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Abstract:

This paper presents and tests a model of agricultural labor exchange teams using primary data from Indonesia.  Farmers participate in labor exchange in order to take advantage of technological benefits from teamwork and to substitute for paid labor when labor and capital markets fail.  Because of the reciprocal exchange of labor time under labor exchange, returns to teamwork are a necessary condition for the use of exchange labor when non-household labor exhibits moral hazard.  Missing markets alone cannot explain labor exchange, but as markets fail exchange labor becomes a more important source of team labor.  The interplay of these missing market and technological determinants of labor exchange helps to explain both the prevalence and persistence of this institution in developing countries.  The empirical model tests for the decision to use labor exchange with and without working capital constraints for the sample of Indonesian farmers.  Results show that an increase in the supply of market labor reduces demand for labor exchange only among households constrained in working capital.  Consistent with the theory, an increase in farm size has no effect on the decision to use labor exchange for households that are not liquidity constrained, but has a significant positive effect for constrained households.  A major determinant of participation is the local distribution of land and the presence of potential teammates with plots of equal size. 

I.  Introduction

This paper provides a theoretical and empirical explanation for the use of labor exchange or work sharing teams in agriculture.  Under labor exchange, farmers form a work team that performs a task such as planting, weeding or harvesting crops on each team member’s farm in succession.  Labor time is traded reciprocally without pay, with the possible exception of a mid-day meal.  Various forms of this lasting labor institution continue to be used in many parts of the developing world.
  Research into the determinants and benefits of labor exchange has been limited almost entirely to sociological studies.  Many sociologists have predicted that the prevalence of labor exchange will decline as markets develop because the teams require coordination of household labor time from several landowners and seem to arise out of a need to avoid cash payments.  Indeed, since the work of Erasmus (1956, 1961), most sociologists have claimed that the institution of labor exchange is in decline.  However, Guillet (1980) and Chibnik and de Jong (1989) emphasize its persistence and argue that predictions of the demise of labor exchange are mostly unrealized.
  

The main reasons cited for farmer participation in labor exchange are to take advantage of technological benefits from teamwork and to substitute for paid labor when labor and capital markets fail.  Sociological studies have identified as possible returns to teamwork available through labor exchange (i) greater speed in completing time-sensitive tasks (Moore (1975); Goethals (1967)), (ii) classical returns in number of workers (Moore (1975); Weil (1973)), (iii) adjustment of the timing of tasks within a season (Worby (1995)), and (iv) psychological benefits from working with others (Moore (1975) and Goethals (1967)).  The missing markets argument for labor exchange is that it substitutes for scarce market labor during peak periods of demand (Moore (1975)) or in regions with abundant or uniformly distributed land (Geschiere (1995)).  When credit markets fail, exchange labor offers a source of labor to farmers who are constrained in holdings of working capital (Moore (1975)).  This argument is consistent with the principles of transaction cost economics (see Coase (1937) and Williamson (1979, 1986)) wherein the institution of labor exchange arises because transaction costs in labor or credit markets make reliance on the paid labor market prohibitively expensive for the task at hand.  Another motivation for labor exchange that has received less attention is output quantity and quality gains due to stronger incentives to work and monitor teammates in this revolving reciprocal exchange (see Worby (1995)).  

Economists have almost entirely ignored labor exchange, but the presence and persistence of this institution has important implications for research on the performance of rural factor markets and therefore on rural development.  If labor exchange arises primarily as an institutional response to failure of rural labor and credit markets, then the prevalence of labor exchange in a region provides an indicator of the depth of factor markets there.  Accordingly, reliance on exchange labor should be accounted for in analyses of the welfare costs of missing markets or the potential benefits of the commercialization of agriculture.  Under this “missing markets hypothesis,” the importance of labor exchange should fade as markets develop.  If, on the other hand, technological considerations relating to teamwork dominate the decision to use exchange labor, demand for this institution will be closely related to the characteristics of local production (e.g., crop choice, water use) and may persist even as markets develop.

It is difficult to assess the relative strengths of each of these explanations for labor exchange from the existing literature.  The primary contribution of this paper is to provide a more rigorous assessment of these motivations by developing a formal model of labor exchange and testing the theory using primary data on farm households in Indonesia.  In the theoretical model, an agricultural household decides whether to participate in labor exchange given a production technology with increasing returns to teamwork, possible rationing in the credit market, and transaction costs in the paid labor market and in labor exchange.  In addition, hired labor is subject to moral hazard and must be supervised in order to be productive. 

From this model it is possible to contrast the technology-based explanations for labor exchange with arguments based on market failure.  Results show that returns to teamwork are a necessary condition for labor exchange when non-household labor exhibits moral hazard.  Labor time employed on farm through labor exchange must be reciprocated with household labor time off farm.  This results in a net decline in effective labor hours on farm due to supervision costs arising from moral hazard.  The inability of labor exchange to increase labor hours on farm makes it a limited substitute for market labor, effectively substituting only for team labor demand from the market.  Therefore, missing markets alone cannot explain the use of exchange labor.  However, where labor and credit markets have failed, exchange labor will be more common.  The model also predicts that the effect of endowments (including farm size, household size, and asset holdings) and local labor market conditions (such as the size of the labor force and wage rates) on the decision to use labor exchange will differ systematically depending on whether the household is constrained in its holdings of working capital.  Endowments, for example, will play a larger role for households that are working capital constrained.  Results also show how the interplay of these missing market and technological determinants of labor exchange help to explain both the prevalence and persistence of this institution in developing countries.

The model developed here is a generalization of the models of the organization of agricultural production by Eswaran and Kotwal (1986) (following Roemer (1982)) and Carter and Zimmerman (2000).  An important implication of the multiple market failures in these models is that the distribution of land (and capital) endowments determines the resulting organization of production as defined by the pattern of labor use. Stark predictions are derived concerning how households can be classified in an activity continuum, moving from being wage laborers, to laborer-cultivators to self-sufficient in labor use to employer-cultivators as farm size increases.  A secondary contribution of this paper is to demonstrate the effect of labor exchange and returns to teamwork on the organization of production.  The presence of labor exchange adds another dimension to the organization of production that interrupts this stark classification, so that activity choice is not uniquely determined by farm size.  Returns to teamwork make it optimal for farmers to enter both sides of the labor market, hiring in and hiring out labor for the same activity.  This practice is explicitly ruled out in the models of Eswaran and Kotwal (1986) and Carter and Zimmerman (2000) and Feder (1985), but there is empirical evidence that such a practice exists.
  By accounting for this empirical regularity, this paper completes the “class structure” derived by Eswaran-Kotwal.
  

One of the predictions of the Eswaran-Kotwal model is that due to multiple market failures redistribution of land endowments can lead to improvements in efficiency.  Results in this paper suggest that a significant limitation of the institution of labor exchange in this respect is that it preserves the status quo, since all team members must have access to land and differences in yields arising from heterogeneity in land quality are not pooled within teams.

The empirical portion of the paper tests the assumptions and predictions of the model of labor exchange using the 1998-99 Indonesian PATANAS survey, an agricultural household data set that the author helped collect.  I first estimate a production function to test for returns to teamwork for the subsample of rice and corn farmers that represent the most likely pool of participants in labor exchange teams.  The estimation procedure separates out the incentive effects inherent in the piece rate and output share contracts that are more common under team production from the pure team effect.  The results provide evidence of substantial returns to teamwork for this sample of farmers.

The model of labor exchange predicts that the importance of endowments, transaction costs, and market conditions in the decision to use labor exchange depends critically on whether the household is working capital constrained.  To account for this, the empirical implementation of the model allows the parameter estimates to differ for working capital constrained and unconstrained households.  The model estimated is an endogenous switching regression model in which assignment of households into constrained and unconstrained cohorts is unobserved, and where error terms across equations are correlated.  Such a regime switching model can be difficult to estimate and has not previously been implemented for the more difficult case where the dependent variable of interest (in this case, the decision to use labor exchange) is discrete.  In order to overcome these difficulties, the model is first estimated by assigning households to the constrained regime based on predicted holdings of working capital.  I then consider the potential to estimate the likelihood function for the full model with unobserved sample separation using the EM algorithm of Dempster, Laird and Rubin (1977).

The empirical results lend broad support to the model of labor exchange developed here.  In the probit switching regression using predicted working capital holdings to achieve regime assignment, asset holdings have a significant negative effect on the probability of using labor exchange among working capital constrained households, but holdings of working capital have no effect for unconstrained households.  One of the most significant determinants of participation in labor exchange is the cost of finding teammates, which is a function of the distribution of land within a village.  Results show that the probability of a farmer joining a labor exchange team increases sharply with the number of other plots in the village similar in size to his plot.  Use of simple pump irrigation has a positive effect on use of labor exchange, but more advanced irrigation techniques have no effect.  This suggests that technological considerations are at work, but also that access to capital needed to obtain more advanced irrigation technology discourages exchange labor use. 

The paper is organized as follows.  Section 2 presents the model of labor exchange and demonstrates the relationship between returns to teamwork, labor and working capital constraints, and the decision to use labor exchange.  In Section 3, the empirical version of this model is developed.  The data are introduced in Section 4.  Estimation results are presented in Section 5.  Concluding remarks are found in Section 6.

II.  The Model

In this model, production is a function only of land and labor.  At the beginning of each season, households have an endowment of land, 
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, a labor endowment determined by household size, 
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, and savings of liquid assets, 
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.  In order to allow for the possibility of returns to teamwork in production, the production function takes the form
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where A is area planted (which may be greater than or less than 
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), labor time used on-farm includes household labor, H, and outside labor, L, and the number of workers is N.  The production function is increasing in land and labor hours, is linearly homogenous, is strictly quasi-concave, and is twice continuously differentiable in each of its arguments with 
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.  The last assumption assures that all pairings of inputs are substitutes.  Also, both land and labor are essential inputs: 
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.  Assume the production function is concave in team size, with 
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 positive, zero, then negative as team size increases, corresponding to increasing, constant and decreasing returns to teams, respectively.  With constant returns to teamwork, 
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, team size has no effect on output independent of its effect through labor hours and the production function behaves in a more classical manner with output a function of area and labor time.

Outside laborers are subject to moral hazard.  In this model, moral hazard arises because realized output is a noisy signal of input use,

(2) 
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where ( is a random production coefficient with expected value one, representing weather or other stochastic determinants of production.  The presence of ( implies that the farmer cannot identify the level of q, A, L, or N simply by knowing the other three (where H is assumed known).

Outside labor can be obtained from the labor market or through participation in a labor exchange team.  In order to highlight the role of teams, hours per worker for outside labor is set by convention and normalized to one.
  This allows us to summarize the outside labor decisions for market and exchange labor by the number of workers of each type, 
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.  The size of the labor team working on the farm is the sum of the number of paid laborers, exchange laborers, and household members:  
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The modes of production that arise are partly determined by constraints on the household’s labor time and working capital.  The household time constraint is 

(3) 
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where each household member is endowed with 
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 units of time and F is total household off-farm labor supply.  The presence of moral hazard requires that outside workers are supervised, which is captured in the supervision function, 
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.  The latter assumption ensures that supervision costs alone will not rule out the use of outside labor.  Also, supervision costs are declining in household size.  Labor transactions for hired labor or labor exchange each incur a per-head search cost, 
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, respectively, that reduces household labor time available for other activities.  Similarly, off-farm labor supply incurs a per-member-equivalent search cost, 
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  These costs are similar to recruitment costs in Bardhan’s (1979) model explaining labor-tying contracts.  Here, these costs are denominated in the time used to agree to the labor transaction.

Land and labor can be obtained at prices v and w, respectively.  Demand for factors is potentially constrained by holdings of working capital.  Sources of working capital include savings at the beginning of the season, 
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, off-farm labor income, 
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, and credit, 
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.  Farm income is not a source of working capital because it is not earned until the end of the season.
  The corresponding working capital constraint is 
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The constraint requires that farm expenditures on paid labor and land rentals cannot exceed working capital plus the value of owned land.  As in Carter and Zimmerman (2000), I assume that because land is used as collateral, credit use is linearly related to land holdings,

(5)
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but that subject to (5) credit can be obtained at an exogenous interest rate, r.  The working capital constraint in (4) allows households to adjust to constraints in the credit market by increasing savings in order to relieve the working capital constraint.

Assuming endowments of 
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 are large enough that cultivation is profitable 
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, the farmer maximizes profit subject to constraints (3), (4), and (5) and non-negativity constraints on the remaining choice variables
:  
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The Lagrangian and first-order conditions for this problem are provided in the Appendix equations (A1).  The Kuhn-Tucker multipliers for the first three constraints are denoted (, (, and (, respectively.  

Implications of the Model

Inspection of the first order conditions provides some simple yet revealing insights into the economic motivation for labor exchange.  Consider first farmers that devote at least some household labor time to agricultural production 
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.  Because use of outside labor incurs supervision costs, most farmers spend some time in production in order to take advantage of their relative productivity on farm.  As in the model by Eswaran and Kotwal (1986), only the largest farmers devote no time to direct production activities so that all of their time can be spent supervising the large labor force required.  

By equation (A1.d), a household that participates in labor exchange 
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 equates the marginal returns to teamwork to the marginal cost of labor exchange measured as the reduction in output created by the decline in effective labor hours on farm due to supervision and search costs,

(7)
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Equation (7) shows that demand for labor exchange derives entirely from demand for team labor, since on farm labor hours are effectively lowered through labor exchange.  Therefore, under the assumptions on 
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 are a necessary condition for participation in labor exchange.

Now consider the farmer’s decision when the optimal use of labor involves hiring paid labor as well 
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.  If the search costs in labor exchange and the paid labor market are identical 
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The household employs paid labor and exchange labor until the marginal rate of technical substitution of labor hours to team size equals their relative cost in terms of the shadow value of market labor time divided by the productivity cost of reduced household labor hours on farm.  Equation (8) also gives an initial indication of the role of missing capital markets.  An increase in the shadow value of working capital, (, raises the marginal rate of technical substitution of work hours to number of workers at the optimum.  This implies lower 
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, since an increase in team size through labor exchange reduces labor hours.  These results also demonstrate that exchange labor is an imperfect substitute for paid labor, effectively satisfying only the team labor portion of labor demand.

The full effect of missing capital markets on the decision to use labor exchange can be assessed through comparative statics.  When the working capital constraint and credit constraint are not binding 
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, holdings of working capital (e.g., savings or credit) and land endowments have no effect on the optimal demand for labor exchange 
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.  If the working capital and credit constraints bind 
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Consider the effect of an exogenous increase in working capital, say through improved credit access 
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 on the demand for exchange labor by constrained households.
  To simplify the analysis, assume the farm is sufficiently large that no household labor is supplied off farm 
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.  The effect of an exogenous increase in credit access is given by
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where 
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 is the Hessian matrix for the Langrangian for this problem when 
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 is the (signed) cofactor for the ith row and jth column of this matrix.  The determinant of this matrix must be positive for the solution to be a maximum.  Therefore, the sign of 
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 is the sign of the expression inside the brackets in (9).  In general, the sign of this expression is indeterminate.  However, if 
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 (see (A2.1) in the Appendix for details).  Supervision and search costs comprise the entire marginal cost of exchange labor.  However, they represent a fraction of paid labor costs, which also include a wage component.  One effect of an increase in credit access is to reduce the effective wage component of paid labor costs.  The preceding result states that when, in addition, the incentive and transaction cost component is large, greater access to capital reduces demand for exchange labor as paid labor becomes relatively more affordable.

The Organization of Production

The availability of labor exchange and the possibility of returns to teamwork generalize existing models of the organization of agricultural production.  In a model without returns to teams or labor exchange, Eswaran and Kotwal (1986) show that, under multiple market failures (working capital constraints and moral hazard), the organization of production defined by the sources of labor employed on- and off-farm is determined entirely by land endowments.  With the presence returns to teams and the availability of labor exchange, other modes of production are possible.  In this setting, the organization of production among the various sources of labor depends on initial endowments and the relative size of transactions costs for each source of labor. 

The models of Eswaran and Kotwal (1986), Feder (1985) and Carter and Zimmerman (2000) all rule out a mode of production in which working-capital constrained households simultaneously hire in and hire out labor (i.e., 
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).  The rationale is that supervision costs for hired labor drive its shadow price above the market wage, making it unprofitable for a farmer to enter the labor market in order to finance labor expenditures at home.  However, with increasing returns to teamwork, entering both sides of the labor market can be optimal.  From the first order conditions (A1.c) and (A1.e), a household hiring and selling labor on the market will allocate labor time to satisfy the condition,
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that marginal returns to teams equal the marginal cost of the transaction in terms of the relative inefficiency of outside labor and search costs for buying and selling labor in the market.

In villages with the labor exchange institution, labor exchange offers an alternative to simultaneously buying and selling labor.  It is now possible to establish the conditions on relative transactions costs for each source of labor that determine which source of labor is optimal.  Search costs for hiring labor through the market are likely to be high during peak periods of labor demand or where the supply of landless laborers is small.  Conversely, in a village characterized by surplus labor due, say, to a skewed distribution of landholdings, search costs for off-farm employment will be high.  Time costs for participation in labor exchange involve finding potential teammates and agreeing to the rotation of activities on team members’ farms.  These costs will be high where the share of households seeking labor exchange is small or where the size distribution of farms is highly variable, since cash payments are required if the exchange of labor time within the team is not reciprocal.

First, it is possible to eliminate from consideration a mode of production in which the farmer simultaneously sells labor, hires labor and participates in labor exchange (
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If the time cost of organizing a labor exchange team is identical to the combined cost of hiring labor and of finding work for household members in the labor market, a household may engage in all of these transactions simultaneously.  However, this condition is unlikely to hold, so this mode of production is ruled out.  Alternatively, if the cost of participating in labor exchange exceeds the fixed cost of financing labor purchases through labor sales (
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).  Similarly, households participating in labor exchange that also sell labor in the market will not hire any labor (i.e., 
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) whenever labor exchange has lower transaction costs (
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).  This condition will be met, for example, if each labor transaction incurs the same cost regardless of the source: 
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.  In this setting, labor exchange has an advantage over reliance on the market for working capital constrained households because two labor contracts are required in the market, while participating in labor exchange involves only one.

These results rule out the simultaneous use of paid labor and exchange labor in households that supply labor to the market.  However, in a village characterized by surplus labor, where household members have difficulty finding a paying job 
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, the simultaneous use of paid labor and exchange labor may be observed.  The necessary first-order conditions for this mode of production are 
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Notice that if 
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 is large enough (say, during peak planting season), the first condition will be violated and only exchange labor is used.

III.  Empirical Implementation of the Model

The model establishes that the decision to use labor exchange is a function of transaction costs in the labor market; rationing in the credit market; endowments of land, savings and household size; and prices of land and labor.  Such a model would be sufficient for the purposes of measurement of participation in, and demand for, paid labor under the common assumption that there is an infinite supply of labor available at the market wage rate.  In the case of labor exchange, no market price exists and the supply of potential teammates in exchange labor is typically far less robust than the availability of paid laborers.  The potential supply of exchange labor available to a given farmer is a function of the distribution of land within the surrounding area, particularly the number of other households with control rights over plots of similar size to his own.  Empirical implementation of this model requires accounting for these supply considerations in the market for labor exchange.  

I model the effect of the supply of potential teammates in labor exchange as affecting the search costs for finding exchange labor teammates.  These costs for the ith farmer become a function of the village distribution of land at the farmer’s land size, say 
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 other farmers with similar land size will resolve their problem in equation (6) in favor of participating in labor exchange.  The search costs for participation in labor exchange become
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Accounting for the uncertain probability of finding teammates in this way makes the decision to participate in labor exchange stochastic.  It can be represented in a probit model in which the decision to join is a function of the household endowments, prices, and the distribution of land in the village.  As the model in Section 2 has shown, the effect of these variables on the decision to use labor exchange will depend on whether the household is constrained in its holdings of working capital.  This suggests a switching regression framework in which the sample is separated into working capital-constrained and -unconstrained households with separate probit regressions estimated for each cohort.  Therefore, the empirical model takes the form

(12.1)
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 is a latent variable representing net benefits from participating in labor exchange if the household is working capital constrained and 
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 as latent variables and the working capital constraint condition unobserved, all that is observed is an indicator variable for whether the household used labor exchange,

(13)
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This yields a switching regression model of the decision to participate in labor exchange depending on whether the household is constrained in holdings of working capital.  Assume that all households bringing outside labor on farm are constrained in the sense of facing moral hazard and search costs for each type of labor.  

Also assume that the vector of error terms in the labor contract choice and switching regressions are jointly normally distributed 
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That is, error terms may be correlated across equations in (12).  Otherwise, if 
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, this model is an exogenous switching regression.  Because the working capital constraint is not observed, the model represents a simultaneous equations endogenous switching regression model with unobserved selection point.  This model has been applied in settings where the dependent variable in the equation of interest is continuous by Dickens and Lang (1985) and Hu and Schiantarelli (1998).  Applying such a model to the discrete choice setting is a new contribution of this research.  Kimhi (1999) implemented an endogenous switching regression model for discrete dependent variables, but where the point of selection for the switching equation is observed.

The likelihood function corresponding to the model in (12) and (13) for the ith farm is

(14)
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The parameters to be estimated in this model are 
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 does not appear anywhere in the likelihood function and so is also not identified.  Maddala (1983) notes that although the error vector has a trivariate distribution, a function of bivariate distributions on a pair of the error terms is estimated.  This is the cause of the failure of identification of 
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.  However, this should not raise concerns about the completeness of this model.  Such “reductions” in the order of the problem are common in the discrete choice setting.  

Estimation of the likelihood function in (14) is a difficult exercise and direct estimation may not be feasible.  I use two approaches to estimating the working capital constrained labor exchange decision in (12).  In the first approach, I simplify the likelihood function by assigning observations to the constrained or unconstrained regimes based on their predicted holdings of working capital in the form of savings or credit.  The second approach takes advantage of the switching regression structure to formulate the model as a missing data problem for which the EM algorithm elaborated by Dempster, Laird and Rubin (1977) offers tractable solutions.

The first approach was used in earlier models of liquidity constraints (see Zeldes (1989) for an application to consumption and Jacoby (1994) for an application to schooling decisions).  Its primary shortcoming is the arbitrariness of the sample separation.  Although the theoretical model underlying such problems typically leads to exclusion restrictions that can be used to test the accuracy of the predicted assignment of observations to regimes, robustness tests are needed to ensure that another separation of the sample would not lead to a higher value for the likelihood function.  These tests are limited in most cases, since there are 2n possible separations.  In applying this approach, I predict the probability that a household has no savings at the beginning of the agricultural year and no credit outstanding or credit taken during the year.  Those households with a predicted probability of having no working capital under this definition are considered working capital constrained.  The probability of being working capital constrained is a function of household assets, local interest rates and demand for credit, and household demographics that proxy for demand for credit for consumption purposes.  Out of 884 households in the sample of farmers living in labor exchange villages, 523 had some credit or savings.  This definition of constrained households has considerable intuitive appeal, since an unconstrained household is likely to have either savings or credit use.  In fact, this probably represents a conservative selection of constrained households.  Results of this estimation procedure are presented in Section V.  Even for this rather unsatisfactory approach to separating the sample by working capital constraint, the results offer considerable support for the model of labor exchange under working capital constraints presented in Section II.

IV.  The Data

The data used to test the model of labor exchange are from the 1998-99 round of the PATANAS agricultural household survey in Indonesia.  The author collaborated with a research team from the World Bank and the Indonesian Center for Agro-Socioeconomic Research in the data collection.  These data are well-suited to this investigation.  They include detailed information on agricultural production, asset ownership, savings, and credit use.  The labor demand module of the questionnaire captured labor hours by contract type (i.e., wage, piece rate, exchange), by season and activity.  Individual labor supply is available for all household members.  Earlier rounds of the PATANAS survey included village censuses in 1994 and 1998, and more limited surveys on selected topics in 1994-95, 1995-96, 1996-97.  The 1994-95 survey included an agricultural production module, but with primary focus on a single plot and with less detail on labor demand than the 1998-99 round.  Therefore, none of the previous rounds of the survey are used here except as a source for some retrospective variables.

The 1998-99 PATANAS sample includes 1494 households which consists of an average of 43 households per village in 35 villages from six provinces:  Lampung, West Nussa Tenggara, Central and East Java, and North and South Sulawesi.  There should be considerable regional variation in the depth of factor markets in this sample.  The two provinces on Java are very densely populated and are easily accessible from Jakarta, the capital and main commercial center of the country.  The provinces in Sulawesi, on the other hand, are less densely populated and significantly more remote.  There is also considerable variability from village to village within a province in terms of access to urban centers.  This variability should help to identify the role of missing markets on the decision to use labor exchange. 

Labor exchange is common in Indonesia.  In the 1998-99 PATANAS sample, labor exchange teams were found in 23 of the 35 villages.  I will refer to these as labor exchange villages.  Farms in these villages form the sample for the empirical investigation of the household decision to use labor exchange.  Most of the same villages had labor exchange in the 1994-95 round of the PATANAS survey and in the 1998 village census, which supports the classification of these villages as possessing labor exchange and shows some stability of the labor exchange institution over this relatively short timeframe.  For example, using data on the primary plot for the 1994-95 sample—the only plot for which labor contract type was reported—26 of the 35 villages had the same labor exchange classification in both 1994-95 and 1998-99.  Of the remaining villages, only two had some labor exchange in the first round and not in the second.  In the seven villages with evidence of labor exchange in 1998-99 and not in 1994-95, it is not known whether labor exchange was used on secondary plots in the first round.  The only significant inconsistency of the 1998-99 sample with the 1998 village census in this regard is that one village in South Sulawesi showed extensive use of labor exchange in 1998 and no labor exchange in the 1998-99 sample.

An investigation of village characteristics provides mixed support for the hypothesis that the institution of labor exchange arises primarily in villages with missing labor and credit markets.  Table 1 presents means and standard deviations of key variables for the labor exchange and other villages.  Labor exchange villages have larger farms and are more remote on average than other villages, although the difference in means is not significant for either of these variables which may be due in part to the small number of villages.  If true in a larger sample of villages, these differences would be consistent with thinner labor markets in villages with labor exchange.  However, labor exchange villages have a larger share of adults working as agricultural laborers, suggesting the local labor force may be no smaller than in non-labor exchange villages.  With regard to credit markets and constraints on working capital, credit use is substantially higher in villages with labor exchange.  Households in labor exchange villages are significantly more likely to use credit to finance investments and have larger loans outstanding.  Perhaps because of the availability of credit, households in labor exchange villages have lower savings than in other villages.  Nonetheless, they have larger holdings of other assets.  These households also sell more of their crop on average than elsewhere, which suggests that cash constraints may not be associated with the labor exchange institution.  Finally, the presence of labor exchange in a village appears to be correlated with a general lack of technical progress, including reliance on low-tech irrigation equipment and slower adoption of high-yielding variety seeds.

Table 1:  Comparison of Means Across Villages With and Without Labor Exchange

	Variable
	Labor Exchange

Villages

(N=23)
	Non-Labor Exchange Villages

(N=10)
	

	
	
	
	
	
	

	
	Mean
	S.D.
	Mean
	S.D.
	

	
	
	
	
	
	

	 Area planted, Ha
	1.598
	0.782
	1.352
	0.820
	

	 Share of planted area owned by household
	0.804
	0.115
	0.837
	0.134
	

	 Household size
	4.635
	0.602
	4.684
	0.438
	

	 Median distance to market
	2.173
	3.680
	1.700
	1.855
	

	 Share of adults working as agricultural laborer
	0.184
	0.128
	0.161
	0.152
	

	 Number of plantings
	1.668
	0.483
	1.941
	0.553
	

	 Share of HHs financing non-consumption with credit
	0.183
	0.172
	0.139
	0.151
	*

	 Value of farm, land, business & HH assets, Rp. ‘000
	31.654
	12.636
	28.337
	14.248
	

	 Savings (deposits, gold, etc), March 1998, Rp. ‘000
	0.829
	0.989
	1.064
	1.033
	

	 Credit taken or outstanding, 1998-99, Rp. ‘000
	0.788
	0.804
	0.354
	0.236
	*

	 Share of output sold
	0.668
	0.188
	0.515
	0.232
	*

	 Share of households using technical irrigation
	0.083
	0.170
	0.336
	0.360
	

	 Share of households using basic irrigation
	0.118
	0.169
	0.118
	0.123
	

	 Household head education
	4.676
	1.324
	5.715
	1.061
	***

	 Share of cultivated area using HYV seeds
	0.341
	0.223
	0.450
	0.276
	

	 Share of households primarily growing rice
	0.251
	0.287
	0.343
	0.314
	

	
	
	
	
	
	


   Asterisks indicate P-value for t-test of equality of means across groups where 

     *** indicates P-value <0.01, ** indicates P-value <0.05, and * indicates P-value <0.1.

Table 2 presents characteristics of households in labor exchange villages by labor exchange use.  After removing from the sample households that were not primarily involved in farming, a sample of 1209 households was left.  Of these, 884 live in labor exchange villages and 201 of those used labor exchange at least once in 1998-99.  These labor exchange users represent 16.6 percent of the farming sample and 22.7 percent of households in labor exchange villages.
  Mean area planted was significantly higher for households involved in labor exchange.  This could indicate that larger plot sizes are required for the use of team labor to be viable.  However, it may also support a missing labor market argument if the correct interpretation of this result is that labor exchange is more common in villages with larger farms that also have better access to land and smaller labor markets.  

For the sample of households in labor exchange villages, holdings of working capital in the form of liquid savings or credit are somewhat limited.  Nearly 60 percent of these households reported some savings or credit; 33 percent had positive savings and 39 percent took loans during the 1998-99 season or were paying outstanding loans.  Less than 13 percent of households had both savings and credit, suggesting that few households would protect savings for future use in the face of current and relatively expensive demands for liquidity.  The evidence on the importance of working capital for the decision to use labor exchange is mixed.  Labor exchange households are significantly more likely to have some savings or loans outstanding, contrary to the predictions of the missing capital market hypothesis.  Average credit holdings are smaller than in non-labor exchange households, but average savings are larger.  Other indicators offer some support for cash constraints being associated with labor exchange use: (i) the value of asset holdings is larger for non-labor exchange villages, with the exception of non-land farm assets; (ii) yields are substantially higher for farms not using labor exchange, and (iii) the share of output sold is higher on these farms too.  

Table 2:
Comparison of Means Across Households With and Without Labor Exchange in Labor Exchange Villages

	 Variable


	Labor Exchange Households


	Non-Labor 

Exchange Households
	

	
	(N=189)
	(N=584)
	

	
	
	
	
	
	

	
	Mean
	Std. Err.
	Mean
	Std. Err.
	

	
	
	
	
	
	

	 Area planted, Ha
	2.154
	0.215
	1.655
	0.183
	**

	 Area owned
	1.272
	0.164
	1.254
	0.167
	

	 Ln avg. absolute deviation from village mean plot size
	-1.260
	0.151
	-1.337
	0.158
	

	 Share of planted area owned
	0.772
	0.044
	0.832
	0.025
	

	 Share of village plots within 10% of plot’s area, avg.
	0.129
	0.015
	0.110
	0.010
	

	 Has some credit or savings
	0.772
	0.051
	0.548
	0.049
	***

	 Has some savings, 3/98
	0.476
	0.122
	0.288
	0.043
	

	 Has some credit outstanding, 1998-99
	0.429
	0.078
	0.384
	0.044
	

	 Savings, March 1998, Rp. mn
	1.430
	0.428
	0.751
	0.190
	*

	 Credit taken or outstanding, 1998-99, Rp. mn
	0.540
	0.163
	0.692
	0.225
	

	 Value of rotating savings pool, 1998-99, Rp. mn
	0.265
	0.155
	0.106
	0.031
	

	 Value of land owned net of land credit, 3/98, Rp. mn
	22.103
	3.167
	27.260
	2.986
	

	 Value of business assets net of bus. credit, 3/98, Rp. mn
	1.031
	0.273
	0.967
	0.221
	

	 Value of HH assets net of HH credit, 3/98, Rp. mn
	2.767
	0.599
	3.362
	0.713
	

	 Value of farm assets net of farm credit, 3/98, Rp. mn
	2.365
	0.446
	1.810
	0.464
	*

	 Value of output per hectare, Rp. mn
	3.928
	0.884
	6.042
	1.304
	**

	 Share of output sold 
	0.568
	0.082
	0.719
	0.034
	*

	 Number of plantings
	1.681
	0.136
	1.667
	0.116
	

	 1 if use technical irrigation
	0.081
	0.047
	0.087
	0.039
	

	 1 if use simple irrigation
	0.074
	0.026
	0.113
	0.037
	

	 Share of cultivated area using HYV seeds
	0.387
	0.115
	0.342
	0.043
	

	 Household size
	4.677
	0.092
	4.723
	0.141
	

	 Household head age
	46.233
	1.013
	49.702
	0.805
	***

	 Household head education 
	4.709
	0.479
	4.683
	0.263
	

	 Share of area planted in rice
	0.328
	0.095
	0.227
	0.044
	

	 Share of area planted in corn
	0.190
	0.074
	0.104
	0.031
	

	 Share of area planted in dryland crops
	0.196
	0.051
	0.312
	0.066
	**

	 Share of area planted in tobacco or sugar
	0.057
	0.044
	0.049
	0.028
	

	 Share of area planted in tree crops
	0.230
	0.051
	0.307
	0.064
	

	 Household on-farm labor hours per Ha
	967.2
	203.4
	963.0
	140.7
	

	 Hired on-farm labor hours per Ha, incl. labor exchange
	391.9
	55.89
	336.1
	48.26
	

	 Household off-farm labor hours in agriculture
	256.2
	69.61
	365.4
	60.78
	

	
	
	
	
	
	


  Asterisks indicate P-value for t-test of equality of means across groups where 

    *** indicates P-value <0.01, ** indicates P-value <0.05, and * indicates P-value <0.1.

There is also evidence that selection into labor exchange teams is affected by a farmer’s plot size and choice of crops.  Labor exchange households show larger average share of village plots that are roughly the same size as their plots, although the difference in means across cohorts is not significant.  Area devoted to dryland crops other than corn is significantly lower on farms using labor exchange and average share of area under rice and corn are higher but not significantly so.  Other data show that on 71 percent of plots on which labor exchange was used, rice (43%) and corn (28%) were the commodities with the largest share of the value of output.  This probably indicates returns to teamwork in production of these crops, but also is consistent with farmers under labor exchange growing the same crops in order to facilitate reciprocity in the exchange.

It is interesting to note that on-farm labor hours and labor supplied in agriculture do not differ significantly depending on whether the household uses labor exchange.  This does not necessarily imply that labor exchange plays no role in relaxing constraints on labor demand imposed by missing labor or credit markets.  Indeed, labor exchange was a significant source of labor demand for households participating in labor exchange, making up an average of 47.9 percent of all non-household labor hours on farm for these households.

Looking at the distribution of labor contracts across seasons provides further evidence that labor exchange may arise as a source of team labor during periods of relative labor scarcity.  Table 3 presents the number of labor contracts in all villages in the 1998-99 PATANAS sample by type of contract.  The PATANAS survey includes hours of labor demand under labor exchange and by four types of paid market labor: daily wage, piece rate, output share and tied contracts.
  The survey also recognizes whether it was a team that performed work under each of these paid labor contracts.  Of the 826 labor exchange arrangements documented in the PATANAS data 58 percent of these exchanges took place during the rainy season, when labor demand is at its highest.  Piece rate and output share contracts, which encourage faster task completion, are also considerably more prevalent in the rainy season, whereas wage contracts are more evenly distributed across the seasons.

Table 3: 
Distribution of Labor Contracts across Seasons 

by Type of Contract

	Type of
	
	
	Season
	
	

	contract
	Rainy
	Dry I
	Dry II
	Annual
	Total

	
	
	
	
	
	

	 Daily wage
	2546
	1437
	1896
	752
	6631

	 Piece rate
	851
	342
	578
	268
	2039

	 Output share
	391
	51
	165
	21
	628

	 Tied
	45
	15
	37
	0
	97

	 Exchange
	481
	83
	224
	38
	826

	 Daily team
	7
	1
	0
	0
	8

	 Piece team
	103
	83
	82
	105
	373

	 Share team
	198
	2
	64
	6
	270

	 Tied team
	3
	0
	3
	1
	7

	 Other
	46
	7
	22
	21
	96

	
	
	
	
	
	

	Total
	4671
	2021
	3071
	1212
	10975


Table 4 shows the distribution of labor exchange arrangements and other labor contracts across tasks.  For labor exchange, 43 percent of the arrangements occurred in planting activities, 24 percent in harvesting, 13 percent in weeding and 12 percent in plowing.  Although most of these contracts took place during planting and harvesting activities when labor demand is typically greatest, a considerable share occurred during periods when demand for labor is quite week.  The prevalence of labor exchange teams during planting (at 14 percent of all planting contracts for outside labor) probably reflects some returns to teamwork for this activity, but is also consistent with cash constraints.  Part of the reason that reliance on labor exchange is not greater for harvesting tasks is surely due to output share contracts for harvesting, another labor arrangement that enables farmers to eschew cash payments.  Harvest share contracts can also be used to pay planting labor through tied labor contracts, called ceblokan on Java, in which workers agree to participate in both planting and harvesting activities for an elevated share of the output.  Because of the significant delay in receipt of payment for planting services, this type of contract is often unattractive to workers, but may be more prevalent than labor exchange in regions where the landless labor force is relatively large.

Table 4:  Distribution of Labor Contracts by Activity

	Type of 
	
	
	
	Task
	
	
	

	contract
	Land prep
	Plow
	Plant
	Weed
	Harvest
	Mill
	Total

	
	
	
	
	
	
	
	

	 Daily wage
	431
	1,437
	1,615
	1,662
	1,296
	190
	6,631

	 Piece rate
	103
	824
	426
	153
	365
	168
	2,039

	 Output share
	1
	3
	4
	6
	577
	37
	628

	 Tied
	2
	3
	78
	6
	8
	
	97

	 Exchange
	31
	95
	358
	106
	202
	34
	826

	 Daily team
	
	1
	2
	3
	2
	8

	 Piece team
	3
	31
	128
	43
	160
	8
	373

	 Share team
	1
	
	
	267
	2
	270

	 Tied team
	
	
	5
	2
	
	7

	 Other
	10
	13
	20
	21
	21
	11
	96

	
	
	
	
	
	
	
	

	Total
	581
	2,407
	2,630
	2,004
	2,901
	452
	10,975


V.  Estimation

Returns to Teamwork

The model presented in Section II shows that returns to teamwork are a necessary condition for use of labor exchange teams.  Therefore, before identifying other determinants, I test for the presence of returns to teamwork in the Indonesian data through production function estimation.  The production technology is assumed to be Cobb-Douglas and is estimated in log-log form.  One approach to identifying returns to teamwork in this estimation is to disaggregate hired labor into team labor and other hired labor and test for higher productivity of team labor.  However, such an approach may confound team effects and incentive effects if team labor is more likely to be performed under piece rate or output share contracts than wage contracts.  Indeed, for the sample under consideration here, a majority (60.7 percent) of casual non-team labor contracts are for daily wages which have very low incentives.  Piece rate and output share contracts make up only 36.5 percent of these contracts, but they constitute 46.6 percent of team labor contracts.  Exchange labor, which may include considerable incentives to work due to the reciprocal nature of the exchange, represents another 42.8 percent of team contracts.  Team labor contracts appear to include higher incentives on average.  In order to remove the incentive component to the test for returns to teamwork, the production function is estimated with hired labor hours disaggregated into piece rates, piece rate teams, and other hired labor including labor exchange.  The null hypothesis of no returns to teamwork is rejected if piece rate team labor is more productive than other piece rate labor. 

A practical problem with estimating a Cobb-Douglas production function is the treatment of zero values for any of the inputs since all factors are necessities under this technology.  This problem is particularly important in this case where labor is sufficiently disaggregated that many farmers do not use all four types of labor.  As a partial solution to this problem I follow Jacoby (1993), among others, in adding a one to all inputs except land before taking logs.  The use of a shift parameter in this manner should not change the relative productivity of the various sources of labor, which is the main concern here.
The dependent variable in the production function estimation is the log of the value of output.  Inputs include the three kinds of hired labor, household labor hours, non-labor cost (including fertilizer, pesticides, seeds, etc.), area planted, and the value of farm equipment.  Dummy variables for two forms of irrigation (technical and simple) are included, as is a dummy for whether the plot is rated as dryland, which is an indication of soil quality.  For the sample used here, 74.8 percent of the plots were wetland plots; dryland plots, the second most common type at 18.7 percent, typically have lower yields.  Household head age and education are also used as regressors to control for differences in managerial ability.  

A potentially significant source of bias in production function estimation is the presence of unobservable household or plot characteristics that are correlated with the inputs.  In order to address this bias, an instrumental variables estimator is used.  The inputs that are treated as endogenous are the four labor variables and non-labor cost.  The instrument set includes village average prices (i.e., wage rates for males and females, the price of rice, and interest rates on loans taken by respondent households), the share of adults in the village working as agricultural laborers, village median distance to the market for agricultural crops, the share of village land area planted in rice and the share planted in corn (constructed from households surveys), the presence of inherited land, dummies for ownership of household assets that conserve household labor time (i.e., refrigerator, oven) and several variables for the age and gender composition of household members.

Complete production data is available for each household by plot and season, so individual plots are treated as the unit of observation.  As noted in Section IV, labor exchange is primarily used in rice and corn production.  These two crops were the primary commodity on over 70 percent of the 329 plots on which labor exchange was used in 1998-99.  The next most important crop on which labor exchange was used was garlic, which represented only 4.6 percent of labor exchange plots.  Therefore, in order to measure returns to teamwork for potential users of exchange labor, the sample was restricted to those plots on which rice or corn represented at least 50 percent of the value of production.  The sample was also restricted to include only plots on which some non-household labor was used.  This resulted in a sample size of 1031 plots.  Season and province dummies are also included in the analysis.  The model was first estimated pooling all observations, assuming independence of error terms across equations.  In order to address the possibility of correlation in error terms across plots within the same household, a random effects estimator was also estimated.  Here the data represent an unbalanced panel because the number of plots and seasons of cultivation varied by household.

The production function estimates are presented in Table 5.  Results of the first stage regressions predicting the endogenous labor and non-labor cost variables are omitted.
  The estimates from the random effects and pooled models are very similar.  The results show strong evidence of returns to teamwork for this sample of rice and corn farmers.  The contribution to production from piece rate team labor is significantly greater than that of other piece rate labor.  An F-test for equality of these coefficients in the pooled model and a Chi-squared test in the random effects model reject the null hypothesis with P-values of 0.004 and 0.010, respectively.  Interestingly, other piece rate labor did not demonstrate an incentive effect.  Its coefficient in both models is slightly smaller but not significantly different from the coefficient on other hired labor.  As a precaution, I tested for a productivity advantage of piece rate team labor over other hired labor and reject equality of these coefficients as well (with P-values of 0.005 and 0.015 in the pooled and random effects models, respectively).  It is worth noting that these results do not support a productivity advantage for household labor relative to hired labor because of moral hazard, as assumed in the model in Section 2.  This could arise even in the presence of moral hazard if hired labor is more prevalent in tasks with a higher return to labor hours.  A Durbin-Wu-Hausman test of joint exogeneity of the labor and non-labor cost variables rejects exogeneity at the 2.5 percent level but not at the 1 percent level for the pooled model.  This suggests reasonable support for the consistency of the instrumental variables estimation procedure.  

Table 5:  Cobb-Douglas Production Function Estimates 


of Returns to Teamwork

	
	
	
	
	

	 Dependent Variable:+ 

 Log Value of Output
	Pooled Regression
	++
	Random Effects
	       

	
	
	
	
	

	
	
	
	
	

	 Piece rate labor hours+++
	0.163
	**
	0.181
	**

	
	(0.069)
	
	(0.075)
	

	 Piece rate team labor hours+++
	0.544
	***
	0.540
	***

	
	(0.111)
	
	(0.112)
	

	 Other hired labor hours+++
	0.176
	
	0.207
	*

	
	(0.124)
	
	(0.124)
	

	 Household labor hours+++
	0.174
	***
	0.192
	***

	
	(0.064)
	
	(0.071)
	

	 Non-labor cost+++
	0.155
	**
	0.142
	*

	
	(0.076)
	
	(0.082)
	

	 Area planted
	0.138
	*
	0.128
	**

	
	(0.074)
	
	(0.060)
	

	 Value of farm equipment
	-0.006
	
	-0.006
	

	
	(0.017)
	
	(0.018)
	

	 Technical irrigation dummy
	-0.406
	***
	-0.401
	***

	
	(0.116)
	
	(0.114)
	

	 Simple irrigation dummy
	-0.127
	
	-0.094
	

	
	(0.122)
	
	(0.121)
	

	 Dryland dummy 
	-0.255
	*
	-0.248
	*

	
	(0.140)
	
	(0.140)
	

	 Household head age
	0.194
	
	0.187
	

	
	(0.139)
	
	(0.148)
	

	 Household head education
	0.154
	***
	0.160
	***

	
	(0.053)
	
	(0.060)
	

	
	
	
	
	

	N
	1031
	
	1031
	

	R2
	0.2902
	
	0.3325
	

	 F(19, 1011); Wald chi2(19) P value
	0.000
	
	0.000
	

	
	
	
	
	


  +Parameter estimates for season and province dummies are omitted. 

 ++Standard error in parentheses.  These are Huber-White robust standard errors in pooled model.

+++Endogenous variable; instrumented.

   * P<.10;  ** P<.05;  *** P<.01.

Determinants of Labor Exchange

The switching regression model for the decision to use labor exchange from (12) and (13) is estimated where the sample is separated into working capital-constrained and -unconstrained households.  Constrained households are those with no predicted savings, outstanding loans or new loans during the 1998-99 agricultural year.  The estimation approach is a two-step probit estimate of the probability of using labor exchange with a Heckman correction for sample selection into working capital constrained and unconstrained regimes.  The probit model to predict working capital constraints is estimated at the household level by season.  The labor exchange decision is estimated at the plot level by season.  For both stages of the model, the sample is restricted to farmers in villages with the labor exchange institution, since only these farmers have the opportunity to participate in labor exchange.

Parameter estimates for the selection equation on working capital constraints are identical for both the constrained and unconstrained cohorts except that they carry opposite signs.  Estimation results for the probability of being working capital constrained are presented in Table 6.  This probability is a function of beginning-of-period holdings of land, business, household and farm assets net of outstanding credit taken to finance the purchase of each type of assets.  Because these assets are not liquid capital they do not represent working capital, but they indicate forms of capital holdings that should be closely associated with working capital.  Access to credit is affected in part by the size of the credit market.  The share of households in the village using credit is used as a proxy for the size of this market.  I expect that the explicit and implicit cost of credit will be declining in market size.  As a measure of explicit cost of credit and returns to savings, the average village interest rate is included with a quadratic term.  Household level determinants of working capital include the log of farm size (a source of collateral); whether high yielding variety seeds are used which indicates relatively commercialized farming; the age and education of the household head to control for life-cycle effects on savings and managerial ability; and the number of adults and children (by gender) to account for the scale of household consumption expenditure.  The expected sign of the effect of land and high yielding varieties is negative and the expected sign of the other household characteristics is positive.


Table 6:  Probability of Being Working Capital Constrained 

	 Dependent Variable:+
 No Credit or Savings
	Coef.
	Std. Err.

	
	
	

	 Net value of land holdings, 1998
	-0.0028*
	0.0014

	 Net business assets, 1998
	 0.0052
	0.0055

	 Net household assets, 1998
	-0.0031
	0.0030

	 Net farm assets, 1998
	-0.0415**
	0.0147

	 Share of village households using credit
	-1.4983***
	0.4264

	 Average village interest rate
	-0.0029
	0.0031

	 Average village interest rate squared
	 0.0000
	0.0000

	 Log of plot area
	-0.0362
	0.0527

	 Dummy equal to 1 if HYV seeds used
	-0.1282
	0.1109

	 Household head age
	 0.0039
	0.0037

	 Household head education
	-0.0253*
	0.0126

	 Number of male children in household
	 0.0130
	0.0659

	 Number of female children in household
	 0.0035
	0.0538

	 Number of adult household members
	-0.0097
	0.0330

	
	
	

	  N
	1378
	

	  Prob > F(18,2)
	0.1015
	

	
	
	


   +Parameter estimates for season and provinces dummies are omitted.

   * P<.10

 ** P<.05

***P<.01

The results in Table 6 show that holdings of land and farm assets in particular reduce the probability of being working capital constrained.  Also, households in villages with larger credit markets are significantly less likely to be constrained.  The interest rate has a negative effect on being constrained, which suggests that this price dominates in the savings decision, since its sign should have the opposite effect on credit use.  This parameter estimate may be insignificant in part because of these competing effects.  Although the effect is not significant, use of high yielding variety seeds reduces the probability of being constrained as expected.  This may arise either because the corresponding increase in yields leads to greater savings or increased demand for complementary inputs like fertilizer.  Finally, household head education reduces the probability of being constrained.

Table 7 presents the determinants of the decision to use labor exchange for constrained and unconstrained households.  These results lend considerable support to the model of labor exchange presented in Section II and to the method of sample separation used here.  The model showed that holdings of working capital should have no effect on the decision to use labor exchange for unconstrained households.  This result is supported in Table 7.  Because there is no variation in holdings of working capital for those who are constrained under the current definition of the constraint, it is not possible to identify the effect of working capital on labor exchange use for constrained households.  The model also predicts that land endowments will have no effect on labor exchange use for unconstrained households, but will affect the decision to use labor exchange for constrained households.  The estimation procedure confirms both of these predictions.  The sign of the effect of farm size on the probability of using labor exchange is positive for working capital constrained households, which suggests that the effect of farm size on labor exchange through demand for team labor is greater than its effect through increased access to credit.

Another result that is consistent with the model of labor exchange is that the supply of local agricultural laborers has a significant negative effect on the probability of using labor exchange for households that are constrained in holdings of working capital.  An increase in the size of the local labor force reduces labor exchange use for these households.  The positive coefficient for this variable for the unconstrained cohort contradicts the theory, but this parameter estimate is not significant.

Use of simple irrigation techniques has a positive effect for both cohorts, but more advanced irrigation has no effect.  This suggests that use of labor exchange is more consistent with traditional farming techniques.  The size of plots outside the current observation reduces the probability of using labor exchange for unconstrained households.  This demonstrates the restrictiveness of the labor exchange institution.  Because participation in labor exchange requires a substantial commitment of labor time off farm, households with larger farms will be less likely to participate.  That this effect is significant for unconstrained households but not for constrained households makes sense because the former have greater access to the capital needed to hire labor on the other plots.

Three variables were included to capture the effect of the village distribution of plot size on the probability of using exchange labor.  An increase in the village coefficient of variation for operated area has no significant effect on the use of labor exchange.  However, households with plot size very different from the village mean are significantly less likely find labor exchange teammates in the constrained sample.  The strongest evidence for the importance of the distribution of landholdings shows up for the working capital-constrained group.  There, the share of village plots within 10 percent of the size of the observed plot has a very large and significant effect on the probability of using labor exchange.  This suggests that farmers with plots of similar size represent a pool of potential teammates; labor exchange teams are significantly less likely to form among farmers with plots of very different size.  This also suggests a reluctance of farmers to make side payments for different hours of work supplied under labor exchange because of differences in plot sizes, which is consistent with constraints on liquidity.

There are two effects that appear to be inconsistent with the theory.  First, an increase in labor endowment through an increase in the number of adult household members reduces the probability of using labor exchange, but only for households that are unconstrained in liquidity.  The effect is positive for constrained households.  Also, wage rates have no effect on the labor exchange decision for either cohort.

Table 7:
Determinants of Labor Exchange for Working Capital Constrained and Unconstrained Farms

	Dependent Variable LEPLOT
	
	
	
	
	

	
	Constrained
	
	Unconstrained

	
	Coef.
	Std. Err.
	
	Coef.
	Std. Err.

	
	
	
	
	
	

	 Credit and savings by season
	
	
	
	-3.87E-06
	6.62E-06

	 Agricultural laborers (share of village adults) 
	-3.068**
	1.109
	
	 2.317
	1.636

	 Value of all net assets, 1998
	-6.802
	8.313
	
	-8.393***
	2.812

	 Number of plantings per year
	 0.039
	0.145
	
	-0.018
	0.082

	 Dummy for technical irrigation
	 0.101
	0.429
	
	 0.529
	0.350

	 Dummy for simple irrigation
	 0.781*
	0.427
	
	 0.608*
	0.334

	 Farm size
	 0.151***
	0.041
	
	 0.094
	0.065

	 Area of other plots planted this season
	-0.171
	0.158
	
	-0.189**
	0.082

	 Vllg. coefficient of variation of area planted
	 0.653
	0.598
	
	 0.773
	0.464

	 Log absolute deviation from village mean area
	-0.148***
	0.045
	
	-0.004
	0.073

	 Share of village plots within 10% of plot area
	 1.190**
	0.455
	
	 0.493
	0.658

	 Number of male children in household
	-0.031
	0.117
	
	-0.039
	0.056

	 Number of female children in household
	-0.288***
	0.080
	
	-0.079
	0.082

	 Number of adult household members
	 0.058*
	0.031
	
	-0.151***
	0.030

	 Household head age
	-0.021***
	0.006
	
	 0.001
	0.006

	 Household head education
	-0.035
	0.033
	
	-0.039
	0.025

	 Village average wage rate
	-0.425
	0.516
	
	 0.865
	0.530

	 Dummy variable equal to 1 if plot owned
	-0.722**
	0.235
	
	-0.303
	0.183

	
	
	
	
	
	

	
	
	
	
	
	

	 Group sample size
	     618
	
	
	    1053
	

	
	
	
	
	
	


   * P<.10

 ** P<.05

***P<.01

VI.  Conclusion
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Appendix

The Lagrangian for the problem in equation (6) is 
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The corresponding Kuhn-Tucker first-order necessary conditions for maximization are

(A1.a)
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, i=1,2,3, denotes the first partial derivative of the production function with respect to its ith argument. In condition (A1.a), A>0 by the assumption that these households are cultivators and that A is essential.  Each other coupling of conditions (A1.b)-(A1.i) are subject to a third condition for complementary slackness which requires that the product of the left-hand-sides of the two inequalities must equal zero.  The conditions for non-negativity of H, nM, nE, F,  and B are omitted.
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 guarantee that there is a unique solution to the problem in (6), and that the first-order conditions are sufficient for a maximum.  

Proofs of Results

(A2.1)  For the case of working capital and credit constrained households in equation (9), 
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Proof:

Under constant returns to scale in the production function, there are decreasing returns in any two of the arguments: 
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.  By these assumptions, the last four terms in (9) are all negative.  The second term is negative as long as 
[image: image149.wmf]5

.

>

+

¢

c

n

s

H

.  A sufficient condition for negativity of the first and third terms is 
[image: image150.wmf]1

>

+

¢

c

n

s

H

. 

(A2.2)
A necessary condition for 
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From (A1.d), 
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For this condition and equation (10) to hold simultaneously, it must be true that 
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(A2.3)  In a village characterized by surplus labor, necessary conditions for simultaneously using paid labor and exchange labor are 
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  and
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Proof:

For the purposes of this exercise, define a labor market characterized by surplus labor as one in which the search cost for supplying labor to the market, cF, are sufficiently large that
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This implies F=0.  Then 
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This is the first condition in (A2.3).  Combining this with the previous inequality yields the second condition.
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� For evidence, see Geschiere (1995) on Cameroon; Fafchamps (1993) on Burkina Faso; Worby (1995) on Zimbabwe; Barnard (1970) on Malaysia; Ganjanapan (1989) on Thailand; Fegan (1989) on the Philippines; Guillet (1980), Chibnik and de Jong (1989), and Jacoby (1992) on Peru; and Erasmus (1956, 1961) on other regions in South America.  Labor exchange is also used outside developing countries; Gröger (1981) documents the current use of a form of reciprocal labor exchange by French farmers.


� There is even evidence of a resurgence of labor exchange in response to increased commercialization of farm output in Peru (Chibnik and de Jong (1989)) and following agricultural intensification in Zimbabwe (Worby (1995)).


� In the Indonesian data, for example, there were 5128 observations on households hiring in labor by season and activity, where activities were coded as land preparation, plowing, planting, weeding, harvesting, or milling.  For 14.7 percent of these observations, household labor was also supplied off farm during the same period of activity.


� Of course, other reasons for the practice exist.  Sadoulet, de Janvry, and Benjamin (1998) suggest that intrahousehold specialization could lead a household to enter both sides of the labor market as highly educated household members attract higher wages off farm while the household hires unskilled labor on farm.


� One interpretation of this assumption is that, for technological reasons, the period over which outside labor is needed is fixed and the farmer only needs to decide how many workers to employ.  This would be the case if use of outside workers is required only for labor-intensive tasks such as planting, and the time sensitivity of the task requires that it be completed in a specific number of days.


� Entering cF in the time constraint multiplied by F/T implicitly assumes that a household facing a per-head cost for entering the labor market will have some household members specialize in market labor, so that the fewest possible number of members enters the labor market.  As written in equation (3), a household member spending only a fraction of his time in the labor market pays only that fraction of the search cost.  A true per-head cost would require rounding F/T up to the nearest integer.  Ignoring this complication has little effect on the nature of the results.


� Although labor income may be earned at any point the season, I implicitly assume that workers can borrow (costlessly) against this income at the beginning of the season.


� Output prices are normalized to one.  Also, discounting of farm income, earned at the end of the season, is ignored.


� Because credit is linear in land owned in this model, the effect of an increase in land endowments on demand for labor exchange differs from these results only by a scalar.


� See (A2.2) in the Appendix.


� Table 2 presents sample means only for the sample that had complete data for all variables listed.  In this sample, 24.4 percent of households in labor exchange villages joined labor exchange teams.


� Under tied contracts, the worker supplies labor for multiple activities during the cropping season (e.g., planting, weeding, harvesting) and agrees to wait for payment for all activities until after the harvest (see Mukherjee and Ray (1995) and Caselli (1997)).


� These results are available from the author upon request.
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