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Abstract

In this paper we examine the desirability of subsidizing child care expenditures in a
model where parents can choose both the quantity and the quality of child care services
they purchase in the market. Our vehicle of analysis is a Mirrleesian optimal tax frame-
work where child care services not only enable parents to work, but also contribute to
children’s formation of human capital. In addition, there are externalities related to the
parents’ choice of child care arrangements for their offspring. Using a quantitative simula-
tion model calibrated to the US economy, we evaluate the relative merits of some the most
common forms of child care subsidies (tax deductions, tax credits, and opting-out public
provision schemes) in terms of their effectiveness in alleviating the distortions associated
with income taxation and increasing the quality of child care chosen by parents.
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1 Introduction

Public involvement in child care provision is a widespread phenomenon but is also a hotly
debated issue. Rosen (1996) strongly advocates against public subsidies. Becker and Posner
(2005) express a similar view and argue that the provision of child care services is best left to the
market without public intervention. An opposite view is held by Currie (2006) and Waldfogel
(2006), who provide a number of arguments for publicly subsidized child care. The OECD has
taken a strong interest in the subject with several projects on child care and five large reports
(OECD 2001, 2006, 2011, 2012, 2015), and it has also given some member countries strong
advice to increase public funding of child care. In the US, one third of the costs of child care for
children under 6 are paid for by government subsidies (Blau and Currie, 2006). In the Nordic
countries publicly financed child care is remarkably widespread; in Sweden, for instance, 85%
of children in ages 2-5 are in child care,! and to a substantial part (80-85%) this care is publicly
financed.

Several arguments have been proposed to justify subsidizing child care expenditures. One
claim that is often made is that child care subsidies are desirable since they make it possible for
both parents to work.?2 However, even if it is the case that child care services are needed in order
to allow for both parents to work, it does not necessarily follow that child care expenditures
should be subsidized unless it is a goal in itself that both parents should work, for instance to
promote gender equality. Moreover, alternative policy instruments, such as for instance EITC
schemes or gender-based taxes, might be more effective to achieve this goal.

Another argument in favor of child care subsidies is that they represent a means to increase
fertility and improve the demographic composition.?

Perhaps most importantly, child care outside the home may serve the purpose of improving
child outcomes, in particular for children with a poor social background.* It is implicit in this
argument that many parents either do not have the financial means to buy good quality child
care or lack the knowledge of the benefits descending from high quality child care, and that
therefore public intervention is needed. The OECD 2006 report pushes a similar argument and
argues that child care has public good aspects; the human capital formation in children is not
only of interest for the parents but for society as a whole. Moreover, in light of recent evidence

that the rate of return to society from investment in the human capital of children is larger the

ICalculated from tables 62 and 500 in Statistisk Arsbok 2003.

2This is also a major argument given in the 2006 OECD report. It is studied by, among others, Blau and Robins
(1988), Gustafsson and Stafford (1992), Ribar (1995) and Powell (2002).

3See, for example, OECD (2011).

4See, for instance, Blau and Currie (2006), Currie (2006) and Waldfogel (2006). More recently, Havnes and
Mogstad (2011) have provided evidence on the long-run effects of child care. Using Norwegian data they find that
subsidized child care has large positive effects on children’s adult outcomes measured in their early 30s in terms of
education, labor market attachment and welfare dependency. In a companion paper, Havnes and Mogstad (2015)
report that there is a large heterogeneity in effects; the positive effects are particularly large for children from
families below median levels of income. The benefits of subsidized child care are however not undisputed. For
instance, Baker et al. (2008) find a negative short run effect of child care on children’s noncognitive development.



younger the children are (as argued by, for instance, Carneiro and Heckman, 2003), it seems
that public funding of child care could be even more important than public funding of primary
education.

If one takes the benefits of child care as given, and decides that child care should be sub-
sidized, it would seem natural to argue that the gains from subsidizing child care expenditures
ought to be traded-off with the deadweight losses of the taxes that are needed to finance the sub-
sidies. In a sense, however, the optimal tax literature has pushed the opposite argument, namely,
that subsidies to child care have the potential to increase the efficiency of the tax system. The
argument is related to the well-known result in the optimal tax literature that goods comple-
mentary to labor supply should be subsidized, and dates back to Corlett and Hague (1953). The
logic is most easily understood in the context of the modern Mirrleesian optimal income tax
model where market productivity is private information (and is the only source of heterogeneity
among agents) and the government optimizes a nonlinear income tax. In this setting, to prevent
high-skilled agents from “mimicking” low-skilled agents, i.e. lowering their labor supply to
earn the same pre-tax income as a low-skilled person (and therefore benefit from a more fa-
vorable tax treatment), a downward distortion on the labor supply of low-skilled agents must
be imposed. Suppose, in addition, that one hour of formal (purchased) child care is needed for
every hour of market work and that the quality of child care, and therefore its hourly price, is
fixed. Then, if a high-skilled person were to behave as a mimicker, he/she would purchase fewer
hours of child care than a true low-skilled person (given that, earning a higher wage rate, he/she
can produce the same pre-tax income as the low-skilled person with fewer hours of work), and
therefore would spend less on child care. This implies that a child care subsidy would be more
highly valued by a low-skilled person than by a high-skilled mimicker. Thus, by introducing
a subsidy to child care expenditures while at the same time lowering the after-tax income of
a low-skilled person (through an adjustment in the income tax), one can make mimicking less
attractive without hurting a low-skilled person. This in turn would open for the possibility to
alleviate the downward distortion on the labor supply of low-skilled agents, thereby increasing
their labor supply and achieving redistribution at a lower efficiency cost.”

In this paper we analyze the desirability of child care subsidies in a Mirrleesian optimal
income tax framework, focusing attention on two rationales for public support of child care
expenditures: (i) that child care subsidies might enable the government to redistribute at a lower
efficiency cost, and, (ii) that there are positive externalities associated with parents’ choices of
child care arrangements for their offspring.

A key observation is that the extent to which child care subsidies enable redistribution at
a lower efficiency cost depends on the strength of the correlation between child care expendi-
tures and labor supply. In the example that we discussed above, where one hour of child care
is needed for every hour of work, this correlation is very strong. In fact, with this assump-
tion, subsidies to child care are always welfare-improving since a high-skilled mimicker would

5This rationale for the subsidization of child care subsidies is emphasized in Blomquist et al. (2010).



always spend less on child care expenditure than the low-skilled person being mimicked. How-
ever, with a richer model determining child care expenditure this is not necessarily the case. An
important contribution of our paper is to assess the role for child care expenditures through the
lens of a calibrated model where both the quantity and quality of formal child care is a choice
variable for parents. This opens up in particular for the possibility that a mimicker, even though
he/she works fewer hours, may have higher child care expenditure if he/she chooses a child
care arrangement of a higher quality. In addition to incorporating the quality dimension of child
care, we employ a rich model of household time allocation. These aspects taken together imply
that we evaluate the desirability of child care subsidies in a model with an empirically relevant
correlation between child care expenditure and labor supply.

To capture the externality argument in favor of public support of child care expenditures,
we assume that the quality of care that children receive, both at home and outside the home (in
terms of formal care), affects the children’s human capital formation. Moreover, we implicitly
assume that the human capital formation is an important determinant of the productivity and
future earnings of individuals. This implies that increased human capital investments have the
potential to increase the future tax base, and for a given size of public expenditures, result in
lower taxes for future generations. In addition, high quality child care can help the promotion of
social skills, reduce rates of crime, teenage pregnancy, high school dropout rates, adverse health
conditions and other social problems (Heckman 2006, Heckman and Masterov 2007). We allow
for such externalities by taking a reduced form approach, incorporating into our social objec-
tive a term which depends positively on the human capital of all children in the economy. In
this setting, public intervention may then be desirable as a means for internalizing externalities
associated with parents’ choices of child care arrangements. The externality term that we incor-
porate into the social welfare function is chosen in such a way that it helps identify those child
care subsidy schemes that work particularly well as means to increase the human capital levels
of children, especially those in low-income families.

Our model economy consists of two-parent families with the same (positive) number of
children in child care ages, and where we allow households to differ in their market ability as
well as in their nurturing ability. We assume that there is a fixed supply schedule for child care
services, represented by a price function which determines the hourly price of center-based care
as a function of its quality. Parents decide on their time allocation, dividing their time between
market work, domestic child care and leisure. In addition, they decide on the quantity and
quality of formal (center-based) child care for their children. The government uses an optimal
nonlinear income tax, based on total household income, for redistributive purposes. In addition,
the government can supplement the income tax with child care subsidies that may take the form
of either tax deductions, refundable tax credits, or a public provision scheme. Our point of
departure is that there is a special tax treatment for families with children in child care ages, an
assumption that agrees with reality both in the US and in many other countries. Thus, in our

analysis we keep the net tax revenue from this group of taxpayers constant.



The public provision scheme that we consider is of an opting-out kind and we study two
variants of it. In one case agents can choose between getting center-based child care services of
a given fixed quality (chosen by the government) at a subsidized price (in which case households
are said to “opt-in”), and freely choosing their preferred quality of center-based services but
bearing the full cost (in which case households are said to “opt-out”). Under the alternative
public provision scheme the government provides for free child care services of a given fixed
quality up to a given maximum amount of hours per household. If parents are not satisfied
with the quality provided by the government, they can decide to opt out and freely choose their
preferred quality for child care services, in which case they will have to pay the full cost. On
the other hand, if parents decide to opt-in, they can have their kid at a child care center for how
many hours they want, but they will have to pay for the hours in excess of those provided for
free by the government. In this sense this second provision scheme combines features of an
opting-out scheme and features of a topping-up scheme.

Our ultimate goal is to assess whether child care subsidies are indeed welfare-enhancing
and, in the case they are, whether it is better to use tax deductions, tax credits, or a public
provision scheme. An important point to emphasize is that a possible outcome of the analysis
is that there should be no subsidies to child care, and that both the redistributive goals and the
internalization of the externalities are best addressed by solely relying on the optimal nonlinear
income tax. In fact, a fully nonlinear income tax is a flexible instrument which also includes
the possibility of having an Earned Income Tax Credit (EITC). Moreover, even though previous
studies in the optimal tax literature have highlighted that child care subsidies might reduce
the efficiency costs of redistributing via an income tax, the result was obtained in models where
quality of formal care was not a choice variable for parents and therefore child care expenditures
were only a function of the number of hours spent by a child in a facility.®

To illustrate the main mechanisms underlying our analysis we first present a simplified two-
type theoretical model where we describe the policy instruments that we consider and where
we characterize the optimal design of the various child care subsidies that we allow for. We
then proceed to construct a quantitative simulation model with an extended number of types
calibrated to empirical wage distributions and time use patterns based on US data. In the
quantitative analysis we analyze the optimal structure of taxes and subsidies and assess the
welfare gains of alternative ways of subsidizing child care when the government is simultane-
ously optimizing a nonlinear income tax. As already mentioned, we focus on tax deductions
and refundable tax credits, but we also consider the possibility of implementing two alternative
public provision schemes.” For the case of tax credits and tax deductions we consider both

6See, for instance, Blomgquist et al. (2010), Domeij and Klein (2013), Bastani et al. (2015), Ho and Pavoni
(2016), Koehne and Sachs (2017), Guner et al. (2017).

"The study of the case where child care subsidies are administered through tax deductions or through an opting-
out public provision scheme is a novelty of our analysis. With a few exceptions (such as Blomquist and Chris-
tiansen 1995), previous contributions in the optimal tax literature have either considered child care subsidies that
are equivalent to refundable tax credits or subsidies administered through topping-up public provision schemes. In
addition, their quantitative importance has not been assessed.



the “uniform” case when the fraction of child care expenditures that is deductible against the
household earned income, or the fraction that can be credited against the gross income tax, is
the same for all households, and the “means-tested” case when the fractions are allowed to be
income-dependent.

Our results indicate that subsidizing child care expenditures by means of tax credits welfare-
dominates subsidizing child care expenditures by means of tax deductions. However, we do not
find these instruments to be efficient to relax binding incentive-compatibility (self-selection)
constraints, which means that they cannot be justified as a way to achieve redistribution at lower
efficiency costs. Intuitively, the reason is that tax credits and tax deductions cannot mitigate
binding incentive-constraints due to the fact that when quality is a choice variable, it is much
less likely that so-called mimickers, i.e. high skill individuals who reduce their labor supply
in order to qualify for a more lenient tax treatment, have lower child care expenditure than
households being mimicked, i.e. actual low skill households. Thus, with tax deductions or tax
credits the desirability of child care subsidies comes entirely from the externalities related to
parents’ choice of child care arrangements for their offspring.

Turning attention to the public provision schemes, we find that both tax credit and tax deduc-
tion schemes are dominated by the opting-out public provision schemes. In addition, the public
provision schemes deliver welfare gains even when externalities are absent and can therefore
be justified also as a means to mitigate the distortions associated with income taxation. Intu-
itively, public provision schemes are more effective as instruments to enable redistribution at a
lower efficiency cost as they offer a subsidy in combination with a fixed quality level, thereby
making it much more likely that the mimicker has a lower expenditure than the household being
mimicked.

The paper is organized as follows. In Section 2 we discuss in more details how our contri-
bution relates to some recent papers analyzing the welfare consequences of child care subsidies.
In Section 3 we set up a simplified two-type optimal tax model to derive an analytical character-
ization of the welfare properties of subsidizing child care expenditures by means of granting tax
credits and/or tax deductions, or by using two alternative opting-out public provision schemes.
In Section 4 we describe the empirically driven simulation approach that we employ to evaluate
the social welfare effects of the subsidy schemes that we consider. Section 5 provides the quan-
titative results of our numerical simulations based on US data. Finally, Section 6 offers some

concluding remarks.

2 Relation to the literature

In this paper we follow the Mirrleesian approach to optimal income taxation and ask the ques-
tion whether child care subsidies, in the form of tax credits, tax deductions or public provision
schemes can usefully supplement the nonlinear income tax in achieving redistribution and in-
creasing the quality of the child care arrangements chosen by parents for their offspring. While
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the role of child care subsidies in promoting the quality of child care is a novelty in our setting,
previous contributions have emphasized the relationship between child care subsidies and the
efficiency of the tax system.

First and foremost, our paper relates to the Atkinson and Stiglitz (1976) theorem on the
usefulness of commodity taxes in the presence of a general (nonlinear) labor income tax. Ac-
cording to that theorem, if the income tax is allowed to be nonlinear, commodity taxes are a
redundant policy instrument when preferences are separable between leisure and other goods.
If the separability condition is not satisfied, one should use commodity taxes and subsidies to
discourage the consumption of goods/services that are substitutes with labor supply and en-
courage the consumption of goods/services that are complements with labor supply. Given that
child care services are regarded as a primary example of goods that are complements with labor
supply, a consequence of the Atkinson and Stiglitz (1976) theorem is that they should be sub-
sidized or in any case be subject to a more lenient tax treatment (compared with other goods).®
In relation to the Atkinson and Stiglitz result, we assess the efficiency-enhancing role for child
care through the lends of a a model where the correlation between child care expenditure and
hours of work arises endogenously through a rich model of household decision making where
both the quantity and quality of child care are choice variables.

In an important contribution, Domeij and Klein (2013) study how child care subsidies can
help achieving efficient labor wedges (both across time and across agents) in a dynamic Ram-
sey optimal tax problem. They recommend that child care expenditures should be made tax
deductible. However, they do not consider a Mirleesian income tax setting, and differently from
our paper, they disregard the quality dimension of child care services and assume that they are
only needed when both parents work (one hour of child care is needed for every hour that both
parents work).

In a recent paper, Guner et al. (2017) extend the analysis by Domeij and Klein (2013)
in several directions and study the macroeconomic and welfare implications of transfers to
households with children, including subsidies to child care. However, they do not consider a
Mirrleesian optimal income tax setting, and even though the quantity of child care is a choice
variable (and not strictly related to hours of work) and agents face different (éxogenous) child
care costs, child care quality is not a choice variable of agents.’

The paper most closely related to ours is Ho and Pavoni (2017), who also analyze the design
of child care subsidies in a static Mirrleesian framework. In particular, they provide a rich set
of results on the optimal manner in which to subsidize child care. However, even though their
setting is similar to ours, they consider a different model of household decision-making; most
importantly, they do not take into account the quality dimension of child care and do not analyze

the same subsidy instruments as we do. Hence, we view their paper as complementary to ours.

8This is also the view expressed by Crawford et al. (2010) in one of the chapters contained in the Mirrlees
Review (2010). See Bastani et al. (2015) and Koehne and Sachs (2017) for recent discussions of this result.

9See also Bick (2017) who employs a rich model of household behavior with fertility, labor force participation,
and various child-care choices to study the welfare effects of two child care reforms in Germany.



Another paper that we view as complementary to our paper is Koehne and Sachs (2017) who
do not consider welfare optima, but instead study Pareto-improving reforms in the form of tax-
breaks for work-related goods (they use household services to exemplify their point).

In sum, even though the literature has provided several useful contributions analyzing the
subsidization of child care in different settings, none of the previous studies allowed child care
quality to be a choice variable, nor explored the externality-argument for subsidies to child care
using a quantitative model. In addition, the above papers do not analyze the role of public
provision schemes (which, as our analysis suggests, play a particular important role in models

where the quality of formal child care is a choice variable for parents).

3 A simple theoretical model

In this section we present a simplified two-type version of the model that will later be used
to quantitatively explore the welfare effects of alternative ways to subsidize child care. We
consider a subpopulation of the economy, namely families with the same (positive) number of
children in child care ages, implicitly assuming that the tax system can be tagged based on the
number of children in child care ages living in a given household (agreeing with tax systems in
many countries, including the US). For illustrative purposes, and given that the same kind of
analysis can be carried out for each specific tagged group, we will assume that each household
has one child in child care ages. This subgroup of agents consists of two types of households
who differ in terms of market ability and nurturing ability. Assuming assortative mating and
positive correlation between the two dimensions of ability, we let households of type 2 be
the high-ability households, and households of type 1 the low-ability ones. Allowing for the
possibility of a gender wage gap, we distinguish between w'., the wage rate of the father in a
type i (i = 1,2) household, and w',, the wage rate of the mother in a type i (i = 1,2) household,
and we assume w', > wi,. Moreover, we also assume that wj, > w}.

The proportion of households of type i is denoted by n* and the total number of households
is normalized to unity. We also assume that in each household the child needs to be taken care
of all the time. Care can either be provided by one of the parents (when they are not working
in the market or they are not engaged in other activities without the child) or by means of
external child care services offered by centers which differ in quality. Normalizing to one the
time endowment of each of the two parents in a household, the time constraint for the mother
can be written as:

Ly+h,+€6y =1, €))]

where L, represents the labor supply of the mother, /4, denotes the number of hours spent by
the mother with the child, and £,, represents leisure time spent by the mother without the child.



Similarly, the time constraint for the father can be written as:
Li+he+{r=1. (2)
Finally, the time constraint for the child is:
he+ by +hy =1, 3

where h. denotes the number of hours that the child spends in a child care facility.1°

Parents derive disutility from labor, utility from time spent with the child and leisure time
without the child, and from the consumption of a composite good denoted by ¢ and treated
as the numéraire of our economy. Moreover, parents are assumed to care about the overall
quality of the child care arrangement for their child, the idea being that a higher quality of the
early childhood environment fosters the human capital development of the child and ameliorates
his/her future prospects as an adult. The overall quality of the child care arrangement depends
on the time that parents spend with the child (i; and A,,), the nurturing abilities of the parents
(denoted by w!, and a)j, for respectively the mother and the father in a type i household), the
time that the child spends in a child care facility (k.) and the quality of the chosen child care
facility (denoted by ¢.). The overall quality of the child care arrangement, denoted by g, can
then be described as:

q= f(hm, hp, he, Ges W, a)}) “4)

where the distinction between the first four arguments of f (-) and the last two is that only the
former represent choice variables for the parents.

In our analysis we will also leave open the possibility that there are positive externalities
related to parents’ choice of the overall quality of the child care arrangement for their offspring.
This will be captured by an additively separable term in the social welfare function, which
therefore does not affect the behavior of households. For this reason, we will only introduce the
externality when we will present the government’s tax design problem.

Assuming a unitary model of household decision making, agents’ preferences are repre-

sented by the following household utility function:
U = v(c, s b bons L Lns L G5 W wh), )

or, equivalently, taking into account the definition of g provided by (4) and the fact that, given
the time constraints (1)-(3), only four variables in the set {hm,hf, Cos Uy Ln, Ly, hc} are truly

ONotice that in the time constraints (1)-(3) the possibility that parents spend joint time with their child is not
contemplated. The reason is that even if we were to allow for a variable hy, denoting hours spent together by both
parents with their child, it would be optimal for the household to set Ay, = 0. Intuitively, setting A, > 0 would be
suboptimal since it would be equivalent to a reduction in the total time endowment for the household as a whole.



unconstrained variables for the household:
U=v (c, Fons Liny L Brcy G W, wj,, Wl w}) 6)

The laissez-faire hourly price of center-based child care services, denoted by p, is assumed to
depend on the quality g, of the child care facility through the increasing function p = p (q.).
Total child care expenditures for a household are given by D = p(g) he.

Using u' (c, Pony Ly Lg, bic, qc) as a shorthand for (6), the problem solved by a type i house-
hold in the absence of government intervention can be described as follows:

hmezry{,ll%?,%Ic,qc ltl (C, hnl, Lm, Lf; h,c’ qc)
subject to:
c= W;Lf + anLm 2 (qC) hC, (7)

where constraint (7) represents the household budget constraint.

3.1 The government’s problem

A benevolent government chooses its available tax instruments to maximize an inequality-
averse social welfare function defined over the utilities of the various households. In line with
the informational structure characterizing the Mirrleesian optimal tax literature, we assume that
the government knows the distribution of types in the population but cannot observe “who is
who”, meaning that it can observe neither Lj. nor ij (with j = m, f), while it can observe
Y = w}Lf + wh, Ly, the household earned income. Thus, the government is prevented from
imposing personalized lump-sum taxes/transfers. Another variable which is assumed to be un-
observable by the government is the quality of center-based child care chosen by agents (and
therefore the unitary price of the child care services chosen by any given household). Instead,
we assume that the government can observe the household expenditures on child care services.

The policy instruments at the government’s disposal include a general (nonlinear) tax on
(household) labor income and the possibility to subsidize child care expenditures in various
ways. Given that child care expenditures D are assumed to be observable at the household
level, the government could in principle design a general, non-separable, tax schedule where
the household tax liability is an unrestricted joint function of Y and D: T = T (¥, D). However,
since real-world governments do not usually adopt such sophisticated tax schemes, and since
our analysis has the ambition of being policy relevant, we will restrict attention to subsidy
schemes which are commonly adopted in real economies. In particular, we will focus on:

a) tax deductibility;

b) refundable tax credits;

c) opting-out public provision schemes.

10



In the following subsection we discuss and formalize the government’s problem when non-
linear income taxation is supplemented by tax deductibility and/or tax credit granted for child
care expenditures. In a subsequent subsection we consider the government’s problem when an

optimal nonlinear income tax is supplemented with an opting-out public provision scheme.

3.1.1 The government’s problem with tax deductibility and/or tax credits

Let a and B denote respectively the fraction of child care expenditures that can be deducted
against the household earned income and the fraction that can be credited against the gross
income tax. Taxable income, denoted by M, can then be defined as M = W}Lf + wfnL,n - aD.
The gross income tax is obtained by applying the tax schedule T' (M) and the net income tax is
obtained by subtracting AD from T (M). Using the notation B = M — T (M), and assuming that
the tax credit is refundable, the household consumption can be expressed as:

o
I

wiLg+ WLy =T (M)~ (1~ D
wiLg+ WLy —M+B—(1~-pD
WLy + Wi Ly = WiLg = Wy L + @D + B — (1 = B) D

B-(1-a-p)D.

Il

With two household types, the problem of optimally choosing the nonlinear tax function 7" (M)
can be equivalently stated as the problem of selecting two bundles in the (M, B)-space, one for
each household type, subject to a public budget constraint and subject to the self-selection con-
straints requiring that each household type (weakly) prefers the (M, B)-bundle intended for it by
the government to that intended for the other type. Hereafter, we will use the term “mimicker”
to refer to a household misrepresenting its true type to the government by choosing the bundle
intended for another type.

Before formally presenting the government’s problem when a nonlinear income tax is sup-
plemented by tax deductibility and/or tax credit for child care expenditures, we need to intro-
duce some more notation. For this purpose, we denote by V' (M, B, «, ) the conditional indirect
utility obtained by an optimizing household of type i at a given (M, B)-bundle for given values
of @ and . Substituting [M —wh Ly + ap(q.) hc] /wj, for Ly (for a given value of M, once g,
h. and L,, have been chosen, L is residually given), we have:

Vi(M,B,a,p) =
M~ anLm + ap (QC) hc

max ui (B - (1 - *ﬂ)P (QC) hc, hm: L)m s hc, gqc |-

g, L !
Geiesthinsbom Wf

The solution to the problem above yields the conditional demands g’ = g.(), . = hc(-), ki, =
h(+), and L} = L,,(-) as functions of M, B, &, B; w',, w}, W, w;}.
The indirect utility for a type i household is then obtained by optimally choosing the (M, B)-
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bundle among those implied by the nonlinear schedule B = M — T (M). From this optimization
problem, which can be formalized as mAE}XVi (M, M —T (M), ,pB), one can define the implicit

marginal income tax rate faced by a parent in household i as:

avijom

7 =1+ 2
* viiaB

=1- MRS}, (®)

where — g“',,//gﬂg = MRS’ represents the marginal rate of substitution between M and B for a

household of type i at the selected (M, B)-bundle.
Applying the envelope theorem one gets:

% B %uz (10)
= @l p(f;;h':%:p(qah 1+—1,-§—L”—/%%iﬁ”i—p<qc>hrii

. . 1n
%g—l = p(qc)hcilﬁ, (12)
%‘5 = |-Q-a- ,6’) i ;gﬂh (13)

Equation (11) shows that the private welfare gain of a marginal increase in the deductibility
rate is proportional to the product between the marginal income tax rate faced by an agent and
the expenditure on child care services.

Equation (12) shows that the private welfare gain of a marginal increase in the fraction of
child care expenditures which can be claimed as a refundable tax credit is proportional to the
private expenditure on child care services.

Equation (13) determines an upper bound for the values of & and 8. The reason is that we
need to make sure that dV?/dp < 0; otherwise, the household consumption and utility would
be increasing in the price of child care services. This would imply that the seller and the buyer
would both be benefitting from a higher price, and the possibilities for “cheating” or colluding
against the government would be large. To ensure that V'/8p < 0 it must be that %%} <
(l-a-p) %. When a = 0 (no tax deductibility) the condition is satisfied provided that § < 1.
When @ > 0, the condition is satisfied when (1 ~a—f) /o > a" /( }%’S), which is in turn
equivalent to requiring that (1 -8) /e = 1 ‘9“ / ( AL ) Given the definition that we have
provided above for the implicit marginal income tax rate faced by a member of household i, the
previous inequality can also be rewritten as 77 < (1 — 8) /« or, equivalently, 7" + 8 < 1. This
condition has to be satisfied for all households, including the mimickers at the self-selection
constraints which are binding at the solution to the government’s problem. Given that 7’ cannot

12



exceed unity, a simple sufficient condition which ensures that 8V/dp < 0 is to assume right
from the outset that o + 8 < 1. Since this simpler condition avoids some complexities which
are especially relevant when numerically simulating the model, we will hereafter impose this
constraint on our analysis.

We are now ready to formally state the government’s problem. Using & to denote the wel-
fare weight applied by the government on the utility of households of type i (with ' + 6% = 1),
and denoting by v (ql, qz) the additively separable term that captures the externalities related to
parents’ choice of the overall quality of child care arrangements for their offspring, the govern-

ment’s problem can be described as:

max {6V (M', B, a.8) + 6V (M2 B, 0. B) + v (¢, 7))

MBLME B 0
subject to:
V2 (M% B, . B) 2 V2 (M1 B, a.B), (1)
> (- ) >ﬂZﬂp g+ R, 1)
111 a+p, ©)

where Lagrange multipliers are within parentheses. The A -constraint represents the self-selection
constraint requiring a high-skilled household not to mimic a low-skilled household,!! and the
p-constraint represents the public budget constraint with R denoting the exogenous value of
the net tax (if positive) or transfer (if negative) that the government wants to collect from (or
transfer to) the set of households with one child in child care ages.'?

The first order condition of this government’s problem are presented in appendix A. Since
our primary interest in this subsection is to characterize the optimal design of a tax credit and/or
a tax deductibility policy, we also relegate to the appendix the formulas defining the optimal

€@ T

marginal income tax rates faced by the different groups of households. Using a symbol
to denote a variable when pertaining to a mimicker and a tilde symbol to denote compensated
(Hicksian) demands, the following Proposition characterizes the optimal values for the policy

parameters a and 3.

Proposition 1. Denoting by T (M) the implicit marginal income tax rate faced by a mimicker
P g 0y p g y

aV2/aM!
8V2/8BL’ th

at the bundle intended by the government for low-skilled agents, T (M 1) =1+

l1Since we confine attention to the case when redistribution goes from high- to low-skilled households, we can
safely disregard the self-selection constraint requiring low-skilled households not to be tempted to mimic high-
skilled households.

121t should be kept in mind that we are solving for the optimal policy that applies to a specific group of house-
holds in the society, those with one child in child care ages, assuming that the government can tag the income tax
system based on the number of children in child care ages that live in a household.
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optimal deductibility rate for child care expenditures is characterized by the condition:

| - BTN PT ) 5,240

; (14

7t |f—— — D'T”
; da 7

the optimal fraction of child care expenditures which can be claimed as a refundable tax credit

is instead given by:
2 (pl _ ) 4 32 2dg)dg
po MDD T g 1)
32, wdDi/dp

Proof See Appendix A.1. O

To interpret the result stated in the first part of Proposition 1 it is useful to think of the follow-

ing policy experiment. Starting from an initial equilibrium, raise marginally the deductibility

rate while at the same time adjusting B’ by dB' = ~MRS! da = — g“; //g; de in order to offset

any welfare effects on non-mimicking households. By construction, the only possible effects of
the reform are those on the self-selection constraint, the government’s budget constraint, the ex-
ternality term entering the social objective function, and the constraint defining an upper bound
for . The first effect is captured by the first term at the numerator of the right hand side of (14).
From (10) and (11) one realizes that D' T’ (M 1) - DT (M 1) represents the difference between
how much the government can lower B! without reducing the utility of a low-skilled household
and the reduction in B! which would be required to maintain the mimicker’s utility unaffected.
When D'T’ (M 1) - DT (M 1) > 0, the reform makes the mimicker worse-off and in this way it
slackens the self-selection constraint.

The term on the left hand side of (14) captures the effects of the reform on the public budget.
On one hand, thanks to the reduction in B, the reform allows the government to raise the tax
revenue by Y12, 7' D'T” (M i). On the other hand, total outlays for the government might increase
if private child care expenses are also eligible for a tax credit treatment (8 > 0) and the parents’
behavioral response to the reform is to increase private expenses on child care services (with
the behavioral response captured by Y= ni,ng).

The third term on the right hand side of (14) reflects the Pigouvian motives for allowing child
care expenditures to be tax deductible: raising o offers an additional source of welfare gains if
there are positive externalities associated with an increase in the overall quality of child care
arrangement chosen by parents and an increase in « induces parents to change their behavior in
such a way to increase g.

Finally, the last term on the right hand side of (14) captures the effect of the reform on
the constraint defining an upper bound for @. This term vanishes when the §-constraint is not
binding. Otherwise, the compensated increase in the deductibility rate implies an additional
cost for the government.

Denoting by .L the Lagrangian of the government’s problem, in the event that there is no
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tax credit granted for child care expenses one can show that, when the income tax T (M) is

optimally chosen, 0.L/da can be expressed as:'?

oL . av* o 2, ov(q',q?) g .[dq
5(;_,1@[1) D]T (M) -5+ o7 4o -D )| (16)

i=

In the absence of any externality related to the overall quality of the child care arrangement

chosen by parents, (16) reduces to:

oL av? =

5 :Aﬁ[pl -D|T (M) -5,
showing that, when tax deductibility is used in isolation, the deductibility rate should either be
pushed to the maximum level (¢ = 1), which happens if the child care expenses of a low-skilled
household exceed those of a mimicker (D! > D?), or should be set to zero if D! < D2,

Eq. (15) admits an interpretation which is similar to the one that applies to the optimal
commodity tax rules in models where a set of linear commodity taxes supplements a nonlinear
income tax. On one hand it embeds a trade-off between the mimicking-deterring effects which
are produced, when D! > D, by a compensated increase in S (namely a marginal increase
in B which is accompanied by adjusting B' by dB* = ~MRS },df = g“,/, //:g, dp to prevent any
welfare effect on non-mimicking households), and the deadweight losses arising from distorting
the parents’ behavior (Z?:l n % > 0). On the other hand, it also accounts for the Pigouvian
motives to affect the parents’ choice about the overall quality of the child care arrangement for

their offspring.

3.1.2 The government’s problem with an opting-out public provision scheme

In this section we consider the possibility that child care services are publicly provided by
means of an opting-out provision scheme.!* This means that the government provides child
care services of a given fixed quality g, at a subsidized cost for parents. If parents are not
satisfied with the quality provided by the government, they can decide to opt out and freely
choose their preferred quality for child care services; however, if they do it, they have to pay the
full cost.

If an opting-out provision scheme allows the government to increase social welfare beyond
the value characterizing a pure income tax optimum, it could either be the case that only type 1
households opt-in or that both households opt-in. Since in a model with several different types

BThe details of the derivation are provided in appendix A.

“The desirability of using in-kind transfers as redistributive devices was first discussed by Nichols and Zeck-
hauser (1982), Guesnerie and Roberts (1984), Blackorby and Donaldson (1988) and Besley and Coate (1992). In
the context of the optimal tax literature, public provision schemes have been analyzed in Blomquist and Chris-
tiansen (1995, 1998), Boadway and Marchand (1995), Cremer and Gahvari (1997), Gahvari and Mattos (2007),
Blomgquist et al. (2010, 2016).
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it is likely that some households will opt-out at a social optimum, here we restrict attention to
the case when the government finds it optimal that only type 1 families opt-in.

Denote by s the subsidy rate for households who opt-in. The hourly co-payment for house-
holds who opt inis then (1 — 5) p (g,). Denoting by V™ the indirect utility for a type-i household
who opts in and by V* the indirect utility for a type-i household who opts out, we have:

M —w L,

Vit (M, B, g 4., S) = max u| B~ (1~ 5 p(@G,) he, oms Ly, ————, ke, G, |5
Rty Lan W}-

V’m‘t (M, B) = max u (B -p (qc) hca hm; Lma '—%ﬂ’ hc: qc] .

A
Geillesimsban

f

Denoting by hl™ the hours of center-based care demanded by low-skilled households who opt-

in, the government’s problem can then be formally stated as follows:

M1’3%§2@ ) [lelm (M1’Bl,§c’ s) + gry2out (Mz,Bz) + V(ql,QZ)} ,

subject to:
plin (Ml B! ac’ ) > ylowt (Ml Bl) (’)’1)
y2out (MZ 2) y2in (MZ, BZ’ ac, S) (,)/2)
y2out (MZ B2) >V 2out (Ml, Bl) (Aout)
2ot (M2 BZ) > y2in (Ml,Bl,—q—c, S) (Ain)
i B’ 7r > 7lsp (g, ) k™ + R ()

i=1

In the problem above the y-constraints represent the individual rationality constraints. The
constraint with associated multiplier y* requires that a low-skilled household is better off by
opting-in. Similarly, the constraint with associated multiplier y? requires that, when choosing
the (M?, B?)-bundle intended for it by the government, a high-skilled household is better off
by opting-out. The A-constraints represent the self-selection constraints associated with the two
possible deviating strategies available to a high-skilled household: either to choose the (M 1 BY-
bundle and opt-out (1°“~constraint) or choose the (M*, B')-bundle and opt-in (A™-constraint).
Using a“ ~ ” symbol to denote a variable when pertaining to a mimicker and a tilde symbol
to denote compensated (Hicksian) demands, the following Proposition characterizes the optimal

values for the policy variables g, and s.

Proposition 2. Denoting by MRS}’ 1 and MRS 2.8 the marginal rate of substitution between g,
and B for, respectively, an optzng in type-1 household and an opting-in type-2 mimicker, the
optimal quality set by the government for the publicly provided child care services abides by
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the following condition:

. . Al ov(q',4*) 194" (ag!
R P S R e LA
%" ) dviin=( /’UTI da Aylin=q

c [

,),2 6v2in ,yl avlout
+__ — —— e
prt dg.  pml B!

1in
MRS 1",

A GV o y Jout §y2out i
+;; 351 (MRS’QCB - MRS(—ITB) - 9B MRSEEB. (17

At an optimum, the government subsidizes the child care expenditures for the opting-in

households at a rate s that satisfies the following condition:

avlom . V21'n
2in a jl 1 (1 8)

— 1 hlin _ 2h .
s l}y 5Bl ¢ Vi oB? ﬂﬂ'l ahéin/as

172 Y7201 1 g2 1
+ {/lin V2 (hlin __’];Zin) + Aautavz thlin} 1 + dv (q 4 ) /9q (d_ql_)
6Bt \'¢ ¢ dB! prtdhkin)ds  pmlp (q,) Ohkin)ds \ dS ) gying

Proof See Appendix A.2. O

Condition (17) characterizes the optimal quality chosen by the government for the publicly
provided child care services by means of a modified Samuelson-type condition where the left
hand side represents the marginal willingness to pay of low-skilled households (the only agents
who in equilibrium opt-in) for a marginal increase in g,..

On the right hand side, the first term captures the budget cost incurred by the government
when marginally raising g,.. This budget cost is given by the sum of a mechanical and a behav-
ioral term, the former capturing the increased unitary cost of child care services being publicly -
provided and the latter the public budget effect coming from the change in the hours of center-
based demanded by low-skilled households.

The second term on the right hand side captures the impact of a compensated (for low-
skilled households) marginal increase in g, on the externality-term entering the objective func-
tion maximized by the government. Provided that there are positive externalities associated with
an increase in the overall quality of child care arrangement for kids in low-skilled households
(i.e. an increase in g'), the effective marginal cost of raising g, is lowered if a (compensated)
marginal increase in g, induces an increases in g'.

The third and fourth term on the right hand side of (17) capture the effects on the individual
rationality constraints of a marginal increase in the quality of publicly provided care that is ac-
companied by a reduction in B that leaves unaffected the utility of opting-in low-skilled house-
holds. On one hand such an increase in g, makes more tempting for high-skilled households to
opt-in (which represents a cost for the government, if it aims at having high-skilled households
to opt-out). On the other hand, a compensated (for opting-in low-skilled households) marginal
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increase in the quality of the publicly provided care makes it also more attractive for low-skilled
households to opt-in (which represent a benefit, from the point of view of the government, if it
aims at having low-skilled households to opt-in).

The last two terms on the right hand side of (17) capture instead the mimicking-deterring
effects associated with a compensated (for opting-in low-skilled households) marginal increase
in the quality of the publicly provided care. On one hand, such a reform lowers the utility for
a high-skilled household planning to choose the (M, B)-bundle intended for low-skilled house-
holds while at the same time opting-out (last term on the right hand side of (17)). On the other
hand, whether the reform makes less attractive for high-skilled households to mimic and opt-in
depends on the difference between MRS ;Z’; and MRS;’;;. If this difference is negative (resp.:
positive) this type of mimicking strategy becomes less (resp.: more) attractive, representing for
the government an additional benefit (resp.: cost) of raising g,.

Condition (19) characterizes the optimal subsidy rate for publicly provided care by trading
off the deadweight losses, in terms of increasingly distorting the choice of opting-in house-
holds regarding the hours of center-based care for their kids, with the potential gains in terms
of mimicking-deterring effects, externality-internalizing effects, and effects on the individual
rationality constraints. With respect to these last effects, a marginal increase in the subsidy rate
s, accompanied by a reduction in B! that leaves unaffected the utility of opting-in low-skilled
households, tightens the individual-rationality constraint requiring high-skilled households not
to opt-in (y?-constraint), while making it easier to induce low-skilled households to opt-in (y!-
constraint). Regarding the mimicking-deterring effects of a compensated (for opting-in low-
skilled households) marginal increase in s, notice that mimicking and opting-out becomes less
attractive for high-skilled households. On the other hand, whether it becomes less attractive
for high-skilled households to mimic and opt-in depends on the sign of L% — B2". If this dif-
ference is positive (resp.: negative) this type of mimicking strategy becomes less (resp.: more)

attractive, representing for the government an additional benefit (resp.: cost) of raising s.

3.1.3 The government’s problem with an alternative opting-out public provision scheme

In this section we consider the possibility that child care services are publicly provided by
means of a scheme that combines features of an opting-out scheme and features of a topping-
up scheme. In particular, we will assume that the government provides for free child care
services of a given fixed quality g, up to a given maximum amount of hours, denoted by he, per
household. If parents are not satisfied with the quality provided by the government, they can
decide to opt out and freely choose their preferred quality for child care services; however, if
they do it, they have to pay the full cost. On the other hand, if parents decide to opt-in they can
have their kid at a child care center for more than A, hours, but then they will have to pay for
the hours in excess of %. In this sense the provision scheme combines features of an opting-
out scheme and features of a topping-up scheme. It can be regarded as being of an opting-out
type with respect to quality and of a topping-up type with respect to hours of child care. For
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simplicity, we will hereafter use the label “impure” opting-out scheme to refer to this alternative
public provision scheme.

As for the case considered in the previous subsection, if an impure opting-out scheme allows
the government to increase social welfare beyond the value characterizing a pure income tax
optimum, it could either be the case that only type 1 households opt-in or that both households
opt-in. Since in a model with several different types it is likely that some households will opt-
out at a social optimum, here we restrict attention to the case when the government finds it
optimal that only type 1 families opt-in.

Denoting by V# the indirect utility for a type-i household who opts in and by V** the
indirect utility for a type-i household who opts out, we have:

Vi (M, B, Gy he) = max uf [B = (@) (he = he) s oy Lun, %;W—L— h—) ;
- Wy

i

M= Wyl | ]

i

Viout (M, B) = max u (B P (qc) hc’ hmy Lma
s

Gesdics s Lan
Denoting by Al the hours of center-based care demanded by low-skilled households who opt-
in, notice that, in a two-type model where only low-skilled agents opt-in at an optimum, the
optimal policy chosen by the government will be such that he < hlin 15 Thus, we can formally
state the government’s problem as follows:

N R e R |

subject to:
ylin (Ml, Bl,?ic, > ylout (Ml Bl) (71)
y20ut ( Mz 2) y2in ( MZ, Bz,ac, Ec) (72)
V20ut (M2 BZ) >V Dout (Ml, Bl) (ﬂout)
y2out ( Mz BZ) > y2in ( Ml, Bl,@;ﬁc) ( lin)
2
> (M~ B)n' 2 7' p @) ke + R, ™)

i=1

where the y-constraints represent the individual rationality constraints, the A-constraints repre-
sent the self-selection constraints associated with the two possible deviating strategies available
to a high-skilled household, and the p-constraint represents the public budget constraint.

Using a“ ™~ ” symbol to denote a variable when pertaining to a mimicker and a tilde symbol

to denote compensated (Hicksian) demands, the following Proposition characterizes the optimal

BGiven that households who opt-in can choose for how many hours to have their kid at a child care facility,
there is no reason to set k; > hé"‘.
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values for the policy variables g, and he.

Proposition 3. Denoting by MRS .‘Iii'l’; and MRS ;i’; the marginal rate of substitution between q,
and B for, respectively, an opting-in type-1 household and an opting-in type-2 mimicker, the
optimal quality set by the government for the publicly provided child care services abides by

the following condition:

: o ov(dhg)10d (ag
MRSY = hpf (qc)————l——( )
Avtin=

prt dq,
,),2 aVzin ,yl avlout

L s MRS
ur! 8q,  ur' OB! 4B
/1in C’)VZI'H 2 L Jout aVZout Lin
e (MRS@9 - MRSEZ;,)~ T aE MRS (19)

Denoting by MRS %:; the marginal rate of substitution between q, and B for an opting-
in type-2 mimicker, the government provides for free child care services of quality q, for a

maximum amount of hours implicitly characterized by the following condition:
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Proof See Appendix A.2. O

Condition (19) has the same structure and interpretation as condition (17). The only dif-
ference is that the first term on the right hand side of (19), which accounts for the budget cost
incurred by the government when marginally raising g, is simpler than the corresponding term
in (17). In particular, given that in the impure opting-out scheme the government directly con-
trols the number of hours &, that are provided free-of-charge to each household who opts in, a
marginal increase in g, does not affect the public budget through a behavioral response in %, (as
long as the increase in g, does not induce additional households to opt-in).

Condition (20) characterizes the optimal value for h by means of a formula which captures
the net effect of a policy reform that marginally raise s, while at the same time adjusting B' in
such a way to leave unchanged the well-being of low-skilled households who opt-in.

The left hand side of (20) captures the impact of such a compensated (for low-skilled house-
holds) marginal increase in 4, on the externality-term entering the objective function maximized
by the government. This term vanishes if the initial equilibrium is such that A" > he; if instead
hlm = he at the initial equilibrium, and provided that there are positive externalities associ-
ated with an increase in the overall quality of child care arrangement for kids in low-skilled

households (i.e. an increase in ¢'), the term on the left hand side of (20) will be positive if a
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(compensated) marginal increase in g, induces an increases in g'.

On the right hand side of (20) we have instead the effects of a compensated (for low-skilled
households) marginal increase in 4, on the individual-rationality constraints (the y-constraints)
and the self-selection constraints (the A-constraints). Starting with the effects on the individual-
rationality constraints, a marginal increase in k, has an adverse effect on the y?-constraint since
it makes more tempting for high-skilled households to opt-in, which represents a cost of ex-
panding h if the goal of the government is to have only low-skilled households to opt-in. On
the other hand the reform will also make more tempting for low-skilled households to opt-in
(given that, if they were to opt-out they would only bear the cost of the reform, i.e. the reduction
in B'); provided that the goal of the government is to induce low-skilled households to opt-in,
this effect represents a benefit of marginally raising h,. Finally, regarding the effects on the self-
selection constraints, the proposed reform would lower the utility of high-skilled households
who were to behave as mimickers while opting-out (last term on the right hand side of (20)),
and at the same time, provided that at the initial equilibrium 21" > h, > K2, also lower the

utility of high-skilled households who were to behave as mimickers while opting-in.

4 Quantitative Model

We now extend the model considered in section 3 and proceed with a quantitative analysis of

optimal child care policy.

4.1 General setting

‘We maintain the assumption that market ability and nurturing ability are positively correlated
and that there is assortative mating; this allows us to summarize the ability type of a given
household by means of a single parameter. We consider a discrete set of households indexed
by their ability type i € {1,..., N}, where N > 2 and where a higher index corresponds to a
higher ability. We also explicitly introduce an extensive participation margin of labor supply for
mothers.!¢ This is done by assuming that in each household there is a fixed cost associated with
the mother’s labor force participation. More specifically, we assume that mothers in households
of type i differ in their fixed cost type j € {1,...,¥} and incur a fixed cost of y;; when entering
the labor force.!” Thus, the type space is fully characterized by the tuple (i, j) € {1,...,N} X
{1,...,%¥} = ©. This means that, even though we have assumed that hoﬁsehold wage rates can

16We do not consider an extensive participation margin for fathers. This is without loss of generality as the vast
majority of fathers participate in the labor force. The importance of the interaction between mothers’ labor force
participation decisions and child care costs in the context of a quantitative optimal tax model has previously been
emphasized by Blundell and Shephard (2012). The role of child care subsidies for labor force participation and
fertility has recently been explored by Bick (2016).

"Notice that the model in section 3 already includes the option for mothers to choose to work zero hours.
However, the fraction of mothers who would actually choose to remain outside the labor force would be too low in
comparison to what we see in the data. Thus, in line with earlier literature (e.g. Cogan 1981, Hausman 1980), we
assume that there is a fixed cost associated with the mothers’ labor force participation.
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be summarized into a unidimensional parameter, the type-space is still bi-dimensional by virtue
of the heterogeneity in the fixed costs of work. In section 5 we explain how we deal with this
computationally.

The skill level of the household is described by the mothers’ relative position (rank) in the
wage distribution of mothers.!® We denote the wage rates of mother and father in household i
as (W', w}). The wage rate of mothers in households of type i is set to the average wage among
mothers with skill position i. The wage rate of fathers in household i is equal to the average
wage among all fathers who are married to skill type i mothers. The procedure to compute the

wages based on actual data is described in detail in section 4.2 below.

4.2 Household decision problem

We perform our calibration of the model under the current US tax system while taking existing
child care subsidies into account. The problem solved by each household (i, /) € ® in the
presence of existing taxes and child care subsidies, and the extensive margin of labor supply,

can be described as follows:

h,,,,Lf,?I%zC,qc v (c, Moy Ly L, ey Gos Wi, w}, Why,s a)}) —1[L, > 0] - x/ 2N

subject to the household budget constraint:
¢ = WhLs + WL — TUS WiLs + Wi, L) = CE(p (o) bes WiLg, Wi L), (22)

where TUS is the tax function and CE is the net (of subsidy) child care expenditure of the
household as a function of gross child care expenditure p (g.) . and the income of both spouses,
wi.Ly and w},L,,. The functions 7% and CE are chosen to approximate the rules governing taxes

and child care subsidization in the US. In specifying TY®, we follow Heathcote et al. (2014)

and assume the following parametric form for TY5:
T®@) =y- '

which implies that the relationship between post-tax incomey and pre-tax income y is given by
Y = Ay'™ or, equivalently, log() = A+ (1 —7) log(y) which we estimate by OLS using informa-
tion on the relationship betweeny and y provided by NBER TAXSIM. Using the relevant sample
of households filing jointly with small children, and assuming zero child care expenditure, we
find 7 = 0.164 and A = 1.31.

The purpose of our quantitative exercises will later be to consider various reforms where we
replace the TUS function with an optimally chosen nonlinear income tax schedule and where we

181n principle, the skill rate of the household could be constructed based on the mothers skill, the fathers skill,
or any combination of the two. We have chosen to let the mother dictate the skill level of the household since we
focus on their labor force participation decisions.
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replace the CE function with different child care subsidy schemes, and compute the associated

welfare gains.

4.3 Functional forms
We assume that the utility function of households takes the following form

clB
U= §1m flff 'fzm fth— + fs— 1L, > 0] - x". (23)

1-p
In the above specification we have employed functional forms that are standard in the literature
and are suitable for numerical computation. The household derives utility from consumption ¢
through a standard CARA term. The utility from leisure time without children, £,, and £, as well
as the utility from time with children, 4, and %y, enter through iso-elastic functional forms.!®
The parameters &, §17, &y, &5 3 are weighting parameters which control the importance of
the different time-use components in the utility function.

Notice that, in similarity to how equation (6) was obtained from (5), we always use the
time constraints of the mother, father and child to eliminate £,,, €5, A, and obtain the individual
decision problem as presented in (21).2°
‘We let g, the overall quality of the child care arrangement, be given by

i
q= K[wm

b + Wby + kgohl, 24)

which depends on the type-specific parameter «* defined as a weighted average of the average

market productivity of parents in household i, and the average market productivity in the pop-
why +w w,’,,+w’

5 -6) Z , 8 € [0,1]. The type-specific parameter & can be

thought as capturing the degree of geneuc transmission of ability within households; in partic-

ulation, i.e. ¥ = 8—

ular, the larger the value of 8 and the larger the degree of genetic transmission of ability within
households. The function g can be seen as a production function for the child’s human capital.
Correspondingly, the term ¢°/p can be interpreted as the utility parents derive from the human
capital formation in their child. Finally, the parameter k controls the relative importance of
formal vs. maternal/paternal care in the production of human capital.

To construct the functional form for the CE function we model the most important child care
subsidies in the US. We consider the two federal tax credits, the CTC (Child Care Tax Credit)
and the CDCTC (Child Care and Development Tax Credit).”! In addition we model the state

19The particular functional form for the time components of the utility function has previously been employed
by Tuomala, (2010).

0Specifically, & = 1 — Ay — L, £f = he + By — Ly, and he = 1 — by, — he. Thus, the variables to be optimized
are A, L, Ly, e, and, g, as in (21).

21These are the most important federal tax credits. Additionally, states are offered a block grant from the federal
government in the form of the CCDF (Child Care and Development Fund). The purpose of the CCDF is to increase
the availability, affordability, and quality of child care services. We describe these rules in more detail in appendix
B. Since there is substantial variability across states how these funds are used and as these funds operate mainly
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tax credit that applies in California and which is a function of the CDCTC.?? Since the actual
rules governing child care involve various kinks, we calculate the CE function using a smooth

approximation to facilitate incorporation in our computational model.”

4.4 Calibration

In order to obtain numerical results, values for all exogenous parameters must be specified.
This includes all the parameters entering the utility function (23), the human capital production
function (24), the market wage rates (w',, w}), the maternal/parental care productivities («’, a)j,)
and the fixed costs y* associated with the mothers’ labor force participation. The parameters

entering the utility function and the human capital production function are presented in table 1.

Table 1: Parameters

Parameter Value Parameter Value

B 0.800 & -0.105
Eim 0.450 &6 0.750
Eif 0450 k 40.0
me 0.075 P -0.50
Eaf 0.075

The wage rates (w! w}) are directly estimated from data. The maternal and paternal care

m?
productivities (w?,, a)}) are chosen to match empirically relevant patterns of the ratio of market
work to household work as well as reasonable patterns for formal care and home care. The fixed
costs {y"}u peo associated with the secondary earner’s labor market participation are calibrated
to match the empirical skill-specific labor force participation rates. The details of the calibration
procedure are described in the following sections.

In our simulations we consider N = 5 skill types and a continuous distribution of cost types
(approximated in the simulations by ¥ = 1000). Computational considerations prevent us from
expanding the model beyond five household types. In practice, however, our model features
10 household types, as households where the mother works behave differently than households

where the mother is out of the labor force.

through the supply-side of the child care market, we have chosen not to model these additional subsidies as we are
considering a fixed supply schedule for child care.

221JS states offer subsidy schemes which usually are functions of the federal tax credits, which allow states to
tailor the subsidies in terms of percentage rates, income thresholds and other eligibility criteria. In principle, states
can offer a larger credit for families who enroll children in state-certified facilities.

2 Note that an alternative would have been to model a tax/transfer schedule while at the same time including
the child care subsidy schemes. However, since we do not have data on child care expenditure, we have chosen to
construct the functions T’ and CE separately.
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Market wage rates, labor market participation, and hours of work Our model economy
consists of couples where each spouse has a different market wage rate. To completely rep-
resent all the different types of couples in the economy we would need to consider a matrix
of household types where each element ij corresponds to the couple where the father has skill
type i and the mother has skill type j. Allowing for such a rich type structure would however
be computationally intractable. We therefore wish to index households by a unidimensional
parameter i, which we refer to as the household skill type. Since much of our emphasis will
be on the labor market decisions made by mothers, we have chosen to let the skill type of the
household correspond to the skill category of the mother. Thus, (w',, w}) refers to the wage-pair

in a household where w!

m

represents the female wages in the i:th skill category. Accordingly, w}
is the average wage of all fathers matched with type-i mothers.

We use the Current Population Survey (CPS) Labor Extracts 2003-2006 as our main data
source. We compute the average wage, labor market participation rate, and work hours for
husbands and wives by household skill level (as defined above) for each of the years 2003-2006.
In a final step, we average these measures over the years 2003-2006 to make our calculations
less sensitive to year specific shocks. Wage rates are obtained by dividing weekly earnings by
weekly hours of work. Our sample contains all married couples between age 20 and 65 who
were not self-employed, and who had at least one child below the age of 6. All wages are
expressed in terms of 2006 USD.

To obtain a wage rate for mothers who lack a wage observation we follow an imputation
procedure. We regress log wages on a set of covariates, including flexible controls for age and
education. We also include the education and age of the husband in this regression. The regres-
sion generates a set of predicted values for mothers who lack a wage observation. However, all
these predictions lie on the regression surface. To obtain correct moments of the distribution of
female wages, we draw a large number of samples from the empirical distribution of the resid-
uals in the prediction regression and add these to the predicted wages. The final measure of the
wage rate for mothers is equal to the actual wage, whenever it exists, and equal to the predicted
wage otherwise.?* The wage distributions for mothers and fathers are approximated using the
deciles of the predicted wage distributions.?

We focus on hours worked per week, measured in terms of the “usual weekly working
hours” during a typical work week. This might be missing some variation that stems from the
fact that some workers can have more than one job.?® In addition, a large part of the variation

2AThis procedure neglects the fact that workers and non-workers might be different along unobservable dimen-
sions, resulting in selection. This is a standard issue in the literature and is usually addressed by adding a selection
term to the prediction equation. However, the credibility of such corrections is severely hampered by functional
form assumptions and lack of suitable instruments. For robustness, we have performed a selection correction using
county as insirument. This turned out to have a very minor impact on the discrete wage distributions that we use
in our simulations.

Z’More specifically, we divide the wage distribution into ten bins and then use the median wage rate within
each bin to represent each wage category. Note that the CPS data is top-coded but this poses no problem since the
median of the top bin always falls below the top-code.

2611 the CPS, we use the variable “usual hours”. There is another variable called “hours worked last week” that
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in annual hours of work stems from the number of weeks worked during a year. However, there
is no good information on the number of working weeks in the CPS data. There is a variable
called “how many weeks a year do you get paid for”, but according to the NBER it is reported
only by 12 percent of earners, and almost 90 percent of them report working 52 weeks per year.
Since we do not want to overfit our model to noisy wage data, our calibration procedure targets
average working hours for mothers and fathers. In order to interpret the earnings in the model
as annual earnings, we multiply weekly earnings in an ad-hoc fashion by 48.

The spousal wage rates, hours of work, and the labor market participation of mothers asso-
ciated with the different household types i = 1,..., 5 are displayed in table 2.

Table 2: Hourly wage rates (2006 USD), weekly hours of work, and labor force participation
rates (LFP) for mothers and fathers .

Type wy, wy Hours,, Hours; LFP, LFPy

7.00 14.01 3199 43.03 053 095
10.62 16.07 34.09 43.74  0.61  0.96
14.25 18.49 35.61 4396  0.63 0.96
19.40 21.53 35.84 4440  0.65 097
3047 2739 3438 4474 072 097

U N =

Fixed costs The distributions of fixed costs associated with mothers’ labor force participa-
tion are chosen so that the model, under the benchmark US tax system, exactly matches the
household-specific motherly employment rates in table 2.2’ For this purpose, we have pro-
ceeded in the following way. For each skill type i we compute the fixed cost that would make
an agent of type i indifferent between working and not-working in the calibrated benchmark
economy. Denote this fixed cost threshold ¥'. Notice that mothers with y¥ < ¥’ will work and
mothers with ¥/ > ¥’ will stay out of the labor force. We further assume that the lower bound of
the fixed cost is 0. If the fraction of workers of type i in the data is 7' we want to assign a fixed
cost of less than ¥’ to a fraction ' of the workers of type i. This can be achieved by imposing

potentially could capture the labor supply associated with multiple jobs. However, we did not use this variable
since it is plagued by measurement error (e.g. some workers report that last week they worked O whereas in a usual
working week they would work 40 hours).

ZINotice that by setting the fixed cost distributions appropriately, it is always possible to match any particular
pattern of empirical participation rates. For example, if the fraction of mothers who work in household of type
3 is 52% and the number of cost types ¥ is equal to 100, we can always set y3; = —oo,j = 1,...,52 and
X3j = +oo, j = 53,...,100. However, this would make the labor force participation of type 3 mothers completely
inelastic.
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that the fixed cost are given by a type-specific linear function:?

—i

X
Y- 1

Xij = G-, j=L....,%
We make the observations that y/ = 0 when j = 0 and y;; = ¥’ when j = W7', where P is the
index of the highest cost type that is working.

Notice that the slope of the fixed cost distribution is directly related to the concept of “par-
ticipation elasticity” emphasized in the public finance literature. Our approach implicitly pins
down skill-specific participation elasticities through structural assumptions and a calibration
procedure.

As evident from table 2, the non-participation of US mothers is highest among low-income
(low skilled) households. Mothers belonging to these households will thus, on average, be

assigned higher fixed costs through the calibration procedure.

Time endowment As already mentioned, each adult household member is endowed with one
unit of time that can be allocated to hours at the job, hours in maternal/paternal care, and leisure.
We interpret the unitary time endowment as representing the time available during a year after
having deducted the time needed for sleep. Thus, the unitary time endowment corresponds to
5840 hours. Since children aged 0-6 sleep more than adults, the time endowment for the child
(i.e. time during which the child’s human capital can be affected) is set to 80% of the adult time
endowment. Our data set contains hours worked during a usual working week. Assuming each
agent works 48 weeks during a year, an agent that works 40 hours per week spends a fraction
% = 0.33 of his/her time endowment on the job. Thus, to calibrate, say, the fathers’ labor
supply to 40 hours a week, we would like to have Ly = 0.33. A type 3 father in the model
has an hourly wage rate of 14.25 USD and will thus contribute an amount 0.33 * 14.25 ~ 4.70
to household income. This corresponds to an annual income of 4.70 X 5840 = 27,448 USD.
Thus, to translate the model output to annual income, the model output should be multiplied by

5840.%

Home care productivities We assume that there are no gender-differences in the domestic
child care productivities !, and w}, and set them both equal to the average market productivity

. . . . whwl .
in each household, ie. w}, =} = “—L,i=1,...,N. The four time-use parameters £;; and

&p J=m, f are calibrated to ensure empirically relevant time allocation patterns consistent
with the American Time Use Survey (ATUS).

280ther forms of parametric fixed cost distributions have been employed in the literature. For example, Kleven
et al. (2009) use a power distribution.

PWe fix the number of weeks worked during a year to 48 as the CPS data does not contain a reliable measure
of the number of weeks worked during the year. As the total variation in hours of work across skill groups can be
decomposed into the variation in hours worked during a typical week, and in terms of the number of weeks worked
during a year, we are therefore likely to underestimate the true variation in annual hours of work.
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- The ATUS data contains measures on the time devoted to various activities during a typical
weekday. Table 3 describes how married women with children in ages 0-6 divide their time.
To express the time devoted to the various activities as a fraction of the time endowment in
our model we proceed in the following way. As already mentioned above, we assume that
agents who are employed work 48 weeks per year. Thus, for employed mothers, there are
48 x 5 = 240 weekdays and 4 X 7 + 48 X 2 = 124 holidays/weekend days. Correspondingly,
using the numbers reported in table 3 we would like to use l’—g—é%‘g + %4%4 = 0.1673 as a target
for the fraction of the time endowment employed mothers spend in domestic care. For non-
working mothers, the target is 4—'25’%)‘—7— = (0.2618. In this calculation we have taken the value
for non-employed mother to apply during weekends. To obtain numbers for the domestic child
care for men, we compute the ratio between the time male and female respondents report in
response to the question “caring for and helping household children” in the ATUS.*® Thus, we
calibrate the model so that fathers in households where the mother works, spend 66% of the
time mothers spend in household child care, and so that fathers in households where the mother
does not work, spend 40% of the time the mother spends in child care. This yields a fraction of
approximately 0.11 in both states. Notice finally, by virtue of the child’s time constraint, that
center based care is the residual after having subtracted maternal and paternal care. In reality,
there are other modes of care available, such as grandparent care. Thus, to account for this
fact, and to not overstate the importance of center-based care, we let the levels of maternal and
paternal care in our calibration be slightly higher than the number in the ATUS.!

The labor supply for a full-time working mother, according to the ATUS, is equal to 6.7
hours per working day, which amounts to 6.7 X 5 = 33.5 hours per week. This is roughly in line
with the average labor supply reported in the CPS (see table 2). Thus, we calibrate the average
labor supply of mothers in the model to approximately be equal to 3—35%}5‘—8 ~ 0.275. For men,

we target an average labor supply of 4;‘8’%8 ~ 0.36, which is also consistent with the CPS figures

reported in table 2.

Price of child care We consider a linear production technology for center-based child care
which depends only on labor inputs.> More specifically, we assume that the function p(q.)
determining the price of formal child care is equal to %qc. This implies that the quality level
q. = 1 corresponds to a child care facility where a mother of skill type 3 takes care of 8 kids.

4.5 Allocations in the calibrated economy

In table 4 we show the allocation for the benchmark calibrated economy where households

face the current US tax system and existing child care subsidies. In table 5 we give a more

30We use tables 8B and 8C at https://www.bls.gov/news.release/atus.toc.htm.

31'We have considered including grand-parent care in our model, however it would further enhance the compu-
tational challenges as it would add additional decision-variables in the household decision problem.

32This assumption is made for simplicity. In reality there are other aspects of quality such as the location of the
child care center or the quality of the food served in the child care center.
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Table 3: Weekday time use of married women living with young children, by employment status
(average hours per day)

Not employed Employed part-time Employed full-time

Sleeping 8.5 8.5 8.2
Household activities 3.8 2.2 1.6
Caring for household children 4.2 2.7 1.9
Working and related activities =~ 0 3.7 6.7
Leisure and sports 35 33 24

Note: Data include all married women, ages 25 to 54, with a child under 6 present in the household. Data include
non-holiday weekdays and are annual averages for 2015.

Source: Bureau of Labor Statistics, American Time Use Survey, 2015

(https://www.bls.gov/tus/charts/chart2.txt)

detailed overview of the patterns of time use in our calibrated model. The top panel in this table
describes the time allocation for mothers and fathers in families where the mother works, and
the bottom panel describes the time allocation for parents in families where the mother does not

work.

Table 4: Benchmark allocation (calibrated economy)

Allocation in households where the mother works
Household y c CE/D Djy Ty g q he U

3727 35365 0414 0213 0.034 35.145 2086 0.367 1.308
48.29  42.692 0.523 0.184 0.075 39.624 2211 0.386 2.014
60.63  50.520 0.634 0.160 0.109 43.863 2362 0.394 2.731
78.00 60.905 0.771 0.139 0.146 49,929 2.605 0401 3.704
117.06 82.530 0.989 0.117 0.202 64.069 3219 0410 5.714

DA W N =

Allocation in households where the mother does not work
Household y c CE/ID Dly TJly g q he U

3551 33.350 1.000 0.109 0.026 19.889 1.133 0.330 1.135
4140 37.092 1.000 0.117 0.051 24959 1419 0329 1.771
4836 41496 1.000 0.122 0.075 30353 1.722 0.329 2.431
57.20 46.793 1.000 0.128 0.101 37.777 2.144 0.328 3.327
74.61  56.529 1.000 0.138 0.140 53422 3.047 0326 5.189

Income y and consumption ¢ expressed in thousands of USD (2006 values).

B W e

Notation: L; = labor supply, h;=home care (j = m, ), k. = paid care, y=total family income, ¢= family con-
sumption, CE=net child care expenditure, D=gross child care expenditure, 7= income tax liability, g=overall
quality of child care arrangements, g, = quality level of paid care arrangement. Notice that CE/D = 1 for all
households where the mother does not work since such families are ineligible for child care subsidies in the
current US tax system.
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Table 5: Household time allocation (calibrated economy)

Mother time allocation (families with working mothers)

Household time with child (4,,) time w/o child (£,) labor supply (L,,)
1 0.255 0.612 0.133
2 0.229 0.549 0.221
3 0.217 0.517 0.266
4 0.205 0.487 0.308
5 0.189 0.447 0.363

Father time allocation (families with working mothers)

Household time with child (hy) time w/o child (£) labor supply (Ls)
1 0.178 0.432 0.389
2 0.185 0.447 0.368
3 0.189 0.454 0.357
4 0.194 0.463 0.343
5 0.201 0472 0.328

Mother time allocation (families with non-working mothers)

Household time with child (&,,) time w/o child (£,,) labor supply (L,,)
1 0.304 0.696 0
2 0.306 0.694 0
3 0.308 0.692 0
4 0.311 0.689 0
5 0.316 0.684 0

Father time allocation (families with non-working mothers)

Household time with child (k) time w/o child (£f) labor supply (Ly)
1 0.166 0.399 0.434
2 0.165 0.394 0.441
3 0.163 0.389 0.448
4 0.161 0.384 0.455
5 0.158 0.375 0.466

The column CE/D in table 4 shows the fraction of child care expenditure that the house-
hold pays for itself. Since households where one spouse does not work are ineligible for the
subsidies that we consider in the calibrated model, this fraction is equal to one for all one-earner
households. For two-earner households the effective subsidy ranges between 58.6% and 1%,
and is monotonically decreasing in the skill type of an household.

The column T'/y reports the average income tax rate paid by the various households, which

ranges between 2.6% (for one-earner households of type 1) and 20.2% (for two-earner house-
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holds of type 5). The column g shows that the overall quality of the child care arrangement
is increasing in the skill type of an household and, for each given skill type, is higher in two-
earner households than in one-earner households. Moreover, one can also see that the gap
between the overall quality of child care arrangement chosen by two-earner households and
one-earner households shrinks as the considered household skill type increases. Finally, the
column /. shows that among two-earner households there is more variation in the number of

hours of center-based care chosen by parents.

5 Optimal Tax Systems

5.1 Government objective function

To capture the welfare gains of policy reform we assume the government maximizes a social
welfare function of the Utilitarian type, aggregating individual utilities into a scalar measure of
social welfare, putting equal weight on the well-being of each individual. In addition, the social
welfare function captures externalities relating to the overall quality of child care that children
in the economy are exposed to. Formally, we add the following expression to the social welfare

YOEE)Y (’q‘— (q‘f;az), (25)

function:

where we set a; = 1, a; = 2, and v = 60. The above term captures how the human capital
formation in the child generation impacts the welfare of the adult population. The term is large
and negative when ¢',i = 1,..., N takes on small values and the contribution to the externality
by children of type i converges to g when ¢' is large. In other words, agents’ care about the
level of human capital in other parents’ children, but at a rate which is declining and reaches
zero at “acceptable” levels of human capital. This captures the common view that all children
should have access to child care of adequate quality and that no children should be left behind.
The parameters a; and a, are location and curvature parameters associated with the functional
form for the externality components. The weight ¥ controls the overall strength (importance)
of the above considerations for social welfare. When v # 0, welfare gains from policy reform
will reflect both the extent to which the policy instruments mitigate the distortions associated
with income taxation, and to which extent the policy instruments cause parents to make better
choices for their children, captured by the external effects of children’s human capital on society.

5.2 Computational approach

The problem of finding the optimal tax and child care policy represents a bi-level programming
problem. To evaluate the social welfare level associated with a particular policy set by the

government it is necessary to compute how agents optimally respond to this policy. Thus, there
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is an upper level (government) optimization problem and a lower level optimization problem
that is solved by each type of household in the economy.

The challenges associated with solving bi-level optimization problems numerically are well-
known. The difficulties usually derive from the need to impose the first-order conditions to the
agents’ problem as nonlinear equality constraints in the government’s optimization problem.
Given the large number of private decision variables, we did not find a procedure that incor-
porates the first-order conditions as constraints to be very robust. Instead, we compute the so-
lutions to the individual decision problems numerically using a nested optimization procedure.
In contrast to the first-order approach, this procedure allows us to take into account both first
and second order conditions in the individual optimization problem. The drawback is that we
have to rely on numerical approximations of derivatives in the upper level which significantly
increases the time it takes to find an optimal solution. In addition there is a computational over-
head associated with the nested optimization layer. To increase performance, exact first and
second order derivatives to the lower level optimization problem were provided to the numer-
ical optimization algorithm and we relied on a fast and efficient implementation using AMPL
and C++.

The presence of an extensive margin of labor supply for mothers and the heterogeneity in the
fixed cost of working imposes particular challenges for finding the solution to the government’s
problem. Perhaps most fundamentally, since we have both heterogeneity in the fixed costs of
working and in skills, the government’s problem is a multidimensional screening problem. Such
problems are inherently complex to solve since designing a fully nonlinear income tax implies
that the government screens workers by offering a distinct contract to each type of agent subject
to a set of self-selection constraints. When the type space is multi-dimensional, unless the
number of types in each dimension is very small, achieving an incentive-compatible allocation
requires that a very large number of incentive constraints be satisfied.>*

To achieve tractability, and reduce the type-space, we assume that the fixed cost of work
is a utility cost entering additively in the utility function. This implies that, among equally
skilled households, all households will make the same choices regarding the individual decision
variables provided that the mother has the same labor force participation status and the same
skill level. Moreover, we know that among equally skilled mothers, those with a higher fixed
cost will always be less likely to participate in the labor force.*® This allows us to identify,
for each skill group, a unique marginal worker that is indifferent between working and not-

33Similar challenges appear in dynamic mechanism design problems where savings are assumed to be unob-
servable to the social planner. In our setting, after all possible substitutions have been made, there are not one but
four privately chosen variables that are handled in the subproblem. These are: the labor supply of the mother, the
hours of maternal care, hours of formal child care, and the quality in formal care.

3Por a discussion about the exponential increase in the number of self-selection constraints in a multidimen-
sional screening setting, see Bastani et al. (2013). In the present case, due to the complexity of the individual
subproblem, each additional incentive constraint that needs to checked entails a substantial computational cost.

35Tn contrast, if the fixed cost of work was modeled as a monetary cost, there would be a countervailing income
effect.
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working. Mothers with a fixed cost greater than the marginal worker will always stay out of
the labor force, and mothers with a lower fixed cost than the marginal worker, will be working.
This means that at each skill level, we only need to compute the optimal individual decisions
for a representative two-earner household and for a representative one-earner household, rather
than computing these decisions for each possible fixed cost type.*® It also implies that the
government only needs to design two set of bundles for each type i. One pre-tax/post-tax income
point for two-earner households of type i and one pre-tax/post-tax income point for one-earner
households of type i. This drastically reduces the number of incentive constraints that need to
be incorporated into the government’s problem, and also allows us to employ a large number of
discrete cost types.

The above simplifications notwithstanding, there are three main obstacles towards increas-
ing the number of skill types that we consider. First, for every additional type one needs to
compute additional individually optimal decisions (i.e. hours of work and child care decisions),
which requires additional computational resources. Second, for every additional agent we in-
troduce in the economy, we need to expand the set of pre-tax/post-tax income points offered
by the government, which increases the number of control variables that need to be optimized
in the “main” government problem. These additional income points also generate additional
self-selection constraints, making it more difficult to achieve convergence in the main problem.
Finally, and perhaps most critically, as explained below, adding types increases the number of
marginal workers that need to be identified in order to determine the number of mothers who
find it optimal to work.

There are two approaches to modeling the extensive margin. One approach is to let agents
optimally choose their labor force participation status in the lower level optimization problem.
This implies that the fraction of workers at each skill level is endogenous to the tax system.
While this does not introduce any non-smoothness in the government’s social welfare function
or tax revenue function (provided the number of cost types is sufficiently large), it does imply
that individuals might switch discretely from working to not working, or vice versa, in response
to a small change in the income tax. This causes an undesirable reshaping of the set of incen-
tive constraints, which makes it difficult to find solutions to the government’s problem using
gradient-based optimization algorithms. We have therefore refrained from this approach. In-
stead, we add the binary variables associated with mothers’ labor force participation decision as
artificial control variables of the government, while adding a set of constraints ensuring that the
labor force participation decisions assigned to agents are incentive-compatible. The benefit of
this approach is that the marginal control variables can be treated as exogenous and optimized
in a separate optimization layer. This means that our optimization problem has three layers. An
outer layer where we choose the labor force participation levels at each skill level (equivalent to

identifying the marginal worker), a middle layer where we choose the pre-tax/post-tax income

3Notice that without the assumption that the utility cost is additive, there would be an explosion in the number
of individual decision problems that need to be computed, making the problem computationally intractable.
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points as well as the child care subsidy instruments, and a bottom layer, where agents make
optimal decisions taking the tax policy environment as given.*” For the upper layer, as will be
explained in more detail below, we rely on a customized global search of the parameter space
which has a computational complexity similar to a grid search. We therefore employ all our
parallel computing resources at the upper level.?

The labor force participation decision of mothers is represented by a binary matrix L. where
L;; = 1 if the mother of type (i, j) is working, and zero otherwise. Since the fixed cost of work
xij is assumed to be non-decreasing in j, the rows of L. will be non-increasing when moving
from the left to the right. This allow us to introduce the vector P where P; is the number of

leading ones along row i. For example, suppose N = 5 and ¥ = 10 and that

[1 1000000 0 O]
1110000000
L=f{1 11110000 0f
1111111100
111111111 0]

In this case, by counting the leading ones along each row, we have P = [2 35 8 9}. Thus,
the vector P describes the participation rate at each skill level and the participation rates are
given by P/¥ = [0.2 03 05 038 0.9]. Notice that P; is also equal to the fixed cost type
of the worker who is, at the margin, indifferent between working and not working. The fixed
cost of the marginal worker among households of type i can be computed as x' = F YP;) if
F,(x) € [0, 1] is the CDF of the fixed cost distribution.

5.3 The government’s problem

We are now in a position to formally present the problem solved by the government. Assume
that the government maximizes a Utilitarian social welfare function and that two distinct non-
linear income tax schedules apply to one-earner and two-earner households.> In the absence of
any kind of subsidies to child care expenditures (i.e. in the case of a pure income tax optimum),

37In the analysis of opting out public provision schemes, we also optimize over individuals’ discrete binary
decision to opt in or opt out of the publicly provided child care services.

33The model was solved on a dual processor Intel Xeon workstation with 20 computational cores and 128GB of
RAM.

3This only requires that the labor force participation decision is observable by the government.
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the government’s problem can be described as follows:

max Q(P) (26)
N
- ijysi i i ij i i iy _ .
=1 =1 \j>P; J<P;
subject to: (28)
VY (ah, B, M3, BY) = VY (M, BYY, ML BYY) Vi€ (2, N,V (29)
NP Vi(Mi, B! if j> P,
Vi (v, B, i, B) = | 0 B T (30)
Vi(Mi, B~ XU if j<P
VUM, B, My, BT = max (Ve B, Viey, BT - x7) (31)
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Vi(My, By < Vi(M}, B) —x7 Vi, j<P; (33)
> (Z (M — BY) + ) ni ~ Bi)) > R 34
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The first thing to notice is that, as discussed in section 5.2, the government’s problem features
three levels of optimization. Equation (26) defines the upper level optimization in which the
government chooses the participation rate at each skill level to maximize Q(P). The function
Q(P) is in turn the value function associated with the middle or “main” layer of optimization
where the government strives to find the income tax schedule (defined in terms of the pre-
tax/post-tax income points) that maximizes a social welfare function. The social welfare func-
tion is of the Utilitarian type and is equal to the sum of the indirect utilities of all one-earner
households and the indirect utilities of all two-earner households, weighted by the population
shares 7'/, Notice that in the main optimization problem, the parameters P; are treated as ex-
ogenous.

Turning now to the constraints of the main optimization problem, the set of incentive-
constraints appear in (29). These constraints ensure that each household prefers the bundle as-
signed to it rather than the bundle intended for the adjacent lower skilled household. Equations
(30) and (31) define the left hand side and right hand side of the incentive constraints where the
parameters {Pi}f‘; , determine whether the relevant utility for an agent of type (i, j) is that which
arises if the mother is not working (VZ) or that which arises if the mother is working (V} — x*).
Notice that equation (31) implies that if a type i household decides to mimic a household of type
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i— 1, it must replicate the labor force participation decision of type i — 1.4? Inequalities (32) and
(33) are individual rationality constraints that ensure that the labor force participation decisions
prescribed in the P vector are actually the ones maximizing the household utility. Constraint
(34) is the government budget constraint stating that the sum of tax revenue from one-earner
and two-earner households should sum up to the exogenous revenue requirement R.*' The last
two equations define the indirect utilities in the case where the mother does not work (eq. 35)
and the indirect utilities (gross of the fixed cost of work) in the case where the mother works
(eq. 36). The computation of these two indirect utilities for each type-i household represents
the lower level optimization problem.*?

For the upper layer, that is responsible for finding the optimal participation vector P, we
use a global optimization heuristic that relies on a combination of local searches around the
calibrated labor force participation rates and coarse searches over the full parameter space.*?
For the middle and lower layers, i.e. the bi-level optimization problem, we rely on an efficient
implementation in C++ which interfaces the latest version of the state-of-the-art solver for

nonlinear constrained optimization problems KNITRO.

5.4 Welfare Gains Measure

In order to evaluate the welfare gain associated with a given policy reform, we compute the min-
imum amount of extra revenue that needs to be injected into the benchmark economy, equally
distributing it across all households in the economy, in order to reach the post-reform social
welfare level (allowing households to re-optimize). We then divide this amount of extra rev-
enue by the aggregate pre-tax income in the benchmark case to get a welfare measure expressed

as a fraction of aggregate output.*

“OThis is a weak simplifying assumption. The assumption that it is only possible to mimic adjacent types is
potentially stronger, as letting the mother drop out of the labor force could be a way for a high skill household to
replicate the taxable income of a much more low-skilled two-earner household.

“IIn our calculations below, the revenue requirement R is always set equal to the fiscal surplus that arises in our
US benchmark economy.

“Notice that these utilities must be evaluated both when a household acts truthfully and when the household
behaves as a mimicker.

“For computational tractability, we limit the precision of the search to steps of five percentage points in each
dimension of P. In addition, we impose that the labor force participation is monotonically increasing in the
household skill level, i.e. P; > Pjforalli> j, i, je{l,...,N}. Finally, we impose that the maximum employment
rate at any skill level is 95%, reflecting the realistic assumption that there is a non-negligible fraction of the
population with very high fixed costs of work, who would not be willing or able to work regardless of the financial
incentives.

4We have chosen this approach because it is simple and transparent. There are many potential ways that the
revenue that we inject into the benchmark economy can be distributed to agents. One alternative way would be to
rebate back the revenue through a linear progressive income tax. Another approach would be to let the government
use the injected tax revenue to finance an EITC.
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6 Quantitative Results

‘We now turn to our main results. We will start by analyzing the case where the only tax in-
strument at the government’s disposal is a nonlinear income tax, which we refer to as case (i).
Then we will expand the armoury of policy instruments by considering ii) a set of deductibility
rates that only depend on the mother’s employment status, (iii) a set of tax credit rates that only
depend on the mother’s employment status, (iv) a set of tax deductibility rates that depend on
both the mother’s employment status and the household income, (v) a set of tax credit rates that
depend on both the mother’s employment status and the household income, (vi) an opting-out
public provision scheme where the quality of the publicly provided care is chosen by the gov-
ernment and the rate at which, for opting-in households, child care expenses are subsidized is
allowed to depend on the mother’s employment status, and finally (vii) an “impure” opting-out
public provision scheme where the quality of the publicly provided care is chosen by the gov-
ernment and the number of hours that are provided free of charge is allowed to depend on the
mother’s employment status.

As already explained in section 5.1, to evaluate the welfare effects of policy reform we
rely on a social welfare function aggregating household utility levels into a scalar measure of
social welfare. This social welfare function also includes an additional human capital term
capturing externalities associated with the human capital formation in children. The externality
term might represent, for example, the support for the principle of equality of opportunity or a
concern that children who are exposed to child care of poor quality will be a burden to society in
the future. The latter might result in the need to increase future tax revenue.*> We envision that
the externalities we have in mind are primarily a function of the distribution of human capital
of the children in the economy. In particular, it is socially desirable to avoid very low levels of
human capital.

Our first result concerns the desirability of subsidizing child care expenses in the case when
no weight is attached to the externality term, i.e. ¥ = 0 in (25). This implies that the tax
instruments are only used for the purpose of relaxing the self-selection constraints faced by the
government in the design of the optimal nonlinear income tax. In this case we find that there
is no role for using tax deductions or tax credits. The result applies both to the case when the
fraction of child care expenditures that can be deducted against the household earned income,
or that can be credited against the gross income tax, only depends on the mother’s employment
status, and the case when the fraction is allowed to depend both on the mother’s employment
status and the household income. Rather than subsidizing child care expenses, what would be
required to mitigate the binding self-selection constraints is to levy a tax on the purchase of
child care services.

This is an interesting finding as it challenges a standard result in the optimal tax litera-

4Thus, increased human capital in children benefits not only children, but also parents (through the household
utility function). This means that we are essentially double-counting, as in Kaplow (2009) and Farhi and Werning
(2010).
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ture that goods complementary to work should be subsidized as a way to relax the incentive
constraints associated with income redistribution. The result has its roots in the Atkinson and
Stiglitz (1976) theorem on the usefulness of commodity taxes in the presence of a general
(nonlinear) labor income tax. According to that theorem, if the income tax is allowed to be
nonlinear, commodity taxes are a redundant policy instrument when preferences are separa-
ble between leisure and other goods. Instead, if the separability condition is not satisfied, one
should use commodity taxes and subsidies to discourage the consumption of goods/services
that are substitutes with labor supply and encourage the consumption of goods/services that
are complements with labor supply. Given that child care services are regarded as a primary
example of goods that are complements with labor supply, a consequence of the Atkinson and
Stiglitz (1976) theorem is that they should be subsidized or in any case be subject to a more
lenient tax treatment (compared with other goods).*

The reason why we get an opposite result is due to the fact that, while previous contributions
assumed the hourly price of child care as fixed, we allow child care expenditures to depend both
on the number of hours spent by a kid at a child care center and on the quality of the facility
chosen by parents (which affects the hourly price of child care services). Thus, while in a model
with a fixed hourly price of child care services a low-skilled agent spends more on child care
services than a high-skilled mimicker (since a high-skilled mimicker needs to work fewer hours
than a low-skilled agent, and therefore needs fewer hours of child care for the kids), this is no
longer necessarily true in our setting where the quality (and therefore the hourly price) of child
care services is a choice variable for households. In fact, choosing the model’s parameters in
order to obtain a realistic calibration, we find that a household behaving as a mimicker (i.e.
choosing the income point intended for a lower skill type) would spend more on child care
than the household being mimicked, and this despite the fact that a mimicker demands fewer
hours of center-based child care. The result is due to the fact that the quality, and therefore the
hourly price, of child care services chosen by a mimicker is higher than the one chosen by the
lower-skilled household being mimicked.

While we find no mimicking-deterring role for subsidizing child care expenses through tax
deductions or tax credits, we find that supplementing an optimal nonlinear income tax with an
opting-out public provision scheme is welfare-enhancing even when no weight is attached to the
externality term.*” As one can see from table 14 and table 15, the welfare gains amount to 0.08%

46This is also the view expressed by Crawford et al. (2010) in one of the chapters contained in the Mirrlees
Review (2010).

“TIn the optimal tax literature there are previous examples of contributions where public provision of child care
services has been found to be desirable as a device to mitigate binding self-selection constraints (see, e.g., Cremer
and Gahvari, 1997) or, more generally, as a device to counteract the distortions induced by income taxation (see,
e.g., Gahvari, 1994, 1995). However, these earlier contributions considered a uniform topping-up provision scheme
rather than an opting-out scheme. Under a uniform topping-up provision scheme, every agent gets a uniform
amount of the good/service that is publicly provided and the publicly provided amount can be topped up with
private purchases in the market. In our setting where child care expenditures depend both on the quality of the

_chosen facility and the number of hours spent by a kid at a child care center, a uniform topping up public provision
scheme would require giving all households a voucher that can be used to finance part of their child care expenses.
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when the government provides at a subsidized rate child care services of a given quality,”® and
is slightly larger, being equal to 0.11%, for the case of an “impure” opting-out scheme.® At an
optimum, for both opting-out schemes the quality of the publicly provided care is set at a level
that is in between the one chosen, at a pure income tax optimum, by households of type 1 and
households of type 2.

For the first opting-out scheme (see table 14) the rate at which child care purchases are
subsidized for opting-in households is equal to 14.6% for two-earner households and to 40.4%
for one-earner households. This implies that only the first two types opt-in among two-earner
households whereas all one-earner households, with the exception of those at the top of the skill
distribution (type 5), find it optimal to opt-in.

For the “impure” opting-out scheme (see table 15) the number of child care hours that are
provided free of charge to households who opt-in is significantly larger for one-earner house-
holds than for two-earner households (0.35 for the former compared to 0.06 for the latter). As
a consequence, also in this case only the first two types opt-in among two-earner households
whereas all one-earner households, with the exception of those at the top of the skill distribution
(type 5), find it optimal to opt-in.

Thus, the results obtained from the analysis of the two alternative opting-out provision
schemes are consistent in indicating that, viewed purely as a mean to relax the binding self-
selection constraints, public provision should be primarily targeted towards one-earner house-
holds under a utilitarian social welfare function. The intuition is that the marginal utility of
consumption tends to be higher among one-earner households than among two-earner house-
holds, and is therefore towards the former group that redistribution is primarily geared.

Our discussion of the results stated in Propositions 1 and 2 helps understanding why tax
deductions or tax credits do not work as mimicking-deterring devices whereas an opting-out
provision scheme does. The reason is that for the case of tax deductions or tax credits, what
is crucial in assessing their effect on the self-selection constraints is the difference between the
amount spent on child care by a true low-skilled household and the amount that would be spent
by a high-skilled behaving as a mimicker. In our setting a high-skilled mimicker would spend
more than a true low-skilled household (because of the higher quality of the center-based care
that it chooses), and this implies that tax deductions or tax credits would be more valuable for
a mimicker than for a true low-skilled, undermining the possibility to use these instruments for

mimicking-deterring purposes. In the case of an opting-out public provision scheme, instead,

Such a provision scheme would not be welfare-enhancing in our setting for the same reason why tax deductions or
tax credits do not work, namely the fact that, when behaving as a mimicker, a high-skilled household spends more
on child care services than the low-skilled household being mimicked.

48This is the opting-out provision scheme that we discussed in Section 3.1.2. The value of 0.08% for the welfare
gain is calculated as the difference between the welfare gains reported in table 14 and the welfare gains reported in
table 17 in appendix C: 4.63% — 4.55%.

“9This is the opting-out scheme that we discussed in Section 3.1.3. The value of 0.11% for the welfare gain is in
this case calculated as the difference between the welfare gains reported in table 15 and the welfare gains reported
in table 17 in appendix C: 4.66% — 4.55%.
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given that the quality of the publicly provided care is set by the government and is the same
for all households who opt-in, a subsidy yields a smaller benefit to a low-skilled household
than to a mimicker only if the mimicker opts-in and at the same time demands more hours of
center-based care than a true low-skilled (which is unlikely to happen given that a high-skilled
mimicker needs to work fewer hours than a low-skilled).

While we believe that the result that tax deductions or tax credits are not warranted for
mimicking-deterring purposes is interesting from the perspective of the optimal income tax
literature, another potential motivation for child care subsidies is that child care of good quality
benefits children. Thus, hereafter we will focus on the results obtained when the weight on
the externality term is non-zero (v # 0). In this case, the tax instruments are used not only
for the purpose of mitigating self-selection constraints, but also for the purpose of affecting the
distribution of human capital in the economy. The resulting mothers’ labor force participation

under the various tax regimes that we consider is displayed in table 6.

Table 6: Mothers’ labor force participation in the different regimes

Policy/Household 1 2 3 4 5

Optimal Tax 45% 60% 70% 80% 95%
Deduction 35% 55% T0% 80% 95%
Tax Credit 35% 55% 70% 80% 95%

Deduction (means-tested) 40% 55% 70% 80% 95%
Tax Credit (means-tested) 40% 55% 70% 80% 95%
Public Provision I 40% 55% T70% 80% 95%
Public Provision II 40% 55% 70% 80% 95%

6.1 Pure Income Tax Optimum

We first analyze the case when the government optimizes a nonlinear income tax and there are

no subsidies to child care. The results are shown in table 7
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Table 7: Pure Nonlinear Income Tax Optimum

Allocation in households where the mother works
y c Lm Lf hm hf hc ge q D/}’ T,(M)

44757 43965 0208 0443 0.235 0.163 0402 1.174 23.047 0.11 -0.043
55.69 51.058 0.275 0412 0215 0.173 0412 1482 29.597 0.114 0.078
69.859  59.9 0.318 0402 0202 0.176 0422 1.821 36917 0.114 0.119
90436  71.826 0.361 0.394 0.189 0.179 0432 2311 47477 0.115 0.147
149.113 104.25 0456 0425 0.16 0.169 047 3429 74.043 0.113 -0.004

Allocation in households where the mother does not work
y c Lm Lf hm hf hc e q D / y T,(M)

37.168  35.164 0454 0303 0.16 0.336 1.158 20459 0.109 0.09
41.012  37.091 0.437 0306 0.166 0.328 1.423 24959 0.118 0.22
46.738  39.848 0.433 0309 0.168 0.323 1.694 29.704 0.122 0.291
54339  43.016 0.432 0313 0.169 0.319 2.06 36.119 0.126 0.352
86.972  59.151 0.544 0315 0.135 0351 2975 5473 0.125 -0.012

O OO OO

Welfare Gain = 3.94% of GDP

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).

As one can see comparing the row “Optimal Tax” of table 6 with the column “LFP,,”
of table 2, replacing TUS with the optimal nonlinear income tax generates an increase in the
proportion of one-earner households among the lowest skilled group (i.e. type 1): the labor force
participation of mothers in this skill group drops from 53proportion of one-earner households is
left virtually unaffected. For the remaining types, instead, one observes an increase in the labor
force participation of mothers, with the increase being more pronounced as one considers more
skilled households.

Regarding the optimal profile of marginal income tax rates, one can see from the last column
of table 7 that the optimal income tax schedule yields an inverted-U shaped pattern of marginal
tax rates inducing more dispersion in labor supply across household types than under the current
US tax schedule.

Finally, comparing the column ¢ in table 4 (the benchmark allocation) and 7, one can notice
that while the optimal nonlinear income tax does not affect significantly the distribution of
the overall quality of child care arrangement among one-earner households, it induces more
variation in the corresponding distribution for two-earner households. Interestingly, this result
is obtained even though for two-earner households the optimal income tax raises the utility for
all but the top skilled households.
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6.2 Tax Deductions

‘We turn next to the case where the government optimizes a nonlinear income tax and subsidizes
child care expenses via tax deductions. Assuming that the deductibility rate can be conditioned
on the mother’s employment status, we separately consider the case when the deductibility rate
is uniform within each of the two groups (results displayed in table 8) and the case when it is

allowed to be income-dependent (results displayed in table 9).

Table 8: Uniform Deduction

Allocation in households where the mother works
¥y 4 Ly, Ly Am hy he qc q Dfy T'(M) Ded

44343 43,168 0204 044 0236 0.164 0399 1.165 22.823 0.109 -0.017
57.029 51.571 0284 042 0212 0.171 0417 1476 29.756 0.112 0.046
70246 59.927 032 0.404 0201 0.176 0423 1.817 36.926 0.114 0.113
91.38 72359 0365 0398 0.188 0.178 0435 2312 47.664 0.114 0.131
149.011 104389 0455 0425 0.16 0.17 047 3.433 74.095 0.113 -0.004

OO O OO

Allocation in households where the mother does not work
y c Ly, Ly hy hy he q. q Dfy T'(M) Ded

31.736  33.018 0.421 0302 0.17 0328 1.293 2192 0.139 0231 61.8%
35.534  34.949 0416 0304 0.172 0324 1.66 27.872 0.158 0311 61.8%
41496  37.943 0.423 0305 0.17 0324 2013 33915 0.164 0343 61.8%
47286  40.327 0.418 0307 0.172 0321 2.554 42556 018 0416 61.8%
79.674  58.725 0.54 0315 0136 035 2984 54744 0.136 0.01 61.8%

OO OO O

‘Welfare Gain = 4.01% of GDP

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).
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Table 9: Means-Tested Deduction

Allocation in households where the mother works
y c L, Ly B hy he qc q D/y T'(M) Ded

35882 40239 0.169 0416 0247 0.171 0382 1275 23.872 0.141 0.116 100%
48402 49464 0271 0409 0216 0174 0411 1599 31469 0.141 0.111 100%
68.456  59.462 0317 0402 0202 0.176 0422 1.844 373 0.118 0.125 16.9%
90.626  71.71 0.362 0395 0.189 0.179 0433 2307 47436 0.115 0.146 0%

131.974 103.607 0455 0424 0161 0.17 047 3433 74.048 0.127 0.005 100%

Allocation in households where the mother does not work
y ¢ Ly Ly P hy he ge g D/y T'(M) Ded
27914  31.449 0403 03 0.175 0.325 1.505 24.556 0.182 0304 100%

0
34.12 34472 O 0.413 0303 0.173 0.325 1.757 29.153 0.174 0325 77.8%
44,161 38851 O 0.429 0307 0.169 0324 1.842 31.67 0.141 0316 34.8%
0
0

54.533  42.957 0434 0313 0.168 0.319 2.056 36.092 0.125 0349 0%
75311  58.17 0.539 0315 0.136 0.349 3.005 55032 0.145 0.021 100%

Welfare Gain = 4.19% of GDP

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).

Table 8 shows that the optimal level of the uniform deduction is 61.8% for one-earner house-
holds while no deductibility should be granted for child care expenditures incurred by two-
earner households. The possibility for single-earner households to deduct part of the child care
expenses is accompanied by an increase in the marginal tax rate that is especially pronounced
for the two types at the bottom of the skill distribution. Despite this, among one-earner families
the marginal tax rates are increasing for the first four skill types and this implies that the effec-
tive subsidy (which is given by the product of the marginal tax rate and the deductibility rate)
reaches its maximum (0.618 x 0.416 = 25.7%) for one-earner households of type 4 and then
drops to virtually zero for type 5 households. One can also notice that the overall quality of the
child care arrangement increases for all households benefiting from the possibility to deduct part
of their child care expenses. Intuitively, the fact that the deduction is only granted to one-earner
households is explained by the fact that, under the pure income tax optimum, for all skill types
the overall quality of the child care arrangement is lower among one-eamer household than
among two-earner households. This implies that, in terms of the effects on social welfare, it is
more valuable to raise the overall quality of child care arrangement for kids living in one-earner
households. Moreover, given that under a pure income tax optimum the marginal tax rates are
lower for two-earner households than for one-earner households, for the latter a deduction also
represents a more effective instrument to boost the overall quality of the child care arrangement.

Comparing the rows “Optimal Tax” and “Deduction” of table 6, one can also see that sup-

plementing an optimal nonlinear income tax with an optimal pair of deductibility rates (one for
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single-earner households and one for two-earner households) implies a further decrease in the
proportion of two-earner households at the bottom of the skill distribution (for type 1 and type
2). | |
Finally, the welfare gains delivered by supplementing an optimal nonlinear income tax with
an optimal pair of deductibility rates amount to 0.07% (calculated as the difference between the
welfare gains reported in table 8 and the welfare gains reported in table 7: 4.01% — 3.94%).

Looking at the results displayed in table 9, the welfare gains increase to 0.25% when the
deductibility rate is allowed to be income-dependent (calculated as the difference between the
welfare gains reported in table 9 and the welfare gains reported in table 7: 4.19% — 3.94%). In
this case the deductibility rate is 100% for all households of type 1 (irrespective of the mother’s
employment status) and then decreases monotonically to become 0 for households of type 4.
Together with an increase in the marginal tax rate faced by type 1 households, this implies
that the effective subsidy produced by the tax deductions reaches its maximum at the bottom
of the skill distribution (being equal to 30.4% for type 1 single-earner households and 11.6%
for type 1 two-earner households). Compared with the results obtained for the case of uniform
deductibility rates, the optimal income-dependent deductibility rates raise the overall quality of
the child care arrangement in households of type 1, 2 and 3.

Finally, comparing the rows “Deduction” and “Deduction (means-tested)” of table 6 , one
can see that in terms of labor force participation, the only difference between the case when the
deductibility rate is uniform and the case when it is income-dependent is that in the latter case
the proportion of two-earner households slightly increases at the bottom of the skill distribution
(but is still lower than under a pure income tax optimum). This happens despite the fact that
the marginal income tax rate is negative (—1.7%) for two-earner households of type 1 when
the deductibility rate is uniform and it becomes positive (11.6%) when the deductibility rate
is allowed to be income-dependent. The increase in labor force participation is explained by
the fact that in the former case there is no deduction that is granted to two-earner households
whereas in the latter case two-earner households of type 1 are allowed to fully deduct their child

care expenses.

6.3 Tax Credits

Let’s now turn to the case when the government optimizes a set of tax credits alongside the op-
timal nonlinear income tax. The results for the case when the percentage of child care expenses
that can be credited against the gross income tax only depends on the mother’s employment
status (and not on income) are displayed in table 10. The first thing to notice is that, as it hap-
pened for the case of uniform deductibility rates, the optimal subsidy is larger for one-earner
households. In terms of optimal marginal income tax rates, the main difference with the case
of uniform deductibility rates is that there is a significant drop in the marginal income tax rate
faced by one-earner households of type 1. This suggests that when subsidies were granted
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through deductions the government was raising the marginal tax rate on type 1 households in
order to raise the effective subsidy that they were receiving. In terms of effects on the overall
quality of child care arrangement, one can also see that g is higher for all households when
the government optimally chooses the set of uniform tax credit rates than when it optimally
chooses the set of uniform deductibility rates. Instead, there is no difference between the two
cases when one considers the percentage of one-earner households for each of the five skill
types. Looking at the welfare gains, tax credits appear a better policy instrument to supplement
the optimal nonlinear income tax: compared with the 0.07% delivered by uniform deductibility
rates, the welfare gains associated with uniform tax credit rates amount to 0.49% (calculated as
the difference between the welfare gains reported in table 10 and the welfare gains reported in
table 7: 4.43% — 3.94%).

When allowing for the possibility of conditioning the tax credit rate both on the mother’s
employment status and the household income, the welfare gains rise to 0.72% (calculated as
the difference between the welfare gains reported in table 11 and the welfare gains reported in
table 7: 4.66% — 3.94%). In this case the optimal pattern of tax credit rates is monotonically
decreasing in income for two-earner households (ranging from 45.6% to 3.9% and roughly
mimicking the profile of subsidy rates that characterizes the benchmark allocation under the
current US tax system; see table 4) and is also almost always monotonically decreasing in
income for one-earner households (ranging from 49.7% to 6.2%). One again, however, for
each skill type the tax credit rate turns out being more generous for one-earner couples than for
two-earner couples (in contrast to what happens under the current US tax system).

Finally, notice that as it happened for the case of deductions, also in the case of tax credits
there is an increase in the proportion of two-earner households when moving from a system
where, conditional on the mother’s employment status, tax credit rates are uniform to a system
where they are allowed to be also income-dependent. And again, this happens despite the fact
that the marginal income tax rate faced by two-earner households of type 1 increases by ten
percentage points, from —5% to 5%. The reason why the increase in labor force participation
occurs is that while two-earner households of type 1 get a tax credit rate of 15.2% in the uniform

case, the rate increases for them to 45.6% in the income-dependent case.
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Allocation in households where the mother works

Table 10: Uniform Tax Credit

y c L, Ly B hy he qc q D/y T'(M) TC
45.694  43.143 0.218 045 0231 0.161 0408 1309 25473 0.122 -005 152%
57.311 50.889  0.287 0421 0.211 0.17 042 1.663 32984 0.127 0.053 15.2%
70.001 58.803 0.318 0.403 0201 0.176 0423 2.046 40.81 0129 0.132 15.2%
90.64 70.669 0362 0.395 0.188 0.178 0434 2597 52546 0.129 0.158 15.2%
148.873 102.513 0.455 0.425 0.16 0.169 0471 3.846 81924 0.126 0.014 152%
Allocation in households where the mother does not work

y c Lun Ly hw hy he ge g Dly T'(M) TC
36.545 33.14 0 0.447 0299 0.162 0339 1.606 26.637 0155 0.159 35.8%
39.756 34514 0 0424 0301 0.169 033 197 32276 017 03 35.8%
46.094 37347 0 0427 0303 0.168 0.329 2345 38.559 0.174 0344 35.8%
53.385 40.112 O 0425 0305 0.17 0325 2.846 46776 0.181 0407 35.8%
86.588 55.558 0 0.541 0.306 0.134 0359 4.064 71.127 0.175 0.052 35.8%

Welfare Gain = 4.43% of GDP

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).

Table 11: Means-tested Tax Credit

Allocation in households where the mother works

Yy 4 Lm Lf hm hf hc qe q D/y T (M) TC
43917 40396 0.201 0437 0.235 0.164 0401 1.802 33.065 0.171 0.051 45.6%
57.093 49.806 0285 042 021 017 042 1916 37246 0.147 0.075 30.6%
69.914 58591 0.318 0402 0201 0.176 0423 2.092 41572 0.132 0.136 17.8%
90.542 71415 0362 0394 0.189 0.179 0433 2405 49.145 0.12 0.15 5.5%
149.06 103.831 0455 0425 0.16 0.169 047 3.525 75869 0.116 0.001 39%
Allocation in households where the mother does not work

y c Lm Lf hm hf hc qc q D/}’ T (M) TC
36.358 32255 O 0445 0297 0.162 0.341 1912 30.885 0.186 0.185 49.7%
390938 34582 0 0426 0301 0.169 0.331 1983 32496 0.171 0294 364%
46.642 38442 0 0.432 0.305 0.167 0.328 2.057 34.7 0.15 0316 23.0%
54448 42.672 O 0433 0311 0.168 0321 2.161 37.527 0.132 0355 62%
86.905 58.38 0 0.543 0313 0.134 0.353 3.177 57.761 0.134 0.002 8.7%

Welfare Gain = 4.66% of GDP

Rows correspond to household types 1-5
USD (2006 values).
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6.4 Opting-out Public Provision Schemes

Tables 12-13 report the results characterizing an optimum when a nonlinear income tax is sup-
plemented with an opting-out public provision scheme.’® The welfare gains delivered by public
provision amount to 0.88% for both variants of the opting-out provision scheme that we have
considered (the value is obtained by subtracting the 3.94% welfare gain associated with the
optimal nonlinear income tax reported in table 7 from the 4.82% welfare gain reported for the
public provision schemes in tables 12-13),%! implying that they are 0.16% larger than those ob-
tained with income-dependent tax credit rates. Under both public provision schemes the quality
chosen by the government for the publicly provided care is set at a level that is in between the
one selected, at a pure income tax optimum, by households of type 3 and households of type
4 (compare tables 12-13 and table 7). Also the opting-in/opting-out pattern is the same under
the two alternative schemes, with the first four households opting-in both among one-earner
households and two-earner households, and the labor force participation is, for all skill types,
identical to the one obtained with optimal income-dependent tax credit rates.

As one can see from tables 12-13, and in contrast to the results that we obtained when
the weight on the externality term was set to zero (see tables 14-15), the generosity of each
provision scheme does not differ markedly between one- and two-earner households. For the
case of the first public provision scheme, households who opt-in get a subsidy on child care
expenses that is either equal to 50.1%, if only one spouse works, or to 51.5% if both spouses
work. For the case of the “impure” opting-out scheme, households who opt-in get either 0.346
hours of free child care, if only one spouse works, or 0.434 hours if both spouses work.’? Of
those households who opt-in, only two-earner households of type 4 use child care services for
longer than the hours that are provided for free.

Finally, notice that of all the various subsidy schemes that we have considered, the opting-
out public provision schemes are the most effective in reducing the dispersion in the overall
quality of the child care arrangement for different households. Comparing tables 12-13 and
table 7, one can see that this is achieved, without affecting the overall quality of child care
arrangement in top-skilled households, by significantly boosting the quality in the lower part of
the skill distribution.>

From a computational point of view, these problems are more challenging to solve than the earlier problems
as we will now also optimize over individuals’ discrete binary decision to opt in or opt out of the publicly provided
child care services.

S1'The welfare gain associated with the “impure” opting-out scheme is actually slightly larger, but the welfare
gains from the two provision schemes are identical up to the second decimal.

32In this case the generosity of the system towards one- and two-earner households is roughly the same when
one takes into account that two-earner households need more child care hours than one-earner households.

33This effect is slightly more pronounced in the case of the “impure” opting-out scheme.

47



Table 12: Public Provision I, v # 0

Allocation in households where the mother works

y ¢ L, Ly - hy h. qc q D/y T'(M) Optsin
43,65 40.26 0.198 0435 0.236 0.165 0.399 2.017 36399 0.192 6.0% Yes
57.142 49975 0287 042 0205 0.168 0427 2.017 39431 0.157 8.5% Yes
70369  59.437 0322 0404 0.193 0.17 0437 2.017 41.192 0.13 142% Yes
91.859 74.032 0368 0399 0.178 0.17 0452 2.017 43.604 0.103 142% Yes
149906 103.179 0458 0.428 0.16 0.169 0472 3399 73.636 0.111 -04% No
Allocation in households where the mother does not work
y c L, Ly - hy h. qc q Dj/y T'(M) Optsin
36.082 32345 O 0.441 0299 0.164 0.337 2.017 32.084 0.196 19.1% Yes
39.61 34515 0 0.422 029 0.167 0.343 2.017 33.766 0.182 31.1% Yes
46.037 38.068 0 0.426 0282 0.165 0.353 2.017 35783 0.161 34.8% Yes
52.824 41503 0 042 0276 0.165 0.359 2.017 38.005 0.143 41.6% Yes
87359 58391 O 0.546 0315 0.134 0351 2946 54354 0123 -12% No
Welfare Gain = 4.82% of GDP.
Subsidy rates: 51.5% (workers) and 50.1% (non-workers), PP quality level = 2.017
Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).

Table 13: Public Provision IL, v # 0
Allocation in households where the mother works
y c L, Ly Ay, hy h, qc q Djy T'(M) Optsin
44,847 41283 0218 044 021 0.156 0434 2.004 38599 0.202 6% Yes
57.932 50.807 0293 0424 0201 0.165 0434 2.004 39.641 0.156 6.5% Yes
70.665 59.908 0.323 0.405 0.195 0.171 0434 2.004 40.751 0.128 12.5% Yes
91.631 74.098 0.366 0399 0.185 0.176 0.439 2.004 42597 0.1 12% Yes
150.087 102.932 0458 0428 0.159 0.169 0472 3.393 73.542 0.111 -04% No
Allocation in households where the mother does not work
y 4 Lm Lf hm hf hc qc q D/y T,(M) OptS in
36391 32568 0 0.445 0293 0.161 0346 2.004 32.509 0.198 18% Yes
39.645 34627 O 0.423 0.287 0.167 0.346 2.004 33.799 0.182 31% Yes
45,58 37969 O 0.422 0.287 0.167 0346 2004 35174 0.158 356% Yes
51932 41182 O 0.413 0.285 0.169 0346 2.004 37.031 0.139 429% Yes
87452 58221 O 0.547 0315 0.134 0351 2939 54269 0.123 -1.2% No

‘Welfare Gain = 4.82% of GDP.

Free hours: 0.434 (workers) and 0.346 (non-workers), PP quality level = 2.004

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).
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Table 14: Public Provision I, v =0

Allocation in households where the mother works

y c L, Ly B, hy he qe q D/y T'(M) Optsin
42.625 41.838 0.187 0428 024 0.168 0392 1.287 24474 0123 52%  Yes
56,501 51.982 0.282 0416 0208 0.169 0423 1.287 26.807 0.1 6.5% Yes
70.205 59411 032 0404 0201 0.176 0423 1.808 367756 0.113 12% No
90.25 70913 036 0393 0.189 0.179 0432 2.295 47.154 0.114 15.8% No
149.409 103.362 0456 0426 0.16 0.169 0471 3.408 73.706 0.112 0% No
Allocation in households where the mother does not work
y c Ly, Ly A hy he qc q D/y T’(M) Optsin
35.7 34.808 0O 0436 0285 0.163 0352 1.287 22835 0.132 16.7% Yes
39941 37595 O 0426 0279 0.164 0356 1.287 24267 0.119 26.0% Yes
46.61 41.644 0O 0432 0275 0.162 0362 1.287 25827 0.104 29.1% Yes
55274 46.656 O 044 0273 0.159 0368 1.287 27.779 0.089 31.5% Yes
86918 58394 O 0.543 0315 0.135 035 2951 54355 0.124 0% No
Welfare Gain = 4.63% of GDP.
Subsidy rates: 14.6% (workers) and 40.4% (non-workers), PP quality level = 1.287
Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).

Table 15: Public Provision I, v = 0
Allocation in households where the mother works
y ¢ Ly, Ly hp Ay he qc q D/y T'(M) Optsin
42,667 42.024 0.186 0.429 0.244 0.168 0.387 126 23.862 0.119 4% Yes
56411 52.112 0281 0416 021 017 0419 126 26218 0.097 58% Yes
70.134  59.388 0319 0403 0.202 0.176 0423 1.808 36.748 0.113 12.1% No
90.142 70.846 036 0393 0.189 0.179 0431 2294 47.13 0.114 159% No
149.422 103.339 0456 0426 0.16 0.169 0471 3.407 73.697 0.112 0% No
Allocation in households where the mother does not work
y ¢ Ly Ly A, hy he qc q D/y T'(M) Optsin
35909 35074 O 0439 0.287 0.162 035 126 22386 0.128 152% Yes
40.019 37.834 O 0427 0284 0.165 035 126 23.664 0115 251% Yes
46,538 41865 O 0431 0285 0.164 035 126 25025 0.099 283% Yes
55.21 46964 O 0439 0.287 0.162 035 126 26865 0.083 303% Yes
86,929 58381 O 0543 0315 0.135 035 2951 54349 0.124 0% No

Welfare Gain = 4.66% of GDP.
Free hours: 0.06 (workers) and 0.35 (non-workers), PP quality level = 1.26

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).
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7 Summary and conclusion

In this paper we have studied, in the context of a Mirrleesian optimal tax model, the relative
merits of some of the most common types of child care subsidies: tax deductions, tax credits,
and opting-out public provision schemes. The point of departure for the analysis has been
that there is a special tax treatment for families with children in child care ages. Thus, in our
quantitative investigation of child care subsidies we have kept the net tax revenue from this
group of taxpayers constant.

We have designed our simulation model in such a way that it incorporates important aspects
of the US economy. We have considered a joint system of taxation and employed wage dis-
tributions calibrated to fit the empirical wage distributions of mothers and fathers with kids in
child care age, and we have disciplined our parameters using time-use data obtained from the
American Time Use Survey.

‘While previous studies in the optimal tax literature have analyzed the welfare effects of child
care subsidies in models where the quality of center-based child care was treated as exogenously
given, so that child care expenditures were only a function of the number of hours spent by a
kid in a child care center, we have allowed parents to choose both the quantity and the quality
of center-based child care services. Moreover, we have allowed both the time spent by kids at a
child care facility and the time spent by parents with their offspring to affect the overall quality
of the child care arrangement, and therefore contribute to the human capital development of
children.

In our model there are two potential mechanisms by which subsidies to child care can be
welfare-enhancing. One is to mitigate binding self-selection constraints, thereby allowing to
achieve the desired redistributive goals at lower efficiency costs. The other is to increase the
overall quality of child care arrangements, thereby fostering the human capital development in
children. In particular, we have used an externality term in the social welfare function to capture
the idea that in a good society all children should have equal chances in life (no one should be
left behind) and that one way to move in this direction is to let all children have access to
good quality child care. This is a view held by many proponents of subsidized child care. For
countries who engage heavily in income redistribution, it might be more important to mitigate
the distortionary effects associated with income taxation. In other countries that engage less
in income redistribution, the externality argument in favor of subsidized child care might carry
more weight.

In contrast to what has been obtained in previous optimal taxation studies, our results indi-
cate that there is no scope for using child care subsidies to reduce the inefficiencies associated
with income redistribution, at least not when the subsidies are implemented via tax deductions
or refundable tax credits, i.e. when the subsidies are based on the child care expenditures in-
curred by households. The main reason for this result is that, in contrast to previous models, we
allow parents to choose both the quality and the quantity of child care services that they wish to
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purchase.

In a model where the quality of child care is fixed, the variation in child care expenditure is
largely driven by variation in child care hours, which is strongly correlated with hours of work.
This implies that if a high-skilled household were to mimic a low-skilled one, the expenditure
on child care services would be higher for the low-skilled than for the high-skilled mimicker.
In our model, instead, a high expenditure can be the result of either a high quality of the chosen
child care facility or a high number of child care hours. If a high-skilled mimicker chooses a
higher quality of child care services than a low-skilled, it is then conceivable that child care
expenditures are larger for the former. This undermines the role for child care subsidies as a
mimicking-deterring device. However, subsidies delivered through an opting-out public provi-
sion scheme remain a useful instrument for mimicking-deterring purposes. The reason is that
under an opting-out public provision scheme the quality of the center-based care is set by the
government and is no longer a choice variable for the households who decide to opt-in. Grant-
ing subsidies only to households who opt in implies then that the private value of a subsidy is
only a function of the number of child care hours that are used. This in turn implies that, when
a low-skilled household opts-in, a subsidy to child care expenditures yields a larger benefit to
a low-skilled household than to a mimicker unless the latter also opts-in and at the same time
demands more hours of center-based care than a true low-skilled (which is unlikely to happen
given that a high-skilled mimicker needs to work fewer hours than a low-skilled).

Even though child care subsidies, either in the form of tax deductions or refundable tax
credits, do not necessarily seem to reduce the distortions associated with income taxation, they
can be welfare-enhancing devices when viewed as externality-correcting instruments. In partic-
ular, focusing on the case when the government maximizes a utilitarian social welfare function,
they deliver welfare gains ranging from 0.07% to 0.72%. However, even larger welfare gains
(0.88%) are obtained by using an opting-out public provision scheme. Of course, these numbers
are only meant to be illustrative, as we have made no attempts to empirically quantify the ap-
propriate weight that externalities associated with human capital investment in children should
carry in the social objective.

Restricting attention to the relative merits of tax deductions and refundable tax credits, our
results indicate that the latter deliver larger welfare gains. The lowest welfare gains that we ob-
tain (0.07%) are obtained for the case when households can deduct child care expenses against
their earned income and the deductibility rate is only differentiated according to the mother’s
employment status (one-earner households versus two-earner households). The largest welfare
gains (0.72%) are instead obtained for the case when households get refundable tax credits for
their child care expenses and the tax credit rates are differentiated both according to the mother’s
employment status and the household income. In the latter case the optimal profile of child care
subsidies for two-earner households roughly mimics the one prevailing under the current US
tax system. However, in contrast to the current practice characterizing the US tax system, more
generous subsidies should be granted to one-earner households than to two-earner households.
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Finally, we would like to mention a potentially broader implication of our results. One of
the most frequently occurring results in applied tax policy discussion is the Corlett and Hague
(1953) recommendation that goods complementary to leisure should be taxed (or, equivalently,
that goods complementary to labor should be subsidized) to reduce the inefficiencies associated
with income taxation. We have highlighted that in an optimal income tax framework, with
explicit redistributional objectives, such results need to be qualified to take into account the
quality dimension of the goods in question. Specifically, the desirability of taxes and subsidies
depends on the pattern of expenditure between mimickers and true-types in the optimal income
tax problem. To be able to derive meaningful policy insights, these expenditure patterns must

be assessed through the lens of a calibrated model.

A Proofs and derivations

A.1 Derivation of results stated in Proposition 1
From the Lagrangian of the government’s problem:
L = V(M B a.B) + V2 (M2 B . B) + v (4. 4°)
+1[V2 (M2, B, 0, ) - V* (M, B', 0, B)|
+u [(M1 - Bl)ﬂI + (M2 - B2) i [ﬂlp (qé) hi +7%p (qg) hf],B - R}
+6[1-a-p4],

we can derive the following set of first order conditions:

Z%% = (92+/1)§A‘;+5V((;Z;q2);§2 +,,m2(1—ﬂ%)=0 (B1)
g—é = (¢ +,1)Zgz %{;qz)%~ n2(1+,Bde) (B2)
2 g ;’A‘Qll-aijJravgf;qz)jN; Pli-sl)<0 @
= = o g*#% o (1+850) =0 (B4)
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and

oL V1 av:  av? & 6v .dD'
= = g+ — ~/1—— : 8=
do da (9 +/l) da +; ql M Z 6=0
(BS)
oL V! vV AV & 6v q q
= = 60—+ 92+,1—~—,1—— .
B P ( ) — Ry
2 .
i i le .
— [Z;n (D + ﬁ%)} —5=0, (B6)

€ T 9y

where we have used a symbol to denote a variable when pertaining to a mimicker.
Using (12) to substitute in the first order condition for (B6) gives:

Bul 2 g2 & ov(dhd)ag
01DIE+(92+/1)D2—5; AﬁZFc“L;""bq—i_dﬁ

2 .
DZ
—u D'+ f— )}—6:0 (B7)
27l
Using the Slutsky equation to decompose dg'/df and dD'/dp into a substitution and an income
effect allows rewriting (B7) as:

ou! T T 2 61/( dq .dq'
112" 2 27 el i1
0D aC+(0 +/1)D e AD? e +,Z=1] ( +DdBf)
2

dD

Dl i
;n[ +p g +FD dB'H
= 0 (BS)

~H

Multiplying all terms in (B2) by —D? and all terms in (B4) by —D! and then adding the resulting
expressions to (B8) gives:

o2, (d'@)dg , (. dD*\

v e ov(d.q) aq' dp!
_61 zr /l'—Dl N T 1 sl 1
TR T o apl T (1 P )D

12 ;
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$ . 4Dt _.dD
_ﬂ[;ﬂ[D +,B——,8— BD dB,)]
= 0
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Simplifying terms in the equation above gives:

avZ - dpt
A (P +Z qi —“““ [Zﬂdﬁ} - (B9)

Rearranging (B9) gives (15).
Using (11) to substitute in the first order condition for (B5) gives:

o 0T () 2 (@A) () Aﬁ?(Ml)%f—

+25V(q . dq Z
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Using the Slutsky equation to decompose dq¢'/da and dD/de into a substitution and an income

effect allows rewriting (B10) as:
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Multiplying all terms in (B2) by —T" (Mz) D? and all terms in (B4) by —T” (M 1>D1 and then
adding the resulting expressions to (B11) gives:
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Simplifying terms in the equation above gives:

2 =~ 2
/1% |77 (M") D' - DT (1")] -yﬁ;ﬂi%g— +,u;7riT' (M) D'~

2 Yy ( ql qz) a7
’ q
-+ ) ————=0 Bi2
IZ:; it da (B12)
Rearranging (B12) gives (14).

To derive the optimal marginal income tax rate faced by a member of a type 2 household,

rewrite (B1) and (B2) as:

2 av{qt, ¢? 2 2
P P R

V2 v(q'.4*) 4 D?
+5m = - (6q2 )d; (1 F a’Bz) B14)

Dividing (B13) by (B14) and multiplying the result by the right hand side of (B14) gives:

v, _BV(ql,q)dZ (14592 _ (d\F) a2 21— pd0"
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which can be rewritten as:

av? V2 1 V2
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Using (8) allows expressing the optimal marginal income tax rate faced by a member of a type

2 household as:
(41 qz)

’ 2\ .ii.?f. — dq
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A similar procedure applied on (B3) and (B4) allows deriving the following expression for the

optimal marginal income tax rate faced by a member of a type 1 household:
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For 8 = 0, (B16) and (B15) simplify to:
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Since (B18) can be rewritten in an equivalent way as:
/15’7 ﬁy(q‘,qz) d 1
dlaN _ COBUT (a1 5 (N 0 q
T (M) = [1-7" (M) -1+ T (M) = (—dMl)dvl
v 1.2
_ A (5 1) - 1 (o) - " dot ®19)
Tt ,u7r1 am* V10

when 8 = 0 one can substitute (B19) and (B17 ) into (B12) to obtain:

LT o )] -0 3 2 )

i=1

o) <Ml>]—f’v<§q;‘*’>(5zl)w..o}

G ’4)(@3

dq* am? )dVZ:O

Simplifying terms in the above equation gives (16).

A.2 Derivations of results stated in Proposition 2

From the Lagrangian of the government’s problem:

L = gyt (Ml’Bl,—q—c, s) + gy 2out (MZ, Bz) + V(ql,q2)
+,y1 [Vlin (Ml, Bl,_éc, s) — ylout (Ml’ Bl)]
+y2 [V20ut (MZ, B2) _ y2in (Mz,Bzﬁc, s)}
p0u [V2out ( M2, Bz) _ y2out ( Ml’ Bl)]
iyl [VZout (Mz, BZ) _ y2in (Ml, Bl,-q—c, s)]
+p{(p} = BY)x' + (M? - B?)n* - n'sp (3,) hi" ~ R},
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the first order conditions with respect to B!, g, and s are respectively given by:

é{ _ (91 . ylin B y1 gylout o gV 2out o gy2in . Y (C_Zl, q ) dq
OBl OB! OBl AB! B! 66]1 dBI

lin

_ o
- pr' [1 + 5P (4e) } =0, (B20)

g‘qﬁ (01 iy ) gylin aVZin o §V2in . dv (ql, qz) dql

B R 5, = oq dq,
ahlin
— um S[hl"‘p’ (@.)+pr@.) 7, ]=O, (B21)

oL (91+ ovim v .nai?z"" +5V(ql,q2) dq*
5s =0 Y)Y ds oq'  ds

) ahlin
- | R~ h11n+ c
pm p(qc)[ P

Il

0. (B22)

6’\2'" avlm gylin

Adding and subtracting /l’” / ogr 10 (B21), one can rewrite it as:
lin Y72in v 77 2in vt aven
(9 v __qin v g, A 4 dg,  9g
+7) 5p Bl |avin T oL | avin gy
BT BT T

3V2m ov (ql, qz) dql N ahlm
+ —pr's [hi P (@) +p@) 5

- = 0.
i 9g"  dq,

lin y2in
From the first order condition (B20) one can derive an expression for (91 + yl) 6;1 /1’"3

that can be substituted in (B23) to obtain:

lin
gy lout l 8"7201” v (ql,q ) dq hlin A
{ 1 5 4 Jout o oq i +/,[7r 1+sp(q,) 851} iﬂ;ll""-l_
aB!
. (oVin  gpn .
;Una‘ﬂm 7. . 2av2m .\ oy (ql’ql) dql
BT | v~ Gy |~V g dq"  dg,

9B! 9B
lin

. On
—/17T1S[hi‘”p (q.)+r@,) 7, } 0. (B23)

Denoting by MRS 1’" and MRS 5,5 the marginal rate of substitution between g, and B for, re-

spectively, an optmg-ln type-1 household and an opting-in type-2 mimicker, one can rewrite
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(B23) as:

pirt {MRS;CB—S[hi p (qc)+p(qc)( = ) }}
dvlin=0

c

6/\2'." 2in 6/‘;20'” : dv (ql » qz) dq 1
+ AN —— (MRSl"’ MRS ) + A MRS 1 4 ———
HB! q:B 9B} q:B Ag! g, | yinzg
aVZm avlout
P ! MRS =0,
dq, OB!

and thus, rearranging terms, one immediately obtains the result stated by (17).

in 2in . in 72in -
Taking into account that 25— ‘W = p(g,) bt a‘; , ags = p(g,) " ‘ﬂ; L — =p(q ) H2indY

the first order condition (B22) can be rewritten as:

Svzin
6B °

s o
2in 2in

av % - OV
1 1 —\ 1 lin _ —Np2inY Y in_ (— \p2in
(0 + ") p @ " =V P @) " = AP @) R

ov (4.4 dg*
g ds

ahlm
— ' p(q,) [h“"ﬂ 5 ] 0.

Multiplying (B20) by —p (g,) L™ and adding the resulting expression to (B24) gives:

avlm 6vl0ut Y/ 2out
~(6" ') S P @R Y P @) R + A @) B

l'na";2in — n a ( )d ! — n Lin in
S p @ - Ly G s 140 @) G | p @R
2in 1/ 2in

gvlin A% v
1 1mYY — N 7.2in in_ (= ’NZm
O V) P @I~ VP @R~ A p @R

av (4,
+V—(q—q2£q— —ur'p(g,)

ahlzn
hlm 0.
dq' ds T }

Using the Slutsky equation to decompose 8h."/8s into a substitution and an income effect, and

simplifying and rearranging terms in the equation above gives:

1/ 2in

V"

av2m
o (%

avlout i
ly hlm 2h2m }p (qc) +

P o plin _’%tn) + pout

/‘720[(1 ; .
Whé "} r@q.)

dv (qlaqz) dq* OnLim
1 c
S, SRR Sy [N =uTp —_— B24

oq* ( ds )dvlw 0 @) ds (B24)

where E"” denotes the compensated (Hicksian) demand for hours of center-based child care by

low-skilled households.
From (B24) one can immediately obtain the result stated in (19).
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A.3 Derivations of results stated in Proposition 3

From the Lagrangian of the government’s problem:

L = 0V (M, B G, k) + OV (M2 BY) +v (q', ")
+y1 [Vlin (MI,BI G A ) — ylout (M1 Bl)]
7,2 [V2out ( M2, Bz) y2in ( M2, B2, qc,z )]
T [V2out ( MZ, BZ) — y2out ( Ml, 1)]
A" V2o (M2, B) - V2 (MY, B', G, 7o)
+,u{(M1 - Bl)ﬂ1 + (M2 - Bz)yr2 —nlp(G,) he —R} ,

the first order conditions with respect to B!, g, and s are respectively given by:

gylin 1 gylout aVZout _ aVZin N ov (ql, q2) _dgi .

aL 1 1 t I —
3—3—1:(9 V) e T e " am 4 am of ap T =0
(B25)
oL Navie gy gpein 9v(q' ) dgt —
— = 81 + - /lm + - lh ! = O’ B26
e e a ag, @20 9
in i Y720 1
oL _ (6" +9") v P w7 o(d4)dg' —pn'p (G,) = B27)
oh,. Ohe Ohe Oh. dq'  dn, ¢
Adding and subtracting A™ a;; v / aavBl:" to (B26), one can rewrite it as:
. P . Qyin —~ .
(91 N 1) avlm ~ /lin 6v2m 7. . /linavbn £ ~ mava
OB! OBl | avin OBl avin 0g.
3! EF
Jovein v(dhd)ag -
- + —umhep' (g,
' 7 og  dg. Fher (4)
= 0. (B28)
From the first order condition (B25) one can derive an expression for (01 +y ) ag;n - A a(;;"
that can be substituted in (B28) to obtain:
— avlin . 'avlin
avlout o o gV 2out _ av (ql, q2)£lgi ! A N /lma 94,
[ 9B ag"  ap' M| avm T TRt v
o1 B!
_ gy gy2in Oy (ql, qz) qu _
in A2 S _ 1 h.o (G
o, " og ag M@
= 0. (B29)
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Denoting by MRS 1’" and MRS = the marginal rate of substitution between g, and B for, re-
spectively, an optmg-m type-1 household and an opting-in type-2 mimicker, one can rewrite
(B23) as: ‘
Jout gy 2out y

m
ur't B! 2B

lin " 6V2m M\m” lin
MRSY = hp' (@) + 16B1[ RS2, - MRS CB]—

. _,)-/_2“ av2m 1 6vlout 1
pm! 8Zj ,u7r1 4B %5
pr' 8¢t dg, prt gt 4Bl &P

and thus, rearranging terms, one immediately obtains the result stated by (19).

in lin lin
Adding and subtracting 2™ avl BV / avl to (B27), one can rewrite it as:
& 2B 2B

. — avlin 5vlm —

91 . 8V1m /lin 6V2m o /lin 6v2m Ainava
( +7) gL "t R | T gp avlm " e
OBt dB! ¢

in 1
LN as - )d—l — pr'p(@,)
oh, 9" dn,
-0 (B30)

lin "Zrn
From the first order condition (B25) one can derive an expression for (01 + yl) %VT — Jin aaB!

that can be substituted in (B30) to obtain:

. avlin
8vl0ut Aommﬂout v (q g ) dq “oh,_
V' 5 ag ap tH" |
oB!
gylin §y2in .
+,U'naV2"l [ £ o ] 23v2m . ov (ql, C]Z) dql ) (_ )
R — —Hrpg

1 Jylin 2in 1 ¢

OB | v g Oh, dq'  dn,
o (B31)

Denoting by MRS " and m%:’; the marginal rate of substitution between &, and B for, re-

spectively, an opting-in type-1 household and an opting-in type-2 mimicker, one can rewrite
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(B23) as:
lin
MRSZCB
RN 0 P (O, P
= P\ ! 56]1 dﬁc /1771 aql dB! heB
+7_2(9V2i” ,y—lavlout

—— - MRS
prl g pml 9B hB
/lin 6V2in e 2in lin o aVZout Lin
+/;;r—1“5—B—1‘ (MRSI_ICB - MRSECB) - #7_(1 —a—ErMRSZCB

Given that we have observed that the optimal policy chosen by the government is such that
h. < B, we have that MRS hl."’; = p(q,), which allows recovering the result stated by (20).

B Child Care Subsidies in the United States

In this section we describe the federal and state tax credits (for California) assuming a family
with one child filing jointly.

At the federal level there are two tax credits. One is independent on whether a family had
child care expenses or not. It is only based on the fact that the family has a dependent child.
This tax credit (which is displayed in line 22 of the NBER taxsim “federal tax calculations”)
takes value 1.000 USD for all levels of family AGI (adjusted gross income) up to 110.000.
Starting at an AGI of 110.000, it starts being phased out: for every 1.000 USD of AGI in
excess of the 110.000 threshold, the value of the credit is reduced by 50 USD (for example,
for an AGI=112.000 USD, the credit is equal to 1.000 — 2x50=900 USD). Thus, this credit
goes to zero at AGI=130.000. The second federal tax credit is conditional on the family having
incurred child care expenses (this credit is displayed in line 24 of the NBER taxsim “federal tax
calculations™). This credit takes the following form:

BT (Y4%7) - min (3.000, D, WL, w" L™},

where D denotes actual child care expenses for the family, 3.000 is a fixed amount, w/L/ is the
earned income of the father, w”L" is the earned income of the mother, and gFEP (YAGI ) takes
value between 20% and 35% according to the decreasing schedule in table 16.

In addition we take into account the California child care tax credit which is a fraction of the
second federal tax credit illustrated above (this State tax credit seems to have been refundable
until 2011). (This credit is reported on line 38 of the NBER taxsim “State tax calculations™.)

Thus, the value of the State tax credit can be expressed as follows:

IBCAL (YAGI) . IBFED (YAGI) . min {3.000’ D, w LS wn Lm] ’
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Table 16: Federal and California tax credit schedule

YAG[ ﬁF ED YAGI ﬁF ED YAGI ,BCAL

0 - 15000 35% 29,000-31,000 27% 0O - 40,000 50%
15,000- 17,000 34% 31,000- 33,000 26% 40,000- 70,000 43%
17,000- 19,000 33%  33,000- 35,000 25% 70,000- 100,000 34%
19,000- 21,000 32 % 35,000- 37,000 24%  100,000- 0%
21,000- 23,000 31% 37,000- 39,000 23%

23,000- 25,000 30% 39,000- 41,000 22%

25,000- 27,000 29%  41,000- 43,000 21%

27,000- 29,000 28%  43,000- 20 %

where AL (YAGI ) takes value between 0% and 50% according to the decreasing schedule in
table 16.

C Optimal tax system with v = 0

Table 17: Pure Nonlinear Income Tax Optimum

Allocation in households where the mother works
y ¢ L, Ly A, hy he qc q Dfy T'(M)

43879 42.866 0.199 0437 0.238 0.165 0.397 1.166 22.738 0.11  0.000
56353  51.056 0.279 0416 0214 0.172 0415 1474 29.597 0.113 0.066
69.357 59.076 0315 04 0.203 0.177 042 1811 36.645 0.114 0.136
91.963 72346 0368 04 0.187 0.177 0436 2305 47.66 0.114 0.125
148.942 103.999 0455 0425 0.16 0.17 047 3426 73.948 0.112 0.000

Allocation in households where the mother does not work
y c Lm Lf hm hf hc qdc q D/y T/(M)

35487 34732 0434 0303 0.167 033 1.165 20324 0.113 0.162
39.715  36.75 0423 0306 0.17 0323 1428 24.836 0.121 0.261
46.849  40.228 0.434 0309 0.167 0.324 1703 29.855 0.122 0.283
52.648 42433 0419 0313 0.173 0.314 2061 35.857 0.128 0.388
86.692  58.846 0.542 0315 0.135 035 2969 54579 0.125 0.000

O OO OO

Welfare Gain = 4.55% of GDP

Rows correspond to household types 1-5. Taxable income M and consumption ¢ expressed in thousands of
USD (2006 values).
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