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SUMMARY

Joint estimation of farm and off-farm work participation equations of farmers

involves estimating a multivariate probit model, in which the number of

equations is twice the number of household members. For the case of more

than two participation equations, we suggest a version of the Quasi Maximum

Likelihood method. This version requires only two levels of numerical

integration and maximizes the use of sample information subject to this

constraint. The method is used for estimating a joint participation model of

Israeli farm couples, in farm and off-farm work.



1. INTRODUCTION

Farmers' participation in off-farm work has been studied widely over the last

two decades (for a survey of empirical work see Lass et al. 1991). Recently,

researchers have moved from single-equation participation models to modelling

joint off-farm participation of farm operators and spouses (Gould and Saupe

1989; Huffman and Lange 1989; Lass et al. 1989; Tokle and Huffman 1991) or

joint farm and off-farm participation of men (Kimhi 1991a) or women (Kimhi

1991b) in a two-equation setup. Important findings have been the positive

correlation between off-farm participation decisions of operators and spouses

(although only Gould and Saupe and Tokle and Huffman reported significant

correlations), and the strong negative correlation between farm and off-farm

participation decisions of each family member.

In this paper, we combine the two approaches and model the joint

participation decisions of farm couples, both in farm work and in off-farm work.

The resulting discrete choice model includes four participation equations which

are assumed to be of a probit type. These equations are jointly estimated by a

Quasi Maximum Likelihood (QML) procedure, which attempts to get as close

as possible to a full information Maximum Likelihood (ML) estimator while

keeping computational burdens in the operative range. The uniqueness of this

method is that it enables a joint estimation of any number of probit equations,
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and the correlation structure of the associated stochastic vector, all in one step,

using numerical computations with no more than two levels of integration.

This estimation method can serve as the basis for further extensions,

since it does not limit the number of equations to be jointly estimated. In the

context of farm household work participation models, for example, it can be

extended to account for the endogeneity of other variables, such as farm

production (Lopez 1984), and eventually to estimation of a full set of demand

and supply equations derived from a non-separable farm-household model

(Huffman 1991).

In section 2, a multi-equation participation model is derived from a

household utility maximization problem. The estimation strategy is developed

in section 3 for a general multivariate probit model, and then applied to the

current problem. The data and results are described in section 4, and the

results are compared to those of alternative models. Section 5 concludes and

summarizes the findings.

2. MODEL

We start with the household utility model of Huffinan (1991). Utility (U) is a

function of total householdS consumption (C) and the vector of home time of
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household members (Th).1 Home time is a residual including time devoted to

household work, leisure, etc. Total time endowment of each household member

(T) can be used for farm work (T1), market work (Tm), and/or home time.

Therefore, the time constraint in vector notation is:

m + Th = T. (1)

This is a strict equality constraint since Th is a residual by definition.

Huffman (1991) imposes a non-negativity constraint on market work

only, since, in his model each household member works on farm by definition.

In our model, agents are allowed not to work on farm, and hence a non-

negativity constraint on farm work is also imposed. Such a constraint is not

necessary for home time if we maintain the common assumption that marginal

utility goes to infinity as the relevant argument (in this case home time)

approaches zero.2 Thus, the non-negativity constraints are:

Tm > (2)

• Consumption is constrained by total household income. Income is

composed of farm income (171), which is a function of farm labor supply of each

household member, off-farm labor income, which is the sum of off-farm
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earnings of all household members (Ymi), and other income (Y0). We deviate

from Huffman's specification in two aspects. First, we don't specify an explicit

farm production function, and consider farm income as a "black box." This is

because we are not interested in farm inputs, other than family labor supply,

or farm outputs. Second, we abstract from the assumption of fixed off-farm

wage and assume a more general non-linear off-farm earning function in off-

farm work.3 The resulting budget constraint is:

C = Yt(TfiZf) + EiYmi(Tmi,Zmi Yo, (3)

where Z. are exogenous shifters of function j. The strict equality is guaranteed

by a non-satiation assumption.

The household optimization problem is to maximize U(C,Th,Zu) subject

to (1), (2), and (3), where Zu are utility shifters. To deal explicitly with the non-

negativity constraints (2), we characterize the optimal solution by the Kuhn-

Tucker conditions, which are the first order conditions for maximizing the

function

U(C,Th,Zu) X[YtatiZi EiY mi(71 + Y0 - C] +

1.; [T - Tf - Tm - Th] + ilfTf + ia.mTm (4)



over (C,Th,Tfil,n) and minimizing it over fX,poifilim). The participation

conditions are a subset of the Kuhn-Tucker conditions. In vector notation:

ayf /aTf ji /X•t

aYm /aTm lait A;

with strict equality if participation occurs. Other conditions are:

au taTh: =At;

au mc =x;

(5)

(6)

(7)

(8)

and the constraints (1), (2), and (3).

If an interior solution for all choices occurs, which means that all

household members work both on and off the farm, the set of equations (1)-(3)

and (5)-(8) can be solved for the endogenous variables (C,Th,Tf,Tni,X,Iit,pf,p.m),

as functions of all the exogenous variables Zu, Z Zm, Yo and T. This is the

reduced form solution. Using the solution in (5) and (6), we can determine

which of the participation conditions is satisfied. The solution to be used in the

participation condition of Tip for example, has to be conditioned on T11=0. The

general form of the set of 2-n participation equations, where n is the number

of household members, is:

5
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fi(Zu,ZfiZm,170,T) g(Zu,ZpZ7n,Y0,T), j=1...n, (5)'

hi(Zmj) g(Zu,ZpZnI,Y0,T), j=1...n. (6)'

3. EMPIRICAL MODEL AND ESTIMATION METHOD

Using a first order approximation of (5)' and (6)', and adding stochastic terms

for the approximation errors we can write a generic empirical participation

equation as:

pufZu 13ti -Zm + IVY° + 13tir + ei 0; j=1...2 n, (9)

where the P's are appropriately-dimensioned row vectors of unknown

parameters. Strict inequality indicates non-participation. To the extent that

some explanatory variables appear in more than one of Zu, Zf, and Zni, only

sums of the corresponding coefficients are identified. If E - N(0,1) then each

of these equations can be estimated by probit. However, there is no reason to

believe that the error terms of two equations will be independent of each other.

For example, the error terms of the farm and off-farm participation equations

of the same individual may be correlated because of unobserved personal

characteristics. Those of the farm participation equations of two different

6
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household members may be correlated because of unobserved farm attributes.

Those of the off-farm participation equations of two different household

members may be correlated because of unobserved labor market conditions.

The error terms may even be correlated across individuals and across sectors

because of unobserved utility shifters. Therefore, a joint estimation procedure

is preferred in order to exploit all available information and get the most

efficient estimators possible.

The problem is that multivariate probit ML estimation of more than two

equations requires more than two levels of numerical integration, which makes

the task impractical if not infeasible. In this case, we resort to a method

included as an option in the HotzTran computer program (Avery and Hotz

1985, p. 31). This method is a variant of the QML procedure suggested by

Avery et al. (1983), in which restrictions are imposed on the parameters in

order to simplify the likelihood function. The restrictions are chosen such that

the restricted model still satisfies the orthogonality conditions, which are

equivalent to the first order conditions of the restricted ML model.

The simplest application of this strategy to our case would be to impose

independence of the e's across equations, and estimate each equation separately

by univariate probit. Such estimators are consistent and asymptotically normal.

In a second stage, the cross-equation correlation coefficients can be estimated

by using bivariate probit on each possible pair of equations, replacing the i3
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parameters by their first-stage estimators.

We will illustrate this method here for the case of three equations.

Extension to a case of more than three equations is straightforward. Let the

three probit equations be:

a1 X1. 0; i=1,2,3, (10)

where participation occurs if (10) holds. Assume that the first stage probit

estimation has been performed, yielding estimators ai; =1,2,3. The second

stage involves maximizing a bivariate probit log-likelihood function of the form

A A qv. / A
111E1 (:Cti -C1Ci pii) + • ki 

\ 
inak-aiN, 

A .„67.

+ (1-I)•1j lnB(aiN, -83x3, -pa) + 1nB(a1N, ai•xj,

with respect to pip where B is the bivariate normal probability function, pii is

the correlation between Ei and ej, (i.j) E f(1,2),(1,3),(2,3)), and Ik equals one if

participation occurs, zero otherwise. It is easy to see that maximizing (11) for

each possible (ij) is equivalent to maximizing

= 42 113 43°
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A more efficient estimator, which is the one suggested, by Avery and Hotz

(1985), can be obtained by incorporating the two stages into a single estimation

procedure. In this case, (12) can be maximized over al, of, a3) 1- 012) r- 0z) 13/ and p23.

The only necessary change in notation is to replace each a by a in (11).
Estimators will be more efficient since more information is used for each

estimated coefficient. The method is appropriate for any number of equations.

The number of additive terms in (12) will be 0.5- mll(m-2)!, where m is the

number of equations. The computation time, which is dominated by the

numerical computation of double integrals in the bivariate probit probability

function, is increasing more than linearly in the number of equations. However,

it is much less time-intensive than the full-information multivariate probit ML,

if the latter is at all feasible.4

A final comment relates to the calculation of the variance-covariance

matrix. The function to be maximized is treated as a likelihood function, but

indeed it is not. Hence, the estimated coefficients are not ML, and using the

inverse of the Hessian as the variance-covariance matrix is inappropriate. In

this case, the true covariance matrix should be calculated according to the

method suggested by White (1980).
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4. APPLICATION

The model is applied using data on Israeli farm households residing in

moshavim (semi-cooperative villages).5 The participation model includes two

equations for each of the two family members: farm work participation and off-

farm work participation. These participation data, as well as other personal,

family and farm information, are available in the 1981 Census of Agriculture.

We focus on participation decisions of the farm operator and his/her

spouse only, and do not consider decisions by other household members (this

is left for future research). One reason is that many farms are operated by an

extended household, with more than one nuclear family. In this case the

sharing of income from different sources, and of expenses, may vary in

magnitude across households, and participation decisions may vary accordingly.

Another reason is that young adult children are likely to be in a temporary

stage of life, going in or out of school or the army. This might contribute a lot

of noise to observed choices. Therefore, we have eliminated all households with

any member older than 21 years, other than operator and spouse.6 We have

also disposed of "non-farming families" (respondent's definition), partnerships,

landless families, and farms with incomplete records. The final data set

includes 9872 farm households. Table 1 contains descriptive statistics of key

variables which are used in the estimation.7
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Personal characteristics include age and education. Age is not so much

an indication of experience in a certain sector, as is customarily assumed,

especially because of the high percentage of dual job holders, and due to the

lack of information on past participation patterns. It can more generally

indicate a stage in the life-cycle (Stafford 1983). Off-farm participation

generally exhibit concave, hump-shaped age profiles, where participation is

first increasing and then decreasing (Lass et al. 1991). We don't have an ex

ante belief about age profiles of farm participation. Education is assumed to

increase labor productivity both on and off the farm. It generally has a stronger

effect on off-farm productivity (Lass et al. 1991). Therefore, we expect education

to affect farm participation negatively and off-farm participation positively.

Family characteristics include the number of children in two age groups:

0-14 year olds and 15-21 year olds. Children are sometimes viewed as suppliers

of cheap farm labor input. On one hand their existence increases farm

profitability and hence is expected to increase farm participation. On the other

hand, children's labor can substitute for adult labor, and hence decrease adult

farm participation. Therefore, this effect is ambiguous, but it is expected to be

more important for the older age group. Children also induce increased

consumption and time spent on household activities. This can generate

different results for different household members. For example, the mother

might reduce her work hours in favor of home time, and the father might
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increase his work hours in order to compensate for that and also to enable

higher consumption. It is hard to predict how the total reduction of work hours

of the wife, and increase in work hours of the husband, will be reflected in

their participation patterns in the two sectors. If farm work is a better

complement to house work than off-farm work, then we would expect off-farm

participation rates of both husband and wife to be more sensitive to the

number of children than farm participation rates. In any case, these effects are

likely to be stronger for the younger age group of children.

Farm characteristics include land size, old capital stock, and a dummy

for dairy farms. Land size in moshavim is institutionally determined, and

hence is considered exogenous to time allocation decisions.8 Old capital

includes the value of farm structures and equipment which were built or

purchased more than ten years before the census year. This was chosen in

order to avoid identification problems related to the simultaneity between time

allocation and capital investment decisions. The ten year lag is forced by data

availability considerations. Old capital and new capital are highly correlated,

so we felt that the disadvantage caused by the possible endogeneity of new

capital outweighs the benefit of its additional explanatory value. Dairy farms

are generally very different from other farms in the patterns of labor demand.

Other types of farms such as greenhouse farms are alsodifferent, but only the

dairy dummy is used, since engaging in dairy farming is a decision that is most

12



likely to be taken prior to time allocation decisions. This is because dairy

farming is much more binding in the short run than operating a greenhouse,

since the latter can be used for several alternative crops (vegetables, flowers,

house plants, etc.) and can even be left unused for a period without much loss.

Table 2 describes the participation patterns of farm couples. It is evident

that men's participation in either sector is much higher than women's. If a

person works in one sector, he/she is less likely to work in the other sector.

This is a direct implication of the binding time constraint, since both farm work

and off-farm work use the same limited resource (time). If a person works on

farm, his/her spouse is less likely to also work on the farm. This could be

because the couple's labor inputs are substitutes in farm production. If a person

works off-farm, his/her spouse is more likely to also work off the farm. One

explanation is that the farm is planned to fit the lifestyle of off-farm workers.9

The QML method described above is used to jointly estimate the four

participation equations which are specified like (9). The likelihood function is

similar to (12), but now there are six additive components of the (11) type. The

correlation coefficients and the other coefficients are jointly estimated in one

step. The explanatory variables include age and education, spouse's age and

education, the number of children in each age group, and the farm variables

described above. Two sets of dummy variables were also included in each

equation. One is a set of regional dummies that is supposed to control for

13



differences in local labor market conditions and differences in agricultural

productivity across regions. The other set of dummies controls for the moshav's

establishment year, which is closely related to ethnicity and nativity of the

individual farmers. This has been shown by Sadan and Weintraub (1980) to

affect the economic performance of farms in moshavim.

The likelihood function was maximized with the Gauss program, using

the BFGS algorithm.10 The results are displayed in table 3. The magnitude

and significance of the estimated correlation coefficients indicate that the joint

estimation is important. The correlations are negative for farm and off-farm

participation of each family member, and negative (positive, but much smaller

in absolute value) for farm (off-farm) participation of men and woman. These

results resemble those observed in the raw data (table 2).

The age coefficients were not significant in the farm participation

equation of men. In the other equations, they exhibit the usual concave age

profile, with farm participation probability of women peaking at the age of 47,

and off-farm participation probability of men and women peaking at the ages

of 41 and 40, respectively.11 The effect of spouse's age on participation is

positive for men and negative for women, in each sector, but is significant only

in the women's off-farm equation.12

Schooling had a negative effect on farm participation and a positive effect

on off-farm participation, of both men and women. However, only the

14



coefficients in the off-farm participation equations were statistic-ally

significant.13 This conforms with results of previous studies (Lass et al. 1991)

and suggests that the effect of schooling on off-farm wages may significantly

outweigh the effect on farm and/or home productivity. The coefficients of

spouse's schooling had the opposite signs and were generally of a smaller

magnitude. The only equation in which the spouse's schooling coefficient

dominates that of own schooling is the women's farm participation equation.

This suggests that farm productivity is mainly affected by the education of the

husband (who is defined as the farm operator in almost all cases) because he

makes the important decisions regarding farm activities.

The existence of children affects women's tendency to work, both on and

off the farm. The strongest effect is that of younger children on women's off-

farm participation, which is almost three times as large as the effect of older

children or the effect on farm participation. For men, the effect of younger

children is similar with respect to farm participation, but is negligible with

respect to off-farm participation. The effect of older children on men's

participation is much different, though. Their effect on farm participation is

three times as large as that of younger children, and their effect on off-farm

participation is significantly positive. These results suggest that the time costs

of young children are more important than their money costs (participation of

both parents decreases); that women have a comparative advantage in house

15



work over farm and/or off-farm work; and that older children can substitute for

men's farm work so that they can more easily work off the farm. These

conclusions confirm with previous findings (Lass et al. 1991).14

Land size, old capital stock and the dairy farm dummy, all have a

positive effect on farm participation and a negative effect on off-farm

participation (with a few exceptions) for both men and women. This is hardly

surprising. There are, however, a few differences between the equations of men

and women. Land size has a significantly negative effect on women's farm

participation, and a negative but non-significant effect on their off-farm

participation. Capital stock, on the other hand, has larger effects on women's

participation than on men's, though the signs are similar. This suggests that

men have a comparative advantage over women in land-intensive operations

(such as field crops), while the opposite is true in capital-intensive operations

(such as greenhouses; see Nevo [1991]). The dairy dummy coefficients suggest

that dairy farms are more demanding in terms of family labor relative to other

farms, and that dairy farming is not as good a complement to off-farm work as

are alternative farming operations.

As said before, the large and significant correlation coefficients indicate

the importance of the joint estimation. We tried to test whether the advantage

of the joint estimation over alternative more limited, model specifications is

significant. To do this, we estimated several limited specifications of the model
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and used the likelihood ratio test to test the hypothesis that the parameter

estimates, other than the correlation coefficients, are equal. The simplest

specification was a set of four independent probit equations. Two other

specifications included sets of two bivariate probit models. In one of them, a

farm and off-farm participation model was estimated separately for men and

women, respectively. In the other, a husband-wife model was estimated

separately for farm and off-farm work, respectively.

The likelihood ratio tests could not reject the hypothesis that the

different specifications yield identical parameter estimates. However, the

percent of correct predictions is higher in the joint participation model than in

any case in which we estimated a ML bivariate probit model of two equations

only, or the simple probit case.15 This provides some indication that the joint

estimation, although being less efficient than ML, is preferred to the ML

estimation of fewer equations usually reported in the literature, even though

in this case the parameter estimates were not significantly different.

5. CONCLUSIONS

In this paper we have used a QML-based method to estimate a multivariate

probit model. This specific version was designed in order to maximize the use

17
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of sample information, subject to the limitation that the level of integration in

multiple integrals be not higher than two. The method was applied to a joint

participation model of farm men and women in farm and/or off-farm work. The

results suggest that at least in terms of prediction power, this method is

superior to an alternative approach in which only two equations are estimated

by ML bivariate probit, which has often been used in the literature. Even

though in the case studied here the parameter estimates were not significantly

different in the various specifications, there is a potential for improvement in

other applications, especially those based on smaller data sets.16

The joint estimation yields conclusions about the different roles and

comparative advantages of men and women in farm, off-farm, and house work.

Specifically, we found that specialization in one sector (farm or off-farm) is the

common practice among Israeli farmers. We found that farm labor inputs of

different family members are substitutes, and that couples are more likely to

both work off-farm rather than only one of them. Years of schooling increase

off-farm earnings of both family members, while only the husband's schooling

level seems to affect farm productivity. The effects of the existence of children

of different age groups suggest that the time costs associated with caring for

younger children dominate the money costs; that women have a comparative

advantage in house work over men; and that older children can substitute for

men's farm work.
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From the coefficients of farm attributes, we learn that with respect to

farm work, men have a comparative advantage in land-intensive activities

while women have a comparative advantage in capital-intensive activities. The

results also support the stylized fact that dairy farmers have a tendency to

specialize in farm work.

In a recent article, Sumner claims that the supply of research in the area

of farmers' time allocation was facilitated in part by advances in econometric

methods. The estimation procedure suggested in this paper can stimulate

further research of the economic behavior of farm-households. The method

proposed here can be used in other applications of discrete choice and discrete-

continuous models. A direct extension of the current model is to estimate

participation equations of more than two family members. In fact, the number

of family members included does not even have to be equal across households.

Also the participation model can be estimated jointly with other behavioral

patterns, such as farm structure. This will solve the potential problem of

endogeneity of farm attributes in farmers' time allocation analyses.

19



NOTES

1. This neoclassical model of family decisions has been recently deserted in favor of

an alternative cooperative bargaining model (Schultz 1990). These models cannot be

distinguished in our reduced-form participation framework, and therefore we use the

more traditional model to motivate the empirical setup.

2. Proponents of the Huffman approach argue that a similar argument holds for farm

work, if marginal product of farm work goes to infinity as farm work approaches zero.

Even if this is true, fixed costs associated with farm work may cause the non-

negativity constraint on farm work to be binding for some farmers. This constraint

was found empirically important, especially for farm women (Kimhi 1991a).

3. This generalization is not crucial in this paper, but the dependence of wages on the

amount of time worked is a well established stylized fact in labor economics (e.g.

Hotchkiss 1991), and is particularly relevant in this context since many farmers hold

part-time as opposed to full-time off-farm jobs.

4. We are not aware of any previous application of this method to multivariate probit.

5. On the institutional structure of moshavim, see for example Guttman and Haruvi

(1986); Nevo (1991); Sadan and Weintraub (1980).

6. For comparison purposes, we have estimated the model using the whole data set

as well. We found very few qualitative differences among the estimated coefficients

in the two cases. See notes 12 and 14 below.
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7. We differentiate between men and women rather than operator and spouse, since

the latter is subjective. Indeed, very few of the farm operators were women.

8. In each moshav land is equally distributed among farms. Trading is illegal. The

only possibility is to sell the whole farm, including the family residence, and move out

of the village (each moshav is associated with one village). Short term rental

agreements exist in practice but are not reflected in the land variable used here.

9. A test for this explanation can be developed from a joint estimation of off-farm

participation decisions and farm structure (such as crop mix) decisions. This is

beyond the scope of this paper.

10. A copy of the program and the data set is available upon request.

11. When the whole data set was used, Age coefficients were significant in the men's

farm participation equation as well, exhibiting concave, though relatively flat, profiles

(peaking at the age of 26).

12. The hypothesis that spouse's age does not affect participation in either sector was

rejected at the 1% significance level.

13. When the whole sample was used, education had a significant positive coefficient

in the women's farm participation equation. Still, it was much smaller in magnitude

than the parallel coefficient in the off-farm equation.
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14. Lundberg (1988) found that the existence of children and especially their ages

greatly affect joint time allocation decisions, and suggests that this is due to child

care arrangements. Abdel-Ghany and Nickols (1983) report persisting differences in

the assignments of household tasks between husbands and wives. Stafford (1983)

claims that the effects of children on time allocation are only a part of a more general

life-cycle effect. Shapiro (1990) found that in larger households, men tend to engage

in non-agricultural tasks, and concludes that the scope for specialization within the

household is increasing with household size.

15. The percent of correct predictions of the four equations was 95.61, 63.09, 59.84,

and 76.02 when the men and women equations were estimated separately. It was

95.61, 63.07, 59.82, and 76.20 when the farm and off-farm equations were estimated

separately. In all cases, all men were predicted to participate in farm work. As an

alternative to the reported model, we estimated men off-farm participation and

women farm and off-farm participation for the subsample in which men work on

farm. The estimated coefficients did not change qualitatively in this case, and the

hypothesis that they did not change at all was only marginally rejected (p-

value=4.22%). The percent of correct predictions was slightly higher in two of the

equations (68.05, 63.13, and 76.54, for the three equations, respectively). Since the

improvements were negligible, we decided to stick with the more general model of the

four participation equations.

16. Even the simple probit estimators are consistent in the presence of correlations

among the error terms (Avery et al. 1983). This suggests that in extremely large data

sets, such as the one used here, the parameter estimates dre expected to be quite

close.
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Table 1. Descriptive Statistics

Variable Mean S.D. Range Units

Age (men) 42.4 12.4 21-80 years
Age (women) - 38.7 11.8 14-80 years
Schooling (men) 10.2 3.7 0-20 years
Schooling (women) 10.2 - 3.9 0-20 years
Children under 14 2.0 1.6 0-11 heads
Children 14-21 years old 0.6 1.1 0-7 heads
log(land) 3.2 0.8 .7-6.7 dunamsa
log(old capital)b 0.9 1.8 0-6.8 $81c
Dairy farm .052 .0 1.....• 

0 ." 1 dummy

a 1 dunam = 0.23 acre.
b Normative value of capital assets at least ten years old. Farmers reported physical
quantities of capital assets, whose value was determined by norms derived from
detailed regional surveys.
1981 prices.
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Table 2. Unconditional and Conditional Sectoral Participation Patterns (%).

Men Women

Farm Off-Farm Farm Off-Farm

All sample 95.6 42.6 42.5 26.4

Male works on farm
Yes 40.8 40.4 27.0
No 81.3 89.1 13.4

Male works off-farm
Yes 91.6 44.4 32.7
No 98.6 41.1 21.7

Female works on farm
Yes 90.8 44.5 17.5
No 99.2 41.2 32.9

Female works off-farm
Yes 97.8 52.8 28.2
No 94.8 39.0 47.6

Works both on and off
the farm

Does not work at all

39.0 7.4

0.8 38.6

0.





Table 3. Participation Model QML Results.

Variable

Men Women

Farm Off-Farm Farm Off-Farm

Intercept 1.4008 -1.6878 -2.0853 -3.7613
(3.52)** (6.77)** (9.83)** (13.7)**

Age -0.0122 0.1202 0.0946 0.1409
(0.77) (11.4)** (9.87)** (10.5)**

(Age) /50 0.0014 -0.0729 -0.0503 -0.0888
(0.18) (13.3)** (10.1)** (11.1)**

Schooling -0.0137 0.0638 -0.0039 0.1343
(1.46) (11.0)** (0.70) (17.2)**

Spouse's Age 0.0070 0.0017 -0:0031 -0.0096
(1.12) (0.45) (0.88) (2.09)*

Spouse's Schooling 0.0131 -0.0191 0.0395 -0.0062
(1.40) (3.30)** • (7.12)** (0.90)

Children Under 14 -0.0354 -0.0009 -0.0344 -0.1192
(2.15)* (0.09) (3.43)** (9.24)**

Children 14-21 -0.1062 0.0280 -0.0447 -0.0465
(4.61)** (1.79)* (2.97)** (2.35)**

log(land) 0.2209 -0.3548 -0.0843 -0.0178
(5.80)** (15.2)** (3.83)** (0.72)

log(old capital) 0.0070 -0.0280 0.0281 -0.0339
(0.52) (3.56)** (3.74)** (3.84)**

Dairy Farm 0.2478 -0.7592 0.3926 -0.2357
(2.08)* (10.4)** (6.52)** (3.02)**

Correlation Coefficients

Men:Farm -0.4614 -0.6197 0.1805
(14.6)** (18.7)** (4.81)**

Men:Off-Farm 0.0205 0.1562
(1.19) (8.05)**

Women:Farm -0.3956
(20.5)**

% of Correct Predictions 95.61 67.81 61.81 76.65

Continued on next page





Table 3 (Continued).

Notes: 9872 observations.

t-statistics in parenthesis. The variance-covariance matrix was calculated

according to White's (1980) method.

A correct prediction is one in which participation probability is above
(below) 0.5 for a participant (non-participant)

The model also included 9 regional dummies and 5 establishment year
dummies in each equation.

The t-statistics of the correlation coefficients are in fact those of
transformed coefficients used in the estimation. Their interpretation is
similar, though, so that significance of the transformed estimated
parameter implies significance of the actual correlation coefficient.
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