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Abstract

We investigate whether the possibility of engaging in household child care activities may
incentivize parents and grandparents to falsely claim disability benefits. Within a dynamic
Mirrleesian framework, where the government seeks to provide social insurance while actual
disability shocks are private information to households, we show that the optimal scheme
may be implemented via universal day care, combined with non-linear income taxation and
asset limits. We calibrate a multi-generational family model, with persistence in privately
observed shocks, to key features of the U.S. labor and child care markets, and find that the

optimal scheme may lead to sizeable cost savings.
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1 Introduction

Disability insurance and child related tax benefits are important components of government policy
in the United States. Social Security disability benefit payments totalled $135 billion and made up
17.5% of Social Security benefits in 2012 (Budget of the U.S. Government, FY2014, Table 13.1).
There were 10.1 million recipients of Social Security Disability Insurance (SSDI) benefits and 9.2
million recipients of Social Security Income (SSI) benefits (Social Security Administration, 2013).
Child related tax benefits, such as the Earned Income Tax Credit (EITC) and dependent tax
exemptions, are also relatively large in scope and magnitude. The Tax Policy Center estimated
that families’ tax savings from those two programs amounted to $104 billion in 2013 (Maag,
2013). The EITC benefited 26 million working families in 2012 and made an estimated 13.1
million children less poor in 2013 (Center on Budget and Policy Priorities, 2014).

In contrast, U.S. price related child care subsidy programs that are linked to formal child care
costs, are relatively small. Families’ tax savings from the Child and Dependent Care Tax Credit
(CDCTC) totalled $4 billion in 2013 (Maag, 2013) while the budget request for the Child Care and
Development Fund (CCDF) was $6 billion to support 1.4 million children in 2015 (Department of
Health and Human Services, 2014). Meanwhile, child care subsidies tend to be relatively large in
several other developed countries such as Scandinavia (Guner et al. , 2014; Havnes & Mogstad,
2011), whereas recent policy debates in Europe expressed a desire to move towards universal day
care. In 2002, the European Union stated as policy goal "to provide childcare by 2010 to at least
90% of children between 3 years old and the mandatory school age and at least 33% of children
under 3 years of age" so as to encourage labor force participation of mothers (European Council,
2002).

In this study, we present a case for universal day care, that is, a full price subsidy on formal
child care costs for all families. Our context is one of optimal social insurance in the spirit
of Diamond & Mirrlees (1978) and Golosov & Tsyvinski (2006). In a standard optimal social
insurance framework, where disability shocks of an agent are private information, disability benefits

cannot be too generous or else, healthy individuals may be tempted to mimic the disabled by not
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working, and claim the benefits.! We add to the standard framework in several ways. First, we
consider multi-member households which may have several adult members, such as parents and
grandparents, subject to privately observed disability shocks. Second, we consider a multi-choice
framework where healthy members may allocate their time (effort) between working on the market
and household child care activities. Third, we calibrate our multi-generational family model to
match key features of the U.S. labor and child care markets, and quantify the potential cost savings
from the optimal policy.

In spite of the multi-dimensional nature of our framework, the model remains very tract-

2 We use a recursive formulation with history dependence

able with clear policy implications.
in privately observed shocks and adapt the threat keeping constraint theoretically proposed by
(Fernandes & Phelan, 2000) to account for the absorbing nature of disability shocks®. We show
that universal day care, in addition to non-linear income taxation and asset limits, implement the
constrained optimum, where it is as though the government may monitor household child care.
The intuition behind our result is as follows: healthy household members who mimic the disabled
by not working, may not only claim disability benefits, but also save on formal child care costs by
looking after the children themselves. The possibility of engaging in privately observed household
child care therefore exacerbates the incentives of healthy members to mimic the disabled. The use

of universal day care helps to directly counterbalance private household child care incentives by

making such activities unattractive relative to formal child care.

'Tn 1984, congressional reforms redefined disability as the inability to engage in substantial gainful
activity due to a physical or psychological impairment. Those include back pain and mental illness which
are hard to verify. Among SSDI beneficiaries, 27% received the benefits on the grounds of musculoskeletal
diseases and 35% on the grounds of mental disorders in December 2012 (Social Security Administration,
2012). The controlling evidentiary weight is also placed on a disability applicant’s own health practitioner,
thereby making the disability screening process easier for applicants (Autor & Duggan, 2006; Hu et al.
, 2001). See Autor et al. (2014) for recent evidence on moral hazard in long term disability insurance
policies. See also Gruber (2000), Haveman et al. (1991), and Maestas et al. (2013).

2This is partly thanks to the discrete nature of disability (Armstrong & Rochet, 1999) and to the fact
that the disabled cannot mimic the healthy.

3Social Security pays disability benefits only for long-term total disability. Less than 0.5% of SSDI and
SSI beneficiaries leave the disability rolls and return to work. Source: 42 U.S.C. 1320b-19, The Public
Health and Welfare.
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We make our case for universal day care within the context of multi-generational households.
The increased prevalence of such households makes it important for policy to take intergenerational

1 According to the U.S. Census, approximately 7.5 million (10%)

linkages into consideration.
children under age 18 lived with a grandparent in 2010. In 2011, 21.1% of children of pre-primary
school age with a working mother benefited from grandparent-provided child care as their primary
source of day care, averaging 23 hours per week (Laughlin, 2013). Grandparent provided child
care has been found to increase labor supply of mothers (Cardia & Ng, 2003; Compton, 2013;
Compton & Pollak, 2013; Maurer-Fazio et al. , 2011) while grandchild care needs have been found
to influence labor supply of grandparents (Ho, 2013; Marcotte & Wang, 2007). It has also been
found in the literature that child care subsidies lead to a substitution from relative care to formal
child care (Havnes & Mogstad, 2011; Tekin, 2007), and a possible increase in the labor supply of
grandmothers who live with their grandchildren (Ho, 2015). This suggests that day care subsidies
may not only lead to welfare gains by increasing the labor supply of parents, but also by increasing
the labor supply of grandparents.

In our quantitative exercise, we extend the theoretical model to incorporate demographic het-
erogeneity across households in terms of presence of parents and grandparents, marital status,
gender, and education, and number and age of children. We calibrate our multi-generational fam-
ily model taking into account the U.S. tax and benefit system and match key features of the U.S.
labor and child care markets. We find that our proposed implementation with universal day care
may lead to average costs savings of 0.05% to 3.31%, relative to the case that would yield the
same level of welfare but where the government may not use universal day care. We find higher
cost savings for single parent households and for multi-generational households with both a single
parent and a single grandparent present. Average cost savings ranged between 0.23% and 2.2% for
single mothers with higher cost savings among the less educated mothers. Cost savings for single

fathers ranged between 0.1% and 1.23%, for two parent households between 0.05% and 0.8%, and

4A recent newspaper article headlines: "Grandmother on disability benefits caught running a mile
(while pushing a pram)", which provides an anecdotal story that some disability benefits cheats may be
babysitting their grandchildren. Source: Daily Mail, 2009.
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for households with a grandparent present between 0.2% and 3.31%.

Our study makes a contribution to the child care subsidies literature. There is general agree-
ment that child care subsidies are positively associated with higher labor supply of mothers (Blau,
2003; Guner et al. , 2014; Havnes & Mogstad, 2014; Tekin, 2007). Proponents have argued for
such subsidies on the grounds of encouraging mothers to become self-sufficient (Blau, 2003), in
order to counteract the disincentive effects of income taxation (Barnett, 1993), and to promote
higher quality child care (Currie, 2001; Heckman & Cunha, 2010).

Our work is also related to the optimal taxation literature with home production. Domeij
& Klein (2013) find that child care subsidies can lead to welfare gains within a Ramsey optimal
taxation framework. In their context, there would be no need to subsidize day care if tax rates
on income were zero, that is, the role of day care subsidies is to help counterbalance the effects
of distortionary income taxation. Our argument is somewhat reversed: In an optimal social
insurance context, with asymmetric information between the government and households, day
care subsidies, together with non-linear income taxation and asset limits, help counterbalance the
existing incentive issues of household members.’

Universal day care allows for a simple child care subsidy scheme that helps circumvent a com-
plicated system with multiple targeted subsidy rates. With multi-member households, household
members would have different child care margins, that is, different incentives to engage in house-
hold child care activities. Implementation of targeted child care subsidies would therefore require
policy makers to provide different subsidy rates to different household members across different
households. In addition, for such targeted subsidies to be feasibly implemented, household child
care would need to be monitored. In our context, with multi-member households and privately
observed household child care activities, universal day care not only help counter the incentive

issues of mothers but also the incentive issues of related family members.

°In our context, the optimal scheme is designed so as to prevent healthy members from mimicking the
disabled. Ho & Pavoni (2014) make a somewhat similar argument for targeted sliding scale child care
subsidies within a Mirrlees optimal income taxation problem with verifyable household child care. They
focus on a static model with single mothers who have heterogeneous market productivities.



In Section 2, we describe our theoretical framework and present the recursive formulation
of the government problem. In Section 3, we make a case for universal day care and discuss
implementation of the constrained optimum. In Section 4, we describe our quantitative exercise
and present numerical results from simulations of the optimal policy as well as from counterfactual

policies without universal day care. Finally, we conclude in Section 5.

2 Model

2.1 Framework
2.1.1 Agents

Agents in our model are multi-generational family households that may consist of grandparents,
parents, and children. We use the terms family and household interchangeably throughout the
text. Let I be the total number of adult members in the household and denote the adult members
of the family by the index i € {1,2,..,1}.° We consider a finite horizon time frame with T discrete
periods, t = 0,1, ..., T, during which the household’s adult composition is fixed and child care

needs may be relevant to the family. The family household is a decision unit in our model.

Time allocation In each period, households have child care needs n > 0. Healthy adults can
devote effort (time) to the labor market [ > 0 or to household child care A > 0. The remaining
child care needs not covered by household child care, n — Z hi, is purchased from the child care
market at price p > 0 per unit. When a healthy adult ¢ vzvorks on the labor market, the latter
earns ' = w'l" where w' is wage per unit of labor. We assume that Vi, w' > p, which is in line

with the fact that average cost of formal child care in the U.S. tends to be below the minimum

wage.” n, p and w' evolve deterministically over time.

6For example, i = 1 could represent the father, i = 2 the mother and so on.

"The federal minimum wage is $7.25 per hour while cost of formal child care for an infant averaged
$3.88 per hour. See Section 4 for details on the calibration process. Our model is extendable to incorporate
household members with w® < p. See the Appendix for a discussion of this extension.



Preferences Family preferences are separable over time and the future is discounted at rate
B € (0,1). Within period family preferences are separable in family consumption ¢ > 0 and effort
of each adult member ¢’ = [* + h'. Intra period family preferences are given by
u(c) = > vi(e").
u is a concave function with «' > 0, v” < 0. For all i, v; is a convex function with v; > 0 ,

vl >0 and v;(0) = v}(0) = 0.

Disability states Adults are subject to absorbing disability shocks, that is, once an adult is
disabled, the disability is permanent. Disabled adults can neither work on the market nor at
home so that e = 0. In any period, a family may have from zero to all members disabled. Let S
denote the set of relevant disability states that a family may be subject to and denote the state
of family disability by the index s € S, which captures the number and the identity of disabled
members. Note that by the absorbing nature of disability shocks, the relevant state set in the
current period, S, would be a subset of the the previous period’s state set, S_;. For example, if
one family member is disabled in the previous period, then the same member cannot be healthy
in the current period. Let 7(s,s_1) be the conditional probability that the family is in state s in

the current period, given state s_; at the start of the period, and normalize Y 7(s,s_1) = 1.
s€S

2.1.2 Government

The government is risk-neutral and provides disability insurance to families in the least costly way

possible, while guaranteeing the family an expected utility level of at least V. The initial promised

utility, V', can be interpreted as an exogenously determined parameter capturing the generosity

level of the welfare system. We consider a setting where the government discounts future costs at
1

rate %, where 7 is the interest rate, and assume that § = ——.
+r 147

Information structure The government knows the distribution of disability shocks but actual

disability shocks are private information to the household. y and [ are verifiable for those employed.



Thus, if I* > 0, the government can infer that household member i is healthy, but if I* = 0, the
government cannot infer whether 7 is disabled or healthy but exerting no effort on the labor market.

We assume that the government may also monitor household assets.

2.2 Government Problem

We are interested in modeling the constrained optimum where it is as though the government
could perfectly monitor household child care activities. We will therefore write the government
problem as though h were public information. We will show in Section 3 that the implementation
of this optimum is possible via the use of universal day care (which precludes the need to monitor

h), in addition to non-linear income taxation and asset limits.

2.2.1 Recursive formulation with history dependence

We model the government problem recursively. By the revelation principle, we can focus on direct
mechanism where in each period, households declare their disability state s € S. The government

then specifies allocations according to the declared state.

Standard recursive formulation In a standard recursive framework, the optimal allocations
may be solved recursively as a government minimizing costs subject to promise keeping constraint
and incentive compatibility constraints. Within our context, in each period, for a declaration
of state s, the government specifies for all i, earnings 3'(s) and household child care h'(s), and
allocates consumption ¢(s), formal child care costs p <n -2 hi(s)) , and continuation utility V'(s)
to households. The continuation utility allocated in the curzrent period then becomes the expected
discounted utility that the government needs to deliver to agents via the following period’s promise
keeping constraint.

The promise keeping constraint in our model is given by:

> w(s, o) [u(c(s)) =) v (hz@ + y;(}f)) +BV(s)| = V(s_1). (PK)

seS

i



V(s_1) is the promised continuation utility for agents who declared to be in state s_; in the
previous period. V(s_;) =V in the first period and V' (s) = 0 in the last period.

If disability shocks were independent over time, we would have unconditional probabilities
7(s,s_1) = m(s). In a framework where privately observed shocks are assumed to be independent
over time, the promised continuation utility would be the only state variable that we need to
keep track of (Albanesi & Sleet, 2006; Atkeson & Lucas, 1992).® With time-independent shocks,
expected utility of agents would be common knowledge in every period. In other words, expected
utility in the current period would be the same for all agents who declared s_; in the previous
period, irrespective of whether the agents were truthful or not. This arises because agents would
have the same (non-history dependent) distribution of privately observed shocks in the current
period, irrespective of the actual state in the previous period. The promise keeping and incentive
compatibility constraints would therefore follow a straightforward recursive formulation, based on

the commonly known preferences.

History dependence in privately observed shocks Now consider the case where shocks are
history dependent, such as with absorbing disability shocks. In this case, expected utility of agents
would not be common knowledge every period. To see this, consider two agents who declared to
be in state s_; in the previous period. The first agent was truthful while the second agent was
untruthful and was actually in state s_; # s_;. Then, in the current period, the expected utility
based on the distribution of disability shocks would be conditional on s_; for the first agent and
conditional on s_; for the second agent. Even though both agents declared to be in state s_; in
the previous period, they would have different expected utilities in the current period. Modeling
the promise keeping and incentive compatibility constraints recursively, therefore, requires us to
take into account the history dependence in privately observed shocks.

In addition to keeping track of the promised continuation utility, V' (s), for truthful agents, we

8Even with time-independent shocks, allocations would still be history dependent. In such a context,
the promised continuation utility would be a state variable that captures all relevant information on those
past histories.



therefore need to keep track of the history of disability shocks, and of additional state variables,
V(s,3) for all 3 pretending to be s. V(s,3) can be interpreted as the threatened continuation
utility of agents in state s pretending to be in state s (Fernandes & Phelan, 2000). The threatened
continuation utilities allocated in the current period then becomes the expected discounted utilities
that the government needs to deliver to previously untruthful agents via the following period’s
threat keeping constraints.

The threat keeping constraints in our model are given by:

== ‘7(8_1, g—l)-

i

Vs_; € 5.y, Z?T(:SV, §_1)mgm [ u(c(s)) — Zvi <hi(s) + y;(}«?) + BV (s,3)

ses

(TK)

‘7(5,1, $_1) is the threatened continuation utility of agents who were in state s_; in the previous
period but declared to be in state s_;. Agents who were previously in state s_; may still privately
choose a state declaration s that would maximize their current expected discounted utility, even if
they are in a different state 5 in the current period.” The threat keeping constraint therefore cap-
tures the different probability distribution of mimicking agents, as well as their private optimizing
behavior. It keeps track of potential multi-period deviations.

The government also needs incentivize agents to truthfully declare their state. In other words,
the expected discounted utility from truth-telling needs to be at least greater than or equal to the
expected discounted utility from mimicking. The incentive compatibility constraints in our model
are given by:

Vs, s €S, u(c(s)) _ZU" <hi(8) + yz(f)) + BV (s) > u(c(s)) —Zvi (hZ(E) + @) +BV (3, s).
- w w
Z (1c)

%

Note that by the nature of disability, only abled family members may mimic the disabled and
not vice versa so that only a subset of states are relevant for mimicking purposes. For the sake of

notational simplicity, we keep the notation as it is in the main text and we will loosely use s < s

9Note that V(s,s) = V(s) when an agent is in state s and chooses to truthfully report s.



in the Appendix to indicate that agents in state s may mimic agents in state s.

2.2.2 Constrained optimization problem

Let V(s,8) be a vector of threatened continuation utilities capturing V (s, 3) for all 5 € S. In every
period, for agents who declared to be in state s_; € S_; in the previous period, the government

chooses allocations so as to minimize the expected discounted value of costs:

G (V(s1). Vis_154)) =

Min_ Z m(s,5_1)

C7y7h7‘/'7v SGS

cfs) +p (n -3 hl‘<s>) -3y +5G (v<sﬁ<ss>)] @

s.t. (PK), (TK), and (IC).
In the initial period, V(s_;) = V, the initial promised utility, and V(s_y,5_,) =0, V5_; € S_;.
In the last period, G(V (s),V(s8)) =0, V(s) = 0, and V(s,3) = 0, Vs,5 € S.

3 Policy Implications

In this Section, we characterize the optimal allocations and propose an implementation of the

constrained optimum.

3.1 Full Information Benchmark

With perfect information on disability shocks, the government can choose allocations so as to
minimize expected costs subject to promise keeping constraint only. In this case, we have full
insurance with constant consumption, ¢, across all states and across periods. Moreover, since Vi,
w® > p, it is optimal for healthy household members to devote all of their effort to the labor

market. The consumption-labor margin is also not distorted:
u' (2) w' = v, (fj}—) :

10



3.2 Constrained Optimal Allocations

It is straightforward to see that when actual disability shocks are private information, healthy
agents would have an incentive to mimic the disabled if consumption were constant. There is
therefore a trade-off between providing insurance and preserving work incentives of healthy agents.

Proposition 1. Let (¢*, y*, h*) solve the constrained optimization problem (G).

(i) For each period and state, it is optimal for healthy household members i to devote all of

their effort to the labor market:
y™*(s) > 0 and h*(s) = 0.
In addition, the consumption-labor margin of healthy household members are not distorted:
W (e (s) i = o] (£282).

(ii) For each period t < T, the inverse Euler equation holds:

1 _ T(5+1,8)
w(c*(s)) 2 w'(c*(s+1))’

S41€S41
where s,; € S,; are the possible states in the following period given state s in the current
period. There is an inter-temporal wedge between current and future marginal utilities of con-

sumption:

() < X wlsan s (¢(s50)).

S+1€S4+1
The proof is derived from the first order conditions of the constrained optimization problem

and is outlined in the Appendix.

3.3 Private Deviation Incentives

In this Section, we discuss the private deviation incentives of agents.

11



Child care Suppose that household child care is private information to the household. House-
holds take as given the allocations of consumption ¢*, formal child care costs pn, and earnings y*,
specified by the government from the constrained optimal problem (G). Given such allocations,
the household then privately chooses h, in order to maximize expected utility.

Consider the private problem of a household in which one member always mimics disability
while the remaining members remain truthful about their health status. Given true state s, denote
s as the declared state in which only member j mimics the disabled. The private problem of the

household is given by:

U(5_1,5.1) = Maz 3 m(s,s5-1) [u(c"(3) + }ihj (3,8)) — v; (B (3, 5)) — S v (y";@) + BUE, s)

s€S 4 i#£]
&(5,9)

By engaging in privately observed household child care, the household can save on formal child
care costs and increase consumption. (5, s) is consumption of the mimicker household. U (3, s)
is the expected private continuation utility for a household in state s but where member j is
mimicking the disabled. U(3, s) = 0 in the last period.

The private consumption-child care margin when member j is actually healthy is given by:

u,(6(§’ 3));0 = U;‘<hj(§’ 3))

Household member j would therefore engage in household child care activities when mimicking
the disabled. Thus, the maximized utility of a mimicker household is greater with the possibility
of engaging in privately observed household child care compared to the case where the mimicker
household may not engage in such activities. The incentives of household members to mimic the

disabled are therefore exacerbated.

Savings Suppose that instead, assets are private information to the household. The household
then privately chooses assets A € R, in order to maximize expected utility. Consider the private
problem of a household which is always truthful about its state s:
U(s 1) = Mémz > (s, s.1) {u (c(s)) =D v (yw—(s)) + ﬁU(s)] ,
ses i

12



s.t.
c(s) =c*(s) — A(s) + (L +1)A(s_1).

The possibility of having hidden assets enables households to privately smooth consumption
across periods. A(s_p) are assets carried over in the previous period and A(s) are assets to be
chosen in the current period. A(s_;) = 0 in the first period, and U(s) = 0 in the last period.

From the household’s first order conditions, the private Euler equation holds:

u(e(s)) = X m(sg,8)u (c(s41)) -

S+1€54+1

The household privately equates expected marginal utility of consumption across periods. This
is in contrast to the inter-temporal wedge in Proposition 1(ii). Thus, the agent may have private
incentives to underconsume and oversave in the earlier periods, relative to the optimal allocation.

The maximized utility of the household is therefore greater with the possibility of saving privately.

Triple deviation incentives Should both household child care and savings be private informa-
tion to households, it may therefore be privately optimal for households to (i) be untruthful about
their state, (ii) engage in non socially optimal household child care activities, and (iii) accumulate
non socially optimal assets. The way that (ii) interacts with (iii) depends on the relative profile
of child care needs and formal child care costs over the life-cycle. On one hand, front-loaded
household child care enables households to increase consumption in earlier periods and therefore
exacerbates the incentive to oversave for the future. On the other hand, back-loaded household
child care enables households to increase consumption in later periods and therefore smoothens the
incentive to oversave in earlier periods. In either case, such possibilities exacerbate the incentive

of household members to mimic the disabled.

3.4 Implementation

We show that a combination of universal day care, non-linear income taxation and asset limits
implement the constrained optimum as though the government could monitor household child

care.

13



Proposition 2. The following scheme implements the constrained optimal allocations (c*, y*, h*) .

(i) Universal day care. Every period, the government subsidizes formal child care price at a rate

of s = 1, such that the subsidized price of child care is (1 — s)p = 0.

(ii) Lump sum net tazes and asset limits. Every period, the government imposes net taxes such

that: Vs, T'(s) = Zyi*(s) —c*(s) if A(s—1) <0and T(s) = Zyl*(s) if A(s_1) > 0.

The proof of Proposition 2 is presented in the Appendix.

The universal day care may be implemented in the form of free public day care or of direct
reimbursement to day care centers. With universal day care, households face an effective child
care cost of zero. It follows, that household child care would not help households save on formal
child care costs while it would still be costly in terms of effort. Households would therefore be
discouraged from engaging in non optimal household child care activities.

By construction, non-linear income taxation and asset limits, ensure that household choices
would then coincide with the constrained optimal allocations. It follows from incentive compat-
ibility constraints (IC), that households would be truthful about their state and receive the same
expected discounted utility as in the constrained optimum. By design, the government would also

face the same expected costs as in the constrained optimum.'’

00ur time-varying taxes are analogous to age-dependent taxation in the case of one person households
(Weinzierl, 2011). We note that given universal day care, various combinations of time varying asset limits
and non-linear income taxes could, in fact, also implement the constrained optimum. Such combinations
may be defined recursively, from households’ private budget constraints:

c*(s) + A(s) = > y™*(s) — T(s) + (1 +7)A(s_1),

with assets limit A(s_1) = 0 in the first period and A(s) = 0 in the last period. In addition, the present
value of lifetime net taxes need to be equal to the government’s expected costs at the constrained optimal
allocations:

S ERET(s) = D) [z yi(s) - cz<s>] ,

where 74(s) is the unconditional probability of being in state s in period t. The time-varying asset
limits would be similar in spirit to the asset-tested disability benefits system proposed by Golosov &
Tsyvinski (2006).

14



4 Quantitative Analysis

4.1 Calibration

In the quantitative analysis, we allow for observed exogenous demographic heterogeneity across
households in terms of structure (presence of parents and grandparents), adult characteristics
(marital status, gender, and education) and child characteristics (number and age of children). We
denote a particular family household type by the index k which conveys all the relevant information
on household composition. The index ¢ still denotes a particular adult family member. Each
household type may face different life cycle profiles of child care needs, while the adult members
may have different effort cost parameters, life cycle probabilities of being disabled, and wage
profiles. The qualitative results presented in Section 3 are applicable to any family type.

Family preferences are given by

. (et 1+
In(ese) — 3 of e

The felicity of consumption is logarithmic.!! «f is an effort cost parameter and v is the
reciprocal of the Frisch elasticity of labor supply.

Parameters to be calibrated are the discount factor 3, preference parameters {~, a%}, the life
cycle probabilities of being disabled %};t, the life cycle profiles of wages wi,, child care needs ny;
and price of formal child care py;. We also need to calibrate initial promised utility V). for each
family type, and the U.S. tax and benefit system. In particular, Social Security and Federal Taxes,
Earned Income Tax Credit (EITC), Child and Dependent Care Tax Credit (CDCTC), Child Care
and Development Fund (CCDF), Social Security Disability Insurance (SSDI), and Supplemental

Security Income (SSI).

1Tn the numerical analysis, we normalize the logarithmic function by adding 1 to its argument so that
lim._,gu(c) = 0.
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4.1.1 Demographics

Household adult structure The population size and adult structure of each household is
assumed to be constant over the time frame ¢ = 0, ..., T', which corresponds to the finite life cycle
of a multi-generational household during which child care needs may be relevant. The demographic
composition of households is designed to match the composition of U.S. households. We use data
from the Current Population Survey (CPS) which is a nationally representative dataset of U.S.
households. In particular, we use the March Annual Social and Economic Supplement of the CPS
for years 2005 to 2014 as a series of repeated cross sections.

We define an adult to be part of the parent or grandparent generation based on age and
irrespective of the presence of children. Those aged 25 to 49 are part of the parent generation
and those aged 50 to 74 are part of the grandparent generation. To keep the terminology simple,
we refer to an adult in the parent generation as "father" or "mother". Similarly, an adult in
the grandparent generation is referred to as "grandfather" or "grandmother". We will describe
households’ child characteristics further on within this Section.

In terms of the living arrangements of related adults in a household!'?, we consider parent
households with adults aged only 25 to 49, grandparent households with adults aged only 50 to
74, as well as intergenerational households with adults aged 25 to 74. The adult members of the
grandparent and parent generations may be single or married.

We consider a 5 period model where each period ¢ corresponds to a 5 year time interval. We
base the life cycle of a multi-generational household on the age of the mother when she is present
in the household so that ¢t = 0, 1, 2, 3, 4 correspond to a household with a mother aged respectively
25 —29,30 — 34,35 — 39,40 — 44,45 — 49. When there is no mother present but a grandmother is
present, we base the life cycle of the household on the age of the grandmother so that ¢t =0, 1,2, 3,4

correspond to a household with a grandmother aged respectively 50 — 54,55 — 59,60 — 64,65 —

2Tn the CPS, a household is identified by the household number and current address of residence.
Family members within a household are identified using the family identification number.
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69, 70 — 74. Finally, when there are neither mother nor grandmother in the household, we use the
age of the father.

We do not consider households with adult structures that make up less than 2% of the sample.
This gives us 7 possible structures: 3 parent households (single mother, single father, two parents),
2 grandparent households (single grandmother, two grandparents), and 2 intergenerational house-
holds (single grandmother and single father, single grandfather and single mother). The different
household structures and their proportions in the CPS are given in Table 1. Parent households
make up 61% of our sample while grandparent households make up 28% of the sample, and 11%

of households are intergenerational.

Household child characteristics Child arrival rates are exogenously given in our model. Our
interpretation of child arrival is inclusive of births of own children and arrival of grandchildren into
the household. We assume that children may arrive only in the first three periods, corresponding
to when adults in the parent generation are aged 25 to 39. The arrival rates of children vary by
household structure and time period, and is calibrated according to the proportion of households
with children aged below 5 in the CPS.

For parent households, we limit the total number of children in a household to 3 and the max-
imum number of children arriving in one period is limited to 2.!* This gives us a maximum of 17
profiles of child arrivals for each parent household. For grandparent households and intergenera-
tional households with a single father, we limit the total number of children in a household to 1.'*
This gives us a maximum of 4 profiles of child arrivals for those households. For intergenerational
households with a single mother, we limit the total number of children to 2 and the maximum
number of children arriving in one period is also 2.' This gives us a maximum of 9 profiles of

child arrivals for such intergenerational households.

BLess than 6% of such households had more than 3 children and less than 5% had more than two 5
year old children at any given point in time.

1 ess than 6% of such households had more than 1 child.

15T ess than 6% of such households had more than 2 children.
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We report the proportion of households with children aged below 5 in Table 2. As can be seen
from the Table, parent households and intergenerational households with mothers have the highest
child arrival rates. On the other hand, grandparent households and intergenerational households
with single fathers had the lowest child arrival rates. We compute the proportion of households
facing each child arrival profile using the information in Table 2. For example, the proportion of
single mothers who have one child in every period is computed as ay X a; X as where a; is the
proportion of single mothers with one child aged below 5 in period t. We normalize the sum of

the proportions to 1 for each household structure.

Child care needs and price of formal child care We define child care needs ny; as the
portion of the working week during which child care is required. A normal working week is 40
hours which we normalize to 1 unit of time. We assume that children require full time child care
of 1 unit only in the first period of their life. Since an adult can look after several children at the
same time, household child care needs are based on age of the youngest child and is 1 unit of time
if the latter is a newborn.

Price of formal child care p;; depends on the number of newborns in the household. We
calibrate the cost of formal child care according to data from Child Care Aware of America (2014)
fact sheet, which is an annual report on child care costs based on statistics from state Child Care
Resource and Referral agencies and from the latest market rate surveys. Among families that use
formal child care, infants and toddlers aged 4 were in either center-based care or family child care
homes.'® We observe the average annual child care costs for infants and for toddlers aged 4 in full
time center-based care and in family child care home across states. We also observe the number of
children aged less than 4 in each state as well as the proportion of space available in center-based
care and family child care homes.

The calibration of hourly cost of formal child care for a child aged 0 — 5 is done as follows.

16Family care homes are typically licensed facilities that provide paid formal child care to a small
group of children. We classify this arrangement as formal child care in order to avoid confusion with the
informal household child care provided by parents and grandparents in our model.
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For each state, we first compute the average annual costs that a child would incur in center-based
care and in family child care home by assuming that the child faces the infant cost for 2 years
and the toddler cost for 3 years. We then pro-rate the center-based and family child care home
costs according to the proportion of space attributed to each facility type. In the next step, given
50 working weeks of 40 hours each a year, we compute the hourly cost of child care in each state.
Finally, we pro-rate this cost by the proportion of children aged less than 4 in each state and
convert to 2010 dollars using the Bureau of Labor Statistics (BLS) Consumer Price Index (CPI)

calculator. This gives us an hourly child care cost of $3.88 per child.

Disability rates The life cycle probabilities of being disabled %\Zt vary according to individual
gender, marital status and age group, as well as household structure. We assume that the prob-
ability of being disabled is independent across household members and across households. The
probability of being disabled is calibrated according to the CPS question "Does ... have a health
problem or a disability which prevents work or which limits the kind or amount of work?". Since
disability is absorbing in our model, we also posit that the proportion of disabled individuals
cannot decrease over time.!”

We report the proportion of disabled individuals by household adult composition in Table
3. As can be seen from the Table, older individuals have higher probabilities of being disabled
compared to younger individuals of the same gender and marital status. On the other hand, single
parents and grandparents were more likely to be disabled compared their married counterparts of
the same gender and age group. We determine the transition probabilities of households being in a
given state my; based on the proportions in Table 3. For example, a single mother has probability
(1 — 7,) of being healthy in period 0. For subsequent periods, she has conditional probability

(-7

) of being healthy in period t given that she is healthy in period t — 1.

(A=

"Tn particular, if the proportion disabled is lower for a older age group compared to a younger age
group, we assume that the proportion disabled is the same as in the younger age group. This was relevant
for single grandmothers in the last two periods when they are aged above 65.
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Wages We calibrate hourly wages according to the wage profiles of workers in the CPS. We first
divide gross earnings by hours of work in order to get hourly wages. Wages are then adjusted to
2010 dollars using the BLS CPI calculator. 2% of the sample of workers had earnings or hours
information missing and 1.8% had wages of more than $100 per hour, which we drop from the
sample. We allow wages to vary according to gender, marital status, age group, household adult
composition and education, and take the average across each category. We allow for two education
levels: high school or less, and more than high school education. The wage profiles of household
members by education level and for each period t is reported in Table 4. Since 65 is the usual Social
Security age in the U.S., we assume that those aged 65 and above are retired and therefore do not
consider their wages. As can be seen from the Table, those with high school or less have lower
wages compared to those with college education. In parent and grandparent households, married
individuals tend to earn higher wages compared to single individuals of the same gender, age group
and education level. In intergenerational households, single grandfathers earn more than single
mothers with the same education level while single grandmothers earn more than single fathers

with the same education level only in the first two periods.

4.1.2 U.S. Tax and Benefit System

We base our calibration on the 2010 U.S. tax and benefits system.

Social Security and Federal taxes Social Security taxes are calculated as 6.2% of the first
$106, 800 in earnings (Social Security Administration, 2010). Federal income tax brackets depend
on a tax payer’s filing status. We assume that households with a single parent or grandparent
file taxes under the single status when there are no children present in the household and file
under the head of household status when there are children below 18 present in the household.
Married households, on the other hand, file jointly for taxes irrespective of presence of children.
For intergenerational households with children aged below 18, we assume that the grandparent

files as head of household while the parent files under the single status. If the grandparent is
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disabled or retired, then the parent files as the head of household.®

Taxable income is computed as gross earnings minus exemptions and deductions. Deductions
are $5, 700 for singles, $8,400 for household heads, and $11,400 for married couples. Each indi-
vidual and dependent also gets personal exemptions of $3,650. Federal income tax brackets are

given in Table 5.

EITC The EITC is a refundable tax credit designed for lower income working families. The
phase-in rate, maximum credit, phase-out rate and income limits depend on the number of children
aged below 18 in the household. The income limits also depend on a tax payer’s filing status, that
is, whether filing as single or head or household, or as a married couple. The EITC schedule is

given Table 5.

CDCTC The CDCTC is a non-refundable tax credit program available to working families with
children under 13. The CDCTC has a tax credit rate of 20% to 35% of child care expenses up to
a cap of $3k for families with one child and $6% for families with two or more children (Tax Policy
Center, 2010). The 35% credit rate applies to families with annual gross income of less than $15k,
and declines by 1% for each $2k of additional income until it reaches a constant tax credit rate of

20% for families with annual gross income above $43k.

CCDF The CCDF is a block grant fund managed by states within certain federal guidelines.
CCDF subsidies are available as vouchers or as part of direct purchase programs to working
families with children under 13 and with income below 85% of the state median income. We set
the CCDF rate to 90% which is the recommended subsidy rate under Federal guidelines although
there are a lot of variations across states. We take into account the fact that only a certain
proportion of eligible households received the CCDF subsidy: 39% of potentially eligible children

living in households below the poverty threshold, 24% of potentially eligible children living in

18To qualify as head of household, one must be unmarried, provide for more than half of housing
expenses, and have a qualifying dependent who may be a descendant aged below 18 or a disabled relative
of any age. Source: Inland Revenue Service.
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households with income between 101 to 150% of the poverty threshold, and 5% of potentially
eligible children living in household with income above 150% of the poverty threshold but below
the CCDF eligibility threshold of 85% of state median income (Department of Health and Human
Services, 2012). U.S. median household income was $51,144 in 2010 and the poverty thresholds

for different family sizes are given in Table 5.

SSDI To be eligible for disability benefits, one must generally have worked for at least 5 out
of the 10 most recent years with the benefits being permanent thereafter. SSDI benefits are
based on the age at which one becomes disabled and Average Indexed Monthly Earnings (AIME).
SSDI benefits are automatically converted to retirement benefits when the recipient is past the
retirement age of 65. We assume that if a person is disabled, that person is disabled at the start
of the period and the relevant AIME is a summary of earnings from the previous periods. We

compute SSDI benefits on a period basis as follows:

0.9AIME:, , it AIMEL, | €[0,b]
SSDI}, = 0.9b; +0.32 (ATME},_, — b)) if AIME:, | € [by,b,)]
0.9b; +0.32 (by — by) + 0.15 (AIME}, | —by) if  AIME}, | > by

where b; and by are bend points. In 2010, b; was equal to $761 and by was equal to $4, 586
(Social Security Administration, 2014).

We use the following formula to approximate AIME on a period basis:

i {(AIME}'Ctil+min{ssbaset,y,it}}
AIME], = i

where ssbase; is the Social Security base wage which was $106, 800 in 2010. We assume that
all parents are not eligible to claim SSDI in period t = 0 while all grandparents are eligible to

claim disability benefits when disabled in the first period.!” The relevant AIME if a grandparent

YLess than 3% of SSDI recipients were aged 25 — 29. Meanwhile, 75% of the working age population
are eligible for SSDI benefits with 70% of recipients being aged above 50. When SSI is taken into account,
90% of the working age population are insured against disability (Social Security Administration, 2011a).

22



is disabled in the first period, is approximated from average earnings of individuals aged 45 — 49

with the same gender, marital status, and education.

SSI SSI is a means-tested program that provides benefits to low income individuals aged above
65 and to the disabled. The definition of disability is the same as under SSDI although there
are no contribution requirements under SSI. It is possible to receive both SSI and SSDI if income
is sufficiently low.? To be eligible for SSI, countable resources need to be less than $2k for an
individual and $3k for a couple (Morton, 2014). We use household assets as the measure of
resources in our model.

SSI benefits are reduced one-for-one for income from earnings or SSDI. We approximate SSI

benefits as follows:
SSIi, = max {o, SST., — SSDJ,gt}

where SS1 1;7: is the maximum SSI benefits and benefits are reduced one-for-one by income. In
2010, the maximum monthly benefit available to a single individual was $674 and the maximum

monthly benefit available to a couple was $1,011.

4.1.3 Preference Parameters

We set the 5 year period discount factor f = ﬁ = 0.95 corresponding to an annual interest
rate of r = 1%. The Frisch elasticity of labor supply is set to 0.5 which corresponds to v = 2
(Chetty et al. , 2011; Domeij & Klein, 2013; Pistaferri, 2003). The effort cost parameter ol varies
by gender, marital status, age group (25 — 49 and 50 — 74), and household adult structure. o, is
internally calibrated so as to match average weekly labor hours of working adults without children
aged below 18 in the household in the CPS.

The calibration of %, is done as follows. First, we define a grid of possible values over . Then,

for each household structure, we find the labor supply predicted by our model assuming that

2085% of SSI recipients received the benefits based on disability in 2010 and 34% of SSI recipients also
received Social Security benefits (Social Security Administration, 2011b).
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household members are healthy and honest, [% (), where a is a vector of grid points associated
with the effort cost parameters of all household members. We solve each household’s utility
maximization problem by taking into account the U.S. Social Security and Federal Taxes and
EITC. We then minimize the sum of squares of the distance between expected labor supply
predicted by the model and the average weekly labor hours from the CPS, lAz For a single adult
household,

o}, = argmin{ E[I}(a)] — I}}2,
and for a two adult household,
{of.ol} = argmin 3 (B[l (e) ~ 7'}
m=t,j

The average labor hours and calibrated effort cost parameters are reported in Table 6. As can
be seen from the T able, the weekly labor hours predicted by the model are matched very closely
to average labor hours in the CPS. We report the life cycle profiles of labor supply assuming
honesty for all working adults and including those with children in their household in Figures 1 to
3. The solid lines indicate average hours in CPS data and the dashed lines indicate hours predicted
from our model and averaged over all child compositions. As can be seen from Figure 1, the model
replicates the life cycle profile of labor supply for working parents very closely. The life cycle
profiles of adult members in households with a grandparent are also closely replicated although

slightly overestimated especially for married grandmothers in Figures 2 and single grandfathers in

Figure 3.

4.1.4 Initial Promised Utility

We calibrate the initial promised utility V} for each household type according to their adult
composition and child composition profiles. V} is set equal to the expected utility of the household
under the U.S. tax and benefit system, when household members are honest about their health
status. We take into account the U.S. Social Security and Federal Taxes, EITC, DCTC, CCDF,
SSDI and SSI in our calibration.
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4.1.5 Computation

We numerically solve the government problem G by backward induction for each of the 208
household types that we have. We first define a grid over promised utility V. Starting from
the final period, for each grid point, we find the allocations that minimize expected costs while
satisfying promise keeping and incentive compatibility constraints, and find the threatened utilities
V that can be delivered through the threat keeping constraints. In the penultimate period, we
repeat the same procedure taking into account the fact that the continuation utilities for truthful
and untruthful agents will become respectively the promised and threatened utilities in the final
period. We repeat this procedure until the first period. Given the calibrated initial promised

utility Vi, we can then find the optimal allocations for each possible disability history.

4.2 Numerical Results

We present our numerical results in this Section. We first characterize the constrained optimal
allocations. We then compare those allocations to the case where universal day care is not available,
thereby allowing agents to engage in privately observed household child care activities. Finally,

we compute the cost savings from implementing the optimal scheme.

4.2.1 Constrained Optimal Allocations

Figures 4 to 10 report the constrained optimal allocations for our 7 household adult structures,
averaged over all child arrival profiles and education groups. The optimal allocations as imple-
mented by the scheme described in Proposition 2, are illustrated in Panels (a) and (b) of the
Figures.

The solid lines in Panels (a) illustrate the consumption allocated to each household when all
adult members of the household are healthy and working. A common feature to note across Figures
4 to 10, is that such consumption is non-decreasing over time. In particular, consumption is strictly
increasing in households with a parent present. Similarly, consumption is strictly increasing in

grandparent only households, until the retirement period 3, after which consumption is constant.
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The increasing consumption profiles are in line with the government providing dynamic work
incentives to healthy households. When agents work, they are rewarded with higher consumption
and future utilities and therefore higher consumption for the future.

The dashed lines of Panels (a) illustrate consumption allocated to a household when one
household member becomes disabled in period 0,1,2,3 or 4. In two member households, the
disabled household member is the mother in Figure 6, the grandmother in Figure 8, and the
grandparent in Figures 9 and 10.?! Consumption of the disabled is influenced by (i) life-cycle wage
profiles and (ii) dynamic incentives. On one hand, it may be efficient to have lower consumption
for the disabled when agents are more productive. This is so as to discourage healthy agents
from mimicking the disabled. On the other hand, preservation of dynamic work incentives imply
allocating higher future utilities to working agents, and therefore higher consumption when an
agent becomes disabled later in life.

As can be seen from Table 4, parents have increasing wage profiles from age 25 to 49, ex-
cept college educated married mothers, whose wage decline in the last two periods. Conversely,
grandparents have decreasing wage profiles from age 50 to 64. The wage profile effect seems to
dominate for those with rising wage profiles while the wage profile effect reinforces the dynamic
incentives effect for those with declining wage profiles. This can be seen from the decreasing con-
sumption profiles of disabled single parents in Figures 4 and 5, and the increasing consumption
profiles when grandmothers are disabled in Figures 7 and 8. For two parent households, we have
a slightly u-shaped profile of consumption when mothers are disabled in Figure 6. In Figure 9,
the wage profile of the grandmother and dynamic work incentives seem important as can be seen
from the rising profile of consumption when the grandmother becomes disabled. Meanwhile, the
wage profile of grandfathers seem to dominate at first whereas incentivizing mothers subsequently

become important once the grandfather is retired, as can be seen from Figure 10.

2INote that consumption is constant once all members are disabled or retired since all uncertainty
has been resolved. This can be seen in Figures 7 and 8 where consumption is constant after retirement.
For two member households, we illustrate the more frequent situation where only the mother or the
grandparent becomes disabled.
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There are also two forces influencing optimal labor market effort dynamics when all household
members are healthy: (i) life-cycle wage profiles and (ii) dynamic incentives. While it may be
efficient for agents to work more as they get more productive, the increasing consumption profiles
when healthy and the consumption-labor margin in Proposition 1(i) imply that it may also be
efficient for agents to work less in future periods in line with the dynamic incentives. Once again,
the first effect seems to dominate the second effect for those with rising wage profiles, while the
first effect reinforces the second effect for those with declining wage profiles. We therefore observe
generally rising labor market effort profiles for parents and declining labor market effort profiles

for grandparents as can be seen from Panels (b) of Figures 4 to 10.

4.2.2 Optimal Allocations without Universal Day Care

We now compute the optimal allocations in the case where the government may not use universal
day care, but may use non-linear income taxation and asset limits. In other words, we allow agents
to engage in privately observed household child care activities. The government problem is similar
to problem (G) and delivers the calibrated initial promised utility V}, to households of type k. We

also now need to explicitly take into account private child care incentives:

h(s,s) = arg max u (c*(g) —|—pzi:%i(§, 3)) — ;vi <yl;# —I—%i(g, s)) ,

h

where an agent in state s declares to be in state 3 € S and h(3, s) is a vector of houschold child
care for all household members. We follow the first-order approach (Rogerson, 1985) and impose
the private first order conditions of agents with respect to household child care as additional
constraints to the government’s problem.

The optimal allocations with (s = 1) and without (s = 0) universal day care are illustrated
respectively by the solid and dashed lines in Panels (c¢) and (d) of Figures 4 to 10. We report the
averaged profiles across households with children. Optimal labor market effort profiles (not illus-
trated) in the case without universal day care are similar and sometimes slightly lower compared

to the case with universal day care. The main difference stems from the fact that consumption
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allocated to households where all members are healthy is higher compared to the case with uni-
versal day care, as can be seen from Panels (c). Conversely, consumption allocated to households
when one member becomes disabled is lower in earlier periods compared to the case with universal
day care, as can be seen from Panels (d).

The intuition behind this result, is that child care needs are relevant in the first three periods
t =0,1,2. The incentives to mimic the disabled in order to engage in private household child care
activities are therefore exacerbated in earlier periods. Since the government cannot use universal
day care to counterbalance the child care margin, the only way to do so is by rewarding the
healthy through higher consumption and penalizing the disabled through lower consumption. In
later periods, when child care needs are less relevant, consumption of the disabled are also higher,
in line with the dynamic incentives associated with providing higher future utility to those who
were working in earlier periods. The gap in consumptions with and without universal day care were
wider for households with more children arriving when parents are aged 30 — 39 and grandparents
aged 55 — 64. For one member households, consumption of the disabled without universal day
care was up to $61 per week lower compared to consumption of the disabled with universal day

care. The corresponding figure for two member households was $117 per week.

4.2.3 Cost Savings from Universal Day Care

We compute the cost savings associated with the case where the government may use universal
day care compared to the case where the government may not use universal day care. The costs
savings are computed such that both cases deliver the same initial promised utility, V. We take
the difference between expected costs from both cases and compute the percentage cost savings
relative to expected costs in the case where the government may not use universal day care.
The average cost savings ranged from 0.05% to 3.31%, with higher cost savings for single parent

households and intergenerational households with both a parent and a grandparent present.??

22The cost savings may be interpreted as the information costs associated with privately observed
household child care. We also computed the information costs associated with privately observed disability
shocks by taking the difference between expected costs for the full information case and expected costs
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We report the average cost savings by education group and by total number of children in Table
7. As can be seen from the Table, single mothers with high school education or less had relatively
higher cost savings compared to single mothers with college education. Cost savings for the former
range between 1.65% and 2.2% and for the latter between 0.23% and 1.56%. A similar pattern is
observed for single fathers, whose cost savings range between 0.1% and 1.23%, and with higher
savings for families with more children. Cost savings for two parent households ranged between
0.05% and 0.8% and for grandparent households between 0.20% and 0.36%. Intergenerational
households on the other hand, had cost savings ranging between 0.24% and 3.31%, with higher
cost savings for intergenerational families with college educated grandmothers and fathers, and
for families with a grandfather, a mother, and two children in the household.

In sensitivity analysis, we recalibrate initial promised utilities and recompute the associated
cost savings under the assumption of higher cost of formal child care of p = $5, which corresponds
to annual formal child care cost of $10,000 for a child in full time day care. As can be seen from
Table 8, we have higher relative costs savings for most household types. Cost savings ranged from
0.06% to 2.93% for parent households, 0.27% to 0.68% for grandparent households, and 0.4% to
13.7% for intergenerational households. The more expensive formal child care is, the higher the
incentives to mimic the disabled in order to save on formal child care. The role of universal day
care in counterbalancing those incentives therefore becomes even more important, thereby leading

to higher costs savings.

5 Conclusion

In this paper, we propose an implementation of optimal social insurance when disability shocks
are private information. The possibility of engaging in privately observed household child care

activities exacerbates the incentives of household members to mimic the disabled, since in addition

under the constrained optimum with universal day care. The information costs ranged between 0.44% to
59.35% with higher cost savings associated with intergenerational households with both a grandparent
and a parent present.
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to receiving disability benefits, the household may save on formal child care costs. Universal
day care helps counteract such incentives for all members of the family, including parents and
grandparents. At the same time, non-linear income taxation and asset limits prevent households
from oversaving in earlier periods and therefore decrease the private incentives to mimic the
disabled in later periods. Calibrating our model to match key features of the U.S. labor and child
care markets, we find that the use of universal day care may lead to sizeable cost savings, with
higher cost savings for single mothers and for intergenerational households with both a parent and
a grandparent present.

While, we have defined child care needs as occurring due to the arrival of a child aged below 5
into the household, we note that child are needs may in fact be broader in definition. For instance,
school age children may also have after school care needs. In addition, it is possible that some
multi-generational family members, such as grandparents, provide child care to their non-resident
grandchildren. Such child care needs would also contribute to the exacerbation of incentives of
healthy family members to mimic the disabled. Our computed cost savings therefore provide a

lower bound on the potential cost savings from universal day care.

Appendix

Proof of Proposition 1 We drop the constrained optimal * subscript to keep the notation
simple. Since only the healthy may mimic the disabled and not vice versa, we also loosely use the
notation s > s to indicate that agents in state s may mimic agents in state s. The set of first

order conditions for each period 0 < ¢t < T, from the constrained optimization problem (G) are:

o(s) 75, 51) = AN ) (e(s)) = o,
v(s) (st = o(mAAe (iGs +y<s) < 0,
Pi(s) i w(ssa)p— vl A A (B +52) <o,
V(s) + =ns,s )Gl (Vi) <~>>)+<<mm> =0,
V(s.3) © =n(s,s)Gh o (V) V(8) +CmAm = o0,
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where

B AT ) = A5 )n(s,5 )+ X Mson,50) X 755015 > s} 505 5)— X (s, 5),

5_1>s_1 5>s 5<s 5>s
C(?T, )‘7}:7 7]) = )‘(571)7‘-(57 571) + ~ Z X(Sflagfl)ﬂ—(g: 3’;1)[{8 = g} + Z 77(:5: S)v
CmAm =3 Mso1, 5073 50)I{5 > s} —n(s,3).

§71>871
A(s_1) denotes the Lagrange multiplier associated with the promise keeping constraint (PK)

and X(s_l,g_l) denote the Lagrange multipliers associated with the threat keeping constraints
(TK) for agents who declared to be in state s_; in the previous period when they were actually
in state s_; € S_1, and 7(s,s) denote the Lagrange multipliers associated with the incentive
compatibility constraints (IC) of agents who declare to be in state s when they are actually in
state s € S.

I{s > s} is an indicator function taking a value of 1 if it is privately optimal for those in state
s > s to declare to be in state s, and a value of 0 otherwise. I{s = s} is an indicator function
taking a value of 1 if an agent who was previously untruthful happen to be in state s in the current
period, and a value of 0 otherwise.?® {5 > s} is an indicator function taking a value of 1 if an
agent who was previously untruthful is in state s > s in the current period but declares s, and a
value of 0 otherwise.

(i) From examining the first order conditions with respect to 3'(s) and h'(s), we can rule
out cases with both y’(s) = 0 and h'(s) = 0, when agents are healthy and m(s,s_;) > 0, since
v}(0) = 0 and w’ > p > 0. In addition, y*(s) > 0 and h’(s) = 0. Suppose to the contrary that
y'(s) = 0 and h'(s) > 0. Then, it would be possible to decrease h'(s) by ¢ > 0 and increase
y'(s) by w'e, such that total effort of member i is the same. The promise keeping, threat keeping
and incentive compatibility constraints are still satisfied, while the government’s expected costs
decrease by 7(s,s_1) (w' — p) e > 0. Thus, y*(s) = 0 and h’(s) > 0 cannot be optimal. The same
argument applies for cases where y*(s) > 0 and h'(s) > 0. It must therefore be that y*(s) > 0 and

h(s) = 0 for healthy agents. The consumption-labor margin is then derived directly from the first

2By incentive compatibility, such agents will find it optimal to be truthful and declare state s. They

therefore get continuation utility V (s, s) = V (s).
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order conditions for ¢(s) and 3'(s).
(ii) Adding the first order conditions with respect to V(s) and V(s,s) Vs > s, and taking into

account the fact that [{s =5} + I{s > s} = I{s > s}, we have:

ls5-1) |Gy (V9. V69) + £ G (V0. V68) | = vlmn i),

Using the first order condition with respect to ¢(s), we therefore have:

— Gy, <V(s), \7(5,5)) +3 Gs <V(s), V(S;S)) . (A1)

$>s

Adding the first order conditions with respect to ¢(s) Vs, and taking into account the fact that
S>> w(8,5.1)I{s > s} =1, we also have:

s€ES 5>s

SIS A )+ X As5).

seS S5_1>s_1

We have an analogous expression for the following period:

D ey = As) + 2 As,3).

541€S541 $>s

From the interpretation of the Lagrange multipliers, we have

S e G (v VeR) - S (V0. Ve).

S41 ES+1 5>s
The inverse Euler equation follows from (A1) and (A2):

1 o m(S41,S)
u'(c(s)) Z u/(c(s41))°

S+1€S+1
Applying Jensen’s inequality to the inverse Euler equation, we then get the inter-temporal
wedge between current and future marginal utilities of consumption:

u(e(s) < X m(sg,8)u (c(s41))

S+1€S54+1

Q.E.D.
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Proof or Proposition 2 Consider the private problem of a household. The household chooses

household child care, assets and declared state s so as to maximize expected utility:

U(3-1,51) = Maz 33 (s, 51) [u (#(5.) = S, (yw—” i s)) +BUG, s)] ,

s.t.

é(s,8)+(1—s)p <n - hi(3, s)) + A3, s) = >y (5) —T(6) + (1+ rMAG_ 1, 5.1).

Step 1. Universal day care discourages household child care activities.

Suppose that we have ﬁz(g, s) > 0. Since s = 1, households face an effective child care price
of (1 — s)p = 0. Then, by decreasing h’(3,s) by € > 0, the household can increase its expected
utility by 7(s,s_1) [vi (ywﬁ + iﬁ(?,s)) —; (ywﬁ + hi(3,s) — e)} > 0 when mimicking 5. It
must therefore be that A’ (s,s) = 0. The same logic applies for all household members and states.

Step 2. Households accumulate zero assets.

If A(3,s) = 0 for all periods and states, then from the household budget constraints, &(3,s) =
¢*(3) Vt and Vs,3. We show that we cannot have A(3,s) < 0 in any period or state. Suppose
that assets carried over to the last period are negative, A(?T_l, st—1) < 0. From the last period’s

budget constraint:

&(3p, s7) = ¢*(3p) + (1 +7)AGr_1, s7-1).

It must therefore be that é&(sr,sr) < ¢*(Sr) Vsr, sp so that ' (¢(sp,sr)) > o' (¢*(sr)) by
concavity of u. For such household choice to be optimal, it must be that the private Euler

equation holds:

u' (€(sr_1,87-1))) = %;q (s, sp_1)u' (E(st,s7))) -

Now, we know from Proposition 1(ii) that we have an inter-temporal wedge at the optimal
consumption levels:

u(c*(sr-1))) < X (s, sr—)u’ (¢ (57)))

STGST
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From the private Euler equation, the intertemporal-wedge and the fact that ¢(sr, sr) < ¢*(s7),
it must therefore be that ¢(sp_1,s7-1) < ¢*(Sp_1). From the penultimate period’s budget con-

straint:

¢(sr_1, s7-1) + A(gT—la sp—1) = (Sr—1) + (1 + T)A(gT—% ST—2),

it must therefore be that fl(gT,g, st_o) < 0. By sequential reasoning, this implies that we must
also have A(3y, so) < 0 and &5, 59) < ¢*(3;) in the first period. However, from the first period’s

budget constraint:

(50, 50) + A(S0, 50) = c*(50),

so that if A(3y,s0) < 0, then &5, s0) > ¢*(50), a contradiction.

We now show that we cannot have fl(g, s) > 0 in any period or state. Suppose that assets
carried over from a previous period are positive fl(g_l, s_1) > 0. Then, in the current period, the
household pays 7'(s) = Zy*(é} as taxes and forfeits ¢*(5). The net present value of resources
allocated to households \ZVOU.Id therefore be lower relative to the case where 121(5_1, s_1) = 0.
Households would therefore choose to accumulate no assets and consume ¢(s, s) = ¢*(5) V¢t and
Vs, s.

Step 3. Household choices are the same as in the constrained optimum.

Given steps 1 and 2, it follows that when declaring s, households would choose the constrained
optimal allocations associated with 5. By incentive compatibility constraints (IC), households
would therefore reveal their true state and receive the same expected utility as in the constrained
optimum. By the design, the government’s expected discounted costs would also be the same as
in the constrained optimum since V¢ and Vs, spn — T'(s) = ¢*(s) + pn — }_ y*(s).

Q.E.D. Z

Model extension The assumption that w® > p Vi implies that it is efficient for all healthy
household members to devote all of their effort to the labor market. Our model is extendable to

cases where some household members have w® < p. For example, if those with market productivity
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below the minimum wage have no job opportunities, it would be similar to having w® = 0 for those
household members. In such cases, it would be efficient for them to devote all of their effort to
household child care. Our case for universal day care would still hold. In particular, households
where all members are either employed or disabled benefit from free day care. On the other hand,
household where there are unemployed non-disabled members benefit from free day care up to the
constrained optimum level of formal child care. Formal child care use of households will need to

be verifiable in such cases.
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Table 1: Household Structure

Household Adults Mother Father  Grandma Grandpa Prop.
Parent Single mother v 0.13
Single father . 0.05
Two parents v v 0.43
Grandparent Grandmother v 0.04
Grandparents v v 0.24
Intergenerational Grandmother & Father v v 0.04
Grandfather & Mother v v 0.07

Note: Proportions computed from CPS data. Parents are aged 25 to 49 and grandparents from 50 to
74.

Table 2: Proportion with Children Aged below 5

# Kids t

Household Adults <5 0 1 ) # Profiles
Parent Single mother 1 kid 0.45 0.35 0.25 17
2 kids 0.18 0.09 0.05
Single father 1 kid 0.37 0.37 0.25 17
2 kids 0.17 0.11 0.06
Two parents 1 kid 0.40 0.39 0.31 17
2 kids 0.21 0.21 0.13
Grandparent Grandmother 1 kid 0.07 0.07 0.05 4
Grandparents 1 kid 0.02 0.01 0.01 4
Intergenerational Grandmother & Father 1 kid 0.07 0.07 0.05 4
Grandfather & Mother 1 kid 0.24 0.25 0.19 9
2 kids 0.08 0.08 0.06
Note: Proportions computed from CPS data.
Table 3: Proportion Disabled
t
Household Adults 0 1 ) 3 4
Parent Single mother 0.05 0.07 0.09 0.10 0.12
Single father 0.02 0.04 0.06 0.09 0.12
Married mother 0.02 0.02 0.03 0.04 0.05
Married father 0.03 0.03 0.03 0.03 0.04
Grandparent Single grandmother 0.15 0.19 0.23 0.23 0.23
Married grandmother 0.08 0.10 0.13 0.13 0.14
Married grandfather 0.07 0.11 0.15 0.15 0.16
Intergenerational  Single grandmother 0.10 0.16 0.23 0.23 0.23
Single father 0.09 0.12 0.15 0.15 0.15
Single grandfather 0.07 0.11 0.18 0.18 0.19
Single mother 0.06 0.06 0.06 0.06 0.06

Note: Proportions computed from CPS data.



Table 4: Hourly Wages

t

Household Adults Education
0 1 2 3 4
Parent Single mother High School 1204 1286 1385 1411  14.65
College 15.80 18.13 20.59 22.14 2374
Single father High School 1547 1637 1830  19.03  19.39
College 20.13 23.28 25.49 27.48 28.78
Married mother High School  13.04 14.00 14.95 15.16 15.23
College 19.94 23.71 25.42 25.01 24.71
Married father High School  16.78 18.78 20.30 21.15 21.76
College 23.67 28.81 32.38 33.94 34.54
Grandparent Single grandmother High School  14.84 14.47 14.03 - -
College 24.26 24.22 23.33 - -
Married grandmother  High School  15.89 16.22 15.62 - -
College 25.22 25.10 24.30 - -
Married grandfather ~ High School  22.39 21.87 21.16 - -
College 3440 3324 3223 - -
Intergenerational Single grandmother High School  15.22 15.04 13.77 - -
College 24.19 22.95 2291 - -
Single father High School  13.47 14.78 16.03 18.04 20.99
College 17.85 19.78 24.49 26.71 32.26
Single grandfather High School  21.73 21.05 20.94 - -
College 33.77 33.11 33.07 - -
Single mother High School  11.99 12.54 13.98 14.93 15.61
College 16.85 18.72 23.55 23.99 25.06

Note: Hourly wage in 2010 dollars computed by dividing gross earnings by hours of work from CPS data.
We take the mean across adults for each household structure and education level. Grandparents are retired

in periods 3 and 4.



Table 5: 2010 US Tax and Benefit System

Federal Income Tax Rates ?

Tax rate

10%
15%
25%
28%
33%
35%

EITC®

# Children
below 18

0
1
2
3 or more

Single
Less than $8,375
$8,375 - $34,000
$34,000 - $82,400
$82,400 - $171,850
$171,850 - $373,650
$373,650 and above

Taxable income
Head

Less than $11,950
$11,950 - $45,550
$45,550 - $117,650
$117,650 - $190,550
$190,550 - $373,650
$373,650 and above

Married
Less than $16,750
$16,750 - $68,000
$68,000 - $137,300
$137,300 - $209,250
$209,250 - $373,650
$373,650 and above

All Filing Status Single and Head Married
Phase-in  Maximum Phase-out Phase-out Income Phase-out Income
rate Credit rate Income Limit Income Limit
7.65% $457 7.65% $7,480 $13,460 $12,480 $18,470
34% $3,050 15.98% $16,450 $35,535 $21,460 $40,545
40% $5,036 21.06% $16,450 $40,363 $21,460 $45,373
45% $5,666 21.06% $16,450 $43,352 $21,460 $48,362

Poverty Thresholds ©

Size of family unit

No. of Children below 18

1 2 3
Two people $15,030
Three people $17,552 $17,568
Four people $22,859 $22,113 $22,190
Five people $27,518 $26,675 $26,023
Sources:

# http://lwww.moneychimp.com.

® Historical Earned Income Tax Credit Parameters, Tax Policy Center. Phase-out income
for married filing jointly status computed by author based on phase-out rate and income

©U.S. Census Bureau.



Table 6: Effort Cost Parameter

hold Adul Hours

Househo ults Data Model a

Parent Single mother 39.86 39.98 0.58
Single father 41.54 41.56 0.53
Married mother 39.63 38.30 0.39
Married father 43.67 44.20 0.32

Grandparent Single grandmother 37.27 37.22 0.72
Married grandmother 37.04 39.15 0.32
Married grandfather 42.37 43.96 0.34

Intergenerational Single grandmother 38.73 38.72 0.40
Single father 41.48 41.34 0.30
Single grandfather 43.69 43.74 0.33
Single mother 39.24 39.23 0.35

Note: a calibrated to match average weekly hours of work of working adults
in the CPS averaged over time periods.

Table 7: Cost Savings

High School College
Houschold Adults 1 kid gz kids  3kids  1kid  2kids 3 kids
Parent Single mother 2.20% 1.88% 1.65% 0.23% 0.54% 1.56%
Single father 0.18% 0.57% 1.23% 0.10% 0.14% 0.41%
Two parents 0.11% 0.29% 0.80% 0.05% 0.07% 0.15%
Grandparent Grandmother 0.27% - - 0.34% - -
Grandparents 0.20% - - 0.36% - -
Intergenerational ~ Grandmother & Father 0.59% - - 2.59% - -
Grandfather & Mother 0.27% 2.03% - 0.24% 3.31% -

Note: Cost savings are averaged over child arrival profiles. When there are two household members, we report
cost savings for cases where both members have the same level of education.

Table 8: Sensitivity Analysis on Cost Savings

High School College
Household Adults lkid  2kids  3kids  1kid  2kids 3 kids
Parent Single mother 1.77% 2.23% 2.93% 0.34% 1.01% 2.22%
Single father 0.26% 0.67% 1.68% 0.15%  0.32% 0.53%
Two parents 0.11% 0.25%  0.66% 0.06%  0.33% 0.45%
Grandparent Grandmother 0.27% - - 0.45% - -
Grandparents 0.68% - - 0.47% - -
Intergenerational ~ Grandmother & Father 0.62% - - 13.7% - -
Grandfather & Mother 0.63% 1.18% - 0.40% 3.80% -

Note: Cost savings are computed as in Table 7 but with p = $5 per hour, corresponding to a cost of $10,000 per
year for a child in full time day care.
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Note: Solid lines represent average hours from CPS data and dashed lines represent average predicted hours from
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) Figure 3: Intergenerational Households Labor S_upplz
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Note: Solid lines represent average hours from CPS data and dashed lines represent average predicted hours from
the model.

Figure 4 Single Mothers Optimal Allocations
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Note: Top panels report optimal allocations averaged over all households. Bottom panels report optimal
allocations with (s = 1) and without (s = 0) universal day care, averaged among households with children.



Figure 5 Single Fathers Optimal Allocations
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Figure 6 Married Parents Optimal Allocations
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Figure 7 Single Grandmothers Optimal Allocations
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Figure 8 Married Grandparents Optimal Allocations
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Note: Top panels report optimal allocations averaged over all households. Bottom panels report optimal
allocations with (s = 1) and without (s = 0) universal day care, averaged among households with children.
Grandparents are retired in periods 3 and 4. Single grandmothers have zero probability of becoming disabled in
period 3 and 4 if they were previously healthy.



Figure 9 Grandmother and Father Optimal Allocations
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Figure 10 Grandfather and Mother Optimal Allocations
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Note: Top panels report optimal allocations averaged over all households and bottom panels report optimal
allocations averaged among households with children.
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