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Abstract

We estimate four models of female labour supply using a Spanish sample of married women from 1994, taking into
account the complete form of the individual’s budget set. The models differ in the hypotheses relating to the pres-
ence of optimisation errors and/or the way non-workers contribute to the likelihood function. According to the re-
sults, the effects of wages and non-labour income on the labour supply of Spanish married women depend on the
specification used. The model which has both preference and optimisation errors and allows for both voluntarily and
involuntarily unemployed females desiring to participate seems to better fit the evidence for Spanish married
women.

Keywords: labour supply, optimization errors, budget set.

JEL Classification: J22.

1. Introduction

The importance of specification issues in estimating labour supply models is well
known 1. Not only econometric aspects such as sample selection problems related to wages,
the fact that the endogenous variable is censored, or the distributional assumptions 2, but also
other specification aspects are relevant. In that sense, the empirical literature has taken note
of the importance of the characteristics of the budget set (tax system) 3, the specification of
different models for the participation decision and the hours equation 4, the consideration of
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restrictions on labour supply 5, or the analysis of household labour supply decisions rather
than individual ones 6.

In this paper we put forward evidence of the importance of modelling how the process of
forming the observed decisions can take place. In particular, we estimate different models for the
labour supply decisions of Spanish married women which differ in the assumptions about how
the relationship between desired and observed participation and hours decisions are specified 7.
Additionally, we also try to shed some light on the impact of considering two different types of
unobserved heterogeneity (preference and optimisation errors) against the case with only one
source. The evidence, based on the estimated coefficients, on the explanatory power of the mod-
els and on the estimated wage and income elasticities, depends on these assumptions. A model
with a specification similar to that of Model 1 in this paper was used by García and Suárez
(2002) to simulate the welfare and female labour supply effects of the 1999 reform of the IRPF
(the Spanish Income Tax system).

The models are estimated using the information contained in the 1994 and 1995 waves
of the European Household Panel for Spain and they have a more realistic specification of
the budget set than previous studies of the Spanish case, in terms of considering all the tax
brackets 8 and allowing the possibility of choosing between separate and joint taxation as
was possible in Spain in the period considered 9. The estimation procedure corresponds to
what is known in the literature as Hausman´s approach 10, assuming a linear specification for
the labour supply equation.

The rest of the paper is organised as follows. In Section 2 we present the main assump-
tions regarding household preferences, budget constraints and the process of observing an in-
dividual as a non-worker or working a particular number of hours. The econometric specifi-
cation is outlined in Section 3. In Section 4 we describe the data and the main characteristics
of the Spanish tax system and we present the maximum likelihood estimates. In Section 5
wage and income elasticities are calculated and Section 6 sets out conclusions.

2. The model

We specify a static neoclassical labour supply model which incorporates the main
characteristics of the Spanish tax system. In this framework, family consumption and la-
bour supply are determined so as to maximise the household utility function subject to a
piecewise-linear budget constraint. Moreover, we assume that husband’s labour supply is
predetermined. Thus the utility function depends on total consumption and female labour
supply whereas husband’s non-labour income and earnings have only an income effect on
his wife’s working time. Besides consumption and female labour supply, personal and
household characteristics may contribute to explain family decisions. Finally, we add an
unobserved heterogeneity random component which explains why two households with
the same economic and socio-demographic characteristics may have different female la-
bour supplies.
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In this setting, household consumption and female hours of work stem from the solution
to the following problem:

[1]

where U denotes utility, c is family consumption expenditure, h is female’s weekly working
time, X is a vector of socio-demographic variables which may affect family tastes, � is the
preference random term, wk is the female after-tax hourly wage [wk = w(1–tk), tk being the
marginal tax rate for segment k and w the gross wage], yk, which is usually termed virtual in-
come, is the intercept we would obtain if the segment k were extended to zero hours of work,
Hk is the upper kink point for segment k and T is the total time endowment. The subscripts re-
ferring to individuals are omitted in order to simplify the notation.

Thus, the budget constraint consists of a number, K, of segments, each one defined by its
net wage, its virtual income, and the kink points. Virtual income for tax bracket k is given by
the following expression:

yk = y + w(t2 – t1) H1 +...+ w(tk – tk–1) Hk–1 [2]

where y is the net non-labour income the wife receives when she does not work.

The specification of the budget set requires the calculation of the kink points, that is, the
values of working time in which there is a change in the marginal tax rate. We then obtain the
after-tax earnings at each kink and calculate the marginal tax rate of each segment by assum-
ing that the budget set is linear between two consecutive kink points and that the marginal
tax rate of a particular segment is greater than or equal to that of the previous one. In fact, the
fiscal deductions and the possibility for married couples to choose either joint or separate
taxation may produce non-convexities in the tax schedule but, given the large number of tax
brackets in the Spanish system, this linearisation should not generate any special distortion in
the results.

We assume a utility function which yields a female linear labour supply with the follow-
ing expression 11:

[3]
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where hs denotes the female number of desired working hours, � is the preference error,
which is assumed to be normally distributed with constant variance � p

2 , and gk is the
non-random component of the labour supply:

gk = a1wk + a2yk + X'b [4]

where a1, a2 and b are parameters.

We specify four alternative models, which differ with regard to the hypothesis about the
optimisation error and/or the likelihood contribution of non-workers. Model 1 considers that
individuals are not always free to choose their working time, so there may be differences be-
tween the number of desired and usual hours of work and there may be involuntarily unem-
ployed people 12. We assume that workers always desire a positive working time, because
they can stop working whenever they want. Non-workers, however, may be in that situation
either voluntarily or involuntarily. Thus, the observed working time will be equal to:

[5]

where ha is the actual working time, and 	, the optimisation error, which is normally distri-
buted with variance �o

2 and is independent of the preference error �.

Model 2 assumes that there may be optimisation errors but every non-worker is volun-
tarily in that labour situation, i.e., both preferred and observed decisions coincide for them.
The observed working time is thus given by:

[6]

The main hypothesis of Model 3 is that there are no differences between the desired and
usual working time (ha = hs), so there are no optimisation errors.

Finally, the database used in the estimation allows us to know whether non-working
women are involuntarily unemployed or non-participants. The three previous models do not
use this information but Model 4 does. Specifically, this model assumes that women classi-
fied as non-participants in the survey are not in the labour force, i.e., in their case desired and
observed situations coincide.

3. Econometric specification

Following Hausman’s approach we estimate the model by maximum likelihood taking
into account the characteristics of the budget set. In this section we present the likelihood
functions for the four different specifications proposed.

Model 1 assumes that there is an optimisation error and allows for involuntary unem-
ployment. As the usual working time may be different from the desired one, we do not know
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the value of the latter variable. For workers, we only know that they desire to work a positive
number of hours, so the probability of a woman working hi

a hours is equal to the joint proba-
bility of desired hours being at any point on the individual’s budget constraint and observed
hours being equal to hi

a :

[7]

The first term in the previous equation is the probability of observing a person working
hi

a hours per week when she desires to work along the segment k. Taking into account the as-
sumptions about the labour supply function and the random terms, this probability can be
written as:

[8]

The second term in equation [7] is the probability of desiring to work at any kink point
(Hk) and working hi

a and is given by:

[9]

The contribution to the likelihood of a non-worker is equal to the probability that she
does not desire to work or she wants to work but has not found a job:

[10]

where the terms of the previous equation have the following expressions:

[11.a]

[11.b]
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[11.c]

The log-likelihood function is constructed from the equations [7]-[11] and takes the
form:

[12]

where di is a dummy variable which takes the value of one when the individual is working
and zero otherwise. Maximising the log-likelihood function produces estimates of the labour
supply coefficients and the standard deviation of both random terms. In fact, equation [12]
represents the general form of the likelihood function for our four models, which differ in the
way the contributions of both workers and non-workers are defined.

Model 2 assumes that there are no involuntarily unemployed people. The likelihood
function is the same as equation [12], but in this case the probability of being a non-worker is
equal to the probability of being a non-participant:

[13]

In Model 3 we do not include optimisation errors, so the actual working time is always
equal to the desired one. The construction of the likelihood function is simpler than the pre-
vious ones. The probability of observing zero hours of work is the same as in Model 2 (equa-
tion [13]). On the other hand, the probability of working hi

a hours, where hi
a is located on

segment k, is equal to the probability of desiring that value of working time:

[14]

Finally, Model 4 differs from the first one in the specification of the probability of
non-working. According to Model 1, every non-worker may be voluntarily or involuntarily
unemployed. Model 4 uses the information provided by the survey about the labour situation
of these women. It assumes that those females who state that they are non-participants do not
belong to the labour force, so their likelihood contribution is given by equation [13]. There-
fore, we have three types of contributions to the likelihood function, that of workers, that of
involuntarily unemployed and that of voluntarily unemployed.

By comparing the estimation results for these four models we can evaluate the impor-
tance of the behavioural assumptions and the role of the error terms when estimating a labour
supply model for married women in Spain, both in terms of the explanatory power of the
models and in terms of its influence on the estimated coefficients, in particular those relevant
to economic terms, such as the income and wage elasticities.
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4. Empirical estimation

The estimation of the four models is based on a sample of married women drawn in
1994. In the first subsection, we describe the 1994 Spanish income tax focusing on the char-
acteristics we have taken into account when specifying the budget constraint. In addition, we
comment the sample selection and the variables used in the estimation. The second subsec-
tion presents the results of the estimation of the four models mentioned above.

4.1. Data and Spanish income tax system in 1994

Spanish income tax, known as IRPF (Impuesto sobre la Renta de las Personas Físicas), in
1994 was a piecewise linear function of taxable income, with the marginal tax rates increasing
from 0% to 56%. Married couples had the possibility of complying with their fiscal duties jointly
or separately. There were seventeen or eighteen tax brackets, depending on the system chosen.

Taxable income was the sum of gross labour and non-labour earnings minus some quanti-
ties that could be deducted before applying the tax rates, such as Social Security payments. Af-
ter calculating the taxable income, the individual had to apply the tax rate schedule, and from
the amount obtained he/she could make certain deductions. We have considered deductions for
children, parents, wage income and house rent. There were also other fiscal deductions, for ex-
ample, housing allowances, but we do not have enough information to take these into account.
Thus, we implicitly assume that housing allowances are zero for every household in the sam-
ple. Some of these deductions had limits which might introduce non-convexities in the budget
set. As we have already mentioned, when this happens we use a convex approximation, by as-
suming the linearity of the budget set between two consecutive kink points and establishing
that the marginal tax rate in a segment is always greater or equal to that of the previous one.

Moreover, married couples could choose either to pay tax jointly or individually and
they were likely to opt for the system which implied the least amount of tax payment. We as-
sume that those couples where the wife did not work paid tax jointly, because this is usually
the best option for them, and when the woman worked, we calculated the taxes the couple
would pay under each system and we assigned them the most favourable one 13.

The data we use for estimating the four models comes from the Spanish section of the
European Household Panel which is carried out in Spain by the Instituto Nacional de
Estadística. It is collected at the household level and provides information about personal
and household characteristics. We have chosen it because it contains very detailed data about
income, and thus allows for a better approximation of the individual’s budget set than other
surveys available for Spain. Since the information on incomes in 1994 is provided in the next
wave, we use the 1994 and 1995 waves of this survey.

The empirical analysis is based on a sample of married women who are living with their
husbands and are not the household head. The family may also be made up of children, par-
ents and parents-in-law. We have restricted the analysis to couples between 16 and 65 years
old. We have eliminated observations where any member had changed to a new household
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from 1994 to 1995, the wife was self-employed or there was missing data. These selection
rules leave us with a sample size of 2,586 observations of which 576 correspond to workers.

The dependent variable is the usual weekly working time. Turning to the explanatory
factors, we include the net wage and virtual income. The wage is measured using informa-
tion about monthly earnings and weekly working hours. The virtual income is calculated as
previously explained (see equation [2]). To calculate this we need the net non-labour income
the woman would have if she did not work and we assume that it consists of the husband’s
net labour earnings and the family’s net non-labour earnings.

Labour supply is also influenced by a vector of socio-demographic variables (X). We as-
sume that the individual’s age and health may influence labour supply decisions. This latter vari-
able is equal to one for those women who are in good health and this is likely to have a positive
effect on labour supply. Family characteristics included are the number of children under 14, de-
fining 3 variables according to the following age categories: 0-4, 5-9 and 10-13; the number of
members over 14 and a dummy variable which takes the value one when the woman looks after
children or adults. Moreover, we incorporate the monthly payments due to mortgage loans as an
indirect way of capturing its effect through the budget set, since we do not have enough informa-
tion to calculate housing allowances. Finally, we have also incorporated regional dummies.

4.2. Results

In the estimation we have taken into account the fact that the wage is not observed for
non-workers and it may be correlated with the labour supply random term 14. To deal with
these problems we substitute wages (observed or not) by its prediction, so the estimation has
been carried out in three stages. First of all, we fit a probit model for the probability of work-
ing. Secondly, we estimate a wage equation with the subsample of workers and incorporat-
ing the inverse Mills ratio as an explanatory variable. The dependent variable in this equation
is the (log) gross hourly earnings. We then calculate net wages and virtual incomes for each
woman using the predicted gross wage. Finally, we estimate the female labour supply model
by maximum likelihood. The estimates for the probit and the wage equation are shown in ta-
bles A2 and A3 in the Appendix.

In table 1 we report the maximum likelihood estimates of Model 1, which has two ran-
dom terms and allows for involuntary unemployment. We base our comments on the effects
of the explanatory variables on the estimation which considers the most preferable tax sys-
tem. Wages have a positive effect on the desired labour supply whereas non-labour income
has a negative one, being both significantly different from zero. Therefore, these coefficients
satisfy the Slutsky condition. Female age increases labour supply at a decreasing rate and
mortgage payments also have a positive influence. On the contrary, but as expected, family
characteristics —number of children under 10 and the dummy for children/adult care— de-
crease the labour supply of married women. This latter result confirms the importance of
housework in explaining female labour behaviour. With regard to regional variables, women
living in the East desire longer working hours than the rest.
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The standard deviations of both random terms are significant, being greater that of the
preference error. The variation of the observed working time is therefore better explained by
differences in individual tastes than by other types of reasons 15. On the other hand, the sig-
nificance of the optimisation error highlights the existence of differences between desired
and observed working hours.

When comparing the three versions of Model 1 in table 1 we must point out the signifi-
cant increase in the value of the likelihood function when estimating the model in which the
most preferable tax system for each individual is considered. That means that the behaviour
of individuals is better explained by a model based on a more complete utility maximisation
framework, proxied by the most favourable tax system. Consequently, the simplifications in
terms of the budget set imposed by the versions corresponding to both the individual tax sys-
tem and the joint tax system could imply inconsistent estimates, as shown, in particular,
when looking at the estimates of the coefficients of the virtual income, positive in the joint
tax system version.
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Table 1

Maximum likelihood estimates of the labour supply (Model 1)

(Dependent variable: weekly hours of work)

Variables
Individual tax system Joint tax system

Most preferable

tax system

Coeff. t-value Coeff. t-value Coeff. t-value

Constant –123.99 –3.001 –120.71 –3.166 –101.00 –2.858
Net wage/100 10.392 4.431 8.153 4.126 13.801 6.107
Virtual income/10,000 –2.344 –2.967 0.736 1.396 –2.364 –3.309
Mortgage payments/100 0.020 2.626 0.018 2.655 0.016 2.281
Age 4.032 2.198 4.389 2.668 2.163 1.297
Age2/100 –7.015 –2.967 –7.081 –3.254 –4.917 –2.442
Health 5.515 1.432 5.426 1.656 3.675 1.022
No. members � 14 –4.154 –1.876 –3.774 –2.126 –2.626 –1.301
No. children 0-4 –10.622 –2.231 –8.417 –2.180 –10.403 –2.298
No. children 5-9 –7.981 –2.203 –6.738 –2.252 –7.538 –2.233
No. children 10-13 –4.302 –1.300 –3.717 –1.392 –3.211 –1.024
Children/adult care –7.705 –1.812 –7.211 –1.940 –7.014 –1.725
Northwest –6.523 –0.786 –3.876 –0.575 –6.991 –0.864
Northeast 8.568 1.113 7.653 1.198 7.839 1.053
Centre –7.230 –0.888 –3.962 –0.601 –8.523 –1.071
Madrid 1.721 0.212 3.404 0.505 1.508 0.188
East 18.534 2.265 15.371 2.240 17.602 2.332
South –0.646 –0.087 0.725 0.119 –0.850 –0.117
�p 47.302 4.957 39.113 .544 44.398 6.627
�o 17.047 4.920 18.368 4.810 15.971 5.913

Log L –3480.00 –3532.10 –3363.04

Sample size 2586

Note: Model 1 has optimisation and preference errors and allows for involuntary unemployment. Omitted dummies
are: bad health, not looking after children/adult and Canary Islands.



Table 2 presents estimates of the four models for the version in which couples choose
the most favourable tax system. The values of the likelihood function for those four models
show that the first model, more general than Models 2 and 3, and with different behavioural
assumptions than Model 4, better explains the labour supply decisions of Spanish females
(the value of the likelihood function is about 10% higher for Model 1 than for the rest). In
fact, the worst model is the simplest one (Model 3) which only considers preference errors.

When we have not taken into account the presence of involuntary unemployment
(Model 2) there are important changes in the coefficients. In particular, the non-labour in-
come is not now significant and the wage coefficient is much smaller than that of Model 1.

Turning to Model 3, which assumes that there is no optimisation error, the most out-
standing result is that the coefficient of non-labour income is positive and significant, con-
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Table 2

Maximum likelihood estimates of female labour supply

(Dependent variable: weekly hours of work)

Variables
Model 1 Model 2 Model 3 Model 4

Coeff. t-val. Coeff. t-val. Coeff. t-val. Coeff. t-val.

Constant –101.0 –2.86 –182.7 –3.90 –183.7 –5.00 –178.6 –3.85
Net wage/100 13.80 6.11 2.69 5.19 0.88 3.59 2.66 5.13
Virtual income/10,000 –2.36 –3.31 –0.45 –0.90 1.59 2.87 –0.48 –0.96
Mortgage payments/100 0.02 2.28 0.03 3.41 0.03 4.20 0.03 3.36
Age 2.16 1.30 8.55 3.77 8.97 4.82 8.44 3.74
Age2/100 –4.92 –2.44 –11.83 –4.03 –12.25 –5.23 –11.73 –4.01
Health 3.68 1.02 11.15 2.74 10.04 2.92 11.23 2.75
No. members � 14 –2.63 –1.30 –6.09 –2.83 –6.55 –3.55 –6.07 –2.83
No. children 0-4 –10.40 –2.30 –9.84 –2.48 –9.58 –2.69 –9.88 –2.49
No. children 5-9 –7.54 –2.23 –7.37 –2.36 –7.90 –2.71 –7.29 –2.34
No. children 10-13 –3.21 –1.02 –5.39 –1.82 –5.26 –1.94 –5.35 –1.81
Children/adult care –7.01 –1.72 –7.04 –1.89 –8.12 –2.27 –7.15 –1.92
Northwest –6.99 –0.86 0.44 0.06 0.50 0.07 0.47 0.07
Northeast 7.84 1.05 11.34 1.63 11.66 1.77 11.22 1.62
Centre –8.52 –1.07 –0.92 –0.14 1.84 0.27 –0.96 –0.14
Madrid 1.51 0.19 10.39 1.39 9.35 1.33 10.24 1.37
East 17.60 2.33 19.86 2.62 18.56 2.76 19.91 2.63
South –0.85 –0.12 3.32 0.50 4.06 0.64 3.62 0.55
�p 44.40 6.63 45.62 5.36 46.55 9.60 45.16 5.30
�o 15.97 5.91 13.93 3.01 14.05 2.99

Log L –3363.04 –3703.45 –3754.18 –3685.66

Sample size 2586

Notes: The difference between Models 1 and 2 is that the first one allows for involuntary unemployment. Model 3
assumes that there are only preference errors. Model 4 assumes that non-participants do not desire to work a positive
number of hours. In all models each woman is assumed to choose the most favourable taxation system. Omitted
dummies are: bad health, not looking after children/adult and Canary Islands.



trary to the theory. However, the substitution effect is positive when the working time is un-
der 55.3 hours per week, so a high proportion of the sample will satisfy the Slutsky
condition. The rest of the results are similar to Model 2.

Model 4 distinguishes between unemployed and non-participant females. It differs from
Model 1 in the specification of the likelihood contribution for non-workers. In particular, it
assumes that those non-workers who are classified as non-participants are not looking for a
job. The classification of a non-working woman as unemployed or non-participant is based
on her own answer to the question about her main activity. A woman is considered to be un-
employed if she chooses that option. Comparing the results of Models 1 and 4, we can see
that, although there are no changes in the signs of the coefficients, there are differences in
their values. For example, the effect of the net wage on the female labour supply is lower in
Model 4 than in Model 1 and the non-labour income is not significant in Model 4. On the
other hand, health and the number of members over 9 are significantly different from zero in
the latter model.

Although all the models show that labour supply decisions have a high degree of de-
pendence on socio-demographic and economic variables and also present similar estimates
for the variances of the error terms, the results show that the specification of how these deci-
sions are made and the different role of unobserved error terms are relevant when modelling
labour supply and estimating relevant parameters such as wage and income elasticities, as
will be shown in the next section. In fact, the coefficient estimates of wage and income vari-
ables are higher in absolute value for Model 1 than for the rest of the models.

5. Wage and income elasticities

The calculation of the wage and income elasticities will allow us to evaluate the re-
sponses of the female labour supply when any of those variables changes. As the budget set
is piecewise linear, the labour supply is not differentiable because an increase in any explan-
atory factor may produce a change of segment or kink. This is why we prefer to obtain the
elasticities by performing simulation exercises.

In the simulation, the values of the random terms are assigned to each woman in such a
way that the predicted initial number of hours is the same as the observed one. For Model 1,
we draw a value of the preference error for each woman, such that workers desire a positive
number of hours. The optimisation error for that group is calculated as the difference be-
tween the desired and usual working time, whereas, for non-workers, we draw a value of that
term satisfying the condition that the predicted number of hours cannot be positive. In
Model 2 the preference error assigned to non-workers cannot yield a positive desired number
of working hours. In addition, in Model 3 the preference error for workers is just the differ-
ence between the hours of work and the non-random component of the labour supply func-
tion. Finally, the procedure applied to Model 4 differs from Model 1 in that the preference er-
ror is drawn in such a way that non-participants cannot be predicted desiring to work.
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The first simulation exercise analyses the effect of a 10% increase in wages on participa-
tion and hours of work. The second one considers a 10% increase in the husband’s earnings,
which is part of his wife’s non-labour income. In both cases we add the individual effects
over the whole sample.

Table 3 presents the results for the wage elasticities of the simulations for the four mod-
els proposed, in the version which considers for each individual the most favourable taxation
system. In particular, we report the participation elasticity (which provides information
about the variation in the number of participants), the elasticity of hours (which shows the
change in average hours worked by participants), and the total elasticity, which is roughly
the sum of the other two, for both desired and observed situations.

According to the elasticities obtained for Model 1, wages have a positive effect on the
number of women desiring to participate and on the desired number of hours conditional
on participation in all models but Model 3. Given that there are a number of initial
non-working women for whom the predicted number of weekly hours is very small after
the increase in their wage, and as it is very unusual to observe such small values, we re-
strict the condition of participation to people working at least five hours a week when cal-
culating the elasticities for the observed hours. These elasticities show more reasonable
values than those obtained without this assumption. Moreover, Model 1 results are similar
to those obtained in other studies applied to Spanish women. For example, García et al.

(1989) compute a participation elasticity equal to 1.56 and the elasticity of hours condi-
tional to work is 0.29, whereas those calculated in García et al. (1993) are 1.35 and 0.29,
respectively. As in those studies, in our case the participation responses are greater than the
working time responses.

There are important differences in the elasticities depending on the model considered.
For Models 2, 3 and 4 they are considerably smaller than those of Model 1, all, in fact, being
lower than one, and with the elasticity of participation smaller than that of observed hours in
the case of Models 2 and 3.
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Table 3

Wage elasticities

Model 1 Model 2 Model 3 Model 4

Desired participation 0.870 0.469 0.208 0.537
Desired hours 1.254 0.102 –0.047 0.005
Total 2.233 0.576 0.161 0.542

Observed participation * 1.510 0.000 0.000 0.191
Observed hours * 0.377 0.419 0.159 0.294
Total * 1.944 0.419 0.159 0.490

* Restricting the analysis to people whose working time is at least 5 hours a week.
Notes: The same as Table 2.



With respect to the income elasticities, we analyse the effect of a 10% increase in the
husband’s gross labour earnings. This variable only has an income effect on the labour sup-
ply of women who pay tax separately but, when the couple pay taxes jointly, its influence on
female labour supply is more complex because the net wages can change for the first seg-
ment of the budget set. That is the reason why participation may increase, as it can be seen in
table 4, where we report the income elasticities for all the models and for both desired and
observed situations.

In general, an increase in the husband’s non-labour earnings has a negative influence on
the average desired working time. However, the observed participation increases for all
models but Model 1. In any case, the response of participation and hours of work is very
small (always lower than one), a result frequently obtained in the empirical literature about
labour supply 16. The estimated elasticities differ very much among the four models consid-
ered in this exercise.

As was expected after looking at the differences in the estimated coefficients and the ex-
planatory power for those four models, we also find significant differences in the estimated
wage and income elasticities depending on both behavioural assumptions and the specifica-
tion of different sources for unobserved heterogeneity.

6. Conclusions

We have proposed four different specifications to explain the labour supply of married
women taking into account the Spanish tax system. The models differ in the behavioural as-
sumptions about participation and the role of preference and optimisation errors. All of them
are static and have been estimated using Hausman’s approach.

Individual preferences are assumed to generate a linear labour supply and the individ-
ual’s budget set is convex and consists of several segments. The four models have a random
term representing unobserved factors which may affect the female’s preferences towards
working time and consumption. On the other hand, in three specifications we also include an
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Table 4

Income elasticities

Model 1 Model 2 Model 3 Model 4

Desired participation –0.048 0.365 0.313 0.300
Desired hours –0.189 –0.387 –0.184 –0.337
Total –0.237 –0.037 0.123 –0.048

Observed participation * 0.243 –0.052 0.000 0.104
Observed hours * –0.297 –0.032 0.119 –0.128
Total * –0.062 –0.084 0.119 –0.025

* Restricting the analysis to people whose working time is at least 5 hours a week.
Notes: The same as Table 2.



optimisation error which may explain the presence of differences between observed and de-
sired hours of work.

Model 1 assumes that there are preference and optimisation errors and involuntary un-
employment in that there are women who desire to participate but who do not work due to
the optimisation term. Model 2 excludes the possibility of involuntary unemployment. How-
ever, it takes account of the possibility that actual working time differs from that desired by
workers. Model 3 has only a random component which represents the heterogeneity in indi-
vidual preferences. Model 4 is similar to the first one in that it has two stochastic terms and
assumes involuntary unemployment, but differs from Model 1 because it uses the available
sample information on the classification of a non-worker as unemployed or non-participant.
In particular, it considers that women who affirm that they do not want to work have a de-
sired working time equal to zero hours.

We found that personal and family characteristics, as well as economic variables, affect
the labour supply of married women. We performed simulations to calculate wage and in-
come elasticities and obtained results showing that the former are generally larger than the
latter. The comparison of the log-likelihood values allows us to conclude that Model 1 is pre-
ferred to the other three proposed. However, there is a wide variation in results depending on
the specification, which points out the importance of the specification issues considered in
this study when estimating labour supply models.
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Appendix
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Table A1

Descriptive statistics

Variable

Total sample

(2,586 observations)

Working women

(576 observations)

Mean Standard deviation Mean Standard deviation

Participation 0.223 0.416 1.000 0.000
Observed weekly hours 8.106 15.648 36.394 8.334
Net annual non-labour income * 2,038.672 1,317.256 2,354.126 1,644.452
Predicted hourly gross wage (ptas.) 789.908 281.596 992.177 396.825
Children/adult care 0.616 0.487 0.637 0.481
Health 0.667 0.471 0.800 0.400
Secondary education 0.133 0.340 0.205 0.404
Higher education 0.130 0.337 0.359 0.480
Unemployment in last 5 years 0.285 0.452 0.295 0.457
Age 42.505 10.547 38.559 7.937
No. children 0-4 0.241 0.491 0.276 0.495
No. children 5-9 0.288 0.534 0.328 0.558
No. children 10-13 0.262 0.512 0.295 0.547
No. members � 14 3.014 1.164 2.773 0.983
Monthly mortgage payments * 10.231 23.786 19.046 32.868
Northwest 0.116 0.320 0.097 0.297
Northeast 0.172 0.377 0.207 0.405
Centre 0.147 0.355 0.111 0.315
Madrid 0.102 0.303 0.118 0.323
East 0.206 0.405 0.274 0.447
South 0.201 0.401 0.160 0.367

* Thousand pesetas.

Table A2

Probit estimates for the probability of working

Variables Coefficients t-values

Constant –4.389 –6.837
Annual net non-labour income/1,000,000 –0.062 –2.547
Mortgage payments/10,000 0.052 4.185
Age 0.205 6.313
Age2/100 –0.273 –7.155
Secondary education 0.600 6.961
Higher education 1.304 14.442
Unemployment in last 5 years –0.162 –2.349
Health 0.154 2.080
No. members � 14 –0.074 –1.987
No. children 0-4 –0.240 –3.061
No. children 5-9 –0.164 –2.495
No. children 10-13 –0.089 –1.351
Children/adult care –0.167 –2.002
Northwest –0.075 –0.431
Northeast 0.298 1.842
Centre 0.047 0.279
Madrid 0.235 1.358
East 0.504 3.189
South 0.068 0.422

Log L –1,089.06
Sample size 2,586



Notes

1. See Blundell and MaCurdy (1999) for a complete and recent discussion on those issues related to estimating
labour supply models.

2. See the seminal papers by Heckman (1974, 1979) for the first two issues and Blundell and Meghir (1986) for
the third one.

3. See, for example, Burtless and Hausman (1978) and García (1991a), among others.

4. See Blundell et al. (1987).

5. See, for example, Van Soest et al. (1990), Dickens and Lundberg (1993) and Bloemen (2000).

6. See Hausman and Ruud (1984), Bourguignon and Chiappori (1992) or Fortin and Lacroix (1997).

7. In Spain there are several empirical studies of female labour supply, some of them taking into account the cha-
racteristics of the budget set [García et al. (1989, 1993), Segura (1996), Álvarez and Prieto (2000) and Arrazo-
la et al. (2000)], whereas this is not the case in other papers [Martínez-Granado (1994), Alonso and Fernández
(1995), García and Molina (1998), Fernández et al. (1999) or Fernández (2000)].

8. García et al. (1989, 1993) and Segura (1996) simplify the budget set assuming that there are only three tax
brackets, whereas Álvarez and Prieto (2000) and Arrazola et al. (2000) do not specify the entire budget restric-
tion.

9. See García et al. (1989) for an empirical analysis of 1988 reform of the system of direct taxation in Spain mo-
ving from joint to either joint or separate taxation.

10. The Hausman method (Hausman, 1981) has been often used in the empirical studies about labour supply with
taxes. See, for example, Zabalza (1983), Arrufat and Zabalza (1986), Bourguignon and Magnac (1990) or Co-
lombino and del Boca (1990). Another possibility is the use of the instrumental variables method. Blomquist
(1996) and Blundell and MaCurdy (1999) compare both techniques.
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Table A3

Wage equation [Dependent variable: log (gross wage)]

Variables Coefficients t-values

Constant 4.546 9.838
Age 0.083 4.364
Age2/100 –0.088 –3.620
Secondary education 0.383 5.794
Higher education 0.766 7.975
Unemployment in last 5 years –0.252 –5.671
Northwest 0.036 0.278
Northeast 0.076 0.625
Centre 0.123 0.963
Madrid 0.147 1.169
East 0.079 0.635
South 0.053 0.434
� –0.010 –0.098

R2 0.4897
Adjusted R2 0.4788
Sample size 576



11. In particular the functional form of the utility function is:

This functional form has been often used in the literature about labour supply. See, for example, Hausman
(1981), Colombino and del Boca (1990), Triest (1990) or Van Soest et al. (1990).

12. See Suárez (2000) for an empirical analysis of female labour supply in Spain when there are job offer restric-
tions.

13. This is a way of avoiding the non-convexity which would be generated by considering both systems simulta-
neously.

14. See García (1991b) for a complete discussion on the implications of the way of carrying out this kind of instru-
mental approach when estimating labour supply models.

15. The evidence in the literature about the values of the standard deviations is varied. For example, in Arrufat and
Zabalza (1986) and in García et al. (1993) for the Spanish case, the standard deviation of the preference error
is greater than the other, whereas Triest (1990) finds the contrary in some of his estimates.

16. For the Spanish case, Segura (1996) computes income elasticities of hours conditional to participation that are
negative and smaller than one.
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Resumen

Se estiman cuatro modelos de oferta de trabajo femenina utilizando una muestra de mujeres españolas casadas co-
rrespondiente a 1994, teniendo en cuenta la especificación del conjunto presupuestario. Los modelos se diferencian
en las hipótesis relativas a la presencia de errores de optimización y/o en la contribución a la función de verosimili-
tud de las observaciones correspondientes a las mujeres que no trabajan. Los resultados obtenidos muestran que los
efectos de los salarios y de los ingresos de la familia dependen de cuál sea la especificación utilizada. El modelo que
incorpora errores de preferencias y de optimización, y que permite que las desempleadas de forma tanto voluntaria
como involuntaria deseen participar, parece que ajusta mejor la evidencia disponible para las mujeres casadas en
España.

Palabras clave: oferta de trabajo, errores de optimización, conjunto presupuestario.

Clasificación JEL: J22.
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