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This paper presents and estimates a dynamic model of married women's labour force
participation and fertility in which the efiect of work experience on wages is explicitly taken into
account. Because current participation alters future potential earnings, the investment return to
work will be an impartant factor in the current work decision in any farward-looking behavioural
model. The model is estimated using the National Longitudinal Surveys mature women’s cobort.
We use the estimates of our model to predict changes in the lifecycle patterns of employment
due to changes in schooling, fertility, husband’s income, and the magnitude of the experience
effect on wages. We find that although work experience increases the disutility of further work,
the effect is averwhelmed by the positive effect of experience on wages, leading to persistence in
the employment patierns of these women. In addition we find that an increase in yaung children
and in husband's income substantially reduces participation while increased schooling has a
powerful positive impact on participation.

This paper presents an estimable structural dynamic model of married wamen'’s labour
force participation and fertility in which wages are stochastic and work experience or
cumulative participation is endogeneous. The model is structural in the sense that the
parameters which are estimated are contained in the fundamental relationships governing
behaviour, namely the utility function and the constraints. The model is contained in
the class of models which describe the life-cycle capital accumulation process with
endogeneous labour supply such as Weiss (1972) and Heckman (1976). It is closest in
spirit to that of Weiss and Gronau (1981)." The basic feature of their model and ours is
that labour market participation affects future wages, which then affects future participa-
tion. The investment return to current work will necessarily be taken into account in any
forward-looking optimizing model. As Weiss and Gronau note, estimates of labour supply
models have ignored the inherent behavioural dynamics associated with a positive wage-
experience profile. There is no adequate empirical treatment of the human capital
investment dimension of the labour force participation decision in the literature.
Heckman and Willis (1977) have studied a sequential discrete choice model of the
labour forece participation of married women in a reduced-form framework. Their work

1. See Weiss (1986} for a recent survey of the literature.
175
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stresses the importance of unobserved population heterogeneity in accounting for per-
sistence in observed labour force participation behaviour for which they find strong
empirical support. However, as they discuss at length, their method does not allow for
the existence of state dependence, i.e. prior employment status does not affect either the
current shadow wage or the current market wage, or the introduction of time-varying
variables such as age or the number and age distribution of children. Further, they
provide informal evidence that true state dependence or omitted time-varying variables
is important in the data. The method we develop and apply in this paper is capable of
accommodating time-varying variables, state dependence, and unobserved heterogeneity.
It involves solving the dynamic programming problem faced by the individual and
embedding that solution is a maximum likelihood procedure (Wolpin, 1984, 1987).%

Another way to view this paper is as providing a firmer theoretical base for the recent
literature on general dynamic discrete choice models as discussed by Heckman (1981).
We specify the explicit dynamic finite horizon stochastic optimization problem that
underlies the decision rules which are the starting point for the analysis by Heckman.
Although we focus on labour foree participation behaviour, the method is general enough
to encompass models of fertility, schooling, job search, and job matching {(see Eckstein
and Wolpin {1986}}.

Much of the recent life-cycle labour supply literature has attempted to integrate the
participation and hours of work decisions. Empirical implementation of such life-cycle
models is based on MaCurdy's (1978) insight that marginal-utility-of-wealth-constant
demand functions can be estimated in a fixed-effect framework.> Although this is a major
simplification, as MaCurdy has noted, only a subset of the parameters necessary to
deseribe complete life-cycle labour supply behaviour can be estimated in this way. To
fully characterize behaviour requires a complete solution of the life-cycle model, i.e. a
solution for the evolution of the marginal utility of wealth in terms of the fundamentat
parameters. In addition, serious complications arise with this methad when either the
utility function is not intertemporally separable or when wages are a function of past
actual labour supply, i.e. experience rather than age.*

Our model embodies intertemporal substitution in leisure over the life-cycle both
through preferences and opportunities. These correspond loosely to the notion of timing
and persistence discussed by Clark and Summers (1982), who argue that the relative
importance of the two has an important bearing on the debate about the effect of
government policy on aggregate performance. If leisure is intertemporally highly substitu-
table in utility, then inducements to participate currently will reduce future participation,
while if work experience augments future wages, inducements to participate currently
will increase future participation. We provide direct estimates of the timing and persistence
components of the participation decision.

The model is estimated using data from the National Longitudinal Surveys mature
women’s cohort. We restrict attention to women who were between 39 and 44 years otd

2. Alternative methods of estimating dynamic discrete choice models have recently been suggested by
Miller {(1984), Pakes (1986} and Rust {1987).

1. See also Heckman and MaCurdy (198Q), MaCurdy {1981), MaCurdy (1983}, and Browning, Deaton
and Trish {1985}.

4. The only paper of which we are aware to have incorparated endogenous experience is that by Sedlacek
and Shaw (1984). They use generalized method of moments estimation in a continuous-hours labour supply
model. However, such methods are not applicable when there are corner solutions and so are not usefyl to
study female labour supply. The other erpirical papers previously mentioned assume wages to depend on
either rather than prioer wark experience. Hotz, Kydland and Sedlacek (1988} mcorporate non-separability of
leisure also using method of moments estimatian.
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in 1967, and who were therefore beyond the childbearing stage. The estimation considers
only post-fertility employment decisions. In this way, we do not have to solve the madel
for both the optimal fertility and labour supply decisions during the fertile periods of
the life cycle. We follow this cohort of women for as many consecutive years in which
it was possible to tell whether or not they were employed in the market. Qur resuits show
that work experience increases the disutility of further work. However, this effect is
overwhelmed by the positive effect of experience on wages, leading to persistence in
employment. In addition, we find that an increase in young children and in husband’s
income substantiallly reduce participation. Schooling is also shown to increase the
disutility of work, consistent with the notion that it increases productivity in the home.
Nevertheless, increased schooling has a powerful positive impact on participation because
of its substantial impact on market earnings.

The rest of the paper is organized as follows. Section 1 presents the model. The
next section discusses issues of estimation and identification. The data are discussed in
Section 3 and the results and interpretations are presented in Section 4. The final section
presents concluding remarks.

1. THE MODEL

In this section we present a dynamic model of married female labour force participation
and fertility. The household is assumed to maximize the present value of utility aver a
known finite harizon by choosing whether or not the wife will work { p,), and whether
or not to have an additional child (#,} in each discrete period. The fertility decisian is
restricted to a known sub-period corresponding to the fertile period of the woman. The
abjective of the household, then, is to maximize

Et[ :;; SJ‘U(}J,H{, Nr+&jx:+k: Kt'hk—l) S):I (l)

with respect to p, and », for periods t=1,..., 7 and for p, only for t=7+1,..., T. The
variables are defined as follows: p, is a dichotomous variable equal to unity if the woman
does any market work during the period ¢ and equal to zero otherwise; K,_, is the number
of prior periods the woman has worked; x, is consumption during period ¢ of a composite
good; N, is a vector representing the number of children at time ¢ of different ages i; §
is the level of schoaling; & is the subjective discount factor; 7 is the length of the fertile
periad; and T is the length of the decision horizon. The household’s budget constraint
in each period is

yeporyl =x +3 ¢N,+bp, (2)

where yf is hushand’s earnings, y} the wife's earnings, ¢; the goods cost per child of
age j, and b a fixed cost of work. Husband's labour supply is taken as exogeneous to
the decision about the woman’s labour force participation.

The wife's earnings are stochastic and given by the standard Mincer earnings function

In y:v=ﬁl+ﬁ2Kl—l+ﬁ3Kf—l+ﬁ4S+su - 3)

where § and K,_, are as previously defined. The random component of wages, ¢,, reflects
changes in earnings that are independent of the household decision process.® Itis assumed
ta have zero mean and finite variance and to be serially uncorrelated.

5. As with the mean wage, we could allow the variance of the wage distribution to depend on prior work
decisions.
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The number of children in age group j evolves according to
N;=N,_ ;+n;—d,, 4)

where n, =1 if a child enters the age group at ¢ and is otherwise zero, and d;=1if a
child leaves the age group at ¢ and is otherwise zero. Similarly, work experience evolves
according to

K, =K_ +p. - (5)

The initial values for N, K,, and p, are zero. The terminal period T can either be
considered as the end of life or as an exogenous retirement date, say, given by the
hushand’s retirement date.

The assumption that the individual neither saves nor borrows is extreme. However,
it should be noted that if the contemparaneous utility function given in (1) is linear and
additive in consumption, then the problem reduces to that of wealth maximization
modified by the psychic value of work and children. Indeed, if the monetary net costs
and benefits of children and of work, as given in (2), are not observed, but treated as
parameters, they are indistinguishable from their respective psychic values except by
functional form. Pure wealth maximization is a special case.® We adopt the following
functional form for period-specific utility, which, however, is not separable in con-
sumption,

U=aptxta,px,+ao.pK,_| +Z;=1 a yNgp, +aspS+f(N,). (6)

We do not adopt a specific functianal form for the way children enter the utility function,
i.e. we leave f(N,) unspecified, because we estimate the maodel only for the non-fertile
period. Notice that the utility function is not assumed to be intertemporally separable
(a3 7 0); ay<<0 would reflect diminishing marginal utility of non-market time over the
life cycle, while a,>0 could be interpreted as habit persistence.

Given the previous discussion, a test of wealth maximization is a test of whether a,
is zero. Of course, if o, is not zero, the individual would be better off without the capital
market constraint. This does not imply that if we find a, equal to zero that the capital
market assumption is correct, because o, might not be zera in a model with perfect capital
markets. It is useful to keep in mind the relevant trade-offs. To our knowledge, the only
method available to estimate dynamic labour supply models which allow for non-
participation and which incorporate endogeneous work experience and intertemporal
non-separability is the full solution method. There are no shortcuts available. To
accommodate state dependence in labour market participation, a characteristic of any
life-cycle labour supply moedel in which wages depend on experience, we have assumed
away intertemporal consumption decisions. Others have done the opposite by assuming
wages depend on age rather than experience.

The dynamic pragramming solution to the optimization problem is obtained by a
proces af backwards recursion. We limit attention in what follows to the post-childbearing
period. Letting V,(K,_\, £, (},) be the maximum of expected discounted lifetime utility
given K,_, periods of experience {prior periods of employment), a wage draw of ¢,, and
all other relevant components of the state space, (1,, including schooling S, the age

distribution of children, N, and the forecast {expected value) of husband’s income ',

V.-(K.-Hl; €, {},) = max [Vi(Kr—l 2 Eny Qr): V?(K:—l s €1y '0'.-)] (?)

6. In Eckstein and Wolpin (1986) we show how this madel is nested in a more general class of discrete
time structural models of labour force dynamies which can accomodate not anly labour force participation but
alse job search and job matching.
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where VI(-) and V2(-) are expected discounted lifetime utilities if the woman works
(p.=1) or does not work (p, =0) respectively.” At T, the value functions are:

VHKroy, 7, Qr) = a, +(1+ay)(exp {8+ By Kr_ + B K5+ BuS + er) + i
_ZLI Ny —b)+ oKy, +Zj=1 ayNp+asS§+ f(Nr) {8)
VHKr_(, 7)) = 7T _2;=l &Ny + f(Ng;}.

The woman works if Vi(-} is greater than V(). The explicit decision rule governing
the participation decision at T is

pr=1 ifter=in[—a,— (37 -3, ¢Npy)+b(1+ay)
— Ky~ %], ayNy—a;S]
— (Bt BoKr_ i + B K5 1+ 8,S)
=¥ (Kr_y, Q7) ®
pr=0 otherwise.

The function e3(Kr—;, Q) defines, for given (,, T critical value of ¢ that depend on
the T possibie values of Kyr_,. The solution at T is of the reservation price form; an ey
draw higher than % will induce the woman to work while a lower draw will not be
accepted. It is clear from (9) that the effect of prior work experience on the reservation
£ depends both on the experience-wage relationship and the effect of experience on the
disutility of market participation. Assuming, as has been repeatedly documented, that
wages increase with experience, only if a, is sufficiently negative will the reservation &
increase with experience.

For any t, r<<t=T -1, the analogous value functions are {where we drap (, for

convenience)
ViK1, &) = a+ (1+ a}exp {8, + BoK i+ B K1 + B S+ed+ 58 -3 N, —b)
+ 03K, +Y]_, ayNy+asS+f(N,)
+8EV, (K, =K, ,+1) (10)
V=55 -% 6Ny +f(N)+BEV, (K, = K,_,)

where EV, (K] is given by the expected value of (7) and & is the discount factor.
Because of the i.i.d. assumption about ¢,, the expected value operator in (10) is not
time subscripted, i.e. E,_;V, = EV, for all j=0. The decision rule at ¢ is

p=1 ifie,zIn{—a,—aw:(FF -T_ ¢N)+b(1+a,)
—a,K_—Y]., ayN,;—asS
T3 EV,(K,) - EV (K +1))]
—(B1+ 82K, + B3 K+ B.S)
=s¥*(K,_)) (11)

p.=0 otherwise.

7. We adopt the assumption that husband’s earnings, though stochastic, is realized anly after the woman's
participation decision is made, which combined with the form of the utility function (6) implies that only
expected earnings matters in the decision.
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Given a distributional assumption for &,, it is possible to numerically solve for the set of
£¥(K,,)'s by backwards recursion. Using (9) to obtain e¥( Kr_,} we calculate EVA{(Kr_,}
which then is used to calculate Vi {(Ky_,) and V5_(Ky_,;), which in turn yields
£%_(Kr_,) and the process is repeated.

The propensity to work over the life cycle is determined by the path and properties
of the £§"s. It can be demonstrated by induction that (a) the propensity to work declines
with age for given experience, i.e. e¥(K)<e} (K), and (b) unless «; is sufficiently
negative the propensity to work increases with experience for any age, ie. ¢¥(K)>
e¥(K +1). The declining propensity to work with age arises because the experience return
to working in terms of higher future wages declines as one approaches the end of life.
The increasing propensity to work at any age with greater experience arises simply because
the wage rises monatonically with experience. This characteristic is offset to the extent
that the marginal disutility of work increases with experience (a;<0). The experience
effect is magnified in a dynamic model because the propensity to work in the future as
viewed from the current period, and thus the likelihood of benefiting from the investment
component of participation, is increased by current experience.’

2. ESTIMATION AND IDENTIFICATION

Given a simple of homogeneous individuals, it is clear that the reservation wage at any
age cannot be greater than the smallest wage observed in the sample at that age; otherwise,
that woman would not have worked. Thus, the age profile of reservation wages will be
strongly influenced by wage outliers. To reduce that influence, it is assumed, not unreason-
ably, that wages are measured with error.’ In particular, let

Iny?=8,+8:K,_+8s ?—l+ﬁds+£r+un (12)
where ¢, ~ N(0, a2), u,~ N(0, a2}, E(su,) = E(e,_jut,_} = E(ge,_;) = E(uu,_;) =0 for
all j#0, &'

The joint likelihood function for labour force participation and earnings for a sample
of I women, each observed for T, periods, is given by
0. B,

L NS TR o\ o,
_ , i —a) —— T |}
e o) | L-ol w2 )2 o(2) o

£ n n

where ¢ is the standard normal density, @ is the standard normal cumulative, 7, = £, + u,,
p=a. /o, and o, =\/cri+ al-1—p”is the fraction of the wage variance attributable to
measurement error and ¢¥ is defined as in the previous section.'’

It is important to recognize that the entire content of the theory is contained in the
representation of the reservation values of g, the £f's. The £]s are functions of the

8. Solving the model during the fertile period for both fertility and participation is canceptionally
straightforward, but computationally more burdensome. Eckstein and Wolpin (1986) discuss the procedure
when there is more than one discrete decision.

9. An alternative to measurement error would be to make the reservation wage stochastic by introducing
ap additional stochastic element inte the optimization problem. For example, a preference parameter could
be assumed random over time or hushand’s income might be assumed ta be better forecasted by the household
than by the researcher. However, measurement error in the wage is simpler because it does not require modifying
the solution to the optimization problem.

10. Allowing u and £ to be correlated is a minor complication. Allowing £ te be serially correlated
creates majar complications bath in solving the dynamic programme and in estimation.

11. The secand companent of the likelihood function uses the fact that the joint normal distribution of
£, and #, can be written as the produet of a canditienal normal and a marginal normal.
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fundamental parameters of the model, the preference parameters of equation (6), the
budget constraint parameters of equation (2) and the earnings function parameters of
equation (3). In the more standard astructural approach to labour force participation,
the £¥'s would be a linear-in-parameters function of contemporaneous obserable variables
such as husband’s earnings and children.'? The likelihaod function of alternative madels
of the employment decision, e.g. job search models or the astructural labour force
participation approach, would be identical to (13), except for the determination of the
£¥s. All such models are thus nested in a common unrestricted madel in which these
£%'5 are free to vary over the life cycle independently of one another.

Initial conditions

As long as there is no- serial dependence in unobservables, experience and the age
distribution of children can be treated as predetermined; conditioning on either of them
even though they reflect prior decisions does not lead to inconsistent parameter estimates.
However, if there is any unobserved (to the researcher} permanence in the decision
process, then conditioning on prior choices will lead to biased and inconsistent parameter
estimates. Suppose that a preference parameter in equation (6) is individual-specific and
uncorrelated with other random variables, for example, individuals may differ in their
taste for children. Several estimation strategies have been suggested in this case. With
the usual caveat concerning “consistency” in short panels, it is possible to estimate a
separate taste parameter for each individual, i.e. fixed effects (Heckman (1981}). A
random effects discrete mixture approach as discussed in Heckman and Singer (1984) is
also feasible and will produce consistent parameter estimates if the entire history is
available. Alternatively, if the entire history is not available, the current marginal distribu-
tion of the state variable can be calculated by solving the dynamic programming problem
back to the initial period and then integrating over all possibilities in the future up to
the first period of the data. All of these approaches increase the computational burden.

Identification

[gnoring the optimization prablem first, it is ¢clear from (13) that in the unrestricted model
all of the £f’s, the wage parameters (8, B2, Bi1, Ba}, 0., and o, are identified from data
on participation and wages. The logarithmic form of the wage function is not necessary
for identification. Identification of the parameters of the dynamic participation model
can be established by considering the form of the £}'s. It is clear from (9) that using
data in period T, the following parameters are identified; a,, a,, a5, a,+b(1 + ), and
a,¢—ay (j=1,...,J). Because of the recursive nature of the solution as shown by (11),
using data from other periods will still not permit «, to be distinguished from b, or ¢ to
be distinguished from a,;. In what follows, we assume b=0 and ¢; =10 for all j, but the
reader should keep in mind that the utility parameters @, and «,; cannot really be
distinguished from their corresponding budget parameters.

3. THE DATA

The data are from the mature women's cohort of the National Longitudinal Survey of
Labor Market Experience. The original sample consisted of approximately 5000 women

12. The general approach to estimating labour supply modeis in this way is due to Heckman {1974).
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between the ages of 30 and 44 in 1967. These women had been interviewed 11 times
between 1967 and 1982. The sample used in our analysis consists of white women age
39 to 44 in 1967, who were married at most once and whose spouse was present at each
interview between 1967 and 1982, and for whom at least four consecutive years of data
on labour force participation beginning in 1966 could be derived. Unfortunately, it is
difficult to determine whether a woman engaged in any market work (at least one week)
during each calender year even if there is no missing information in the data. This is
due to the fact that in the years following a non-interview year, employment data were
not collected back to the previous interview date, but only for the last 12 months. Using
primarily information on weeks worked in the 12 months prior to the interview and survey
week employment data, we constructed a continuous annual employment profile for each
woman beginning in 1966 for as long a period as possible up to 1981. The employment
series was terminated for any woman at any year in which we would not be certain as
to her employment status even if subsequent years’ employment could be determined.
The distribution of women by years of data is shown in Table I. The 318 women comprising
the sample are not evenly distributed over the number of years that they have consecutive
participation data. Almost one-fifth of the sample has all 16 years of data and almost
three-fifths have over ten years of data. Almast all of the rest of the women have the
minimum of four years used as the sample selection criterion.

TABLE 1

Distribution of observations by number of years of employment data

Number of 4 5 6 7 2 9 Lo 1L 12 13 14 L5 16
years

Number of 104 8 6 €] 12 1 2 105 4 1 0 13 62
obsecvations

Cumulative 033 035 037 AV 041 G-41 042 0785 076 076 076 081 1-00
proportion

of observations

The participation data from this sample are likely to be biased towards greater
employment than in the entire population of women with the same characteristics. It is
simply easier to determine whether a woman did market work in any week of a given
calendar year than to determine whether she did no maket work in every week. In all,
we have 3020 annual observations for the 318 women. Of those, there were 1587 work
periods, 53% and 1433 non-work periods. In addition, 26% of the women worked in
each period for which we have data, 42% did not work in any period, and 31% had
some periods of work and some of no work.

The ather variables used in the amnalysis were calculated in the following manner.
To calculate husband’s expected (real) earnings, a logarithmic husband’s earnings
regression was run which contained a linear and a quadratic term in husband’s age, an
individual-specific constant, and a schooling-age interaction. It is assumed that each
household uses this equation in forecasting future husband’s earnings. Work experience
is based on a question in the 1982 survey which asked for the total number of years since
age 18 in which the woman worked at least two weeks during the year. The number of
years of work experience between 1966 and 1981 is catculated by working backward from
the 1982 data under the assumption that the woman did no market work in the years in
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which actual participation could not be discerned. Table II presents descriptive statistics
for these variables. '

Wages are available in 406 periods or only about 25% of all employment periods.
The real hourly wage rate is obtained by dividing real annual earnings by annual hours
worked. In solving the dynamic programme, actual hours worked are ignored; each
waman’s hourly wage rate is multiplied by 2000 hours to abtain potential annual earnings."
In esssence, each woman is assumed to be deciding about full-time work and the wage
rate is assumed to be independent of hours worked. The missing observations arise either
because there are some years without interviews or because earnings and/or hours worked
are unreported.”* The (In) real hourly wage rate regression on these data yield the
following coefficients and standard errors: 8,=—0-61(0-13}, 8,=0-037 (0-012}, B,=
—0-0005 (0-0036), B,=0-08 (0-01). These results, the concavity of the experience profile
and the positive schooling effect, are consistent with many other studies. It should be
noted, however, that these estimates are not selectivity corrected and that the standard
correction may nat be consistent with the structural model.

As a parsimonious means of describing the pattern of participation, Table I1I presents
a probit which includes the variables in Table II as regressors. Women with more
experience, who are younger, with lower husband’s earnings, with fewer young children,

TABLE [I

Descriptive statistics

Mean Standard deviation

Years of work experience 12-5 9-7

Age 464 43
Hushand's expected earnings 8950 4725
Schooling 11-¢ 27
Number of children less than six 0-091 0-35
Number of children six to 17 1-17 1-5

Hourly wage {doltars) 2.27 1-39

TABLE 11X

Employment probit

Partial derivative

Caefficient Standard error evaluated at means

Experience 0-113 0-01¢ 0-052
Experience squared —0-002 0-0003 -~0-0007
Age —0-004 0-007 ~0-002
Husband's earnings (0-01} —0-102 0-0007 0-004
Number of children less than six years of —0-635 0-103 -0-25

age
Number of children six ta 17 years of age 0-010 0-020 0004
Schooling 0-118 0012 0-047
Canstant —1-27 0-354 —
Log likelihood —1445-4

13. Thus in equation {2) we write ¥ = hourly wage x2000. In addition we estimate the hourly wage
funetion rather than the earnings function, so the 8, we report differs from the representation in {3) by In 2000.

14. The [ikelthood function given by equatian (11) must be madified slightly to account for abservations
‘of participants with unobserved wages. Those individuals each will contribute a term 1—®({e¥/a,) to the
sample likelthood.
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with more older chitldren, and with higher schooling are more likely ta wark. The
experience and age participation relationships in particular are consistent with the nodel
of the previous section. These results are consistent with the findings across many other
data sets.

4. RESULTS

The maximum likelihood estimates and asymptotic standard errors are presented in the
first column of Table IV."® The sign of the parameters conform to priors. Participation
reduces utitity {a, <0} and the marginal utility of children is tower when the woman
participates (a,<<0), particularly for young children. Also, the value of goads consump-
tion is reduced when the woman participates (a, < 0) and the disutility of work increases
with schooling (a,<0), i.e. schooling enhances home production. In addition, the
disutility of work increases with the amount of prior work (a,<0), rather than there
being habit persistence. The hourly wage rate increases with experience at a decreasing
rate and increases with schooling. It turns out that the proportion of the wage variance
due to measurement error is very high, approximately 85%. Standard errors are generally
smail. A two standard deviation change in all but two cases would not reverse the signs

TABLE IV

Maximum likelihood estimates

Restricted sample

= - Parameters Full sample (fixed effects)
o, -1357 —_
21y
ay —0-047 -0-017
{0-008) (0-0013)
oy -11-5 -3-9
(714} {15-3}
g —35}3 -271
{82-0) (27-7}
42 -15-6 -39-9
(9-17) {3-65)
&5 _956 —_—
{14-5}
B —0-280 0-200
(0-135) {0-112)
B, 0-024 3-8
(0-005) {0-0064)
il —0-0002 ~0-0003
(0-00005) {0-00004)
A. 0-050 0-015
(0-007) {0-0011)
g, 0-194 0-033
(0-041) (0003}
I 0-380 0060
(0-018}) {0-007)
InL —1741-6 —532-95

Nate. Asymptotic standard errors in parentheses.

15. The discount factor was set at 0-952, i.e. an annual rate of time preference of 0-05. Also to save on
computation, the horizon is fixed at age 60, the last period about which a decision to work or not is assumed
to be made. As noted, one can think of this as an exogenous retirement age.
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of the parameters.'® In this regard, an asymptotic t-test would not reject the hypothesis
that a, =0 at the five percent significance level. Restricting a; to be zero would reduce
the effect of experience on wages. Similarly, assuming away any wage-¢xperience relation-
ship, although clearly not justified by the results, would force «; alone to account for
the persistence in participation, and thus to be positive rather than negative. With respect
to the wage function parameters, in comparison to those estimates shown previously,
jointly estimating the dynamic labour force participation and wage functions teads to a
tess-steep experience profile and a lower return to schoaling. The direction of the
movement in these parameters is reinforced by the estimated utility parameters e; and
a; in terms of the effect of experience and schooling an labour force participation. The
behavioural interpretations of these parameter values are presented below in simulations
which demonstrate the impact of changes in the values of the parameters and in the
exogenous forcing variables on the profite of employment probabilities. First, however,
we provide tests of goodness of fit.

Several goodness of fit tests are performed. Table V compares the predicted employ-
ment proportions to actual propaortions. As indicated in the first column of Table V, the
actual experience-employment profile is steeply rising. The predicted profile parallels
the actual in this characteristic. Thus, the increased wage offsets the increased disutility
of work associated with more work experience. A chi-square test does not reject the nubt
hypothesis that predicted and actual proportions are the same at the five percent level.
Tabel V also cross-tabulates actual and predicted employment propaortions by experience
and age. The proportion of women who work increases with experience within each age

TABLE V

Actual and predicted participation rates by pears af wark experience and age

Age

All ages 39-42 43-46 47-50 51-58 ,
Experience A P A P A P A P A P (r)c:w)
0 0-098 0139 0-1321 0-1401 0-1236 0-1520 0-0164 0O-1138 0-1429 0-1120 5-88
1-5 0-2453240}-226 0-3057 0-2343 (0-2893 0-2425 0-1047 0-1998 0-2941 02135 17-18*
6-10 0'38(57130)‘430 0-4934 (-4965 0-3644 0-4295 0-3298 0-3953 0-3623 0-3832 433
11-15 0-72(9634(])-636 0-7312 (-7190 0-7248 0-6414 0-5714 0-5752 @-8861 0-5861 13-71*
16-20 0-74(;98(])‘?54 0-7246 (-8040 07182 0-7665 0-6338 0-7267 (-8933 0-7154 5-04
21-25 0-?5(43250]-820 0-8315 0-8294 (-7248 0-8228 0-6282 O-8014 0-35% 0-8255 4-24
26+ 0-92(93333-885 0-8000 0-8810 0-9192 0-8726 0-9053 (-8794 0-9565 (-8942 1-23

¥’ (column) (3'?-3513 412 8-69 19:73* 19-12*

(628) {1061} {761} {570}

Note. A= Actual, P =Predicted, * signifies the actual and predicted to be statistically different, y*=

Y (n, —n,)*/ n,, K, = number predicted, n, = number actual y3(0-05) = 12-59, 3(0-05) = 7-82. Sample sizes are
in parentheses,

16. Estimation was performed using the GQOPT package. A search routine NMSIMP was first used to
reach the neighbarhaod of the aptimum and then a gradient routine GRADX was used. Derivatives of the
likelihood function are all numerically calculated becavse the dynamic programme solutian can anly be abtained
numerjcally. Standard ercors are obtained directly from GRADX.,
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group. The pattern is more complex within experience groups. Except far the largest
experience class, the pattern is for the proportion of working women to decline from
ages 30 to 50 and then to rise. The chi-square statistics reveal that the model does not
accuratety capture the experience profile for the oilder groups, but does accurately capture
the age profile for all experience classes but two.

An alternative explanation for persistence in employment is unobserved
heterogeneity, e.g. some women may dislike work less intensely than others. We, therefore,
estimated a fixed-effects model allowing «, to differ for each woman for whom an
individual-specific parameter was estimable, i.e. for each woman who switched employ-
ment status. The parameter estimates are shown in the second column of Table IV for
the restricted sample of 98 women.'” Compared to the full sample results, the fixed-effect
estimates are qualitatively identical. The positive wage-experience relationship is slightty
diminished and the effect of experience on the disutility of work somewhat increased.
Most impaortantly, however, persistence due to state dependence remains when unobserved
heterogeneity is introduced. (We present the non-fixed-effect estimates for the restricted
sample in Appendix A.)

Although the employment probit in the previous section shown in Table II is not
nested in the structural model (nor vice versa), it is informative to compare their relative
within-sample predictive content. The probit can be viewed as a simple linear approxima-
tion to the £/'s generated by the dynamic programming model. The reduced form
parameters of the probit are unspecified functions of the structural parameters of the
optimization model. The structural model estimates six employment related parameters
(the a's) while the probit estimates seven. A x? test using the probit applied to Table V
{All Ages) yields a value of 27-1 which is much greater than shown in Table V for the
structural model. In a loose sense the structural model fits the observed experience-
participation profile better than the probit with one less parameter. Indeed, in order to
obtain the structural non-linearities present in the £7's of the madel, an incredibly large
number of parameters would need to be estimated in any approximation to the £¥'s.
Therefore, the dynamic model provides a much more parsimeonious representation of the
data.

Simulations

The probability of working by age and experience for a woman of fairly representative
characteristics is shown in Tabte VI based on the estimated parameters of the fult sample
shown in Table IV.'"* Asis consistent with the observed experience profile of participation
rates, working probabilities increase with experience at each age quite rapidly. For given
experience, the probability of working declines with age as the finite horizon is approached.
Using the table it is possible to trace out the employment probability profile over the life
cycle for different experience profiles. Thus, a woman with five years of work experience
at age 39 who does no market work thereafter will aimost halve the probability of working
by age 59. If she works five years out of each ten, her working probability will rise by
28% by age 59 while if she works in every subsequent year, her probability of working

17. . is not estimable because schooling daes not change over time for any of the women in the reduced
sample. An alternative wauld have been to introduce a fixed-effect into the wage function to capture permanent
differences in participation patterns. We did not pursue this strategy because it would have required two wage
observations far each individual and the wage data, as noted, has such an extremely high propartion of missing
observations.

18. We chose to do the simulations based an the full sample because of the larger sample size. However,
the main result would not be altered significantly using the restricted sample.
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TABLE VI

Predicted probability of working by age and experience

Age
Experience ¥ 49 59

0 0-138 0-113 0-094

5 0-398 0-280 0-207
14 0-G48 0-497 0-356
15 0-781 0-673 0-510
20 {-849 0-783 0-642
25 — 0-846 0-741
30 — 0-379 0308
15 — — 0-851
40 — — 0-876

Note, Schooling is 12 years, husband’s earnings is 10,000 each
vear, and there are no children in the househald at age 39,

will rise 86% . For a woman with 20 years of experience at age 39, the age effect essentiaily
cancels the experience effects even if she continues to work, so that by age 59 her
probability of working will be almost the same.

Tables VII(a)-(d} simulate the effects of changing household characteristics on the
expected numbers of additional years of work from age 39 to age 60. To summarize
briefly, increasing husband’s earnings (Tablte VII(a)) substantially reduces anticipated

TABLE VII{a)

Expected number of years worked from age 39 to age 59 for given experience at age 19 by
husband’s earnings

Hushand’s earnings

Experience 5000 140,000 15,000 25,000 50,000
0 1-825 1-013 0-677 0-170 0-002

h] 4-640 1-782 1-085 0-307 0-011

10 8-102 3-661 1-725 0-398 0-054

15 10-930 3910 2-961 1-172 0176

20 12-747 7-807 4-317 1-553 0-198

Nate. Schooling is |2 years, and there are no children in the household at age 39.

TABLE VII(h)

Expected number of years worked from age 39 to age 39 for given experience at age 39 by
schooling level

Schaating
Experience § years 12 yeats 16 yeats
4] 0-742 1-013 1-907
5 1-118 1-781 5247
10 1-725 3-661 9-205
15 2-801 5910 12-280
20 3936 7-807 14-185%

Nate. Husband's earnings is 10,000 per year, and there are no children in the household
at age 39.
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TABLE Vil(¢)

Expected number of years worked from age 39 to age 59 jor given experience at age 19 by
age and number of children at age 39

Children’s age(s)

Experience Nane 4 16 4 and 16
0 1013 0-909 1-005 a-907
5 178 1-914 1-746 1-180
10 3-46] 2.231 3.603 2:180
15 5-910 4-150 5-860 4-067
20 7-807 6-153 7-769 6-064

Note. Schooling is 12 years and husband’s earnings is 10,000 per year.

TABLE VII{d}

Expected number of years warked from age 39 to age 59 for given experience at age 39 by
the wage-experience slope (f,)

Wage-experience slope (8)

Experience 0 0-01193 0-02385 0-04770
0 0-897 04-936 1-034 10
5 0-837 1-052 5-96% 21-0
10 4-770 1-179 16-726 210
15 0-698 1-393 20-414 21-0
20 0-624 1-8058 20-956 210

Nate. Schooling is 12 years and husband’s earnings is 10,000 per year, there are no children
in the household at age 39, and B, =0.

employment; increasing husband’s earnings from 5000 to 10,000 dollars about halves the
expected number of future employment years at most current levels of experience.
Schooling has offsetting effects. It increases wages and increases the disutility of work.
On balance, increased schooling substantially increases the expected years of work (Table
VII(h)). The presence of a young child at age 39 substantially reduces future work while
the presence of an older child has a minor effect {Table VII(¢)). Changing the wage-
experience profile has a powerful effect on work (Table VII(d)). Because experience
increases the disutility of work, a flat wage-experience profile would actually lead to a
negative experience-work profile. Leisure seems to be mildy substitutable over time.
Halving the slope of the log wage-experience profile implies that for 2 woman with ten
years of experience at age 39, the expected additional number of years of work to age
60 will fall from 16-7 to 1:2. Doubling the coefficient implies that all women will work
in every year subsequent to age 39 independent of work experieance at age 39.

CONCLUDING REMARKS

In this paper we have estimated a structural dynamic model of married women's labour
force participation and used the estimates to predict changes in the life cycle pattern of
employment due to changes in schooling, fertility, and the wage-generating process. The
model was shown to fit the observed data adequately. An important feature of the data
is persistence, in that women who participate at one age are mare likely to participate at
future ages. By estimating a structural model we are able to distinguish between the effect
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of work experience on wages and on the disutility of employment. It turns out that, in
fact, the disutility of work increases with experience which by itself, would lead to negative
state dependence. It is the large positive estimated experience effect on wages which,
thus, teads to the positive state dependence observed in the data. Persistence due to state
dependence was also shown to be robust to the introduction of unobserved heterogeneity
in preferences for work. Schooling, which enters both the utility function and the wage
function, behaves in the same way as does experience, increasing the disutility of work
but increasing the wage sufficiently to yield a positive schooling-participation profile. In
addition, we find that an increase in young children and in husband’s earnings both
reduce participation substantially. However, increases in the level of schooling has the
targest (positive) impact on participation. For example, at ten years of experience and
at age 39, the elasticity of the expected number of additional years worked with respect
to schooling is 4-6. This is suggestive of the potential importance of schooling as a
determinant of the increased labour force participation of women over time. Stronger
conclusions would require considering the interaction of both schooling and labour force
participation as chaice variables.

APPENDIX A
Maximum likelihood estimates for the restricted sample
(non-fixed-effects)

a —2578 B8, 0-276
(502} (0-030)
oy —0-015 B8, 0-010
{0-002) (0-026)
@,y 4-52 B —0-0002
{80-7) (0-0001}
o —330 Ba 0-011
(0-443) {0-038})
ay -27-4 a, 0- 103
(0-147) (0-26)
& —-10-% p 0-185
(112) (0-014}
ln L —721-48

Nate, Asympiotic standard errors in parentheses.
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