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ABSTRACT

This paper analyses how the wage and employment declslons of females are
affected by past workforce participation and hours supplied. Qur estimation
methods expleit the fact that, when markets are complete, the Lagrange
multiplier for an agent's lifetime budget constraint always enters
multiplicatively with the prices of (contingent claims to) consumptlion and
leisure. Depending on the properties of the equilibrium price process, it is
thus possible to predict the behavior of a wealthy agent by observing thal of
a poorer person living in a more prosperous world. Thls provides the Key to
estimating, nonparametrically, the expectatlions that enter the calculus of
equilibrium decisionmaking, and ultimately the structural parameters which

characterlize preferences.



1. INTRODUCTION

The apparenﬁ interdependence between wages and unemployment or
nonparticipation, on the one hand, and human caplital acquired through iabor
market experience, on the other, is difficult to ignore when studying female
labor supply and participatiqn. Due to greater demand for their time from
their offspring, and per_haps because of sex discrimination, fer{na_l_es supply
less, but more variable, lgbprwthan.mgles and earn lower wages. These effects
are compounded by human cagitalwgpgqired over the 1life cycle. Wiﬁphrespect to
older workers, females have less mirkgt experience than males, and this factor
by 1_t___se1f vields lower wage a;;__ci ______Egr_fticipation rates. Anticipating lower
wages, more intermlttent_labor supp;?”and earlier retirement, younger women
choose Jjobs which have:a s_m.alle_r_ in_vestment__ component, They. also choose
cccupations_ that are more cqmpl_:_e.;mg:z}t:a_ujy with childrearing a;;’;_i_v_itig_s. Such
choices increase their prodgctifity at home and simg}taqeougly retard
depreciation. Contributiqng_bg ngggr {1971, 1975). Ben-Porath (1967]), Rosen
(1972), Weiss and Gronau (1981), amongst others, have laid out the economic
theory underlying this styl;stic characterization.

Empirical studies have also addressed these 1issues. qu examgle. Oaxaca
(1973) regresses wages on characteristics observed by econometricians to
determine how much can be explained by sex; Mincer and Ofek (198%) find
interrupticns in a waman'sllggfeer do reduce her wages, more recent
interruptions having a greater impact. Mincer and Polachek (1974} and
Polachek (1981) provide some empirical results on the degree to which women
make occupational choices with less learning on the job, the benefits of which
may be more readily available at home, and with lower depreciation rates.
Lazear (1979) finds one major h_npact of government programs to eliminale

sexual discrimination is to increase investment in human capital by females.

Related work in this area also includes Corcoran (1979}, Corcoran and Duncan



{1979), Polachek (1975, 1979) and Sandel]l and Shapiro {1978). While
informative, statistical inference from these studles is jeopardized by sample
selectlon and endogenelty problems. Moreover, Lhese studles do nolt account
directly for the impact of changes in overall market conditions or aggf%gate
shocks on the decision te acquire home versus market capltal,

The issue of lncorporating the effgg?é¥§f_ﬁggfggat& %§0¢&§,&&"§?ne1 data
estimation of dynamic equilibrium modéi;i;;;;;;égﬁﬁiff;égge%geéTQ; Altug and
Miller {1990). In the environment éSﬁ;?éﬁ?ﬁéEEQEQE;ﬁifﬁg'ﬁummiég could be

used to capture the &ffects_df aggregatéléﬁﬁégé_fhat are f?ﬁnsﬁitted through

world. However, in

equilibrium prices in observed or reailigsfétatégrgfféh'
models with preferences that are not addfti;ei:r;éﬁéfﬁﬁié Gﬁer timé; or with
human capi;ﬁéi accumulation, Jjob search .ah& matchinga «iS well as l-=.t"ért11.ity,
agents or households evalﬁata their utiiity in future states of the world that
never occur as they make plans for the future. In thls case, the métﬁod of
inserting dummy varlables to estimate prices of contingent claims for observed
states of the world is insufficient. Since there exist goods {or assets}) that
yield consumption (or dividends} in states of the world that mlghi have been
realized but were not, the econometrician would like to know the prmbability
distribution that characterizes the state variables, and estimate the prices
as functions of the possible states that 1lie in the gsupport of this
probability distribution. Previous applications have resorted to a variety
of solutions when faced with this problem. In his paper on job matching
Miller (1984) assumes utility is linear in consumption; Wolpin {1984} and Hotz
and Miller (1989} assume aggregate shocks are linsignificant; the emplirical
study of Hotz, Kydland and Sedlacek {1988) on nonadditivities in lelisure find
the time dummies they insert are significant but lack a theoretical

interpretation for them.



This paper esitimates a dynamlc, stochastic medel with a constant interest
rate but aggregate shocks, where time nonseparabilities arise from the
specification of preferences and the human capltal accumulation process. It
seeks to investigate how past labor market participation and hours of work
decisions by women affect their current wages and employment, and to estlmate
the deprectation that occurs when females temporarily or permanently withdraw
from the labor market.The estimation method proposed here seeks to sincorporate
the effects of aggregate shocks in'panel data estimation of models with time
nonseparabilities by making three -important assumptions. “The - first one
concerns the market structure; we assume it is competitive and complete. The
second specifies, up to a parameterization, the stochastic process for prices
to follew and thus indirectly characterizes aggregate shocks; we ‘assume
proportional changes in contingent prices are independent of their level. The
third assumption is that a sufficient statistic for indlvidual wealth, or some
transformation of it, is avallable on the cross section. As a consequence of
these assumptions, it is possible to predict” the behavior of a wealthy agent
living in economic slumps by observing that of a poorer person®living' in a
more prosperous world. Hence, the probability distributions describing the
behavior of an individual in some future event <can be Iinferred by
nonparametrically estimating the current behavior of individuals she may later
mimic weighted by the probability of this event occurring. Rather than
estimating the whole probability disﬂtribution, however, the i;_echniques of
simulation estimation can be adapted £o this nonparametric context.

The paper is organized as follows. Section 2 describes a framework for
analyzing human capital and preferences that are not additively separable over
time; it also explains why the Euler egquation methods of Hansen and Singleton
(1982) cannot be applled directly, or with minor modifications {such as

inserting additive time dummies to the forecast error). Then in Section 3 we



derive new representations for the Euler and participation eguations, from
which orthogonality conditions can be formed, to identify an estimator for
this class of problems which can be implemented with panel data, The
representations are similar to those previously developed by Hotz and Miller
{1990} for sequential, discrete cholice problems, but here adapted to account
for aggregate shocks. Since the computational costs assoclated with
integrating over all future aggregate shocks would be - prohibitive, a
simulation estimator is developed. Our motivation is related to. that given
for recent analyses of the ({(parametric) simulation estimators in McFadden
{1989} and Pakes and Pollard (1989). Because the criterion function Iis
differentiable in our case however, standard proof strategies can be applled,
providing the incidental parameter problem {(associated with estimating the
conditional cholce probabllities) is dealt with. The estimater itself 1s
consistent in N, the number belonging to the cross section, converges at rate
N”E, and is asymptotically normal. Section 4 contains a discusslion of the

data and the empirical specification we estimate. The last section estimates

the model and reports ocur results.

2. A FRAMEWORK

information, Preferences and Technology

This section describes the model we develop to address the empiriéal
relationship between human capital, wages and female labor supply. Consider

the following two sector competitive model of consumption and {femaiej labor

Supply. Let c. € (0, ») denote consumption by agent n in periad t, and
Ent € {0,w} her hours of work. Previocous work experience affects laba'r-'s
productivity 1n market work wvia the p x 1 vector of }agged hours
im = Hn.t.-a”'”'ln,t—p} . tThe economy runs from date 1 to date * < ®, and

th . | | -
the n individual is active beiween dates n and n. Uncertainty is treated as



the probability space (2, ¥,P}, the element signifying a particular realization
of all (random) wvariables in this economy from 1 to T. The increasing
sequence of o-algebras ?1 G ?2 S ... characterizes how information accumulates

over time; we assume all information is public; thus the random varlables with

t subscripts defined below are ?t measurable.

Each periecd t € {n,...,n} the nth woman chooses ¢ . and contracts with

— 13}
firms to undertake tasks. The total amount of time they take to complete,
lnt+ is only revealed to her when she begins working on then. More

specifically, let hﬁtle (0, =} be chosen by n at the beginning of period t, and

let ¢ dencte a random variable, identically and independently distributed

nt

across (n,t) with probability distribution function F[ent} defined on support

(0, w} which has at least two moments. We assume 1 .= O if h L S 0, but if
1 1]

h > 0 then:

nt

(2.1) Il =h + ¢

nt nt nt

For convenlence, a participation indicator dnL € {0,1} is also defined, with

d =1 1if and only if h > 0.
ni nt

Females are identical up to a vector of characteristics

' ,v'.1l e £ ) where X is an observed time-varving x 1
( nt T nt 2nt” Cont' Sint Tant nt ' Yying g

vector independently distributed across the population and generated by the

known  probabllity transitien Fﬁ{x 30y =2 {y ....,yny}’ is an

X
n, L+1 nt 7! ni

observed v x 1 vector fixed over time: and {e¢ ,c ,e. )} ls distributed
Ont 1nt 2nt

e - ' rom : . vy th
independently across (n,t) drawn from F}{Ebnt’cnﬁfzﬁnt] They obey e
expected utility hypothesis and have rational expectations, preferences taklng

the time additive form:

n L
(2.2) Eﬂ[}:wh B (um)]



Wwhere:
{2.3) u =y + u + U
nt Ont int 2nt
u =y {x . {1-d Je +d ¢
Ont 0 nt’ Y ( nt) Ont nt  int
u = g {1 l |, x
1nt 1 ~nt" Tnt nt’ yﬁ}
u = u (c X £
2nt 2 nt] T nt' Znt.}

Thus u . represents the (reduction in) utility from participating in the

labor force, uh“ the {decremental) loss from working greater numbers of hours

(which reduce leisure time), and uzt_is the current utillity from consumption.
n

Notice that uow.EHKi‘ﬂ:t are known at the beginning of period t when female n
n N

makes her consumption choices and work plans, but u, ls only revealed at the

end of perlod t if she partlclipates.

We denote by W the marginal product of the nth agent’'s labor working
nt

for a firm belonging to the first sector (goods) at time &, and let

W, = (wi”,..,,wﬁuﬁ}’ represent the v x 1 price vector for units of vy
characteristics in period t. We assume W admits the multiplicative
decomposition

_ TV {r)
{2*4) wntiu Er=1ut ynr?}(lntixntj

thus ¥ flt.x L] measures the efflclency unlits of y person n produces per unit
A 3 137

Lime,

This specification of preferences and cholces over lelsure differs from

those found In the existing literature In several important respects. In



contrast to previous static models of female 1labor supply (discussed in
Killingsworth (1983} for examplel), and their dynamic counterparts (estimated
by Heckman and MaCurdy [1980, 1982]), investment in human caplital and
intertemporally nonseparable preferences play an important role here. Ancther
distinctive feature of our formulation is that, conditional on working, labor
supply plans depend on observables alone; the difference between those plans

and actual hours worked, attributable to unanticipated market demands upon a

woman' s tim&; prevents stochastic singularities arising.(betﬁeenﬁkoFkiﬂg“ﬁémén

who share identical characteristics ‘but supply different amounts of ‘hours),

attached to dynamlc considerations, fé'fqréﬁhaddhed in Mroz (1987); he reports
that “among potentlial specifications found unimportant aré ... controls for
self-selection when experience is treated as endogenous" (p. 795), whereas
assuming the wife's wage 1s exogencus induces “upward bias-iﬁ;the estimated
wage effect” (p. 795}). Comparing our study with related work in male labor
supply, Hotz, Kydland and Sedlacek (1988) and Shaw ({(1989) _respectively
investigate nonseparabilities. in male  labor supply and learning:.on :the job,
but whereas thelr work assumes an.-interior solutlon pertains, we . .investigate
the participation decision as.-well. Again the reason for this difference lis
driven by data: the female workforce participation rate "is—-substantially

lower than the rate for males.

Optimization and Egulilibrium

In a competitive equilibrium with complete markets, prices exist for all

it

commodities. Accordingly, let AL (A ,....A }', measures defined on Fl for

ot VL
each t e {1,...}, denote prices of contingent claims to consumption and

efficiency units of labor in period t. Thus-ﬁht(ﬁt] denotes the date 0 price

of a consumption unit vector to be delivered on date t, contingent on Ai € ?L



being realized. We assume ht ls absolutely continuous with respect te P and

r

denote by ht 2 (A

ot "Aut) the Radon-Nikodym derivative of AL with respect

to P. Hence At admits the representation:

(2.5) A (A = Ltntm}mdm)

Female n maximlzes her expected utility at date O by choosing the &
2 4L : .

measurable vector (Cnt-’hnt) for t e {n,...,n} subject to a lifetime budget

constralnt. Define the exogenocusly determined quantity ¢ as bequests net of
N UESLS

inheritances. assuming bundles of goods are valued wvia an inner product

representation, (2.5) 1implies the lifetime budget constraint for the n™

household may be written as:

(2.6) Eﬂ{[wﬁlmicnt 1nt,wnt.1} < ¢

11

{r)

r - . |
where W th = A for r € {1,...,v}.

ot For future reference, let 71 denote
n

the Lagrange multiplier associated with the budget constraint (2.6}, c*t-the
ot

optimal consumption of n in period t; alsc let d*

L characterize her optimal

participation decision, and h;t be Lthe expected labor supply associated with

the local interior optimum. Thus (dﬁt, rﬂl) determines her optimal time
I I
allocation plan, which results in 1* = d* (h* + & )} hours of work.
nL ni nt nL
We assume the real interest rate 1is constant, which implies

EDU%%nfth;ii, the price of sure consumption in period t in terms of period

J

t-1 goods, does not change. As an emplirical matter, the lack of interest rate
variation over time, coupled with the difficulty in measuring it {using
nominal interest rates and data on inflation), makes the assumption relatively

innocucus for short panels. Similar assumptlions are made with respect Lo the



other intertemporal prices; more specifically, we aasuﬁe the stochastlic

process for

g, = (hbafha,n-1""'thfkyutaz)

Is independently and identically distributed over time with distribution
function Fzﬁwt). Although prices are specified exogenously, we note that,” as
in the representative consumer model of Novales ({1990), “the™ individual
optimization problem described here coexists with a competitive equilibrium
for a simple economic environment. Suppose there are some assets which yield
an exogenous stream of dividends (in consumption units), and assume there also
exists a stochastic, constant scale returns production technology for
consumption using labor inputs alone; it is characterized by the law of motion
for M, - Letting D, denote total dividends in period t'é:ﬁ"ﬂ""';:"H;"(xl;‘ AN yn,

t ~n b

nn3 the Jjoint probability distribution of (x , 1 , y, m ) over the
N iy}

1418 ~nt

populatlon at that time, clearance in the goods market means:

— & a yy M ¥ | -

(2.7) D, f[?ﬁt ”ntdnthnt]dﬂt(xnt'lnt’yn'nn)

Suppose ownership claims to assets are distributed in any way to make n

initially evaluate her wealth as ¢ at prices {A} __. Then {A } is a
n L LET t LET

competitive equilibrium if these prices suppert the consumption and leisure

allocations generated by the production and dividend process. By definlng the

dividend process Dl to satisfy (2.7), it is thus established, by construction,

that this ls indeed the case.

The first order conditions for an interior solution to the agent's

optimization problem for the equillbrium postulated above are:
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=i 1 ~n,t+g n,t+g' .n,t*H' n

(2.8) 0 = BEL[ P Bu_ (1 1 X y )} o+

|2 : _
Wn E: Ar.t+ﬂ ynr Wrtih;t+ﬂ’xn.t+s}ln.h+ﬁ;] fahht

(2.9) Buz(cnt,xnt,czntJ/Bcnt = Aﬁtﬂn

Then Ec:t,h:t). the solutions to (3.1} and {3.2), denote the optimal interior
policy. Whether agent n participates in period t or not depends on the
difference in the social surplus she generates, because the competitive
allocation is pareto optimal under the assumption that markets are complete.
The soclal surplus associated with the labor supply declsion accounts both for
the effects on her utility, and also the value of her marginal product {rom
working welghted by her marginal utility of wealth. Accordingly define the

conditional valuation function for setting dnt = Kk € {0,1} by:

(2.10)

(k,0)
v
nt

max E |u + W 1
- : int n nt nt

{(h " L

N so=t+]

+[n 35" (u + U *mw 1 )h = kh*

m=t+] Ons Insg n ng ng

The soclial surplus associated with planning to work h*"“’_L is therefore
!

| {1,01} .. . )
t%}xnt'ynnkﬂfzint) + v » and the optimal participation rule d:t is

def ined:



Il

f ]G -.'{}
1 if v {x ,y.e } + v, u {x ,y .e ) + g 00
(Z.11) qy = . O nt "n Int nt 6 nt’’n’ 0Ont At

n kL

kﬂ othervise

Thus (c:t, d;th:t} summarizes the optimal contingent plan for woman n facing

the problem (2.1} through (2.6).

rorecast krrors in Cross Sectlons

Our empirical metheds exploit the Euler and participation equations, to
estimate our model with panel data. We conclude this section by demonstrating
why time serlies methods for estlimating Euler equations'shauld not be applled
directly to {short) panels. Originally developed by Hansen and Singleton
(1982} for analyzing time serles data, Euler equation méihods e:-c'p'iozit the
orthogonality between an agent’'s forecast error and. elementé. withiﬁm'her
information set. As Chamberlain's (1984, p. 1311) remarks suggest, this
procedure cannot be applied directly here, because large sample averages of
cross sections taken at a single point in time (or a small number of them)
cannot typlically margin out aggregate fluctuations.

To 1illustrate this peint, we now temporarily specialize the model by

replacing (2.1), {2.3) and (2.4) with:

(2.12) h =1
T nt
U+ U + u =1 1 - 17 4+ én{c )
Ont int 2nt nt n,t-1 nit. n
W =W
nt,

respectively, and assuming 4% the only remaining aggregate shock in this

speclialization, is a standard normal varlate, wlth distribution function &)
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these additional assumptions leave only ff to estimate. Without further loss

of generality we normalize ?tm = 1, so the period t labor supply function for

individual n can then be expressed as h* = h(l t_l,nn]. Let:

en.t = Bhn,tﬂ - ﬁEt(hh?L*E}

denote the forecast error associated with the Euler equation:

. L
hn,t-I - Zhnt * BEt [hn,t.+1] N nnw
Averagling e ~over the population of females n € {1!,...,N}, all of whom are

assumed to participate in this example, we obtain in the limit of N

IH

{1}
Et (vtﬂ) 6§{h[h{1n,t-1'nn]' T}nvtﬂ]

-~ Jalh{l_ .n ), nnvﬁdf:b(v}} R (1 m)

, L=~1 n

where Ht(l .7 ) is the population distribution functlion for (I n ).
n

,L""]i 1y H,L"'ll f
Unless labor supply is independent of wealth (making the second argument of

e{”[u }, is a nontrivial function of v

h{l,n ] redundant), .
n L+l L+t

Recoghizling the importance of macroeconomic shocks in their own studies
which have applied Euler equation methods to panel data, several authors,
including Hotz, Kydland and Sedlacek {1988), Shaw (1989) and Zeldes {1989),
inserted time dummles into the forecast errors; they then assumed the
remaining components are Independently distributed across the population and
over time, and proceeded by adopling as instruments elements belonging to the

information sets of agents thought to be correlated with thelr observed
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cholces. Altug and Miller (1990} show that if there is no human caplital
accumulation and preferences are additively separable over time, the procedure
can be justified in the presence of complete markets. (The idiosyncratlce
shock to the forecast error is then identically zero). Otherwlse it 1is hard
to raticnalize, as Hotz, Kydland and Sedlacek [1988) acknowledge {(p. 347). To
‘see why, consider any valid instrument vector, such as (1,_?}#}" c ?{; S ?t.

Averaging over n € {1,...,N} the product of {l,nn] and € “‘converges to the

1

{1 .
vector (e }Eu 3, e{ ){v }} where:
L 41 t L+l

e ) = Brn {hlh(1_

AR e dime 1 - Thin(l,m ),m vlde(vl}dd (1 .» )

t Lt-1""'n

Contradicting the agsumption made by the authors clted above

2}
et {vu;] # ei (utﬂ]. and both are nonzero f{functions. Therefore two sets

of time dummles are required to correct the sample moments for thelr cross

sectional bilas (rather than just one}. Consequently, there are three
parameters to estimate {e:”, eim, B) from only two equations, so the system
remains unidentified. Moreover adding extra instruments cannot identify B8

(the parameter of lInterest), because the number of time dummies to estimate

alsoc lncreases concomitantly.

3. ESTIMATION AND INFERENCE

Representations for the Optimality Conditions

This section modifies the existing approach to inference f{rom Euler
equations so that they can be applied to panel data. The modifications
involve a new representation of the Euler equation, and the development of
appropriate estimation techniques. Ags a bliproduct, we show how estimating

dynamic models of discrete cholces by treating the condltional cholce



1 4

probabilities as Incidental parameters, can be extended to incorporate
aggregate shocks transmitted through prices.

Our analysis is prefaced by some remarks to motivate the estimator and
clarify the role of certain assumptions. Since the stechastic process for wt
(changes in contingent prices in realized states of the world}, is independent
and ldentlecally distributed, and labor supply lagged more than p periods does
not affect current utillity or the wage rate, the finite dimensional vector
(}_m,xnt,yn,nnat] is a sufficient statistic for choosing {cnt,hm} optimally.
Inspection of (2.1) through (2.6) reveals a further reduction in the state
space 1s possible: the vector z;L def ined as:

n

znt = {int'xnt‘nnaoa‘nnyinhzt’""nnyunavt}
is {minimal) sufficient. Our assumptions imply ny is dense in the positive
orthant of R"''. Hence, following a similar semiparametric procedure to Hotz
and Mlller (1989}, cross sectional variation in z  can be used instead of
Lime series data to nonparametrically estimate, as preliminary incidental
parameters, the policy function evaluated at certain arguments. Intultively,
this 1is because an individual's response to any aggregate shocks (not

necessarily observed in the data) systematically resembles some behavior of

others actually observed. For example, suppasiﬁg:

(x ,1 ) = (x ,1 ),
nt ~nt ms mE
nn{hﬂtlylnhlt" Yy bw) B nm(hﬂajylmhls 'yvmhvﬂ)'
then h:t = h;ﬂ, Sc one can imagine inferring the behavior of a female m in

some future period s who responds to an aggregate shock A | by forming an
¥
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“appropriate comparison group of choices actually observed in {(the earlier)
- period t.

This approach cannot be extended easily to accommodate more flexible
- price processes, as the folliowlng example illustrates. In contrast toc the
assumption in Section 2, now suppose the stochastic process for wt-depends.on
lt (as ARCH models suggest). Temporarily replacing F{wt} with ?(wtfhtl’ the
state space becomes (znt_,lt}. .Since the contingent prices applying..to any
realized state can be parameterized by a set of time dummies, our estimation
methodology is valid subject to the important caveat that p = 1. 1If, however,
more than one lagged labor supply enters the model (meaning p = 2}, it is
impossible to obtaln consistent estimates of h* for s =2 t + 2 (to substitute

ith
into the Euler equation}, unless coinclidentally Awq = Rt.
The estimator is developed In stages. We first derive new
representations for the Euler and participation equations upon which our

estimator is based. They both hinge on the observation that the difference

between the conditional valuatlon functions can be expressed as.a mappling of

it

the conditional cholce probability. Let p p(znt} denote the {nonlinear)

nt.

regression of d on z , or the conditlonal probabllity of n.participating on

ni nt
date t glven atiributes z . . Appealing to Propositilon 1 of Hotz and Miller

(1989), there exists a continuous, increasing mapping defined from p € (0,1}

to {-w,w)}, dencted g{p), such that:

£1,03) (0,0}
A" -\
nt 714

(3.1) qip J =
nt

for ail = e Z.
it

Fquation {3.1) is a building block for characterizing expectations about

the future in the participation and Euler equations. To see this, some exira

{(0,8)
notation 1s helpful, Define for any I . the p dimensional row vector int s
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as {1 R ,0,...,0); this corresponds to person n accumulating
n, tePég n, b=l
history int by time t but then not working for ¢ perliods. (Thus };f‘p} is the
p dimenslional 0 vector.)} Similarly let l{':_'ﬁl denote the p dimensiconal row
~E0
vector (1 RURI , h* + ¢ , 0,...,0); in this case a nonemployment
T, L =P8 n, t-1 nt nt

speli of s-1 periods follows period t when she works h:i-i €, given her t

history 1 .

~nt

We also adopt the following abbreviations. For k € {0,1} and s = k, iet:

{k, 5}

- (k,8)
(3.2) u % = oy (1 , 0, x , Y )
nt 1 ~nt n,L+s n
tkaﬂ} {k 5}
== : ’ 1 - 4 B A
nt p{'{nt lJﬂ;l‘z,ﬂ.tﬂ-ﬁr"nﬂt {J“’tﬂzlt !nnyla’n 2, t+ﬂ}

il

{k,s}. ( {k,‘.ﬁ})
nt 4 pnt.

Thus ui?#} represents the current utility to n of not participating in perled
t + 5 ‘after a nonemployment spell of s-k perlods, while p;t”” s the
{1, 0}

conditional probability she wwill resume working then. Finally let u
denote the expected social surplus {(in female n utils}), accruing at time t,

from n planning to work h*t, gross of participation costs:
n

(3.3) u 9 s J{u (1 ,h* + ¢ ,x ,yv ) + (h* + ¢
nt 3 nt

y {dF (¢
1114 I ~nt nt nt t]wn{.nn:{ F(Ent}

n

This notatlon the representations which we will presently exploit in

estimation are glven concisely by the following.
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Proposition 1

(3. 4) O = & £ ;un,m . TP 35 u(l,ﬁ} + wllrs) _(,s)
dhe ti nt g=i . nt pnt qnt.
nt
(3.5) 80 _ o0 o f e | 0,0 *'ET} gl i) [0,
) nt nt L nt nt 5=l nt nt

(1,e) {1,s) (0,8) (0,u)
e -
pnt.- qnt pn L qnt ] }

Proof of Proposition 1

To prove this proposition we extend the definition of v™9

iven in
nt give
| {k,s)
(2.10). For each s e {(0,...,p+1}, define v ) as:
iy}

(x,s) e A (k,s) n t (k. s)

+ B B r—=i— ' _ - . ¥ 1.

" ={h ¥ E PJ + E: BT (u +u +mw 1 )L 5:]
nt ner r=te+s+l t+g: nt =i+u+] Cnr Inr n nr onr/ f~nt

Intuitively, v::’g} is the expected utility, taken from a social piéxnner’s

perspective but measured in the utils of woman n at fime £ + émif::having beén
out of the labor force for s - k periods, she does not pﬁ}fiblpate i;aperlﬂd

t + 8 but thereafter optimally chooses her labor supply. Combininglﬂellmah’a

(1957) principle of optimality with (3.1}

| {k, s} (k,s) {k,5+1} {k,2+1) (k,s+1)
. H m + -
{3.6) v, u + BEt [an P q_, ]
Starting at uit””, and repeatedly applying {3.6) for s & {0,p+1}, then

yields:
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. {kpﬂi N {k,G} _ p'i'l {k,pil} P © {k.g} {R,E} .{k,ﬂ} -y
3.7) Y " Y N EL{B Vo ¥ ): 1!3 [unt ¥ pnt_ 9 | |

nt nt nt B= nt

The Euler equation is found by setting k = 1 and differentiating v'»*%

with
nt
- _ | {1, 1)
respect to h"{. Since E::_*p*l’ = 0, it follows that vnt p does not depend
In
on h* . Therefore:
ni
&vti,O}
n
0 = —Zhs
nt

. o {(1,0) P £} (1,8) (1,8) {},s}
~ 8h* Et{unt ¥ Eﬂﬁiﬁ [unt ¥ lj'nt qnt‘. ]}

as claimed in (3.4}. The participation equatlon is derived by substituting

for k = 1 and k = 0 In (3.7), and differencling the resulting two equations.

(0, p+1) V(l.fpirl']l

, equation {3.5) obtailns. 1
nt nt

Noting v

“*ﬁ}/ﬁh Lo

Notice (3.4) requires an estimate of the derivative of 8p . .
L s n i

obtain it, we exploit results (reviewed in Prakasa Rao [1983] for example) on

nonparametric estimation of dgrivati#es of probability density functions. In

particular, let:

I{k]ﬂ} - (kﬁﬁ} : -3 .
nt B (-l-nt 'Kn,t*-ﬁtnn{l'yn] }"L+s)
and def ine:
NI S CAAR - . = d = 0 and d = 1)
Int 1 nt n, t+1 n, Léag-1} - an n,L+sg -
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as the probability densit - (8}
Y Y function for z . conditional on not participating

in periods t + 1 through t + s - 1 put working in period t + s. Simllarly

let:

(1) {10,8)
E ¥
Ont f(} {'znt

£ !(i =

n, L+l S n,t+s-}

f
R
il

0)

be & related probability density functlon, which does not condition n on

participating in periocd t + s. Their derivatives with respect to h* are
nt

/ r

(%) | {a}
denoted by fhﬂ‘ and fmﬂirespectively. It now follows that:

B(I}{Ln} q(l,s)} {1, =)
nt nt (lp ) P 3 »
(3-3) - [pnt u q (pFI #)} N q[i &) m_nt
8he nt nt ah
it nt
(e}’ f(.z;}:
_ {(1,8) , {1,s) {1,%) dint Ont (1, e)
= |p { ) o+ il - - >y
[pn't. 4 pnt qnt :H: f{tﬂi f{-s) ]pnt
int Ont
Thus (3. 4) becomes:
{1,s}
(3.9) w7 = E{[" ﬁ“f ol
nt n tilbs=l -
ghe
nt
(g}’ ()’ |
(t,8) ,, (1,8) {1,8} fint f{}nt {1, %) Bu‘i(-lnt'hnt+tnt'xnt'yn'
* pnt q {pnt )+ qnt (g) - (a} P £ * B
£ £ A ghe
Int Cnt nt

Orthogonallty Conditions
If certaln incidental parameters ({including the marginal wutility of

wealth and some conditional choice probablilitles specified below) are known,
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then GMM techniques can be directly applied to produce a N'“? consistent and

asymptotically normal estimator :H{ There are three steps Lo estimation,

although the second two are taken together.

The first simulates, for each person n € N, a hypothetical future path of

p perleds for the aggregate shocks and exogenous tlme varyling characteristics,
{=} P s}, D :

respectively denoted by {',f)t (8)}} : and {xt}ﬁ . Consequently the
n 5= n =

contingent price vector in period t + s assoclated with the simulated state

for n is

A%y = At e,

nt L r=1 nt

|x ), the

where ?Lt € ﬁ‘t is a time dummy to be estimated. Observe FG(x -

n, L+l
transition probabllity for x . is efither known, or can be estimated prior to
L}
simulation. However #ﬂ{iliﬁ) ts governed by the paramelric distributlon
h
Fé[w;e), which is identified by expectations people reveal via orthogonallty

conditions formed from the Euler and participation equations (discussed

below). To simulate:

w{ﬂ}(ﬁ) (ljl'{m{e),....w{ﬂjtﬂ])

nt Ont nt

b

for each {n,t,s), we take (v+1}) random draws from the uniform [0, 1]
distribution, generically denoted & , express sz;e} as the product of a
r

marginal distribution and v conditlional ones, namely:

" = O :u hHo .
szf’ 8{}} N anwﬂ‘erzzpzrmrwr-r" o 'wﬂ'eﬁ)’

and then recursively assign ¢{Ei the value
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(s}

-
1y ]
FZr(Eri¢%m1,nt'b" 'Uﬂnt)’
where F; is the inverse of the conditional distribution function
Fole e oo 8.

The second step estimates, nonparametrically, the marginal utilities of
wealth, the conditional cholce probablilities and pellcy functlions appearing in
Proposition 2, evaluated at appropriate pelnts {which are jointly determined
by the data and the simulatlons). The last step substitutes théée incidental
parameter estimates into Proposition 2, forms sample moments to Qrthcgnnality
conditions, from whlich GEH} emerges as a N;fzconvergent, asymptotically
normal, estimator.

Before discussing the second step, we show how our method would be
applied in the absence of an incidental parameter problem. Both the labor
supply of participants and the participation decision itself have information
content. Here the interior solution forla labor supply exploits -E3.9}~. et
(8) {s)

, £ e p )P and define g (8,p ) as

(G,s) (1,8}
P int Int Znt 2nt g =0

p = (p ,

'y nt nt

, T

3ultlnt‘h;t+zhtrxnt’yn}
(3.10) g (6,p ) =w m + 3h -

nt
1,.s (s}’ (s}’
gull’® | '8 f )
o .sl  nt {t,8) f1,s) (1,8} int Ont | (1,8)
+ Z: + i q + g - D
Ls=y" } d@h nt nt nt. As) (w) nt
nt gf J
int Ont

The parameters affecting participation are estimated wusing {3.8) in

Proposition 1. Define géniﬁ,pn} as
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(3.11)

£ s (1,=n) {0, ) (1,8} (1,m) (0,8} _(O,s8}}  (0,0)
= _— e —
g, (8,p ) B [uﬂL u_ P, 4., P, 9., g9,

The third estimation step forms orthogonality conditions from Proposition Z,

and then determines ﬁim by setting their corresponding sample moments Lo

zero. Folliowing Hansen and Singleton (1982), the orthogonality conditlions are
constructed by mulﬁiplying certain forecast errors, with instruments belonging
to the assoclated informaticn set. Let Y . dencte an qbserved R x 1 wvector
(with 2R =2 Q) 1Iin the period t information set, write gntﬂ,pn} for

Egl (8,p ), g, {6,p )}, and deflne the estlmataw‘ﬂiu} to solve:
N N I n

-1, TN "
(3.12)  NTA)" y eg(6,p) =0

(M)
wvhere Aﬂ is a convergent Q@ x 2R matrix. Appealing to Hansen (1982}, 6,

' N
IXEEB( )

converges to BGJalmost surely and N - BG] converges in distribution to

a normal random variable With mean O and covariance matrix

¥

S = D 'AWAD ' where:
1 H N

(3.13) b

il
L
rd#lm*lt
o
pov
rF
&
Qo
D

Incidental Parameters

In fact, the labor supply policy function, the conditional cholce

probabllities, and the marginai utility of wealth, are unknown; thercfore ﬂ:ﬂ}
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is not viable as an estimator. The remainder of this section addresses the
lssues of estimating the incldental parameters, modifying the definition of
the structural parameter estimator appropriately, and flnally, investligating
its large sample properties. We now assume n is a function of the observed

fixed covarlates y :
1

{3.14) n = f{yn}

One way of estimating the marginal utility of wealth is to treat”ﬂn as a
household fixed effect and form a GMM estimator from (2.9), the FOC for
consumption. The maln limitation of this approach is well known: most panels
only contaln data for a large number of households N over a relatively smalil
number of periods T, whereas the consistency of fixed effect estimators is
defined with respect to T {(the panel length), not N {(its cross -s;eétimnal
size). This shortcoming motivates the following alternative estimator for n
which Is @& nonparametric extension of MaCurdy (1981, pp. 1066-69) that
achieves consistency in N. Suppose a random variable ¢ is observed, such

that:

E[Ent} = E{ynsn) = 0,

Now consider the nonparametric regression of y on @';n. Let 6::” € {0, =)}
denote the bandwidih of the proposed kernel egtimator, and Jn(y} a real valued
bounded symmetric differentiable function defined on R* which integrates to 1.

Appealing to Assumption (3.2}, our estlmator for n is defined as:



24

L 3 {y“‘ i y“]

m=l, m¥n 1 N ﬁ{*n}
(3.16) T‘}:;H} = .
N
s=i,m¥n N U0
N
Actually our application does not assume any such qf:n exists. Instead it

exploits the flirst order conditions for consumption to generate a s
consistent estimator cﬁfjﬁf but this approximation error has no asymptotic
consequences for the estimator of n .

The marginal utility of wealth is not the only place where nonparametric
techniques are applied. The remaining incldental parameters pose several
additional complications, because they depend on the simulated variables
(xifj,kz}). By assumption F}, the law of motion for X .0 is known, and in
empirical applications where this is untrue {such as ours), the asymptotlic
standard errors for the other structural parameters can be readily corrected
for estimation error in Fz' However the .dependence of pii] on A;?{BD} poses
a more challenglng estimatlion problem because {(as we mentlioned above) BG, the
parameters determining Fz' the probability distribution which governs
aggregate shocks, must be inferred from (unobserved) expectations people hold
about the future, along with the parameters characterizing preferences, To
accomplish this, we nest a kernel estimation procedure within the GMM
{ramework, and simultaneocusly estimate both. For a specified value of & the

kernel estimator for pitﬁﬂie} is
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Nk
N {8} _ {(k,s)_ (N}, (&) _ . UN) )
zmxi.m?ﬂndmtjpi{xnt 3\"mt.]'/ai‘ﬂl*(‘;-'n;t. }*mtjfaﬂinn Ant. (6) nm }/&H]
N (s} (k,8)_ (N) (8), .\ AN}, o
Em::hm#n-}p{xnt hmt]/aﬂ* ('“]:‘nt 'émt)/ﬁﬂjnn Ant (9) T}m ]/’SHI
g)

Nonparametric estimates of the densities f: and f;:i.. as well as thelir

nt
f

derivatives, f“if}and fz:;:}' are obtalned similarly. (Appendix B:contalns the
detalls.} In this manner ph(BJ is formed.
Substituting the nonparametric estimates for their true values into

{3.10), the modified equation system given by using g (B,pn(a}) rTather than
I

gn(e,pn] defines an operational estimator, denoted B;H}.

Propesition 2

(H) {N)

82 converges in  probablility to @, and N

asymptotically normal.

The siow rate at which the incidental parameters converge to their true values
implles 8;” s not necessarlly N'’? consistent. Nevertheless. the ‘proof o
Proposition 3 shows how to construct asymptotically unblased+estimators as in
Hotz and Miller (1989), by taking a linear combination of estimators like
6;”, which only differ in the bandwidth used for the incidental parameters,
This section concludes with the main proposition, proved by constructlon using

Proposition 2, which demonstrates an asymptotically normal, N“E consistent

estimator exisgis,

Proposition J

tre N}
(8"

Define 8;}” by (A.20) and Eg by (A.21). Then N - 8{3} converges in

distribution to a normal with mean 0 and covariance matrix EE.
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4. AN EMPIRICAL APPLICATION

The Data

The data comes from the 1986 Family-Individual File of the Michigan Panel
Study of Income Dynamlics (PSID) (Waves 1 through XIX); aside from sone
exceptions noted in Appendix B, they refer to the period 1967 through 1985.
The maln advantage of working with the Family-Individual File is that it
contains a separate record for each member of all households (in the survey in
any glven year), and consequently one can more easily ‘track the behavior of
married women as well as the behavior of unmarried women who are or were heads
of their own households. Our subsample consists of women who either currently
belong or havé Just left familles which responded to the questlonnaire in
1986. Appendix B describes how all the variables used in our study were
constructed. It also describes in detail the selection criteria that led to
the effective subsample used in our study. The characteristics of our

subsample are displayed in Table 1.

A Parameterization

The application we estimate assumes there is one skill factor, which
represents the wage of a standardized unit of labor, and that lags of up to 3
annual periods may be important for determining current utility and wages.

Thus v = 1 and p = 3. In particular

' " f 4 — +
(4 1 ) uﬂnt {xnt’ yn )B{]dnt + (1 dnt } Eﬂn—t dntelnt
b 3 2
u = {x" ,¥v7IB1 +% &1 1 + ol
1nt nt I i nt g0 ¢ pl n,L-s 1 nt nt-l
U = exp{x B + ¢ )CQ:/Q
2nt nt 2 2nt nt



where €ont and e . are distributed as Type 1 extreme wvalue with locatlon

i

parameter 0 across {n,t), while E{e ) = 0 and E[f:a Y tj 0 for the set of
N n

2nt

instruments Y With regards the wage rate {2.4), we assume:

(4.2) W= wt[:-{ntE + £ 71 + ;rcimt_i}

(0) 8) .,
(8)

The parameter vector B = (B ,...,B represent coefficients on a constant

1, schooling En. a race dummy wn (which takes on 1 if the person is white and
Q0 otherwise}, locatlonal! dummies for the northeast N?En, northcentral reglons
NC, age A , age squared Az , and .an age-education interaction- A E .

n nt nt nt n
Finally "J’t, is assumed to be multivarliate lognormal with mean g and variance

2
T

5. EHFII-‘HCAL RESULTS
This section reports our empirical results. First the wage equatlion was
estimated to assess the empirical importance of learning by doing in market
work. Then we estimated b, the marginal utility of consumption for each
household n at different points in time t, and hence obtain the nonparametric

estimates of . The last two parts estimated the labor s-upfa}y particlpation
n

and Euler equations, with and without aggregate shocks.

Wages

A convenient way to obtaln estimates of (B,?,‘a‘i,-u,?d), the parameters
determine the wage function (2.4}, and the standardized wage rates
{”1“"'”1)' is to first regress x , on W for each t e {1,...,T}, and then

n n

derive a minimum distance {MD) estimator from the T ordinary least squares

{OLS) parameter vector estimates. Assuming the measurement error 1is
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independently and identically distributed across (n, t)} coordinant pairs

running OLS on:

- 2 . y

(5.1) z & (1,E,W NE,NC,A A" A E. 1 . ,....1 _.d )
for each t e {1,...,T} produces asymptotically normal estimators of the
reduced form parameter vector
(5.2) wo= ut(ﬁ ,yl,ﬁ.*.ra,w) :
et (E;,;..,ETT' denote the OLS estimates. The structural parameters were
then found by minimizlng

: —r Ee¥i N I - r _ ¢
{5.3) Zf=1[nt Hﬁ{B ,?1,....?4.y)]ﬂ1t[ﬁt wt(B 1?1u*-“1?4i?] ]
with respect to (E',y},...,?4,w,w1,...wT}’, where:

M H " -1
L ~ 2 L |
{5“ 1) ﬂlt N [E (wnt - znt“t.) ][Zﬂ zntznt]

Appealing to Chamberlain (1982, p.22), the resulting structural estimator Iis

bﬁfa and asymptotically normal with covariance

i

(5.5) {aﬁn*[ei)xam* n'! Ia-n(aluam

where Q1 {s block dliagonal with ﬂ}t in the t"" pogition. Under the assumplion

that measurement error in wages 1is not correlated over time, one can



show this estimator achlieves the lowest covariance matrix within the
GMM clags: see Newey and West (1987).

The importance of both general human capital and aggregate shocks is
evident from Table i1, which reports our findings on the wage equation. The
first 11 columns and 19 rows of each table are the OLS results for each vear:
the last row and column show the minimum distance estimates of the
standardized wages and the parameters characterizing the wage equation. Thus,
by {5.2), multiplylng the s" element of last column by the t'"" element in the
last row vyields the restricted estimate of component s in T whose
unrestricted estlmate is the (s,t) component of the table (viewing the
estimates as a matrix). Although few of the OLS estimates are significant,
most of structural coeffliclents are significantly different from 0. The signs
of the coefficilents are plausibie; wages increase wlth education and are
quadratic in age. Prevlious work experience ralses current wages, more recent
experience having the largest I1mpact. Finally the overlidentifying
restrictions implied by the minimum distance estimator cannot be rejected, but

the null hypothesls that standardized wages do not fluctuate over time Iis

strongly rejected.

Marginal Utility of Wealth

A nonparametric estimator for {a linear transformation of) the marginal
utility of wealth was obtained in two stages from data on household
demographlcs and their {food consumptlon. First we estimated the parameters
characterizing preferences over consumption from the first order condition
(2.9). Then the residuals obtained from these results were used as the
dependent varlable in a nonparametric regression on the permanent

characteristics which we assume determine wealth, and consequently I1ts

marginal utility.
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Following Altug and Miller {1990), the first stage 1s based on
differencing the logged first order condition for consumption, stacking the
resulting set of orthogonality conditions for each t, and forming sample

momenis over n. Letting A stand for the first difference cperator, it follouws

from (2.9) and (4.1) that:

(5.6) de, = (1-Qlalnlc )} - bx’ B + Afn(A_ )

nt L nt

For an R dimensioconal vecteor of instruments z . assumed Yo satisfy the

orthogonality conditlions E(anz 1_)f = 0, a GMM procedure was used to estimate
4 §

the ldentlifled parameters:

&

| N R =1 ey 1 . _
(5.7 b = ((1—0 B,, (1-0)"'atn(x_), ..., (1-0) ﬂﬁn{)tm)]

Respectively define the vector the T-1 dimensional vector Yn, the Q x (T-1}

matrix Xn and the square {T-1) matrix Hn as:

{5.8) Y = {(Aln{c },..., An{(c 3!
3 nl n,t-
¢ \
X = jdx , A%
n | ni n, T-1
"'D,...,D |
Y : T-1 )
Wo= EI{Y -~ X biY - Xb) }X]
n | 43 n 1) 3

It Is now straightforward to show thait a GMM estimator achleving the lowest

covariance within this class is:
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- 1
_ | ] | -1 N '. -*_'_-'-1
(5.9) bm} - [N X:rclixnun Xn}} [N Znﬁixnwn Yn]

L

where Hn is any consistent estimator of W. The covariance of ba is
n _

cy~1
E{Fﬂ}ilxn}} . This application further assumed is homoskedastic; hence

2nt
a censistent estimator of wn, which is constant across n in this case, can be
obtained from an average the ocuter of product of the redisuals from regressing
Yn on Xﬂ, However relaxing the homoskedasticlty a;:.gsumptic}n is a
stralghtforward exercise; see Roblnson (1987).

Table 3 reports our findings from the first stage. The table shows food
consumption increses with famlly size; children consume less than adults, but
over the lifecycle it 1ls concave. All the coefficlents characterizing these
effects are highly significant, as are the regicnal dummy variables which
capture the effects of transportatlion costs and the climatic conditions.
Contingent claims prices deviate slgnificantly from what a perfect foresight
world with a constant interest rate would predict; the test statistic for the
ntll hypothesis that Mn{}\L) = &En(h“l_} for ¢t & {4,;5,...,19} is 5858, yet
under the null it would be distributed xz‘with 11 d.°1.

The main interest in the first stage 1is, of course, as input to the
second. With this in mind we offer two brief remarks. Filrst the fact that g,
the concavity parameter measuring the degree of relative risk aversion, lis
unldentiflied, does not hinder identiflcation of the nonseparabllity paramelers
for leisure. Consequently the estimation approach is robust to what one
assumes about ¢; this is an attractive feature of the model given the
difficulty researchers have in pinning it doun. Second, the high level of

significance achieved by the socioceconomic characteristics suggests that

En{c L} itself is not a reasonable proxy for ¢nt‘
it
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The next stage formed tﬁ{f}. and N*'° consistent estimator of:
rnt

{(5.10) qﬁm s ('r}n - A+ ::M)x’(l-—(,)
by setting:
(H)
Wy _ -t _
(5.11} ¢'nt. & xnt[{l C) Bz] En{cnt}

Substituling ¢ﬁf} {for ¢n into (3.14) then generated a consistent estimate of
[}-{}-1{’1]“ + Rm) for each n ¢ {1,...,N}. The components of Y the wvector
used to measure proximity in wealth, consisted of race, plus a number of
characteristics associated with their achievements by age 25 (including years
of schooling and two lucatiﬂnahl dummies), and by age 30. (This included
vwhether they had been married, the number of children they had given birth to,

the age distribution of those children, and whether their household owned the
)

7

. { ~ 1

house Lthey" lived 1in.) The rate’ of convergence of ¢; is less than N
” N}

therefore using bﬂa rather than its limit bo' to construct ¢;J= has no

asymptotic consequences.

Nonseparable Preferences and Participation Costs

The procedures developed in Section 3 are now applied f{o estimate Bﬁ' the
parameter characterizling participation costs (61, 62,.‘.,6‘&, which measures
the effects of previous labor supply cholces on current utility, EI, which
shows the immediate effects of the current decision, and (g, o), the
parameters determining the price shocks of realized contingent claims.

The parameterization in (4.1) and (4.2) implies the other expressions

reqguired to apply our estimator are straightforward to calculate. From Hotz

and Miller (1990}, the Type 1 extreme value assumption implies:
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(5.12] qa{p} = tnlp/(1-p}]

{(k,s}

nk

The assumption of quadratic preferences implies u = 0 for all s =z k and

k € {0,1). Substituting these expressions into (3.8) and (3.9), we obtain:

5.13) 8,p.,7n ) = . + . 2
( gint( pn nn] wnt.nn xntﬁz =Gaﬂln,t~n milnt-l
(5}’ (s}’
f: rflnt. fﬂnt ) )
. E:: g®! {pil,ﬂ)clii,si N {1{1,5}} _ [ptt=il
=1 nt nt nt {s) .{s) nt
£ J
\ VT 1nt Ont
g, 8,pnl)=inw + (x ,y"}B {1 -Ell v oo+l 1°
2nt " ‘nn n nt nt' " n” T 1{ nt lea=0" nt n,t-s c i nt nt-l
. Ej {(1,s8) {1,s) (C,s) _(0,s)} _ (0,0}
= pnt qﬁt p;t qnt"': qnt
where:
(5.14) Efe. |h =h 1} ~Ee_ |nh = 0]
t int rit. nt Lt Ont nt
_ (0,00 _ _ {0, 0} | _ 0,0 _ _to,0)
= Zafpnt ¥ pntEn(pm } o+ (1 P . 1énfl P )

and y is Euler's constant {(=0.576}.
For the purposes of comparison we first estimated a model without
aggregate effects. This specialization is of independent interest extending,

as i1t does, the empirical work of Eckstein and Wolpin (1988) to environments
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where hours worked 1s a continuous vartable. The absence of common shocks
allows us to simplify the orthogonality conditions in two ways. Firsy,
orthogonality conditions can be formed directly from sample realizations of

{2.8) without jeopardizing ﬁ“z consistency. Consequently, 8, . defined 1in

{5.13), 1is replaced with:

H

(5.15) g (x* ,vy'JB + )} &1 + &d + o 1

Ont nl " n 1 5=0 8 n,L1-8 n,L-% 1 nt-1

4 L 4 %
* Zs=i£ Gﬂin,ti-a ¥ ﬂadn,t-i-!; nn[wnt * }jﬂﬂf?ﬂw ]

The second difference is that, as in Hotz and Miller (1989), the
nonparametrically estimated conditional cholce probabililitles used in g, . can
be formed directly from sample without first simulating hyp&thetical futures
for each data point. |

Table 4 reportis the no aggregate shock case. The instruments we used for
this case included current values of children less than 6 years old, older
children, age, age squared, age times education, house plus rental value plus
lagged values of household income, female  labor supply and real wages. It is
worth noting that since 8 . is linear in the reduced form paramefers listed in
the second column, a closed form solution to thez unconstrained estimatoer
exists. As indicated by the _!H and d.f{. statistics, the overidentifying
orthogonality conditions are rejected at the 0.1 but not the 0.05 level. More
troublesome is Lhe observation that, although many of the reduced form
parameters are highly significant, different estimators of the same structural
parameter (such as E%, which appears in both the participation and Euler
equations) or simple transformations of the same parameter {such as 8, ﬁz. ﬂj

and 54} seem incompatible.
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This conjecture is verlfled by the test statistic for the constralned
estimates, which strongly rejects the no aggregate shock specification. The
estimates themselves are nevertheless plausible. The estimated subjectlive
discount factor lies between O and 1 but is significantly different from both
these numbers, which suggests expectations over the future are being modelled
In a reasonable way; young chlildren are complimentary with nonmarket time
while older children are not, a common finding in the literature on female
labor supply; finally -there ls evidence that preferences are nonseparable, but
the coefficients ‘on -successive lags switch sign. No evidence for human
capital accumulation on the job is found here: although the:ceocefficients are
positive but declining with lag length (as we found in the wage equatlion), the
null hypothesis that all 4 coefficlents are 0 cannot be rejected at the .05
level.,

Flnally we reestimated the particlipation and Euler equations, now
incorporating aggregate shocks into the analysis as prescribed by Section 3.
An attractive computational feature of this parameterization is that glven 52,
the variance of the aggregate shock, the remaining parameter estimates have a
ciosed form solution. Therefore the criterion function can be concentrated in
all parameters bar az, thus reducing the minimization algorithm to numerically
searching over the positive real line.

Three maln findings emerged. First, the overall specificatlon is not
rejected; the JH test sgtatistic is 6.7 which under null hypothesis is
distributed 12 Wwith 29 d.f. Second, the criterion function rises to 17.5 when
¢° 1s restricted to D, implying that its estimated value of 4.8 is highly
significant. Third, all the other ceefficients are insignificant even at the
10 percent level {(which explains why their estimated values are not reported

here); in particular we find no evidence against the hypothesis Lhat

preferences over female labor supply are additively separable over time.
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Overall our empirical findings suggest that while labor market experlience
increases wages, the role of nonseparabilities in a female’'s preferences for
ieisure taken at different times seems limited. Restated in the language of
heusehold production functions, the latter result Implies there is 1little
investment value from extra experience in nonmarket activities beyond that
acqulred by full time female workers. On the other hand, a spurious reversal
occurs 1f aggregate fluctuations are ignored; on the Job trailning in market
‘Wwork seems lInconsequentlal, while nonseparabilities in preferences over
lelsure become significant. This amblguity 1s resolved by noting that
ignoring aggregate shocks produces-+biased estimates: the overidentifying
restrictions - of the econometric framework . are rejected. only when aggregate
shocks are .lgnored, and furthermore the estimated variance of the -aggregate

shock process is itself significant.
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APPERNDIX A

Proof of Proposition 2

To prove B;H} is conslistent, we first note the nonparamelric estimators
for nn and piﬁ} are uniformiy consistent for n € {1,...}. Since gﬁ{ﬁﬁp} is
continuous in {(8,p) it follows that gn{ﬂ,p:}'}- converges to gn{B,p;m) almost
surely for all 8 € 8. Noting B?ﬂ is a set of first order conditions defining
an optimization estimator, it follows from Theorem 2.1 of Hansen (1982, p.
1035), for example, that eim converges to 90 almost surely. Therefore Bém
does too.

We preface the proof of asymptoltic normality wiith explicit definitions
for the nonparametric estimators of pn,. which leads us to a more precise

definition of E?”. Recall:

N O,s,N l,5,N B S, N } N » N ‘
(A1) p E{ Ol pthem i e p i B gl Mt }p
i nt Ont Int Cnt 1nt

N sl

for each n € N. In turn, the 6pN components depend upon the nonparametric
estimator for M, as well as the structural parameters 8. To facilitate the
exposition of the proof, we restate our definltions of the kernel estimators

for the conditional cholice probabilities, as quotients {of density welghted

regression function estimators and estimators of their respective probability

density functions). Recall v is the dimension of (x g 1 ¥ At}, Accordingly
it i ¢
given any (s,k} € {1,...,p} x {0,1}, let
{g) {k,2) _
(A.2) p™M e, ) = (N-1)717" 570 gfior e T
’ - =1, M¥n pH mt O " ' S y B
p p

r—

(s}, .y AT |
TEH.E_%B} {l.ié{_ ﬂm(i‘ym{}

n nt
A
p N
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for
0 <r=pk +s = Zp.
Alsc define for:
2p <-r = p(2 + k) +s = 4p

the density estlmator:

(s) (k,s}
(N) 1K v (Fat ~ Tmt lnt . t
{A.3) prn [8,,‘3} = [N-13 z,.ﬂi,minapﬂj[ 5;;}{ ' & . s
! pr

(8) “ _
nn?xnt_ (8) (1,yn) nmtl,ym}]
]

pH

Giveniffu} and o't (estimates of 7y and 8 respectively), (A.2) and {A.3) vield

a kernel estimator of P, for each {k,s,n,t), namely:
T

(k,=s,N) (W) {K)
(e

(A.4) P = p

(N) (N} (N}
N V4 8
nt g+PK, N 4 } P ( 3

{HJ)
s+p{(2+k), n ~

e

The kernel estimator of the probability density function for fiﬁi is deflined
Tl

in a similar manner. Let the variable diﬁ)1e {0,1} indicate whether a person

has participated in the last s periods or not. That Is:

(A.5) a® o1 - d )

n r=}% n,t-r
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{u)
knt

We note the support of f excludes all women for whom

t )
(1 - k{1 ~ dnt}]d;ﬂ} = 0. Accordingly an estimator for fs:t. Is deflined as:

{e)

m

f{E,H}

(A.6) Lt

- _ -1 - _ _
(8,1) = (N-1) Z::z,m:tn"spu” k(1 ~d )ld

{2} (k,%) _ {e:) " _
J {xnt - xmt "l'nt. lmt nnant (8)*(1, yn} nm( 1, }’m )]
6pH apN SPN

(where the dependence on (8,7) is now made explicit) while the estimator of

its derlvative with respect to 1 X denoted f}:im (6,7m), is here taken as the
n £ -
derivative of f "™ (g,n) (the estimator itself).  Then for notational
convenience we set:
r . {B,N)
fkm (8,71) 4p < r = p(4 + k) + 5 = 6p
N
(A.7) ( )(B,T;} =
rn "~
{g,N)"
h~fkm (8,7) 6p < r = p(6+k) + s s 8p
() | {N) . .
By construction, p ls clearly a mapping from p' ', the 8p dimensional
n N
vector p:m = {p:m,...,péz}n}. The components of n{m are similarly defined.
I . I3

The kernel estimator for nn, denoted ‘r,r{m and defined by (3.16) may be
n 13

written of the quotient of n:m/ném, where:
N n
Yy =Yy
(N) ~-10TN (N -V 1 n
A.8 = ~
(A.8) Lo (N~1) Zn:::,mx'n(an ) {bm'j{ 6{1}}]
N

1 y - y
{N) _ 4yt (M) -~ T m n
nZn (N-1) Z:ﬂ , m¥ER (5!‘{ ) J [ {71} }
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(M) {H) K] .
(ﬁ {}) and define 5 as its pointwise limit. The moment

Let 7n in o n

~n

conditions (3.10) and (3.11) can now be restated in terms of (8, 0 ﬁn(Q.?}n})

rather than (8, n . pn) by defining:

(K)
(0.7,

Il

(N) (K} {N) ” (N}
(A.9) hln(ﬁ,ﬂ , 8 (6.7 )) " .p_(8.7 "))

it

{H} {X) (N} {H} - {N)
hEH[Q’Hn ' pn (B’En )] an(E'nn 'Pn(e'n ))

n

(hm,han)‘ and define the estimator 8:” for 8, by restating

il

We set A
n

{3.12) so that:

-1 (N (N (N} \y _
{(A.10) N Auz:ﬂym ® hn(e,,,gn . pn ,(8,}3“ )) = 0

To prove Bém is asymptotically normal, we first investigate another

(hypothetical) estimator, denoted 6", and show N7%"™W asymptotically
| B (N) NS ~1/2
normal. Then we establish the difference between 6 and &, is GP(N ).
172, (N)

Hence, by result (x){d) in Rao (1973, p. 122} N 82 also converges to a

normal random variable.

Conslder the c¢lass of hypothetical estimators 6“” defined by the

equations:
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-1/2
(A.11) - N A):mym e h (e, Eﬁ,pﬂ(ﬁﬁ.nﬁ))
_ Nwzxz | & Bhn + 3!‘1“ Bp'n wm; -6 ) + 3hn ahn pn (R}
- Eﬁiynt {'é_éi_ p_ 80 ) o (EE; ap Bnn) (~n ""n)

where all the derivatives are evaluated at their true wvalues
(ac}*ﬂn’pnmn’ﬂn”‘ By a central limit theorem, the left side of ({A.11}) is

asymptotically normal. Assuming

14

e &
als) dp 4o
N

. 8h ahn ap
- n
AN E:ﬁlynt © [ ]

is invertible, the asymptotic normality of H1KEU3“” -~ Bg} follows by showlng

(A.12)  ANTEYT S i PR )
' =17 nt 5Hn Bpn &nn ~n ~n

and

(A.13) AN-UE'E v e
=1 n

Iﬂhn {(H)
5}1“ (ﬁn i pn)

are both asymptotically normal tooc. The components of (A.12) and {A.13) can
be treated the same way. Expanding the first components in {A.13}, for

example, we obtain



43

Gh
: -1/2 oy (ND
(A.14) N Z:zlynt ® ap.l (pm pln)
i
(1} {O, 8}
dh X - X 1 -1
= N ’ (N-1) 1[:1--1)::%3{ t ® & - [5 id't.'} [“ = {N) mt’ = (Hlmt’
| T Ta%n " p‘i.‘n' pr w ) 5'})
P

nn

Hy
s {H)
P

N AT {@D)*El.yn) = nm_(l,ymln

= NP - T P

=+l mn

where the symmetiric kernel v;m is defined as:
133

| . g g N B,
v = as TPy e d J((x x84 2 e d J((x ~x T Irs )
mn H H s=1{" nt Bﬁ m m N p ] 35 m m n P

ns ns |

(N} )2 TS T
Let v 4 v v , and suppose
mi mn Ty

Bl

x 2 (x , 1 , nmym).

341 mt ~m i

ran

(a.18)  E[Jr U] = o(0)

Then by Lemma 3.1 of Powell, Stock and Stoker (1989, p. 1410)
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1/2] "1 rys_a -3 { (K}
N i:N (N-1) Eﬁlﬂnmﬂ-i an ]
. N”Z[N"lgzlswmm - E{vmn)] + o (1)

Because the second line converges to & noermal random variable, it fellows that

(A.14) i1s asymptotically normal if (A.15) is true. But:

E[ﬁv{m 52]

mi

-2k e agn {w) agm {5) 2

= 0(1)& E{ﬁ [z ® pJ(x ~x )+ 2 © ——pJix - X ):l“}
M s=1}1 n ~ m M m 4] m ~ nH n m ;
dpns 8p '

i

-2k |, s} I I Y
0(1)6H E{ﬂ E:1[.1“(:»:m X } o+ Jn(xn X )}H}

1}

-2k - {p) 2
0{1)s E{HJH(xm - x ) }

0(1)8 ™ rlJ]® aF(u)

it

c(N)

The second line follows from the fact that @ is Op{l) (converging to a matrix

of full rank); the second line uses the fact that 2z and agn/cﬂﬁ.ﬁﬂ are both

n
Op(l}; the third line repeatedly exploits the Cauchy Schwartz inequality, and

uses the fact that xm is independent of x“” for all {m,n,s): the fourth line
i

undertakes the change in variables u

i

(x ~ %X )/8 for % ; {inally 5% is
m i3 K m H

o{N} by assumption.
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Repeating the same argument for the other components of {(A.12) and {A.13)

the asymptotic normallty of 6“” follows.

The last step of the proof shows:

-1/2
o (N ) = gt )

|
9+

I
o

Taking a Taylor expansion about the deflning equation for 82”%:

| -2
(A.15) NTA v e k(e m .p (8, m))

=] nt

(8}
1H - 8,)

172 i aE IHEH aEﬂ
= N | L St }
N A eVt @ (ae " 3 5 )(B

ir2 agn aﬁn 9P (K}

W n

+ N Augizzynt © (5‘11“ N apn an }(nn ﬂm)
n

Tt

Gh
-1/ 2 H 31 (N}
* N AH[«;:%ynt © o] s) (ﬁn - lllDln)

it

where each of the derivatives are evaluated at points in f{arbitrarily small
uniform} neighborhoods of the two values. (This 1is signified by a tilde

superseript.) Consldering each of the expressions above, we see that:
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-1/2 M _
(A. 16 N AH[!nﬁlynt ® hn(ﬁt}'nn'pnﬁﬂﬂinn})

=Y /2 _
NTUAY vy eh (8. ,p (8 ,m)) + (A AJO (1)

it

~-1/2
N A2=1ynt © hn{gﬁ'nn*pn{eﬁ’ nn}) ¥ Dp[1)

The second line follows from Lemma 4.5 of White (1984, p. 63) and the third
froam the convergence of ﬂu to A. Turning to the last expression on the right

side of (A.15}):

r

gh

~1/2 N ~ ne (N}
(A7) NGz e w2 (p - p)
n

dh
- W TN ny (HY _
= N AE!‘!= 1 Znt. ® ap (ﬁn Pn)

)

i~

1/2 ah ~ oh (N)
+ N )::31 (AH ni ® 5;}“ B hznt ® 5;51—] (P’” ) ;:1“}

o

dh

_ og-ls2, N | it {K) N . ~31 /2
=N Aanlan ® ap (pn a ) + QN }
n

Using a similar argument:
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| NLan=1 nt an dp &n (n n, p

3}
4 N n

nt nt

-..1‘(’2 ~
== N AZ: ©
=lznt Bnn ¥ 3pn an

(Bh gh dp

(N)
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Substituting (A.11}, (A.17) and (A.18) into {(A.15), it immediately follows

that:

I -1/2

-1/2 . TH =~ ~ n (N} _ L (N)y _ _ |
(A.19) N AL yA 55 * apn 55 ](8 82 ) op(N }

=i nt

[ah oh 8p_

Multiplying both sides of (A.30) by the inverse of

4 N dh dh dp
AN @ [ e h “}
=1 nt

z E'é“*'apnaa?

(which exists with arbitrarily high probability for sufficiently large N} the

desired result is obtalned. %

Proposition 3

{N)

Define a fixed number of estimators Baq for g € {1,...,G}, which differ

by the kernel bandwidth used in the nonparametric incldental parampeter
(M)

estimation, Then 8‘3 tg defined as a certain linear combination of the

original G estimators. By Proposition 2 all G + 1 estimators are consistent

2, (H |
and, by the arguments given above, N [9;; - 8{}} is asymptotically normal
| | wis2, (N} |
for each g € {1,...,G}. This implies N (8 - 80] is also asymptotically

3
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normal, because it is a linear combination of asymptotically normal random

w2, AN} \
variables. Therefore we only have to demonstrate N (83 - 9{}) is
asymptotically unblased, and exhiblt 1ts covarlance matrix. Accordingly,

consider the following linear combination of estimators, defining Bém as

| (N (N} (H)
(A.20) e, = 1|6 z c oMz ): .

where:

{1} G = (k+4}/2 if k is an even number and G = (k+3/2, for k is an odd
number; k is the cardinality of the arguments in the nonparametric estimators.

(Ei1) B;m for g = 1,...,G-1, 1is an estimator formed in the manner
g

described above, wWhere the bandwidth used in the kernel function is hﬂq =

wh}m‘ where wz"“'w{:1 are distinct but otherwise arbltrary positive
o] -

constants; and

(iii) C,vvv+sC,_, are a set of weights given by:
O T (R I

1 1 "Yo-t

' T g1 G-1

C

G-1 wl , ,E‘bcwi 1]

[t now fellows directly from Hotz and Miller (1990, Appendix B} that 8;}“ is

172

N consistent, and the random variable HUE

EE;H} - ﬂo} Is asymptotically

normazl, with mean and covartance matrix E;m, def ined

(421 2:” ) F-IIE{WH + v MHn + v ’I]F"l

n n. n
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where n s the vector of orthogonality conditions for n, v

is the

nonparametlric correction for the incidental parameters.



APPENDIX B

Our subsample is selected as follows. There are 25,236 individuals
included in the nineteen-year Family-Individual Respondents File of the PSID.
According to the definition used in the PSID, an indlividual is denoted a main
family nonresponse in a given year If both the individual and his or her
family are lost to the study in that year. Alternatively, an individual may
be a mover-out nonresponse is he or she has left a family that is stil)
included in the study in a given year. The individual may subsequently become
response if he or she moves into a panel family or becomes a splitoff by
forming a new panel family or household. Mover-out nonrespondents have some
nonzero individual data in the year that they became nonresponse because they
were part of a panel family in the year precedling the one when they became
nonresponse. The nineteen-year Family-Individual Respondents File containsg
data on individuals (and families} that were respondents as of the 1986
interviewing year as well as individuals who became mover-out nonrespondents
in that year. In cur selection, we did not distinguish between respondents
and individuals who had become mover-cut nonrespondents during a gilven year.

We initially selected a sample of women who were In elther of one of the
above categories as of 1986 by setting the individual-level wvariables
"Relatlionship to Head" to head or wife, "Sex of the Individual” to female and
the "Why Nonresponse” variable to the zero category, which denotes individuals
who were still a member of a panel family. Since individuals who had become
nonrespondents as of 1986 either because they and their families were lost to
the study or they were mover-out nonrespondents in years prior to the 1986
interviewing year are not included iIn the nineteen Family~Individual

Respondents File, the number of lndividuals included in our subsample

increases with time.
Based on this initial selection, the total number of women in each year

for the years 1967 to 1985 is 2474, 2592, 2761, 2912, 3079, 3260, 3445, 3619,
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3815, 3973, 4130, 4363, 4597, 4793, 4987, 5153, 5358, 5652 and 5900,
respectively. However, our effective sample was reduced further due to the
existence of missing data or inconsistent observations. The selection of our
effective sample can be motivated by the nature of the variables avallable in
the PSID.

Our measures of annual hours and average hourly earnings are .identical to
the PS5ID variables of the same names. In the PSID data-tapes, average hourly
earnings for both husbands and wives are defined from the ratio of total labor
income to total annual hours of work. We encountered cases {due to reporting

or coding errors) for which annual hours were posltive but average hourly

earning zero or vice versa. There 1s also an issue about the way average
hourly earnings was coded 1n- 1968 versus the remalning survey vyears. The
number of person-years lost due te this coding error was 980. In 1968, ‘9's

were coded lInstead of 0's when the head or wife did net work for money  and
therefore had no hourly earnings. In the remaining vyears, average “hourly
earnings above 99.99 dellars were coded as 99.99 dollars. The number of
person-years lost due to this criterion was 40.

We obtalned our measure of food expenditures for a given year by summing
the values of annual food expenditures for meals at home, annual food
expendltures for eating out, and the value of food stamps recelved for -that
yvear. We then measured censumption expenditures for year t by taking 0.25 of
the value of this wvariable for year t - 1 and 0.75 of its value for vyear L.
The second step was taken to account for the fact that the survey questions
used to elicit information about household food consumption is asked sometime
in the first half of the year, while the response 1s dated in the previous
year.

The wvariables used in the construction of the measure for total feood

expenditures are also subject to the problem of truncation from above in the
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way they are coded in the 1983 PSID data-tapes. The truncation value for the
value of food stamps recelived in the 1968 survey year is 999 dollars while the
relevant value for this varliable in the subsequent years and for the value of
food consumed at home and eating out 1is 9,999 dollars. We lost 452
person-years due to the truncation of the different consumption variables.

Our enpirical study also uses varlables describing various demographic
characteristics of the women in our sample. Flrst, we obtained the age of
each woman from the indlividual variables® located in the latter part of the
data records of the Family-Individual File.  For this variable, a value of 99
indicates missing data. We: lost*74 person-years due to missing values in the
age varlable.

There are no separate Iindividual variables describing the race of the
individual or the reglon where they are currently residing. Hence, variables
from the family portion of the data record must be used for this purpose. We
defined the reglion variable to be-the geographical reglion which the household
resided at the time of the annual interview. This wvariable is not coded
consistently across the years. For 1968 and 1969, the values 1-4 correspond
to the regions Northeast, North Central, South, West. For 1970 and 1971, the
values 5 and 6 denote the regions Alaska and Hawaill and foreign country,
respectively. After 1971, wvalue of 9 indicates missing data but no
person~years were lost due to missing data for this variable.

Third, we used the family varliable "Race of the Household head" to
measure the race variable in our study. There 1s a famlily variable that
records information about the race of the wife but this varliable was included
in the PSID only for the interviewing years 1985 and 1986. Defining the race
variable in our empirical study as the race of the household head should not
create much measurement error because the women in our subsample are elther

household heads themselves or wives of such heads. For the interviewing years



1968~1970, the values of 1 to 3 denote white, black, Puerto Rican or Mexican,
respectively 7 denotes other (including Oriental, Philippino) and 9 missing
data. For 1971 and 1972, the third category is redefined as Spanish-~American
or Cuban and between 1973~1984, Jjust Spanish-American. After 1984, tUhis
variable was coded such that values of 1 -4 correspond to the categories
white, black, American Indian, Aleutian or Eskimo and Asian or Pacific
islander, respectively, a value of 7 denotes the other category and a value of
9 denotes missing data. We lost 200 person-years due to missing data in this
variable.

We also wused the family wvariables that indicate the educational
attalnment level of the household head or wife to measure the education
variable. We did this because the variable “"Completed Education” recorded in
the individual part of the data record does not apply if the Iindividual is a
household head or wife. However, one difficulty in using the family level
education variables is that if the individual was a wife of a PSID household
head for the interviewing years 1969, 1970 or 1971, there is no information
about her education attainment level because guestions regarding the wife’'s
completed education level were not asked for those years. A second difficulty
is that the variables denoting the head's and wife's completed education level
are not strictly comparable across the different waves of the PSID. Since
1975, information pertaining to advanced (graduate or professional) degrees as
well as that pertaining to additional nonacademic training have been coded for
this wvariable. Another noncomparablility problem 1is that the gquestion
regarding difficulty in reading or writing was omitted from the coding of this
variable after 1984. For both the head and wife, the coding of this variable
is as follows: 1: 0-5 grades, 2: 6-8 grades, 3: 9-11 grades, 4: 12 grades,
and no further training S: 12 grades plus nonacademic trailning, 6: College butl

no degree, 7: College BA but no advanced degree and 8: College and advanced or
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professional degree. For both the head’s and wife's education variable, a
value of 9 denotes missing data. QOur effective subsample reflects a loss of
2282 person-years due to missing data for the education variable.

The marital status of a woman in our subsample was determined from the
marital status of the head. This varlable was coded differently for the
interviewing year 1968, on the one hand, and the remalining years on the other.
For 1968, the wvalues 1 through 5 denote the categories married, single,
widowed, divorced and separated, respectively, 8 denotes married but spouse
absent and 9 missing data. After 1968, the sixth category is dropped.

The number of individuals in a household and the total number of chlldren
within that household were alsoc determined from the family level variables of
the same name. In 1968, a code for missing data (equal to 99} was allowed for
the first variable but in other years, missing data were assigned. The second
variable, which indicates the total number of children under 18 in the family
regardless of their relationship to the head, was truncated above at the value
of 9 {for the Iinterviewing vyears 1968 to 1971. After 1975, this variable
denotes the actual number of children within the family unit.

He constructed some additional variables that were used as
instruments. The variable showling the value of home-ownership was constructed
by multiplying the value of a household's home by an indicator variable
determining home ownership. A similar procedure was followed to generate the
variable of the above variables showing the value of rent paid and rental
value of free housing for a household. Finally, household income was measured
from the PSID varlable total family money income, which included taxable
income of head and wife, total transfers of head and wife, taxable income of
others in the family units, and their total transfer payments.

The issue of truncation from above also arises for the variables used to

construct measures of the above variables. However, we did not eliminate any



observations or person-ycars due to the existence of such upper limits because
the fact that some of the varilables used as instruments were truncated f{rom
above for certain years does not invalidate the use of these instruments.

We used two different deflators to convert such nominal quantitles as
average hourly earnings, household income, e;c. to real. First, we defined
the (spot) price of food consumption to be the numeraire good at t in the
thecoretical framework of Section 2. We accordingly measured real {ood
consumption expenditures and real wages as the ratio of the nominal
consumption expenditures and wages and the annual implicit price deflator for
food consumptlon expenditures published in Table 7.12 of the National Income
and Product Accounts. (See the U.S. Department of Commerce, Bureau of
Economic Analysis publication Business Statistics 1986, a supplement to the
Survey of Curren! Business. ©On the other hand, we deflated variables such as
the nominal value of home ownership or nominal family income by the implicit
price deflator for total personal consumption expenditures.

We also constructed varlables that show the age distribution of children
within the family. For the interviewing years 1975 to 1986, we were able to
obtain the number of children in the family betwegen the ages of 1-2; 3-5, and
6~13 from family-~level variables which show the total number of c¢hildren in
these age groups who were currently in the family unit. For the ye;rs 1968 to
1974, we constructed a series showing the number of children in the age
categories less than 1, 1-2, 3-5, and 6~-13 years by using the birth dates of
the {eight) children raised by the wife. Since this variable is recorded In
1976, it allows us to go back to 1968. Finally, for the years 1975 to 1986,
we interpreted an increase in the number of children in the family unit across
two consecutive years as a birth or equivalently, an increase in the number of

of children in the family unit across itwo consecutive years as a birth or

equivalently, an increase in the number of children less than one year old.
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TABLE II1

Estimates of the FOC for Consumption

et g ———map

Variable Parameter Estimate Aggregate Price Estimate

A (Number in Family) B /(1-¢) 0.0157 tn(A /A, )/ (1-C) 0.0473
(0. 0037) (0.0231)

A (Number of Children Bzf/{l-ﬁ) 0.0391 (A /A )/ (1-8) -0.0135
Less than 6) (0.0028) (0. 0080)

A (Number of Children Bg;ffl-él 0.0057 an(Ag/iﬁ)/{1~c} -0. 0700
Between 6 and 14) (0.0014) (0.0173)

& (Age squared) 825/(1*§) - -0.0742 Eniﬂaaxhgl/{1#C) -0. 1800
(0.0024) (0.01200)

A Reglon Dummies: ”Efnfhifﬁgﬁ}/[l-g) ~0. 0540
(0.0102)

Northeast B /(1-¢)  -0.1884 fn(A_/A )/(1-¢) 0. 0320
(0.0188) (0.0100)

Northcentral 32;/(1-c) -0.1191 (A /A _)/(1-¢)  -0.0604

| (0. 0153) (0.0100)

South B, /(1-C) 0. 0772 n(x /A 3/ (1-C) ~0. 0926
(0.0114) (0.0100)

tnlx /x )/(1-C) ~0. 0814

15 14

(0.0100)

n(A, /A )/ (1~C) ~0.1117

‘ (0. 0090)

En(X /A )1/ (1-¢) ~0.0412

(0.0084)

EH{A&B/Alvj/{I‘C} 0.0247

(0.0084)

En(hjg/hlg)/(iuc) ~-0. 0303

(0.

0100)
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TABLE 1V

Estimates of the Euler and Participation Eguations
Without Aggregate Shocks

Variable Parameter Unconstrained Constrained
{1} Participation Equation
1 B -58. 8584 -20. 4394
nt 10
(0.3618) (0.0375})
nk 1 B -24. 9590 -8. 3730
int nt 11
(0. 4435) {0.0306)
nkZHt lnt BIZ 26,3147 10. 5746
{0. 3287} {0.0410)
1it - var(e ) 5 0.0236 0. 0900
(0. 0004) (0.0001)
lnt y 1nt‘1 61 -0.6024 -0.5314
(C.0100) {0.0011}
1 el 0.023% 0.0437
nt nt~2 2
{0Q.0002) {0.00003)
H 1 & 0. 0078 0.01307
nt nt~-3 3
{0.0002) (0. 00003}
i 14 « 0. 0003 0. 0002
nit nt-1 1
(0. 000005) {(5.6E-7)
(1,1) {1,1) {0,1) (0,1} 8 ~149 5400 0. 7588
nt nt nt nt
{4.7440) (0. 0006)
q.z) 3.2} (0,2} 1{0,2) Bz 46 5319 N
nt nt nt nt
{3.0484)
(1,3) {1,3) (0,3)_(0,3) 3° 183 9014 L
nt nt nt nt ‘
(3.5187)
{(1,4) (1,4 {0,4) (0,4} Ba -7 9742 _
nt nt nt nt
{0.2509)



{1i) Euler Eguation

Constant

nk
int

ant,

nt

nt-1

nt-2

nt—-3

nt+)

nt+2

nt+3

n nt+l

n ni+2

nt+l nt

Degrees of Freedom

10

11

i2

64

. 2871
.4332)
. 0878
. 2330)
. 8934
. 0580)
L2765
. 0348)
. 1284
. 0022)
. 0061
. 0001)
. 0022
. 00004 )
. 5131
. 4357)
. 0452
.5311)
. 6238
. 2403)
L7277
.1491)
. 5382
.1984)
.1184
. 08S8)
. 1822
.0101)
. 00003
. 00001)
. 0052
.0001)

. 7255

30. 8362
(38.3389)
4.0722
(21.6639)
0. 7905
(39.4428)
0.2216
(124.0000)

ey -,

268. 27
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