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system of participation equations for similar problems. Our view is that this strategy suffers from an internai incoherency problem. We described the alternative approach, which estimates a multinomial model. The paper continues with a presentation of the data used in this study and descriptive statistics of the dependent and explanatory variables. After that, the empirical results are presented and discussed.

Theory and empirical approach

Farm household models have been used for more than two decades to motivate empirical studies of farmers' time allocation. These models assume a unitary model of household utility maximization over consumption and leisure of all family members, subject to time and budget constraints. Huffman (1991) provided the most comrnon specification of such models. Kimhi (1994) extended this specification to allow for zero farm work, after observing that in a multiple-person household, it is not necessarily true that all household members work on the family farm. There have been two opposite approaches in the literature to the treatrnent of hired labor. The original approach considered hired labor and family labor as perfect substitutes, and assumed that the wage ofhired workers is equal to the off-farm wage of the farm family. In this case one obtains the usual separability property, that the wage determines farm labor input regardless of the off-farm participation decisions of family members. The opposite approach bas been not to assume perfect substitutability, and treat hired labor as another farm input that does not deserve special attention when analyzing farmers' time allocation decisions.

In this paper, we too do not assume that hired labor and family labor are perfect substitutes, but we want to deal explicitly with hired labor for the sake of the empirical analysis.

This is what [START_REF] Benjamin | Modelling Labor Decisions of French Agricultural Households[END_REF] did in their earlier study of French farm households, but they assumed an internai solution for the couple's farm labor input, and here we want to allow for corner solutions with respect to spouse's farm labor input. Hence, we optimal solution is characterized by the Kuhn-Tucker conditions, which are the first-order conditions for maximizing the Lagrange function:
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(5) aYm laTm-5µ, !2 (in vector notation), where µ, = au;aT, , and À = au;ac. Participation (an internai solution) occurs when the equality holds. Similarly, the decision to use hired labor on the farm relies on the condition:

If an interior solution occurs for all choices (all household members work both on and off the farm and hired labor is used on the farm), the participation equations ( 4)-( 6) and the constraints (1 )-(2) can be solved for the endogenous variables { C, T 1,, T_r, T m, H, À, µ,, µ_r, µm, µH} as functions of all the exogenous variables Z 11 , Z_r, Zm, Y 0 , and T . This is the reduced-form solution. Using this solution in the participation equations, we can then determine which of the significantly only when the woman is working on the farm. However, the endogenous switching mode! of Kimhi (1999) does not solve the problem completely since it imposes a one-direction conditioning of the participation equations, while in theory all participation equations are determined simultaneously.

A different approach that does not suffer from this internai coherency problem is the indirect utility maximization approach, which bas been used by [START_REF] Benjamin | Modelling Labor Decisions of French Agricultural Households[END_REF] and by [START_REF] Ahituv | Off-Farm Work and Capital Accumulation Decisions Of Farmers Over the Life-Cycle: The Role of Heterogeneity and State Dependence[END_REF]. In this approach, a labor regime is defined as one combination of outcomes of ail the participation equations. The solutions for consumption and leisure in each regime are inserted into the utility function to yield a regime-specific indirect utility measure. The household is assumed to choose the regime that yields the highest indirect utility. The probabilistic mode! is obtained after adding a regime-specific additive error term to each of the deterministic indirect utility measures. A multinomial probit is obtained if a multivariate normal distribution is assumed for the stochastic errors. Alternatively, a multinomial logit mode! is obtained if the errors are assurned to have i.i.d. Weibull distributions.

In this paper we adopt the multinomial logit specification due to the relatively large nurnber of regimes that makes multinomial probit impractical unless one is willing to use simulation techniques.

Data and descriptive statistics

We use data from the 2000 General French Census of Agriculture. A random sample corresponding to 10% of the whole sample was drawn from that Census, totaling 65,593 family farms. The data set includes various farm and family attributes and persona! characteristics of family members. In particular, it includes information on farm labor supply of family members and hired workers, and whether the operator and/or spouse work off the farm. We selected only farms operated by couples rather than by single operators, and only those in which the operator We <livide each of the educational attainment variables into three categories. The excluded group includes with less than secondary school leaving certificate. The two included binary variables are for those with a secondary school leaving certificate, and those with higher levels of education. We can see in table 3 that males are more likely to have had agricultural education and/or agricultural training than females, while females have higher general education. Regarding the number of adult family members, we see that more than half of the farm couples did not have any other family member older that 18 years. This is the excluded category. The farm size categories are defined using the concept of Standard Gross Margin (SOM). This is the value of output less the cost of variable inputs, calculated per crop or livestock item, by regions. The calculated SOM is using a three-year average of per-unit SOM multiplied by the number of actual units in each farm. An Economie Size Unit (ESU) represents a farm that is similar in SOM to 1.5 hectares of wheat. Among the farm type variables, the excluded category includes field-crop farms.

Empirical results

The multinomial logit results are reported in table 3. The excluded labor regime is regime 9, in which neither the male nor the female works off the farm, the female does not work on the farm, and no hired tabor is employed on the farm. Each coefficient therefore represents the effect of an explanatory variable on the tendency of the farm family to choose a particular regime over the alternative of regime 9. Altematively, one can think of each coefficient as the difference between the coefficients of a particular explanatory variable in the indirect utility functions of a particular regime and regime 9. To save space, we only report whether each coefficient is statistically significant at the 5% or the 1 % levels (The full results, including standard errors and t-statistics, are available from the authors upon request). We find that each of the explanatory variables has statistically significant coefficients in at least some of the regimes.

Starting with the persona! characteristics, we find that an individual's age is negatively related to his/her off-farrn work participation. This is true at the sample means, note in table 3 that the effects of age are nonlinear. Male and female ages have other significant effects, but one has to be cautions about tbese effects because the age coefficients are potentially contaminated by multicollinearity. Male agricultural education is negatively related to his off-farrn work participation, while female agricultural education is positively related to ber farm work participation and to the male's off-farrn work participation. Male general education, on the other band, is positively related to bis off-farrn work participation and to the female's farm work participation. Female general education is positively related to ber off-farm work participation. It seems like the female's farm labor substitutes for the male's farrn labor when she bas more agricultural education and when be bas more general education. Hired labor responds positively to ail levels of education, both agricultural and general, of both the male and the female. The effect of agricultural education on hired labor could be due to an incarne effect: more educated farmers are more efficient, make more money on the farm, and aff ord to hire workers while devoting part of their own labor input to managerial tasks or even increase their leisure activities. The effect of general education on hired labor could be due to both incarne and substitution effects, as these effects work in the same direction. Training of either the male or the female bas similar effects as agricultural education, and years of farm experience have similar effects as male agricultural education.

Children and adolescents are negatively related to both spouses' off-farm labor participation. Children up to age six are also negatively related to the spouse's farm labor participation. Other adults in the household are positively related to the couple's off-farm labor participation and negatively related to the female's farrn labor participation and to hired labor. It seems like other adults substitute for the farm labor input of both the farrn couple and hired workers.

supply of labor (other adults). These affect both male and female similarly, and the correlations with hired labor are similar in sign to the correlations with female's farm labor participation. The effects of the number of other adults indicate that other adult substitute for the farm labor of the farm couple and also for hired labor. This conclusion may be relevant for policies that aim to promote farm succession by adult children of farm couples, but more work is required in this direction (see Kirnhi 2001).

Unlike the conclusions of [START_REF] Benjamin | Modelling Labor Decisions of French Agricultural Households[END_REF], we find that the females' time allocation responds to farm-related incentives just as the males', and we also find that the females' farm labor substitutes for males' farm labor in certain circumstances. In addition, we find that hired labor mostly complements both male and female farm labor. Perhaps what we see here is an increased sharing of tasks and responsibilities of males and females, both on and off the farm, relative to earlier years.

Including the female's farm work participation among the dependent variables seems to be important. Not only are many coefficients of regime 1 statistically significant (table 3), it can easily be seen that the coefficients of regimes 2-8 are quite different from the coefficients of regimes 10-16. Hence, without taking explicit account of the female' s farm labor participation, the results could have been qualitatively different. 

Table 2 .

 2 Definitions and Means of Explanatory Variables

	Variable	Description	Unit	Mean
	Age male		Years 46.85
	Age female		Years 44.21
	Ag educ rn2	Male agricultural education, secondary school		
		leaving certificate	Oil	0.27
	Ag educ m3	Male agricultural education, higher level	0/ 1	0.15
	Ag educ f2	Female agricultural education, secondary		
		school leaving certificate	0/1	0.07
	Ag educ f3	Female agricultural education, higher level	0/ 1	0.04
	Gen educ m2	Male general education, secondary school		
		leaving certificate	0/1	0.43
	Gen educ m3	Male general education, higher level	0/1	0.15
	Gen educ f2	Female general education, secondary school		
		leaving certificate	Oil	0.39
	Gen educ f3	Female general education, higher level	0/ 1	0.32
	Training m	Male agricultural training since 1988	0/1	0.15
	Training f	Female agricultural training since 1988	0/ 1	0.08
	Y ears on farm	Y ears since current farm operator took over the		
		farm	Years	16.20
	Family 0-6	Number of family members up to 6 years of age Persons 0.27
	Family 7-12	Number of family members from 7 to 12 years		
		of age	Persons 0.34
	Family 13-17	Number of family members from 13 to 17 years		
		of age	Persons 0.34
	One other adult	Family includes 3 members from 18 to 65 years		
		of age	0/ 1	0.23
	Two other adults	Family includes 4 members from 18 to 65 years		
		of age	0/ 1	0.15
	3+ other adults	Family includes at least 5 members from 18 to		
		65 years of age	0/ 1	0.05
	Setup subsidy	Obtaining a farm set-up subsidy since 1988	0/ 1	0.15
	Struct improv	Having a structural improvement on the farm	0/ 1	0.08
	Diversification	Having diversification activities on the farm	Oil	0.21
	Partnership	The farm is part of a partnership	0/ 1	0.22
	Size 2-3	Standard gross margin between 4 and 16 ECU	0/1	0.15
	Size 4	Standard gross margin between 16 and 40 ECU	0/ 1	0.13
	Size 5	Standard gross margin between 40 and 100		
		ECU	Oil	0.26
	Size 6	Standard gross margin higher than 100 ECU	0/1	0.32
	Type2	Horticulture farm	Oil	0.20
	Type3	Fruit and wine production	Oil	0.24
	Type4	Dairy and beef cattle	0/ 1	0.12
	Type 5-6	Hogs, poultry and other cultures	0/ 1	0.11
	Type 7	Mixed livestock farms	0/ 1	0.11
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