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Chapter 1

Introduction

This thesis is mainly concerned with a simultaneous analysis of the economic determinants of female

employment and fertility decisions on a household level in the Netherlands. In addition, the effects of

demographics and female employment on the allocation of household expenditure to consumer

goods are investigated.

Section 1.1 discusses the motivation for this thesis and section 1.2 discusses some empirical

studies related to the chapters 3, 4 and 5. However, section 1.2 does not attempt to provide a

complete literature survey. While chapters 3, 4 and 5 investigate female labor force participation and

fertility decisions, chapter 2 takes the conventional approach and takes the number of children and

female labor force state as explanatory variables. Section 1.3 provides a brief overview of this thesis.

1.1 Motivation

Both female labor force participation and birth rates have been subject to public discussion for many

decades. During the postwar period, in the Netherlands and throughout the western world, an

increasing number of women are working and the number of births has declined rapidly. Figures la

and 1b show that in the Netherlands the female labor force participation rate has almost doubled and
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that the birth rate has halved over the period 1945-1994. The largest changes in these rates took

place during the seventies. I

Figure la: Female labor force participation. 2 Figure J b: Birth rate,'

- -- - - - - - ,. - - - - - -- '. - - -YII:(tr

Source: Statistics Netherlands.

Changes in preferences of women over working and the optimal number of children may play

an important role in explaining these trends. Also the development and wide spread usage of

contraceptives presumably play an important role in explaining these trends. Contraceptive methods

enable households to schedule births in a period that is most desirable for them and stop conceiving

children after having attained the desired number of children. Apart from these changes in

preferences and contraceptive technology, economic variables, such as the increase in real wage

rates, may also have played an important role in these developments. Malthus (1798), in his time,

J Pott-Buter (1993) provides a thorough overview of fertility and participation behavior in the Netherlands during the
period 1850-1990 and makes a comparison with Belgium, Denmark, France, Germany, Sweden and the United
Kingdom.
2 The female labor force participation rate is defined as the number of women who participate in the labor market
divided by all women in the population. No yearly information is available about the female labor force before 1956.
From 1990 onwards, a woman with a (desired) job of less than 12 hours is defined as a non-participant.
3 The birth rate is defined as the number of births divided by the number of women aged between 15 and 45.
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could afford to assume that married women stay at home and the number of children were solely the

outcome of reproductive behavior of married couples. Contemporary researchers, however, are

confronted with a complex decision-making of households when analyzing female labor force

participation and fertility behavior. For instance, a household may take into account the effects on

consumption when making fertility decisions. At the same time the decision whether or not the

woman in the household stays in the labor force has to be taken. In turn, this participation decision

affects the woman's future labor market perspectives, hence future household consumption.

Empirical evidence, as will be discussed in section 1.2, confirms that economic variables

affect the number of children and also the timing of births. Policy makers are often concerned with

stimulating female employment" and, at the same time, express their concern regarding low birth

rates", These low birth rates have resulted in an average number of children per household in the

population below the replacement rate. One may argue, based on either the aggregate trends as

shown above or on grounds of common sense, that there exists an interrelationship between female

labor force participation and fertility decisions on a household level. It is less apparent, however,

how economic variables such as wages or job opportunities simultaneously affect life-cycle female

labor force participation and fertility decisions. This thesis is concerned with quantifying these

relationships by means of econometric techniques on a household level. In particular this thesis is

concerned with the timing of births and the labor market decisions of women around the birth of

their first child. If one, for instance, is concerned with increasing female employment one would like

to know what the effects are on life-cycle fertility behavior and vice versa. Although this thesis is not

concerned with an analysis of a specific policy measure, it may provide the tools to do so.

4 The distinction between female labor force participation and female employment is made where necessary. Female
labor force participation includes women who decide to participate in the labor market but do not have a job, hence
are classified as being unemployed. In the case a woman decides to participate in the labor force and has a job she is
classified as being employed.
5 For instance, when discussing the sustainability of the social security of elderly.
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1.2 Empirical Studies

A consistent finding in empirical studies of female labor force participation behavior is that the

presence and the age distribution of children have a significant effect on the labor force participation

of women (see, for instance, Heckman and McCurdy (1981) and Mroz (1987)). In addition,

consumer expenditure studies have found that the presence and the age distribution of children, and

the employment state of the woman have significant effects on household expenditure patterns (see,

for instance, Deaton and Muellbauer (1980b), Ray (1983), Browning and Meghir (1991) and

Blundell and Lewbel (1991)). These empirical studies choose the conventional approach and treat

children as constraints that are exogenously imposed on the household when making their

participation or consumption decisions. In contrast to this approach, Becker (1960) already argued

that economic variables such as household income do have an effect on the fertility decisions of

households and that fertility decisions could be analyzed within an economic framework. He

emphasizes the relationship between household income and the number of children and concludes

that there is a positive correlation between household income and the number of children, once

controlled for contraceptive knowledge. During the sixties and seventies most research built on this

pioneering study of Becker and investigated the determinants of the number of children in a

household. During the last two decades the emphasis has been on life-cycle fertility behavior and

research has shifted towards investigating the timing of births (see, for instance, Newman and

McCulloch (1984), Heckman and Walker (1990) and Groot and Pott-Buter (1992)). These studies

on fertility dynamics employ hazard rate models to analyze the timing and spacing of births. One of

the important findings in this literature on fertility dynamics is that women with high opportunity

costs of having children (for instance employed women or high wage women) schedule births later

in life compared to women with low opportunity costs. An important implication of these studies on

household fertility decisions is that children are not exogenous constraints imposed on the household

decision making but are the outcomes of household decisions and are influenced by socio-economic

variables. As a consequence, one may, from a life-cycle perspective, consider the female labor force

participation and fertility decisions to be closely interrelated.
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Conventionally, empirical studies investigating the interrelationship between fertility

decisions and female labor supply on a household level employ simultaneous equations models.

Studies like, for instance, Willis (1973) and Siegers (1985) use a static framework and investigate

jointly the female labor supply decisions and, in line with the pioneering study of Becker (1960),

completed fertility (i.e. the number of children of women who are past their child-bearing age).

Results of both Willis and Siegers support the hypothesis that female labor force participation and

the number of children affect each other. Of course, completed fertility is the result of fertility

decisions made earlier in life. For this reason Moffitt (1984) and Hotz and Miller (1988) investigate

the fertility decisions rather than the number of children jointly with the female labor force

participation decisions. This makes it possible to investigate labor market behavior around births.

This is of importance since many women decide to leave the labor force after having given birth to

their first child or are forced to do so because of time constraints. This behavior around the birth of

the first child has large consequences for future job opportunities and future wages, hence for life-

cycle female employment and future household consumption. The econometric model utilized by

Moffitt (1984) and Hotz and Miller (1988) is a latent variables model for the female labor force

participation and fertility decisions and is considered to be of a reduced form type. These studies

show the importance of taking the interrelationship between female labor force participation and

fertility decisions into account. However, in contrast with the empirical findings in the literature on

fertility dynamics (as discussed above), they find virtually no effects of a change in the female wage

rate on the timing of births.

This thesis extends the studies mentioned above by employing dynamic microeconometric

models which explicitly take the interrelationship between female labor force participation and

fertility decisions into account. Furthermore, a behavioral model is formulated and estimated which

describes how preferences and restrictions in the labor market and fecundity affect the decisions

taken. Section 1.3 discusses the models utilized in this thesis in somewhat more detail.
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1.3 Overview

This thesis consists of four main chapters. In the following, each of these chapters is discussed only

briefly since each chapter is accompanied by its own introduction and conclusions. The emphasis is

on the objectives and the interrelation between these chapters. The last chapter, chapter 6, provides

a brief summary of the main empirical results.

Chapter 2 is a microeconometric analysis of household consumption behavior. The effects of

demographics, such as the number of children and their age distribution, total household expenditure

and female employment on the allocation of total household expenditures to consumer goods is

investigated. This chapter makes the conventional assumption that the number of children and the

age distribution of children are exogenous, while female employment is incorporated in the model as

a conditioning good. A complete consumer demand system (an Almost Ideal Demand System) is

estimated based on a time series of cross-sections of Dutch budget survey data. This makes it

possible to estimate price and budget elasticities and address issues such as aggregation over

households, the Independence of Base Utility assumption and weak separability of consumer goods

from female employment.

Chapter 3 jointly investigates the labor market transitions of women and the timing of first

births. For this purpose a multiple state transition model is estimated. Each state is characterized by

two components: the labor market state ('non-employed' or 'employed') and the maternity state

('no children in the household' or 'children in the household'). This econometric model is capable of

disentangling the effects of socio-economic variables on the timing of births and on the labor market

transitions of women. This econometric framework also allows us to investigate both the direct and

indirect effects of a change in schooling of women on the employment and maternity status. The

direct effect is caused by a change in the labor market (maternity) transition probabilities, holding

the maternity (labor market) status constant. The indirect effect is caused by a

change in the labor market (maternity) transition probabilities as a result of a change in the maternity

(labor market) status. This decomposition is closely related to endogeneity issues but is of special

importance in understanding how a change in schooling simultaneously affects labor market
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transitions and the timing of births. The model is estimated using retrospective data from the

Netherlands. The data contain very detailed information about the complete fertility and labor

market history of women but contain no information about wages. For this reason variables such as

educational attainment and age are used to approximate wages. Because of heterogeneity across

women in preferences and the ability for working and having children we control for both observed

and unobserved heterogeneity. A Non-Parametric Maximum Likelihood Estimator is used to

estimate the model.

The econometric model employed in chapter 3 is of a reduced form type. Such a model is

capable of describing the outcomes of the female labor force participation and fertility decisions but

is not capable of telling us what the driving forces are behind these decisions. In particular, one

cannot separately identify the effects of preferences from the effects of restrictions in the labor

market or fecundity on the household decisions. Formulating and estimating a model that explicitly

distinguishes between the preferences of households and the restrictions they face is often referred

to as a structural approach. A structural model (or a behavioral model) yields estimates that have a

clear interpretation, albeit often under extremely simplifying assumptions concerning the economic

environment in which households make their decisions.

Chapter 4 takes such a structural approach. For the empirical analysis we employ the 1987-

1991 waves of the Socio-Economic Panel of the Netherlands. In contrast with the dataset used in

chapter 3, this dataset contains information on job search behavior and detailed information on

wages. We formulate and estimate a behavioral model describing life-cycle fertility and female labor

force participation decisions of cohabiting and married women. Observed fertility and labor force

participation decisions are assumed to be the optimal solutions to an intertemporal optimization of a

life-cycle utility function under restrictions. Restrictions in the labor market (involuntary

unemployment) are taken into account by modeling job offer probabilities. The decrease in fecundity

(i.e. the ability to conceive a child) with increasing age of a woman is modeled explicitly. This model

makes it possible to investigate the effects of female wage rates on both life-cycle fertility and female

participation decisions simultaneously. Our model extends existing models in two important ways.

Firstly, we explicitly model involuntary unemployment in the labor market. Restrictions in the labor
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market force a woman to take into account the fact that job opportunities may be severely affected

by a withdrawal from the labor market. A withdrawal takes place, for instance, in order to raise

children. If this withdrawal affects job opportunities and future wages, then this is a plausible

explanation for the observed behavior that women who are employed schedule childbirth later in life

compared to non-employed women. Secondly, we explicitly model the decrease in fecundity with

increasing age. This decrease in fecundity may induce women to schedule births earlier in life

compared to the situation in which fecundity rates do not decrease with age, as is often assumed in

empirical studies. Since the outcomes of fertility decisions are major determinants of female labor

force participation, explicitly modeling uncertainty in the outcome of the fertility decisions may be of

crucial importance in explaining labor force participation decisions over the life-cycle. In short, the

effects of a withdrawal from the labor force on labor market perspectives may provide an incentive

to postpone childbirth while the decrease in fecundity may provide an incentive to conceive early in

life.

The econometric framework we employ to estimate our behavioral model is a discrete

dynamic programming model. This framework is capable of explicitly taking into account the

intertemporal aspects of the participation and fertility decisions. Current participation decisions

affect future wages and job opportunities and fertility decisions are in principle irreversible, i.e. once

a woman conceives a child she will have this child for the rest of her life. Furthermore, if a woman

decides to leave the labor force because of the presence of a child, this will result in lower expected

future earnings due to fewer years of work experience and lower job offer probabilities compared to

the situation in which she would have decided to stay in the labor force. These foregone earnings are

referred to as the opportunity costs of children. The parameters of the utility function, the job offer

arrival rate and the wage equation are simultaneously estimated by using a maximum likelihood

estimator.

Chapters 3 and 4 provide us with a better understanding of the way the timing of births and

labor force participation decisions interrelate and how socio-economic variables such as schooling,

wages and job opportunities affect both decisions simultaneously. However, as will be discussed in

chapter 4, the socio-economic variables included explain relatively little of the variation in the timing
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of births, hence we can say little about life-cycle female labor force participation behavior

unconditional on the number of children in a household. An additional economic variable we put

forward in chapter 5 is the financial wealth of a household. Outcomes of fertility and female labor

force participation decisions are known to affect household consumption. The presence of children

increases household consumption and may induce a woman to leave the labor force. As a

consequence, the period in which children are bom and raised is typically a period in the life-cycle of

a household in which household consumption exceeds household income and the household has to

either draw on their savings or borrow money. Households may anticipate this event by

accumulating assets before the birth of their children. This may lead to a postponement of the birth

of their first child until the accumulated savings, i.e. household wealth, is high enough in order to

deal with the financial costs of having children. These costs may include foregone earnings because

of a withdrawal from the labor market of the woman in the household. To obtain some preliminary

insight in these issues chapter 5 estimates a reduced form discrete choice model describing female

labor force participation and fertility decisions. In this model household wealth at the beginning of a

period is one of the explanatory variables. Disentangling the effects of wages and household wealth

is considered to be the main contribution to the literature of this chapter. Data are taken from the

1986-1994 waves of the Socio-Economic Panel of the Netherlands.





Chapter 2

Household Commodity Demand and Demographics

in the Netherlands: a Microeconometric Analysis

2.1 Introduction

In this chapter we investigate the effects of demographics, household expenditure and female

employment on the allocation of household expenditure to consumer goods. We address issues

such as aggregation over households, the Independence of Base Utility assumption and weak

separability of consumer goods from female employment. For this purpose we estimate a

complete consumer demand system based on a time series of cross-sections of Dutch budget

survey data.

Most empirical work on demand systems using Dutch data has been carried out on either

aggregated time series (see for instance Barten (1969)), or on a combination of one cross-section

data set and aggregated time series (see for instance Van Imhoff (1984)). However, using British

microeconomic data, Blundell et al. (1993) have clearly shown that because of aggregation

biases, it is not suitable to estimate price and budget elasticities on the basis of aggregated data.

The biases, introduced by the use of aggregated data, depend on the way household

characteristics interact with total household expenditure and price effects. In this chapter, we will

assess whether or not the aggregation bias is an important issue in the Dutch case.

The Almost Ideal Demand (AID) System of Deaton and Muellbauer is taken as the

starting point of the analysis (see Deaton and Muellbauer (1980a)). Consumer demand patterns

vary considerably across households with different demographic characteristics and different
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levels of household expenditure. We model this variability by allowing almost all parameters of

the AI cost function to depend on household characteristics. Due to this specification we allow

for the fact that budget and (un)compensated price elasticities may vary across households with

different observable characteristics. In principle, a policy maker would be interested in the

question of whether or not we can construct equivalence scales from these models. From

economic behavior, as observed in budget surveys, we can identify the parameters of the demand

functions, but it is not possible to identify e.g. the "joy of having children". This is a fundamental

identification problem as discussed by Pollak and Wales (1979). Several studies (see for instance

Blundell and Lewbel (1991», have investigated under which conditions one can identify

equivalence scales from budget survey data alone. In order to identify equivalence scales, many

empirical studies impose the Independence of Base Utility (IB) condition' on the model. We will

investigate whether or not the ill condition holds.

We not only investigate the effects of demographics (e.g. the number of children) but also

the effects of the employment state of the woman in the household, on the allocation of

household expenditure to consumer goods. There are two important reasons for doing so.

Firstly, female employment is known to be highly correlated with the presence of young children

(see e.g. Mroz (1987». If there are children in the household the woman is less likely to be

employed. Therefore, by ignoring female employment we can mistakenly impute employment

effects for child presence effects on the allocation of household expenditure to consumer goods.

For instance, there is a reduction in transport costs if a woman decides to stop working and to

have a child. Browning and Meghir (1991) provide empirical evidence to support this theory.

Secondly, it is possible that the preferences over goods differ with the employment state of the

women, once controlled for child presence. For instance, the share of household expenditure on

housing may be lower for a household where both the man and the woman are employed

compared to a household where only the man is employed. Possible reasons for this are

economies of scale and the fact that in the Netherlands mortgages are based on the income of the

man or the woman and not on household income". This implies that female employment may not

only have an expenditure effect but also an effect on the allocation of household expenditure to

I The ill condition stipulates that the equivalence scale (as a ratio of two costs functions) is independent of the
base level of utility at which the cost comparison is made.
2 Due to this rationing scheme, two-income households may not be able to attain the desired level of housing
consumption. Empirical findings of Aldershof et ai. (1997) support this theory.
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consumer goods. For this reason, ignoring female employment may lead to biased estimates of

the parameters of the demand equations. Assuming that the allocation of household expenditure

is independent of female employment is equivalent to the assumption of weak separability of

consumer goods from female employment. We allow for non-separability by including a female

employment variable in the demand system mentioned above with appropriate allowance for the

fact that this employment variable is potentially endogenous. This conditional approach has

become popular due to the work of Browning and Meghir (1991).

The organization of this chapter is as follows: Section 2.2 discusses the theoretical

framework. The Almost Ideal parameterisation of the cost function is employed and Marshallian

demand functions are derived. This demand system allows us to investigate the issues of

aggregation, identification of the equivalence scales, and weak separability of consumer goods

from female employment. Section 2.3 discusses the econometric issues concerning the estimation

procedure. Section 2.4 describes the Dutch budget surveys used for the empirical analysis. The

empirical results are discussed in section 2.5. We pay special attention to the allocation of

household expenditure to consumer goods for different types of households. Section 2.6

concludes.

2.2 Theoretical Framework

Preferences over all available consumer goods are represented by the household utility function

U(q.z), where q is a vector of quantities of the different consumer goods consumed by the

household and z is a vector of demographic variables (i.e. household compositionj.' Household

composition may affect preferences, hence the allocation of household expenditure to consumer

goods. The household is assumed to maximize household utility with respect to q, subject to a

budget constraint:

(2.1)
maxq U(q,z)

S.t. x = pT q

3 Utq.z) is an ordinal utility function. For analytical convenience this function can be normalized by choosing a
specific functional form.
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where p is a price vector and x is household expenditure on all consumer goods. The solution of

this optimization problem can be described by a complete demand system. At first glance, it

appears that in optimization problem (2.1) the saving behavior of the household is not

considered. Saving behavior can be modeled by making use of the life-cycle framework. The

standard life-cycle model assumes that the household maximizes an intertemporal additive utility

function under a lifetime budget constraint. One can show that the intertemporal additivity of the

utility function allows for two-stage budgeting (see e.g. Blundell and Walker (1986)). In the first

stage of the budgeting process, the household derives total (non-durable) consumption at time t

by allocating lifetime income to different periods. In the second stage of the two-stage budgeting

process, the household allocates household expenditure within a period to the different consumer

goods (e.g. food, clothing and other non-durable goods). This stage can be described by

optimization problem (2.1). In other words, model (2.1) can be justified by calling upon the life-

cycle hypothesis and a two-stage budgeting argument.

As discussed in the introduction we not only allow demographics (denoted by z) but also

allow the female employment state to affect the allocation of household expenditure to consumer

goods. This refers to the issue of weak separability of consumer goods from female employment.

Female employment is denoted by h and is defined to be equal to I if the spouse in the household

is employed and is equal to 0 otherwise." If we allow for non-separability, female employment

(h) enters the indirect utility function of consumption, U( q.h.z)? In this case h could be treated

as a good and labor market restrictions should be explicitly modeled. An alternative approach is

the conditional approach as proposed by Browning and Meghir (1991). In this conditional

approach, the female employment state enters the Marshallian demand functions in the same way

as the household composition variables. This conditional approach does not require the modeling

of labor market restrictions. Furthermore, data limitations prevent us from estimating an

unconditional demand system." For these reasons this alternative approach seems to be most

4 In case of couples, the man is defined to be the head of household (see section 2.4).
5 Weak separability of consumer goods from h holds if and only if U=(q,h,z) = F(U(q,z),h,z), where Ussi q.h.z) is
total household utility and Utq.z} is the (indirect) utility of consumption. In words: if weak separability holds, the
allocation of household expenditure to consumer goods is not affected by h.
6 A necessary variable to model h, or rather leisure, as a commodity is the hourly wage rate which we do not
observe.
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fruitful. Browning and Meghir also show the importance of conditioning both on the employment

state and the hours of work. We, however, do not observe the hours of work (see section 2.4).

The employment state will pick up the fixed cost of working but not the variable cost of

working. Furthermore, data limitations prevent us from conditioning on the employment state of

the man in the household. Therefore we have to assume weak separability of consumer goods

and female employment from male employment.

We derive the Marshallian demand equations by solving the dual problem of cost

minimization.' This approach does not require a full specification of the utility function and the

resulting demand equations are consistent with the maximization problem (2.1). We choose the

functional form of the Almost Ideal Demand (AID) cost function as proposed by Deaton and

Muellbauer (l980a, p.75):

(2.2) Inc(u, p,z,h) = Ina(p, z,h) + ub(p, z,h)

where u is the level of utility and a(p,z,h) and bip.z.n) are functions of prices (P) demographics

(z) and female employment (h). This cost function gives rise to Engel curves that are linear in the

logarithm of household expenditure. The parameterisation of the functions aip.z.h) and btp.z.h)

is as follows:

(2.3.a)

(2.3.b)

where in p is the logarithm of prices (p). Female employment (h) enters the demand system in

exactly the same way as the demographic variables (z). The first part of equation

(2.3.a),Ci.o + 1; T (z,h) T , is the price and utility independent term of the cost function. If the prices

are normalized to 1 in the first period, one expects that this "fixed" cost term is an increasing

7 The dual problems is formulated as follows: ciu.p.z.h) = min. (pTq I U(q.z.h»u). We use Shephard's Lemma to
derive the Hicksian demand equations and we substitute the indirect utility function in the Hicksian demand
equations to obtain the Marshallian demand equations (see for instance Deaton and Muellbauer, 1980a, Chapter
2).
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function in variables such as family size or the number of children and concave in such variables

because of possible economies of scale in consumption The parameters ~ and Tl of the btp.z.h]

function are often assumed to be constant over time. The fact that we have a series of cross

sections enables us to test whether or not this assumption is supported by the data. For

identification of all other parameters of the model, i.e. the preference parameters of the a(p,Z,h)

function, it is not necessary to assume that the parameters of the bip.z.h] function are constant

over time. We discuss this in more detail in the next section. Household expenditure is denoted

by x. The system of Marshallian demand equations corresponding to (2.2) is given as follows:

(2.4) w(x, p, z,h) = a + /1(z,h) T + TIn p + (~ +Tl(z,h) T )(In x -In a(p,z,h»

where w(x,p,z,h) is a vector of budget shares of the consumer goods. From this demand system

all structural parameters of the functions a(p.z,h) and b(p,z,h) are identified. These are used to

construct the budget and the compensated price elasticities. The Slutsky equation is used to

construct the uncompensated price elasticities.

Recent research has focused on the importance of the so called rank three demand

systems (see e.g. Banks et at. (1997». Such a system would allow budget shares not only to

depend on In(x), i.e. a rank two demand system, but also to depend on (In(x))2. We restrict our

analysis to a rank two demand system because data limitations prevent us from relaxing the IB

assumption in a rank 3 demand system." Furthermore, estimation results of Nicol (1995) show

that a rank 2 demand system (without imposing IB) is not rejected against a rank 3 demand

system once sufficiently controlled for heterogeneity. In particular, conditioning on labor market

states is shown to be of crucial importance.

As discussed in the introduction, aggregation biases depend on the way in which

household characteristics interact with household expenditure and price effects." Therefore a test

on whether or not an aggregation bias will occur is equivalent to testing the null-hypothesis that

bip.z.h) is independent of household characteristics (i.e. testing Ho: Tl=O, see Blundell et al.

8 Necessary variables for this are the interaction terms between (In(x))2 and household characteristics (z and h)
which we do not have (see section 2.4).
9 Basically, the argument boils down to the fact that Ei ZiIn(xi) i' Ei ZiEi In(xi), where the sum is taken over
the individuals within a group. see Blundell et al. (1993).
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(1993)). A rejection of the null-hypothesis is an indication that the use of aggrega.te data results

in biased estimates of the budget and price elasticities.

Identifying all parameters of the aip.z.h] function seems a crucial step towards estimating

equivalence scales. Yet, most studies that are concerned with the identification of equivalence

scales do not explicitly mention this and use some restrictive functional form. The "intercept

parameter" of this function (denoted by (J..o in equation 2.3.a) is assumed to be equal to the

minimum level of household expenditure in the sample'" and is made independent of household

characteristics (i.e. setting I; in equation 2.3.a equal to 0), see for instance Banks et al. (1997), or

is not modeled at all (i.e. (J..o=O and 1;=0), see for instance Browning and Meghir (1991). Blundell

and Lewbel (1991) acknowledge the importance of estimating ao and I; but do not report

whether or not they estimate CJ..o. Their main empirical results are based on the assumption 1;=0.

We follow Ray (1983) in modeling household characteristics in the aip.z.h) function and estimate

all parameters of interest." In contrast with Ray, Blundell and Lewbel state that once the IE

property (see footnote 1) is imposed on the model the parameter I; is no longer identified. This

is based on a discussion in Pashardes (1989, p.14). However, the identification problem in

Pashardes results from the fact that he uses a Stone price index approximation for equation

(2.3.a) and this absorbs the interaction terms between characteristics and prices. 12 We do not use

this approximation. Ray (1983) and Alessie et al. (1994) find significant values of the estimates

of I; and there seems to be no identification problem whatsoever. Whether or not one can

interpret these estimates as equivalence scales is another issue.

A discussion on the identification of equivalence scales can be found in, for instance,

Pollak and Wales (1979) and Blundell and Lewbel (1991). The bottom line in the literature on

the identification of equivalence scales can be summarized as follows: Firstly, on the basis of

budget survey data alone one is. only capable of identifying preferences over consumer goods

10 Implicitly this imposes some structure on the functional form of the utility function (see Deaton and
MueJlbauer (1980b)). This seems in contrast with the fact that the objective of some of the studies mentioned
above is to identify equivalence scales without imposing any structure on the utility function. Preliminary results
indicated that the estimation results are quite sensitive with respect to the choice of CJ.o.
II Ray, however, does not estimate no but does estimate ~. In the estimation procedure Ray makes the usual
assumption that the parameter no is equal to the minimum level of household expenditure.
12 To be more precise, Pashardes uses the Stone price index approximation after deriving the Marshallian
demand function. In our case this would result in substituting lnaip.zh} = no+~ T(z.hl +w(z.hllnp in equation
(2.4), where w(h,z) is a vector of budget shares of a household with characteristics (z,h).
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conditional on household characteristics. and one is not capable of completely identifying

preferences over consumer goods and household characteristics. Therefore. based on budget

survey data alone nothing can be inferred concerning welfare comparisons between households

of different composition. This is the fundamental identification problem as discussed by Pollak

and Wales (1979). Secondly. if one assumes that one can compare expenditures on consumer

goods across households of different composition we are still not able to identify equivalence

scales without making some arbitrary assumption concerning the utility or cost function (see e.g.

Blundell and Lewbel (1991». A frequently used assumption in order to identify equivalence

scales is the Independence of Base Utility assumption (IE). IE implies restrictions on the

parameters of the cost function, some which can be tested" and some which can not be tested

due to the identification problem as discussed by Pollak and Wales. We note that usually, IE is

rejected by budget survey data. Instead of imposing a structure on the model that is not

supported by the data. as will be shown in section 2.5, we acknowledge the fact that we cannot

identify the equivalence scales nor the cost of children from expenditure data alone. The only

results we report in this chapter are the effects of demographics on the allocation of household

expenditure to consumer goods.

2.3 Econometric Issues: a Two-StepEstimation Procedure

Equation (2.3.a) is substituted in equation (2.4) and this forms the basis for estimation.

The time period is denoted by t and the household by i and Zi,'= (z, hi,)T. To control for

optimization errors and measurement errors we add a vector of error terms (denoted by ti') to

the system of Marshallian demand equations. The results of these operations leads to the

following reduced form demand equations:

(3.1)

13 The null-hypothesis for this test is that the parameters of the interaction terms between household
characteristics and household expenditure are all equal to zero.
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where the relationship between the reduced form parameters of equation (3.1) and the structural

parameters of the equations (2.3.a) and (2.4) is given by:

(3.2)

BOI =

BII =

B21 =

B31 =
B41 =

a + lin P, - ~ I Ina' (P,);
• ArT T.1-11, Ina (p/)-fJ/(,,+(lnp/) .1) ;

~/;

11, ;

(s + (In P'/ .1f ® (-11/);

with

Ina' (P,) = ao +a T In(p,) + (1/ 2)(ln P, f F(ln P,) .

Prices within a year are assumed to be the same across households and to be exogenous. The

error terms in equation (3.1) are assumed to have expectation zero and are assumed to be

independently distributed across time and across households but are allowed to correlate

between the budget share equations (i.e. £(Eit)=O and E(EitElIT)=Et). This implies that we do not

allow for unobserved individual heterogeneity." We have T time periods, I goods, K-I

household characteristics and one conditional good. Bat and B2tare (Ix 1)-vectors, B It and B3t are

(IxK)-matrices, B4t a (IxK2)-matrix and Et is a (lxl) -rnatrix. We follow a two-step estimation

procedure to obtain all parameters of interest. In the first step we estimate equation (3.1) and

obtain estimates of the reduced form parameter vector (BOt,..,B4t)Tfor each period separately. In

the second step we obtain estimates of the preference parameters by applying Asymptotic Least

Squares to the system of equations (3.2). In the following we discuss both steps in more detail.

In the first step we estimate the parameter vector (Bot,..,B4l which appears in model

(3.1). We do this for each of the T periods separately. We follow Barten (1969) and leave out

one good from the system of demand equations." Barten has shown that the adding up

restrictions (Lkak = 1, Lk.1kl = 0, Lk~k = 0, Lk 11kl = 0, Lk Ykl = 0 ) that are imposed by demand

14 As will be discussed in section 2.4, the Dutch budget survey is a rotating panel. Unfortunately, we did not have
access to the household identifier. For this reason alone we were not able to take unobserved heterogeneity into
account.
IS This means we do not estimate a system of equations of I goods but of (I-I) goods. However, for convenience
we wrote down the model as in equations (3.1) and (3.2). The I'h parameters of the a and B vectors and the I'k row
and column of the F matrix are constructed by using the adding up conditions. The same holds for the t; and T]

matrices.
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theory on the structural parameters of the demand equations. are automatically satisfied by

leaving out one good from the reduced form equation (3.1). The model offers the opportunity to

test the homogeneity ( 1:1 Ykl = 0 ) and symmetry ( Ykl = Ylk ) conditions. Furthermore. we are able

to check the negativity condition. Leaving out one good has no consequences for the estimates

of reduced form equations of the remaining (I-I) goods. The potentially endogenous variables

are household expenditure. female employment and all interaction terms with household

expenditure and female employment. To solve this problem we employ an IV estimator. In

theory this solves the endogeneity problem. In practice. however. it is very difficult to find

suitable instruments for all potential endogenous variables. especially for the interaction terms

between household expenditure. female employment and the variables reflecting household

composition. For this reason we follow Banks et at. (1997) and use a two-step estimation

procedure. In the first step we regress both household expenditure and female employment on

the set of instruments. The set of instruments includes all demographic variables. educational

attainment. age and age squared of both the head of household and the partner in the household.

a dummy variable indicating whether or not a household is a single parent family. and marital

status. In the second step we take the residuals from the first-step equations and include them in

the budget share equations (equation (3.1». In case we do not have interaction terms between

the potential endogenous and exogenous variables this estimation procedure is the two-stage

estimation procedure as described in Hausman (1978). In this case. a test on exogeneity is testing

the null-hypothesis of the coefficient corresponding to the residual of the first regression in the

second regression being equal to zero.

We estimate the preference parameters by making use of the Asymptotic Least Squares

(ALS) procedure. see e.g. Gourieroux and Montfort (1995). The relationship between the

reduced form parameter vector (Bo..... B41)T and the preference parameters displayed in (3.2) has

been estimated. This relationship is non-linear in the preference parameters of interest and for

this reason we broke up this second step into a sequence of relatively easy estimation problems.

In appendix A this sequence of steps is explained in more detail. System (3.2) shows that we

assume the parameters ao. o, F, 1; and ~ to be constant over time. However. the Band 11

parameters are allowed to vary over time. The reason for doing so is that the estimation results

(see section 2.5) suggested that constancy over time of the Band 11parameters is not a valid

assumption. All preference parameters appearing on the right hand side of (3.2) are identified.
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2.4 Data: the Dutch Budget Surveys from 1980to 1991

The data used in this study are taken from the Dutch budget survey which is held by Statistics

Netherlands on an annual basis. The survey consists of a rotating panel among two to three

thousand households. In the year 1991 alone, the budget survey was conducted among about a

thousand households. These households keep a daily record of all expenses over 25 guilders (per

item) during one year. For a limited time period all expenses are recorded, from which yearly

expenses on goods with a price below 25 guilders are deduced. Furthermore, the survey contains

information on income, family composition and background information on all members of the

household (age, education etc.). The survey started in 1978, but in order to avoid any start-up

related problems of the survey, we only use data from 1980 to 1991 (the last wave available at

the moment of our study). A household may participate in the survey up to three years. The

reason for this is that participation may influence spending behavior in the long run. The rotating

panel character is not exploited in our study because the key variable necessary to merge the

different waves of the budget survey was not available to us.

Some sample selections have been applied. Firstly, we have not included the self-

employed in any of our calculations because it is impossible to distinguish between expenditures

for the firm and expenditures for the household. Secondly, we have excluded households with

negative income and 'non family households'. 16

Every 5 years Statistics Netherlands constructs a weighting scheme from the budget

survey which is used for price index calculations of the employed. To this end households where

the head of the household is employed are over represented in 1980, 1985 and 1990. In 1981 the

non-employed and in 1982 the self-employed are over represented for specific research purposes.

Furthermore, since 1985 the method of optimal allocation is used in sampling the households

(CBS (1992». This means that households with a well-defined spending behavior are under

represented compared to those with a larger variability in their spending behavior. The data that

are available for this study do not contain information to correct for this over representation of

16 A 'non-family household' is a household of which the head, with or without a partner, lives together with at
least one person who is not a (step)child.
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certain groups of households. Therefore, the tables reported in this section are not representative

of the Dutch population. The stratification of the sample is based on exogenous variables, and

hence has no consequences for the consistency of the parameter estimates.

For the choice of consumer goods we follow the I-digit classification of Statistics

Netherlands and disaggregate household expenditure into the following six main categories:

Food (including meals outside the home),

Housing (including (imputed) rent!', maintenance, appliances, tools, heating and

electricity),

Clothing and footwear,

Personal care and medical expenditures (including payments for domestic services),

Education, recreation and transport (including holidays, smoking, stationery,

subscriptions, public transportation, bicycles and cars),

Other consumption (including insurance premiums).

We refer to these six categories of goods as the consumer goods. Figure 4.1 shows the average

budget shares of these consumer goods in the sample per year. In all years the budget share for

housing is the largest (about 32%), followed by education, recreation and transport (about

25%), food (about 20%), personal care (about 14%), clothing (about 7%) and other (about

2%). Statistics Netherlands provided two series of Laspeyres price indices (1980-1985 and

1985-1991) for the six consumer goods and we merged the two series into one for the entire

period 1980-1991. These price indices are shown in figure 4.2. We see that there is a large price

variation over time. The price index of housing shows the largest increase, and the price index of

clothing increased in the first half of the eighties but decreased during the second half.

For privacy reasons Statistics Netherlands did not provide us with the most detailed data

of the budget surveys (i.e. data at the household level). Instead, we obtained moment matrices

containing all the relevant variables involved in the estimation process. IS We define a couple as a

17 The rent is imputed for home-owners.
18 To be more clear on this: let X denote a (Nxk)-matrix containing k characteristics of N households. Instead of
having this X matrix we have the moment matrix XTX. This is a (kxk)- matrix. This enables us to analyze on
household level. However, especially concerning the interactions between variables, we are severely restricted in
the flexibility of the empirical specification by which characteristics and interactions were a priori included in X.
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household of which the head is either married or living together with a partner. In case of

couples, the man is by definition the head of the household. As already defined in section 2.2, the

variable female employment takes on the value I if the spouse in the household is employed and

the value ° otherwise. This means that for an employed single woman female employment is

equal to 0. The number of children is known per age category. The age categories are: under 6,

from 6 to 12, from 12 to 18, and 18 years and over.

Table 4.1 reports the means and standard errors of the logarithm of household income,

household expenditure, age of the head of household, the percentage of single-parent households

and couples, the percentage of employed spouses and the number of children living at home.

While studying table 4.1, one has to keep in mind that in some years some groups are over

represented (e.g. the number of children living at home is relatively high in 1980, 1985 and 1990,

when households where the head of the household is employed are over represented). In table

4.2 we report the average number of children for couples where the spouse is non-employed and

couples where the spouse is employed. It can be seen that the number of children under 6 is

considerably lower when the spouse is employed. Table 4.3 reports the budget shares for single-

person households and for couples. The average budget share for housing is higher for single

persons than for couples. Couples with an employed spouse spend relatively more on education,

recreation and transport than other couples.

2.5 Empirical Results

We now turn to the estimation results of the model as described in section 2.3. Firstly, we

discuss the results of the reduced form regressions. Secondly, we report the estimation results of

the second stage where we obtain all parameters of interest. Once we have estimated the

structural parameters we can compute the budget and (un)compensated price elasticities. Finally,

we discuss the effects of demographics, female employment and household expenditure on the

budget shares.
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2.5.1 Reduced Form Regressions

In the empirical application we assume that the preference parameters depend on the following

characteristics: couple (CPL), number of children younger than 6 (NCU6), and number of

children aged 6 years and over (NC06). In order to take into account economies of scale we

have redefined the 'children' variables in the following way:

LNC06 = In NADULTS + NC06),
( NADULTS

In(NADULTS + NC06 + NCU6).
NADULTS + NC06

LNCU6

Where NADULTS is the number of adults in the household. The conditioning variable isfemale

employment (FE). In the first stage we estimate equation (3.1) using the extended IV regression

approach as discussed in section 2.3.19 Based on both the partial R2 's and the partial F-statistics

the excluding instruments were considered to have sufficient explanatory power." The

estimation results of these reduced form regressions per year are not presented but are available

from the authors upon request. In table 5.1 we present some specification tests of these

regressions. The Sargan statistics are considered to be large and we reject the null-hypothesis of

orthogonality between the error term of the regression equation and the set of instruments for

every budget share equation. Similar results are reported in other studies, see for instance

Browning and Meghir (1991) and Blundell et al. (1993). One way to interpret this finding is that

some variables in the instrument set are incorrectly excluded from the structural part of the

model. We included age and age squared in the regression equation and this resulted in a

considerably lower Sargan statistic. However, the null-hypothesis of the Sargan test was still

rejected for each equation and it had no significant effect on the main estimation results." The

19 As mentioned in section 2.3, the instruments are the demographic variables (z), educational attainment and
age (squared) of both the head of the household and the partner. a dummy variable equal to I if the household is a
single-parent family and 0 otherwise. and marital status.
20 Bound et al. (1995) warn about the finite sample properties of the IV estimator when instruments are only
weakly correlated with the endogenous right hand side variable. The partial R2 and the partial F-statistic reveal
whether or not there is a sufficiently strong correlation between the excluding instruments and the endogenous
variables. The partial F-test statistic ranges from 12.8 to 58.7 (the critical value is equal to 1.69 at a 5% level of
significance) and the partial R2 ranges from 0.09 to 0.24.
21 Browning and Meghir (1991) have also experimented with the specification of the model on the basis of the
results of the Sargan tests. They also find that inclusion of the variable 'age of spouse' (and regional dummies)
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exogeneity tests (table 5.1) clearly show the importance of instrumenting household expenditure

and female employment, especially in the budget share equations for housing and education,

recreation and transport. However, given the fact we reject the null-hypothesis of the Sargan

test for each equation the results of the exogeneity tests should be interpreted with caution."

2.5.2 Second-Stage Estimation Results

In the second stage of the estimation procedure we obtain all parameters of interest. In table 5.2

we report the estimates of the 00, IX, I', 1; and ~ parameters. In table 5.3 we report the estimates

of the parameters of the gamma matrix. All these parameters are assumed to be constant over

time (see the system of equations (3.2)). An interesting result is that the 00 parameter is very

precisely estimated. It is common practice to set 00 equal to the minimum level of household

expenditure in the sample, see for instance Nelson (1993) and Banks et al. (1997), or

alternatively, one does not include this parameter in the model, see for instance Browning and

Meghir (1991)?3 Nelson (1993) and others claim that "the 00 parameter is rarely identified by the

data". Nelson (1993) estimated a similar model to ours but contrary to us she assumes that IB

holds (i.e. 11,::0 for all t). By making this assumption one has less identifying information to

estimate the parameter 00. This can be seen from the system of equations (3.2). The 00, IX and r
parameters appear in the first two equations of (3.2). However, if IB is assumed these

parameters can be retrieved only from the constant term Bo, of equation (3.1). In other words, by

making the IB assumption, one might end up with the "identification" problem observed by

Nelson (1993). Banks et al. (1997) have considered the Integrable Quadratic Almost Ideal

Demand (IQUAID) system. When using the IQUAID system one has more identifying

information to estimate 00 compared to an AID system in which IB is imposed. However,

despite this extra identifying information Banks et at. do not estimate the 00 parameter and

report that the estimates of the price and other elasticities are not sensitive to the choice of 00.

decreases the Sargan test statistics considerably but does not significantly affect the estimates of the parameters of
interest.
22 Intuitively we say that a rejection of the null-hypothesis of the Sargan test causes a bias in the exogeneity test
against rejection of exogeneity.
23 Nelson (1993) claims that the estimate of the matrix r is not sensitive to the choice of 00. However, in our case
the estimates of r and consequently the (un)compensated price elasticities change dramatically if instead of
estimating 00 we set this parameter equal to the minimum level of household expenditure observed in the data.
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The estimates of the B, and T\t parameters for each period are not reported but are

available from the authors upon request. We allowed the Band T\ parameters to vary over time

because the hypothesis that Band/or T\ is constant over time is rejected. The test statistic

corresponding to testing the null-hypothesis Ho: Bt =B for all t, is equal to 345 and the critical

value is X~9S (55)=73.3. The test statistic corresponding to testing the null-hypothesis Ho: T\,=T]

for all t, is equal to 3139 and the critical value is X~9S (220)=255.6. Furthermore, identification of

all other parameters of interest is not affected by allowing Band T\ to vary over time.

Weak separability between consumer goods and female employment

An important advantage of the conditional approach to model female employment is that one is

able to test for weak separability in a relatively easy way. Testing for weak separability between

the consumer goods and female employment (the conditioning good) is testing the null-

hypothesis that all coefficients belonging to female employment and the cross-products with

female employment and household characteristics are equal to zero. In this case the Marshallian

demand functions are independent of the conditioning good h. The test statistic per good is

reported in the first column of table 5.4. We reject the null-hypothesis for all consumer goods.

The rejection is strongest for housing and education, recreation and transport. This means that

female employment not only has an expenditure effect but also has an effect on the allocation of

household expenditure to consumer goods. In section 2.5.3 we investigate in more detail the

effects of female employment and demographics on the allocation of household expenditure to

consumer goods.

Independence of Base Utility (IB) and the aggregation bias

In the empirical literature IB is often imposed on the cost function in order to identify the

equivalence scales, see for instance Nelson (1993) and Ray (1983). However, there are studies in

which the IB is tested (see for instance Blundell and Lewbel (1991». Invariably, these studies

indicate that the 'ill null-hypothesis' T\t=O for all t should be rejected. In the second column in

table 5.2, we report the test on the validity of the IB hypothesis. Like Blundell and Lewbel

(1991) we also strongly reject this hypothesis for all consumer goods. Given these test results we

do not impose IB on the model. This implies that we are not able to identify the equivalence
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scales.

As shown in Blundell et al. (1993), testing whether or not there will be an aggregation

bias when using aggregated instead of micro data, boils down to testing the null-hypothesis 11,=0

for all t. So in fact, this test coincides with testing the IB assumption. As stated previously, this

null-hypothesis is rejected. This result implies that one should use micro-level data instead of

aggregate data when estimating demand equations.

Budget and price elasticities

In table 5.5 we report the budget elasticities for the years 1980, 1985 and 1990 evaluated at the

sample means of household expenditure, budget shares and demographics. It should be stressed

that the budget elasticities presented in table 5.5, are conditional on the conditioning good (in

our case female employment). Unconditional elasticities can only be obtained when female

employment is modeled explicitly. Keeping this caveat in mind, it can be concluded that on

average food and personal care are necessary goods in all years. Clothing changes from being a

necessity good in 1980 and 1985 to a luxury in 1990. Housing and education, recreation and

transport are luxuries in all three years, although it should be noted that in 1990 the average

budget elasticity of housing does not differ significantly from I. Except for clothing and other,

the average budget elasticities appear to be fairly constant over time.

Up to now, we have only presented the sample averages of the budget elasticities.

However, since the IB restriction is not imposed on our model, the budget elasticities are not

constant across households but depend on the demographic characteristics of the household.

Whether or not a good is a luxury depends solely on the value (sign) of ~r+11lzr,hr yr. For the

year 1990, we have computed this statistic for six different types of households: I) singles, 2)

couples without children, spouse not employed, 3) couples without children, spouse employed,

4) couples with I child under 6, spouse not employed, 5) couples with I child over 5, spouse not

employed, 6) couples with I child under 6 and 1 child over 5, spouse not employed. In table 5.7

we report the budget elasticities for each type of household. It appears that food is a necessary

good and education, recreation and transport is a luxury good for all types of households

defined above. However, housing is a necessary good for singles but a luxury for all other types

of households. Clothing (personal care) is a luxury (necessity) for those households where

children are present and a necessity (luxury) for singles and couples with an employed spouse
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without children. The fact that the value of the budget elasticities varies so much across

household types, underlines the importance of not imposing IB on the Almost Ideal Demand

(AID) system.

In table 5.8 we report the average compensated and uncompensated price elasticities for,

respectively, 1980, 1985 and 1990. Price elasticities crucially depend on the matrix F. It is well-

known that in the AID system the homogeneity and symmetry restrictions are effectively

restrictions on the r matrix. We have tested whether these conditions hold. The results of these

tests are presented in table 5.3. From this table it can be seen that the homogeneity condition can

not be rejected for every good. In studies using macroeconomic data, homogeneity is often

rejected (see for instance Barten (1969». However, our results of the homogeneity tests are

more in line with other empirical studies based on micro-level data. In these studies the

homogeneity condition is hardly ever rejected (see e.g. Blundell et al. (1993». Our data suggest

that the symmetry condition should be rejected, as is the case in most other studies based on

micro-level data. Although the test statistic is high, a comparison of the unrestricted parameter

estimates with the r-symmetry-constrained estimates indicates that the difference between the

two sets of estimates is rather small (except for some of the diagonal terms of fl. Therefore, we

have decided to impose the symmetry condition on our model (see also Blundell et al. (1993».

From table 5.8 it can be seen that all compensated own price elasticities are negative

except for the consumption category housing. The fact that the own compensated price elasticity

of housing is positive already indicates that the negativity condition on the Slutsky matrix is not

satisfied for the 'average' consumer. We have checked the negativity condition somewhat

further. It appears that 2 out of 5 eigenvalues of the Slutsky matrix were found to be negative

and again this implies that the negativity condition is not satisfied. This is the case in for all the

years.

On average, housing and clothing are price inelastic and food and personal care are price

elastic. The own (un)compensated price elasticity of food is high compared to results obtained in

other studies. Substitution effects are highest for the price changes in personal care and

education, recreation and transport. Table 5.8 also suggests that some goods are complements

of each other. This result underlines the importance of considering 'flexible functional forms' of

the cost function (like the AID cost function) in the empirical application. Restrictive

specifications like the Linear Expenditure System do not allow for the existence of complements.
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Although we did not perform a formal test, the average compensated and uncompensated price

elasticities appear to be fairly constant over time.

2.5.3 The Effects of Demographics, Female Employment and Household Expenditure on

the Budget Shares

In figures 5.1 to 5.6 the effects of demographics and female employment on the allocation of

household expenditure is presented." In these figures the same types of households are

considered as those in the discussion of the budget elasticities (see section 2.5.2). Figure 5.1

suggests that for all levels of household expenditure singles spend less on food than couples.

Couples with children have a larger budget share oi food compared to couples without children,

and the budget share increases with the age of the children and the number of children. The

downward sloped curves reveal that food is a necessity for each type of household, as already

discussed in section 2.5.2. Contrary to the budget share of housing the budget share of food

barely depends on the employment state of the spouse. Figure 5.2 indicates that the presence of

children has a depressing effect on the budget share of housingi? We have obtained a similar

result for education, recreation and transport (figure 5.5) at least at low levels of household

expenditure « Dfl. 50,000). These results are intuitively plausible because housing and

education, recreation and transport are typically consumption categories with large economies

of scale and for which children have relatively low needs (young children may share rooms).

Figures 5.2, 5.3 and 5.4 clearly show that whether or not these goods are luxury depends on the

type of household. Households with an employed spouse spend relatively more on development

and clothing and less on housing and personal care. This supports the discussion in the

introduction on the necessity of controlling for the employment status of the spouse. A working

spouse increases costs of transport (included in education, recreation and transport) and

clothing. Economies of scale and restrictions on the mortgage market lead to a reduction in the

budget share of housing once the spouse is employed.

24 In these figures we consider the 1990 values of the ~t and 11,parameters.
25 A similar result has been found by Nelson (1993).
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2.6 Conclusions

In this chapter we have estimated an Almost Ideal Demand (AID) system on Dutch micro-level

data. Special attention has been devoted to the specification of demographic effects. We find that

the interactions between household expenditure and household characteristics are of significant

importance in explaining the allocation of household expenditure to consumer goods. In

particular, we find that consumer goods may change with household characteristics from luxuries

to necessities. The importance of interaction terms has some interesting consequences. Firstly, it

implies that budget and price elasticities cannot be estimated consistently from aggregated data.

Secondly, the Independence of Base Utility (IB) assumption is violated, which means that

nothing can be inferred about the value of equivalence scales from budget survey data alone.

Hence additional information is required to identify the equivalence scale. We like the suggestion

of Kapteyn (1994) to employ for that purpose direct measurements of feelings of well-being

elicited in surveys. Kapteyn has made a first attempt to use subjective information in conjunction

with budget survey data, but further research is needed in order to assess the equivalence scale.

Thirdly, it is possible to estimate the AID parameter CXo rather precisely. Consequently, it is not

necessary and even undesirable to follow the common practice to set CXo to the minimum level of

household expenditure observed in the data.

Our analysis confirms the result of Browning and Meghir (1991) that consumer goods

and female employment are not separable from each other. Consequently, female employment

not only has an expenditure (income) effect but also an allocation effect. Our empirical results

suggest that households with a working spouse spend relatively more on education, recreation

and transport and clothing and less on housing and personal care. Clothing is a necessity for a

household with a working spouse and a luxury for a household with a non-working spouse.
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2.7 Appendix A : The Identification of the Structural Parameters

In the second step of the estimation procedure we estimate the relationship between the

parameters of interest and the reduced form parameters by Asymptotic Least Squares. This

relationship is given by the system of equations (3.2). This relationship is non-linear in the

parameters of interest. We split up the second estimation step into several relatively easy

substeps that are linear in the parameters of interest. Firstly we estimate the following

relationship:

Em = B;,,;
B" = /).:-B2,(r,;)T;

B2, = B~,;

B3, = B~,;

B4,= r,;®(-B3,);

where r,; = r, + /).T In P, and /).: = /).-11, Ina •(p, ) . In the second step we assume time stability

of the parameters /).and r, and estimate the following relationship:

B~, = B~,;

B~, = B;,;
B~, = B~',;

/).:= /)'-B~,lna'(p,);

r,; = r, + /).T In p, ;

In the next step we estimate the parameters ~, uand F:

B~,

B;,
B;,
Ina'(p,)
/).

r,

= u + I'In p, - B;, (uo +u Tin P, + (I/2)(ln p, ® (In pJ )VEC(r);

= B;;;
= B;;;
= Uo +u Tin p, + (1I2)(ln p, ® (In p, /)VEC(r);

=/).';

=l,';

In the final step we impose the theoretical restriction that the gamma matrix is symmetric: r= I".

In this last step we also recover the 8, and 11,per time period: B;; = 8, and B;'; = 11,·
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2.8 Appendix B: Tables and Figures

Table 4.1: Means and standard deviations of the logarithm of household income
(In(income)), the logarithm of household expenditure (In(expenditure)) and the age of the
head of household (age), the means of the percentage of single-parent households and
couples, the percentage of employed spouses and the number of children living at home.

Year Number In(income) lntexpenduure) age % one- % % number of
of person couples employed children at

observation households mean spouse, home
s mean mean mean

mean std mean std mean std

1980 2527 10.4 0.43 10.3 0.46 45 16 4.1 80.4 16.3 0.79

1981 2612 10.3 0.47 10.2 0.48 50 17 7.9 67.0 11.0 0.60

1982 1927 10.4 0.50 10.4 0.48 45 16 3.8 74.7 15.2 0.72

1983 2685 10.4 0.46 10.4 0.47 46 17 3.8 71.7 16.4 0.63

1984 2923 10.5 0.43 10.5 0.44 45 16 3.3 79.8 21.2 0.67

1985 2592 10.6 0.39 10.5 0.39 42 14 2.3 87.9 26.4 0.85

1986 2797 10.7 0.43 10.6 0.42 45 IS 2.8 80.4 32.5 0.69

1987 2330 10.7 0.46 10.6 0.44 46 15 3.2 80.0 30.3 0.65

1988 1790 10.7 0.46 10.6 0.45 47 16 4.2 77.3 25.9 0.59

1989 1753 10.6 0.47 10.6 0.46 46 16 4.3 75.5 29.2 0.58

1990 2544 10.6 0.40 10.6 0.39 43 15 3.3 82.4 26.5 0.76

1991 923 10.6 0.47 10.5 0.45 46 17 4.7 73. I 27.5 0.56
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Table 4.2: The average number of children per age category for couples where the woman
is not employed and for couples where the woman is employed

Children Employment state of the woman

Age Non-employed Employed
Category

0-5 0.28 0.15

6-11 0.22 0.19

12-17 0.18 0.20

18 -> 0.11 0.09

All 0.79 0.63

Table 4.3: Budget shares for a single-person household, a couple with a non-employed
spouse (FE=O), and a couple without an employed spouse (FE=1)

Budget shares Single Couple

FE=O FE=I

Food 0.18 0.21 0.19

Housing 0.37 0.33 0.31

Clothing 0.06 0.07 0.08

Personal care 0.14 0.14 0.14

ERT" 0.24 0.24 0.28

Other 0.01 0.01 0.00
U ERT = Education, recreation and transport
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Table 5.1: Sargan test statistics for testing the orthogonality conditions of the instruments
and the Hausman test statistics for testing the exogeneity of total expenditure and female
employment (FE) per good. All test-statistics are the sum over the test-statistics per year.

Sargan" Hausman"
lmexp) pp

Food 240.1 146.6 24.04
Housing 819.7 174.4 712.9
Clothing 216.7 61.9 17.9
Personal care 333.1 84.8 159.2
ERT" 742.2 70.2 1031.9

a 72 degrees of freedom per cell. X ~.95 (72)= 92.8.

b 12 degrees of freedom per cell. X ;'.95 (12)= 21.0.
, ERT = Education. recreation and transport

Table 5.2: Estimates of the no, a, !J. and 1;, parameters. Standard errors are given in
parentheses.

(X;) 10.2
(0.03)

CJ.

Food 0.15
(0.004)

Housing 0.36
(0.004)

Clothing 0.07
(0.001 )

Personal care 0.13
(0.002)

ERT' 0.29
(0.005)

~ FE CPL LNCU6 LNC06
Food -0.02 0.03 0.02 0.04

(0.005) (0.004) (0.006) (0.004)
Housing -0.09 -0.004 -0.02 -006

(0.004) (0.003) (0.005) (0.003)
Clothing 0.01 0.007 0.01 0.02

(0.002) (0.001) (0.002) (0.001)
Personal care -0.02 0.006 0.01 -0.01

(0.003) (0.002) (0.003) (0.002)
ERT' 0.13 -0.04 -0.03 0.01

(0.006) (0.005) (0.007) (0.005)

1; 0.20 0.30 (0.04) -0.04 0.26
(0.04) (0.05) (0.03)

a ERT = Education. recreation and transport
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Table 5.3: Estimates of the r- matrix and symmetry and homogeneity tests. Standard
errors are given in parentheses.

Food
Food -0.09

(0.04)
Housing 0.01

(0.03)
Clothing -0.02

(0.02)
Personal care -0.22

(0.03)
ERT* 0.40

(0.05)

Housing Clothing Personal care ERT"

0.25
(0.05)
-006 0.06
(0.02) (0.0 I)
0.08 0.06
(0.03) (0.02)
-0.32 -0.05
(0.06) (0.03)

-0.04
(0.07)
0.01 0.03
(0.09) (0.15)

0.01 1.76Homogeneity" 0.04 0.18 0.69
Symmetry' 65.3

a ERT = Education, recreation and transport

b I degree of freedom per cell, X ~95 (1)= 3.84.

c 10 degrees of freedom per cell, X ~.95 (10)= 18.3.

Table 5.4: Tests on weak separability between female employment and consumer goods,
and testing the Independence of Base Utility assumption

Weak
Separability"

Independence of
Base Utility'

Food 92.5 482
Housing 751 411
Clothing 108 454
Personal care 113 1260
ERT" 813 904

a ERT = Education. recreation and transport
b 14 degrees of freedom per cell, X ~.9S (14)=23.7.

c 40 degrees of freedom per cell. X ~9S (40)=55.8.
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Table 5.5: Budget elasticities (evaluated in the means) in the years 1980, 1985 and 1990.
Standard errors are given in parentheses.

Year 1980 1985 1990

Food 0.50 (0.02) 0.46 (0.02) 0.52 (0.02)
Housing 1.10 (0.02) 1.13 (0.01) 1.01 (0.03)
Clothing 077 (0.03) 0.98 (0.03) 1.16 (0.05)
Personal 0.93 (0.02) 0.84 (0.02) 0.89 (0.02)
care
ERT' 1.43 (0.03) 1.35 (0.02) 1.35 (0.04)
Other 0.91 (0.22) 1.35 (0.25) 1.49 (0.33)

a ERT = Education, recreation and transport

Table 5.6: Predicted budget shares for the different types of households (as defined below
table 5.7). Budget shares are computed with the sample mean of household expenditure.
The budget shares for different levels of household expenditure are shown in figures 5.1 to
5.6.

Type 2 3 4 5 6

Food 0.13 0.19 0.18 0.2 0.21 0.22
Housing 0.37 0.38 0.28 0.37 0.36 0.35
Clothing 0.05 0.06 0.07 0.07 0.07 0.07
Personal care 0.15 0.15 0.13 0.15 0.14 0.15
ERT' 0.28 0.21 0.32 0.2 0.2 0.2

a ERT = Development, recreation and transport

Table 5.7: Budget elasticities for different types of households in 1990

Type 2 3 4 5 6

Food 0.33 (0.03) 0.49 (0.03) 0.52 (0.05) 0.56 (0.04) 0.52 (0.03) 0.56 (0.03)
Housing 0.90 (0.02) 1.03 (0.03) 1.09 (0.05) 1.02 (0.03) 1.02 (0.03) 1.0 I (0.03)
Clothing 0.83 (0.06) 1.02 (0.07) 0.91 (0.09) 1.30 (0.08) 1.17 (0.07) 1.35 (0.07)
Personal care 1.24 (0.02) 1.11 (0.03) 1.01 (0.05) 0.76 (0.03) 0.98 (0.03) 0.72 (0.03)
ERT' 1.31 (0.03) 1.28 (0.06) 1.21 (0.05) 1.42 (0.07) 1.39 (0.06) 1.50 (0.06)

• ERT = Education, recreation and transport
I: Single-person household
2: Couple, no children, spouse is not employed
3: Couple, no children, spouse is employed
4: Couple, I child under 6, spouse is not employed
5: Couple, I child over 5, spouse is not employed
6: Couple, I child under 6 and I child over 5, spouse is not employed
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Table 5.8: Compensated and uncompensated price elasticities for the years 1980, 1985 and
1990. Standard errors are given in I!arentheses.
Compensated price elasticities, 1980

Food Housing Clothing Persona I care ERT' Other
Food -1.16 (0.18) 0.32 (0.13) -0.03 (0.08) -0.87 (0.16) 209 (0.24) -0.35 (0.08)
Housing 0.22 (0.09) 0.12 (0.17) -0.10 (0.05) 0.39 (0.10) -0.79 (0.19) 0.16 (0.09)
Clothing -0.07 (0.22) -0.37 (0.20) -0.23 (0.14) 0.87 (0.21) -0.40 (0.34) 0.20 (0.16)
Personal care -1.46 (026) 0.94 (0.25) 0.56 (0 14) -1.17 (0.54) 0.25 (0.70) 0.90 (0.37)
ERT' 1.85 (0.22) 1.00 (0.24) -0.13 (0.11) 0.12 (0.37) -0.63 (0.59) -0.22 (0.17)
Other -6.49 (1.52) 4.18 (2.31) 1.38 (1.12) 9.83 (4.11) -4.49 (3.48) -4.41 (6.53)

Uncompensated price elasticities, 1980
Food Housing Clothing Personal care ERT' Other

Food -1.27 (0.18) 0.17 (0.13) -0.07 (0.08) -0.93 (0.16) 1.96 (0.25) -0.36 (0.08)
Housing -0.01 (0.09) -0.23 (0.17) -0.19 (0.05) 0.24 (0.11) -1.06(0.19) 0.15 (0.09)
Clothing -0.23 (0.22) -0.61 (020) -0.29 (014) 077 (0.22) -0.58 (0.34) 0.18 (0.16)
Personal care -1.67 (0.26) 0.65 (0.25) 0.48 (0.13) -1.29 (0.54) 0.02 (0.69) 0.89 (037)
ERT' 1.54 (0.22) -1.45 (0.24) -0.25 (0.11) -006 (0.37) -0.98 (0.59) -0.23 (0.17)
Other -6.84 (1.52) 3.69 (2.31) 1.25 (1.12) 9.63 (4.11) -4.88 (3.48) -4.43 (6.53)

Compensated price elasticities, 1985
Food Housing Clothing Personal care ERT' Other

Food -1.23 (0.20) 0.35 (0.14) -0.05 (0.09) -0.96 (0.17) 2.30 (0.28) -0.39 (0.09)
Housing 0.20 (0.09) 0.09 (0.16) -0.10 (0.05) 0.39 (0.10) -0.73 (0.18) 0.15 (0.08)
Clothing -0.15 (0.26) -0.48 (0.23) -0.12 (017) 1.03 (0.26) -0.51 (0.40) 0.23 (0.19)
Personal care -1.31 (0.24) 0.89 (0.23) 0,49 (0.12) -1.12 (0.49) 0.25 (0.63) 0.81 (034)
ERT' 1.83 (0.22) -0.99 (0.24) -0.14 (0.11) 0.14 (0.37) -0.63 (0.59) -0.21 (0.17)
Other -5.96 (1.39) 3.88 (2.12) 1.25 (1.03) 904 (3.77) -409 (3.19) -4.12 (5.98)

Uncompensated price elasticities, 1985
Food Housing Clothing Personal care ERT' Other

Food -1.32 (0.20) 0.19 (0.14) -0.08 (0.09) -1.03 (0.17) 2.19 (0.28) -0.40 (0.09)
Housing -0.02 (0.09) -0.28 (0.16) -0.18 (0.05) 0.23 (0.10) -1.00 (0.18) 0.14 (0.08)
Clothing -0.34 (0.26) -0.81 (0.23) -0.19 (0.17) 0.89 (0.26) -0.75 (0.40) 0.22 (0.19)
Personal care -1.47 (0.24) 0.61 (0.23) 0.43 (0.12) -1.25 (0.49) 0.04 (0.63) 0.79 (0.34)
ERT' 1.57 (0.22) -1.43 (0.24) -0.24 (0.11) -0.05 (0.37) -0.96 (0.59) -0.23 (0.17)
Other -6.25 (1.40) 3.38 (2.12) 1.15 (1.03) 8.82 (3.77) -4.46 (3.19) -4.14 (5.98)

Compensated price elasticities, 1990
Food Housing Clothing Personal care ERT' Other

Food -1.22 (0.20) 0.34 (0.14) -0.06 (0.09) -0.96 (0.17) 2.29 (0.28) -0.39 (0.09)
Housing 0.21 (0.09) 0.10 (0.16) -0.10 (0.05) 0.40 (0.10) -0.75 (0.18) 0.15 (0.08)
Clothing -0.16 (0.26) -0.50 (0.24) -0.11 (0.17) 1.04 (0.26) -0.51 (0.41) 0.24 (0.19)
Personal care -1.28 (0.23) 0.87 (0.22) 0.48 (012) -1.12 (0.48) 0.25 (0.61) 0.79 (0.33)
ERT' 1.81 (0.22) -0.98 (0.24) -0.14 (0.11) 0.15 (0.36) -0.62 (0.59) -0.21 (0.17)
Other -5.67 (1.33) 3.71 (2.02) 1.19 (0.98) 8.63 (3.59) -3.88 (3.04) -3.98 (5.70)

Uncompensated price elasticities, 1990
Food Housing Clothing Personal care ERT' Other

Food -1.33 (0.20) 0.17 (0.14) -0.09 (0.09) -1.03 (0.17) 2.16 (0.28) -0.40 (0.09)
Housing 0.01 (0.09) -0.23 (0.16) -0.17 (0.05) 0.25 (0.10) -1.00 (0.18) 0.14 (0.08)
Clothing -0.39 (0.26) -0.87 (0.24) -0.19 (0.17) 0.87 (0.26) -0.80 (0.41) 0.22 (0.19)
Personal care -1.45 (0.23) 0.58 (0.22) 0.42 (012) -1.25 (0.48) 0.02 (0.61) 0.78 (0.33)
ERT' 1.54 (0.22) -1.42 (0.24) -0.23 (0.11) -0.05 (0.36) -0.96 (0.59) -0.23 (0.17)
Other -5.96 (1.33) 3.22 (2.02) 1.10 (0.98) 8.41 (3.59) -4.25 (3.04) -4.00 (5.70)

, ERT = Education, recreation and transport
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Figure 4.1: The budget shares for the six consumer goods over the period 1980·1991.
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Figure 4.2: The price indices for the six consumer goods over the period 1980·1991.
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Figure 5.1: The relationship between household expenditure and the budget share for food
for each type of household.
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Figure 5.2: The relationship between household expenditure and the budget share for
housing for each type of household.
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Figure 5.3: The relationship between household expenditure and the budget share for
clothing for each type of household.
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Figure 5.4: The relationship between household expenditure and the budget share for
personal care for each type of household.
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Figure 5.5: The relationship between household expenditure and the budget share for
education, recreation and transport (ERT) for each type of household.
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Chapter 3

Female Employment and the Timing of First Birth:

a Multiple State Transition Model.

3.1 Introduction

In the Netherlands female employment has increased from around 25% at the beginning of the

sixties to over 50% at the beginning of the nineties (OECD, 1995). During this period the

fertility rate has declined from over 2.5 during the sixties to about 1.6 in 1990. Furthermore, the

average age at which women give birth to their first child has increased from under 25 at the

beginning of the seventies to around 28 at the beginning of the nineties (Beets and Verloove-

Vanhorick (1992)). This suggests that women nowadays do not only have fewer children but

also schedule the birth of their first child later in life. Increasing female labor supply and declining

fertility rates is one of the major economic and demographic trends during the last three decades

in most OECD countries. These trends on an aggregate level suggest a possible interrelationship

between fertility and employment decisions on a household level and both the demographic and

the labor supply literature support this notion. On the one hand, the literature on fertility

dynamics I provides empirical evidence that employed women or higher waged women schedule

conception of the first child later in life, compared to non-employed or lower waged women

(see, for instance, Groot and Pott-Buter (1992), Heckman et al. (1985) or Heckman and Walker

(1990)). On the other hand, the timing of births affects the employment decisions of a woman. A

1 In these studies hazard rate models are employed to investigate the timing and spacing of births over the life-
cycle. This line of research started off with the paper by Newman and McCulloch (1984).
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woman has to decide how much time to devote to her children and this restricts the time

available to participate in the labor force (see for instance Mroz (1987) or Siegers (1985».

One of the critical shortcomings of the empirical studies on the timing of births is that

they assume that wages and labor market states of women are exogenous explanatory variables.

The (expected) wages, which are so strongly related to the timing of births, are important

determinants of the employment decision, and are, moreover, related to work experience. The

employment decision depends in turn on the fertility decision. Therefore one can strongly argue

that the timing of births and female employment decisions are interrelated. By ignoring this

interrelationship, one may mistakenly impute employment effects for fertility effects and obtain

inconsistent estimates of the wage effects, if the endogeneity of wages is not properly taken into

account. Furthermore, as in the female labor supply literature, outcomes of fertility decisions are

usually assumed to be exogenous explanatory variables of female employment, one may

underestimate the effects of schooling or wages on female employment.

Conventionally, empirical studies investigating the interrelationship between fertility

decisions and female labor supply on a household level employ simultaneous equations models.

Studies like, for instance, Willis (1973), Siegers (1985) and Cigno (1994) use a static framework

and investigate jointly the female labor supply decisions and, in line with the pioneering study of

Becker (1960), completed fertility (i.e. the number of children of women who have passed their

child-bearing age). Of course, completed fertility is the result of birth decisions made earlier in

life. Later studies ofBlau and Robins (1989), Hotz and Miller (1988) and Moffitt (1984) model

the birth decisions rather than completed fertility. This makes it possible to investigate labor

market behavior around births. Hotz and Miller show the importance of the age distribution of

children in explaining female labor supply. Their empirical analysis is restricted to couples who

have at least one child. This may be rationalized in their approach, but around the birth of the

first child the interrelationship between fertility and labor supply is strongest (see, for instance,

Shapiro and Mott (1994», hence it would be desirable to model this. Moffitt explicitly models

the intertemporal effects of the fertility and employment decisions by making wages endogenous.

Fertility decisions affect participation decisions which in turn affect work experience, hence

current and future wages. Moffitt clearly shows the need and the advantages of modeling the

fertility and labor supply decisions simultaneously. His simulation results show that an increase in

education of one year, which shifts the wage profile upwards, does affect the employment
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probabilities but, in contrast with the empirical results of studies on fertility dynamics (as

discussed above), has virtually no effect on the timing of births. A more dynamic approach has

been taken by Blau and Robins (1989). They estimate hazard functions for transitions among

various fertility and employment states. Although they acknowledge the importance of the

interrelationship between fertility and labor supply decisions, the econometric framework utilized

(a competing risk model) does not allow for this. Basically they implicitly assume independency

between labor market transitions and the timing of births.

In this study female employment and the timing of births are modeled using a dynamic

econometric framework which explicitly takes into account the simultaneity between labor

market transitions and the transition into maternity.' This enables us to disentangle the effects of

some socio-economic variables on both women's labor market transitions and the timing of

births. We focus on the timing of first birth (i.e. the transition into maternity) since the

interrelationship with female labor supply is strongest around this moment in the life of a woman.

The econometric framework we choose is a multiple state transition model and allows us to

investigate to what extent the transition into maternity is affected by the labor market status and

to what extent transitions in the labor market are affected by the maternity status. This

econometric framework also allows us to investigate both the direct and indirect effects of a

change in schooling of women on the employment and maternity status. The direct effect is

caused by a change in the labor market (maternity) transition probabilities, holding the maternity

(labor market) status constant. The indirect effect is caused by a change in the labor market

(maternity) transition probabilities as a result of a change in the maternity (labor market) status.

This decomposition is closely related to endogeneity issues but is of special importance in

understanding how a change in schooling simultaneously affects labor market transitions and the

timing of births.

The model is estimated using retrospective data from the Netherlands. Because of

heterogeneity across women in preferences and the ability for working and having children we

control for both observed and unobserved heterogeneity. We use the Non-Parametric Maximum

2 While working on this chapter we came across a working paper by Walker (1995) who also investigates the
timing of births and explicitly takes the endogeneity of the female employment process into account. Some of his
preliminary estimation results were not conform economic predictions (for instance, a strong positive effect of the
wage rate on the transition out of employment) and this study seems to be work in progress. For this reason we
wish to mention this study only as a potentially very relevant reference.
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likelihood Estimator (NPMLE) as proposed by Heckman and Singer (1982, 1984) to estimate

the model.

The outline of this chapter is as follows: Section 3.2 describes the model specification.

Next, section 3.3 describes the data used for the empirical analysis. Section 3.4 discusses the

estimation results and investigates the effects of a change in educational attainment on labor

market transition and the transition into maternity by means of simulations. Section 3.5

concludes.

3.2 Model Specification

In this section we formulate a dynamic econometric model describing female employment and

the timing of first birth of women over the life-cycle. Marital and cohabitation decisions may also

be interrelated with the fertility and employment decisions, e.g. Becker (1981). We assume that

education, marital and cohabitation decisions are exogenous with respect to the transitions on the

labor market and the timing of first birth. Furthermore, the behavior of all other members of the

household is assumed to be exogenous with respect to the decisions taken by the woman in the

household.

A general economic model of household fertility and labor supply decisions could be used

as a theoretical framework. Although several studies mentioned in the introduction start with

some sort of economic model, the econometric models utilized in their empirical investigations

are of a reduced form type. We also estimate a reduced form model and choose to directly

specify the econometric model.

3.2.1 Transition Possibilities

The female employment process is characterized by two states: empLoyment (E) and non-

empLoyment (Ul We do not distinguish between full and part-time work. A woman who is on

maternity leave will be registered as being employed. Many women conceive while being

3 Employment is defined as having a job and receiving a wage. Non-employment is defined as being out of the
labor market (non-participating) or being unemployed. It is possible that a woman is in employment, receives a
wage and works zero hours because she is on maternity leave.
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employed and leave employment just before giving birth. Disregarding pregnancy would make it

appear as if these women scheduled first birth while being non-employed. Therefore pregnancy

has to be taken into account when investigating the interrelationship between the timing of first

birth and female employment. The fertility process is characterized by two states: no pregnancy

and no children in the household (N) and pregnancy and/or children in the household (C). The

states pregnancy and children in the household are lumped together but the distinction between

the two will be made when we choose the empirical specification of the hazard functions. Hereby

we take the pregnancy period to be equal to exactly nine months. Furthermore, we assume that

once a child is in the household it will stay in the household forever. We only consider the timing

of conception of the first child (we refer to this as the timing of first birth) and not the timing of

subsequent conceptions. There are two reasons for doing so. Firstly, most empirical studies

discussed above find that the effect of (expected) wages or labor force participation are strongest

on the timing of conception of the first child." And secondly, the data used in this study (see

section 3.3) contains few transitions from non-employment to employment after the first child is

born and this makes it impossible to investigate re-employment issues thoroughly.

We combine the two states in each of the two processes. This results in four different

states, each containing two components: (E,C), (E,N), (U,C) and (U,N). The first component is

the labor market state and the second component is the maternity state. In the model the number

of transitions between these four states is restricted. In continuous time two events occur at

exactly the same moment in time with zero probability. Therefore transitions from (U,N) to

(E,C) and from (E,N) to (U,C) have a zero transition intensity". Furthermore, state C is assumed

to be an absorbing state and therefore transitions from C to N are not possible. To summarize,

we have 6 transition possibilities with positive intensities (see table 1).

3.2.2 Econometric Framework: a Multiple State Transition Model

We have four different states and order them in the following (arbitrary) way: (U,N), (E,N),

(E,C) and (U,C). The employment and fertility decisions are taken in continuous time. The

4 Also looking at earnings, Shapiro and Mott (1994) find that especially the behavior of women around the birth
of the first child affects long term labor market perspectives.
5 Since we use monthly observations (see section 3.3) it is possible that a transition on the labor market and a
transition into maternity takes place within the same month. We do not model this because there were only 4
observations of this type.
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woman can, in principle, decide to be employed or to have a child at any point in time. Of

course, the timing of births are restricted to a woman's fertile period and the desire to work does

not always result in employment. We only observe the outcomes of these decision processes.

Uncertainty about, for instance, the availability of jobs or fecundity is captured in the transition

probabilities. The transition probabilities are assumed to depend on the current state, elapsed

duration and some exogenous covariates. The econometric model, a multiple state transition

model, is of a reduced form type and is not able to separately identify preferences from the

restrictions in, for instance, the labor market. A detailed description of the derivation of the

survivor and the density functions necessary to build the multiple state transition model can be

found in Flinn and Heckman (1983) or Lancaster (1990). We restrict the discussion to those

parts necessary to define the contributions to the likelihood function from which we can identify

all parameters of interest.

First we need to introduce some notation. Let k and Idenote respectively the source state

and destination state where k.l E { (U,N), (E,N), (E,C), (U ,C) ). The so called transition intensity

of a departure to state I in a short interval (t,t+dt), given survival to t in source state k, some

exogenous covariates Z and the unknown parameter vector e, is denoted by hkl(tIZ;e). The

hazard rate, the intensity of leaving state k, is defined as the sum of transition intensities over the

destination states: hk(tIZ;9) = Ihkl(tIZ;9). Hk(tlZ;e) is the corresponding integrated hazard.
I~k

We use the following empirical specification of the transition intensity:

where e denotes the parameters of interest and includes (ao.kl.(Xl.kJ,Bkl,Ykl)Tfor all possible (k.l).

Z=(X,U)T where X is a vector of observable characteristics and u an unobserved individual

specific characteristic. One can think of u as being the preference for working or having children

or the comparative advantage of working relative to raising children. This differs across women

and influences both the employment and fertility decisions. We assume that unobserved

heterogeneity is uncorrelated with the observed characteristics." The baseline hazard allows for a

6 In the case that unobserved heterogeneity is correlated with, for instance, the schooling decisions made earlier
in life we have to take initial conditions into account.
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non-monotone relationship between the transition intensity and elapsed duration (t)7

Childbirth can take place at any moment in time and also a job can be accepted at any

point in time. However, jobs usually start at the beginning of the month and also the birth of a

child is reported, in our survey, on a monthly basis. In the empirical analysis we take the discrete

nature of the data into account. This can be of importance when investigating the

interrelationship between two continuous processes. If we observe a transition at time t we know

that the actual transition occurred within the time interval (t-l,t]. Therefore the contribution to

the likelihood function of a transition from state k to state I within the interval (t-I ,t] is

I

PkICtIZ;9) = f exp{-Hk (sIZ;9)}hk/(sIZ;9)ds.
1-\

Not all spells observed are completed spells. For these incomplete (right censored) observations

we do not know the destination state. The contribution to the likelihood function for these spells

is equal to the value of the survivor function:

P, (tIZ;9) = exp{-Hk (tIZ;9)} .

The observation period starts at the time of schooling completion. A woman can experience one

or more spells during the observation period. S, denotes the number of spells. The density

function of the unobserved heterogeneity, u, is g(u). Collecting all of these ingredients we can

write down the contribution to the likelihood of a woman, indexed by i, with a sequence of spells

where we integrate over all possible values of v.. The Sjth spell is an incomplete spell and all

7 To be more precise, the transition intensity is at a minimum or maximum level when lnt =-«012«\ and «\ ,,0.
This level corresponds to a minimum if a\>O or to a maximum if a\<O. If a\=O then the transition intensity is a
monotonically increasing or decreasing function in t, i.e. there is no minimum or maximum.
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preceding (S;-I) spells are completed. The log-likelihood for the complete sample of N women is

defined as:

N

L(elt,X) = 2,ln(L;(elt;l"',t;s, ,X;)).
;=1

We can use a Maximum Likelihood Estimator (MLE) to get estimates for the parameters of

interest (6). This requires a full specification of the density function g(u). An alternative

estimator, and this is the one we employ in our empirical analysis, is the Non-Parametric

Maximum likelihood Estimator (NPMLE) proposed by Heckman and Singer (1982, 1984). This

estimation procedure does not require a full specification of the density function g(u) but

approximates the distribution function of unobservables with a finite mixture distribution. A

discussion on the performance of this method can be found in Huh and Sickles (1994). A variety

of starting values are used to guard against failure to locate a global optimum.

3.3 The SSCWData

For our empirical analyses we use the so called SSCW data", All households are interviewed in

the last quarter of 1992. The questionnaire is of a retrospective nature and the sample is assumed

to be representative of the Dutch population. This dataset contains information on both the

complete fertility and labor market history of all members of the household. All dates are

reported on a monthly basis. Recall errors are a potential problem when using retrospective data.

In the questionnaire there has been quite extensive verifications on the dates reported by the

respondents. For instance, after a respondent had filled in several questionnaires on all kinds of

topics, the respondent was confronted with the reported dates later on and had to link these

dates to several important events in his or her life, such as marriage, births or deaths of relatives.

In this way possible inconsistencies were avoided and it presumably improved the quality of the

data. There are about 1900 households in the complete sample and the questions are in principle

8 Stichting Sociale Culturele Wetenschappen. Data collection has been conducted by Stichting Telepanel. We
wish to thank ESR (NWO) for making this data available to us.
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asked to each member of the household. We only consider the responses of the head of

household and the partner. A spell is defined as being in one of the four states: (U,N), (E,N),

(E,C) or (U,C). The start of the spell is when a woman enters a state and the end of the spell is

when she transits into another state. The time spent in a spell is measured in months

(DURATION). We do not incorporate wages in our analysis. Studies incorporating wages as a

covariate in hazard rate models do so in a rather ad hoc fashion. The wage rates used are

imputed wages and work experience and/or tenure is not modeled at all and this variable

especially causes the endogeneity of wages. This would make the interpretation of the estimated

effects ambiguous. For this reason, we will use, as has been done in earlier studies of Newman

and McCulloch (1984) and Heckman et al. (1985), schooling as a proxy for current and future

wages in our analysis. The years of schooling are the actual years the woman spent in daytime

education (SCHOOLING). A male partner is defined as being the husband or cohabiting partner.

The actual years of daytime education of the male partner is observed in case a male partner is

present in the household at the time of interview (SCHOOLING PARTNERt Pregnancies at

the time of interview and the expected time to delivery are explicitly asked for in the

questionnaire. This is especially important given that we investigate the time to conception of the

first child. The date of birth of the first child is observed and we assume the date of conception

of the first child to be nine months before the date of birth of the first child. The age at the

beginning of a spell is constructed (AGE AT START OF SPELL) to control for age effects. We

select women who are under 65 at the time of interview and completed day-time schooling at the

time of interview 10. The start of the first spell is the time of schooling completion. We are left

with a sample of 709 women. In total we observe 1958 complete or incomplete spells. Table 2

9 In the empirical analysis, we set SCHOOLING PARTNER equal to 0 in case the woman did not marry or
cohabit during the observation period or in case the date of marriage is after the date of the relevant spell. It is
possible there is no partner present in the household at the time of interview but we do know the woman has been
married during the observation period. In this case all spells started after the date of marriage were excluded from
the sample. We have 173 of these spells. One can argue that this causes a sample selection bias. However, when
we included these spells and necessarily put SCHOOLING PARTNER equal to 0, this did not change the main
results of this paper. SCHOOLING PARTNER could pick up the fact there is a man present in the household,
hence it is more likely that there will be a transition into maternity. However, including a dummy variable equal
to I if a man is present in the household, °otherwise, in the empirical analysis did not change the main results of
this paper. Furthermore, including this variable might lead to endogeneity problems. Therefore we decided not to
include this variable in the empirical analysis.
10 When we excluded women who did not marry or cohabit during the observation period. this did not change
the main results of this paper.
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reports the sample statistics of the relevant variables. Table 3 reports the number of observations

for each possible transition. We only observe the destination state in case the spell is completed.

There are 674 incomplete spells, i.e. right-censored observations. We observe only 66 transition

from (U,C) to (E,C) and for most women (U,C) is a right-censored spell at the time of interview.

As discussed in section 3.2, this prevents us from carrying out a thorough investigation of the

transition out of non-employment (U) after first birth.

Figures I to 3 show Kaplan-Meier estimates of the survival probabilities for each possible

transition. Figure I shows that the survival probability of a non-employed woman declines much

faster in the situation where there are no-children in the household ( state (U,N) ), compared to

the situation where there are children in the household ( state (U,C) ). Figure 2 shows that the

survival probability in the state of no children declines much faster in the first 7 years in the

situation of non-employment ( state (U,N) ), compared to the situation of employment ( state

(E,N) ). As discussed in the introduction, in the literature the difference between these two

curves is considered to be a wage effect. Figure 3 shows a fast decline in the survival probability

when the woman is in state (E,C). Less than 25% of the women are still employed after a

duration of 9 months. The difference between two transition intensities, as shown in the figures I

to 3 can be explained by differences in characteristics across women, by state dependency, or

both. This will be investigated in the next section.

3.4 Empirical Results

In section 3.4.1, we estimate the model of section 3.2 and control for both observed and

unobserved heterogeneity. Next, to get a better insight in the estimation results, we calculate

transition probabilities for a representative woman for the different transitions (section 3.4.2).

Finally, section 3.4.3 reports the effects of a one year increase in schooling on the employment

rates and the timing of first birth.

3.4.1 Estimation Results

Duration dependency is, for instance, caused by job tenure when being employed, a loss in

human capital when being unemployed, or a biological time-constraint on conceiving children
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when being childless. As discussed in section 3.2.1, we include a flexible function of elapsed

duration to control for duration dependency. We include additional terms to capture the effect of

a woman leaving employment just before childbirth in the transition intensity from (E,C) to

(U,C). In this way we are able to make the distinction between the pregnancy period and

motherhood when analyzing the transitions on the labor market. These additional terms are the

interaction of lnt and (lnt/ with a dummy variable equal to 1 if the duration is less than or equal

to 9 months. This means we assume that the pregnancy period is equal to 9 months. As discussed

before, we include the years of schooling together with the duration as a proxy for the expected

wage of the woman. In case a male partner is present in the household we include the years of

schooling of the partner as a proxy for his wage. A woman may value the options of working or

having a child differently at different ages. For this reason we include the age at the beginning of

a spell. Dummy variables for birth-cohorts as defined in section 3.3 are included to pick up any

socio-economic changes in society. For instance, for women born in earlier birth-cohorts it was

generally less accepted that they kept on working after getting married.

We start by estimating the model of section 3.2.2 ignoring the fact that there can be

differences across women in preferences and ability which we do not observe (unobserved

heterogeneity). The estimation results are reported in appendix A. We also estimate a model

including dummy variables for birth-cohorts (these estimation results are not reported). The null-

hypothesis that all parameters of the birth-cohorts are equal to zero is not rejected' 1 and for this

reason we exclude the dummy variables for birth-cohorts. Ignoring unobserved heterogeneity can

lead to inconsistent estimates of the parameter of interest, e.g. Chesher and Lancaster (1983).

Therefore we explicitly model unobserved heterogeneity. The multiple state transition model, as

formulated in section 3.2.1, is estimated and we approximate the distribution function of

unobservables, g(u), with two points of support. 12 The estimation results are reported in table 4.

The estimation results show that schooling has a large and positive impact on the

transition from non-employment into employment in both maternity states. Possible explanations

for this are that higher educated women have better labor market prospects or can earn higher

wages. Schooling has a negative impact on the transition into maternity in the situation of non-

11 The LR test-statistic is equal to 40. The critical value is equal to X ~.95 (30)=43.8.

12 A third support point was added to the model but this third support point had a probability close to O. When
we added a fourth support point the model had problems to converge.
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employment and a positive impact (but insignificant) on the transition into maternity in the

situation of employment. The effect of schooling on the transitions into maternity are relatively

small compared to the effects on the transitions into employment. Schooling of the partner has a

significantly positive effect on the transition into maternity. This finding is in line with earlier

findings in Heckman and Walker (1990). This effect is relatively larger in the case of non-

employment compared to the case of employment. The maximum transition intensity into

maternity occurs after about 8 years, when a woman is employed. After this period, the transition

intensity into maternity goes to zero. Once a woman has conceived a child, the transition

intensity into employment is at a maximum after about 13 months. Another interesting result is

the positive duration dependence from (U,N) to (E,N) until the 3th month. We also investigated

birth-cohort effects on the transition intensities. For this purpose we included a set of dummy

variables for each birth-cohort. These estimation results are reported in appendix B. The null-

hypothesis that all parameters of the birth-cohorts are equal to zero is not rejected13. There are

no significant birth-cohort effects. In line with the results of Newman and McCulloch (1984) and

Heckman, Hotz and Walker (1985), we find that unobserved heterogeneity is empirically

important in explaining fertility decisions 14. Unobserved heterogeneity has a strong significant

effect on the estimated coefficients of the transition intensity from (U,N) to (U,C). One possible

interpretation of this result is that women who have a comparative advantage for working

relative to raising children have a higher transition intensity into employment and a lower

transition intensity into maternity. The result that unobserved heterogeneity has a positive effect

on the transition intensities into employment supports this interpretation.

In order to investigate the fit of our model we compare predicted probabilities with the

observed sample counterparts. We report goodness of fit statistics in table 5. These statistics are

based on Heckman (1984) 15. We split the sample into four categories and the X2 statistic is based

on a comparison of the predicted probability with the observed sample counterpart for each

interval. We calculate this test statistic for each of the four states. The null-hypothesis is that the

13 The LR test-statistic is equal to 24. The critical value is equal to X ~.95 (30)=43.8.

14 We test the null-hypothesis yu=O. The LR test-statistic is equal to 66 and the critical value is equal

to X ~.95 (5)=11.1.

15 This test statistic deviates from the Pearson X2 statistic, see e.g. Mood et ai. (1986), by taking into account the
variance-covariance matrix of the estimated parameters of the model. However, ignoring this causes the test
statistic to have a relatively small downward bias.
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predicted probability equals the observed sample counterpart. In table 5 we see that we do not

reject the null-hypothesis for the states (U,N) and (E,N) and we strongly reject the null-

hypothesis for the state (U,C). The same pattern is found when we look at the test statistics for

each interval. For the state eE,C) we reject the null-hypothesis based on the overall test statistic

and the test statistics for each interval reveal that the interval (5,4) causes this rejection. The

poor fit for the state (U,C) is probably caused by the fact that we only model the transition into

maternity for the first child and do not explicitly model the timing of subsequent births and birth

spacing. This seems to be crucial when investigating the transition into employment after first

birth. Since we are primarily interested in the transitions around the time of first birth we

conclude that our model has a reasonably good fit.

3.4.2 The Effects of Labor Market states on the Transition into Maternity and the

Effects of Maternity States on Labor Market Transitions.

Firstly we investigate to what extent labor market transitions are different for women in different

maternity states. This is done my means of simulations." Figure 4 shows the transition

probability into non-employment for both maternity states (N and C). We see a large increase in

the transition probability into non-employment up to the 71h month. (from (E,C) to (U,C». Based

on the results reported in table 4 we test the null-hypothesis that the transition intensities into

non-employment for both maternity states are equal!'. This null-hypothesis is rejected I 8. Figure 5

shows the transition probabilities into employment for both maternity states. The transition

probability into employment in the case that there is a child present in the household decreases

rapidly and remains almost constant after, approximately, I year. One possible explanation for

this is that most women who plan to return to employment after childbirth do this as soon as

16 We use the parameter estimates as reported in table 4. We consider a representative woman with average
characteristics as reported in table 2.
17 Testing the differences between the estimated parameters of two transition intensities (jointly) is equivalent
with testing the differences between the two transition intensities once controlled for the difference in
characteristics between the two subsamples. More formally. testing Ho: hkl(tIZ;Skl) = hmn(tlZ;Smn)is equivalent to
testing Ho: hkl(t1Z;Skl)/hmn(tlZ;Smn)=)· This latter expression can be written as Z\I(Skl-Smn)+(ZWZmn)TSmn=O where
41 (2mn) is the average of the characteristics of the women who make a transition from k to I (m to n) and Ski
(Smn) is the corresponding parameter vector. In this notation 41 (Zmn) includes elapsed duration. The
decomposition of the hypothesis shows that the second term at the left hand side causes a spurious differential
between the two transition intensities because of a difference in average characteristics.

18 The Wald-statistic is equal to 92. The critical value is equal to X ~95 (7) = 14.).
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possible. The null-hypothesis that the transition intensities into employment for both maternity

states are equal is rejected I 9. From these results we infer that the presence of children has a

significant effect on labor market transition intensities.

Next, we investigate to what extent transition intensities into maternity are different for

women in different labor market states and how schooling effects the transition probabilities into

maternity and into employment. Figure 6 shows the transition probability into maternity for both

labor market states. The transition probability into maternity is considerably higher for non-

employed women within, approximately, the first 8 years compared to employed women. After 8

years, employed women have a relatively higher probability of a transition into maternity

compared to non-employed women. This shows that employed women schedule childbirth later

in time compared to non-employed women. The null-hypothesis that the transition intensities into

maternity for both labor market states are equal is rejected'", From these results we infer that

labor market states have a significant effect on the transition intensity into maternity. For three

levels of schooling (6, 10 and 14 years) we calculate the transition probability into maternity for

both employed and non-employed women. Figure 7 shows that for all levels of schooling the

transition probability into maternity is considerably higher for non-employed women within,

approximately, the first 7 years compared to employed women. The fact that within the first 4

years for lower educated non-employed women the transition probability into maternity is higher

compared to the transition probability for higher educated non-employed women, is explained by

the fact that higher educated women have relatively higher transition probabilities into

employment compared to lower educated women. This is shown in figure 8. Once a woman

transits from (U,N) to (E,N) she can no longer transit from (U,N) to (U,C). This means that

there is not only a direct effect because of a difference in the opportunity costs of children but

also an indirect effect via the employment probabilities on the transition into maternity for non-

employed women. In the section 3.4.3 we~will quantify these direct and indirect effects of a

change in schooling on the employment rates and the timing of first birth.

19 The Wald-statistic is equal to 69. The critical value is equal to X ~.95 (7) = 14.1.

20 The Wald-statistic is equal to 180. The critical value is equal to X ~.95 (9) = 16.9.



3.4. Empirical Results 57

3.4.3 The Direct and Indirect Effects of a One Year Increase in Schooling of Women on

Life-Cycle Employment and the Timing of First Birth.

An increase in schooling of a woman causes current and future earnings to rise." This increase

causes the gains from employment and, consequently, the opportunity costs of children

(foregone earnings) to rise. Therefore one expects an increase in schooling to affect both the

employment and maternity rates. The effects of schooling on the employment and maternity rates

are twofold. Firstly, an increase in schooling makes working more attractive and having children

less attractive. As a result more women will transit into employment and less women will transit

into maternity. This results in a higher employment rate and a lower maternity rate. Secondly, if a

woman changes from non-employment to employment because of this increase in the gains of

working she is even less likely to transit into maternity. This latter effect is caused by the fact

that employed women face higher opportunity costs than non-employed women. Also, if more

women choose not to transit into maternity and stay childless because of this increase in

opportunities costs they are more likely to transit into employment. The first effects we refer to

as the direct effects and the second effects as the indirect effects. In short, the direct effect is

caused by a change in the labor market (maternity) transition probabilities, holding the maternity

(labor market) state constant and the indirect effect is caused by a change in the labor market

(maternity) transition probabilities as a result of a change in the maternity (labor market) state.

This decomposition of the effects and quantifying the relative size of these indirect effects is an

important step in understanding the interrelationship between female labor market transitions and

the timing of births.

To quantify the direct and indirect effects on life-cycle employment and maternity states

we investigate the effects of a one year increase in the years of schooling of a woman by means

of simulations." The baseline simulations are reported in table 6. The effects of a one year

increase in schooling on the employment rate are reported in table 7. The employment rate

increases by 0.9% for women between 21 and 25 and 3% for women between 36 and 40. This

21 One has to keep in mind that schooling may also be a proxy for preferences towards work or job opportunities.
We are not able to separately identify these effects.
22 We take 1000 women who have 10 years of schooling and whose partners have 12 years of schooling. We start
simulating from the time of schooling completion and assume that the proportion of women who are employed is
as observed in the sample. Furthermore we randomize women into two groups according to the estimated mass-
point distribution (see the bottom of table 4). Basically we construct an artificial panel up to age 40 with monthly
observations.
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high increase is mainly caused by the direct effect. However, for women between 26 and 30 the

indirect effect attributes almost 30% to the total effect. For the other age categories the indirect

effects are smaller but certainly not negligible. The effects of a one year increase in schooling on

the maternity rate are reported in table 8. The total effect is the highest for women between 26

and 30: a decrease of 1.1%. The direct effects clearly show that due to this increase in schooling,

women schedule the birth of their first child later in life. Less women under 30 plan first birth but

more women plan to have first birth between 31 and 35 (last column of table 8). This catching up

effect causes the effect of a 1.1% decrease of the maternity rate to diminish to 0.8% for women

between 36 and 40. The indirect effects are relatively large. For women between 21 and 25 the

indirect effect attributes 75% to the total effect. For women between 31 and 35 the direct effect

is dominated by a strong negative indirect effect. The results from table 8 clearly show that the

effects of a change in schooling on the probability of having children is mainly caused by a

change in the employment state.

3.5 Conclusions

In this paper we utilized a multiple state transition model to describe transitions into matemity

and labor market transitions for women. Each state was characterized by two components: the

labor market state and the maternity state. This econometric framework made it possible to

disentangle the effects of socio-economic variables on the timing of first birth and on labor

market transitions.

The goodness of fit tests show that the model performs well on predicting transitions out

of the states (U,N), (E,N) and (E,C) but performs poorly on predicting transitions out of the

state (U,C). This suggests that one needs to model the timing of subsequent births and spacing of

births to be able to predict the transitions into employment for women with children more

accurately. The estimation results show that higher educated women schedule first birth later in

life and have a higher transition intensity into employment compared to lower educated women.

The years of schooling of the partner has a positive effect on the transition into maternity and no

significant effects on labor market transitions. Explicitly modeling unobserved heterogeneity is

especially important for the transition into maternity for non-employed women. A plausible
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interpretation of this result is that women who have a comparative advantage (or a higher

preference) for working relatively to raising children have a higher transition intensity into

employment and a lower transition intensity into maternity. Test-statistics show that the

maternity state has a significant impact on labor market transitions and that the employment state

has a significant effect on the timing of first birth.

By means of simulations we calculated the direct and indirect effects of a one year

increase in schooling of women on life-cycle employment and the timing of first birth. The most

important results can be summarized as follows. The employment rate increases by 0.9% for

women between 20 and 25 and 3% for women between 36 and 40. The maternity rate decreases

by 1.1% for women between 26 and 30 and 0.8% for women between 36 and 40. The number of

first-births decreases by 6.5% for women between 21 and 25 and increases by 2.4% for women

between 31 and 35. These results show that women are not only less likely to have children but

also schedule births later in life as a result of an increase in schooling. The relative sizes of the

direct and indirect effects show that a change in schooling has a relatively large direct effect on

the employment probability but a relatively small direct effect on the maternity probability. The

effects of a change in schooling on the maternity probability is mainly caused by a change in the

employment state. One implication of this is that not explicitly taking into account the

simultaneity between female labor market transitions and the transition into maternity may lead

to biased estimates in a univariate analysis of the timing of births in which schooling (or wages)

are assumed to be exogenous covariates. Ignoring the endogeneity of the maternity state when

analyzing the effects of schooling (or wages) on the labor market transitions of women will,

given the relatively small indirect effects, presumably have no consequences for consistency of

the estimated effects.
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3.6 Appendix A: Estimation Results of the Multiple State Transition

Model without Modeling Unobserved Heterogeneity.

Standard errors are in parentheses.

log-likelihood = -7459 Transitions

(U,N) (U,N) (E,N) (E,N) (E,C) (U,C)

covariates => => => => => =>
(E,N) (U,C) (U,N) (E,C) (U,C) (E,C)

In(durationlI2) -0.60 0.05 -0.14 1.32 -2.20 -0.38

(0.05) (0.07) (0.15) (0.15) (0.30) (0.08)

(In(durationlI2»2 -0.17 -0.06 -0.04 -0.33 0.37 0.07

(0.03) (0.03) (0.03) (0.05) (0.1 I) (0.03)

InCduration/ 12) x duration s 9 0.66

(0.48)

(In(durationlI2»2 x duration s; 9 - 1.58

(0.20)

intercept -1.84 -3.63 -3.48 -4.48 1.72 -6.14

(0.36) (0.40) (0.48) (0.46) (0.43) (1.05)

schooling /10 1.25 -0.24 0.28 0.26 -0.26 1.91

(0.22) (0.21) (0.21) (0.19) (0.26) (0.46)

schooling partner /I0 -0.11 0.32 -0.16 0.31 0.09 0.20

(0.10) (0.09) (0.10) (0.08) (0.19) (0.29)

age start of spell /I 0 -0.63 0.60 0.39 0.06 -0.82 -0.33

(0.22) (0.10) (0.23) (0.20) (0.17) (0.33)

* U: non-employment, E: employment, N: no pregnancy and no children, C: pregnancy and/or children.
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3.7 Appendix B: Estimation Results of the Multiple State Transition

Model Including Dummy Variables for Birth-Cohorts.

Two support points are included. Standard errors are in parentheses.

log-likelihood = -7386 Transitions

(U,N) (U,N) (E,N) (E,N) (E,C) (U,C)

covariates => => => => => =>
(E,N) (U,C) (U,N) (E,C) (U,C) (E,C)

In(durationlI2) -0.57 0.19 -0.12 1.27 -2.22 -0.35

(0.06) (0.08) (0.06) (0.16) (0.32) (0.09)

(lruduration/f zj)" -0.18 0.04 -0.03 -0.32 0.07

(0.03) (0.04) (0.03) (0.06) (0.04)

In(duration/12) x duration ~ 9 2.37

(0.52)

(In(durationlI2»2 x duration ~ 9 -0.79

(0.21)

intercept -2.28 -5.19 -3.21 -5.23 2.41 -7.19

(0.43) (0.56) (0.55) (0.55) (0.70) ( \.23)

schooling /10 1.34 -0.63 0.21 0.24 -0.31 1.79

(0.33) (0.31) (0.25) (0.24) (0.35) (0.50)

schooling partner /I0 -0.18 0.77 -0.17 0.29 0.06 0.11

(0.12) (0.19) (0.11) (0.10) (0.28) (0.33)

age start of spell 110 -0.86 1.45 0.50 0.04 -1.45 -0.41

(0.24) (0.17) (0.26) (0.24) (0.22) (0.41 )
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Estimation Results (Continued)

birth- '27 - '42

cohorts

'43 - '48 0.23 -0.02 0.05 0.33 -0.24 0.22

(0.25) (0.27) (0.25) (0.23) (0.27) (0.42)

'49 - '53 0.21 -0.60 -0.23 0.47 -0.37 0.36

(0.23) (0.31) (0.25) (0.21) (0.30) (0.45)

'54 - '57 0.06 -0.44 -0.35 0.44 -0.01 0.04

(0.28) (0.30) (0.27) (0.24) (0.35) (0.53)

'58 - '62 0.36 -0.37 -0.08 0.19 -0.26 0.13

(0.26) (0.27) (0.26) (0.25) (0.46) (0.61)

'63 - '70 0.48 -0.93 0.29 0.\8 0.24 0.65

(0.26) (0.36) (0.26) (0.3\) (0.54) (0.77)

unobserved heterogeneity (y) 1.48 -3.79 -0.60 0.32 2.09 1.50

( - ) (3.90) (0.76) (0.36) (1.91 ) (1.27)

* U: non-employment, E: employment, N: no pregnancy and no children, C: pregnancy and/or children.

** Two support points: vl=O (normalization) with 1t1=0.61, and v2=0.86 with lt2=0.39.
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3.8 AppendixC: Tables and Figures

Table 1: the transition possibilities. The transition intensities are denoted by hkJ(tIX;e)

with k,l e {(U,N),(E,N),(E,C),(U,C)}, t denotes the duration, Z are exogenous covariates

and e is a vector with unknown parameters (see section 3.2.2).

TRANSITION

INTENSITY DESTINATION STATE

(U,N) (E,N) (E,C) (U,C)

STATE (U,N) h(U.N).(E.NltlZ;6) 0 h(U.N).(U.q( tlZ; 6)

OF

(E,N) h(E.N),(u.N)(tIZ;6) h(E,N),(E.q( tlZ; 6) 0

DEPAR-

(E,C) 0 0 h(E,c).(u,dtIZ;6)

TURE

(U,C) 0 0 h(u,C).(E.q(tIZ;6)

* U: non-employment, E: employment, N: no pregnancy and no children, C: pregnancy and/or children.
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Table 2: sample statistics (709 women, 1958 spells).

VARIABLE #obs mean std.dev. min max

DURATION I) STATE (median)

(U,N) 507 45 (23) 50 265

(E,N) 495 67 (59) 53 555

(E,C) 216 29 (10) 52 326

(U,C) 66 97 (83) 83 322

AGE2) 709 41 II 22 65

SCHOOLING)) 709 12.8 3.7 0 40

SCHOOLING PARTNER)) 608 13.4 4.3 0 35

AGE AT BEGINNING OF THE 1958 22 6.1 6 61

SPELL

'27 -'42 709 0.23 0.42 0

'43 -'48 709 0.15 0.36 0

BIRTH-COHORT '49 -'53 709 0.15 0.36 0

DUMMY '54 -'57 709 0.15 0.35 0

VARIABLES '58 -'62 709 0.17 0.37 0

'63 -'70 709 0.16 0.37 0

Source: SSCW-telepanel.

I) in months, incomplete spells are excluded.

2) age of the respondent at time of interview.

3) measured in years.
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Table 3: number of observations per possible transition.

destination state

source state (U,N) (E,N) (E,C) (U,C) censored

(U,N) 268 239 72

(E,N) 236 259 95

(E,C) 216 101

(U,C) 66 406

Source: SSCW-telepanel.

* U: non-employment, E: employment, N: no pregnancy and no children, C: pregnancy and/or children.
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Table 4: estimation results of the multiple state transition model using the Heckman and

Singer method to control for unobserved heterogeneity. Standard errors are in

parentheses.

log-likelihood = -7426

(U,N)

=>
covariates (E,N)

(U,N)

=>
(U,C)

(E,N)

(U,N)

Transitions

(E,N)

=>
(E,C)

(E,C)

=>
(U,C)

(U,C)

=> =>
(E,C)

In(durationlI2) -0.58

(0.05)

(\n(durationlI2»2 -0.19

(0.03)

In(durationlI2) x duration s 9

(In(durationl12»2 x duration s 9

intercept -2.26

(0.40)

schooling II 0 1.51

(0.29)

schooling partner 110 -0.15

(0.11)

age start of spell /10 -0.87

(0.22)

unobserved heterogeneity (y) I .24

( - )

0.26

(0.08)

0.08

(0.03)

-5.19

(0.53)

-0.91

(0.27)

0.60

(0.17)

1.67

(0.16)

-3.79

(3.12)

-0.12

(0.06)

-0.04

(0.03)

-3.29

(0.50)

0.14

(0.24)

-0.19

(0.10)

0.62

(0.24)

-0.89

(0.79)

1.32

(0.15)

-0.33

(0.05)

-4.77

(0.50)

0.34

(0.20)

0.34

(0.09)

-0.09

(0.20)

0.65

(0.45)

-1.82

(0.30)

0.38

(0.11)

2.17

(0.50)

-0.66

(0.19)

2.18

(0.60)

-0.49

(0.29)

0.10

(0.25)

-1.57

(0.19)

2.71

( 1.93)

-0.35

(0.09)

0.08

(0.04)

-6.56

( 1.13)

1.77

(0.48)

0.13

(0.31)

-0.30

(0.37)

1.08

(0.74)

* U: non-employment, E: employment, N: no pregnancy and no children, C: pregnancy and/or children.

** Two support points: VI=Q (normalization) with 1t1=0.54 and v2=1.02 with 1t2=0.46.
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Table 5: goodness of fit statistics for each state and each interval based on the estimation

results reported in table 4.

Test Statistic' STATE

Interval (in years) (V,N) (E,N) (E,C) (V,C)

(0,4) 3.06 1.84 9.46 145,3

(0,1) 1.62 0.20 0.36 3.05

(\ ,3) 0.73 1.07 1.41 51,72

(3,5) 0.10 0.02 1.36 34,37

(5,00) 0,04 0.20 5,65 62,2

* X2 distributed with 3 degrees of freedom for the interval (0,00) and I degree of freedom for the individual

cells. The critical values are: X~., (\ )=3.84 and xi,., (3)= 7.81.
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Table 6 : results of the baseline simulations.

Age group Employment rate Maternity rate Number of first births

(per 1000 women)

21-25 65,1 26,2 120

26-30 50,2 43,3 196

31-35 41,3 59,3 119

36-40 37,6 67,6 69

Table 7: The simulation results of a one year increase in schooling on the employment

rate.

Age group Employment rate

direct effect indirect effect total effect

21-25 0.70% 0.22% 0.92%

26-30 1.\9% 0.49% 1.68%

31-35 2.04% 0.34% 2.38%

36-40 2.91% 0.15% 3.06%

Table 8: The simulation results of a one year increase in schooling on the maternity rate

and first births.

Age group Maternity rate

direct effect indirect effect total effect

21-25 -0.12% -0.36% -0.48%

26-30 -0.36% -0.74% -1.10%

31-35 -0.05% -0.86% -0.91%

36-40 -0.33% -0.51% -0.83%

First births

-6.46%

-1.53%

2.34%

-1.45%
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Figure 1: Kaplan-Meier Survival curves in of the transitions from (U,N) to (E,N) and from

(U,C) to (E,C).
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Figure 2: Kaplan-Meier Survival curves of a transition from (U,N) to (U,C) and from (E,N)

to (E,C).
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Figure 3: Kaplan-Meier Survival curves of a transition from (E,N) to (u,N) and from (E,C)

to (U,C).
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Figure 5: the transition probability into employment within 1 month, conditional on

survival to time t. The time (duration) is measured in years.
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Figure 7: the transition probability into maternity within 1 month, conditional on survival

to time t. Both in the situation of non-employment (a transition from (V,N) to (V,C» and in

the situation of employment (a transition from (E,N) to (E,C». The time (duration) is

measured in years. We consider 6, 10 and 14 years of schooling.
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Figure 8: the transition probability into employment within 1 month, conditional on

survival to time t. This in the situation of non-employment and no children ( state (U,N) ).

The time (duration) is measured in years. We consider 6, 10 and 14 years of schooling.
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Chapter 4

Female Labor Force Participation, Fertility Decisions and

Job Opportunities: a Discrete Dynamic Programming Model.

4.1 Introduction

As discussed in chapter I of this thesis, there has been a fast increase in female labor force

participation rates in the Netherlands during the last two decades I. During this period fertility rates

have decreased and the average age at which a woman gives birth to her first child has increased',

The wide spread usage of the contraceptive pill, changes in the general attitude towards working

women and the increase in real wages are presumably important factors in explaining these trends

over the last decades. These casual observations of the fertility and participation rates suggest a

possible interrelationship between female labor supply and fertility behavior and there is a growing

awareness among labor economists and demographers of the importance of this interrelationship.

From a life-cycle perspective fertility decisions can not be considered exogenous with respect to the

labor supply decisions of women or vice versa. The presence of children is known to be negatively

correlated with female labor supply (see for instance Mroz (1987)) and a woman who participates in

I Female participation rates increased from less than 30% at the beginning of the seventies to over 50% at the
beginning of the nineties (OEeD (1995».
2 In 1970 the average age of a woman at the birth of her first child was less than 24.5 and increased during the
seventies and eighties to over 27.5 in 1990 (Beets and Verloove-Vanhorick (1992)). The fertility rate went down from
about 2.5 in 1970 to 1.6 in 1990.



76 Chapter 4. Female Labor Force Participation, Fertility Decisions and Job Opportunities

the labor market is known to delay the timing of birth of her first child (see for instance Heckman et

at. (1985) and Chapter 3 of this thesis). This makes it necessary to study life-cycle labor supply

decisions of women jointly with their fertility behavior.

In this paper we formulate and estimate a behavioral model describing fertility and

participation decisions of women over the life-cycle. This model makes it possible to investigate the

effects of female wage rates on both life-cycle fertility and female participation decisions

simultaneously. Our model extends existing models in two important ways. Firstly, we explicitly

model involuntary unemployment in the labor market. Restrictions in the labor market force a

woman to take into account the fact that job opportunities may be severely affected by a withdrawal

from the labor market. A withdrawal takes place, for instance, in order to raise children. If this

withdrawal affects job opportunities and future wages, then this is a plausible explanation for the

observed behavior that women who are employed schedule childbirth later in life compared to non-

employed women. Secondly, we model explicitly the decrease in fecundity with increasing age.'

This decrease in fecundity may induce women to schedule births earlier in life than preferred. Since

the outcomes of fertility decisions are major determinants of female labor force participation,

explicitly modeling uncertainty in the outcome of the fertility decisions may be of crucial importance

in explaining labor force participation decisions over the life-cycle. In short, the effects of a

withdrawal from the labor force on labor market perspectives may provide an incentive to postpone

childbirth while the decrease in fecundity may provide an incentive to conceive earlier in life.

Studies like, for instance, Moffitt (1984), Hotz and Miller (1988) and Francesconi (1996)

have also investigated the interrelationship between female labor supply and fertility decisions. The

estimation results of Hotz and Miller show that the age distribution of children has a significant

effect on female labor supply and that parents can not perfectly control contraception. They assume

an exogenous wage profile of women and the empirical analysis is restricted to couples who have at

least one child. This latter restriction especially is considered to be a major drawback since around

J The medical literature provides sufficient empirical evidence that fecundity decreases with increasing age.
Conditional on the decision of a couple to conceive a child, the probability of giving birth within one year to a healthy
baby (no miscarriage or stillbirth) is, for instance. equal to 0.92 for a woman of age 30 and equal to 0.41. for a
woman of age 40 (Van Noord-Zaadstra et al.(1991))
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the birth of the first child the interrelationship between the fertility and labor supply behavior is at

the strongest. Moffitt estimates a model of fertility and labor supply functions jointly with a wage-

accumulation equation. His estimates show that the life-cycle wage profile of a woman is strongly

related to both the life-cycle profiles of fertility rates and female employment rates. However, his

simulation results show that a shift in the wage profile has virtually no effect on the timing of births.

Both Hotz and Miller, and Moffitt use a dynamic framework where the optimal decision rules that

follow from intertemporal optimization of some life-cycle utility function are approximated. These

studies have shown the importance of taking the interrelationship between female employment and

fertility decisions into account. However, the econometric models employed in these studies are of a

reduced form type. These reduced form models are capable of describing the outcomes of the

participation and fertility decisions but are not capable of telling us what the driving forces are

behind these decisions. An alternative approach is to model the fertility and labor supply decisions of

women explicitly as optimal solutions to an intertemporal optimization of a Iife-cycle utility

function. This has been suggested in a paper by Francesconi (1996). He builds on the model of

Eckstein and Wolpin (1989) and estimates a behavioral model of participation and fertility decisions

where the econometric framework is a discrete dynamic programming model. This model can

identify the structural parameters of the utility function. A major drawback of his study is that the

model attributes all observed employment and maternity states solely to outcomes of household

decisions. Restrictions in the labor market are ignored and, as with most other empirical studies, he

assumes no uncertainty in fecundity. As a consequence, the restrictions a woman faces when making

her labor supply and fertility decisions are not separately identified from her preferences. This makes

the interpretation of his estimation results ambiguous.

The econometric framework we employ to estimate our behavioral model is a discrete

dynamic programming model as proposed by Rust (1987). This framework is capable of explicitly

taking into account the intertemporal aspects of the participation and fertility decisions. Current

participation decisions affect future wages and job opportunities and fertility decisions are in

principle irreversible, i.e. once a woman conceives a child she will have this child for the rest of her

life. Furthermore, if a woman decides to leave the labor force because of the presence of a child, this
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will result in lower future earnings via fewer years of work experience and lower job offer

probabilities compared to the situation where she decides to stay in the labor force. These foregone

earnings are referred to as the opportunity costs of children. The pararneters of the utility function,

the job offer arrival rate and the wage equation are simultaneously estimated by using a maximum

likelihood estimator. For the empirical analysis we employ the 1987-1991 waves of the Socio-

Economic Panel of the Netherlands. This empirical investigation is restricted to married and

cohabiting women".

The outline of this chapter is as follows: Section 4.2 formulates a structural model describing

female participation and fertility decisions over the life-cycle. Section 4.3 discusses the data used for

the empirical analysis. Section 4.4 describes the econometric framework and the estimation

procedure. Section 4.5 discusses the estimation results of the structural model. The effects of a

change in wages on participation and fertility behavior is investigated by means of simulations.

Section 4.6 concludes.

4.2 A Structural Model of Participation and Fertility Decisions, Involuntary

Unemployment, and Infecundity

A woman is assumed to plan at the beginning of period t a sequence of participation and fertility

decisions up to and including time period T in such a way that she maximizes her expected life time

utility. T is assumed to be the last period of the planning horizon and to be the same for all women.

The decisions are based on all information available up to time t and expectations about future

events are assumed to be rational. The behavior of all other members of the household is assumed to

be exogenous with respect to the decisions taken by the woman in the household.

Participation in the labor force is defined as being employed or being involuntarily

unemployed. The dummy variable Pit is equal to 1 if the woman (indexed by i) participates in the

4 Van der Klaauw (1996) explicitly models the marital decision in a behavioral model. However, he takes the fertility
decision as being exogenous.
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labor force in period t and equal to 0 otherwise. We look at the timing of conception rather than the

timing of births because many women conceive while being employed and leave employment just

before childbirth. Disregarding pregnancies would make it appear as if these women schedule

childbirth while being non-employed. Therefore this timing issue is especially important when

investigating the interrelationship between the fertility and participation decisions. We approximate

this distinction between conception and birth by assuming that a child born in period t+ I is

conceived in period t. Furthermore we take the irreversibility of fertility decisions into account by

assuming that once a child is born it will stay in the household until the end of the planning horizon.

The dummy variable ki' is equal to 1 if the woman chooses to conceive a child in period t and equal

to 0 otherwise. These control variables are summarized in the vector d, di,=(pi"ki,). The desire to

have a child (ki,=l) only results in a conception if the woman is fecund in that period. We define a

dummy variable bi, to be equal to I if the woman conceives a child in period t and equal to 0

otherwise. The number of children in a household is defined as the number of children at the

beginning of a period (denoted by Ki,.I) plus the conception of a child, i.e. K;, = Ki'.I+bi,. The

intratemporal utility function is assumed to depend on household consumption (denoted by C, ), the

number of children in the household (Kj) and the participation decision of the woman (Pi'). At time

t=Othe woman is assumed to face the following decision problem:

(2.1)

subject to the budget constraint, the job offer arrival process and the laws of motion (all three are

explained later on in this section). The subjective discount factor is denoted by B and is assumed to

be constant over time and the same for all women. Eo in equation (2.1) is the expectation operator

(at time t=O) with respect to uncertainties in the labor market and uncertainties in fecundity. The

intratemporal utility function is specified as follows:

(2.2)
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For each combination of the participation and fertility decisions, a woman receives net utility that is

only known to the woman and not to the econometrician (denoted by tit(dit». Corresponding to the

choice dit the woman receives net utility Eit(dit).The preference parameters of the intratemporal

utility function depend on the households' characteristics as follows:

(2.3)

aO = 1;

aUI =alO +aIJ(Kir-l >0);

a2.il = a20 +a2JKil;

The marginal utility of consumption Cae) is assumed to be constant across households. By choosing

the normalization ae=l we convert the measurement of the utility of consumption, participation and

children into monetary terms. We expect that preferences to participate are lower in households

with children (Kit_I>O)than in childless households. Note that, by assumption, a child conceived in

period t-I will be born in period t. We allow the marginal utility of children to depend on the

number of children.

The budget constraint

Household consumption is defined as the income of both the man and the woman in the household

minus the costs of children and the costs of participating. We assume households do not save or

borrow money." An employed person is assumed to work full-time, i.e. 38 hours a week." The

income of the man is denoted by YMih the income of the woman is denoted YFit>the costs of a child

are denoted by 0) and the costs of participation are denoted by ~.7 The man in the household is

assumed to be employed in every period but the household only receives the income of the woman if

5 We do acknowledge the importance of savings in an intertemporal framework. However. incorporating a continuous
choice variable in our model complicates the model in such a way that estimating the model is no longer feasible
from a computational point of view.
6 Modeling both part-time and full-time participation is not possible because our dataset does not contain information
on whether or not a woman is searching for a part-time job. for a full-time job or for both.
7 This implies we assume that the costs of searching are equal to the costs of working.
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she is employed. The dummy variable eit takes on the value 1 if the woman is employed in period t,

and 0 otherwise. The budget constraint is written as follows:

(2.4)

The hourly wage rate of the woman in period t is denoted by Wit.Hence, her labor income per week

is equal to (38wit) if she is employed and 0 otherwise. Her wage rate is assumed to depend on

educational attainment (denoted by the dummy variables EDli, ED2i and ED3i) and work

experience (denoted by Eit).8 The wage equation is given by:

(2.5)

We use wages rather than the logarithm of wages in order to get consistent estimates of the

expected wage rate even in the presence of heteroscedasticity. We assume Sit to be normally

distributed with mean 0 and variance d. The density function of Sit is denoted by f(.). Notice that

labor income of the man is constant across alternatives, and hence does not affect the participation

and fertility decisions.

The job offer arrival process

We can not separately identify the job offer arrival process and the job-acceptance decision. For this

reason we assume that when a job offer arrives a woman who is searching for a job always accepts.

Job offers are assumed to arrive independently from the participation decision. If the woman decides

to participate and receives a job offer she will be employed and if the woman decides to participate

and does not receive a job offer she will be involuntarily unemployed.

The dummy variable Oit is equal to 1 if a job offer arrives in period t and equal to 0

otherwise. We can summarize the employment state (eit) by PitOitand the unemployment state by

pit(l-on), The job offer arrival rate is assumed to depend only on the labor market status in the

8 Section 4.3 defines the variables.
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previous period (employed, searching for a job or non-participating). The assumption that the job

offer arrivals follow a Poisson process gives us the probability of receiving at least one job offer in

period t (denoted by 1tit):

Fecundity rates

Fecundity is known to decline over the life cycle (e.g. Noord-Zaadstra et al. (1991)). Therefore the

outcome of the fertility decision is taken to be uncertain, i.e. infecundity is explicitly taken into

account. The dummy variable fit is equal to 1 if the woman is fecund in period t, and equal to 0

otherwise. A conception (bit) can be summarized by kitfit.The probability of being fecund in period t

(denoted by A.;t)is assumed to be a function of age and is given by:

(2.7) Ail = H(Ai/) .

In almost all empirical studies this probability is set equal to 1 during the fecund period and equal to

o thereafter. The length of the fecund period has also to be decided on. We do not follow this

approach because the knowledge women have about fecundity rates are presumably important

determinants of fertility behavior. Instead, we borrow from the extensive medical literature on this

issue. The approach we follow is that we assume the function H(.) is given by nature and is known

to all women. The relationship between age and fecundity is well established in the medical literature

and is reported in table 1. This kind of information is the typical information women receive when

consulting their General Practitioner about this issue.

Laws of Motion

The outcome of the participation decision, which depends on whether or not a job offer arrives,

affects the accumulation of work experience, hence current and future wages. The law of motion of

work experience is given by the following schedule:
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Law of Motion Decision Probability

Eit+I=Eit+O Pit=O

Eit+I=Eit+O Pit=l 1-7tit

Eit+I=Eit+ I Pit=l 7tit

The outcome of the fertility decision depends on whether or not the woman is fecund in that

particular period. For reasons of identification (see section 4.4) we need to assume that if a woman

chooses not to conceive then she will not conceive with probability one (i.e. perfect contraception).

The law of motion of the number of children is given by the following schedule:

Law of Motion Decision Probability

Kit=Kit.I+O kit=O

Kit=Kit.I+O kit=l I-Ait

K;t=Kit.l+ I kit=l A;t

The number of children at the end of period t is denoted by Kit. A child conceived in period t is

given birth to in period t+ I and therefore Kit.1 does not vary across the choices within one period

but K;t does. To identify the preference parameter for children (CX2,it)we treat an unborn child the

same way as a born child.9

9 An alternative assumption, which is often used in the fertility literature, is that when a woman decides to have a
child the child is born instantaneously, i.e. the period of pregnancy is ignored.
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4.3 Data: the Dutch Socio-Economic Panel

The micro data we use for the empirical analysis are data from the Socio-Economic Panel (SEP) of

the Netherlands. The panel was established in 1984 and is conducted by Statistics Netherlands.

About 5000 households respond to the survey in each wave. Up to 1990 the survey has been

conducted twice a year, a wave in April and a wave in October. Only the October waves have

detailed information on earnings. From 1990 onwards the survey is conducted only once a year in

May. At the time of starting this research all waves up to and including 1991 were available. There

can be more than one respondent per household. 10 Each respondent is asked questions about their

socio-economic and demographic situations. We use the information in the October waves of 1987,

1988 and 1989 and the May waves of 1990 and 1991. The change in the month of observation from

1989 to 1990 confronts us with a shorter period between the dates of observations in 1989 and

1990.

We restrict the sample to married and cohabiting women and to households where the male

partner is employed. In case we allowed, for instance, unemployed men to be in the sample we

would have to model explicitly the employment decision of the man. As discussed in section 2 we

are not able to model the fact that children may leave the parental house. For this reason we restrict

the sample to women under 45. Of the 1991 wave we only use the information on births because we

look at conception decisions rather than childbirth. Of the 1987 wave we only use the labor market

state (i.e., not participating, involuntarily unemployed or employed) because we allow the job offer

arrival rate to depend on search behavior in the previous period. To have all information necessary

to estimate the model as formulated in section 4.2, households have to be in the panel for at least

three subsequent waves. This leaves us with 1807 observations in 1988, 1861 in 1989 and 1572 in

1990. In total we have 2140 households in our sample.

Table 2 reports the sample averages per year of the variables used in the empirical analysis.

We use net hourly wages measured in 1988 Dutch Guilders. Work experience is the number of

10 A respondent is a person at least 16 years old. In principle each person in the household over 15 should complete
the questionnaire.
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years of employment since the woman started with her first paid job. I I Retrospective information on

the labor market history is used to construct the variable work experience. Job search behavior is

deduced from the questions "Are you registered at the unemployment office?", "If ajob is offered to

you, can you start within two weeks?" and "Did you apply for a job during the last 2 months?". If,

for a woman who is not employed, the answer to one of these questions is "yes" then we define this

woman to be involuntarily unemployed, otherwise she is defined to be non-participating.

Table 3 reports the number of transitions we observe between two time periods between the

three different labor market states. 94 women have left employment after conceiving (not reported

in a table). If we had looked at childbirth instead of conception we would mistakenly infer from this

that these women scheduled childbirth when being non-employed while in fact they conceived while

being employed. Figure 3.1 shows a decrease in the labor force participation that coincides with an

increase in fertility rates. Furthermore we observe that the rate of unemployment increases around

the birth of the first child. Participation rates drop later in life for the higher educated women

compared to the lower educated women (figure 3.2). Figure 3.3 shows that the fertility rates are at

younger ages higher for non-participants than for participants. These observations are consistent

with the empirical evidence for the Netherlands presented in chapter 3 of this thesis.

4.4. Econometric Framework: a Discrete Dynamic Programming Model

We define a vector of state variables (denoted by Sit) containing all relevant information known to

the woman at the beginning of period t to make her decisions. 12 The decision problem at time t=O,

equation (2.1), is written as follows:

II A job does not include a vacation job, military service (conscription), alternative national service and occasional
work. In the case where a woman is on maternity leave she is registered as being employed.
12 It includes educational attainment and age of both the woman and man, search behavior in the previous period,
preferences over consumption, participation and children, fecundity rates and all outcomes of the decisions taken
prior to period 1. In the first period of observation we treat the state variables as being predetermined.
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Having specified the decision problem at time t=O we can write down the Bellman equations

characterizing the decision problem:

(4.2)

where VieS,) is the value function in period t and the state variables in period t+ 1 are denoted by

In solving the Bellman equations we follow Rust (1987) and assume the unobserved state

variables in equation (2.2), the ci,(di,),s, to be independently distributed over time and alternatives,

and extreme value distributed.':' The method is explained in somewhat more detail in appendix A.

Given these assumptions, the conditional choice probability of choosing di, (conditional on the state

variables Sit) is given by

(4.3)
exp{v (S d)}

P(d IS ) = ' ", "
"" ~ { d' }'~d.exp v,eS;"~ it)

"

where the v,(S"d,»),s are determined by the following recursive system of equations:

13 Alternative methods to deal with the stochastic specification of the model require other assumptions, see for
instance Eckstein and Wolpin (1989). Therefore the approach taken here can not be considered to be more or less
restrictive than the alternatives.
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(4.4)

where u(S"d,) denotes the expected within period utility function as specified in equation (2.2). This

expectation is with respect to job opportunities and fecundity in period t. The conditional density

functions p(.I.) are given by the laws of motion in section 4.2. The conditional choice probabilities

(equation 4.3) are used to set up the likelihood function. Both expected wages and job offer

probabilities enter the choice probabilities. This makes it necessary to estimate the parameters of the

utility function, job offer arrival rate and the wage equation simultaneously. The likelihood

contribution for the i'hwoman in period t is now given by:

were 9 contains all parameters of interest, 9=(a';rl';y'). The first term is the conditional probability of

the participation and fertility decision (equation (4.3)). The second term is the probability of

successfully conceiving a child. The third term is the probability of not conceiving while the woman

chooses to conceive a child. The fourth term is the probability that she receives a job offer in period

t with a wage rate equal to Wi'. And the fifth term is the probability that she receives no job offer in

period t. Given panel data {Si"di,,fi,,oi'}:::::~, on observed state variables and decisions of N

women, we can write down the likelihood function for the total sample. T, denotes the number of

periods we observe a woman in the sample.

We do not observe whether or not a woman has been fecund in a certain period and

therefore we can not distinguish between the choice of not conceiving and the choice of conceiving

but being unsuccessful. The assumption that if a woman decides not to conceive a child she will not

conceive with probability one, makes it possible to replace the first 3 terms on the right hand side of

equation (4.5) by the following terms:
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Where bit is equal to 1 if the woman conceived a child in period t and 0 otherwise. The estimate of e

(denoted bye) is obtained by solving:

(4.6)
A N 7i
9 = argmaxe In(TITI L(elSi, .r, ,bi, ,Oi'))·

i=1 1=1

To estimate this model we follow Rust (1987). In each iteration one has to calculate the expected

value function for each alternative in each period. The estimation procedure makes use of the

recursive form of the Bellman equations. Given initial parameter values we calculate v(ST,dT)

(equation 4.4). This is used to calculate E{VT.1(ST.I,dT.1)}and v(ST.I,dT.1).In this way we work our

way back to time period t and obtain v,(S"d,) which is used to calculate the choice probabilities

(equation 4.3). These steps are repeated in each iteration.

Identification

Studies employing a similar econometric framework often allow the preference parameters to

depend on many state variables (e.g. age, educational attainment or even past labor market states)".

We choose not to do so and restrict the intratemporal utility function to a function of only

household income, the participation state and the number of children (see section 4.2). The reasons

for doing so are twofold. Firstly, we keep the identification of the model tractable. Secondly, the

14 Several studies (see, for instance, Van der Klaauw (1996)) often report that the dynamic model yields qualitatively
the same estimates as the static model (i.e. imposing the restriction 13=0 in equation (4.2)). One possible reason for
this result is that by allowing the preference parameters to depend on many state variables the within period utility
function approximates future streams of utility quite well. Hence, there is simply nothing left to explain by
introducing forward looking behavior, modeled via the expected value function of the next period. This may cause a
better fit of the model but makes the interpretation of the estimates extremely ambiguous.
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estimates are straightforward to interpret. After substituting equations (2.3) and (2.4) in equation

(2.2) we get:

(4.9)
U(Ci"Ki"Pi,) = (YMi, + YF,tOi,Pi,)+

(alO -°2 +all(Ki,_1 > O»Pit +
(a 20-°1 +a2IKi,)Kit +£i,(di,)·

Equation (4.9) shows that we are not able to separately identify the costs of a child (01) and the

utility of having a child (a20) nor the costs of participating (~) and the utility of participating (alo).

The remaining preference parameters (all and a21) and all parameters of the job offer arrival rate

and the wage equation are identified. Identification of the model crucially depends on the fact we

can split our sample into non-participants, job seekers and workers. The parameters of the job offer

arrival rate are identified by making use of search information. The parameters of the wage equation

are identified by assuming that the presence of children does not influence the wage rate. Additional

identification is obtained by including educational attainment and work experience only in the wage

equation and not as taste shifters in the utility function or as explanatory variables in the job offer

arrival rate.

It is reasonable to argue that because of unobserved heterogeneity across women in

preferences for children and participation one has to include an individual specific effect. Also

cohort effects in the participation rate or fertility rate may play an important role. Explicitly

controlling for unobserved heterogeneity and for cohort effects is in theory possible because we

employ panel data (see section 4.3). However, controlling for unobserved heterogeneity by

introducing support points lead to severe identification problems 15. Furthermore, we only allow for

cohort effects via the dependence of the wage rate on educational attainment".

15 To be more precise, both the estimate and standard errors of one of the two support points went to a relatively large
number and the corresponding probability went to zero.
16 There is some empirical evidence to support this assumption. Moffitt (1984) finds no significant cohort effects once
controlled for wages and in chapter 3 of this thesis we find no significant cohort effects once controlled for
educational attainment.
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4.5 Empirical Results

The model formulated in sections 4.2 and 4.4 is estimated with a discount factor (P) equal to 0.90

and a time horizon (T) equal to 65. Table 4 reports the estimation results.

4.5.1 Estimation Results

Table 4 shows that a household obtains utility (net of the costs of participation) when the woman

participates in the labor force (alO-~>O) and that the presence of a child has a negative effect on the

preference for participation (a, ,<0). This implies the well-known result in labor economics that

women with children are less likely to participate in the labor force compared to childless women. A

household obtains utility (net of the costs of children) of having children (a20-0,>O) and the marginal

utility of children decreases with the number of children (a22<O).

A woman who has been employed in the previous period has a larger probability of receiving

a job offer (y,>O) compared to a non-employed woman. Searching for a job also has a strong

positive effect on the probability of receiving a job offer (Y2>0). We can translate these parameter

estimates of the job offer arrival rate to job offer probabilities by using equation (2.6). A woman

who chooses to participate in the current period and has been a non-participant in the previous

period has a probability of 0.16 of receiving at least one job offer, hence of being employed in the

current period. If this woman has been searching for a job in the previous period then the probability

of receiving at least one job offer is equal to 0.45. If this woman has been employed in the previous

period then the probability of receiving at least one job offer is equal to 0.96. These results show

that a withdrawal from the labor market, for instance in order to raise children, severely affects job

opportunities.

The estimates of the parameters of the wage equation conform to our expectations. Wages

increase with increasing educational attainment (O<TJ,<T12)and with increasing work experience

(113)0) at a decreasing rate (TJ4<0). The standard deviation (o) is quite large, i.e. there is a lot of

unexplained variation in wages. This large variation is partly caused by the fact we have wages and
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not the logarithm of wages as the dependent variable in the wage equation. The effects of wages on

life-cycle fertility and labor market participation decisions are investigated in section 4.5.3.

4.5.2 Goodness of Fit

In order to investigate the fit of our model we compare predicted employment and conception

probabilities with the observed sample counterparts. We take the estimates of table 4 and calculate

for each woman in the sample the choice, the job offer and the fecundity probabilities. Figures 5.1

and 5.2 show the predicted and the actual outcomes of the participation and fertility decisions of all

women in the sample, i.e. the predicted and observed employment and conception rates. Figure 5.1

shows that the model underestimates the employment rate but does predict the fall in the

employment rate before the age of 30. Figure 5.2 shows that the model overestimates the

conception rate for women under 25 and for women over 34. This provides one explanation for the

fact we underestimate the employment rate. But more importantly, figure 5.2 clearly shows that our

model is not capable of accurately explaining the timing of births. Table 5 reports X2 goodness of fit

test statistics and basically tells the same story as figures 5.1 and 5.2. For most age categories the

model reasonably predicts the employment rates" but for the age categories over 25 the model is

unable to predict the conceptions rates accurately.

These results show that wages, the number of children and job opportunities in the

household play an important role in explaining participation decisions but play a minor role in

explaining the timing of births. This, however, does not destroy the possibility of investigating the

effects of wages on life-cycle participation and fertility behavior.

4.5.3 Simulation Results

To get a better insight in the estimation results we simulate life-cycle patterns of participation and

fertility decisions. We take a woman of age 20 who has a partner of age 22 and who has no

children. The woman has one year of work experience and was employed at the age of 19. Both the

man and woman have education level 2. From the age of 20 onwards we simulate in each period her

17 Note. however. that the calculated probabilities are conditional on the state variables at the beginning of the period.
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participation and fertility decisions, whether or not she receives ajob offer and whether or not she is

fecund. The simulations are based on 10000 replications. Basically we construct an artificial panel of

10000 women from the age of 20 up to 44. The results of the baseline simulations are reported in

table 6.

To investigate the intertemporal effects of participation and conception decisions we

increase the hourly wage rate of women by 10% at the age of 20. This increase is a permanent

increase. An increase in the wage rate of a woman increases both the gains from participating and

the opportunity costs of children. Therefore the effects on both the participation rate and the

conception rate are twofold: the direct and the indirect effects. The direct effect on the participation

rate is caused by an increase in the gains of working. The indirect effect is caused by fewer

households having children (due to an increase in opportunity costs) and, consequently, more

women choosing to participate. The direct effect on the conception rate is caused by an increase in

the opportunity costs. The indirect effect is caused by an increase in the number of participants (due

to increasing gains of working) who face higher opportunity costs and, consequently, have fewer

children.

The effects of this 10% increase in the hourly wage rate on the participation rate, the

employment rate, the conception rate, the number of children in the household and the percentage

childless households are, relative to the baseline simulations, reported in tables 7 and 8. Table 7

shows an increase in the participation rate by about 3% for women between 20 and 25 and by about

7% for women over 25. The indirect effects on the participation rates account for about 2% of the

total effect for women between 20 and 25, and I% for women between 25 and 30. These indirect

effects are considered to be negligible. These results suggest that higher waged women are more

likely to stay in the labor force compared to lower waged women. Furthermore, the effects on the

employment rate are much higher (up to 12%) compared to the effects on the participation rates.

This is due to the effect of the labor market states on the job offer arrival rates. Table 8 shows that

the conception rate of women between 20 and 25 decreases by about 7%. The first reason for this is

that the opportunity costs of children increase and this causes a direct effect of a 6% decrease. The

second reason is that more women participate and this causes an indirect effect of a 1% decrease.
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The direct effects in table 8 clearly show that as a result of a higher wage women schedule childbirth

later in life, holding the probability of participating constant. This causes positive direct effects for

women over 35. The indirect effects via a change in the participation rate are relatively large (up to

90% of the total effect for women between 30 and 35). This clearly shows the importance of

explicitly modeling the participation decision when investigating the effects of wages on fertility

behavior. The total number of children decreases and the percentage of childless households

increases for all age categories but these effects are decreasing with increasing age due to the delay

of births.

In line with the results of Groot and Pott-buter (1992), Heckman and Walker (1990) and

Moffitt (1984) we find that higher wages results in higher employment probabilities and lower

conception probabilities. However, the magnitude of the effects differ considerably across the

different studies. Groot and Pott-buter, who employ Dutch data, find that a 10% increase in female

wages causes a decrease in the maternity rate at the age of 40 of about 10%. Moffitt, who employs

US data, simulated the effects of a 10% increase in female wages and finds that for all ages the

probability of giving birth decreases by about 1.5 % points and the probability of being employed

increases by about 5% points. But more importantly, he provides no evidence that an increase in

wages causes women to schedule births later in life. Heckman and Walker, who employ Swedish

data, find that a 12.2% increase in female income causes the fertility rate to decrease by about 12%

for women between 21 and 25 and by about 5% for women between 26 and 35, and to increase by

about 0.5% for women between 36 and 40. This results in a decrease in the total number of children

by about 7% at the age of 40. All studies mentioned above differ with respect to their econometric

specification or the country under investigation. This makes comparisons ambiguous. Having said

this, we find much smaller wage effects on the number of children (a 2% decrease for women

between 40 and 44, see table 8) compared to the results mentioned above. One possible explanation

for this is that our results clearly show that an increase in wages causes women not only to have less

children but also causes women to postpone births. This causes the effects on the number of

children to decrease over time. Another possible explanation is that all studies mentioned above



94 Chapter 4. Female Labor Force Participation, Fertility Decisions and Job Opportunities

employ reduced form models, and hence do not explicitly model the opportunity costs of children,

job opportunities and, with the exception of Moffitt, the endogeneity of the participation decision.

4.6 Conclusions

We have constructed and estimated a behavioral model describing participation and fertility

decisions of women over the life-cycle. Involuntary unemployment and uncertainty in fecundity

were explicitly modeled. The discount factor was set equal to 0.90 and the time horizon was set

equal to the age of 65.

The main findings can be summarized as follows. The model is capable of identifying the net

utility of having children and the net utility of participation (apart from income gains). The

parameter estimates conform to our expectations. We find that households obtain positive utility

from participation and that the presence of a child has a negative effect on the preference for

participation. Households obtain positive utility from having children and the marginal utility of

children decreases with the number of children. The parameter estimates of the job offer arrival rate

show that women who were employed in the previous period have significantly higher probabilities

of receiving a job offer in the current period, relatively to women who were not participating or

searching for a job in the previous period. This implies that a withdrawal from the labor force in

order to raise children severely affects job opportunities. This is the driving force behind the

observed behavior that women who have better labor market perspectives schedule births later in

life. Simulation results support this notion. A permanent 10% increase in the wage of women at the

age of 20 decreases the number of children by about 7% for women between 20 and 25 and by

about 2% for women between 40 and 45. This wage increase causes participation rates to increase

by about 7% and the employment rate to increase by about 12% for women between 40 and 45. We

decomposed the total effect of this wage increase on the participation and conception rates into a

direct and an indirect effect. This decomposition takes into account the fact that a change in wages

has an effect on both fertility and participation behavior. The indirect effects on the fertility rates via
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a change in the participation rate are relatively large (up to 90% of the total effect for women

between 30 and 35) which shows the importance of simultaneously modeling the fertility and

participation decisions when investigating the effects of wages on fertility behavior.

Both the baseline simulations and the goodness of fit tests show that the timing of births is

hard to model. Further research on the timing of births is necessary since the outcomes of the

fertility decisions are important determinants of female labor force participation. For now, we are

only able to predict participation behavior of women reasonably well conditional on the number of

children. One extension to be able to predict the timing of births more accurately which we believe

may tum out to be fruitful, is to model the savings decisions of households. Households may choose

to postpone children until they have enough assets to finance, for instance, a house in a

neighborhood in which it is more pleasant to raise children. Furthermore, including the savings

decisions of households would make it a more complete life-cycle model.
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4.7 Appendix A: Discrete Choice Probabilities and the Expected Value

Function.

The expectation on the right hand side of the Bellman equations of section 4.4 is with respect to the

job offer arrival process, fecundity rates and preference shocks. We define p(S,+)IS"d,) as the

probability of a transition from state S, to state S,+) given S, and d., This is a Markov transition

probability. The state vector is decomposed in the observable part S,' and an unobservable part £,:

S,=(S,',£,). The unobserved state variable is alternative specific, i.e. depends on d, (denoted by £t(d,)

in equation (2.2» and is known to the household at the beginning of the period t but not to the

econometrician. Following Rust (1987, 1994) we can considerably simplify the optimization

problem by making the following assumptions:

-1- Additively Separable (AS) intratemporal utility function:

U(S, ,d,) = u(S,' ,d,) + e , (d,).

-2- Conditional Independence (CI) of the transition density of the state variables) 8:

p(dS,+) ',d£ ,+)IS,',£, ,d,) = q(iJv ,+)ISI+)')r(dS,+) 'IS, ',d,).

-3- The £t(d,) 's follow a multivariate extreme-value distribution.

A discussion on the validity of these assumptions can be found in Rust (1994). We can now write

the Bellman equation as follows:

V, (S,) = maxd, [v(S, ',d,) + e, (d,)]

)8 This implies that given s,+)'. E, does not influence future value E,.,. So E, is considered to be white noise. One way
of relaxing this assumption is to follow Berkovec and Stern (1991) who include individual specific effects in order to
allow for correlation over time and over alternatives.
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with

v, (S,' ,d,) = u(S,' ,d,)+ ~ f f V'+I(SI+I ',E ,+1(d,+, »q(cl£ ,+1(d,+, )IS'+I ')p(dS'+1 'IS,' ,d,) t = 0, .. , T -1,

The second term at the right hand side isE,{maxd",[v(S,+"dl+,)+E,+,(d,+,)]} The distribution

function q(.) is given by (see assumption 3):

nq(dE, (d,)IS,) = nexp{-E,(d,) -exp{-E, (d,)}}
d, d,

This considerably simplifies the expression for the value function and avoids the computations of a

multi-dimensional integral over the alternatives. Firstly, we obtain a closed form solution of the

conditional choice probability. This is given by equation (4.3) and is the well-known multinomial

logit formula. Secondly, one can compute the term within the first integral in the value function:

f V'+I(S'+I',E '+1(d,+, »q(dE '+1(d,+, )ISf+1')

= f max.,+1 (VI+I(S'+I ',d,+,) + E,+1(d,+,» nexp{-E ,+1(d,+,) - exp{-E ,+1(d,+,) })aE 1+1(d,+,)
d'1"1

= In(L, exp{v'+1 (S'+I' ,d,+,)}).
d'1"1
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4.8 Appendix B: Tables and Figures

Table 1: The probability of giving birth to a healthy baby for married and cohabiting women

in the Netherlands by age. This probability is conditional on the decision to have a child.

Age :530 31 32 33 34 35 36 37 38

Probability 0.92 0.89 0.83 0.80 0.76 0.71 0.65 0.59 0.53

Age 39 40 41 42 43 44 45 >45

Probability 0.47 0.41 0.35 0.30 0.25 0.20 0.16 0.00
Source: Noord-Zaadstra et al. (1991).
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Table 2: The number of observations and the sample averages of all variables for the years

1988,1989 and 1990

Year 1988 1989 1990
Number of observations 1807 1861 1572

Variable Sam~le Average
Agel 33 33 33
Level of Education 6

Education level 1 0.47 0.44 0.35
Education level 2 0.38 0.40 0.46
Education level 3 0.15 0.16 0.19

Work experience' 6.49 6.93 7.4
Hourly wagei 12.1 12.2 12.1
Employment state 3 0.47 0.50 0.50
Searching for work" 0.07 0.08 0.08
Number of Children 1.56 1.52 1.51
Conception 0.08 0.09 0.09

Percentage of childless households
Percentage of households with 1 child
Percentage of households with 2 children
Percentage of households with 3 children
Percentage of households with 4 children
Percentage of households with 5 or more
children

0.25
0.17
0.40
0.14
0.03
om

0.27
0.16
0.39
0.14
0.03
0.01

0.27
0.16
0.40
0.t3
0.03
O.Ot

1) In years.
2) Real net wages in 1988 Dutch guilders. Averages are calculated on a subsample of employed women.
3) Equal to I if the woman has been employed, 0 otherwise.
4) Equal to 1 if the woman has been searching for a job, 0 otherwise.
5) Equal to 1 if the woman conceived a child in this year, 0 otherwise.
6) Level I is at most primary or secondary education, level 2 is intermediate vocational education (MBO) and level 3
is higher vocational education (HBO), a uni versity degree or higher.
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Table 3: Transitions between labor market states between two subsequent periods.

period t-1\ period t searching for working
work

non-participating 1923 155 165
searching for work 108 127 190
working 232 123 2217

Table 4: Estimation results. Standard errors are in parentheses.

ex~lanato!)' variable Qararneter Estimate
Utility function
Household Income/( 10*38*52) <Xoo 1.00 ( - )
Participation

constant alO-~ 0.25 (0.06)
children in the household all -1.37 (0.06)

Number of children & conception
constant a20-01 0.67 (0.04)
number of children & conception a21 -0.18 (0.01)

Job offer arrival rate
constant "(0 -1.69 (0.08)
employed in previous period "(I 2.90 (0.08)
searched in previous period "(2 1.19 (0.10)

Wage equation
constant Tlo 7.65 (0.49)
education level 2 TIl 1.71 (0.29)
education level 3 Tl2 4.78 (0.41)
work experience/l 0 Tl3 4.38 (0.77)
work experience squared/IOO Tl4 -0.64 (0.31)
standard deviation o 7.09 (0.02)

Log-likelihood function -11127
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Table 5: Results of the X2 goodness of fit tests. Each cell reports the X2 statistic for the

corresponding age group based on the actual and predicted number of women in a specific

category. The critical values: X2o.9s(l) = 3.84, X2o.99(1) = 6.64.

Number non-employment no
of versus conception

Age Observations employment versus
..... ......_ ..... _ ..._-_._ ..._---- ........................ __ ........... _ ...... ..__ ..._ ...... __ ...__ ......... __ .......... - ....<::2.fl<::_C':P~!_2.fl ......._

X2 test X2 test
18 5 0.03 0.16
19 16 0.42 0.71
20 54 0.08 2.68
21 68 0.28 0.88
22 100 0.91 1.89
23 142 1.18 0.55
24 186 1.48 0.26
25 215 0.06 0.00
26 224 0.12 21.0
27 206 0.92 17.0
28 222 2.85 19.1
29 262 0.13 13.2
30 254 2.37 7.77
31 275 4.00 0.19
32 287 5.78 3.99
33 270 2.84 1.02
34 247 3.89 6.23
35 259 5.27 18.5
36 261 4.24 15.4
37 253 6.32 13.8
38 202 5.86 14.8
39 193 5.72 16.7
40 218 7.54 24.9
41 213 5.01 23.4
42 238 11.3 20.6
43 191 6.03 17.8
44 179 3.48 14.5
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Table 6: Results of the baseline simulations.
Age group Participation Employment

rate rate

20-24
25-29
30-34
35-39
40-44

0.83
0.67
0.59
0.55
0.53

0.73
0.51
0.41
0.36
0.33

Age group

20-24
25-29
30-34
35-39
40-44

Conception
rate

Average number of fraction of childless
children per households
household..................................................... - _ __ .- .."._._ _ _ _- __ ..•........ _ .

0.13
0.12
0.11
0.11
0.09

0.26
0.91
1.45
1.88
2.14

0.79
0.45
0.28
0.19
0.15
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Table 7: Simulation results: percentage changes in the participation rate and the employment
rate as a result of a permanent 10% increase in the female hourly wage at the age of 20.

Age ~ Participation rate ~ Employment rate
group

Direct Indirect Total
20-24 3.1 0.07 3.17 4.33
25-29 5.8 0.04 5.84 9.24
30-34 7.2 0.01 7.21 12.1
35-39 7.2 0.00 7.20 12.4
40-44 6.6 0.00 6.60 11.8

Table 8: Simulation results: percentage changes in the conception rate, the total number of
children and the percentage childless household as a result of a 10% increase in the female
hourly wage at the age of 20.

Age group ~ Conception Rate ~ Average number of
children per household

~ fraction of
childless

households
Direct Indirect Total

20-24 -5.79 -1.06 -6.85 -7.4 7.1
25-29 -2.65 -0.86 -3.51 -6.0 5.5
30-34 -0.03 -0.44 -0.47 -4.6 4.0
35-39 1.14 -0.24 0.90 -3.2 2.4
40-44 1.15 -0.84 0.31 -2.2 1.5
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Figure .3.1: participation and conception rates.
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Figure 3.3: conception rates per participation state.
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FIGURE s.i : EMPLOYMENT
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Chapter 5

Household Wealth, Female Labor Force Participation

and Fertility Decisions

5.1 Introduction

This chapter is concerned with the relationship between a household's financial wealth on the one

hand, and female labor force participation and fertility decisions on the other hand.

Outcomes of fertility decisions and female labor supply decisions are known to be important

determinants of household savings, see e.g. Browning and Lusardi (1996). The presence of children

increases consumption and decreases female labor supply which in turn decreases household

income'. As a consequence, the period in which children are born and raised may be a period in the

life-cycle of a household in which consumption exceeds household income and the household has to

either draw on their savings or borrow money. If households prefer to smooth their marginal utility

of consumption and are restricted in the amount they would like to borrow during this period they

will anticipate for these events by accumulating assets before the birth of their first child. This may

lead to a postponing of the birth of the first child until the accumulated savings are high enough to

deal with the financial costs of having children. These costs may include forgone earnings caused by

I If a child allowance scheme exists and a woman is not employed then having a child results in a relatively small
increase in household income.
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a withdrawal from the labor market. Therefore one may expect the female labor force participation

decision to be interrelated with both the accumulation of assets and fertility decisions.

In the labor supply literature the effect of household wealth on the participation decision runs

via the reservation wage. A higher level of household wealth increases the reservation wage which in

tum causes a lower participation probability (e.g. Danforth (1979) and Blundell et al. (1997)). Some

empirical evidence to support this theory can be found in Bloemen (1995) and Stancanelli (1997).

The presence of children is allowed to affect the preference for participation but no explicit link is

made between household wealth and the fertility decision. Moffitt (1984) investigates the effects of

household wealth on both the probability of being employed and the probability of having a child. He

finds a small negative effect of household wealth on the female employment probability and an

insignificant negative effect on the birth probability", Most papers studying the economic

determinants of fertility behavior concentrate on the effects of opportunity costs (measured by wage

rates, educational attainment or the employment state) on the timing of births, see for instance

Heckman and Walker (1990), Newman and McCulloch (1984) and also chapter 3 of this thesis. One

of the main findings in these papers is that women with higher opportunity costs postpone births, as

one would expect. However, little attention has been paid to explaining why married or cohabiting

women, on average, schedule births in their mid or even late twenties and not earlier in life. One can

think of sufficient theoretical explanations but in most applied microeconometric studies the timing

of births is mainly attributed to age effects on the preference of having children. Chapter 4 of this

thesis investigates the effects of economic determinants (excluding household wealth) on the fertility

and female participation decisions and finds that although wages and job opportunities are of

significant importance, they explain little about the timing of births, hence of life-cycle employment

of wornerr'. An additional economic explanation we put forward in this study is that households

postpone births until a period in which their accumulated assets, i.e. household wealth, are high

enough to deal with the costs of children.

2 Moffitt includes the present value of the husband's life-time income in the wealth variable.
3 To be more specific, without including some flexible function of age as an explanatory variable but conditional on
the outcomes of fertility one can predict female employment quite accurately. However, unconditionally one can not
predict female employment accurately because one can not predict the timing of birth accurately.
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To investigate the effects of household wealth on female labor force participation and

fertility behavior we extend a Iife-cycle model of consumer behavior (e.g. Hall (1978)) by explicitly

modeling the participation and fertility decisions. Based on results from Pakes (1994) and Blundell

et al. (1997) we derive and estimate a reduced form discrete choice model describing female labor

force participation and fertility decisions. In this model household wealth at the beginning of a

period is one of the explanatory variables. Two interesting empirical issues are investigated which

yield the main contributions to the literature. Firstly, in general low wealth is associated with low

income and high wealth with high income. Therefore, by ignoring household wealth we may

mistakenly impute household wealth effects for wage effects on the female labor force participation

and fertility decisions. For this reason it is important to control for both household wealth and male

and female wages. Our empirical model disentangles the household wealth and wage effects on the

female labor force participation and fertility decisions. Secondly, an Instrumental Variables estimator

is employed to control for measurement error in the household wealth variable.

The outline of the paper is as follows: Section 5.2 formulates the theoretical framework.

Section 5.3 discusses the data. Section 5.4 derives an estimable reduced form model of female labor

force participation and fertility decisions in which household wealth at the beginning of the period is

on of the explanatory variables. Section 5.5 discusses the estimation results and section 5.6

concludes.

5.2 Theoretical Framework

The starting point is a Iife-cycle model of consumer behavior (e.g. Hall (1978)). The decision

variables of a household we consider are household consumption (denoted by c.), the labor force

participation decision of the woman (referred to as the participation decision) and the fertility

decision. The subscript I denotes the time period. The man in the household (husband or cohabiting

male partner) is assumed to be full-time employed in every period. The participation state is denoted

by p, and is equal to 1 if the woman participates in the labor force and 0 otherwise. Uncertainty in
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the labor market is modeled by introducing a job offer arrival process. A job offer is denoted by 0,

and is equal to 1 if the woman receives a job offer in period t and 0 otherwise. A woman is

employed and receives income only if she decides to participate and receives a job offer. If she

decides to participate and does not receive a job offer (i.e. p,= I and 0,=0) she will have no income

and is classified as being involuntarily unemployed. The employment state can be summarized as

e=p.o.. Labor income of the man is denoted by m and of the woman by w, (if she is employed). The

fertility decision is denoted by k, and is equal to 1 if the woman decides to conceive a child and 0

otherwise. Fecundity (i.e. the ability to successfully conceive a child) is known to decrease with

increasing age of the woman. The fecundity state of a woman is denoted by f. and is equal to 1 if the

woman is fecund in period t and 0 otherwise. A birth can be summarized as b,=k,f.. Uncertainties in

the labor market and fecundity are the only uncertainties a household is assumed to face.

At the beginning of a period the household is assumed to maximize an expected life-time

utility function subject to a budget constraint. The value of current and future streams of (expected)

utility corresponding with the solution to this problem is called the value function. This value

function is assumed to be a function of the household assets (A,), the number of children at the

beginning of the period (B,) and some exogenous (or predetermined) variables (2,) and is denoted by

V,(A"B,; 2,). The vector 2, may include previous decisions and outcomes. U,(.,.,.) denotes the

intratemporal household utility function. Consequently, the decision problem of the household at

time t can be written as follows:

(2.1) V,(A"B,;2,) = max {e,.p,.k, I £.[U, (c, p" B, ;2,) + ~V'+1(A'+I' B'+I ;2'+1 )],

(2.2) s.t. A'+I = (1+ r, )A, +m, + W,G,p, =c,

(2.3)
,

B'+I = LkJ.f '
.\,=1

(2.4)
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(2.5) < :?: 0,

where r, is the interest rate, ~ the subjective discount factor and T is the length of life. Equation

(2.2) is the well known budget constraint. The number of children depends on previous fertility

decisions and fecundity states and this is formalized by equation (2.3). This equation is often

referred to as the irreversibility condition of the number of children. Equation (2.4) imposes a

constraint on household wealth at time T to ensure that life-time household consumption is Jess or

equal to life-time household income plus initial household wealth (Ao). The job offer probability is

denoted by 1t, :

(2.6) Pr(o, =IIZ,)=1t,

and the fecundity probability is denoted by <1>, :

(2.7) Pr(f, = liZ,) = <1>, .

The expectation operator (E,) in equation (2.1) is with respect to uncertainties in job offer arrivals

and fecundity.

Solving an intertemporal utility maximizing model such as described above with both

continuous and discrete control variables is theoretically possible but leads to an econometric model

that is not feasible to estimate. For this reason most studies concerned with this problem discretise

the continuous choice variable. In this way the econometric model reduces to a discrete dynamic

programming model. Such models are estimable (e.g. Rust and Phelan (1997)) but due to the

discretisation of the continuous choice variable a very large state space may give rise to a severe

computational burden when estimating such a model. Most papers in this line of research are

therefore concerned with reducing this so called 'curse of dimensionality' (e.g. Hotz and Miller

(1993), Keane and Wolpin (1994), Rust (1997)). In general one can say that solving dynamic
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optimization problem with only continuous control variables is easier than solving a dynamic

optimization problem with only discrete control variables", Exploiting the fact that there are

continuous control variables is the main idea behind the paper by Blundell et al. (1997). They

formulate a model with both discrete and continuous choice variables. They use the first order

conditions of the continuous choices to retrieve the value functions that are necessary to solve the

discrete choice problem. Based on results of Pakes (1994) they show that the Euler equation for

consumption, conditional on the outcomes of the discrete choices, stiUholds. And, more importantly

for this paper, discrete choice probabilities conditional on optimal consumption decisions are

derived. We will follow this approach in section 5.4 in order to derive an econometric model which

is relatively easy to estimate.

5.3 Data: the Dutch Socio-Economic Panel

The micro data we use for the empirical analysis are data from the Socio-Economic Panel (SEP) of

the Netherlands. The panel started in 1984 and is conducted by Statistics Netherlands. About 5000

households respond to the survey in each wave. There can be more than one respondent per

household.' Of each respondent questions about their socio-economic and demographic situation are

asked. Up to 1990 the survey has been conducted twice a year, a wave in April and a wave in

October. Information on earnings has been collected in the October waves and information on

household wealth is collected in the April waves. From 1990 onwards the survey is conducted only

once a year and all information is collected in May. At the time of starting this research all waves up

to and including 1994 were available. However, information on household wealth is only available

from 1987 onwards and information on labor income is not available for the year 19946.

4 In the case of only continuous control variables one can derive the well known Euler equations which can be used to
estimate the preference parameters. In the case of only discrete control variables one has to solve the dynamic system
by means of backward recursion which can be extremely time consuming or not even feasible.
5 A respondent is a person at least 16 years old. In principle each person in the household over 15 should complete the
questionnaire.
6 In 1994 questions about earnings over 1993 are asked.
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We do not model household formation nor the participation decision of the man in the

household. For these reasons we restrict the sample to married and cohabiting women and to

households where the male partner is employed. The dataset (1986-1994) has information on about

20.000 women who are either married or cohabiting and of whom the characteristics of the male

partner are available. Missing values cause a severe reduction in the number of observations. About

9% of the observations record a missing value for the eamings variables. Missing values for

household wealth cause an additional 27% reduction of the sample. Missing values on other socio-

economic variables cause an additional 22% reduction of the sample. The selection of only

employed men causes a further reduction in the sample size of about 11%. About 18% of the

woman are over 45 years of age and are left out of the sample. The 1986 wave is only used to

calculate the job offer probabilities for the year 1987 (see section 5.3.3). The 1994 wave is only used

to construct income over 1993. This 'loss' of the years 1986 and 1994 already causes a 23%

reduction in the sample size and is incorporated in the above description of the data cleaning

process. This leaves us with a sample of 7402 women over the period 1987-1993 who are used in

the empirical analysis in section 5.5 7.

5.3.1 Descriptive Statistics

Tables 1 to 3 report sample statistics per year of the variables used in the empirical analysis. All

financial statistics are measured in 1986 Dutch Guilders. Job tenure is the number of years of

employment since the woman started with her current job," Job search behavior is deduced from the

questions" Are you registered at the unemployment office?", "If a job is offered to you, can you start

within two weeks?" and "Did you apply for a job during the last 2 months?". If, for a woman who is

not employed. the answer to one of these questions is "yes" then we define this woman to be

involuntarily unemployed, otherwise she is defined to be a non-participant. Table 1 shows that the

unemployment rate is about 5% and about 9% of the women give birth in a given year. Job tenure is

7 A more detailed description of the data cleaning process is available from the author upon request.
8 A job does not include a vacation job, military service (conscription), alternative national service and occasional
work. In the case where a woman is on maternity leave she is registered as being employed.
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about 5 to 6 years on average for employed women. The average number of children per household

is around 1.7. Household income (table 2) includes net earnings of both the man and woman in the

household, child allowances, money transfers made to the household (for instance an inheritance)

and interest payments on financial assets", Household wealth (table 2) includes checking and savings

accounts, savings certificates, money lent to other people, stocks, bonds, and the value of cars

owned by the household. From this measure the total amount of debt and loans is subtracted. The

value of the house and house mortgages is excluded from this measurement because it is not

considered to be a liquid asset 10. Savings is defmed as the difference in household wealth between

two subsequent periods. Household consumption is defined as income minus savings. Due to a tax-

reform in 1990 (,Wet Oort'), median household income has increased by about 15% between 1989

and 1990 (table 2).11 Median household consumption (table 2) increased by about 9% between 1989

and 1990.

Table 3 reports on household income, consumption and savings around the birth of the first

child. Table 3 shows that households on average save before the birth of their first child and do not

save thereafter. This gives us some indication that households try to smooth consumption. The

impact of the birth of a child on the labor market status is considerable. The female employment rate

drops from 82% in the year before birth to 28% one year after having given birth to the first child.

5.3.2 The Wage Equation

The main objective of this study is to disentangle the household wealth and wage effects on the

female labor force participation and fertility decisions. Household wealth and the male wages are

observed for all households. Wage rates of women, however, are only observed for women who are

employed. For non-employed women we need to calculate the counterfactual wage rates, i.e. the

wage rates they would receive if they would be employed. For this purpose we estimate the

following wage equation:

9 We use a real interest rate of 3% and the interest payments are set equal to O.03AI•

10 A more detailed description of wealth can be found in Alessie et al. (1996).
II These changes should be analyzed with caution since there might have been a questionnaire effect as well; in 1989
questions on income over 1989 are asked while in 1991 the questions on household income over 1990 are asked.
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with

The time is denoted by t and h denotes the household. The wage of the woman in the household is

denoted by W,h, the explanatory variables are denoted by X,h and Ilh denotes an individual specific

effect. X,h includes time-dummy variables, job tenure and educational attainment. To take into

account that this individual specific effect might be correlated with the explanatory variables we

explicitly model this individual effect as a function of the average of the explanatory variables over

time. This approach has been proposed by Mundlak (1978) and he shows that this approach yields

the familiar 'within' estimates of ~' This wage equation is estimated on a subsample of employed

women (2548 observations). The estimation results are reported in table 4. Table 4 shows that job

tenure has a positive significant effect on the hourly wage rate. The time-dummy variables clearly

show the effects of the tax reform in 1990. The Hausman specification test statistic is in favor of the

null-hypothesis of no misspecification. Based on these estimates we calculate for both employed and

non-employed women the expected wage rates.

5.3.3 Job Offer and Fecundity Probabilities

To model uncertainty we specified in section 5.2 job offer and fecundity probabilities (equations

(2.6) and (2.7)). The way we proceed in this paper is that we take the probability distribution

functions of the job offer process and the fecundity process as given. These probability distribution

functions are taken from other studies. Table 5 reports the probability of receiving a job offer within

one year conditional on the labor market state in the previous year. Table 6 reports the probability of

successfully conceiving a child conditional on the decision to have a child. Section 5.4 describes in

more detail how these sources of uncertainty are incorporated into the model.
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5.4 EconometricIssues

First we make some notational simplifications and rewrite the model as formulated in section 5.2.

The vector d, = (p"k,) summarizes the participation and fertility decisions and all information

available to the household at the beginning of period t is summarized in a vector of state variables

S,=(A"B,;Z,). Furthermore, unobserved state dependent heterogeneity is denoted by Et(d,). This is

assumed to enter the intratemporal utility function additively.'? The budget constraint and

irreversiblity condition of the number of children (equations (2.2) and (2.3)) are substituted in the

objective function and the model as formulated in section 5.2 can be written as follows:

(4.1) V, (S,) = max1c"d,} E, [U, (c"d, ;S,) + f,(d,) + ~v,+! (S,+!)].

The expectation operator is with respect to unobserved state dependent heterogeneity, job offers

and fecundity. Note that unobserved state dependent heterogeneity is assumed to be known to the

household and only unobserved by the econometrician.

In order to derive the first order conditions of the optimization problem (4.1) we make use

of conditional value functions. The conditional value functions conditional on the optimal

participation and fertility decisions are defined as follows:

(4.2)

where c,' denotes the level of consumption in period t conditional on the participation and fertility

decision (d.ei), The intratemporal utility function as a function of consumption conditional on the

discrete choice d,=i is denoted by ui(ci). The participation and fertility decisions are made by

comparing the conditional value functions for the different alternatives:

12 We do not allow for an unobserved heterogeneity component that affects the marginal utility for consumption but
under the assumption of independency with t.(d,) one could allow for this (see Blundell et al. (1997)).
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(4.3) d, = arg maxi V/ (S,) ,

where the set of feasible alternatives is ((0,0),(1,0),(0, I),(1,1)). Note that for each feasible

alternative the household solves the problem for the optimal level of consumption (equation (4.2)).

Equation (4.1) can now be written as follows:

(4.4) V, (S,) = maxi v/ (S,).

This sequential approach to solving problem (4. 1) makes it possible to generate the familiar Euler

equation for consumption, conditional on the optimal states (see Pakes (1994)). And, more

importantly for this study, discrete choice probabilities conditional on optimal consumption decisions

are derived.

5.4.1 Participation and Fertility Decisions

The first step is to recover the conditional value functions. To do so we closely follow Blundell et

al. (1997). The value function at time t (i.e. equation (4.1» is written as follows:

(4.6)

For each alternative of the discrete choices the household determines the optimal level of

consumption. The Kuhn-Tucker conditions corresponding to solving (4.6) with respect to

consumption and household wealth are reported in appendix A. The Kuhn-Tucker conditions show

that consumption in period t is implicitly defined by:
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(4.7) a a
-- v,d, (S,) = (I + r, )-d-Ud, (c;').
aA, ac,'

Solving equation (4.7) for current period consumption yields the policy function for consumption

conditional on the optimal discrete choices. Only for specific choices of the household income

process and the utility function can one write down a closed form solution for consumption (see

Caballero, 1990). The complexity of our model as described in section 5.2 prevents us from doing

so. We denote the (unknown) policy function of consumption in period t conditional on the optimal

fertility and female employment decisions by:

(4.8)

In other words, the optimal level of consumption in period t is a function of all information available

to the household at the beginning of period t and the fertility and participation decisions taken at the

beginning of period t. This information includes household wealth at the beginning of period t (A,).

We substitute the policy function for consumption (equation (4.8» into equation (4.7) and to

recover the conditional value functions we have to take the primitive with respect to A, on both

sides of this equation:

(4.9) v,d, (S, ) = f (l+ r, )~U,d, (1,d, (S»)dA.
ac,'

Solving and evaluating the right hand side of this equation at A = A, yields an expression for the

conditional value function at time t for every value of d, We leave the functional form of both the

utility function and the policy function for consumption unspecified. Instead we write equation (4.9)

as follows:

(4.10) v,d, (S)= G,d,(A"B, ;2,)+ F,d, (B, ;2, )+£,(d,),
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where the first term depends on the variables that effect the marginal utility of consumption and the

variables that are included in the policy function for consumption and the last two terms are

constants of integration which are independent of the level of assets. F,d, (.) may depend on state

variables and household characteristics. We can now write the value function at period t (equation

(4.4» as follows:

(4.11 )

We follow Rust (1987) and assume that the c,(d,),s are independently extreme value distributed.

Using these distributional assumptions the probability distribution function of the discrete choices in

period t will be of a conditional logit type. Given these distributional assumptions, the discrete

choice probabilities (conditional on the state variables S,) are given by:

(4.12)

with

The function G,d, (.) depends on the parameters of the utility function and the policy function for

consumption. In the empirical analysis in section 5.5 we take a reduced form approach. That is, we

choose specific functional forms of the G,d, C.) and F,d, (.) functions. Estimating the full structural

model and identifying the structural parameters of the model as formulated in section 5.2 is beyond

the scope of this paper.
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5.4.2 Identification and Estimation

We have H households. T, denotes the first period and Th denotes the last period we observe

household h. X,hdenotes the vector of explanatory variables. The effects of the explanatory variables

on the choice probabilities, the parameters of interest, are denoted by 9. The probability that a

woman in household h with characteristics X'h in period t chooses d,h is denoted by Pr(d'h IX'h;9),

where d'h=(p'h,kth).

We observe the employment state and we have information on whether or not a woman is

involuntarily unemployed (see section 5.3). Hence, we observe the labor force participation decision

(pj). The conception decision (kth), however, we do not observe. We only observe the outcome

(b,h). The assumption we make to identify the parameters of the conception probability is that

contraception is without error, i.e. if a woman decides not to have a child she will not conceive a

child with probability one. The fecundity probability is denoted by <1>'h(equation (2.7». Given this

assumption, the probability of a birth is equal to the probability of deciding to have a child multiplied

with the probability of being fecund (<1>'h).

Measurement errors in household wealth (included in X'h) is potentially a serious problem

and for this reason we employ an Instrumental Variables (IV) estimator. There has been a

considerable amount of literature on how to apply IV to nonlinear models, see for instance Newey

(1990) and Davidson and MacKinnon (1993). The estimator we employ is a standard IV estimator

for nonlinear models (often referred to as a GMM estimator) and we refer to these studies for a

more detailed description of the estimation procedure and consistency proofs. We exploit the

following moment conditions:

E[P'h - Pr(p,h = 1,k'h Ix; ;9)IW,h] = 0,

E[b'h - (Pr(p,h ,k'h = IIX,h ;9) x <1>,h)n¥;h] = o.

The first moment condition is based on observed participation behavior and the second moment

condition is based on the notion that if we observe a birth (bth= 1) then the woman chooses to have a
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child (k'h=l) and is fecund (flh=I). Wlhis the set of exogenous variables (the instruments). We write

these moment conditions as follows:

Since we have two moment conditions p(.) is (2xl)-vector. The sample analog of this moment

condition is:

H r'
L L J(W,h )P(P,h ,b'h' X'h;9) / N = 0,
h=1 I=Jh

where N is the total number of observations and J(.) is a function of the instrumental variables.

w,; denotes the set of exogenous variables that are not already included in X'h. Given panel data

9 IV = arg mine ~,tP(P,h ,b,h' x; ;9)' J(W,h)'[ ~ ~ J(W,h )J(w,h)'f

H t"XL L J(W,h )P(P'h ,b'h' x; ;9).
h=lt=Tj,

In our empirical analysis (section 5.5) W'h contains all predetermined variables except household

wealth at the beginning of period t (A'h)' W,h does contain household wealth in period t-I (A'.I h).

Under the assumption that measurement errors in household wealth are uncorrelated with time, this

IV estimator yields consistent estimates. We construct the optimal instruments based on the

explanatory variables Xlh (including A.h) and to get the conditional mean we regress these optimal

instruments on the exogenous variables (W,h) (see, for instance, Newey (1990)). In this approach the

number of instruments (the rank of J(W lh)) is equal to the number of explanatory variables. In order

to test whether or not the orthogonality conditions on which the moment conditions are based hold,
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i.e. an over-identification test, we also estimate the model where we augment the optimal set of

instruments with additional exogenous variables (see, e.g., Windmeijer and Santos Silva (1997)).

Note that in case the set of instruments includes all explanatory variables (Xj) the estimates are

simply the Least Squares estimates of e. In section 5.5 we report both the Least Squares estimates,

i.e. without controlling for measurement error in household wealth, and the Instrumental Variables

estimates.

5.5 Empirical Analysis

5.5.1 Empirical Specification

The functions G,~'(.) and F,~",(.) in equation (4.12) are assumed to depend on the choices

(participation and conception), the number of children in the household, household wealth, the wage

rate of the man (m'h) and the expected wage rate of the woman. The probability that a woman

receives a job offer in time period t is denoted by 1t'h.Therefore, we can write the expected wage

rate of a woman (E[W'hO'h])as W'h1t'hif she chooses to participate in the labor force. The number of

children under 6 years of age is denoted by Kl., and the number of children over 5 years of age is

denoted by K2'h. Household wealth can take negative values and to be able to take into account

diminishing effects of household wealth with increasing household wealth, we use the following

transformation 13:

This function of household wealth is anti-symmetric around the origin. However, the curvature is

not invariant with respect to the scaling of household wealth. We choose to scale household wealth

13 Kapteyn et al. (1998) have applied the same transformation.
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with a factor 106. An alternative where we used Ah and A2
th as explanatory variables lead to severe

multicollinearity problems when estimating the model. 14

We choose the following functional form for equation (4.12):

V,hCSth,dth)= PthCSIO +SIIK1th +S12K2th +S 13g(A,h)+S 14 In(mth)+SIS In(Wth1tth)+eI6ln(ageth»+
kthCSlIJ +S21K1th +S22K2th +Sng(A,h)+S24ln(mth)+S25ln(Wth1tth)+e26ln(ageth»'

It is reasonable to argue that preferences for participation and children differ with age. For this

reason we also include the logarithm of age (In(ageth)) as an explanatory variable.

As discussed in section 5.4.2, we employ an IV estimator in order to control for

measurement errors in household wealth. In addition to the exogenous variables mentioned above

we include in the set of instruments the age of the partner, educational attainment of both the man

and woman in the household, and household wealth at the beginning of the previous period.

5.5.2 Estimation Results

Estimation results of the model as formulated in section 5.4 and with the empirical specification as

formulated in 5.5.1 are reported in table 7. The Least Squares estimates are reported in the first

column and the Instrumental Variables estimates in the second column. A comparison of these

results shows that the effect of household wealth on the participation decision remains insignificant

but has the right sign. The effect of household wealth on the fertility decision is positive and

significant. The difference between the LS and IV estimate of the coefficient of household wealth is

considerable (0.30 versus 0.84). Furthermore, the effects of the wage rate of the man on the

participation and fertility decisions almost halves once controlled for measurement error in

household wealth. The effect of the male wage rate on the fertility decision even becomes

insignificant. These results give us some indication of the importance of controlling for measurement

errors in household wealth. Furthermore, the Hausman specification test rejects the null-hypothesis

14 Including both A,h and A2'h and using a LS estimator (so without instrumenting household wealth) causes no
multicollinearity problems. Replacing A'h and A2'h by this proposed transformation of household wealth (g(A'h) leads
to quantitatively similar results of all other estimates.
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that the Least Squares and Instrumental Variables estimates are equal. The over-identification test

statistic does not reject the null-hypothesis that the instruments are orthogonal to the residuals of the

moment conditions. The partial R2 of the first stage regression for household wealth is equal to

0.13.\5 This shows that the additional instruments have sufficient explanatory power. In the

remainder of this section we only consider the Instrumental Variables estimation results.

The expected wage rate of the woman, as a proxy for the gains of participation and the

opportunity costs of having children, has a significantly positive effect on the participation decision

and a significantly negative effect on the fertility decision. This shows that women who have higher

gains from participating have a higher probability of participation and women who have higher

opportunity costs of having children have a lower probability of choosing to have a child. The wage

rate of the man (m.) has a significant negative effect on the participation decision but an insignificant

effect on the fertility decision. Household wealth has an insignificant effect on the participation

decision and a significant positive effect on the fertility decision. Given the results from the labor

supply literature (as discussed in the introduction) one would expect a significant negative effect of

household wealth on the participation decision.

To get better quantitative insight in the estimation results we investigate the effects of a 10%

increase in the wage rates and a 10% increase in household wealth on the participation probabilities

and the birth probabilities. This is done on the sample used for estimating the model. These results

are reported in table 8. Given the static nature of the model these results do not tell us anything on

the timing of births nor on life-cycle participation behavior of women. These effects should solely be

interpreted as marginal effects to obtain a somewhat better insight in the estimation results. Having

said this, table 8 shows that a 10% increase in the wage rate of the woman causes the participation

probability to increase by 3 to 4% for women under 30 and by about 6% for women over 30. The

birth probabilities decrease by 2 to 3%. The effects of a 10% increase in the wage rate of the man

causes the participation probability to decrease by less than 0.7% for all age categories and causes

an increase by about 1.7% in the birth probabilities. A 10% increase in household wealth has a small

15 The estimation results of the first stage regression are available from the author upon request.
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effect on the participation probability but a large positive effect on the birth probabilities (varying

from 1.0% for women under 25 up to 3.3% for women over 40). This, together with the fact that

household wealth has a significant effect on the fertility decision, demonstrates the importance of

household wealth in explaining fertility decisions.

5.6 Conclusions

This paper investigated the effects of household wealth and female and male wage rates on female

labor force participation and fertility decisions. We used a life-cycle model of consumer behavior as

a theoretical framework and derived from this a reduced form discrete choice model describing

female labor force participation and fertility decisions.

The empirical results can be summarized as follows. A comparison between the Least

Squares and Instrumental Variables estimates show the importance of controlling for measurement

errors in household wealth. The wage effects are as expected except for the effect of male wages on

the fertility decision. Once controlled for measurement error in household wealth, the male wage

rate has no significant effect on the fertility decision. One of the main objectives of this paper has

been to empirically investigate the importance of household wealth in the participation and fertility

decisions. We find that household wealth has an insignificant effect on the participation decision and

a significant positive effect on the fertility decision. These findings do not support the theory that

household wealth affects the reservation wage (hence participation) but do support the idea that

households save until their accumulated savings are high enough in order to deal with the financial

consequences of having children. Descriptive statistics show that these costs are likely to include a

drop in household income because of a withdrawal from the labor market.

A final remark we wish to make is that the model we estimate is a reduced form model and

we can not draw any conclusions on how household wealth affects life-cycle female labor force

participation and fertility behavior. It is clear that there are intertemporal aspects of these decisions

that are not captured by our model. To analyze life-cycle behavior we have to estimate the full
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structural model as described in section 5.2. This is beyond the scope of this paper and is left for

future research.
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5.7 Appendix A: The Kuhn-Tucker Conditions

In sections 5.2 and 5.4 we formulated the optimization problem a household faces at the beginning

of period t as follows:

(AI)

(A2)

(A3) s.t. (I+r,)A, -A'+I +m, +w.p.o, -c, =0.

Pakes (1994) shows that the fact we have both discrete and continuous control variables does not

destroy the possibility of generating the Euler equation for consumption. We follow Pakes and set

up the Lagrange function for optimizing problem (A2) subject to (A3):

The parameter '1'1 is the Kuhn-Tucker multiplier corresponding to the budget constraint. One of the

elements of S'~Iis A'~I' The Kuhn-Tucker conditions, obtained by taking the partial derivatives with

respect to c;· , A'~I and '1'1 are given by:

(A4)
d

-d-Ud. (c;· )+'1' ,(-I) = 0,
dC,'

(AS)

(A6) 'I',[(l+r,)A,-A'+1 +m, +w.p,o, -c,l=O.

The following equality holds:
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(A7)

An expression for the first term on the right hand side is given by equations (A4) and (A5) and is

equal to ~Ud, (c~' ) . The second term on the right hand side is given by the budget constraintacr'

(equation (A3)) and is equal to (1HI). This yields the equality exploited in section 5.4, equation

(4.7):

a a- v.d, (Sr) = (l+ r, )-d-Ud, (c~').aAr acr'

Furthermore, one can show that:

(A8)

Substituting equations (A8) and (A4) into equation (A5) yields the conditional Euler equation for

consumption:
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5.8 Appendix B: Tables

Table 1: Number of observations and sample means per year.
Year 1987 1988 1989 1990 1991
Number of observations 1114 1180 1261 1126 983

1992 1993
797 941

Variable SamI!le Means
Age of the woman 33 34 34 34 35 35 36
Age of the man 36 37 37 37 38 38 38
Educational attainment I

level 1 0.50 0.47 0.46 0.37 0.45 0.42 0.38
level 2 0.37 0.38 0.39 0.45 0.39 0.41 0.44
level 3 0.13 0.15 0.15 0.18 0.16 0.17 0.18

Education attainment of the man I

level 1 0.31 0.29 0.30 0.21 0.37 0.24 0.24
level 2 0.47 0.44 0.46 0.50 0.41 0.49 0.47
level 3 0.22 0.27 0.24 0.29 0.22 0.27 0.28

Employment rate2 0.35 0.36 0.35 0.34 0.31 0.33 0.37
Unemployment rate:' 0.05 0.06 0.06 0.05 0.04 0.06 0.04
Job tenure (employed only)" 5.21 5.73 5.43 5.77 5.31 6.04 6.10
Wage rate of the woman" 13.2 13.1 13.0 16.5 18.2 16.1 17.9
Wage rate of the man" 16.8 17.4 16.7 21.3 22.6 21.7 21.0

Birth rate? 0.07 0.10 0.09 0.10 0.08 0.09 0.08
Average number of children 1.63 1.68 1.74 1.70 1.76 1.79 1.79
Children by age category:

0-5 years 0.60 0.61 0.62 0.63 0.62 0.62 0.61
6-11 years 0.51 0.54 0.59 0.56 0.61 0.65 0.64
12-17 years 0.41 0.40 0.41 0.39 OAI OAI 0.43
over 17 xears 0.11 0.13 0.13 0.12 0.12 0.10 0.12

I )Level I is at most primary or secondary education, level 2 is intermediate vocational education (MBa) and level 3
is higher vocational education (HBO), a university degree or higher.
2) Equal to I if the woman has been employed, 0 otherwise.
3) Equal to I if the woman has been searching for ajob, 0 otherwise.
4) In years, calculated on a subsample of employed women
5) Real net hourly wage rates in 1986 Dutch guilders, calculated on a subsample of employed women.
6) Equal to I if the woman conceived a child in this year, 0 otherwise.
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Table 2: Household income, household wealth (excluding housing wealth), household

consumption and household savings in 1986 Dutch Guilders.

Year 1987 1988 1989 1990 1991 1992 1993
Number of 900 1018 III I 967 856 717 845
observations

Household Mean 46924 46713 47539 53616 57077 56408 56567
Income Median 41746 43029 43686 50056 51166 51261 52520

Household average 21253 24796 24583 27806 32672 31509 31314
Wealth Median 12987 14955 14187 13922 16854 16577 16987

Household average 46494 47469 48886 52019 59309 58059 57116
Consumption Median 38751 42257 43273 47299 49801 49421 49923

Household average 430 -756 -1346 1598 -2233 -1651 -549
Savings Median 1430 -20 -150 1621 202 114 745
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Table 3: Household income, savings and consumption before and after the birth of the first

child. YB is the year from first birth (for instance, YB:::-5 is defined as 5 years before the

birth of the first child). K is the average number of children, and ER the employment rate.

The number of observations is denoted by n.

YB n Income Consumption Savings Wealth K Age ER
•••••••_ ••_· ..H••••_._.H" ___ "·H .•___ ••••••••••••••••••••••••••••••••••••••••••••••• _ •••• _ ... _ ••••• _ •••• _H ••• ___

•••• _ •••••• __ ... _ ••• ___ • ___ • __ ••••• _ ••• H •••••••••• H ••••• _. __ .H •••••• __ ••• __ ••• __ ••• __ ••• ____ •••• _ ............... _ ........
Median Median Median Median Mean Mean Mean

-7 5 54475 47317 8279 28971 0 24.2 1.00
-6 15 47885 52442 2300 27617 0 24.8 0.93
-5 31 49508 47585 1874 20937 0 25.4 0.97
-4 41 51770 49929 4235 18681 0 26.5 0.95
-3 82 51925 46542 5071 18341 0 26.8 0.93
-2 96 52339 48718 3176 19804 0 27.4 0.91
-1 140 52338 49266 423 25706 0 27.9 0.82
0 145 48528 50173 -1334 25702 28.7 0.43

158 44227 44088 -235 21492 1.11 29.5 0.28
2 135 42756 45643 -561 17279 1.48 29.8 0.22
3 116 45178 45307 -880 17119 1.74 30.3 0.21
4 76 45476 43609 80 11556 1.95 31.1 0.18
5 65 44981 45332 -42 14674 2.02 31.9 0.20
6 30 44007 40022 2114 5960 2.20 32.3 0.13
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Table 4: Results from estimating the wage equation. The dependent variable is the logarithm

of the net real hourly wage rates.

parameter estimate (s.e.)

constant

time-dummy variables

1988

1989

1990

1991

1992

1993

education level 2

education level 3

job tenurell 0

job tenure squared/IOO

Average (education level 2)

Average (education level 3)

Average (job tenure/lO)

Average (job tenure squared/l 00)

R2

Hausman specification test"

Number of observations

2.23 (0.03)

-0.01 (0.03)

-0.00 (0.03)

0.18 (0.03)

0.20 (0.03)

0.19 (0.03)

0.26 (0.03)

0.003 (0.04)

0.05 (0.07)

0.13 (0.07)

-0.06 (0.04)

0.10 (0.05)

0.29 (0.08)

0.18 (0.10)

-0.0 I (0.06)

0.16

13.9

2548

a The critical value is equal to X ~.9S (10) = 18.3.
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Table 5: Job Offer Probabilities. The probability of receiving at least one job offer within one

year as function of the labor state in the period before.

labor market state in period t-I Pr(ot=l)

non-participant

job-seeker

employed

Pt-j= 0

Pt-j= 1 and et_j=O

Pt-j= 1 and et_j=O

0.16

0.45

0.96

Source: Chapter 4 of this thesis.

Table 6: Fecundity probability. The probability of giving birth to a healthy baby for married

and cohabiting women in the Netherlands by age. This probability is conditional on the

decision to have a child.

Age ~30 31 32 33 34 35 36 37 38

Pr(fl=l) 0.92 0.89 0.83 0.80 0.76 0.71 0.65 0_59 0.53

Age 39 40 41 42 43 44 45 >45

Pr(f,=l) 0.47 0.41 0.35 0.30 0.25 0.20 0.16 0.00

Source: Noord-Zaadstra et al. (1991).
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Table 7: Estimation Results.

Estimator Least Squares Instrumental Variables
._---_ ..

parameter estimate (s.e.) estimate (s.e.)

Participation

constant 810 -0.39 (0.87) -1.70 (1.06)

KI 811 -0.70 (0.07)* -0.63 (0.07)*

K2 812 -0.22 (0.04)* -0.21 (0.05)*

g(A) 8n -0.04 (0.10) -0.49 (0.31)

In(m,) 814 -0.30 (0.08)* -0.17 (0.09)*

In(w,1t,) 815 1.76 (0.04)* 1.72 (0.05)*

In(age) 816 -0.33 (0.25) -0.04 (0.30)

Conception

constant 820 1.37 (1.27) 1.91 (1.78)

Kl 821 -0.18 (0.07)* -0.21 (0.08)*

K2 822 -1.06 (0.16)* -1.15 (0.19)*

g(A,) 823 0.30 (0.14)* 0.84 (0.48)**

lntrn.) 824 0.39 (0.16)* 0.22 (0.21)

In(w,1t,) 825 -0.35 (0.07)* -0.34 (0.09)*

In(age) 826 -0.94 (0.40)* -0.97 (0.51)**

Over-identification test" 6.4

Hausman specification test" 352

Number of observations 7402 5746

* The parameter estimate is significant at a 5% significance level.
The parameter estimate is significant at a 10% significance level.

The critical value is equal to X~.95 {I 0) = 18.3.

110: bLS= brv. The critical value is equal to X~95 (I4) = 23.7.

**
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Table 8: the effects of a 10% increase in wages and in household wealth on the participation

probability and birth probabilities. SIMI is a 10% increase in the female wage rate, SIM2 is a

10% increase in the male wage rate and SIM3 is 10% increase in household wealth. The

baseline probabilities are reported in the last column.

SIMI SIM2 SIM3 Baseline

Probabilities

Age Category

Percentage 21-25 3.1% -0.3% -0.1% 0.64

Change in 26-30 4.1% -0.4% -0.2% 0.44

Participation 31-35 5.7% -0.6% -0.3% 0.35

36-40 6.3% -0.7% -0.3% 0.35

41-45 5.7% -0.6% -0.4% 0.40

Percentage 21-25 -2.3% 1.6% 1.0% 0.22

Change in 26-30 -2.4% 1.7% 1.3% 0.19

Conception 31-35 -2.5% 1.7% 1.7% 0.10

36-40 -3.0% 1.8% 2.4% 0.03

41-45 -2.6% 2.6% 3.3% 0.02





Chapter 6

Summary and Conclusions

Analyzing life-cycle female employment and fertility behavior simultaneously is quite ambitious and

this thesis is considered to be just a small step in trying to understand household behavior by

employing microeconometric techniques. This last chapter summarizes the main empirical results of

the previous four chapters.

Chapter 2 is a microeconometric analysis of household consumption behavior. Household

consumption is disaggregated into the following main categories: 'food', 'housing', 'clothing',

'personal care', 'education, recreation and transport', and 'other goods'. Female employment is

treated as a conditioning good. We find that the interactions between household expenditure and

household characteristics are of significant importance in explaining the allocation of household

expenditure to consumer goods. In particular, we find that consumer goods such as 'clothing' may

change with household characteristics from luxuries to necessities. The empirical importance of

these interaction terms imply that budget and price elasticities cannot be estimated consistently from

aggregated data and, perhaps more importantly from a policy point of view, that the Independence

of Base Utility assumption is violated. This latter result means that nothing can be inferred about the

value of equivalence scales, which are of importance for welfare programs, from budget survey data

alone. Hence additional information is required to identify equivalence scales. Kapteyn (1994)

employs for that purpose direct measurements of feelings of well-being elicited in surveys.

Combining subjective information and budget survey data can be a fruitful way to identify

equivalence scales. Acknowledging the interaction between female employment and the number of
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children is of empirical importance. Empirical results show that by ignoring female employment we

mistakenly impute employment effects for child presence effects on the allocation of household

expenditure to consumer goods.

Chapters 3, 4 and 5 are concerned with investigating life-cycle female labor force

participation and fertility behavior. Chapter 3 jointly investigates female labor market transitions and

the timing of first birth. For this purpose a multiple state transition model is estimated. Empirical

results show that the years of schooling of the male partner in the household has a positive effect on

the transition into maternity but has no effect on the labor market transitions of the woman. The

schooling of a woman (as a proxy for her potential wage) affects both the timing of first birth (a

transition into maternity) and labor market transitions. Highly educated women are found to

schedule first birth later in life and have a higher transition probability into employment compared to

lower educated women (in both maternity states). Compared to a lower educated woman, a highly

educated woman with no children has a much larger probability of making a transition into

employment. Once she is employed, the transition into maternity reduces significantly. This state

dependency is found to be the most important explanation for the empirical finding in univariate

studies that a higher education (or a higher wage) causes women to postpone births. This clearly

shows the advantage of jointly modeling the timing of births and labor market transitions. Another

implication of the fact that the effects of schooling on the timing of births are mainly caused by

employment effects is that ignoring female employment when investigating the timing of births may

severely bias the effects of schooling (or wages for that matter) on the fertility decisions.

Chapter 3 shows the importance of taking the interrelationship between female employment

and fertility decisions into account. However, the econometric model employed is of a reduced form

type. Chapter 4 builds on economic theory and takes a structural approach. A behavioral model

describing life-cycle fertility and female labor force participation decisions of cohabiting and married

women is formulated and estimated. Restrictions in the labor market (involuntary unemployment)

are taken into account by modeling job offer probabilities. The decrease in fecundity (i.e. the ability

to conceive a child) with increasing age of a woman is modeled explicitly. Furthermore, in contrast

with the dataset used in chapter 3, the dataset in this chapter contains information on job search
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behavior and has detailed information on wages. Search information is used to identify the

parameters of the job offer probability. The econometric framework is a discrete dynamic

programming model. Estimation results show that women obtain positive utility from participation

and that the presence of a child has a negative effect on the preference for participation. Households

obtain positive utility from having children and the marginal utility of children decreases with the

number of children. The parameter estimates of the job offer probability show that women who were

employed in the previous period have significantly higher probabilities of receiving a job offer in the

current period, relative to women who were not participating or were searching for a job in the

previous period. This implies that a withdrawal from the labor force in order to raise children

severely affects job opportunities and future wages. In this structural model women explicitly take

this into account when making their decisions and simulation results show that this results in the

observed behavior that higher wages induce women to postpone births. Based on the estimation

results, life-cycle labor force participation and fertility decisions are simulated and the effects of a

permanent 10% increase in the wages of women at the age of 20 are investigated. This wage

increase causes the gains of working to increase and, consequently, the opportunity costs of children

to increase. This increase in wages causes a decrease in the average number of children by about 7%

for women between 20 and 25 and by 2% for women between 40 and 45. Labor force participation

rates increase by about 7% for women over 30. These results show that an increase in (expected)

earnings of women causes women not only to have fewer children but also causes women to

schedule births later in life.

Chapters 3 and 4 provide us with a better understanding about the way the timing of births

and labor force participation decisions interrelate and how socio-economic variables such as

schooling, wages and job opportunities affect both decisions simultaneously. However the socio-

economic variables included explain relatively little of the variation in the timing of births, hence

little can be said about life-cycle female labor force participation behavior unconditional on the

number of children in a household. An additional economic variable put forward in chapter 5 is the

financial wealth of a household. Descriptive statistics already show that, on average, households

save before the birth of their first child and draw on their savings thereafter. The empirical results
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show a large positive effect of household wealth on the probability of conceiving a child while the

effect of household wealth on the female labor force participation probability is insignificant. These

empirical results support the idea that households save until their accumulated assets are high

enough to deal with the costs of having children.

Chapter 5 stresses the importance of household wealth on both the participation decision and

fertility decisions. This suggests that incorporating the savings decision in a model as outlined in

chapter 4 may lead to a better explanation of the timing of births, hence of life-cycle fertility and

female labor force participation behavior. What is left for future research is to incorporate the

savings decision into a behavioral model as formulated in chapter 4. This yields a more complete

life-cycle model that incorporates the intertemporal effects of household consumption, female labor

force participation and fertility decisions.
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Samenvatting (Summary in Dutch)

Dit proefschrift houdt zich voomamelijk bezig met een simultane analyse van de sociaal-

economische determinanten van de beslissingen van vrouwen omtrent hun deelname aan de

arbeidsmarkt en het krijgen van kinderen. Tevens wordt de invloed van de demografische

samensteUing van een huishouden, de totale bestedingen en de arbeidsmarkttoestand van de

vrouw op het bestedingspatroon van huishoudens onderzocht. Het proefschrift maakt gebruik

van gegevens van enquetes die bij huishoudens in Nederland zijn afgenomen.

Hoofdstuk 1 bespreekt de motivatie voor dit proefschrift, de meest relevante literatuur,

en de bijdrage aan de literatuur.

Hoofdstuk 2 onderzoekt de effecten van de demografische samenstelling van een

huishouden (zoals het aantal kinderen en de leeftijden van deze kinderen), de totale bestedingen

en de arbeidsmarkttoestand van de vrouw (,niet werkend' of 'werkend') op de verdeling van de

totale bestedingen over de verschillende consumptiegoederen. De volgende categorieen van

goederen worden onderscheiden: 'voedsel', 'woning', 'kleding en schoeisel', 'persoonlijke

verzorging', 'opleiding, recreatie en transport' en 'overige goedereri'. De empirische resultaten

laten zien dat de kenmerken van een huishouden van significant belang zijn voor de verdeling van

de totale bestedingen over de goederen, de zogenaamde budgetaandelen. Bijvoorbeeld,

huishoudens met kinderen besteden relatief meer aan 'voedsel' en 'kleding en schoeisel' in

vergelijking met a1leenstaanden of huishoudens zonder kinderen. Een interessant resultaat is dat

de gevoeligheid van de budgetaandelen voor een verandering in de totale bestedingen significant

beinvloed wordt door de demografische samenstelling van een huishouden en de

arbeidsmarkttoestand van de vrouw. Bijvoorbeeld, voor een huishouden met kinderen stijgt het

budgetaandeel van 'kleding en schoeisel' naarmate de totale bestedingen toenemen, terwijl voor

een a1leenstaande en een kinderloos echtpaar waarvan de vrouw werkt het budgetaandeel

'kleding en schoeisel' daalt naarmate de totale bestedingen toenemen. Tevens vinden we dat
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voor echtparen de arbeidsmarkttoestand van de vrouw een significante invloed heeft op het

bestedingspatroon. Dit heeft tot gevolg dat we separabiliteit tussen consumptie en de

arbeidsmarkttoestand van de vrouw verwerpen. Met andere woorden, indien de vrouw in het

huishouden werkt is er niet alleen een verandering in de verdeling over de goederen via een

toename in de totale bestedingen, maar ook rechtstreeks via een verandering in de samenstelling

van de totale bestedingen. Dit komt met name tot uitdrukking in een hoger budgetaandeel

'opleiding, recreatie en transport', en een lager budgetaandeel 'woning' voor echtparen zonder

kinderen waarvan de vrouw werkt, in vergelijking met andere typen huishoudens.

be hoofdstukken 3, 4 en 5 onderzoeken de beslissingen van vrouwen omtrent hun

deelname aan de arbeidsmarkt en het krijgen van kinderen. Hoofdstuk 3 is een simultane analyse

van de overgangen op de arbeidsmarkt en het krijgen van het eerste kind. We onderscheiden

twee arbeidsmarkttoestanden: 'geen werk' en 'werk'. We besteden met name aandacht aan de

effecten van het aantal jaren scholing van zowel de vrouw als de man in het huishouden op de
I

overgangen op de arbeidsmarkt en het krijgen van het eerste kind. De empirische resultaten laten

zien dat het aantal jaren scholing van de man een positief effect heeft op het krijgen van het

eerste kind maar de arbeidsmarktovergangen van de vrouw in het huishouden niet beinvloedt.

Hoger opgeleide vrouwen krijgen hun eerste kind later in het leven in vergelijking met lager

opgeleide vrouwen. Een mogelijke verklaring hiervoor is dat hoger opgeleiden een hoger

verwacht arbeidsinkomen hebben in vergelijking met lager opgeleiden, en derhalve hogere kosten

hebben in de zin van (verwachte) misgelopen inkomsten indien ze besluiten om een kind te

nemen. Immers, de aanwezigheid van een kind kan een reden zijn om te stoppen met werken of,

indien de vrouw niet werkzaam is, zal de kans op werk sterk reduceren. Een alternatieve

verklaring is dat hoger opgeleide vrouwen een sterkere voorkeur hebben om te werken in

vergelijking met lager opgeleide vrouwen. Tevens vinden we dat hoger opgeleide vrouwen die

geen werk hebben een grotere kans hebben op werk in vergelijking met lager opgeleide vrouwen.

Dit laatste resultaat vinden we zowel in de situatie waar de vrouw geen kind heeft als in de

situatie waar de vrouw wei een of meerdere kinderen heeft. Een belangrijk empirisch resultaat is

dat een werkende vrouw het eerste kind later in het leven krijgt in vergelijking met een vrouw die

geen werk heeft maar wei hetzelfde aantal jaren scholing heeft. Simulatieresultaten laten zien dat

deze zogenaamde toestandafhankelijkheid de voornaamste oorzaak is voor het geobserveerde

fenomeen dat boger opgeleide vrouwen bet eerste kind later in hun leven krijgen in vergelijking
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met lager opgeleiden.

Hoofdstuk 3 maakt gebruik van een zogenaamd gereduceerde-vorm model. Zo'n model

maakt geen onderscheid tussen preferenties van huishoudens (of vrouwen) en restricties.

Bijvoorbeeld, indien een vrouw niet werkt kan de reden hiervoor zijn dat ze niet wenst te

werken, maar een altematieve verklaring is dat ze wenst te werken maar geen baan aangeboden

krijgt (een arbeidsmarktrestrictie). Een benadering waarbij expliciet preferenties en restricties

worden gemodelleerd wordt ook wei een structurele benadering genoemd. Een structureel model

(of gedragsmodel) is gebaseerd op een gedragshypothese en beschrijft het kader waarbinnen

beslissingen genomen worden. Dit leidt tot parameterschattingen die helder interpreteerbaar zijn,

ofschoon vaak onder simplificerende veronderstellingen.

Hoofdstuk 4 voigt, in tegenstelling tot hoofdstuk 3, een structurele benadering. De

gedragshypothese die als uitgangspunt dient is die van intertemporele nutsmaximalisatie onder

bepaalde restricties. Dit houdt in dat we veronderstellen dat een vrouw vooruitziend is en

beslissingen neemt op een zodanige wijze dat ze haar verwachte levensnut maximeert. Het

levensnut is gedefinieerd als de gedisconteerde som van het huidige en het toekomstige nut. Het

nut hangt ondermeer af van het inkomen en het aantal kinderen. De beslissingen die een vrouw

neemt betreffen haar arbeidsmartkttoestand (het wei of niet participeren op de arbeidsmarkt) en

het krijgen van kinderen (het wei of niet nemen van een kind). Een vrouw neemt deze

beslissingen onder onzekerheid. Immers, indien een vrouw wenst te werken is het niet zeker of

ze wei een baan krijgt aangeboden en indien een vrouw een kind wenst is het niet zeker of ze wei

een kind kan krijgen. Restricties op de arbeidsmarkt (onvrijwillige werkloosheid) en restricties bij

het nemen van kinderen (onvruchtbaarheid) zijn expliciet gemodelleerd. Verder veronderstellen

we dat een vrouw rationeel is bij het vormen van verwachtingen omtrent de uitkomsten van haar

beslissingen nu en in de toekomst. Een andere belangrijke toevoeging in vergelijking met

hoofdstuk 3 is dat we in hoofdstuk 4 een dataset gebruiken die informatie bevat omtrent het

arbeidsinkomen. De beslissing om een kind te nemen in de huidige periode heeft gevolgen voor

de arbeidsmarktbeslissingen in de daarop volgende perioden. Een werkzame vrouw houdt er

rekening mee dat indien zij moet stoppen of wenst te stoppen met werken omdat ze een kind

heeft, het heel moeilijk zal zijn om op latere leeftijd nog terug te keren in een baan. Dit kan ertoe

leiden dat een werkende vrouw zo lang mogelijk wacht met het krijgen van kinderen. Aangezien

de vruchtbaarheid van een vrouw afneemt naarmate ze ouder wordt kan ze het krijgen van
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kinderen niet blijven uitstellen. De empirische resultaten laten zien dat huishoudens positief nut

ontlenen aan het hebben van kinderen en dat dit nut per kind afneemt naarmate er meer kinderen

in het huishouden aanwezig zijn. Tevens heeft de aanwezigheid van kinderen een negatief effect

op de preferentie van de vrouw om te participeren op de arbeidsmarkt. De parameters van de

baanaanbodfunctie laten zien dat indien vrouwen werkzaam waren in de voorgaande periode ze

een significant hogere kans op werk hebben in de huidige periode in vergelijking met de situatie

dat ze niet werkzaam waren. Dit laat zien dat indien een vrouw stopt met werken dit grote

gevolgen heeft voor haar kansen op de arbeidsmarkt. Gebaseerd op simulatieresultaten

onderzoeken we de effecten van een 10% stijging in de loonvoet van de vrouw. Deze stijging

heeft als gevolg dat de opbrengsten van werken toenemen en dat derhalve de kosten van

kinderen krijgen stijgen (de verwachte rnisgelopen arbeidsinkomsten). A1s gevolg van deze

loonstijging daalt het gerniddelde aantal kinderen met 7% als deze vrouwen tussen de 20 en 25

zijn, en daalt het met 2% als deze vrouwen tussen de 40 en 45 zijn. Het aantal kinderloze

huishoudens stijgt met ongeveer 1,5% voor huishoudens waarvan de vrouw tussen de 40 en 45

is. De arbeidsmarktparticipatie stijgt met 7% voor vrouwen ouder dan 30. Deze resultaten laten

zien dat een toename in de arbeidsinkomsten ertoe leidt dat meer vrouwen ervoor kiezen om te

werken en het krijgen van kinderen uitstellen. De effecten van deze toename in de (verwachte)

arbeidsinkornsten op het aantal kinderen en het aantal kinderloze huishoudens, gemeten op het

moment dat de vrouw tussen 40 en 45 is, zijn gering. Een voorzichtige conc1usie die we aan deze

resultaten verbinden is dat lonen en arbeidsmarktkansen voomamelijk invloed hebben op het

tijdstip waarop huishoudens kinderen krijgen en slechts een geringe invloed hebben op de

beslissing om kinderen te krijgen.

De hoofdstukken 3 en 4 geven ons een beter inzicht in de samenhang tussen het krijgen

van kinderen en de arbeidsmarktbeslissingen van vrouwen, en wat de invloeden zijn van sociaal-

econornische factoren op deze beslissingen. Een belangrijke variabele in een gedragsmodel is de

consumptiebeslissing van een huishouden. Immers, een huishouden kan bijvoorbeeld beslissen

om in een bepaalde periode minder te consumeren dan het inkomen in die periode en deze

besparing aanwenden voor consumptie in latere perioden. In hoofdstuk 4 is mer geen rekening

mee gehouden en is consumptie gelijkgesteld aan inkomen. Hoofdstuk 5 laat zien dat

huishoudens sparen in de jaren voor ze kinderen krijgen en ontsparen in de jaren na de geboorte

van het eerste kind. Een mogelijke verklaring voor deze observatie is dat huishoudens sparen om
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de kosten van kinderen te kunnen dekken. Naast de kosten voor het levensonderhoud van

kinderen zijn er ook kosten in de zin van misgelopen arbeidsinkomsten voor huishoudens waarin

de vrouw stopt met werken na de geboorte van het eerste kind. Het is mogelijk om een

gedragsmodel te formuleren waarbij rekening gehouden wordt met besparingen. Echter, het

schatten van zo'n model is rekentechnisch niet haalbaar. Om een idee te krijgen in hoeverre het

financiele vermogen van een huishouden (ofwel de gecumuleerde besparingen) een rol speelt,

formuleren we in hoofdstuk 5 een gedragsmodel dat de consumptie, arbeidsmarktparticipatie en

de beslissing om een kind te nemen beschrijft over de levensloop van een vrouw (of huishouden).

We nemen dit theoretische model als uitgangspunt en schatten op basis hiervan een

gereduceerde-vorm model. In dit model is het financiele vermogen van een huishouden een van

de verklarende variabelen. De empirische resultaten laten zien dat, na gecontroleerd te hebben

voor inkomenseffecten, het financiele vermogen een significant positief effect heeft op de

geboorte van een kind. Dit resultaat suggereert dat huishoudens sparen totdat het financiele

vermogen hoog genoeg is om de kosten van kinderen te kunnen dekken.

In hoofdstuk 3 is duidelijk het dynarnische karakter van de arbeidsmarktbeslissingen en

het krijgen van kinderen naar voren gebracht. Hoofstuk 4 laat de voordelen van een meer

structurele benadering zien en hoofdstuk 5 onderstreept het belang van de besparingen van

huishoudens bij het onderzoeken van de beslissingen van vrouwen omtrent de deelname aan de

arbeidsmarkt en het krijgen van kinderen. Een natuurlijke volgende stap is het schatten van een

gedragsmodel zoals in hoofdstuk 5 is geformuleerd. Dit resulteert in een gedragsmodel dat

rekening houdt met de intertemporele aspecten van de beslissingen omtrent consumptie,

arbeidsmarktparticipatie en het krijgen van kinderen.
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