle 70%  Top 15%
Number of males in farm HH
0 to 14 years 0.03 -0.01 0.03 -0.01 0.01 -0.04 0.01 -0.05
(0.05) (0.02) (0.04) (0.02) (0.02) (0.04) (0.02) (0.06)
15to 19 0.09 0.07 0.11 0.10 0.06 0.11 0.09 0.05
(0.05) 0.02) (0.04) 0.02) (0.03) (0.05) 0.02) (0.05)
20 to 34 0.13 0.15 0.11 0.17 0.11 0.19 0.15 0.05
(0.06) (0.02) (0.05) 0.02) (0.03) (0.04) (0.02) (0.06)
35 to 49 0.08 0.16 0.19 0.24 0.09 0.32 0.15 0.13
(0.09) (0.04) (0.06) (0.04) (0.04) (0.08) (0.03) (0.10)
50 to 64 0.09 0.21 0.29 0.29 0.12 0.29 0.20 0.11
(0.10) (0.04) 0.07) (0.05) (0.05) (0.09) (0.04) (0.10)
65 and older 0.23 0.18 0.17 0.27 0.09 0.28 0.19 0.02
0.12) (0.04) 0.07) (0.05) (0.05) (0.09) (0.04) 0.11)
Number of females in farm HH
0 to 14 years -0.08 -0.06 0.03 -0.04 -0.04 -0.05 -0.02 -0.08
(0.05) 0.02) (0.04) (0.02) (0.03) (0.05) (0.02) (0.06)
15to 19 0.13 -0.01 -0.05 0.01 -0.04 -0.06 -0.00 -0.02
(0.06) (0.02) (0.04) (0.02) (0.02) (0.05) (0.02) (0.05)
20 to 34 0.12 0.05 0.04 0.07 0.05 0.08 0.06 0.07
(0.06) (0.02) (0.05) (0.03) (0.03) (0.05) (0.02) (0.06)
35 to 49 0.23 0.12 0.22 0.16 0.13 0.15 0.16 0.14
(0.08) (0.03) (0.06) (0.03) (0.04) (0.06) (0.03) (0.09)
50 to 64 0.16 0.09 0.2 0.13 0.08 0.03 0.15 0.09
(0.09) (0.03) (0.06) (0.04) (0.04) 0.07) (0.03) (0.08)
65 and older 0.13 -0.00 0.10 0.08 -0.01 0.05 0.06 0.05
(0.10) (0.03) (0.06) (0.04) (0.04) 0.07) (0.03) (0.08)
Joint test of demographic variables
All Groups 2.53 9.01 4.28 10.34 3.85 3.70 10.76 0.95
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50
Mean person-days of /...
Hired Labor 10.61 16.82 28.26 11.06 25.07 7.42 16.95 33.96
Family Supplied 57.51 57.16 42.15 59.67 49.30 62.73 55.73 40.38
Observations 5557 25426 7206 19227 18962 5827 26724 5638
N. Households 687 2825 940 2218 2234 757 2966 729

Notes: Table reports estimates of labor demand regressions for stratified samples. All estimates of variance-covariances take into account clustering at the household level and

allow arbitrary heteroskedasticity. Joint tests for the significant of demogtraphic groups are F-statistics. All models control land ownership status and the size of land owned,
whether land is irrigated and size of irrigated land, quintiles of farm and household (real) assets, age and education of the household head and spouse, month of interview
indicators, farm household fixed effects and community-time fixed effects.



Appendix Table A
Labor Demand Regressions - First Stage Results
1, 2, and 3 Period Lagged Household Composition as IVs

Dependent Variable
Number of males [...] Number of females [...]
M @ © @ ©) ©) ™ ®) ) 1w an a2

Birth to 65 and Birth to 65 and

14years 15t019 20to34 35t049 50to64 older 14years 15t019 20to34 35t049 50to64  older
Joint Test of all1V's
F-statistic 75.63 56.21 49.85 57.98 52.09 28.98 61.37 53.04 53.92 54.26 41.69 26.19
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Observations 26951 26951 26951 26951 26951 26951 26951 26951 26951 26951 26951 26951
N. Households 3861 3861 3861 3861 3861 3861 3861 3861 3861 3861 3861 3861

Notes: Table reports joint F tests of IVs from the 1% stage of labor demand regressions using 1, 2, and 3 period lagged houschold composition as instruments for the number of houschold members in
the demographic group in each column. Along with locality-wave and household fixed effects, additional controls include land ownership status and the size of land owned, whether land is irrigated and
size of irrigated land, quintiles of farm and household (real) assets, age and education of the household head and spouse, and the month of interview. All estimates of variance-covariances take into

account clustering at the household level and allow arbitrary heteroskedasticity.



