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Abstract

Systematic pediatric evidence shows that the morbidigsrédr children in
day care are increasing in the group size. Sick children swally cared
for at home by parents. This creates a negative externdliparents’ labor
force participation. The social optimum implies lower goaize than the
non-intervention market equilibrium. We study the optirted policy. The
cost of labor force participation should be increased. This be done by
either or both dax on day care services and a home callewance The
cost of providing day care should be decreased sytsidyto entrepreneurs
running day care centers. This policy will decrease thegsize. It is, how-
ever, not necessarily the case that this will decrease fabwe participation.
We also study the optimal regulation of the group size wheroitimal tax
policy is not possible to implement.
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1 Introduction

Most working parents have probably faced the followingaiton: The child is

ill in the morning and must stay at home instead of attendiegrégular out—of—
home day care. Parents are aware of the financial conseguehtas; while
attending the child at home one parent will probably lose esamcomet The

loss will depend on, i.a., the availability of social insoca and alternative forms

of child care? Such costs are taken into account when parents decide whethe
or not to participate in the labor foréeThere may, however, also be social cost
associated with participation in the labor force. We focu®noe particular social
cost. Children attending day care centers are ill more dftan children cared for

in other ways

“Children in child care centers, especially those younigant36 months
of age, appear to have greater numbers of reported illnesskgrea-
ter numbers of illness and bed days than children cared ftram
own homes. These findings persist in multiple studies, tesigier-
ences in study design, method of collecting the major véegtand
the location of the study.”

Landis and Chang (1991, p. 710)

The medical reason for this is that children are in closeaxinthey use the
same toys, the same hygienical facilities, etc. (Laborda.ett994). Hutchin-
son (1992) reviews several studies. They show that the piiitlgeof infectious
organism transmission is lower if day care is organized ialEngroups. Trans-
mission is particularly low if children are cared for in sarage groups. It does
not matter, on the other hand, if day care centers are largmall® Collet et al.
(1994a,b), however, report that the infection risk is highesmall day care cen-
ters than in child care at home. An explanation for this mayha¢ children are

In general not only parents but also older siblings may take of a sick child. As an examp-
le Pitt and Rosenzweig (1990) studies how child morbidifeets the allocation of time within
the family. This may give rise to fierence in human capital accumulation between siblings of
different sexes.

2In some countries alternative forms of care exist for sidldeen; see for instance Landis and
Chang (1991); Giebink (1993); Giebink et al. (1994).

3Other private costs are expenditure on medical care, nretiétc.

4See Uldall (1990), Landis and Chang (1991) and the refesegueted therein, Hutchinson
(1992) and references quoted therein, Modttonen and 1k882), Osterholm et al. (1992), ref-
erences quoted in Reves and Pickering (1992), Thacker £1992), Reves et al. (1993), Jorm
and Capon (1994), Louhiala et al. (1995), and Holmes et 8P§). Barros et al. (1999) is an
exception in reporting that group size does not matter feiikidence of respiratory infections.

SHutchinson (1992) recognizes other ways of infection ain®ne is specialization of certain
functions of the s, e.g., changing diapers versus preparing food.



in larger groups in small day care centers compared to at hAtitbe same time,

the risk is lower in large day care centers than in small. Hason may be that
children often are divided into homogeneous age groupsge lday care centers.
Also, larger day care centers are more often built spediatlyheir purpose. The

problems of hygiene has, therefore, received specialtaiteduring the desigh.

There may, however, also exist positiiéeets of illness. Reves et al. (1993)
and Collet et al. (1994a,b) report that longer time in dag tacreases the protec-
tion against repeated infections. This is the result evear abntrolling for age.
Early infections may protect against allergies in lateg.liKramer et al. (1999)
find that children who start attending day care centers atagya@age have fewer
allergies later on in life. The comparison group are childveho started at an
older age. These findings, however, only apply for childréh wo siblings.

In this paper we are concerned with these indirgfgats of higher risks to
be ill for children attending out—of-home day care. Our nmasaumption is that
increased group size in day care implies a higher risk thatld will become ill.
The assumption is based on the evidence reported abovetelitphlabor force
participation increasegeteris paribusthe average number of children in each
group in the day care centers will increase. This will inseethe risk for each
child to become ill. This means (on the average) that ine@gsmrental labor
force participation only is associated with a negative mhty. On the other
hand, if the number of day care centers increasetgris paribusthe number of
groups in day care will increase. This will decrease the remobchildren in each
group. The risk of becoming ill will decrease for each child.

We also assume that parents and day care center entremaeglect these in-
direct dfects, as is standard in neoclassical microeconomic modkls.means,
on the one hand, that labor force participation is assatiaféh a negative ex-
ternality. On the other hand, the reducing the group sizeagtadre centers is
associated with a positive externality. Our focus is on tharacter of the opti-
mal Pigouvian taxes and subsidies that are implied by thalsggtimum. In our
model, however, the Pigouvian solution and the second &esiution coincide.

Our first main result concerns labor force participatiorhi@ $ocial optimum.
The cost of labor force participation for the marginal papating parental house-
hold should be raised above the private cost of participati@his will make
households take the negative externality that their ppetion causes into ac-

5Cordell et al. (1997) reports higher morbidity rates for ¢aye homes (12 or less children)
than for day care centers (more than 12 children). Thereoiwgelier, no control for group size
within day care centers. Data are based on reports from theal® facility. It is likely that
policies regarding keeping mildly ill children at homdtdrs between the two day care categories.
This dfects not only reported but also actual morbidity rates. maref illness—prone children
may tend to enroll at day care centers which may not requich shildren to stay home. This
may create a selection bias.



count. Second, the cost of running day care centers shoulkedoeed below the
private cost. Entrepreneurs will then take the positiverlity of starting a day
care center into account. The group size is smaller in thealkoptimum than
the non—intervention market equilibrium, but labor foregtipation need not be
smaller.

The simplest way to implement a policy to reach the sociahmatn is through
a Pigouvian tax on day care services. This is equivalent &axam labor force
participation in our model. Second, there should be a Pigousubsidy for run-
ning day care centers. Such a Pigouvian policy will in our sl@xactly balance
the government’s budget. It is, however, possible to usecampbination of a tax
on day care services and a home care allowance. This allenarmnly paid to
households not participating in the labor force. The onfyureement is that the
cost of participating in the labor force reaches the soguinoum. This policy
will decrease the group size. It is, however, not necegstré case that labor
force participation will decrease as the number of day canéers may increase.

These results can be compared with traditional economignaegts for the
subsidizing or publicly providingay care: Several contributions have studied the
relation between availability of day care and parents datito enter the labor
force. Bergstrom and Blomquist (1996) model the increaghentax base that
higher labor force participation of parents leads to. lasea&l labor force partici-
pation may also reduce equilibrium wages, as modelled bylhaim and Ohls-
son (1998). These papers also analyze the potential candliateen parents and
non—parents which is not present in the present paper. Bl@tand Christiansen
(1995) focus on the distributional aspects of public provi©f good such as day
care. In all these contributions some subsidy or public igfon is Pareto -
cient. These contributions do not, however, study whetineirttervention should
be directed to the demand or supply side.

Our paper focuses an additional argument for public interee in the day
care market. We conclude that there are reasons for givingdfmlds incentives
to demand less day care. Day care suppliers should be egeali@areduce group
size.

Pediatricians have discussed how to deal with the probleweted by the
increased illness of children at day care centers. One tigenf these measures
is to solve the problem of day care for sick children. Thisybeer, reduces the
cost of labor force participation of parents. Parents maysgjenger incentives
to participate in the labor force. These measures may, frereaggravate the
problem of negative externalities. Other courses of actvonld be to enhance
hygiene practices to reduce the incidence of infectiousadies.

’See Landis and Chang (1991), Barros et al. (1999), HuskdB02and Ponka et al. (2004).



A second objective is to reduce the spread of the infectiossades. This
reduces morbidity rates and, therefore, improves socifbvee Measures with
this objective concern changes in how day care is produdeid.tfipe of measures
may, therefore, be more in line with the economic conclusiairthis paper.

The paper continues with Section 2 that introduces the métddso describes
the labor force participation decision and the decisiomtoday care centers. The
social optimum is discussed in Section 3. In Section 4 wepnét this optimum
in terms of a structure of an optimal (Pigouvian) policy. Beeond best policies
are discussed in Section 5. Section 6 concludes.

2 Mod€

2.1 Thesupply of day care

Consider price taking entrepreneurs whdeti in their ability to run day care
centers #iciently. This ability is measured by a fixed cost parameter[0, o).
This fixed cost represents the alternative cost, in time @anftral resources, for
entrepreneurs to start the day care center. Day care esiieyms own the capital,
human or financial, to make this investment. The distributid fixed costs is
described by the cumulative distribution functiBrn [0, ) — [0, 1] defined by
R(y). We assume tha is continuously dierentiable and strictly increasing on
its entire support. This means tHthas a density function such that(y) > 0
Yy € [0, ). Entrepreneurs will choose day care capadgity.e., the number of
children at their day care center) to maximize praofitsThere is only one group
at each day care center. Capacity will, therefore, equalgseizeg. Profits are
given by?

1)

" lueg- 12—y ifg>0,
whereu,, is the producer price for day care for one chilgg is total revenues at
capacityg, and%g2 is the variable cost at capacily This means that the variable
cost depends on the group size for which the day care cendesigned, not the
number of children actually attending day care.

Let g* be the profit maximizing choice given that some day care iglyced.
The first order condition ig* = vp. The profit function i%ug—yfor entrepreneurs

{O ifg=0and

8In reality there may be a distinction between out—of-homeadae and no—nanny day care
(i.e., a single person cares for a child outside the home}hinmodel we make no distinction
between the two. We focus on the group size in day care; i@ayacare worker takes care of
several children in a day care center. Only if there afiGgently many day care centers, the
group size decreases close to nanny day care (or for that lsasee day care). The negative
externality will then disappear.



who decide to run day care centers. Hence, only the ntbsiemt entrepreneurs
will decide to be on the day care market. Ig§t,,y) be the profit maximizing
day care capacity at the producer priggfor entrepreneuy so that

0 Yy >y and

. - (2)
g =v, YVy<yv,

g(vp’ 7) = {

where the cost threshold for entry, = %U% is given by zero profits for the
marginal profit maximizing entreprenet®(y) entrepreneurs will, therefore, enter
the day care market at any given producer ptigeEach day care center has the

capacity to receive, children. The total supply of day care, at the market price
vp, can be written as(vp) := R(7) g" = R(322) vp.

2.2 Thedemand for day care

Consider risk—neutral families with one child in which ope®sse works full time.
The other spouse either participates in the labor forceagissit home taking care
of the child. If the child becomes ill the second spouse shayse temporarily
and takes care of the chifdf the second spouse does not participate in the labor
force he gets utility from staying home with his child. Thematary measure of
this utility is z > 0.1° If instead the second spouse participates in the labor force
the family earns the incomee [0, o). At the same time there is a lossof 0.11

The distribution of income is described by the cumulativ&ribhution func-
tion F : [0,00) — [0, 1] defined byF(y). We assume thdE is continuously
differentiable and strictly increasing on its entire suppotisTneans thaf has
the density functiorf such thatf(y) > 0 Vy € [0, ).

The family commits itself to purchase full time day care s&\for the child
if the second spouse participates in the labor force. Thewuoer price of day
care isv.. Letx € {0,1}, wherex = 1 denotes that he participates in the labor

9We abstract from that in reality there is always some ambjguiether the child is ill or not.
Even sick children may in reality attend day care. The dag canter may have an economic
incentive to provide day care for a child even if the child bhasacute illness. We also abstract
from the possibility that parents may becomeill.

We model the second spouse’s choice as an githenoice. Hence, we abstract from the pos-
sibility of part time job, part time home day care. This metha we abstract from the possibility
that the externality is heterogeneous over households eienygiven all other assumptions of the
model (e.g., linear utility and a fixed cost for labor forcetdpation) the second spouse would
always choose either full time home day care or full time wevken if it would be possible to
choose a mix. Part time work under a day care constraingadth studying dterent problems, is
analyzed by Lundholm and Ohlsson (1998, 2002).

Alternatively, thereforez > 0 can be interpreted as a fixed real cost of labor force ppatici
tion.



force andx = 0 that he does not participate. The pfyaf the labor participation
decision is described by a functidh: {0, 1} — R defined by

y4 if x=0
U(X):{py—vC if x=1, ()

wherep is the probability that the child is well. One should notetttiies means
that income is reduced due to work absence when the childks whereas the
day care fee is not.

Our main assumption is that this probability is determingdthee average
group size in day carg. The group size is defined as the ratio between the total
number of children in day care and the total number of day canéers. We make
the following assumption regarding the probabifity:

Assumption 1. The probability p that the child is well is a function: j1, o) —
[0, 1] defined by ) such that p< 0, p(1) = p andlimg_,., p(g) = O.

Each household has to make its decision given its expeotafithe group size,
g%. We assume that this expectation is common to all househdldsousehold
with incomey will choose whatever alternative(y), that maximizes its payb
given its expectatiog®; i.e.,
1 €
X(y) = {2 !f p(ge)y ve < zand @)
if p(g®)y—ve >z

The expected income(g°)y is strictly increasing iny. There exists a unique,
finite and strictly positive income threshold for labor fengarticipation for every
probability p(g®) € (0, 1]. This thresholdy(g®, v, + 2), is defined by

Py -ve—2=0, (5)

such that all households with income belg@®; v + 2) will not participate in the
labor force. All household with higher income thgfg®, v, + 2) will participate
in the labor force. In the case @{g®) — O theny — oo by Assumption 1. If
p(g®) = 1 theny = z+ v.. In the former case the share of househdigs. + 2)
will not participate in the labor force. Therefore, threlshimcome is a function
¥ : [0, ) — [ve + Z ), defined bw(g®, v. + 2).

The demand for day care, given the consumer pri@nd expected group size
g5, is

D(ge,vc+z):1—F(37):1—F(UC+Z).

p(9°)

20ne should note that the probability that the child is sick,,i1— p, is independent of the
number of individuals carrying the disease.




It follows from equation (5) and Assumption 1 that a uniqu#oraal expecta-
tion regarding group size exists. Hence

0° =9 =vp, (6)

taking the first order condition the profit maximizing entepeurs into account.
The demand for day care will, therefore, be

D(vp,UC+Z):1—F(UC+Z).

p(vp)

2.3 Equilibrium in the day care market

Equilibrium in the day care market is given by the market whega condition.
The quantity demanded, given the consumer and producerspmcust equal the
quantity supplied, given the producer price. Putting thféedent parts together
reveals that we have a model with three equations. The system

1-F(@) = R®)vp, (7a)
P(vp)y —ve —2=0, (7b)
% 2-y=0, (7c)

l.e., the day care market equilibrium condition (7a), thdifierence condition
for the marginal household (7b), and the zero profit condifar the marginal
entrepreneur (7¢¢ Hence we have a system with three equations and four en-
dogenous variableg,(y, vy, vc). It remains to specify how producer and consumer
prices are related. Once this is added, the number of easatiguals the number
of endogenous variables.

Suppose first that there is ndidirence between consumer and producer prices
(ve = vp := v). The system now contains three endogenous variables &gl th
equations. It is well-defined. We can collapse it into onelldgium condition
which can solved for the equilibrium priee

D(,2) =S(v) e 1-F (I,JO(Z)Z) - R(:—ZLUZ) . (8)

There is a positive supply relation between the number afgslan day care and
the (producer) price of day care. There will be no supply # 0. Hence, we

3Note that (7a) on its LHS has parental labor force partiggpatvhich is the same as parental
demand for day care places and on its RHS has the total supplgyocare places; i.e., every
second spouse participating in the labor force demands apeake place for the child of this
family, whereas every day care entrepreneur correspongsday care places.

7



Figure 1: Non—intervention equilibrium in the day care nedirg; > 7).
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haveg—f = R(®y) + r(»)v > 0 with S(0) = 0. Also, there is a negative demand
relationship between the number of children in day care hegtice of day care,
% = —f(y)j—Z < 0. If v > oo there will be no demand for child care, that is
D(v,2) — 0. Also, whenv = 0 it follows from (5) thaty'= v + z > 0. Hence,
we will always have a unique, strictly positive and finite gigaum price. The
monetary measure of the utility of staying home with theathib 0 has a negative
impact on labor force participation. This means that andase in this income
reduces the demand for day ca%§,< 0.

It is instructive to draw a figure in the quantity—price spasee Figure 1.
This figure is drawn under the assumption that the distioimst- andR are uni-
form. Relaxing this assumption the demand (supply) fumcti@l still have a
(negative) positive slope, but they need not be concavevégreverywhere.
The equilibrium price for day care is determined by the eludm condition
D(vo, 20) = S(vo), Wherevy denotes the equilibrium price. The only exogenous
variable that will change the equilibrium is the home ugilaluez. If this value
increases, the equilibrium price and quantity be reduced.pidrticipating in the
labor force becomes more attractive. This decreases defoaddy care. This is
illustrated in Figure 1 wherg, increases t@;. This results in the dashed demand
D(v, z) and the lower equilibrium price;.

Suppose instead that consumer and producer prices rfiay. dihis may, for



instance, be because there exists a tax or transfer whigbetsfie orad val-
orem We can conceptually think of the producer priggas an exogenous vari-
able whereas the consumer prigas endogenous. The model can be reduced to
a two—variable system with. andy as endogenous variables. It consists of the
equilibrium condition (7a) and the first order condition fioe marginal household
(7b). Suppose that we fiierentiate the system with respect to the producer price
vp. This means that we ask which labor force participation asrtsamer price
are consistent with any given point on the day care supplyecurhe equilibrium
condition yields a negative tradefftetween threshold income and the producer
price. Itis " .
y ~
dos = T6) (RG) +rv3) < 0. (9)

where we have suppressed any indices indicating that weealend with equi-
librium prices and quantities. If the producer price insesmamore day care will
be supplied. Itis necessary for equilibrium that the thoédincome decreases so
that the demand keeps up with the supply.

The trade—ff (9) can be used when solving the first order condition for the
marginal household for the tradeFbetween consumer and producer prices. Itis

dUC p ~ 2 7y

.~ TG (RG) +rv3) + p'y <. (10)
This trade—€ is also negative. If the producer price increases it is rezggs
for equilibrium that the consumer price decreases. A loveesamer price will
increase demand, matching the increased supply that timerhpyoducer price
will lead to.

3 Social optimum

We now study the social optimum of the model. This means tlesassume that
the policy maker can control all relevant quantities in tkeremy. Therefore,
there are no decentralized decisions coordinated by (flarpbint of view of
households and entrepreneurs) given equilibrium pricessa¥gume that the pol-
icy maker is utilitarian. Since utilities are linear in imoe an explicit introduction
of prices, and as a consequence of pure profits, would only tied households’
payment of day care would net out the revenues of entrepremeu we would
arrive at exactly the same welfare expression.

The utilitarian policy maker’'s measure of social welfars ttaeee components.
First, there is the utility of own child care. Second, ther¢hie social value pro-
duced by second spouses who participate on the labor market.value is as-
sumed to correspond to their labor income. Third, thereasstitial cost of pro-

9



viding the day care that makes it possible for second spawsesrk. Social
welfareW is measured by

e ¥

y
wG.5.9) = [ 207 + [p@yaro) - [ (36247)arm. b
0 v 0

In a first best situation, the policy maker chooses three tifiemnto maximize
social welfare. First, the policy maker chooses the numlbdroaseholds that
participate on the labor market. This is done by choosinghheshold income
y. The second quantity is the number of entrepreneurs (dayaznters). This
is chosen be deciding the cost threshegld Finally, the policy maker decides
the group sizey. This is done subject to the equilibrium conditi&(y, y, g) :=
(1 - F())) - R(»)g = 0. The Lagrangian function to this problem is

L(Y.%.9.4) = W(V.%.9) - 1E(¥.7.9). (12)

where > 0 is the Lagrange multiplier. Both cumulative distributifmmctionsR
andF are continuous and strictly increasing. This means thatt@nior solution’s
first order conditions, after some simple manipulations, lwawritten

oL
=0

8y = p(e)y°-z-2°=0, (13a)
% =0 & :_L(QS)Z + 5'/5 _ /lsgs -0, (13b)
8y 2

oL [ ' (0° ~S\ ~S Sp (S

g 0 = P (@) ydF(y) -RGF) P+ ARG =0,  (13c)

S’/S
oL ) )
an- Y = (1-F@)-R3g=0,  (13d)

where the Lagrange multiplie® is interpreted as the shadow price of day care at
the social optimum. From (13c) we get

fﬁ@%WFM
yS

R(°)
The first right hand side term measures the total income lusisthe negative
externality causes when the group size is increased mélyguoigided by the
number of entrepreneurs. The second tegf,is the marginal private cost of
production for day care. The shadow price of day care at thialsoptimum can
be written as

A5 = -

+g°. (14)

A2 =g°@+m), (15)

10



wheremis a monetary measure of the negative externality for theagechouse-
hold participating on the labor market. This is the averags bf income per child
in day care when group size is increased. It may (using th&ehaquilibrium
condition) be defined by

JydF()
¥
1-F@)
i.e., the increased probability of a sick child due to largeyup size of an addi-
tional second spouse entering the labor market times thrag&écome of house-
holds where the second spouse is in the labor force. Thegenanetary loss
per child can be interpreted as a markup on the marginaltpro@st that gives the
marginal social cost of day care.

The private marginal cost and benefits of the some given gsigg are
defined by the private supp(g) = R(3g?)g and the private demarid(g. g +

2=1-F (%) where consumer and producer prices are replaced by group
size. Given the first order condition for the social optimuma éhe definition of

the monetary measure of the negative externatitye can now define the social
marginal cost and benefits of some given group gize

To do this we need, for some given group sigethe socially optimal cut—
off cost for entrepreneurs and the socially optimal cfittreome for households.
The first order conditions (13b) and (13c) related to the Buppday care can
be manipulated to yield socially optimal cutteosty’ = (3 + m) g? for arbitrary
group sizes. The first order conditions (13a), related taldreand for day care,
and (13c) can be manipulated to yield the socially optim&tafiiincomey” =
(1%25’” for arbitrary group size.

Inserted into the supply and demand functions we get theakatarginal
cost and benefits for arbitrary group sizes; i.e., the seemdfirst terms of the
left—hand side of (13d). Then the social marginal cost ofpbtipg day care
is SAg) = R((3+m)g?)g, which is increasing irg. Also, as long as there
is an externality cost the social cost schedule will be betflogy supply sched-
ule in the quantity—group size space because the socialdihsior some given
group size, always be evaluated at cufsocome which ism@’ units higher than
the level at which private supply is evaluated given the sagmoeip size; see
Figure 2. The marginal social benefit of providing day care ba defined as
SHg,g+2 :=1-F ((1%35’”) for arbitrary group sizes. As long as there is an
externality cost, the social benefit schedule will be belbes demand schedule
in the quantity—group size space because, for some giverpgiae, the social
benefit is evaluated at a cutFancome which is% units higher than the level at
which private demand is evaluated given the same groupsesefigure 2. Note

m:= —p'(g°) (16)

11



Figure 2: Social optimum and market equilibrium.
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that the quantity of day care on the abscissa is total defsapgly of day care
places and not the group size.

ing to

This means that marginal households and entrepreneurkldfehave accord-

p(99) ¥ -z-g° = mg’, (17a)

(1+m) (@ = 5 @) +7 (17b)

which should be compared to (7b) and (7c). The private negfitesf a marginal
household participating in the labor force should equakttternality cost of par-
ticipation in the social optimum. The social benefit of a nieagday care center
should equal the marginal private cost. The reduction cérestity costs should
be included in the social benefits in addition to the revemii¢ise entrepreneurs.

Figure 2 shows that the social benefit schedule is below theadd schedule
and that the social cost schedule is below the supply scaedilis means that

the group size in the social optimum is lower than the groae & the non—
intervention market equilibrium.

Proposition 1. The social optimum implies a lower group size compared to the
non—intervention market equilibrium.

12



Proof. See the Appendix. |

The gain from participating in the labor force must be dyipositive in the
social optimum for the marginal household. On contrary gam is zero in the
non—intervention market equilibrium. The marginal howsdhshould take the
negative externality into account when deciding to pgrate in the labor force.
For this reason, fewer households should participate. Tibe pf day care will, on
the other hand, be lower. This will work in opposite direntionore households
will participate. The combinedfiect on labor force participation is, therefore,
ambiguous. This is an important feature of the model sintepties that there is
no one—to—one relation between the negative externalityezhby parental labor
force participation and the level of labor force participat

The firm with the highest fixed cost that supplies on the dayketanust have
costs exceeding market revenues in the social optimum.emém—intervention
market equilibrium profits for the marginal firm are zero. Tharginal entrepre-
neur should take the positive externality that the group decreases and, there-
fore, the probability that parents can work is increasedr tRis reason, more
entrepreneurs should run day care centers. The price ofataygll, on the other
hand, be lower. This will work in opposite direction, fewetrepreneurs will run
day care centers. The combineffieet on the number of entrepreneurs and day
care centers is, therefore, ambiguous.

Suppose we apply a short term perspective such that the mwhbay care
entrepreneurs is fixed. Then it follows that a reduced graozg will reduce the
aggregate number of day care places and limit the extentcohsiespouse labor
force particpation which then has to be lower in the sociéihopm. The model is
not dynamic, but when the general equilibriuffeets of a flexible supply of day
care places is taken into account, then even increaseddeponse labor force
participation in the social optimum is a possibility.

4 Tax instrumentsand policy implementation

The optimal solution calls for an increase in the opporguadst of participating
in the labor force for households. It also calls for a de@éashe opportunity cost
of running day care centers for entrepreneurs. Increabmgast for households
can be done by introducing a tax on day care services. Angtbgsibility is to
introduce a home care allowance in the form of a fixed sum paymoeparents
who do not participate in the labor force. Decreasing théfoogntrepreneurs can
be implemented through subsidy to entrepreneurs who rurcaaycenters. Any
such policy implementing the optimal solution is self—enfing. Only the most
productive households participate in the labor force anlg thre most dicient

13



entrepreneurs run day care centers.

Suppose now that the policy maker chooses to use a tax on dageaices
7, an allowance to households not participating in the labarda, and a subsidy
to entrepreneurs running day care cenkergquations (7b)—(7c) can now, for an
optimal policy solution, be rewritten as

P(@) ¥ -1+ y-2-a*=0, (18a)
% (v3) +x°-5°=0, (18b)

where the producer price satisfies{X®)vy = vg. Combining with (13a)—(13d)
and using the fact thaf = v}, gives us

S
S

°+ —=m, (19a)
k5 = m(g°)>. (19b)

We can now formulate a result that follows directly from etijpres (19a) and
(19b):

Proposition 2. The policy(r®, a®, «°) that implements the social optimum implies
that«® > 0 and that at least one of the p&(t®, ) is strictly positive.

The most natural first best policy implementation is, therefa tax on mar-
ginal households and a subsidy to marginal entrepreneuirsyith no home care
allowance. If the tax is reduced, however, introducing a @aare allowance, so
that (19a) holds, is also consistent with a first best allooat

But what will be the outcome if all households pay a day careatad all
entrepreneurs receive a subsidy? The policy maker has tlehponssible bud-
get surpluses or deficits generated. However, in this mdaektare no income
effects on the households’ labor force participation decisian—labor income
earned by a household does nfieat the decision to participate in the labor force.
Any tax revenues that a first best policy generates or regjgae, therefore, be
disposed of or generated through lump sum transactionsalVitouseholds. This
will not change the first order condition for the social optim A traditional sec-
ond best tax problem does, therefore, not exist in this mo8elice this policy
is the same for all households and entrepreneurs it is rabt®ito assume it is
feasible!

Let us, therefore, compute the consequences for the puldigdi of first best
policies. Suppose that all households are treated in the say and that all firms

14Below, however, we study how regulating the group size thatlwe done if such taxes are
unfeasible.
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also are treated in the same way. Usiig- v}, the budget balancé, is
B:=(1-F (%)) 0" - ’F (¥°) - °RH) = -, (20)

where the last equality is derived from plugging in the egpiens forr® and«®
from (19a) and (19hb).

Hence, any policy given by (19a) and (19b) such tftat 0 implies a balanced
budget, i.e.B = 0. The most reasonable policy is to tax day care with- 0
and subsidize day care entrepreneurs with- 0. At the same time there is no
home care allowancey®> = 0. This policy has the appeal that it also balances
the budget. Suppose that a home care allowarice O is used in a first best
policy. The resulting budget deficit can be financed by a luonp $ax on all
households equal ta®. Such a tax will neutralize theffect of the home care
allowance for households not participating in the laboucdo The tax on day
care for participating households is lower compared to amab policy without
a home care allowance. In addition, however, all househmddascipating in the
labor force will have to pay the lump sum tax. Such a balanced budget policy
is, however, equivalent to an optimal policy without a horaeecallowance.

5 Regulation

In our model it does not exist a traditional second best ogitiax problem. We
have so far assumed that the public sector hastecunt number of policy tools
to reach the social optimum. But suppose that the taxes dmidses required
by first best are not feasible. It may still be possible for phblic sector to
improve social welfare by regulating the group size at dag canters. This is
clearly a second best policy. The policy maker would prefeatitect households
and entrepreneurs independently with twéfetient policy instrument. Here it is
assumed that there is only one policy instrument availablafect households
and entrepreneurs.

Suppose that the policy maker regulates the group size. &ayentrepreneurs
maximize profits. The producer price is, therefore, regualab equal the group
size. The total supply of day care will, ifffect, be determined by the zero profit
constraint on marginal entrepreneurs. Households argetia price lower than
in the non—intervention market equilibrium. Demand wilietefore, be higher.
But there will be not be enough supply to meet this higher dem&upply will
be the limiting factor on the market. It is not possible fdieluseholds that want
to participate in the labor market to do so. There will be sscgemand at the
regulation optimum. Day care will have to be rationed. Thiswdd be possible
as itis very dificult to resell day care services obtained. We assume thatatay
is allocated to households with high willingness to pay fay dare. That is, the
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same outcome as would be achieved if the policy maker cdedrtthe consumer
price. To sum up we assume that

¢ the policy maker regulates the group size (i.e. picks onetmwi the supply
curve),

¢ the number of entrepreneurs is determined by the zero poofditon and

¢ to handle the excess demand for day care existing day carespdaie allo-
cated to households with the highest willingness to pay.

The cost threshold of entrepreneurs decreases if the tegulacreases the
group size, i.e.,—% = —g < 0. Efective demand for day care is determined by
supply, technically via the equilibrium condition. Decsed group size, therefore,
has to imply lower &ective demand and lower labor force participation. This
means that the income threshold will increase, +&, = %*ﬁm > 0.

Group size is chosen to maximize social welfare given by.(Thjs is done
subject to the market equilibrium condition and the costshold conditiory =

%gz. The Lagrangian function to this problem is

.~ .~ .~ 1 -
M(y’ Y50, /11’ /12) = W(y’ Y g) - ﬂlE(y’ Y g) - /12 (Eg2 - 7) . (21)

and where the formal decision variables gr¢,"g and; i = 1, 2. Note that for-
mally choosingyis equivalent with rationing day care to the highest williegs
to pay. Similarly, choosing Subject to the zero profit constraint is equivalent
to decentralized decision making among profit maximizinggeggreneurs. The
advantage of this approach is that is provide us directiy wXpressions for the
optimal regulatory consumer and producer shadow prices.

An interior solution’s first order conditions can after somanipulations be
written as

50 = PG -2- =0, (222)

M_o — —(3 @) +7 - zagf)r(&f) L=0,  (22b)

oy 2

aM ( / I r r ~r I Al

M0 = [pewdrn) -G -HRI-Lg =0 (@20)
¥

in addition tooM/dA; = 01 = 1,2. Note, however, that far= 2 we have that
Y= %(gf)z. The solution is illustrated in Figure 3.
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Solving for the shadow price of day care at the regulatiomaoyin we get
[P (@) ydF ()
¥

RGN+ @R G

There is a dierence from the first best optimum for the following reasomyA
reduction in the group size of day care must take place aloagtipply curve.
Total supply (and accordingly alsdfective demand) of day care will, therefore,
be reduced. At the social optimum, the optimal group size lmamletermined
independently of the optimal number of day care centers.s hnot the case
here. When there is only one policy instrument availablducing the group
size (and the producer price) will have twfiexts. The supply of day care will
decrease, first, as the supply from day care centers thatrstaysiness will go
down. This is captured by the first terfR{y") in the denominator. But there is a
second #ect that the policy maker has to take into account. The nurobeay
care centers will be reduced. This is captured by the seand¢’)?r (7°) in the
denominator; i.e., the previous supply of day care of firnasileg the market.

The shadow price of day care at the regulation optimum canrlieewas

r

r (23)

A=d@Q+n) (24)

wheren is a monetary measure of the negative externality. Thissisdtal loss of
income when group size is increased divided by the totalghamsupply of day
care when the group size is increased. It is defined by

[ ¥ (@)ydFQ)
ni=——27 . (25)
g (RG)+rG)@))

We can, therefore, define the markup on the marginal privasge tbat gives the
marginal social cost of day care in a similar way as in theadaptimum.

Combining the first order conditions, we can obtain the twoagipns corre-
sponding to (17a)—(17b). In the regulation optimum, thegimal households and
entrepreneurs should behave according to

PE)Y -z-¢ =nd, (262)
@)= @>+7. (26b)

The private net benefit of a marginal household particigatmthe labor force
should equal the externality cost of participation in thgutation optimum. This
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Figure 3: Regulatory optimum and market equilibrium.

v.g

S(v)

A=@+ng oo \ Sdg,m)

SBg,m2) D(v,2)

Quantity of day care places

is similar to what we found for the social optimum, see (1 7die social benefit of

a marginal day care center equals the private benefit. lidlemual the marginal
private cost at the regulation optimum. This reflects ouused constraint that
the supply is determined by the zero profit condition for epteneurs. As a
consequence externality costs will néiteert the number of day care centers.

Note also thaft, measures the negative impact on social welfare of this con-
straint. It satisfies
A= -nr (57) (@) < 0. (27)

We can also show that the following results regarding theileggpn optimum
hold:

Proposition 3. The regulation optimum implies (i) a lower group size, (@ver
day care centers, and (iii) lower labor force participaticompared to the non—
intervention market equilibrium.

Proof. See the Appendix. O
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6 Concludingremarks

Children at day care centers with large child groups are dterfrequently than
children at day care centers with smaller groups. Sick ofilcire usually cared
for at home by parents. This creates a negative externdlpgr@nts’ labor force
participation. At the same time, entrepreneurs’ decis@mddcrease group size
has positive externalities. We show that the social optinmaplies lower group
size than the non—intervention market equilibrium.

We have studied the optimal Pigouvian policy, which implieduced group
size, increased cost of labor force participation and redutost for establish
day care centers. Increased cost of labor force participaan be achieved by
either or both &ax on day care services and a home calitewance The cost
of providing day care should be decreased sybsidyto entrepreneurs running
day care centers. In the optimum, therefore, both demandapply curves are
shifted compared, compared to the market outcome, suclytbap size is lower
in the social optimum. This can be interpreted as long tefiiace when both
demand and supply for day care is flexible. This is importardesit implies that
a negative externality caused by increased parental lapoe participation, does
not necessarily imply a lower parental labor force paratipn and more day care
centers.

Some features of the real problem have been neglected im¢kerg analysis:
In this paper we focus on a negative externality. We ignooblgms of social
insurance and income redistribution. There are intergstma natural extension of
the present analysis. One is to investigate how social amagr interacts with the
optimal incentives to participate in the labor force stddiere. We have also only
addressed one type of externality in day care. There areyuoke, other factors
and other externalities that may lead tffelient conclusions. One example: Here
day care is assumed just to care for children while parestsvarking. Day care
can be important in contributing to human capital accunnutat Day care may
also contribute to increase the tax base in the economy.
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Appendix

A Proof of Proposition 1

We start by noting that the producer price is equal to the gsize (i.e.z = ¢*

k = m s and thatt = g(1 + m). We now want to show that the group size
in the social optimum is lower than in the non—interventioarket equilibrium,
which is equivalent to show that the social optimum implielaer producer
price, i.e.,uy < vy where super indices and m indicate social optimum and
unregulated market outcome. By equation (7¢) and sincetieqsa13b) — (13c)

impliesy® = (% + m) (uf,)z we know that

RG'™ = R(% (ug‘)z) andR(5°) > R(% (vf))z). (28)

Therefore, by equation (7a) aldy®, y°,v°®) = 0
1-F@) - Q- FF) = RG)vp - RG>
1 S 2 S 1 m 2 m
> R(E (vp) )vp — R(§ (vp) )vp.

Suppose now thaty > vy. We note that botlR andF are strictly increasing
on their supports. Then the assumption that- vy implies, by equation (29),
thaty® < §™. However, equations (7b) and (13a) — (13c) imply

p(vp)¥° - p(ug‘) §" > vp - vy (30)

Note also thaty > vy implies p(vp) < p(vyy) by Assumption 1. Equation (30),
therefore, impliey®* > §™. This is a contradiction and, therefore, the conclusion

S m
vp < vp follows.

(29)

B Proof of Proposition 3

The proof of part (i) is analogous to the proof of PropositionHencev|, < vy
andy" < y™ because of the cost threshold condition. There will be fedagrcare
centers at the regulation optimum and part (ii) follows. dAlsvith lower group
size and fewer day care centers, supply will be lower. Magkeilibrium requires
thaty’ > §™. Labor force participation will be lower, which gives paiit)(
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