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5 Model estimation results 

The results of the estimation of the four models described in chapter 3, for both 
specifications (reduced form and structural specification — chapter 4), are 
presented in this chapter. Comparison of the estimates allows the validity of various 
assumptions about labour supply decisions to be tested. Particular focus is given to 
the estimate for the lagged dependent variable, which measures state dependence of 
labour supply.  

Moving from Model I to Model IV involves a gradual relaxation of the assumptions 
surrounding the estimation of the labour supply decision and requires additional 
parameters to be estimated. The significance of these additional parameters provides 
a guide as to whether the assumptions implied in the previous model hold, and 
therefore, whether the previous model is correctly specified. For example in 
Model II, unobserved heterogeneity (random effects) is introduced and the lagged 
dependent variable is treated as endogenous (by simultaneously estimating the 
dynamic model and the initial condition equation). The significance of the random 
effects term can be used to test the validity of the assumption made in Model I that 
unobserved heterogeneity influences labour supply. If the random effects term is 
found to be significant Model I is misspecified, and  the parameter estimates from 
this model should be biased.  

Moving from Model II to Model III, unobserved individual effects are allowed to be 
correlated with observed time variant variables through including the means of the 
variables in the model. If the coefficients on the mean variables are jointly 
statistically significant, the random effects assumption of Model II is not warranted 
in which case Model II is misspecified, again raising concerns of estimation bias.  

Similarly, moving from Model III to Model IV allows for serial correlation of 
transitory errors. If the correlation parameter is statistically significant, the 
assumption of no serial correlation of transitory error is unwarranted, suggesting 
that Model III will be misspecified compared with Model IV. 

Before comparing and discussing the model estimation results, it is useful to first 
illustrate how the coefficient estimates should be interpreted. 
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5.1 Interpretation of the coefficient estimates 

As illustrated in chapter 3, the Tobit model is formulated based on latent working 

hours *y . Since * '[ | ]E y X X β=  in Tobit models, 
*[ | ]( )k

k

E y X
X

β ∂=
∂

 measures the 

marginal effect of the variable kX  on latent working hours. An advantage of the 
Tobit model as a method of estimating a censored distribution, is that it allows 
examining the partial effect of observed variables on alternative outcomes of 
interest (Wooldridge 2002), such as: 

(a) 'Pr ( * 0 | ) ( / )ob y X X β δ> = Φ  

(b) ' ' '( | ) ( / )( ) ( / )E y X X X Xβ δ β δφ β δ= Φ +   

(c) ' ' '( | , 0) [ ( / ) / ( / )]E y X y X X Xβ δ φ β δ β δ> = + Φ . 

In the above equations, δ  refers to the square root of the variance of the 
(composite) error term in the model. Equation (a) measures the probability of being 
employed (those with positive working hours); (b) measures the expected value of 
observed working hours (including both zero and positive hours); and (c) is the 
expected working hours of those who are employed (those with positive hours). 
Following these equations and by using the coefficient estimates, the marginal 
effects on each of the three outcomes can be calculated. Since latent working hours 
are not observed for those who do not work, the marginal effects on the three 
outcomes described in (a) to (c) are more meaningful than the coefficient estimates 
themselves.   

5.2 Estimation results 

In the following two sections the marginal effect estimates on the outcomes 
depicted in (a) Pr ( * 0 | )ob y X>  and (b) [ | ]E y X , along with the coefficient 
estimates, are presented. Instead of calculating the marginal effects at the mean of 
the observed variables, the marginal effects for each observation in the sample are 
calculated with the mean of the individual marginal effects presented. The resulting 
marginal effects are often called mean marginal effects (MME).1 To further 
facilitate inference, the standard errors of the MME estimates are calculated using 
the delta method (Greene 2000). The estimation results are presented separately for 
the reduced form and structural specifications of the four models.  

                                              
1 The marginal effects evaluated at the mean of the sample are often called the marginal effects at 

the mean (MEM). The MME estimates are preferred to MEMs since no persons in the sample 
take the mean values of the variables.  
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Reduced form estimation 

Table 5.1 presents the coefficient and MME estimates of the reduced form 
specification of the four models. The estimates of the random effects parameters in 
Models II to IV are all strongly significant, suggesting that ignoring unobserved 
individual heterogeneity (as in Model I) would lead to misspecification bias. In 
Models III and IV, the estimates of the parameters of the mean variables used to 
explain the random effects are jointly significant at the 5 per cent level, although 
they are not all individually significant. This indicates that a random effects 
assumption on unobserved individual effects, as assumed in Model II, may not hold 
and that a fixed effects approximation is better. In Model IV the estimate on serial 
correlation is strongly significant, suggesting that ignoring the correlation as in 
Models I to III would lead to a biased estimate on state dependence and possibly 
other control variables. All these together suggest that Model IV should be the 
preferred model among the four. 

Evidence on state persistence 

In the first three models the coefficient and MME estimates for lagged working 
hours are positive, suggesting positive state dependence of labour supply for 
married women. However, the estimate on lagged working hours from the preferred 
model (Model IV) is insignificant. This, together with the positive and significant 
estimate for the correlation of transitory error, suggests that the evidence of state 
dependence inferred from Models I to III is largely due to positive correlation of 
transitory errors, and thus is spurious. That is, while state dependence is observed in 
the sample, it is a result of a range of unobserved transitory influences such as 
accumulation (loss) of human capital associated with the employment 
(unemployment) state. 

Comparing the MME estimates between the models, the pooled model (Model I) 
produces the largest effect for lagged working hours (and thus the largest state 
dependence estimate). From this model, an additional hour worked in the previous 
year increases the probability of being employed in the current year by 1.2 
percentage points, and increases current working hours by 0.69. The corresponding 
estimates from Model II are 0.46 percentage point and 0.27 respectively. The 
estimates from the correlated random effect model (Model III) are very similar to 
the estimates from Model II in terms of the marginal effects. The reduction of the 
MME estimate for state dependence from Model I to Models II and III suggests that 
unobserved individual effects play an important role in inter-temporal persistence of 
a married woman’s labour supply. 
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Evidence on non-labour income 

The effect of permanent non-labour income (as measured by the mean of non-
labour income) on a married woman’s labour supply is significant and negative. 
Transitory change in non-labour income (as measured by the deviation from mean 
of non-labour income), while having an expected negative sign, is not significant. 
These estimates suggest that permanent non-labour income, rather than the 
transitory non-labour income, has the greatest effect on labour supply.2 The MME 
estimates from the preferred model (Model IV) indicate that a $10 000 increase in a 
woman’s permanent non-labour income would reduce the probability of her being 
employed by 0.75 percentage point and reduce working hours by 0.45 hour. To put 
these estimates in context, the mean non-labour income of the women in the sample 
is about $58 000. Therefore, a woman who has permanent non-labour income at the 
sample mean would have a probability of being employed that is about 4.4 
percentage points lower and working hours that are 2.6 hours less, compared with a 
woman without any non-labour income.  

Evaluated at the sample mean, the elasticity of working hours with respect to 
permanent non-labour income is -0.12, and the elasticity of the probability of being 
employed is -0.06.3 Comparing the estimates from the other three models, we see 
that the MME estimates from Model I for both working hours and the probability of 
being employed are less than a third of those estimated from Model IV. The 
estimates from Models II and III fall in between those of Models I and IV. That is, 
failure to adjust for unobserved heterogeneity leads to an underestimation of the 
importance of non-labour income on labour supply of married women. 

Evidence on the effect of age 

Age also appears to influence the labour supply of married women. Note that the 
reference age group refers to those aged 26-35 years. While the coefficient 
estimates on the different age cohorts are not all individually statistically 
significant, they are jointly significant at the 1 per cent level in all the four models. 
The estimates from the preferred model indicate that, all else equal, older women 
tend to supply less labour than younger ones. For example, the MME estimates of 
the probability of being employed show that compared with women aged 26-35 

                                              
2 The insignificance of transitory non-labour income may also be due to measurement errors in 

non-labour income. Measurement error leads to the estimate to be biased towards zeros. If non-
labour income is measured with errors, the errors are more likely to be reflected in the deviation 
from mean than the mean itself.  

3 The sample mean of non-labour income is $58 000; the sample mean of working hours is 21.61; 
and the sample mean of the probability of employment is 0.71. 
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years, those aged 46-55 years have a probability of being employed that is 2.5 
percentage points lower, with the probability of being employed for those aged 56 
and over 11.2 percentage points lower. For observed working hours, compared to 
the 26-35 years age group, the MME estimates show that those aged 46-55 years are 
expected to work 1.5 hours less and those aged 56 and over 6 hours less. The 
estimates from Model III are qualitatively similar to those from Model IV, but the 
MME estimates are slightly smaller. The estimate on the age dummy aged 36-45 in 
Model I has an opposite sign to that from Model IV, and it is significant at the 10 
per cent level. For the two older age groups, the MME estimates in Model I are also 
much smaller than those in Model IV, indicating that the pooled model might have 
provided misleading inferences regarding the effect of age alone on a woman’s 
labour supply. 

Evidence on the effect of education 

As with other models of labour supply, education is found to have a significant 
effect (all variables in all models significant at the 1 per cent level). For the 
education variables, the reference group is those who did not complete year 12. In 
general the higher the education level, the greater is the labour supply. Focusing on 
the preferred model, the probability of being employed for those married women 
who completed year 12 is 10.1 percentage points higher compared to those who did 
not complete year 12. For other education levels the effect is also significant, with 
the probability of being employed 8.9 percentage points higher for those with a 
certificate; 14.3 percentage points higher for those with a diploma; and 
20.7 percentage points higher for those with a degree compared to those married 
women who did not complete year 12.  

As with the probability of being employed, increases education levels increase 
working hours. Those married women who completed year 12 are expected to work 
5.1 hours more per week than those who did not, those with a certificate 4.4 hours 
more, diploma 7.7 hours more and degree 12.9 hours more. The corresponding 
MME estimates from the pooled model (Model I) are much smaller than those from 
Model IV. For example, the MME estimate for the degree variable on observed 
working hours in Model I is less than one fourth of that from Model IV. The MME 
estimates between Models II and III are similar, but both slightly smaller than those 
from Model IV.  

Evidence on the effect of health 

The specification of the health variables differed in Models III and IV compared 
with models I and II and thus may not be directly comparable. Despite this, the 
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coefficient estimates in all the four models are significant and have the same sign. 
As expected, the results indicate that having a health condition reduces a married 
woman’s labour supply.  

In models III and IV, both the mean of health (over the six year data period for an 
individual) and its actual value are used, with only the actual value used in Models I 
and II. The estimate on mean health conditions can be interpreted as the effect of a 
woman’s permanent health status on labour supply, while the estimate on the actual 
value can be seen as the effect of temporary health changes. The results of the 
preferred model indicates that a ‘temporary’ health deterioration (that is, a change 
from no condition to having a conditions) reduces the probability of being 
employed by 1.4 percentage points, and reduces working hours by 0.8.4  

Evidence on the effect of young children 

As with other studies of labour supply, the impact of children, particularly young 
children, is found to be significant. Similar to the approach used to measure the 
effect of health status, the variables used to measure the influence of children vary 
between Models I and II and Models III and IV. The mean of the child variables 
were included in Models III and IV to account for correlation of observed variables 
and unobserved individual effects. Consequently, the MME estimates on these 
variables from Models III and IV cannot be compared with those from Models I and 
II.  

Despite lack of comparability in results across the models, the coefficient estimates 
from all the four models show that children, particularly younger ones, have a 
negative effect on labour supply of married women. In all the four models, the 
estimates on the variables ‘child 0-2’ and ‘child 3-5’ are strongly significant. The 
MME estimates from the preferred model show that an additional child under two 
years would reduce the probability of being employed by 16.3 percentage points 
and reduce expected working hours by 9.7. An additional child aged 3-5 reduces the 
probability of being employed by 6.6 percentage points and reduces working hours 
by 3.9. Having an additional child aged 6-17 is also found to have a negative effect 
in the preferred model, but the estimate is statistically insignificant.  

                                              
4 For the mean health variable, the MMEs was calculated by treating it as a continuous variable. 

While this may not be appropriate since the health condition variable is a dummy variable, there 
are no better options for calculating the MME for the mean variable. Without emphasis on the 
MME estimate of the mean health variable, the coefficient does suggest that permanent health 
might have a much larger impact on labour supply than temporary health deterioration. 
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Evidence on the effect of country of birth 

All the models indicate that labour supply of overseas born women is lower than 
those born in Australia, but only the estimate for immigrants from non-English 
speaking countries is significantly lower (the omitted group for this variable refers 
to those women born in Australia). The MME estimates from the preferred model 
show that compared with Australian born women, the probability of those who 
immigrated from non-English speaking countries being employed is 7.4 percentage 
points lower, and working hours are expected to be 4 hours less. While this may be 
due to differences in cultural preferences, language difficulty is another possible 
explanation. It could also be caused by discrimination in employment and/or wages. 
The MME estimates from the other models are smaller than those from Model IV. 
In particular, the MME estimates from Model I are the smallest among all the four 
models, suggesting that standard estimation approaches may significantly 
underestimate this effect.  

Living in a capital city is not found to have a significant effect on labour supply in 
any of the four models. Local unemployment has a positive sign, but it is also 
insignificant in all of the models.5 

The estimates on the wave/year dummies indicate that women appear to supply 
more labour in the later years than in the earlier years, perhaps reflecting the 
booming of the economy during the period examined, and the general increasing 
trend of female labour supply. 

Structural form estimation 

The estimation results for the structural form specification are presented in table 
5.2.  As for the reduced form specification, both unobserved heterogeneity and 
serial correlation of transitory error were found to have a significant effect, leading 
to the conclusion that Model IV was once again the preferred model.  

The results for state dependence are also as observed for the reduced form 
specification — there is no evidence of state dependence of labour supply once 

                                              
5 In theory the effect of the unemployment rate on married women’s labour supply is ambiguous. 

On the one hand increases in the unemployment rate may reduce married women’s labour 
supply through, for example, reducing wage offers. On the other hand, worsening labour market 
conditions may increase labour supply of married women as higher unemployment rates 
increase uncertainty of family income, an ‘added worker’ effect. This may explain why the 
unemployment rate variable is insignificant in the model. In addition, the unemployment rate is 
a measure at the ABS major statistical region level. As such, it may not reflect the labour market 
conditions an individual actually faces. This may be another reason for the insignificance. 
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observed and unobserved heterogeneity and serially correlated transitory shocks to 
labour supply are controlled for. The MME estimates of the lagged working hours 
variable on both the probability of being employed and observed working hours are 
very similar in the reduced form and structural specifications.  

Evidence of the effect of own-wages 

The structural form specification included a woman’s own wage in two forms — a 
mean measure to represent permanent earnings capacity, and a deviation from the 
mean to measure transitory wage changes. The measure of a woman’s permanent 
earning capacity is found to be significant in the preferred model (Model IV). The 
sign indicates that an increase in the mean of a woman’s wages increases her labour 
supply. That is, for married Australian women the substitution effect of permanent 
wages dominates the income effect. The MME estimates show that a $10 increase 
in a woman’s mean (hourly) wage raises the probability of her being employed by 
6.5 percentage points, and raises her expected working week by 3.8 hours.  

Evaluated at the sample mean, the estimates for mean wages imply an elasticity of a 
woman’s working hours with respect to her mean wages of 0.29, and an elasticity of 
the probability of being employed of 0.15.6 The other three models suggest that 
these elasticities are smaller. In particular, the MME estimate from Model I is less 
than half the estimate from Model IV. For the other three models, the estimate on 
the deviation of wages is also significant and positive, but the size of the effect of 
transitory wages is much smaller than that of mean wages.  

Evidence of the effect of the partner’s wages and working hours 

Looking at the wages of a woman’s partner, the results show that both the mean and 
the deviation of his wages are significant and negative. This indicates that both 
permanent and transitory earning capacities of a woman’s partner have a negative 
effect on her labour supply. The MME estimates from our preferred model indicate 
that a $10 increase in a partner’s permanent wages reduces the probability of the 
woman being employed by 2.9 percentage points, and reduces her working hours by 
1.7. Evaluated at the sample mean, the cross-elasticity of working hours of a woman 
with respect to her partner’s permanent wages is -0.18, and the elasticity of the 
probability of the woman being employed is -0.09. The effects of transitory wages 
of the partner are statistically significant but much smaller in size than a partner’s 
permanent wages. The estimated effects from the pooled model (Model I) are much 

                                              
6 The sample mean of women’s wages is $16.54; the sample mean of working hours is 21.61; and 

the sample proportion employed 71.08 per cent. 
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smaller than those from our preferred model, particularly for the partner’s mean 
wage variable. The estimates from Models II and III fall in between those of Model 
I and Model IV. 

Along with examining the effect of a partner’s income, the effect of his working 
hours was also examined to test whether there was any complementarily in a 
couples labour supply. A partner’s working hours, measured as working hours 
divided by 10, and its square (to capture possible non-linear effects) were added to 
all models. The results indicate some complementarity in labour supply, however, 
the square of working hours is only significant in the pooled model (Model 1) and is 
found insignificant when unobserved heterogeneity is controlled (Models II to IV) 
suggesting the relationship is linear. The MME estimates from the preferred model 
(Model IV) show that a 10 hour increase in a partner’s working hours raises the 
probability of a woman being employed by 1.4 percentage points, and raises their 
expected working hours by 0.83. The estimated effects from the other three models 
are larger than that from Model IV. The MME estimate from Model I is the largest. 

There are a range of possible reasons to explain the observed complementarity in 
labour supply. One reason relates to leisure time. Partners may tend to share their 
leisure time, or they may share similar preferences between work and leisure (due to 
the ‘marriage sorting process’ which may lead to individuals with similar 
preferences being ‘paired’). However, the exact explanations warrant further 
investigation. 

In the structural specification, a woman’s non-labour income was treated differently 
to the reduced form specification as it did not include her partner’s wage. However, 
despite this difference the qualitative effect on labour supply was found to be 
similar. Permanent family non-labour income that has a significant negative effect 
on the labour supply of married women. For example, estimates from the preferred 
model (Model IV) show that a $10 000 increase in permanent family non-labour 
income reduces the probability of a woman being employed by 0.9 percentage 
points, and reduces her working week by a 0.5 hours. The MME estimates from the 
other three models are smaller, with those from Model I being the smallest. 

The estimates for all other variables in the structural specification are remarkably 
similar to those estimated from the reduced form specification with the exception of 
the education variables. The effect of education was found to be much smaller in the 
structural specification than in the reduced form specification. However, this was 
expected since education is the most important determinant of wages which are also 
included in the structural specification. The small change in the estimated effects of 
the other variables included in both the specifications suggests relatively little 
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indirect effect of those variables on a woman’s labour supply through their effect on 
wages. 

There are a range of possible reasons to explain the observed complementarity in a 
married couple’s labour supply. One reason relates to leisure time. Partners may 
tend to share their leisure time, or they may share similar preferences between work 
and leisure (due to the ‘marriage sorting process’ which may lead to individuals 
with similar preferences being ‘paired’). However, the exact explanations warrant 
further investigation. 

In the structural specification, non-labour income represents family non-labour 
income (for the woman and her partner). In the reduced form specification a 
woman’s non-labour income was treated differently to the reduced form 
specification as it did not include her partner’s earnings. However, despite this 
difference the qualitative effect on labour supply was found to be similar. 
Permanent family non-labour income is found to have a significant negative effect 
on the labour supply of married women. For example, estimates from the preferred 
model (Model IV) show that a $10 000 increase in permanent family non-labour 
income reduces the probability of a woman being employed by 0.9 percentage 
points, and reduces her working week by a 0.5 hours. The MME estimates from the 
other three models are smaller, with those from Model I being the smallest. 

The estimates for all other variables in the structural specification are remarkably 
similar to those estimated from the reduced form specification with the exception of 
the education variables. The effect of education was found to be much smaller in the 
structural specification than in the reduced form specification. However, this was 
expected since education is the most important determinant of wages which are also 
included in the structural specification. The small change in the estimated effects of 
the other variables included in both the specifications suggests relatively little 
indirect effect of those variables on a woman’s labour supply through their effect on 
wages.  
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