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�� )NTRODUCTION

Economic models concerned with fertility and the allocation of time within households have

a long history in labor economics. For several decades, economists have tried to measure the

impact of children on female labour supply. In the branch of the literature devoted to labor sup-

ply (surveyed in Nakamura and Nakamura, 1993), it is generally accepted that young children

reduce both the probability of labor force participation and hours worked (given participation).

Another branch of the literature is devoted to the effects of children on human capital accu-

mulation. Following Mincer and Polachek (1974), economists have tried to explain the gender

wage gap by the fact that females have comparative advantages in household production and

therefore tend to invest less in labor market oriented human capital.

More recently, considerable efforts have been devoted to the estimation of structural econo-

metric models of fertility decisions and labor supply. Moffit (1984) is the first example of a

dynamic model of female fertility and labor supply in which the relationship between lifetime

wage profiles and fertility behavior is analyzed. Hotz and Miller (1988) have estimated a model

of fertility and contraceptive choices while Wolpin (1984) has implemented a dynamic model

where the sequence of decisions made is to have a child or not. Finally, Eckstein and Wolpin

(1989) have estimated a model of labor force participation in which both experience and wages

are endogenous.

Very few authors have however analyzed the decision to return to work after child birth. This is

surprising. The duration of non-employment spells (devoted to household or child care activ-

ities) plays a central role in the determination of the earnings penalty for those who withdraw

temporarily of the labor market and in the determination of the gender wage gap. Time alloca-

tion decisions upon a first birth are intrinsically dynamic and, as such, can either be analyzed in

a reduced-form framework (using duration models ) or in a structural framework where the se-

quence of dynamic discrete choices are specified according to economic theory. The advantages

and disadvantages of the structural approach (over a reduced-form approach) are relatively well

known. Structural dynamic discrete choice models can identify the fundamental economic pa-

rameters and therefore help understanding better the mechanisms of the labor market. However,

structural models are known to be more difficult to implement than reduced-form models and,

in particular, unobserved heterogeneity is not always easy to introduce in structural models.

- 2-



The main objective of this paper is to estimate structural dynamic programming models in

which time allocation decisions are made sequentially between child care activities, job search

activities and full-time work . The model incorporates a sequence of four decisions; the decision

to interrupt work or not (for those who are working), the decision to return to the previous job or

not (the decision to give up tenure or not), the decision to initiate search activities and, for those

who search, the setting of the optimal reservation wage. Various sources of non-stationarity are

considered. The value of household activities in the presence of young children is allowed to

be age-specific in order to take into account that household production when children are at

school can be lower than it is in the initial years following birth.1 I also allow the value of

search activities to decline with elapsed non-employment duration because the probability of

receiving job offers conditional on search can vary (decline) as the period devoted to household

activities progresses while I also make the assumption that those women who are working upon

a first birth have the option of returning to their job if they interrupt work. The model allows

me to investigate several issues such as the evolution of home productivity as children grow

up, the relative importance of home vs labor market productivity, the contribution of husband’s

earnings on female productivity and the simultaneous effect of education and unobserved ability

on home productivity as well as on labor market productivity.

I implement the model on a sample of Canadian women extracted from the Canadian Fertility

Survey (CFS) conducted in 1984. The estimation of a structural model where value functions

are solved in closed form (such as the one presented here) is complicated and requires that the

number of options faced by an individual decision-maker be limited. For instance, the estima-

tion of a structural life-cycle model where family size, fertility timing and labor market behav-

ior are all endogenous would be a formidable task. At the same time, estimating meaningful

structural parameters requires the model to be fitted on a sample of females as representative

as possible. As a consequence, in order to avoid introducing selection bias, I fit the model

on a sample of females who have given birth for a first time regardless of their work status at

birth and analyze the allocation of time upon a first birth (the time origin). However, to obtain

closed-form solution for the value functions of all strategies considered (employment, child

care and search), I must exclude the possibility of subsequent births and I restrict the sample

to females who report that they do not want to have (or cannot have) anymore children. This

� Ahn (1995) has estimated a dynamic programming model from which he infers the value of children by sex and age.
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means that I consider the family size decision as exogenous.2 Apart from the issues mentioned

before, I also pay a particular attention to the decision to interrupt employment or not upon a

first birth and to the optimal investment in search activities.

The model is able to predict a very high fraction of females who experience continuous em-

ployment spells despite child birth as well as rapidly declining re-employment hazards. The

estimates indicate that home productivities are relatively high, especially during the first three

years, and drop by 20% to 25% per year. However, the stationary value of non-market time

(when a child is in age to enroll in school) is found to be much lower than labor market produc-

tivity for the average woman in the sample. Overall, home productivity is substantially raised

by husband’s income. Finally, I find that the relatively insignificant differences in time spent

in child care activities between more educated and less educated women can be explained by a

positive effect of education and unobserved ability on both home and labor market productivity.

The paper is constructed as follows. In the following section (Section 2), I present the Canadian

Fertility Survey and discuss some of the empirical facts to be explained. In section 3, I discuss

the non-stationary dynamic programming model which I use to analyze the data, while Section

4 is devoted to the econometric specification of the data and the construction of the likelihood

function. The empirical results are discussed in Section 5 while the conclusion is in Section 6.

�� 4HE #ANADIAN &ERTILITY 3URVEY

The Canadian Fertility Survey (CFS) was conducted in April and May of 1984 . The survey

incorporates retrospective information on 5315 women who were between 18 and 50 years old

as of January 1st 1984. The survey includes women residing in either one of all ten Canadian

provinces but 62% of all respondents resided in either Québec or Ontario3. The Canadian

Fertility Survey (CFS) is quite comprehensive. It incorporates questions about timing of births

and pregnancies, marriage (s), education and work histories (timing of interruptions and re-

entrance in the labor market). It means that time spent in household activities does need to

be approximated as it is often in surveys such as the CPS or the NLS. The respondents are

� I believe this to be a reasonable assumption as reduced-form models of family size models in which females wages, education and age at
first marriage are included performed very badly. For instance, I have been unable to estimate any significant effect for any pair of right-hand
side variables in a Poisson regression model, an ordered probit model or an ordered logit model in the CFS (with the overall sample). More
details can be found in Belzil and Hergel (1994).
� The Canadian Fertility survey (CFS) was funded by the Social Sciences and Humanities Research Council. It is the first national fertility

survey conducted in Canada. The survey is quite similar to the data set on Swedish women fertility behavior used by Heckman and Walker
(1990). The CFS was actually generated from a bank of 14,239,721 phone numbers from which 22,169 numbers have initially been randomly
chosen. This process resulted in 5315 completed interviews; 27% conducted in French and 73% in English.
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also asked some questions on their attitudes toward marriage, divorce, contraception, abortion,

family values and the frequency at which they participate in religious activities.

The survey has information on the number of different past employment spells and employment

interruptions as well as their duration in months. In the CFS, earnings are observed twice; when

a woman first entered in the labor force and at the survey time for those women who actually

held employment at that time. For those women who were out of the labor force by the survey

time, earnings at the completion of the last employment spell are also reported. In the CFS,

women are actually asked whether or not they expect anymore children in the future. This is

the information I use on order to evaluate completed fertility. Women are also asked several

questions about individual and moral values. In particular, they are asked whether they believe

that ’’to be generally happy in life, individuals should have at least one child’’. This variable

is going to be used as a proxy for individual heterogeneity in the taste (or value) of having

children. They have also been asked whether ’’to be generally happy in life, one needs to be

able to take a job outside the home’’.

The occupation breakdown of the women used in the sample is as follows. A large majority

of women (57%) reported to be employees while 10% are in technical occupations (including

nurses) and 8% are teachers. Approximately 6% report working in supervising jobs while 6%

work in managerial positions and 7% in professional occupations. The remaining 7% are la-

borers or are in occupations unclassified according to the Canadian Dictionary of Occupations.

In this paper, I work with a relatively small sample. First, I restrict the analysis to women who

have given one birth and do not wish (or cannot have) anymore children in order to obtain

closed-form solution for the value functions of all strategies considered (employment, child

care and search). As a result, I start up with 858 women who had one child and do not expect to

have anymore children. This means that I consider the family size decision exogenous. This is

the most significant restriction imposed in this study and this allows me to formulate a model

where the number of options is tractable; work at home (household production), work in the

labor market and search activities (needed for them who have stopped working long enough).

In order to avoid the introduction of selection bias, I include women who are not working prior

to the birth of their first child (including those who have never worked before the first birth).

The second restriction relates to the treatment of part-time work. As I am interested in the

sequence of choices between full-time work, search and child care activities, I do not consider

the possibility of part-time work and do not include women who have worked part-time at first
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birth or subsequently (less than 30 hours per week). The reason is straightforward. Given

that the decision to search is endogenous in the paper (this is already not standard in structural

search model estimation), if I introduced part-time work, I would need to model simultaneous

part-time and full-time job search. Given the complexity of the model I estimate, I do not wish

to do so. The resulting sample is 601 individuals.

In order to capture the fact that an interruption for fertility must designate a non-participation

spell during which women are involved in child care activities (instead of participating in the

labor market), I must use a definition flexible enough to include women who leave their job

after child birth and prior to child birth. In the case where a woman interrupts before child birth,

I do not face serious problems. I impose that the recorded interruption must have taken place

no more than 9 (nine) months prior to the actual birth. For those who report stopping work after

1st birth, I retain only those who stopped working no later than one month after the birth of the

first child.4 As a result, 20 cases have been discarded.

Finally, the elimination of women with missing information for either education, marital status

at child’s birth or earnings, reduced the sample to 206 women.

In Table1A, I report the empirical frequencies of women returning to work within 1 up to 8

years. I have split the sample according to two classifications; those women with more than 12

years of education and less than 12 years and those women who were working at the time of

the first birth and those who were not. In Table 1B, I report some sample statistics. Empirical

hazards for the full sample (computed per quarters) can be found in Figure 1.

Overall, the data indicate that a very large proportion of women return to work within a year

(around 50%). This is true for both low and high education women. Indeed, this small differ-

ence between more and less educated women is puzzling and will be examined in Section 4 and

Section 5. Not surprisingly, the fraction of women who are working at the time of (or 9 months

before) birth who are back within a year is even larger. Although very few of the women who

are not working at birth will be working within one year following birth (only 14%), it is still

interesting to note that more than half of those will be working within 5 years following a first

birth. The empirical hazards (computed for each quarter) for the entire sample reveal a very

interesting pattern (Figure 1). Around 37% of the women return to work within 3 months and

therefore experience virtually continuous employment patterns despite birth. In the next two

quarters, re-employment hazards are low but they raise significantly in the last three months

� This can probably be explained by the fact that some women have vacation entitlements or have particular arrangements with their
employers enabling them to receive income for a short period following first birth. Related issues are discussed in Belzil and Hergel (1995).
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of the first year (from 3% to 12%). These spikes in the first and fourth quarters suggest that

women who return to work within a year probably have the option of returning to their previous

work but can only preserve this option for a finite period. Finally, the empirical hazards (Figure

1) show a very strong decline in the re-employment rates during the first two years and a slight

increase in the following years, most probably caused by the drop in the value of non-market

time when children reach schooling age. The sample statistics in Table 1B indicate that most

women who gave birth were actually married when they gave birth and that there is only very

little difference in work experience accumulation between low and high education women.5

3@AKD 1A

%Q@BSHNM NE 6NLDM 1DSTQMHMF SN6NQJ

High Low Working Not Working
Education Education at Birth at Birth

Within 1 year .54 .44 .60 .14
Within 2 years .59 .57 .67 .29
Within 3 years .66 .63 .74 .35
Within 4 years .71 .69 .78 .45
Within 5 years .77 .72 .81 .53
Within 6 years .82 .78 .86 .63
Within 7 years .86 .84 .90 .71
Within 8 years .91 .86 .92 .78

# of observations 95 111 155 51

� Although there is a very small number of lone mothers in my sample, there is evidence that single women tend to return faster. However,
because of the large number of empty cells, I do not present the married/single distinction in Table 1B.
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3@AKD �!

3AMPLE 3TATISTICS

High Low Working Not Working
Education Education at Birth at Birth

Age at survey 33.3 30.9 32.3 31.7
Experience at 1st birth (months) 51.7 50.6 67.9 -
Earnings at First Job .324 .334 .381 -
Fraction Married at 1st birth .96 .90 .95 .86
Education (years) 15.0 11.5 13.1 12.7
Husband’s Earnings .522 .479 .541 .372

# of observations 95 111 155 51

Note:

All earnings are measured in thousands of Canadian dollars per week divided by the consumer

price index (1984=100). Earnings at first job refers to the first full-time job held before the

birth of a first child for those who were working at that time. Husband’s earnings are equal to

0 for those who are single or do not live in a ’’stable union’’.
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�� !N %STIMABLE $YNAMIC 0ROGRAMMING -ODEL

In this paper, I consider the sequence of discrete choices between full-time labor market work ,

child care activities (household production) and job search for those who have given birth. The

decision to give birth is therefore ignored. During the initial period, women who gave birth

can either continue work (for those who were working) or stop working. I assume that those

who do not work in the labor market are involved in child care activities but have the option of

returning to their job within a certain period. Those who abandon the option on their previous

job (those who give up tenure) must choose sequentially whether it is optimal to come back to

work (which requires search investment) or to remain at home and be involved in child care

activities. Those who are not working are assumed to stay at home for a minimum of one year

and can start searching if they wish.
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!SSUMPTION �

Women maximize the present value of lifetime output over an infinite horizon given by t:

{0..̄t,..̃t...�G. I assume that time horizon starts at child’s birth (t=0). The value of specializing

in child care activities (home production),i�S�, is age specific and is such that

i�S� � � is non-increasing in t for all t:� v S � ]S (1)

i�S� � i]
S
ENQ S y ]S�

where t is child’s age and̃t can be interpreted as the time at which children start full time

schooling (̄t is defined in assumption 2). I assume that it is impossible to work in the labor

market and at home within a same period and I disregard part-time work.

!SSUMPTION �

The productivity in the labor market is represented by the wage rate, w
S
�

q At 0 v T v t̄, wT � W� with probability 1.
q At� t �t̄, potential wages are distributed with density f(w) given by

F�W	 � w EXP�`wW	

In words, t̄ is the period during which each woman keeps an option on her previous job which

pays w
�
. I assume that search is not possible before (including)t̄.

!SSUMPTION �

q !T T� t̄� tv T̂,

The probability of receiving one offer, t�S�� is non-increasing in t.

q !T T� t � t̃,

t�S� � t�]S� � t

!SSUMPTION �

There is no wage growth.

!SSUMPTION �

Search and child care activities are mutually exclusive activities. The cost of search activities

per period is denoted c. I assume that once a decision to search has been done, it is impossible

to return to child care activities6.

� This means that the dynamic programming problem I consider has the ’’optimal stopping property’’.
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Assumption 1 ,2,3,4 and 5 allow me to solve the problem in closed form in period t̃ . Backward

recursion methods can therefore be used to obtain a solution in period 0. Assumption 2 is made

in order to take into account that many employers rehire women who have stopped working

for a short period while assumption 3 takes into account that females who stayed out for a

relatively long period might be not very attractive to prospective employers.7 Altogether, the

set of assumptions imply that, beyondt̃, each woman faces a stationary environment. Finally,

assumption 4 is also made in order to incorporate a physical or a psychological cost of bearing

children.8

As it is usually the case in non-stationary dynamic programming problems, the solution can

be characterized easily using backward recursion methods. First, as noted earlier, the value

of accepting employment (either previous job or a new job) with wage w at time t, VD

S
�V�, is

independent from t and is simply given by

5 D

S
�V� � 5 D�V� �

V

�` n
(2)

q From t̃ onward,

the optimization becomes stationary so the solution can be characterized easily. Given that

non-market time has value �]
S

at t̃ (and beyond), two cases are possible

#ASE �: It is optimal to search:

5]
S
=5 R

]
S

� `B
 n$5]
S
�

(3)

where

$5]
S
� $5]

S
�
� ��� �

�

�` n

v
Vc 


t�]S�

w
DWO�`wVc�

w
(4)

The reservation wage, denoted wc, is such that

Vc

]
S

� Vc

]
S
�

� Vc � `B 

n

�` n

t�]S�

w
DWO�`wVc� (5)

so

5 R

]
S

�
Vc

�` n
(6)

� It would be possible to estimate a model where the recall period is replaced by the inclusion of nonstationary search costs which could be
assumed minimal (say 0) when a woman tries to be rehired. However, in such a case, it would be necessary to distinguish between search for
jobs outside the previous firm and search for new jobs.
� There is indeed empirical evidence that female wages tend to grow less than wages of males and that the gender wage gap is much smaller

in the immediate years following labor market entrance. For some empirical evidence, see Light and Ureta (1995).
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#ASE �: It is optimal to drop out permanently from the labor market:

The value of not searching (and dropping out of the labour force permanently) is therefore given

by

5]
S
� 5 B

]
S

�
�]
S

�` n
(7)

So the optimal choice between V
R

and V
B

(in period t̃) is obtained by comparing (6) and (7).

Defining the control variable s(t) as follows;

R�S� � � if individual i searched in period t

R�S� � � if individual i did not search in t

q In period t̃-s (where s=1, 2,....t̃ ),

the value of search and the value of specializing in child care activities are given respectively

by

5 R

]
S`R

� `B
 n$�5]
S`R
�

J R]
S`R

� �� (8)

5 B

]
S`R

� i�]S` R� 
 n$�5]
S`R
�

J R]
S`R

� �� (9)

where

$�5]
S`R
�

J R]
S`R

� �� � �

�`n

H
��` G]

S`R
�
�Vc

]
S`R
�


 G]
S`R
�

�Vc

]
S`R
�


 �

w

�
I
�

is the value of search next period, h]
S`R
�

� t]
S`R
�

{�Vc

]
S`R
�

� and {�Vc� � DWO�`wVc� is the

acceptance probability and

$�5]
S`R
�

J R]
S`R

� �� � ,@W{ �

�`n

H
��` G]

S`R
�
�Vc

]
S`R
�


 G]
S`R
�

�Vc

]
S`R
�


 �

w

�
I

� $�i]
S`R
�


 n$5]
S`R
�

�G

is the expected value of searching next period or the expected value of remaining out of the

labour force next period to specialize in household activities.

Clearly, at t̃-s, the optimal reservation wage must solve the following equation

Vc

]
S`R

�` n
� `B
 n$�5]

S`R
�
J R]

S`R
� �� (10)
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That is the reservation wage in t̃-s must equal the value of rejecting an offer plus the expected

value (properly discounted) of choosing the optimal strategy next period. This must be true

until periodt̄+1 (the first period when search is available). Att̄, the decision is made between

returning to previous job (at wage w
�
� and investing in child care activities. Working backward

until the initial period (period 0), each woman has the possibility of remaining employed (at

wage w
�
� or involve in household activities. It follows that the condition for remaining em-

ployed in t=0 (which is the condition to experience continuous employment despite first birth)

is actually given by

V
�

�` n
w i

�

 n$5

�
(11)

�� 4HE %CONOMETRIC -ODEL

The model presented in the previous section implies that at each period, the decision between

working in the labour market, specializing in child care activities and investing in search activi-

ties, is made conditional on the values of the parameters of the model� Those individuals facing

same parameters will undertake search activities or specialize in child care activities in the same

periods and the dispersion in the time at which women are observed to re-enter the labor force

could therefore be explained solely by the intrinsic randomness imbedded in search activities.

This representation of the choices made by women would clearly be at odd with actual data

which shows a large dispersion in the timing of re-employment. For this reason, I must specify

a model which can allow individuals with identical observed characteristics to choose different

options. Section 4.1 is devoted to the presentation of the econometric specification while the

likelihood function is presented in Section 4.2

���� %CONOMETRIC 3PECIFICATION

In order to allow reasonable dispersion in the timing of search activities and return to work, I

assume that home productivity is subject to random shocks which are assumed to be indepen-

- 13-



dent and identically distributed over time. I also incorporate an individual effect in the value

of non-market time which I assume to be time invariant9.

!SSUMPTION �

The value of specializing in child care activities is given by

i
H
�S� � xi

H
�S� y

H
� 
 ��

HS

with

��
HS

z H�H�C�-��� }�
�
�

and

y
H
z cdf &

y
���

The random term �
HS

represents all unobservable factors which can, in a given period, affect

productivity at home (child or parents health...etc.). The individual effect � can be understood

as ’’ability’’ or idiosyncratic productivity. I assume that G
y
��� is unknown and I approximate it

by a discrete distribution with J support points,y
I
, with respective probability p

I
where both

p�
I
R andy �

I
R are parameters to be estimated.10 That is

/Q�y � y�� � O�
y

/Q�y � y�� � O�
y
� �` O�

y

Dropping the conditional statement ony,

q From t̃ onward,

Prob (s
S
� �� � Prob�5

]
S

� 5 B

]
S

� �

�` h�

�

�`n
�`B
nt�

]
S�

��`n�w
DWO�`wVc��` i]S

�`n

}
V

� (12)

Prob (s
S
� �� �Prob�5

]
S

� 5 R

]
S

� �

h�

�

�`n
�`B
nt�

]
S�

��`n�w
DWO�`wVc��` i]S

�`n

}
V

� (13)

q At any period t=̃t-s, (for s�0),

� In an earlier version of the paper (Belzil, 1996), I have estimated a version of the model where heterogeneity was introduced solely
through an i.i.d. shock and self-reported values of having a child and of working outside the home. It turns out that introducing unobserved
heterogeneity in a flexible way is very important and affects the results significantly.
�� I only consider the case where J is fixed in advance and set to two (2). Heckman and Singer (1984) have analyzed the estimation procedure
when the number of points of support is estimated. However, in this case, the computation of standard errors is problematic.
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!SSUMPTION �

Estimation of job search models typically requires data on wages or earnings. However, in the

CFS, earnings are measured once at the time a woman entered the labor force and once more

at the survey time (for those employed in 1984) or when employed last. Accepted wages when

a woman returned to work are therefore unknown. This means that I must generate weekly

earnings using a procedure as flexible as possible. For this reason, I regress log weekly real

earnings on education and total experience accumulated by survey time. I consider a specifica-

tion with experience, experience squared, education, education squared and the cross product

of experience and education. Then, I use the estimates to generate a predicted value of earnings

(using an exponentiation transform). More details can be found in Appendix 2.

I assume that the unobserved ability affecting home productivity also affects expected wages

in the labor market and I specify the inverse of the location parameter of the exponential distri-

bution, �

w

� as

�

w
� DWO�w

�

 w

�
� education 
 w

�
.experience+�� (16)

It is therefore straightforward to see that the density of accepted earnings is given by
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E@
S
�V� � w DWO�`w�V ` Vc�S��� (17)

where the index t reflects the non-stationarity of the density induced by non-stationary reser-

vation wages.11 I am disregarding the possibility that re-entry wages might be affected by

depreciation. However, the effect of this omission is probably minimized by allowing the

value of search is duration dependent because the offer probability declines with elapsed non-

employment spell duration.12 It should also be noted that the method used to estimate wages

does not restrict the absence of wage growth upon re-entry in the labor force. This is also most

likely not consequential since it enables me to obtain an expected wage at the re-entrance. This

is a standard assumption in search model.

!SSUMPTION �

Because reentry wages are generated, I must allow for the possibility of measurement error.

Standard procedures are based on the fact that observed wages are the sum of true wages and a

measurement error , that is

V � ]V 
 z

where w̃ denotes the true wage andz is measurement error, and use the information that ob-

served wages can be inferior (or superior) to reservation wages while true wages must exceed

reservation wages. When both true wages and measurement errors are assumed to follow a nor-

mal distribution, the density of observed wages takes a well-known form (see Wolpin, 1987).

However, including measurement error in the case where wages follow an exponential distri-

bution is not straightforward (see Christensen and Kiefer, 1994, for an example in the context

of a stationary job search model). For this reason, I assume that the true wage, ˜w=w-z� fol-

lows an exponential distribution, and work with density of accepted earnings conditional on

measurement error,E@

S

�V� z�� given by

E@

S

�V� z� � w DWO�`w�V ` z ` Vc�S��� (18)

Instead of making any parametric assumption, I assume that the distribution ofz can be ap-

proximated by a discrete distribution;

�� Additional flexibility can be pursued if I would differentiate between labor maket and household ability and use a bi-variate distribution.
However, I do not consider this approach in the current paper.
�� In a companion paper (Belzil, 1997, in progress), I consider a finite horizon model where wages are allowed to depend on elapsed non-
employment and grow upon re-entrance. In this case, I need not generate any new wage data as the likelihood is constructed from the observed
wage in the CFS. However, in this framework, I am unable to investigate non-stationarity in the value of home productivity (which I assume
is time invariant). Estimating the effects of non-employment on female wages has a long history in labor economics.
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/Q�z � z�� � O�
z

/Q�z � z�� � O�
z

To facilitate estimation I impose that E(z� � �� This means that

z� � ` O�
z

z
�

��` O�
z

�
(19)

and that I can easily integrate out the distribution of measurement error.

!SSUMPTION �

In order to estimate the model, I must specify a functional form for the value of non-market

time in presence of children. I investigate two possible cases for i�S� y��

q First, I consider a case where the productivity at home is allowed to be age specific with no monotonicity
restrictions and assume that the function i�T J y	 is given by

xi�S� � DWO�~�S� 
 y 
7 �n� (20)

where t denotes the age of a child, X is a vector which contains marital status at birth (replaced

in some cases by husband’s income in 5.2, 5.3 and 5.4), female education (in section 5.2, 5.3 and

5.4) and a binary variable (called fertility heterogeneity) equal to 1 for those women reporting

that it is either very important or important to have children in order to be happy in life (only

in Section 5.1) and 0 for those who did not . The set of parameters~ �S� play the role of age

specific intercept terms and allow me to obtain a flexible representation of home productivity

from the time of birth until school enrolment. I am however unable to estimate a different~ for

each year. This is referred to as model 1.

q To reduce the number of parameters and ease identification, I also consider a case where I impose a monotonic
relationship between home productivity and children’s age. In this casei�T	 is given by

xi�S� � DWO�~ 
 y 
7 �n���S (21)

where i�S� is increasing (or decreasing) with age as � is above (or below) 1.

���� 4HE ,IKELIHOOD &UNCTION

Given the assumptions made, it is relatively easy to write the likelihood function. Defining a

sequence of variables ,R
S

such that
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1�S� � � if a woman came back to work in year t

1�S� � � if a woman has not yet returned by year t.

then, it is clear that

q For all t: twt̃,

/Q�1
S
� �� � /Q�R

S
� ���t DWO�`wVc� (22)

/Q�1
S
� �� � /Q�R

S
� ���
 /Q�R

S
� ��F�` t�S� DWO�`wVc�S��G (23)

q For all t: xT � T � T̂,

/Q�1
S
� �� � /Q�R

S
� ���t�S� DWO�`wVc�S�� (24)

/Q�1
S
� �� � /Q�R

S
� ���
 /Q�R

S
� ��F�` t�S� DWO�`wVc�S��G (25)

q For all tv xT (during the period when pre-birth job can be recalled)

/Q�1
S
� �� � /Q�xi

H
�S� 
 ��

HS


 n$5
S
�

�
V
�

�` n
� (26)

/Q�1
S
� �� � /Q�xi

H
�S� 
 ��

HS


 n$5
S
�

w V
�

�` n
� (27)

where (21) to (26) are conditional on y (or z�� The probability of returning in a given period

(Pr R
S
� �� is the product of the probability that a woman searched in year t and the probability

that an acceptable offer has been received and accepted while the probability of not returning

(Pr R
S
� �� is the sum of the probability that a woman did not search and the probability

that she searched unsuccessfully (itself the probability that she has received an offer times the

probability that the offer was not acceptable plus the probability that she did not receive an

offer). Similarly, the right-hand side of (25) is the probability that the value of working for

the wage earned at child birth’s (w
�
� exceeds to the value of child care activities while (26) is

simply the probability of the converse. Note that (25) and (26), when evaluated in period 0,

determine the probability that a woman will experience no career interruption despite child’s

birth.
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The contribution to the likelihood of a re-entrance wage (estimated) w at time t is simply given

by

E@
S

�V� � w DWO�`w�V ` Vc�S��� (28)

The likelihood functions are constructed on the following vector of endogenous variables (~
H
� V

H
� B

H
�

where ~
H

is the observed time until a woman is observed working (possibly censored), w
H

is

the real weekly earnings per weeks (in thousands of Canadian dollars) and c
H

is the censoring

indicator. It is straightforward to see that estimation by likelihood methods requires that the

distribution of y be integrated out.13 In the paper, I consider five (5) cases.

#ASE �� .O 5NOBSERVED (ETEROGENEITY

The likelihood for one observation; (~
H
� V

H
� if observation i is complete or (~

H
� if i is censored,

L��� is given by

+��� � �

�
~ H`�9
R��

/Q�1
H�R�

� ���/Q�1
H�~�

� ���E@

~ H

�V
H
�

	
BH

�

�
~ H9
R��

/Q�1
H�R�

� ��

	
�`BH

(29)

where c
H

=1 if woman i has ever returned to work and 0 if not.

#ASE �� 5NOBSERVED (ETEROGENEITY IN .ON-ARKET 4IME

I integrate out the distribution of � and the likelihood function is given by

+��� �

)8
I��

/
I
�

�
~ H`�9
R��

/Q�1
H�R�

� � J y
I
��/Q�1

H�~�
� � J y

I
��E@

~
H

�V
H
�

	
BH

(30)

�

�
~ H9
R��

/Q�1
H�R�

� �� J y
I

	
�`BH

(31)

#ASE �� 5NOBSERVED (ETEROGENEITY IN (OME 0RODUCTIVITY AND ,ABOR-ARKET 0RODUCTIVITY

The likelihood is defined as above except that the density of accepted wages, f@
~ H

�V
H
J y� also

contains y.

#ASE �� -EASUREMENT %RROR
�� Maximizing the log likelihood requires that, at each iteration and for each period considered, the reservation wage wc

�S�must be evaluated
conditional on the structural parameters. The reservation wage at iteration p+1, wc

O
�
, is given by the following equation

V

c

O
�
� V

c

O
`

�

F
�

�V
c

O
�

F�V
c

O
�

where g(wc

� � V
c

`
n

�`n

t�]S�

w
DWO�`wV

c

�.
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I integrate out the distribution of z and the likelihood function is given by

+��� �
,8

L��

/
L
�

�
~ H`�9
R��

/Q�1
H�R�

� ���/Q�1
H�~�

� ���E@
~ H

�V
H
� z

L
�

	
BH

�

�
~ H9
R��

/Q�1
H�R�

� ��

	
�`BH

(32)

#ASE �� 5NOBSERVED (ETEROGENEITY IN (OME AND ,ABOR -ARKET 0RODUCTIVITY AND -EA

SUREMENT %RROR

In the case where there is both measurement error and unobserved heterogeneity, I let y and z

follow a joint distribution with four (4) points of support. The probabilities are expressed as

/Q�y � y
�
� z � z

�
�

/Q�y � y
�
� z � z

�
�

/Q�y � y
�
� z � z

�
�

/Q�y � y
�
� z � z

�
�

where y
�
� y

�
and z

�
� z

�
� I integrate out the distribution of all pairs (�,z� and the likelihood

function is given by

+��� �
�8

M��

/
M

�
~ H`�9
R��

/Q�1
H�R�

� � J �y� z�
M
��/Q�1

H�~�
� � J �y� z�

M
��E@

~ H

�V
H
� �y� z�

M
�

	
BH

�

�
~ H9
R��

/Q�1
H�R�

� � J �y� z�
M
�

	
�`BH

� (33)

where (y� z�
M

denotes all possible combinations of heterogeneity/measurement error. The model

can be estimated either under the assumption that measurement error and heterogeneity are in-

dependent or with no restriction. It can be shown that the covariance between y and z will have

the sign of p
�
�p
�
�p

�
�p
�
� For an application of this method to multi-state duration data, see van

den Berg, Lindeboom and Ridder (1994).14

���� )DENTIFICATION AND %STIMATION 3TRATEGY

As stated earlier, the model is implemented on a sample of Canadian women for whom I observe

either a completed non-employment spell along with an estimated re-entrance weekly earnings

�� When y� �� y� and z
�
�� z

�
, the independence between y and z requires p��p� �p��p��

- 20-



or a censored non-employment spell duration. I do not observe the period at which search is

initiated and, furthermore, I assume that those coming back within a year do come back to the

same job. This assumption means that re-entrance earnings are those earned before child birth.

At this stage, it is natural to ask which parameters are identifiable. To answer this question, it is

convenient to look at equations (21) to (26) along with the probabilities of choosing child care

activities vs search activities (12) and (13) and the density of accepted earnings (27). Given

data on earnings and on the duration of non-employment (along with the standard procedure of

normalizing the discount factor to a fixed value and the normalization of the offer probability to

one during year 1), the parameters of the reservation wage equation can be identified. However,

home productivity (xi�S�� cannot be identified from the variance of the i.i.d. shock (}
V
�. For

this reason, I normalize }
V

to 1.

The introduction of unobserved heterogeneity also implies a normalization if either the wage

function of the home productivity function include an intercept term. Given that I assume that

the population can be split into two groups, I fix the value of y
�

to 0 in the value of non-

market time and labor market productivity and estimate including one intercept term in each.

The search costs parameter (c) is estimated under positivity restriction (using an exponenti-

ation transform) while the offer probability is estimated using a standard normal cumulative

distribution function transform. Standard errors are computed using the delta method.

Finally, in order to estimate the model, I must set the time unit and determine a value for t̄ (the

period during which the pre-birth job can be recalled) andt̃ (the period after which home pro-

ductivity sets in to a stationary value). In order to facilitate estimation, I consider time periods

of three months (quarters). I also assume that jobs held at birth can be reintegrated within 4

quarters so that those coming back to work beyond 4 quarters give up tenure. This means that

search activities can begin only after one year (in the 5th quarter). In the paper, I consider the

case where home productivities can vary until the child turns 5 (which is approximately the age

at which young children must attend school) which means that the value of non-market time

settles down to its stationary value 5 years after birth. Finally, I fix the discount factor to 5%

per year ( a relatively common value).

The likelihood functions are maximized using the Maxlik procedure in Gauss 3.1.4 on a Pen-

tium 120 Mhz and, in some cases, in a Unix environment. Parameters are obtained by setting

the numerical derivatives of the log-likelihood functions to 0. Generally, estimates have been
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obtained using the BFGS (Broyden, Fletcher, Goldfarb, Shanno) algorithm and recomputed

using the BHHH (Berndt-Hall, Hall and Hausman) algorithm.

�� %MPIRICAL 2ESULTS

The empirical results are divided into four sections. In section 5.1, I investigate Model 1 and

Model 2 ignoring unobserved heterogeneity. In the second section (5.2) , I analyze a different

version of Model 1 and Model 2 where unobserved heterogeneity in the value of non-market

time is allowed and where husband’s earnings (or partner’s earnings) is introduced. In the third

section (5.3), I consider the case where unobserved ability affects home productivity and labor

market simultaneously. Finally, the final section (5.4) is devoted to the introduction of mea-

surement error.

���� 3TRUCTURAL 0ARAMETERS WITH NO 5NOBSERVED (ETEROGENEITY

As a starting point, I have implemented both model 1 (with flexible age specific productivity

at home) and model 2 (with a baseline productivity shifted by�S� ignoring unobserved hetero-

geneity. Instead I use a binary variable measuring the valuation of children. In the CFS, women

are actually asked several questions about individual and moral values. In particular, they are

asked whether they agree with the following statement; ’’to be generally happy in life, individ-

uals should have at least one child’’. I defined a variable (called child’s valuation) such that is

it equal to one for all women who either agree very strongly or strongly with the statement and

0 if not. This variable is used as a proxy for individual heterogeneity in the taste (or value) of

having children which could be reflected in productivity in child care activities.

The results are in Table 2A. In Model 1, I estimated 4 different intercepts in the productivity

equation; one for year 0, one for year 1 and 2, one for year 3 and 4 and a last one for year 5

onward. The estimates for the intercept terms in Model 1 imply a non-monotonic relationship

between home productivity and child’s age as productivity increases from year 0 to year1/year

2. The results also indicate that home productivity is virtually equal to 0 by the beginning of

year 3 (exp(-8.7)). In Model 2, the estimate for� (� � ���� indicates an overall decline in age

specific home productivity of 16 % per year.
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As it can be found in Table 2A, Model 2 imputes a much larger role to marital status in the

determination of household productivity (the effect of marital status is 0.64 as opposed to 0.10

in Model 1). Both in Model 1 and Model 2, the parameter estimates for the subjective valuation

of children indicate that those women reporting that having children is important to them tend to

have lower home productivity (and will therefore be more likely to return to work early). Both

model 1 and model 2 predict that job opportunities become more scarce as a woman remains

absent from the labor market; the implied sequence of offer probabilities in Model 1 is 1.0 ( a

normalization) in year1 and year 2, 0.86 (in year 3 and year 4) and 0.45 (from year 5 onward)

while the corresponding sequence in model 2 is given by 1.0, 0.81 and 0.18. Finally, search

costs appear to be relatively unimportant although they are estimated precisely (around 40$ per

week).

In order to illustrate the age specific distribution of home productivity and the role of marital

status as well as child valuation heterogeneity, I computed the predicted home productivities for

the four classes of women in Table 2B. The non-monotonicity of home productivities in Model

1 is illustrated clearly; home productivity is high in year 0, raises to its peak value in year 1/year

2, declines very severely in year 3/year 4 to reach a level below one dollar and raises slightly in

year 5 (the stationary value). Overall, Model 2 gives a narrower range of home productivities

as Model 1 and home productivities remain far from 0 even when productivity settles to its

stationary value.

In order to evaluate the accuracy of the model, it is interesting to investigate the predicted

reemployment hazards and compare them with the empirical hazards (Section 2). Indeed, given

that both the value of household production and the value of search are declining with time

(child’s age), the evolution of re-employment hazards with age is difficult to picture.

In Table 2C and 2D, I compute the sequence of reemployment hazards and search hazards (con-

ditional probability of initiating search in a given period) implied by the parameters obtained

in Table 2A.15 Given the parameterization which I used, I must select a given value of earnings

at child birth, education, marital status, experience and child valuation. The values reported in

2C and 2D are those obtained for married women with 15 years of education (a relatively high

level in the sample) who earned 324 dollars per week at first birth and had the average level

of pre-birth experience (50 months). As I have assumed that search was initiated only in year

1, the search hazards are only defined in year 1 (from the 5th quarter onward). In column 3

�� The search hazard function is the probability of searching in a given period given that an individual has not searched in previous periods.It
can therefore be understood as the probability of initiating search in a given period.
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of both Table 2C and Table 2D, I have included the empirical hazards for the group of married

women who have 13 years or more of education so that they can be compared to the predicted

hazards. The sample I use is too small to allow me to stratify according to the same values used

to compute predicted hazards.

Overall, the predicted reemployment hazards (for either Model 1 or Model 2) can fit the data

relatively well; we observe a very high probability of returning to work within 3 months (which

practically means no work interruption) followed by a steep decline in the reemployment haz-

ards for both the second and third quarter and a very clear increase in the last quarter . This

slight increase in reemployment before the end of the initial year of child bearing seems consis-

tent with the behavior of observed empirical hazards.16. From the second year (year 1) onward,

predicted hazards as well as empirical hazards are relatively low and seem to remain station-

ary. The estimates for the probability of searching in a given quarter conditional on no search

in previous quarters (search hazards) indicate that search is typically initiated shortly after the

child turns one year old and that the probability drops very rapidly.17 It is notable that despite

difference in the behaviour of home productivities, predicted hazards in Model 1 and Model 2

behave similarly. More precisely, in both cases, reemployment hazards drop substantially from

year 0 onward and search hazards drop substantially from year 1 (onward). This is explained by

the fact that the value of holding a job within a year of birth is typically high for a large fraction

of females despite the fact that home productivity is also very high and increases (in Model 1)

from year 0 to year 1. However, from year 1 onward productivity at home is declining (except

for this marginal increase from year3/4 to year5) while unemployment search seems to decline

also. Consequently, the probability of initiating search in year 1 is very high in year 1 (the first

year where I assume it to be possible) but a search strategy does not seem to become relatively

more productive than home production in subsequent years18.

�� Note that the model has also been estimated without allowing women to recall their previous jobs so that search must be undertaken as
long as there is an interruption. The results are not significantly different; I obtained very high reemployment hazards in the first half year and
a sudden decline thereafter.
�� To save space, hazards are reported for the first 3 years (year 0,1 and 2 ). The sequence of reservation wages (not reported here) is also
declining. The reservation wage fell from 329 $ (in the very first quarter) to 157$ by the end of year 2 and 88$ by the end of year 5. These
values were obtained after fixing the regressors to the same levels used to compute reemployment and search hazards.
�� In the case where I allow no tenure (no job recall), search hazards are at their highest in the second and third quarter (around .40).
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3@AKD � 

2SQTBSTQ@K O@Q@LDSDQR HM ,NCDK � @MC ,NCDK �

Model with no Unobserved heterogeneity

-ODEL � -ODEL �
Home Productivity Intercept (0) -1.0932 (0.271) -1.7216 (0.721)

Intercept (1-2) -0.6016 (0.342) -
Intercept (3-4) -8.7055 (1.923) -
Intercept (5-�� –5.0754 (2.672)
� (age) - 0.8445 (0.086)
Married 0.1023 (0.065) 0.6419 (0.078)
Child’s valuation -0.0951 (0.073) -0.2425 (0.185)

Wage Distribution Intercept (w
�
� -1.7422 (0.543) -1.7230 (0.611)

Education (w
�
� 0.0331 (0.010) 0.0378 (0.016)

Pre-birth Exper. (w
�
� 0.0411 (0.013) 0.0398 (-.015)

Search Costs (c) 0.0407 (0.002) 0.0365 (0.005)
Offer Probabilities Year 3-4 0.8675 (0.132) 0.8145 (0.273)

Year 5-� ������ ������� ������ �������
Log Likelihood -327.5 -322.7

Note: Asymptotic standard errors are in parentheses.

3@AKD �!

5@KTDR NE 'NLD /QNCTBSHUHSX ENQ ,NCDK � @MC-ODEL �

Model with no Unobserved heterogeneity

Year 0 1 2 3 4 5-�
Model 1

Married/child value=high 340 554 554 0.16 0.16 6.3
Married/ child value=low 372 607 607 0.18 0.18 7.0
Single/child value=high 307 501 501 0.15 0.15 5.7
Single/child value=low 336 549 549 0.17 0.17 6.2

Model 2
Married/child value=high 267 224 188 158 133 112
Married/child value=low 340 286 240 202 172 143
Single/child value=high 141 118 99 83 69 58
Single/child value=low 179 10 126 106 89 75

Note: Home productivities are expressed in real dollars (1984) per week.
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3@AKD�"

,NCDK �`-N5NOBSERVED (ETEROGENEITY

0REDHBSDC 1DDLOKNXLDMS @MC 2D@QBG '@Y@QCR @MC%MPIRICAL (AZARDS

Year Quarter (1) (2) (3)
Pred. Reemp. hazards Pred. Search Hazards Empirical Hazards

0
1 0.4653 - 0.4105
2 0.1534 - 0.0357
3 0.0743 - 0.0185
4 0.1204 - 0.1698

1
1 0.0202 0.4277 0.0227
2 0.0081 0.2448 0.0697
3 0.0072 0.1400 0.0250
4 0.0060 0.0802 0.0000

2
1 0.0047 0.0469 0.0256
2 0.0037 0.0103 0.0263
3 0.0036 0.0113 0.0270
4 0.0032 0.0150 0.1111

Note: The numbers in column 1 and 2 have been obtained for married women with 13 years

of education who earned 324 dollars per week at first birth and had accumulated the average

level of pre-birth experience (50 months). The numbers in column 3 are the empirical hazards

computed for married women who have 13 years or more of education.

- 26-



3@AKD�#

,NCDK �`-N 4MNARDQUDC 'DSDQNFDMDHSX

0RDCHBSDC 1DDLOKNXLDMS @MC 2D@QBG '@Y@QCR @MC%MPIRICAL (AZARDS19

Year Quarter (1) (2) (3)
Pred. Reemp. hazards Pred. Search Hazards Empirical Hazards

0
1 0.4675 - 0.4105
2 0.1563 - 0.0357
3 0.1345 - 0.0185
4 0.0765 - 0.1698

1
1 0.0123 0.4735 0.0227
2 0.0097 0.2563 0.0697
3 0.0145 0.1345 0.0250
4 0.0038 0.0734 0.0000

2
1 0.0034 0.0453 0.0256
2 0.0026 0.0356 0.0263
3 0.0023 0.0201 0.0270
4 0.0020 0.0101 0.1111

Note: The numbers in column 1 and 2 have been obtained for married women with 13 years

of education who earned 324 dollars per week at first birth and had accumulated the average

level of pre-birth experience (50 months). The numbers in column 3 are the empirical hazards

computed for married women who have 13 years or more of education.

���� -ODEL WITH 5NOBSERVED (ETEROGENEITY IN #HILD #ARE 0RODUCTIVITY

Although the model fits the data relatively well, it can be criticized for four (4) main reasons.

First, the results of the model with flexible home productivity imply an increase in productivity

in year 1 and 2 which is hardly plausible, Second, as the variable measuring child’s valuation

does not perform well, the introduction of an unobserved heterogeneity estimated in a flexible

form seems desirable. Thirdly, splitting females between married and single does not take into

account the dispersion in husbands earning’. Finally, it is arguable that education not only raises

productivity in the labor market but also at home as more educated women are likely to be more

effective in child care activities.
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The estimates found in Table 3A were obtained when I introduced unobserved heterogeneity

(with a discrete distribution with two mass points), education and husband’s earnings in produc-

tivity at home. As I described before, I normalize the first point of support (y
�
� to 0 and include

an intercept term in home productivity. Home productivity is found to decline monotonically

(in Model 1) while Model 2 reveals a 24% in productivity by year (� � �����. The sequence

of home productivity implied each model are computed in table 3B for a level of education and

husbands earnings fixed at the sample average (13 years and 530$ per week). Heterogeneity

in household productivity seems captured more effectively by including unobserved hetero-

geneity than using the self-reported valuation of having a child as the estimate fory
�

(0.13 in

Model 1 and 0.23 in Model 2) is much more significant than the parameter estimate for the

self-reported value of children. The maximum likelihood estimates for the probabilities (p
�
)

imply that 39% and 37% (in Model 1 and Model 2 respectively) of the population are in the

lower home productivity class. The computed productivities (in Table 3B) document the size

of the difference in productivity between the low productivity and high productivity class.

The estimates for husband’s income (.564 in model 1 and .385 in model 2) as well as their

statistical significance illustrate the importance of husbands income as compared to marital

status only. Finally, I find very weak evidence that education raises home productivity as the

estimates are very imprecise while the effect of education on labor market productivities (w
�
�

is positive and significant (0.0356 and 0.0386 in Model 1 and Model 2 respectively).
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Model with Unobserved Heterogeneity in Home Productivity

-ODEL � -ODEL �
Home Productivity Intercept (0) -1.463 (0.80) -1.834 (0.59)

Intercept (1-2) -1.634 (0.90) -
Intercept (3-4) -2.354 (0.58) -
Intercept (5-�� -2.464 (0.44) -
� (Child’s age) - .764 (0.07)
Husband’s Income 0.5644 (0.21) 0.3854 (0.25)
Education 0.058 (0.094) 0.086 (0.100)

Wage Offer Distribution Intercept (w
�
� -1.8324 (0.0976) -1.7026 (0.1295)

Education (w
�
� 0.0356 (0.0134) 0.0386 (0.0116)

Pre-birth exp. (w
�
� 0.0404 (0.0187) 0.0378 (0.0332)

Distribution Parameters Heterogeneity (�
�
� 0.134 (0.07) 0.232 (0.09)

p1 0.394 (0.05) 0.373 (0.05)
Search Costs (c) 0.0654 (0.012) 0.0723 (0.003)
Offer Probabilities Year 3- 4 0.634 (0.13) 0.674 (0.18)

Year 5-� 0.354 (0.03) 0.422 (0.08)
Log Likelihood -326.4 -323.9

Note: Asymptotic standard errors are in parentheses.

3@AKD �!
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Model with Unobserved heterogeneity in Home Productivity

Year 0 1 2 3 4 5
Model 1

Married/ hetero=0.134 331 279 279 136 136 81
Married/ hetero=0.0 378 319 319 155 155 93

Model 2
Single/hetero=0.232 248 188 143 109 83 63
Single/hetero=0.0 313 238 181 137 104 79

Note: Home productivities are expressed in real dollars (1984) per week. Education is fixed at

13 years and husband’s income at 530 $ per week for married women (0 for single).
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���� -ODEL WITH 5NOBSERVED (ETEROGENEITY IN (OME AND ,ABOR -ARKET 0RODUCTIVITY

The next modifications that I consider are the inclusion of unobserved heterogeneity in la-

bor market productivity and the allowance for the possibility that home productivity remains

constant during the first five years and drops significantly in year 5 (to remain stationary there-

after). The inclusion of unobserved heterogeneity in labor market productivity can be justified

by the same reason that education is included in home and labor market productivity; that is

unobserved ability affecting home productivity will also affect labor market productivity. The

model specification where home productivity is modeled as a function that changes only once

(when children start schooling) can be used to examine more easily differences between labor

market and home productivities.

The structural parameters are found in Table 4A while the values of home productivity and

labor market productivity are computed (given same values as in Table 3B) in Table 4B. When

unobserved ability is allowed to affect labor market productivity as well as home productivity,

the values obtained for home productivity are relatively higher than in Table 3A. However, the

estimates for p
�

indicate that 53% (in Model 1) and 59% (Model 2) of the population are in the

low heterogeneity class (y � ��� In Model 1, home productivity in year 5 is around 3 to 4 times

lower than it is during the first five years while in Model 2, productivity is found to decrease

by 22% per year. However, the terminal values for non-market time are comparable.

One of the most interesting aspects of this version of Model 1 and Model 2 is that I have allowed

for unobserved ability in both home and labor market productivity. This is the type of endo-

geneity bias that linear regression models (used to measure the effect of career interruption)

cannot take into account. In Table 4B, labor market and home productivities can be compared.

In the model where home productivity changes as a step function (Model 1), home productivity

is found to be only slightly superior to labor market productivity until the child turns 5 years

old (509 vs 458 for high ability women and 392 vs 352 for lower ability women). When home

productivity falls to its stationary value, labor market productivity exceeds significantly home

productivity . It is however notable that during the first 5 years, labor market and home produc-

tivities are relatively close. In Model 2, the labor market productivities are practically equal to

home productivity in the year following child birth (although slightly inferior) but they exceed

home productivities in all subsequent years. However, the gap between labor market and home

productivities beyond 5 years is comparable to the one obtained in Model 1.
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Finally, it is interesting to see that allowing individual effects to be perfectly correlated with both

child care and labor market productivities allows me to obtain a much more significant effect

(still positive) of education on household productivity. The results are therefore consistent with

the hypothesis that more able women (as measured by education as well as unobserved ability)

are more productive at home and in the labor market and may therefore provide an explanation

for the existence of very small differences in the fraction of women returning to work between

more educated and less educated women found in the Canadian Fertility Survey.

3@AKD � 

2SQTBSTQ@K O@Q@LDSDQR HM ,NCDK � @MC ,NCDK �

Model with Unobserved heterogeneity in Home and Labor Market Productivity

-ODEL � -ODEL �
Home Productivity Intercept (0) -1.6786 (0.0934) -1.7342 (0.687)

Intercept (5-�� -2.8534 (0.1002) -
� (Child’s age) - 0.7812 (0.08)
Husband’s Income 0.5320 (0.263) 0.4976 (0.187)
Education 0.0367 (0.016) 0.0345 (0.020)

Wage distribution Intercept (w
�
� -1.6871 (0.0412) -1.6065 (0.0678)

Education (w
�
� 0.0367 (0.0189) 0.0387 (0.0205)

Experience (w
�
� 0.0400 (0.0267) 0.0330 (0.0211)

Distribution ParametersHeterogeneity (�
�
� 0.2623 (0.093) 0.2354 (0.100)

p1 0.43 (0.094) 0.493 (0.104)
Search Costs (c) 0.0523 (0.006) 0.060 (0.032)
Offer Probabilities Year 3- 4 0.59 (0.24) 0.50 (0.22)

Year 5-� 0.39 (0.19) 0.40 (0.17)
Log Likelihood -324.2 -321.9

Note: Asymptotic standard errors are in parentheses.
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Model with Unobserved heterogeneity in Home Productivity

Year 0 1 2 3 4 5
Model 1

Home
hetero=0.2623 509 509 509 509 509 157
hetero=0.0 392 392 392 392 392 142

Labor Market
hetero=0.2623 458 458 458 458 458 458
hetero=0.0 352 352 352 352 352 352

Model 2
Home

hetero=0.2354 491 383 299 233 182 142
hetero=0.0 380 296 231 180 140 109

Labor Market
hetero=0.2354 480 480 480 480 480 480
hetero=0.0 379 379 379 379 379 379

Note:

Home productivities are expressed in real dollars (1984) per week. Education is fixed at 13

years and husband’s income at 530 $ per week for married women (0 for single).

���� -EASUREMENT %RROR

The last set of estimates which I present are those obtained when I introduced measurement

error in earnings. To restrict the number of parameters, I considered only Model 2. First, I

analyze a version of model 2 with measurement error only (in the first column of Table 5A)

and , thereafter, I consider a version of model 2 with unobserved heterogeneity in home and

labor productivity (as in Section 5.3) and measurement error. This version of Model 2 (found

in the second column of Table 5A) is probably the most general specification estimated in the

paper23.

The evolution of home productivity is comparable to what was obtained previously when mea-

surement error was not addressed. The decline in productivity is 20% (with measurement error

�� It turns out that it is very difficult to obtain reasonable estimates of home productivty in a flexible way when both measurement error and
unobserved heterogeneity were introduced.
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only) and 26% per year (with both measurement error and unobserved ability). Not surpris-

ingly, measurement error is found more important in the case where there is no unobserved

heterogeneity. In this case, the two points of support are 0.05 (a measurement error of 50$ per

week) with probability 0.41and -0.034 (a negative measurement error of 34 $ per week) with

probability 0.59. When both measurement error and unobserved heterogeneity are introduced,

the obtained points of supports are closer to 0; that is 0.038 with probability 0.32 (a positive

error of 38$ per week) and 0.019 with probability 0.68 ( a negative error of 19 $ only).

Overall, the inclusion of measurement error does not change home productivity estimates sig-

nificantly. In Table 5B, I have computed values for females endowed with the same values

of education, experience and husband’s earnings as Table 3B and 4B. Home productivities are

starting at similar levels in year 0 although the inclusion of measurement error has reduced the

importance of unobserved heterogeneity. Again, for a woman who has these characteristics, I

find that labor market productivity surpasses home productivity already in year 1 ( when the

child in 1 year old) and that more educated women are not only more productive in the market

but also at home.

3@AKD � 

2SQTBSTQ@K O@Q@LDSDQR HM ,NCDK �

Model with Measurement Error and Unobserved Heterogeneity

-ODEL � -ODEL �
Home Productivity Intercept (0) -1.580 (0.64) -1.6932 (0.654)

� (Child’s age) 0.803 (0.09) 0.742 (0.085)
Husband’s Income 0.4324 (0.14) 0.4001 (0.203)
Education 0.0465 (0.023) 0.0378 (0.019)

Wage distribution Intercept (w
�
� -1.7534 (0.085) -1.6522 (0.083)

Education (w
�
� 0.0321 (0.002) 0.0356 (0.023)

Experience (w
�
� 0.0345 (0.024) 0.0387 (0.025)

Distribution ParametersHeterogeneity (�
�
� - 0.132 (0.044)

p
y
1 - -

Measurement Error (z
�
� 0.053 (0.002) 0.038 (0.002)

Measurement Error (z
�
� - -0.064 (0.045)

p�
z

0.4122 (0.153) -
Search Costs (c) 0.0387 (0.022) 0.0504 (0.021)
Offer Probabilities Year 3- 4 0.812 (0.22) 0.723 (0.154)

Year 5-� 0.389 (0.056) 0.455 (0.123)
Log Likelihood -330.3 -320.4
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Note:

- Asymptotic standard errors are in parentheses.

-The distribution parameters of column 1 (for measurement error) have been estimated while

imposing the restriction that the mean measurement error is 0. This implies that I estimated

two (2) free parameters (see equation 19)

- In column 2, I have not imposed any restriction on the covariance (correlation) between z and

�� The estimates for p
��
O
��
O
�

and p
�

are 0.19, 0.34, 0.18 and 0.29 respectively. The co-variance

between z and � is not very interesting in itself.

3@AKD �!
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Model with Measurement Error and Unobserved Heterogeneity

Year 0 1 2 3 4 5
Model 2

Home
474 379 303 243 194 155

Labor Market
300 300 300 300 300 300

Model 2
Home

hetero=0.1322 424 314 232 172 127 94
hetero=0.0 372 275 204 151 112 83

Labor Market
hetero=0.1322 408 408 408 408 408 408
hetero=0.0 358 358 358 358 358 358

Note: Home productivities are expressed in real dollars (1984) per week. Education is fixed

at 13 years and husband’s income at 530 $ per week for married women (0 for single).

�� #ONCLUSION

In this paper, I have used a non-stationary dynamic programming model to analyze the decision

to return to work upon a first birth. In particular, the model has allowed me to obtain structural

estimates of female productivity in presence of young children and, in particular, to infer the

behavior of productivity as young children approach school age. It has been found that despite

the very large fraction of women who return within a year (in particular within three months),
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home productivities remain very high, at least until a child turns three (3) year old. In some

cases, they remain high until a child turns five (5). The model specification where the evolution

of home productivity is parameterized as a function of child’ age, indicates that female produc-

tivity at home drops by 20 to 25% of its value with every additional year and sets to a stationary

value (when children are in age to go to school) which is much below market productivity for

the average female in the sample.

However, the relatively large fraction of females returning to work shortly after giving birth

is not incompatible with the co-existence of high productivity levels. The estimates revealed

a pronounced decline in the value of search (the value of re-entering the labor market) and ,

as a consequence, the value of holding a job in periods surrounding first birth are relatively

high and, either a large fraction of the women in the sample remain employed (or come back

within three months) or initiate search activities within two years following child birth. This is

consistent with the steep decline found in the empirical hazards.

The structural parameter estimates have been found very helpful in the understanding of the

effect of marital status and female education on child care activities. The strong positive ef-

fect of husband’s earnings on home productivity provided a clear explanation for the stronger

attachment to the labor force of single women (for whom husband’s earnings are set to 0) as

expressed by a faster return to work while the positive effect of education on both home and

labor market productivity has been found consistent with the relatively minor differences in

reemployment timing between lower and higher education females.

Finally, unobserved heterogeneity introduced to capture unobserved ability in home production

as well as in the labor market has been found to play an important role. The role of unobserved

heterogeneity has however been found smaller when measurement error has been introduced

although the overall results appear quite robust to the introduction of measurement error.

The relatively good performance of the model along with the fact that it incorporates a corre-

lation between labor market and non-market productivity (through education and unobserved

ability) suggests some avenues for research. In particular, a possible extension to consider

would be to allow wages to depend on non-employment spell duration and on experience ac-

cumulated after re-entrance in the labor market. Models with finite labor market horizon (such

as Wolpin, 1987 and Belzil and Hansen, 1997) could be used to introduce a depreciation effect

as well as a restoration effect which would, in turn, allow to estimate the cost of fertility under

arbitrary types of correlation between ability in the labor market and ability at home.
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!PPENDIX � %MPRIRICAL (AZARDS FOR THE &ULL 3AMPLE
1st quarter 2nd quarter third quarter fourth Quarter

Year 0 0.3689 0.0462 0.0242 0.1240
Year 1 0.0849 0.0722 0.0111 0.0225
Year 2 0.0345 0.0357 0.0247 0.0759
Year 3 0.0822 0.0448 0.0156 0.0159
Year 4 0.0484 0.0678 0.0000 0.0364
Year 5 0.0187 0.0192 0.0980 0.1087
Year 6 0.0732 0.0789 0.0571 0.0606
Year 7 0.0968 0.0357 0.0741 0.0400
Year 8 0.0000 0.0000 0.0417 0.0000

!PPENDIX �

%STIMATION OF THE 2EENTRY WAGES

In order to estimate the parameters of the wage offer distribution, I proceed as follows. I first

selected a sample of all women who worked full-time (30 hours or more) and for whom I had

no missing information for wages, experience and education. This sample of women contains

1515 observations and is therefore larger than the one used in the empirical implementation of

the dynamic programming model.

Then, I defined a model for log wages which is as flexible as possible. To be consistent with

the specification used in the paper, I used only education and experience and ignored the effect

of non-market time on wages. Belzil and Hergel (1995) found that, for this very sample, the

effect of non-market time is small and insignificant. I specify the model as

KNFV � BNMRS
 n
�

 n

�
DCTB@SHNM
 n

�
DCTB@SHNM� 
 n

�
DWO DQHDMBD
 n

�
DWO DQHDMBD� 
 �

where log w denotes log weekly earnings (real) and � is an error term and estimate it by least

squares. The results obtained are
Parameter T-Ratio

educ (years) 0.0356 7.01
educ� -0.0003 1.67
exper (months) 0.0015 7.43
exper� -0.00001 3.04
R�

Using the parameter estimates, I computed a predicted log wage for each observation in my

sample condition on education and pre-birth accumulated experience (excluding all experience

acquired after reentry in the labor market). The average (predicted) real weekly earnings is 332

$ with a standard deviation of 203.
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1 .3689 2 .0462 3 .0242 4 .1240 5 .0849 6 .0722 7 .0111 8 .0225 9 .0345 10.0357 11 .0247 12

.0759 13 .0822 14 .0448 15 .0156 16 .0159 17 .0484 18 .0678 19 .0000 20 .0364 21 .0187 22

.0192 23 .0980 24 .1087 25 .0732 26 .0789 27 .0571 28 .0606 29 .0968 30 .0357 31 .0741 32

.0400 33 .0000 34 .0000 35 .0417 36 .0000

It can be noted that the value of specializing in child care activities (not to search) at a given

period t, (VB

S

�� has the following form.

5
RS��

� 5 B

S

� i�S� 
 n$F5
S
�

J R
S
� �G (34)

while the value of search, VR

S

� is given by

5
RS��

� 5 R

S

� i�S�` B�S� 
 n$F5
S
�

J R
S
� �G (35)

where

$5
S
�

� ,@WF �

�` n

v
��` t

S
�
{�Vc

S
�
��Vc

S
�

 t

S
�
{�Vc

S
�
��Vc

S
�



�

w
�

w
� $5 B

S
�
G (36)

and represents the value of following the optimal policy next period; either search (in square

brackets) or child care activities (EVB

S
�
).
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4ABLE �$ 2EEMPLOYMENT (AZARDS� 3EARCH (AZARDS AND 2ESERVATION 7AGES IN -ODEL �24

(1) (2) (3)
Reemp. Hazards Search Hazards Reser. Wages

Year 0 1 0.4921 (0.4105) - 328.94
2 0.2534 (0.0357) - 324.72
3 0.1307 (0.0185) - 315.62
4 0.0679 (0.1698) - 293.78

Year1 1 0.0099 (0.0227) 0.4277 274.33
2 0.0081 (0.0697) 0.2448 261.70
3 0.0072 (0.0250) 0.1400 238.47
4 0.0064 (0.0000) 0.0802 214.03

Year 2 1 0.0047 (0.0256) 0.0459 188.30
2 0.0038 (0.0263) 0.0263 161.21
3 0.0037 (0.0270) 0.0113 132.69
4 0.0032 (0.1111) 0.0150 102.68

Year 3 1 0.0030 (0.0938) 0.0086 84.11
2 0.0020 (0.0000) 0.0058 88.53
3 0.0014 (0.0345) 0.0029 93.19
4 0.0009 (0.0000) 0.0014 98.08

�� The numbers in brackets are the empirical hazards computed for married women who have 13 years of education or more.
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4ABLE �% 2EEMPLOYMENT HAZARDS� 3EARCH (AZARDS AND 2ESERVATION 7AGES IN -ODEL �25

(1) (2) (3)
Reemp. Hazards Search Hazards Reser. Wages

Year 0 1 0.5045 (0.4105) - 304.16
2 0.2567 (0.0357) - 295.63
3 0.1316 (0.0185) - 274.75
4 0.0721 (0.1698) - 194.28

Year1 1 0.0088 (0.0227) 0.4735 181.50
2 0.0066 (0.0697) 0.2493 179.66
3 0.0050 (0.0250) 0.1313 175.98
4 0.0038 (0.0000) 0.0691 172.11

Year 2 1 0.0024 (0.0256) 0.0365 168.31
2 0.0019 (0.0263) 0.0192 164.83
3 0.0015 (0.0270) 0.0101 161.17
4 0.0012 (0.1111) 0.0053 157.32

Year 3 1 0.0009 (0.0938) 0.0028 153.53
2 0.0007 (0.0000) 0.0015 150.02
3 0.0005 (0.0345) 0.0008 146.34
4 0.0004 (0.0000) 0.0004 142.46

Because reentry wages are generated, I must allow for the possibility of measurement error.

Including measurement error in the cases where wages follow an exponential distribution is not

straightforward. For this reason, I assume that the measurement error term, ��can be introduced

additively within the density of accepted earnings, that is I define

�

w
� DWO�w

�

 w

�
� education 
 w

�
.experience+ z� (37)

where

z � y 
 � (38)

In order to estimate the model and allow for correlation between y and z , I assume that the joint

distribution of (y� z� , H
y�z
��� ��� can be approximated by a discrete distribution with J� points

of support. In the case where J=2;

/Q�y � y�� z � z�� � O
�

�� The numbers in brackets are the empirical hazards computed for married women with 13 years or more of education.
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