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Abstract

This paper develops a dynamic structural model of labor supply, fertility and child-

care demand of married and cohabiting women in the Netherlands. The model is

estimated using a rich administrative panel covering 2001 through 2009, which pro-

vides high-quality information about individual labor market histories and childcare

expenditures. Identification is aided by exploiting two large-scale reforms of Dutch

family policy which raised the government spending on in-work tax credits (IWTC),

and childcare subsidies, respectively. Resulting variation in the tax and subsidy rates

is explicitly incorporated in the budget constraint. The estimated structural param-

eters are used for a counterfactual analysis, comparing predicted outcomes of several

reform scenarios, including the two manifested reforms of Dutch family policy. Both

IWTC and childcare subsidies are shown to induce similar changes in the maternal

labor supply, but the fertility and childcare demand is stimulated more by the child-

care reform. Furthermore, changes in fertility patterns raise the budgetary costs of

the childcare subsidies, as more children become eligible for subsidized childcare in

the years after the implementation.
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1 Introduction

This paper focuses on two long-standing challenges faced by many developed countries.

The first is to increase labor participation of women, which is advocated as an important

step towards narrowing the gender wage gap (Blau, 2012). The second is to promote

fertility of the population, and thereby counteract the steadily falling birthrates. To meet

these challenges, the governments are introducing public policies specifically tailored to

increasing female labor participation (in-work tax credits, childcare subsidies, etc.), and

others focused on raising fertility rates (universal child benefits, extension of maternity

leave). However, this approach considers each of the goals in isolation, disregarding the

fact that woman’s choices to work and to have children are fundamentally intertwined.

As discussed in Apps and Rees (2009), childbearing has far-reaching consequences for

mother’s labor market attainment and vice versa, suggesting that a policy focused on only

one of the two challenges is still likely to have non-trivial spillover effects in the other

domain as well.1 Some policies/fiscal stimuli are therefore bound to prove more (or less)

desirable when investigated with both policy goals in mind.

In this paper, I develop a dynamic structural model of labor supply, fertility and child-

care demand of married and cohabiting women. The model is intended for comparative

analysis of labor-enhancing policies in light of the dichotomous policy goals presented

above. The women are assumed to be faced with the interdependent choices of working

and having children. Furthermore, those opting to have children must also consider if

formal childcare is a necessity. Inclusion of childcare choice is motivated by significant

differences in parental attitudes towards formal childcare (See Apps et al. 2012), which

can prove particularly important for evaluation of the effects of childcare subsidies.

The literature provides ample empirical evidence that the choices considered by the

model are amenable to public policy interventions. The parental employment decisions

have been shown to be responsive to a multitude of policy reforms, many of them being

either in-work tax credits (IWTC) or childcare subsidy reforms. The debate over relative

efficiency of these fiscal stimuli is however by no means settled. The effects of childcare

subsidies on labor supply vary widely2, whereas studies on in-work tax credits typically

1A prominent example of such a policy is Earned Income Tax Credit (EITC) in the United States, which

is a means-tested transfer for working families with children. Baughman and Dickert-Conlin (2003) find

that the introduction of EITC indeed increased fertility levels, acknowledging that this was an unintended

consequence of the labor-stimulating policy.
2E.g. Lundin et al. (2008), Fitzpatrick (2010) and Havnes and Mogstad (2011) find no effect, Bettendorf

et al. (2012) find small effects, and Berlinski and Galiani (2007) and Lefebvre and Merrigan (2008) find

large effects.
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find sizable positive employment effects.3 The fertility patterns are also generally found

to be responsive to the financial incentives. Milligan (2005) shows that introduction of

universal child benefits in Quebec had a large impact on fertility, leading to a 25% increase

in fertility among women targeted for the full benefit. Similarly, Brewer et al. (2012) show

positive response of fertility to an increase of WFTC in the UK. Del Bono et al. (2012)

show that job displacement and the subsequent loss of income stream significantly reduces

fertility. Blau and Robbins (1989) find a negative link between fertility and childcare

costs faced by the US families. The childcare demand is found to be responsive as well,

increasing with more generous childcare subsidies and higher incomes (Apps et al. 2012

and de Boer et al. 2014).

In terms of dynamic structural models, there are two strands of literature with focus

similar to this paper: models that explore female labor supply and fertility, and those

that explore female labor supply and childcare demand. Francesconi (2002) estimates a

dynamic model of female labour supply and fertility. He shows that self-selection into

fertility plays an important role for female labor supply, as he identifies negative links

between maternal work ability and preference for children. Similar issues are investigated

by Haan and Wrohlich (2011) who evaluate labor supply and fertility decisions of German

women. In their paper, the dependency between maternal work and fertility is captured

by allowing lagged choices to enter the contemporaneous utility function. The second

strand of literature is represented by Bernal (2008) and Griffen (2014) who develop dy-

namic models of female labor supply and childcare demand. Apart from analyzing the

substitution patterns of maternal and non-maternal care, they also explore what are the

effects of different types of childcare on the children’s cognitive traits and later life out-

comes. This modeling aspect is however, due to the data limitations, beyond the scope

of my study. From the modeling perspective, it is interesting to note that both the works

focused on fertility and the works focused on childcare are using bivariate choice models.

The underlying emphasis is that the joint nature of work and the other decision considered

is fundamental for sound policy analysis, whereas the third (omitted) choice variable is of

secondary importance. And since both strands of literature show strong ties between the

choices, it seems to be natural to resort to a tri-variate choice model, accounting for labor

supply, fertility and childcare in one joint framework.

The model presented here is estimated using a unique Dutch panel dataset which

contains administrative records on earnings, childcare expenditures and other employment-

3For an overview of studies analyzing the impact of the EITC in the US see Hotz and Scholz (2003),

and for an overview of studies into the impact of the Working Families Tax Credit (WFTC) in the UK see

Brewer and Browne (2006).
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related information for a large sample of Dutch population. The records observed span

the years 2001 to 2009, covering a large reform of family fiscal policy targeted at working

parents. The reform started in 2004 and within following five years it gradually raised

public spending on in-work tax credits and childcare subsidies. This led to substantial

shifts in the labor market behavior of Dutch women (see Bettendorf et al., 2012). Such

policy variation is convenient for analysis since the reforms were strictly targeted at families

with young children, and changed the incentive structure underlying fertility, childcare

demand and labor participation of (prospective) mothers.

The counterfactual analysis focuses on the fiscal stimuli which were introduced in the

Netherlands within the observed period - the increase of in-work tax credits and childcare

subsidies. The results of the analysis show that the two policy reforms induce similarly

strong changes in terms of maternal labor supply as well as short-run government revenue.

This means that according to the traditional labor supply metric, the policy makers could

choose either policy without compromising budgetary efficiency. On the other hand,the

response of fertility rates is less uniform. The fertility rates are more pronounced under

the childcare subsidy reform, which may change the resulting policy recommendations.

If the government wants to introduce a pro-natalist policy, then the childcare subsidies

are the desirable fiscal instruments. However, an increase in fertility patterns also raises

the costs of the childcare reform, as more children become eligible for subsidized childcare

in the years after the implementation. This finding should be of particular interest for

policy evaluation, since the costs of reform related to fertility cannot be fully realized

until several years after the implementation. This extra burden on government budget is

therefore likely to be overlooked by analyses which focus only on the changes in maternal

labor supply.

The rest of the paper is organized as follows. Section 2 presents the structural model

and the estimation strategy. Section 3 documents the institutional background and the

two policy reforms which are exploited by the model. Section 4 describes the data and

addresses some modeling choices which were adopted in Section 2. Section 5 presents the

model fit, the estimation results and the outcomes of counterfactual simulations. Section

6 concludes.

2 Structural model

2.1 Setup of the model

The model evaluates households in a unitary framework, focusing on the decisions related

to the wife and children. Husband’s work allocation and disposable income are taken as
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given.4 I further abstract from modeling marriage decisions, taking them as exogenous in

the context of the model. I do allow for accumulation and depreciation of mothers’ human

capital, which is argued to play a crucial role in mother’s decisions to return into the labor

force after taking maternity leave (Apps and Rees, 2009).

Timing of events starts with formation of the household (i.e., the year when the couple

starts living together) and ends when the woman reaches the retirement age of 65. The

mothers start making decisions as of period t=1. In each period, the mothers are assumed

to choose their labor supply, which will generate income for their current consumption.

Up to the age of 45 they also make a choice whether to have a child in the next period.

After the childbirth, the mothers also choose whether to use formal childcare or not. This

choice is applicable for all children up to 11 years of age. The informal childcare provided

by relatives and friends is also accounted for (see below).

The fertility decision is restricted in a way that families are assumed to have at most

two children.5 Mothers are assumed to cease working when they reach the retirement age.

In terms of the choice sets, I allow for three intensity levels of labour supply attainment

(full-time (FT), part-time (PT) and zero hours), four intensity levels of formal childcare

use (0 - 3 week days), and a binary fertility decision.

The instantaneous utility is derived from household consumption ct, woman’s leisure

time lt, number of children aged less then 18 years Nt, fertility decision nt (leading to a

childbirth in the next period), and demand for non-maternal childcare:

Ut = ctµ

µ + αl1lt + αl2l
2
t + αl3ltNt + ltε

l
t

+αc1fct + αc2fc
2
t + αc3fct · 1(ageyng < 4)

+αc4ict + αc5ic
2
t + αc6ict · 1(ageyng < 4) + 1 (fct > 0) εct

+αn1Nt + αn2N
2
t + αn3nt + αn4ntlt + ntε

n
t .

(1)

The demand for childcare is expressed by means of two variables, the total hours of

childcare provided by formal carers fct, and by informal carers icict . This distinction in

provision is made to account for implicit price of informal childcare, which is unobservable

and therefore it cannot be included in the budget constraint. As a result, the informal

4This assumption is maintained throughout the literature (Francesconi 2002, Bernal 2008, Griffen 2014)

and it is also supported by findings of de Boer et al. (2014), who show that the labor supply elasticity of

Dutch men with respect to changes in their spouses’ earnings is close to zero.
5A restriction of this type is necessary from the computational standpoint. The two-children cap will

prevent state space of the dynamic programming problem from getting excessively large, and it is less

stringent than the one-child restriction, which is often used in the literature (see e.g., Bernal 2008 or Brilli

2013).
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childcare parameters in the utility function represent an amalgamation of 1) intrinsic

utility derived from this type of care, 2) effort required to find an informal carer, and 3)

unobserved costs of informal childcare. The childcare variables are further interacted with

an indicator function which attains value one if the youngest child is less than 4 years

old. This interaction term accounts for different attitudes towards formal childcare for

school-aged children and pre-schoolers. It should be noted that the woman’s leisure lt is

defined in very broad terms, accounting for the actual leisure time, but also for housework,

and maternal childcare.

The household’s consumption ct is assumed to be equivalent to household’s disposable

income yt. I abstract from modeling the savings decision, so that the income has to be

consumed in the same period it was earned. The budget constraint takes the following

form,

yt = wt · ht + yht − T (wt, ht,Xt)− p · fct ·N c
t + S(p, fct; Xt). (2)

Here, wt is gross hourly wage, ht is women’s labour supply and yht are earnings of the

spouse. T (wt, ht,Xt) denotes taxes and social security contributions. pt · fct represents

the cost of formal childcare. If mother decides to use formal childcare, it is assumed

that the service is used by all children below 11 years of age, and therefore the cost is

multiplied by the number of children in the appropriate age range, N c
t .6 S(p, fct; X)

denotes childcare subsidies, which depend on total cost of formal childcare and other

household characteristics such as households’ taxable income. The women’s market wage

is specified as follows

log(wt) = β0 + β1educ+ β2ext + β3ex
2
t + β4educt · ext + εwt , (3)

so that it explicitly accounts for heterogeneity among earning profiles for different educa-

tion levels. It further allows for the effects of human capital through the dependence on

cumulative experience gathered over the five years preceding the current period,

ext =
5∑
i=1

1(ht−i = 1). (4)

That way, I account for appreciation/depreciation of skills in the span of years which

is likely to be highly relevant for the wage determination process.

6There is, however, an important distinction between the type of childcare provided to children aged

0-3 (daycare) and to children aged 4-11 (out-of-school care). Since the latter group attends school for half

of the day, they require half the childcare provision. The daily childcare cost for older children is therefore

reduced to 50% of the daily cost for pre-schoolers. Further discussion of the childcare costs will be provided

in the Section 4.
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Women are assumed to predict evolution of their future earnings according to the

equation 3. Furthermore, in order to form expectations about future consumption, each

woman is also assumed to predict future realizations of her partner’s income. This predic-

tion is based on another Mincer-type equation, estimating the husband’s earnings based

on his experience and educational attainment,

log(yht ) = γ0 + γ1educ
h + γ2ex

h
t + γ3

(
exht

)2
+ γ4ex

h
t · educh + εht . (5)

Woman’s time allocation comprises of market work h, and leisure l. It is subject to

the following constraint:

h+ l ≤ TCw, (6)

where TCw is a time constraint scaled proportionally to the standard time endowment of

16 hours per day. The full-time and the part-time work allocations take up respectively 8

and 4 hours per day, which leaves at least eight hours per day for the leisure endowment.

I also specify a second time constraint which requires the sum of all childcare inputs to

exceed minimal time requirement TR.

l + fc+ ic ≥ TR(ageyng). (7)

The value of TR is dependent on the age of the youngest child, amounting to 16 hours

per day for pre-schoolers and 12 hours per day for school-aged children younger than 11

years.7 This constraint ensures that the child is not left unattended, avoiding situations

where parents are predicted to work full-time without having anyone to look after their

offspring. The minimal time requirement also facilitates the incorporation of informal

childcare into the structural model. Since the data used for this analysis come from

administrative records, I do not observe any information on the provision of informal

childcare ic. Therefore, I assume that the informal care supplied to the given family is

equal to the difference between the time requirement TR and the sum of formal childcare

and maternal leisure,

ic = max (0, TR(ageyng)− fc− l) . (8)

This means that the inequality in equation 7 will be applicable only for those women

whose sum of formal childcare and leisure time alone is greater than TR. All the other

cases are bound to satisfy the equation with equality.

The stochastic components εt = (εlt, ε
c
t , ε

n
t , ε

w
t , ε

h
t ) are assumed to be drawn from a

multivariate normal distribution with zero mean vector and unrestricted covariance matrix

Σ. The errors are drawn independently of their previous realizations. The state space at

7Children older than 11 years are assumed not to require any childcare.
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time t is defined as a set of all the relevant factors which affect either current or future

values of household’s utility,

Ωt = {ext, educ, yh, pt, ageyng, ageold, Nt, εt} (9)

Mother’s decision problem can be then written in terms of value functions Vt(Ωt),

which maximize over expected present value of lifetime utility conditional on the realized

state Ωt,

Vt(Ωt) = max
k∈K(t)

[
V k
t (Ωt)

]
V k
t (Ωt) = Ukt (Ωt) + δE (Vt+1(Ωt+1)|Ωt, dkt = 1) , t < 65

= Uk65(Ω65), t = 65

2.2 Solution and estimation of the model

The model is solved numerically, using backward recursion to solve the Emax functions

E (Vt+1(Ωt+1)|Ωt, dkt = 1). The functions are evaluated for every choice k in the choice set

K and for every element of Ωt, starting from the last period T . The solution is conditional

on given parameterization of the structural equations, so that the Emax functions serve

as an input into the model optimization procedure.8

The value functions for each alternative are known conditional on the deterministic

part of the state space. The stochastic vector εt remains unobserved. In order to quan-

tify probability of choosing the observed choice, it is necessary to integrate over the joint

distribution of εt, isolating the realizations of stochastic shocks which render the observed

choice k to be the alternative with the highest value function. To avoid issues with opti-

mization over non-smooth probability spaces, we employ the kernel smoothed frequency

simulator proposed by McFadden (1989).

The probability of any sequence of choices made by the woman can be therefore com-

puted as follows,

Pr(kA0 , ..., kT |Ω̄A0) =
T∏

t=A0

Pr(kt|Ω̄t) =
T∏

t=A0

Pr(V k
t > V j

t ,∀j 6= k|Ω̄t) (10)

8The state space considered is, however, very large. The decision makers have to be aware of the age

structure of children, cumulative experience, and other factors which render computation of entire state

space infeasible for practical purposes. To overcome this, I employ estimation strategy developed by Keane

and Wolpin (1994), the regression based interpolation. The emax functions are evaluated at a random

subset of choice and state variable combinations and I interpolate the values of Emax functions for the rest

of the state space. The interpolation step consists of running a series of regressions with the regressand

being emax functions which are drawn for the given time period, and the regressors being the variables

entering the observable part of the state space.
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where the choice probabilities are explicitly conditioned on the observable part of the state

space Ωt, disregarding stochastic shocks and unobserved heterogeneity.

The unobserved heterogeneity is introduced into the estimation in the form of latent

types, following the tradition of models initiated by Heckman and Singer (1984). This

adjustment renders constant terms of the earnings functions β0 & γ0 to be type-specific,

accounting for potential differences in attitudes towards working and unobserved ability.

β0 =
M∑
m=1

βm0 1(type = m)

γ0 =
M∑
m=1

γm0 1(type = m)

The types are inherently unobserved, and therefore have to be integrated out. The

individual likelihood is based on the choice probabilities in equation 10, but it also accounts

for type-heterogeneity,

`i = Pr(kA0 , ..., kT |ΩA0) =

J∑
j=1

Pr(typei = j|Ωit)

N∏
n=1

Pr(kit|Ωit, typei = j), (11)

where i is an individual indicator and J is the number of latent types. It is assumed

that the initial conditions (ages of starting the relationship) are exogenous on type. The

probabilities of belonging to a specific type are derived from the initial state variables

using a multinomial logit model.

3 Institutional setting

The Dutch family tax policy has been recently subject to two major reforms: a reform of

childcare subsidies and a reform of in-work tax credits for working parents. Both reforms

were phased-in during the years 2004 to 2009, and they led to a substantial increase of

public spending on families with small children. The changes were promoted as means

of increasing the maternal labor participation, whereas the notion of increasing fertility

rates was not made explicit. However, since both the childcare subsidies and the tax

credits were awarded conditional on having children, the incentives for childbearing got

more pronounced as well.

3.1 Childcare subsidy reform

The childcare reform started with the introduction of the Law on Childcare (Wet kinderop-

vang) in 2005. The immediate effect of the law involved changes in the institutional setting
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of the childcare subsidies, eliminating regional differences in subsidy rates and other id-

iosyncrasies present in the old system (see de Boer et al. 2014). As of 2005, all families

who use formal childcare (for their children aged 0 to 12) qualify for the same subsidy

scheme which is set by the central government.9 The institutional changes in 2005 however

change little in terms of the effective subsidy rates faced by the majority of Dutch families

(see Plantenga et al. 2005 and Ministry of Finance 2010).

More important were the changes that followed in 2006 and 2007. In these years

the subsidy rates got substantially higher, with the largest increase taking place in 2007.

Figure 1 shows the changes in the parental contribution rate for the ‘first child’.10 First,

note that the parental fee depends on the income of the household. In all years, households

with the lowest income receive the highest subsidy (up to 96% of the full price). For

the lowest income households the subsidy rate hardly changed. For the middle income

households the subsidy rate went up by 20 to 40%-points, whereas the increase in the

subsidy for the highest income households was somewhat smaller. On average, the parental

cost share in the full price dropped from 37% in 2005 to 18% in 2007 (de Boer et al. 2014).

Next to the drop in parental fees, from 2007 onwards schools were obliged to act as an

intermediary for parents and childcare institutions to arrange out-of-school care. In 2008

there were virtually no changes in childcare subsidies, but then 2009 witnessed a partial

reversal of the policy change, as parental fees were raised somewhat. To illustrate that

the parents were responding to the incentives, Table 1 shows descriptive statistics of the

use of childcare in the period 2006-2009.

It is also important to discuss the situation on the supply side of the formal childcare

provision, which motivates several modeling choices adopted in the empirical analysis. As

documented by Akgunduz and Plantenga (2013), the number of childcare centers in the

Netherlands, as well as their size, expanded in response to the reform. The authors show

that this expansion did not impede quality of the provided care, and it attenuated problems

with rationing (which has been observed in other European countries, see Kornstad and

Thoresen 2007 or Haan and Wrohlich 2011). Also the prices of formal childcare remained

stable throughout the reform period. This contradicts the general equilibrium intuition,

which suggests that the price of more subsidized service should increase as the effective

price faced by the buyers is falling. The price stability has been achieved by putting a cap

on the maximal hourly price of childcare which qualifies for the government subsidies. This

cap was initially set to 6.03 Euro, and a large majority of the childcare centers decided

9The unification of subsidies also allowed for collection of the data on childcare use which are used in

this analysis.
10The Tax Office defines the first child as the child for which the parents have the highest childcare

expenditures.
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to set their hourly price equal to the threshold (See Figure 2). In the following years, the

cap has been increased somewhat to match the Dutch consumer price index.

3.2 In-work tax credits reform

The reform of in-work tax credits (IWTC) for working parents started one year earlier

than the childcare subsidy reform. Under the original system, a uniform tax credit of 220

Euro was provided to every working parent who earned more than 4366 Euro p.a. and

whose youngest child was up to 12 years old. Throughout the years 2005-2009 this credit

was phased out (See Figure 4), and it has been gradually replaced by a more targeted

IWTC policy which was introduced in 2004. This new tax credit remained conditional on

the child’s age, but it was no longer awarded to both spouses. It was provided only to the

secondary earner in the household, who is defined as the spouse with the lower income.11

Effectively, this meant that the tax credits became targeted predominantly at women, and

the men’s part was gradually retracted. Figure 3 shows the changes in the amount of

total tax credit applicable to the secondary earners in years 2004-2009. The tax credit

started as a flat-rate subsidy amounting to 514 Euro. This rate gradually increased to 858

Euro in 2008, which was followed by a more profound change of the policy in 2009. As of

2009, the amount of tax credit awarded to the secondary earner has been made directly

dependent on her earnings. Higher wages result in higher credit, which is intended to

promote full-time employment among working mothers. In 2009, the maximum credit of

1,765 Euro was reached at 30,803 Euro of gross individual income (the minimum wage of

a fulltime worker during the same period was 16,776 Euro).

3.3 Modeling of the reforms

The policy changes described above show that the Dutch families have been subject to

many changes in the structure of incentives underlying employment, childcare demand and

fertility. This variation facilitates identification of the model, since it introduces sizable

and arguably exogenous variation in costs of the choices considered. The costs of maternal

leisure changed in several ways, being affected directly through the targeted IWTCs, and

indirectly through the childcare subsidies and the loss of father’s tax credits. Also the

costs of formal childcare and the costs of childbearing fell considerably due to the reforms.

In the context of the model, it is assumed that women are unaware of the prospective

policy changes, assuming that the current policy regime will be maintained indefinitely.

During the first reform year, they will update their expectations, replacing the prior policy

11Single parents were treated as secondary earners.
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regime by its current variant. This belief-updating process continues until they reach the

final reform year, after which the policies are assumed to be kept unchanged.

4 Data

The model is estimated using a unique panel dataset provided by Statistics Netherlands

(CBS ). The dataset is built up from several administrative sources, combining information

from the Labour Force Survey (in Dutch: Enquete Beroepsbevolking), Social Statistical

Panel (Sociaal Statistisch Bestand), administrative data from municipalities (Gemeen-

telijke Basisadministratie), and Formal Childcare Database of the Tax Office (in Dutch:

Wet Kinderopvang). The resulting panel constitutes a comprehensive source of informa-

tion over a large sample of Dutch population (1.05 million individuals) who were observed

in the period 2001-200912. The dataset contains detailed information on socio-economic

characteristics of the individuals, household structure, labor market outcomes, and child-

care utilization for families with young children. The childcare information is however

unvailable for years prior to 2006, since there has been no standardized childcare subsidy

in place (and the tax office therefore did not collect comprehensive childcare data).

In terms of sample selection, several rules have been applied to extract the sample

used for the analysis: Due to the limited availability of childcare information, I restrict

myself to years for which all choices are fully observable (2006-200913). The information

from prior periods is however not discarded - it serves to determine correct experience

levels in the equation 4. In the resulting sample, I keep only women from complete

families where I observe both spouses. This restriction follows from the fact that the

decision making problem of single parents is likely to be very different from the one of

complete families (Blundell and Shephard, 2012). Furthermore, the data on single parents

often lacks important sources of non-labor income, such as funds from grandparents, or

alimonies. I also exclude families where at least one of the spouses is self-employed,

student, or disabled. This is done since I cannot determine either the budget constraint

or the choice set corresponding to these household types. I also drop individuals with

unemployment benefits, implicitly assuming that they are constrained in their labour

supply choices.

Finally, the dynamic model is unlikely to require the full scope of the administrative

dataset to provide reliable estimates. In order to make the estimation computationally

12In following months, the dataset will be extended by CBS to cover also years 2010-2013. The results

will be updated accordingly.
13Ibid.
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feasible, I restrict the sample to a random subset of the data that remains after applying

the selections listed above. This subset is chosen to be sufficiently large to ensure stability

of both the estimated structural parameters and the resulting counterfactual simulations.

A set of descriptive statistics corresponding to the final sample is provided in Table

2. The personal characteristics are presented for both genders separately, illustrating the

relative roles and traits of spouses in the selected families. These records highlight some

important idiosyncrasies of the Dutch data. Firstly, the female labor participation rate

of 0.78 is relatively high. In the international context it is slightly below the rates of

Nordic countries which are recognized for active engagement of the female workforce, and

slightly above the rates of English-speaking countries.14 The average hours worked show

that women, if employed, are working predominantly in part-time arrangements. The

Dutch labor market is considered to be highly flexible in accommodating the needs of

part-time workers, which is documented by the diversity of observed work hours shown in

the Figure 5. The Figure plots a histogram of the contracted work hours expressed as a

fraction of full-time work equivalent (fte) which amounts to 40 work hours per week. The

spike representing full-time (1 fte) workers accounts for 16% of female workforce.15 The

fact that women are working mostly part-time is also reflected in their annual earnings,

which are 40% lower compared to men’s earnings.

Table 2 further shows how many families are actively using formal childcare. As noted

in the Section 2, a distinction is made between daycare (children 0–3 years of age16) and

out-of-school care (children 4–11 years of age).17 According to the statistics, the day-

care services are used much more than the out-of-school care. This difference in attitudes

towards childcare motivates the inclusion of age-dependent childcare parameters in the

utility function (equation 1). Indeed, many modeling assumptions about childcare are

closely related to the idiosyncrasies observed in the data. My treatment of formal child-

care choice can be traced back to histograms of childcare demand plotted in Figures 6 and

7. The Tax Office reports a very precise breakdown of annual childcare hours, separating

each type of childcare used for each child in the household. Here, these quantities were

14In 2006, the aggregate female participation rate was 0.68 in the Netherlands, 0.72 in Norway and

Denmark, and 0.66 in the US and the UK. The EU-wide average was 0.57 (OECD, 2014)
15For the analysis, I use a broader definition of full-time work. Full-time workers are defined as those

women who work 0.8–1.0 fte. Part-time work is equivalent to 0.2–0.799 fte and the remaining women are

coded as working 0 hours.
16Maternity leave in the Netherlands is rather short, 3 months after the birth of the child, which can

be supplemented with 3 months of parental leave for which the replacement rate is however rather low

(OECD, 2007).
17Children in the Netherlands go to school when they turn 4, and are typically in secondary school when

they are 12 years of age.
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re-scaled to represent weekly demands for daycare and out-of school care for every child

in the respective services. Figure 6 shows that the vast majority of families are choosing

to use less than 4 days of daycare per week. Furthermore, the spikes of the distribu-

tion illustrate that it is commonplace to use full-days of daycare (rather than half-days

or other quantities). Similar picture emerges also for the out-of-school care demand in

Figure 7. The reported hours are around 50% lower compared to daycare, which follows

from the fact that school-aged children do not need more than half-days of childcare. But

also in this case, the histogram indicates that families tend to use out-of-school care for

less than four days per week (which is equivalent to two full-days of childcare), and the

demand bunches around rounded half-days of care. These findings lend credibility to the

modeling assumption that women are choosing among four formal childcare alternatives,

corresponding to 0–3 days of formal childcare per week. The data also support the hy-

pothesis that the childcare choice applies equally to all children in the household. In 91%

of the cases, families use overlapping childcare arrangemets for each of their children aged

less than 12.

In the context of the model, the observed demands for formal childcare are translated

into corresponding discrete choices by taking weekly household averages18 and rounding

them to the nearest integer. This rounded value represents the number of days the family

has decided to use.

The observed patterns of formal childcare highlight another important fact about

Dutch families. That is, they are rarely fully reliant on the services of childcare centers.

The informal childcare is an important source of childcare provision and it is expected

to be used by majority of the families. The informal providers are often family relatives,

friends, neighbors, and to a lesser extent husbands (men in the sample are not observed

to change their work arrangements after a child is born). In order to get more concrete

grasp on the extent of informal childcare use, I employ the equation 8 and compute the

informal childcare proxy ic from observed maternal work intensities and formal childcare

demands.19 Figure 8 presents the results. 26.7% of households are considered to use no

informal childcare at all, relying only on combination of formal childcare and mother’s

leisure time. The histogram of non-zero hours peaks firstly around 2.5 days and then

18I am averaging individual formal childcare demands over all children in the household who are less

than 12 years old. The childcare demand of school-aged children is multiplied by two, so that the resulting

average could be interpreted as a number of days during which the children were taken care of by formal

childcare providers, instead of mother or other carers.
19For modeling purposes, I replace the observed quantities by values representing the corresponding

discrete choice. This is a necessary step in order to assign standardized values of informal care to the

choices which are not directly observed.
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again at 5 days, accounting for those women who work full-time and do not use formal

childcare.

The price of informal childcare is not observed and therefore it is not explicitly incorpo-

rated into the model. The utility parameters of informal childcare reflect both preferences

for the service and its unobserved cost. However, the assumption that every family is

subject to identical preferences and prices for informal childcare is a stringent one. To

address this concern, the informal childcare indicators in the utility function can be further

interacted with variables which may well influence price of the service. These variables

include presence of grandparents and adult children in the household, and number of other

adults living in the same household. These interaction terms will be used in a robustness

check to assess the importance of the heterogeneity of informal childcare prices.

5 Results

5.1 Reduced form analysis

The policy reforms of 2004-2009 were associated with a profound change of incentives

underlying work, childcare and fertility decisions of the Dutch households. Under the

assumption that families do respond to pecuniary incentives, it should be possible to get

some insight about the reform effects by looking into aggregate dynamics of the variables

of interest.

Table 3 presents estimated parameters of four household-level Random-Effects mod-

els, each focusing on one of the variables of interest. The dependent variables are binary

indicators representing incidence of specific events during the given year. These are: 1)

realized marriages within the sample of non-married individuals, 2) childbirths among the

child-less couples, 3) use of formal childcare among the parents with children younger

than 12 years, and 4) labor participation of women aged 18 - 65. The independent vari-

ables include a set of socio-economic characteristics, education level dummies and yearly

dummies.20

In the following discussion, I focus on the coefficients corresponding to year dummies.

The results in the first column show that the propensity to get married in the given period

stayed largely stable throughout the whole span of eight years. We observe the propensity

20It should be noted that since this analysis is purely reduced-form, the size of the estimated effects may

be confounded by interdependencies of the considered choice variables, and also by their relation to other

factors which are not accounted for here (e.g., business cycle or local unemployment rates). Nevertheless,

it can still give us valuable insights about general direction of the reform effects.
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to peak around 2003 and then decrease within the main reform period 2005-2009. However

the year-specific effects, although significant, are small. The second column corresponds

to the incidence of births among previously childless couples. This subsample was chosen

for the sake of exposition. The patterns observed among the first-time parents illustrate

the development of childbearing without confounding effects of birth spacing and other

issues related to higher-order births. Within the span of our data, we can see steady

rise of childbirth incidence, which mimics the gradual introduction of childcare subsidies

and in-work tax credits. The spike in 2004 can be potentially attributed to the preceding

peak of marriage rates in 2003. It is worth noting that the number of childbirths kept on

growing throughout the whole reform period, despite the coinciding fall in marriage rates.

Time dummy coefficients in the third column lead to the same conclusion as the statis-

tics presented in Table 2 - raising childcare subsidies spurred the demand for formal child-

care. Since I observe the childcare demand only for years 2006-2009, the regression is

restricted to this period, with year 2006 being the baseline. The last column documents

that the women also increased their labor supply attainment throughout the reform pe-

riod. According to the results, the female labor participation began to grow in 2005 and

by the end of the reforms it was almost four percentage points higher, compared to the

2001 levels. Similar picture emerges if we plot the results graphically. Figure 9 shows the

development of the analyzed variables throughout the span of the data.

It remains to be added that the apparent stability of marriage rates lends credibility to

the maintained assumptions about timing of the model. The timing starts with formation

of the household, which means that the model takes this decision as given. It could be

argued that the household formation is also an economic decision and should be treated

as such. However, the observed stability of marriage rates suggests that even though the

choices within the family have been altered, the decision to form a household remains

unaffected, and it seems to be of little harm to abstract from extending the model in this

direction.

This preliminary analysis, however descriptive, leads to several important findings.

Within the reform period, the households do exhibit changes in their allocations which

are endogenous to the structural model. The changes are also in line with the economic

theory (rising female labour participation, childcare demand and fertility). Furthermore,

the households do not exhibit changes in the decisions which are taken as given by the

model (stable marriage formation). Such outcomes are supportive of the assumptions

underlying the structural model and the results presented in the next section.
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5.2 Structural analysis

The current set of results corresponds to a model which is a simplified version of the full

specification. The model is parameterized according to the equations presented in the

Section 2, but it does not contain several modeling features presented therein. Firstly,

the earnings equations are currently estimated without accounting for the unobserved

types. Secondly, I only estimate diagonal elements of the error matrix Σ. The off-diagonal

elements are assumed to be zero, maintaining the assumption of contemporaneously un-

correlated error terms.

An overview of estimated parameters and their standard errors is given in Table 4. The

signs of parameter estimates confirm previous findings and standard economic rationale

underlying individual decision making. The linear coefficients are positive, implying that

mothers do derive utility from initial consumption, leisure, childcare, and fertility. The

negative signs of quadratic coefficients show that the utility gains are decreasing in scale.

The parameter for interaction of formal childcare and leisure is negative, reflecting the fact

that formal childcare is usually used as a substitute for maternal time with the children.

The data sample which was used to derive this set of parameters contains 5000 women

followed over the span of years 2006 to 2009. This sample is considerably smaller than

the actual administrative dataset from which it was randomly drawn. The current num-

ber of observations ensures qualitative stability of the coefficients21, without requiring

prohibitively long time to reach convergence.

Table 5 presents an assessment of goodness of fit of the model. I use the estimates

of structural parameters to simulate choice paths and earnings trajectories for the given

sample of women, starting from the observed initial conditions. The simulated paths and

earnings are used to derive a set of sample moments corresponding to the artificial data.

The simulated moments are compared with their observed counterparts. The results in

Table 5 show that the simulated and observed moments are matched very well. To account

for the fact that the variables of interest evolve over time, Figure 10 shows their observed

and simulated averages for all years considered. The plots show that the model prediction

closely matches the observed patterns. This means that the model is capable of replicating

the effects induced by the two policy reforms, which validates the estimated parameters.

Another potential concern is the behavior of predicted earnings over time. It is often

found in the literature that the dispersion of earnings increases as the workers grow older

(Haan and Wrohlich, 2011), which is often considered as an argument for modeling wages

as a Markov process. I argue that substantial part of this dispersion can be captured by

21A robustness check based on sample of 10000 women confirmed stability of estimated parameters.
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the specification of the two earnings functions, 3 and 5. The dependence of predicted wage

on cumulated experience allows for higher earnings in the later periods, but it also allows

for larger variance of earnings since some people will accumulate less experience than

others. Furthermore, since the earnings functions are specified in logarithmic form, higher

nominal wages are bound to exhibit higher variance as well. Figure 11 shows gender-

specific plots of wage dispersion against worker’s age. The two trajectories present in the

plots correspond to the dispersion observed in the data and the dispersion predicted by

the model. The gap between observed and predicted dispersion is attributed to the error

terms, since the observables can predict only a part of the variance. Both trajectories are

shown to follow similar patterns until the age of 50, when the observed dispersion starts

to diverge. This divergence is most likely driven by early retirement decisions which could

influence the composition of the older workforce and lead to higher wage dispersion.

5.3 Counterfactual simulations

I use the obtained estimates of structural parameters to study effectiveness of the different

types of fiscal stimuli for working mothers. I focus on two policy proposals in particular-

the reform of childcare subsidies and the reform of in-work tax credits. The effectiveness

is evaluated in terms of the reform’s effects on labour participation, hours worked and

government finances. The analysis is conducted by performing counterfactual simulations,

letting an artificial sample of women be subject to changes in the one of the two policy

regimes. I quantify women’s response to the policy change relative to the baseline scenario,

and calculate the corresponding effect on government budget.

The baseline scenario mimics the tax & subsidy system which was in place in 2009.22

The childcare reform scenario takes the baseline childcare subsidy system and lowers the

parental contribution rate by 12 percentage points. The IWTC reform scenario increases

the 2009 levels of credit by 318 Euro for all workers above the minimal income threshold.

I assume that the policy changes are unexpected, and the women assume that the new

policy regime will remain in place. The baseline and resulting policy rates for both reforms

are presented in the Figure 12. The reformed policy rates are chosen to satisfy ex-ante cost

equivalence - under the assumption that childcare use and labor participation remains at

the 2009 levels, both reforms would lead to an increase in public spending of 100 million

Euro. This cost equivalence is bound to be broken by behavioral shifts induced by the

policy changes, but it serves as a good reference point for counterfactual simulations of

reforms with costs of similar magnitude.

22I have also performed policy simulations with alternative baseline tax systems, but the results remained

stable.
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Table 6 shows the impact of the two policy reforms on women’s choices. The results

documented in the table represent ‘short-run’ effects, corresponding to the impact in period

immediately following the policy change. They are expressed as percentage point changes

in the variables of interest.

In all accounts, the reforms are shown to have a positive effect on the choice variables.

The female labor supply is enhanced more by the childcare subsidy reform, but this advan-

tage is counterbalanced by steep increase of demand for formal childcare. The additional

childcare demand drives up the realized costs of childcare reform, because new childcare

users were not accounted for in the initial cost projection. The spike of childcare costs is

not observed in the case of IWTC reform, where childcare demand stays relatively low.

The forgone maternal time spent with children is substituted to a large extent by informal

childcare sources. Therefore, the realized costs of the reform stay near the initial target.

In this case, the costs prove to be lower than expected due to the additional revenue from

income tax receipts filed by the new entrants to the labor market.

Last row of Table 6 shows interesting feature of the results - if I quantify costs of raising

labour supply by ten basis points, the two reforms will exhibit almost exactly the same ef-

fectiveness. This equivalence however holds only in the short run. Since childcare benefits

enhance fertility among young mothers, the pool of children will steadily grow as the co-

horts of post-reform babies grow older. This is important, since the Dutch children remain

eligible for childcare subsidies until the age of twelve. This will considerably increase long-

run costs of the reform, which will level off around the annual cost of 14.4 million Euro.

The long-term effects on labour supply are also larger than the immediate changes, since

the immediate effect on labour supply is propagated through the human capital channel

to the later periods, rendering the employment better appraised and therefore also more

desirable than before.

The reform comparison above exposes hidden costs of the childcare subsidy reform,

which are not to be realized in the initial post-reform years. These costs correspond to

reform-induced fertility increase, an impact which is most likely unintended by the policy

makers. For that reason, it may well escape their awareness, and therefore also their cost

projections. As I have shown, such costs are non-trivial. They are capable of erasing

significant portion of costs presumably saved compared to the other reforms, and they can

potentially reverse a policy recommendation which is seemingly optimal in the short run.

This finding bolsters the presumption that a sound policy analysis should look beyond the

traditional metric of key variable of interest, but also scrutinize the second-order effects

which are likely to be induced by the policy change, and which have the potential to
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influence government’s budget.

6 Conclusion

This paper develops a dynamic structural model of decision making of married and cohab-

iting women in the Netherlands. The unique feature of the model is that it combines three

interdependent choices: the women are assumed to choose their labor supply, fertility and

(conditional on having children) childcare demand. Each of the choices considered has been

found to be responsive to the changes in underlying financial incentives, and it has been

repeatedly argued (Bernal (2008), Francesconi (2002)) that their joint nature mandates

the use of unified modeling framework. The model is estimated using a rich administrative

panel covering years 2001-2009, which provides high-quality information about individual

labour market histories and childcare expenditures. Identification is aided by exploiting

two large-scale reforms of Dutch family policy which raised the government spending on

In-Work Tax Credits (EITC), and Childcare subsidies. Resulting variation in the tax and

subsidy rates is explicitly incorporated in the budget constraint.

The model fits the data well, and is capable of replicating the observed responses to

the realized policy changes. The optimized structural parameters are used for comparative

analysis of the childcare subsidy reform and the IWTC reform. The results show that the

two policy reforms induce similarly strong changes in terms of maternal labor supply, as

well as short-run government revenue. The fertility is stimulated more by the childcare

subsidy reform. However, the equivalence of budgetary costs is broken in the long run.

Reform-induced increase in fertility rates raises the costs of the childcare reform above its

short-run projection, as more children become eligible for subsidized childcare in the years

after the implementation. This finding should be of particular interest for policy makers,

since the costs of reform related to the fertility are not to be fully realized sooner than

several years after the implementation.

The question which remains to be answered is which of the policies fares better in terms

of reaching the two policy goals - to promote female labor participation, and to increase

fertility rates. I have shown that the IWTC reform proves to be more cost-efficient in

terms of labor supply stimulation, however it falls short of the fertility effect of childcare

subsidy reform. The two policies should be therefore evaluated with these limitations in

mind, and the policy makers should decide for one or another, depending on their priorities

- be it budgetary temperance, or fertility of the populace.
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Figure 1: Parental contribution rate to the childcare costs for the first child
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Source: own calculations using publicly available subsidy tables.

Figure 2: Histogram of hourly prices of formal childcare in the Netherlands, 2006-2009, in

Euros
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Figure 3: EITC for secondary earners with children and single parents
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Source: Tax Office.

Figure 4: EITC for primary earners with children
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Figure 5: Histogram of contracted work hours per week, expressed as shares of the full-time

work equivalent, women aged 18-65
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Figure 6: Histogram of household’s demand for daycare per week, expressed in full-day

childcare equivalents per week, active users only
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Figure 7: Histogram of household’s demand for out-of-school care, expressed in full-day

childcare equivalents per week, active users only
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Figure 8: Histogram of household’s demand for informal childcare, proxied, expressed in

full-day childcare equivalents per week
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Figure 9: Dynamics of the main variables of interest over the period 2002-2009, plots of

initial levels and subsequent changes
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Table 1: Use of childcare 2006-2009

Daycare Out-of-school care

2006 2007 2008 2009 2006 2007 2008 2009

Share households 29.8 40.6 49.8 53.8 7.1 11.3 15.2 18.4

Average number of children 1.3 1.3 1.3 1.3 1.4 1.4 1.5 1.5

(0.5) (0.5) (0.5) (0.5) (0.6) (0.6) (0.6) (0.6)

Average number of hours per child 19.5 18.7 19.5 20.0 9.6 8.7 9.4 9.9

(9.3) (10.4) (10.3) (10.4) (6.4) (6.3) (6.8) (7.6)
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Figure 10: Comparison of observed and predicted dynamics within the main variables of

interest over the period 2002-2009, plots of initial levels and subsequent changes
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Figure 11: Comparison of observed and predicted earnings spreads for women and men

living with a partner, breakdown by age of the worker
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Figure 12: The effects of simulated reforms on the corresponding policy rates
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Table 2: Descriptive statistics stratified by gender

Men Women

Age 40.4 38.0

Labor participation rate 0.96 0.78

Hourly wage 21.3 16.2

Hours worked per weeka 38.9 22.1

Native 0.84 0.83

Western immigrant 0.08 0.09

Non-western immigrant 0.08 0.08

Lower educatedb 0.21 0.18

Middle educatedb 0.42 0.50

Higher educatedb 0.37 0.32

Between 4 and 12 years 0.54 0.54

Urban area (share)c 0.17 0.17

Non-urban area (share)c 0.83 0.83

Daycare use (share)d 0.31 0.31

Out-of school care use (share)e 0.13 0.13

Number of observations 913236 913236

aHours worked per week by the employed. bEducation is classified as follows (using the Dutch abbreviations): i)

lower educated = BO and VMBO, ii) middle educated = MBO, HAVO and VWO, iii) higher education = HBO and

WO. cAn urban is defined as large (small) when it has 150,000 inhabitants or more. dDaycare use among families

with at least one child aged 0–3. eOut-of school care use among families with at least one child aged 4–12 years.
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Table 3: Dynamics of the main variables of interest over the period 2001-2009, Random-

Effects Regression

(1) (2) (3) (4)

Marriage Fertility Childcare Use Market Work

(1st time parents)

Husband’s earnings (log) 0.00123*** 0.0232*** 0.0153*** 0.00164***

PT work 0.00317*** -0.0460*** 0.221***

FT work 0.0206*** -0.397*** 0.0126***

Age -0.00567*** 0.193*** 0.143*** -0.0425***

Age2 0.00003*** -0.00299*** -0.00215*** 0.000533***

Immigrant -0.00495*** 0.00836*** -0.0172*** -0.0727***

Grandparents in the h’hold 0.00373*** 0.566*** 0.166*** -0.0510***

No. of adults in the h’hold -0.00302*** -0.00871*** -0.00118 -0.00629***

Year: 2002 0.00124*** 0.00239 0.00713***

Year: 2003 0.00224*** 0.00121 0.00770***

Year: 2004 0.00126** 0.00910*** 0.00573***

Year: 2005 -0.000161 0.00578** 0.00760***

Year: 2006 -0.000234 0.0117*** 0.0170***

Year: 2007 -0.00131** 0.0237*** 0.0776*** 0.0308***

Year: 2008 -0.00101 0.0290*** 0.130*** 0.0381***

Year: 2009 -0.000178 0.0366*** 0.158*** 0.0390***

Education dummies yes yes yes yes

Constant -0.201*** -2.749*** -2.591*** 1.787***

Observations 913236 334380 117112 913236

*** p<0.01, ** p<0.05, * p<0.1
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Table 4: Parameterization and Parameter Estimates

Value St.dev.

utility function

CRRA parameter (µ) 0.7146 ( 0.0311)

leisure (linear) 1.771 ( 0.0237)

leisure (quadratic) -0.1634 ( 0.0509)

formal childcare (linear) 1.9411 ( 0.1479)

formal childcare (quadratic) -0.4128 ( 0.1542)

formal childcare ∗ preschool 0.1301 ( 0.0671)

formal childcare ∗ leisure -0.0622 ( 0.0092)

informal childcare (linear) 1.0832 ( 0.6276)

informal childcare (quadratic) -0.0127 ( 0.0043)

number of children 0.5622 ( 0.0092)

number of children (quadratic) -0.1496 ( 0.0762)

birth in the curr. period -0.3346 ( 0.0966)

female wage

wage intercept 2.8585 ( 0.0153)

returns to schooling (linear) -0.2003 ( 0.0116)

returns to schooling (quadratic) 0.1944 ( 0.0057)

returns to experience (linear) -0.0372 ( 0.0097)

returns to experience (quad) 0.0244 ( 0.0018)

male earnings

wage intercept 2.7403 ( 0.0174)

returns to schooling (linear) -0.0303 ( 0.0011)

returns to schooling (quadratic) 0.0029 ( 0.0000)

returns to experience (linear) 0.0495 ( 0.0014)

returns to experience (quad) -0.0007 ( 0.0000)



parameter estimates - cont’d Value St.dev.

error structure

σleisure 0.9581 ( 0.0113)

σfertility 2.8378 ( 3.4351)

σchildcare 2.2825 ( 0.9763)

σwage.wife 0.2487 ( 0.0068)

σwage.wife.meas.error 0.1841 ( 0.0075)

σwage.husband 0.218 ( 0.0011)

number of observations 5000

LL : 6104.2246

Table 5: Comparison of observed and predicted moments

observed moments baseline prediction

employment rate 0.835 0.829

fertility rate per period 0.067 0.068

childcare use rate 0.326 0.384

women’s earnings - mean 21.767 22.936

- st. dev. 6.311 7.188

men’s earnings - mean 36.92 36.231

- st. dev. 9.724 11.698

35
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Table 6: Effectiveness of fiscal stimuli of 100 million Euro

Childcare subsidy EITC

Intended costs 100.0 100.0

Realized SR costs 155.6 92.6

Labour supply effect 1.29% 0.72%

Childcare demand 13.95% 1.45%

Fertility 1.85% 1.18%

Cost of raising LS by 0.1% 12.1 mil. 12.8 mil.
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