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Using a life-cycle model in which women divide their time between home and
market work, we establish a link between retirement wealth and the value of
forgone home production. We use data from the Health and Retirement Study
to estimate the model’s parameters and adjust the growth rate of GDP to re-
flect reductions in nonmarket output. We find that the value of forgone home
production is modest—about 25% of women’s measured earnings.

1. INTRODUCTION

In the past 50 years there has been a dramatic increase in female labor force par-
ticipation (e.g., Goldin, 1990 and Table 5 below). Undoubtedly some of the mea-
sured increase in GDP during this time period reflects reallocations of women’s
time from unmeasured, home production to measured, market work. Failure to
account for the associated reductions in home-production output will lead to bi-
ased estimates of the growth of economic well-being. Eisner (1988) captures this
issue perfectly, as follows: '

The difficulty with exclusion of nonmarket output is not merely that it results in lesser
totals of GNP. . .. Most recently, the vast increases in conventional GNP associated with
the major movement of women into the labor force may signify a much lesser gain in total
output, as nonmarket child care gives way to the paid baby-sitter and nursery school,
care of the aged to nursing homes, care of the sick to hospitals, and home cooking to
McDonalds. (p. 1613)

The goal of the present article is to derive consistent measurements of GDP dur-
ing a time period when the balance of market production and home production
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702 HOUSE, LAITNER, AND STOLYAROV

shifted. To do this, we propose a strategy for measuring changes in home produc-
tion. Specifically, we show that in a life-cycle model of dual earner households with
home production, there is a connection between the quantity of home production
and household saving. Using recently available microlevel data on household net
worth and male and female earnings, we exploit this connection to estimate the
model’s parameters and to appraise changes in the value of forgone home pro-
duction in the United States over the last four decades.

In our framework, households allocate their time between home production and
market work. A Becker-style (1965) theory of optimal time allocation predicts that
changes in home production will accompany decisions of household members to
join or separate from the labor market. Accordingly, a household in which the
wife is in the labor force may purchase goods and services that substitute for
sacrificed home production. These substitutes include day care expenses, cleaning
services, take-out meals, and so forth. We propose to measure the value of lost
home production with expenditure on market substitutes for the home output,
and we propose to estimate this expenditure indirectly from wealth accumulation
behavior. Purchases of home production substitutes leave a household with fewer
resources available for other expenditures and saving. Thus, the life-cycle model
predicts that measured saving rates for households with two earners, for example,
should be systematically lower than for households with the same income path
but only a single earner. Likewise, households in which women work long hours
may have to spend more on substitutes, leaving less of their market income for
other consumption and saving, compared to households in which women work
short market hours.

We use detailed micro data on lifetime earnings and net worth from the Health
and Retirement Study (HRS) to compare retirement wealth for couples with dif-
ferent female earnings. In the context of our theoretical model, these comparisons
allow us to infer a household’s lifetime expenditure on home-production substi-
tutes. We interpret the latter expenditure as the value of forgone home production.
Our analysis indicates that, although it is statistically significant, the value of for-
gone home production is surprisingly modest. In fact, on average, for every dollar
a married women earns in the labor market, her household purchases roughly
25 cents of substitutes for lost home production. Thus, the private sector’s net
gain from married women’s employment is roughly 75% of the women’s market
earnings.

The fraction of labor income earned by women increased from 20% in 1959
to over 35% in 1999 (see Section 5 below). If the increase in female labor force
participation was accompanied by a commensurate reduction in home produc-
tion activity, the measured increase in labor income overstates the net increase in
the total economic activity. Because the National Income and Product Accounts
(NIPA) omit home-production output (e.g., child care at home), but include its
market substitutes (e.g., day care centers), measured growth in GDP likely over-
states recent rises in living standards. This article finds that the overstatement,
although substantial, is not overwhelming. In particular, we estimate that the
share of home production substitutes in GDP grew by about 2.5% between 1959
and 1999. That is, about 2.5% of 1999 GDP consisted of goods and services that
would have been produced at home in 1959.
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THE VALUE OF LOST HOME PRODUCTION 703

The life-cycle model that underlies our empirical results has a number of attrac-
tive features. First, the model allows many dimensions of household heterogeneity,
including (unobserved) differences in home productivity, differences in wage and
family-size profiles, and differences in retirement age. A second virtue of our ap-
proach is its flexibility. The model can be generalized in a number of ways that
leave the substance of the analysis intact. These generalizations include allowing
fixed costs of labor force participation and on-the-job human capital accumula-
tion. The last features have been widely recognized as important determinants of
female labor supply (e.g., Attanasio et al., 2004 and the references therein). Fixed
costs of labor force participation can cause labor-market hours to jump between
zero and a substantial positive number; on-the-job human capital accumulation
can induce women who want to work late in life to seek employment early in life
as well.

There is a large literature devoted to the measurement and study of home
production. Early approaches to the problem of measuring nonmarket output
focused on valuing time spent at home at the market wage rate (Nordhaus and
Tobin, 1973; Kendrick, 1979; Eisner, 1988). Such estimates value every hour of
home production at its marginal cost. This means that the net gain from female
labor force participation is zero: each dollar earned in the market is offset by
an equal loss in home production. More recently, Rosen (1996) echoes the same
argument. He presents evidence suggesting that Swedish women who joined the
labor force during 1963-93 were overwhelmingly employed in sectors that supply
home production substitutes. Rosen (1996, p. 735) writes:

If Swedish women take care of each other’s parents in exchange for taking care of each
other’s children, how much additional real output comes of it?

In contrast, our framework allows an upward sloping marginal cost curve for
sacrificed home-production time; thus, marginal and average costs can differ. Our
empirical results show that the average cost of forgone time is significantly lower
than the marginal cost. This suggests that valuations of lost home-production
output based on the marginal cost of time are biased upward.

Our work complements the literature that estimates the production function
for home goods from aggregate time series (e.g., McGrattan et al., 1997), as well
as estimation methodologies that require additional data on expenditure and time
use (e.g., Rupert et al., 1995, 2000). Our methodology is different in that we exploit
a relationship between retirement savings and the value of nonmarket output
implied by the model. This indirect approach is similar in spirit to Hong (2005), who
uses life-insurance data to make inferences about home production, and Guvenen
(2007), who uses consumption and wealth observations to make inferences about
households’ learning about the stochastic process of their earnings.

The organization of this article is as follows. Section 2 presents our model and de-
rives the implications of optimizing household behavior for the value of lost home
production. Section 3 generalizes the model to include male home production,
fixed costs of labor-force participation, on-the-job human capital accumulation,
and endogenous retirement age. Section 4 describes our data. Section 5 presents
empirical results and discusses the quantitative implications of our estimates. Sec-
tion 6 concludes.
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704 HOUSE, LAITNER, AND STOLYAROV

2. MODEL

We analyze the life-cycle saving decisions of couples. Our baseline specification
assumes that males work full time in the market until retirement and that male
home production has negligible value at all ages. A woman, on the other hand,
may work less than full time in the market, devoting her remaining hours to home
production. After retirement, a woman engages exclusively in home production.
Section 3 considers a generalized model in which male home production may have
a substantial role.

To foreshadow our results, our baseline model implies the following relationship
between male and female market earnings and net worth for a retired household:

1) In(NWy) = In(xi(t, o)) + In ()" + (1 — 0) - Y ) + €4r.

Here, t is the current age of the household and NW, Yf? ,and Yg are, respectively,
net worth for household i, the present value (measured at household age ¢) of male
lifetime earnings, and the present value of female lifetime earnings. The random
variable ¢ reflects measurement error in NW;,. The function «(.) is implied by
the model and is independent of NW;,, Y, and Y%. Finally, 6 € [0, 1] and o are
parameters to be estimated. The parameter 6 is of particular interest because it
reflects the fraction of female measured market earnings that households seek to
replace with market-produced substitutes.

Equation (1) can be used to estimate the cost of forgone home production for
a female who devotes some of her time to market employment. If time at home is
valuable, women in dual-earner households may compensate for their time away
from home by purchasing market goods that substitute for their forgone home
production. As a result, measured market earnings overstate the true net value of
female labor market participation. In our model, the overstatement is captured by
the parameter 6, which measures the average fraction of a woman’s earnings used
to purchase home-production substitutes. The net contribution of female earnings
to the household resources is (1 — 6) - Y%. Our analysis shows that the sum of
male earnings and net female earnings determines the amount of wealth that a
household desires to carry into its retirement.

Notice that specification (1) allows for the extreme cases§ =0and 0 =1.1f6 =
0, the average value of a woman’s forgone time at home is zero. In that case, each
dollar earned in the market represents a real increase in household income. If
0 =1, the opportunity cost of each hour at home is exactly offset by the woman’s
market wage, and changes in women’s labor market earnings do not affect their
household’s real income at all.

We use household data on NW;,, YY, and Y to estimate 6. Our strategy rests
on the relationship between households’ retirement savings and women’s mea-
sured market earnings. If our model is correct, dual-earner households should,
ceteris paribus, have a lower ratio of net worth to their lifetime earnings than
single-earner households or households in which the wife’s market hours are short.
In other words, cross-sectional variation in women’s lifetime earnings, Y7, pro-
vides the basis for our estimation.
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THE VALUE OF LOST HOME PRODUCTION 705

2.1. Baseline Model. Consider a household i that lives from age S; to 7. The
household includes a man, a woman, and, possibly, their children. The size of a
household of age tis N, “equivalent adults” (see below). The man and woman both
retire when the household reaches age R;. Prior to retirement, the wife divides her
time between market work and home production. After retirement, she does only
home production. Historically, men have specialized in market work (e.g., Figure
1 below). This suggests, at least in the past, a strong comparative disadvantage in
home production. Moreover, men’s time allocations have not changed dramati-
cally in the last 50 years. For both reasons, our baseline model simply assumes
that husbands devote their entire workweek to market employment prior to re-
tirement and provide no home production at any age. (Section 3 offers a more
elaborate formulation that treats men and women symmetrically.)

In the baseline model, the adult male in household i supplies market hours
inelastically at any age ¢ prior to retirement and earns exogenous after-tax income
yir. The woman’s market hours are 4;, the woman’s after-tax wage rate in the
market is w;;, and the after-tax real interest rate is r.

Household i solves the following dynamic optimization problem

() max ie"” . [Ni, ‘u (—ci) + v,-,(Ai,)]

[C,',ZO,h,';EO},T:si 1=5; ]Vit

3) st cy=2xy— A by, £>1, 4 >0,

T
e—n(}’it + hy - wy — xi) > 0,
@ 2

ye=0 and hy=0 all t>R.

We make specific assumptions that enable us to use the model for structural esti-
mation. Some of these assumptions merit additional discussion as follows.

The household derives flow utility Ny, - u(ci/N;) from consuming the market
good and flow utility v;;(A;;) from consuming the home good. We think of the
home good as a set of tasks that must be completed for the household to maintain
its viability. Examples include child care, food preparation, and cleaning. Let A;
measure the number of such tasks in household i. The woman can produce the
home good with her time at home or purchase a perfect substitute on the market.
As the woman begins to devote hours to market employment, her home produc-
tion falls according to the function A; - hft. This loss function is increasing in the
number of tasks to be performed, A;, and convex (§ > 1), reflecting the fact that
the least valuable home hours should be allocated to market work first. Because
lost home production needs to be replaced, a household that spends x;; on market
goods consumes ¢; = x; — Ay - hf, and pays A; - hft to replace forgone home
production. This formulation automatically measures the cost of forgone home
production in the same units as GDP.

The gain to the household from consumption of home goods in terms of utility
is captured by the function v;, (4;;), which simply depends on the number of home
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706 HOUSE, LAITNER, AND STOLYAROV

production tasks (i.e., the amount of the home goods consumed). A higher A;
may imply a greater well-being through v;,(.), but it also entails a higher cost of
substitutes for the wife’s market hours. Since the term v;,(A;;) does not affect the
household’s optimizing behavior, we suppress it in our analysis.

Time has two uses in our framework, market work and home production. After
retirement, the household engages in home production only. This assumption of
naturally greater levels of home production after retirement resembles, for in-
stance, Aguiar and Hurst (2005), and is consistent with the observation that many
households change their levels of measured consumption when they retire (see,
among others, Banks et al., 1998; Bernheim et al., 2001; Hurd and Rohwedder,
2003; Laitner and Silverman, 2005). The last subsection of Section 3 discusses
possible attributes of, and motives for, retirement. Our model allows a woman’s
efficiency at home production to vary with age and, therefore, with family com-
position. '

Throughout the article, we assume that the function u is isoelastic,

cY
uic)=—, y<l1.
14

Define the age of the household, s, to be the age of its adult male. Let household
net worth at age s be

s—1
Ais = Z e—r(t_s)()’it + wihy — xit)s
t=S;

and let the present value (at age s) of male and female lifetime earnings be

T T
(5) 1711;4 = Ze—r(tns)yit, Y;f = Ze_r(t—s)withit.
1=S; t=3S;

The following proposition presents the implications of the model that form the
basis of our empirical analysis.

ProrosiTioN 1. Solution of (2)~(4) implies
(6) Ay hft =0 -wy-hy, foranyt < T.
For a given R; and for any s > R;,

ajs _ Z?:s Ny - o
YMi(1-0)-¥ " Yo Not

()
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THE VALUE OF LOST HOME PRODUCTION 707

where
1
6 =—,
&
o ECXP(—Y—I— ;:5)

Proor. See the Appendix.

@)

Equation (6) comes from the optimality condition that equates the marginal
value of a woman’s time at home and her market wage. Despite equality at the
margin, the average value of time diverted from home production is less than the
market wage because the marginal cost, in terms of forgone home production, of
supplying market hours is increasing. Thus, an optimal time allocation implies that
the current value of lost home production is a fraction, § = &1, of a woman’s cur-
rent earned income. The proposition’s second result follows from accounting and
isoelastic preferences. The present value (as of age s > R;) of lifetime expenditure
that offsets lost home production is § Y£. The remainder of a household’s earnings,
YY + (1 - 60) - YE, determines the household’s relative financial well-being. With
isoelastic preferences, a household’s post-retirement expenditure is proportional
to its lifetime financial well-being. Condition (7) reflects this proportionality.

To derive Equation (1), define the ratio of the present value of consumption
from age s onward to the present value of total lifetime consumption as ‘

T t
ki(s,0) = —-————er Ni-o .
=5, Ni- 0!
Taking logarithms of both sides of (7) and appending an error term reflecting
difficulties of measuring net worth gives Equation (1).
. The following two-period example illustrates our approach. Set r = p = 0 and
consider three households whose income and asset data is summarized in the table
below.

Household . Y™ YF ag=LiM+(1-6)-YF)
I 10,000 0 5,000

II 20,000 0 10,000

I 10,000 10,000 5,000 + (1 — ) - 5,000

In household I, the male’s present value of lifetime earnings is $10,000 and the
female’s is zero; in household II, the male’s lifetime earnings are $20,000 and the
female’s zero; in household I11, the male and female each have lifetime earnings of
$10,000. Since r and p-are zero, all three households desire constant consumption
profiles over their lifetime. That is, they want consumption (i.e., ¢; as defined in
Equation (3)) before and after retirement to be the same. Under these conditions,
the first and the second household should build net worth at retirement equal to
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708 HOUSE, LAITNER, AND STOLYAROV

one half of their household lifetime resources, $5,000 and $10,000, respectively.
Household III is different because it sacrifices some home production when the
female works in the labor market. The third household’s desired net worth at
retirement will be ag = (Y™ + (1 — 6) - YF)/2. If the average value of sacrificed
hours is the market wage (i.e., if 6 = 1 and A; = w;,), our model predicts that
household III will have the same net worth at retirement as household I. On the
other hand, if the value of sacrificed hours is zero (i.e., if 6 = 0), household III
will desire the same net worth at retirement as household II. Equation (1) allows
intermediate cases 6 € (0,1) as well. Given data on net worth ag and lifetime
earnings Y™ and Y*, Equation (1) provides an opportunity to estimate 6.

Section 5 estimates (1) using survey data from the Health and Retirement Study
(HRS). Our model makes full use of the HRS: The data provides exceptionally
complete earnings and family composition histories for men and women, it pro-
vides biennial inventories of each household’s assets and debts, and it permits us
to capitalize household pension and Social Security benefits once a household re-
tires. Although the HRS has less complete information on hours of market work,
Equation (1) fortunately does not require data on 4.

2.2. Discussion. We take the preference parameters p and y, the technology
parameter £, the market interest rate r, and the age of death 7" to be common to
all households. At the same time, we should emphasize that Proposition 1 allows a
great deal of heterogeneity among households. In particular, each household can
have a different size profile Ny, its own home-production task profile A;, its own
male earnings profile y;, and its own female wage profile w;,.

We believe that our baseline model provides, in practice, a useful framework
for analysis. Though the model allows women to engage in home production as
well as market work, it restricts men to the latter option alone. Traditionally at
least, men have seemed to play a much smaller role in production at home. For
example, Figure 1 shows a histogram of hours per week of housework (in 1970)
for married men and women aged 20-60. The data come from the Panel Study of
Income Dynamics.? According to the data, in 1970 the median number of hours
per week that men spent on housework was 0, compared with 30 for women. Data
from the same source for men and women over the age of 65 shows the same
pattern, with median male hours of housework remaining 0. The next section,
nevertheless, offers a more elaborate formulation with symmetric time-allocation
options for both sexes.

3. GENERALIZATIONS OF THE MODEL

This section generalizes our framework to include home production by men,
labor-force participation decisions for women, human capital accumulation from

2 See question ER30053 in the PSID, which asks how much time the respondent spent on housework
in an average week. Figure 1 is representative of the other years in the PSID data as well (though male
home production activity has been gradually rising over time). We thank Claudia Olivetti for drawing
our attention to this variable.
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on-the-job experience, and endogenous retirement age. We show that Equation (1)
remains valid in each context, although in some cases the key parameter 6 requires
a new interpretation.

3.1. Male Home Production. 'We can extend our basic model to incorporate
male home production. Giving A;, w;;, and A; a superscript m for males and f for
females, the household optimization problem becomes

T o
- t
max e N(‘N*)
{ci,_>_0,h¥">0,h,f>0} =S; i
1=S5;

it — it —

f m
st o= — AL [Wf] — A7 (7]

T .
Ze_” (hz]: cwj + ] — xi) > 0,

i

~

withef > 1,6m > l,A{t >0,A7 >0,and hft =hj} =0allt > R;. In this formulation,
we allow gender-specific convex loss functions for home production. As before,
lost home production must be replaced with purchases of market substitutes. After
retirement, both males and females engage in full-time home production so that

This content downloaded from 141.211.139.204 on Tue, 03 Jul 2018 17:17:29 UTC
All use subject to http://about.jstor.org/terms



710 HOUSE, LAITNER, AND STOLYAROV

home production losses disappear.? Proposition 1 then generalizes in the following
straightforward manner.

CoROLLARY TO PRrOPOSITION 1. For a given R; and for any s > R;, solution of
(2)-(4) implies

T t
Qjs _ Z[:s ]Vit Y

©) = ;
(I-om¥d+A-0) Y7 Lo Ni-of

where

1 1 r—op
0f = —, 9"=_—, o =ex (—r+ )
g, gm P L-y

Proor. The optimal time allocation conditions for males and females are
strictly analogous to (6), with the corresponding gender-specific parameters. Re-
peating all the steps in the proof of Proposition 1 leads to (9). |

Taking the logarithms of both sides of (9), letting

(10) 1-6=

and adding a random term ¢; reflecting measurement error in net worth, we have
the analogue of Equation (1):

(1)  In(NWy) = In(1 — ™) + In(k;(t, o)) + In (Y™ + (1 — 8) - ¥F) + &4

The difference between (1) and (11) is the constant term In (1 — ™), which depends
on the curvature of the male loss function. If (1) is estimated with an unrestricted
constant, we can obtain a consistent estimate of  from the coefficient on Y*, we
can recover an estimate of #” from the constant, and we can derive an estimate
of 6/ from

0f =6m+06.-(1-06m).

Notice that the interpretation of 6 in (11) depends on the value of male home
production. Evenif one is interested exclusively in the home production of females,
an estimate of 6/ in this case must be extracted from 6 utilizing the separate
estimate of 8™ If 6 is between zero and one, then 6/ > 6. Merely setting 8/ = 6
yields, in these circumstances, an estimate of 6/ which is biased downward.

Our estimation in Section 5 considers this generalization separately.

3 This assumption is consistent with the observation that market expenditures systematically drop
after retirement. In our model, a drop in expenditure at retirement will arise because individuals in
retirement do not take time away from home production and therefore do not need to replace it with
market substitutes. We hope to study this phenomenon further in future work.
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THE VALUE OF LOST HOME PRODUCTION 711

3.2. Labor Force Participation. The convex loss function of Section 2 implies
that all women will choose to supply positive market hours at every age prior to
retirement. Clearly this is, at best, an approximate description of actual behavior.
Indeed, women’s market participation decisions have received a great deal of
attention in the labor-economics literature. To include labor-force participation
choices for women, this subsection modifies our model to incorporate a fixed
participation cost.

One strand of existing literature emphasizes tangible fixed costs such as com-
muting time (e.g., Cogan, 1981; Hurd, 1996; French, 2005). There are also models
with intangible fixed costs in which participation directly reduces household util-
ity (e.g. Attanasio et al., 2004).* Examples of intangible fixed costs might include
separation from children (Berger et al., 2005), changes of bargaining power within
marriages (Goldin, 1990), and costs of deviating from a social norm in which men
provide for the family (Goldin, 1990).

We can accommodate a nontrivial labor market participation decision with a
model with intangible fixed costs. Suppose that household i of age ¢ incurs a utility
loss i1; during periods when the woman participates in the labor market. Let p;
be an indicator variable for whether the woman participates in the labor market
at age t, with

1, hjt >0
it(hie) =
pilhic) {o, hy = 0.

Returning to the baseline framework, a household’s maximization problem be-
comes

T
_ Cit _
max E e P I Ny-ul — | — pi(hs) - @i;
crs0hagyT & [ it ( N,,) Pzt( it) zt]

(12) st. ci =Xy — Ay - hft, £>1,
T
Z e (Vi + hir - wir — xi) > 0,
t=S5;

where y; = 0 and h; = 0 for all t > R;. We can immediately prove the following
proposition, which shows that Equation (1) remains applicable.

ProrosiTioN 2. The optimal solution of (12) implies conditions (6)—(7) from
Proposition 1.

Proor. Fixiand any lifetime participation profile {p; }, and solve (12) with the
constraint 4; = 0 when p;; = 0. In each such solution, Proposition 1 holds—in
particular, (6) is automatically valid for all ¢, because p;; = 0 forces 4;; = 0. Pick an

4 The model of Attanasio et al. (2004) has tangible costs of participation in the form of child care
expenditures as well. In our framework, such expenditures are part of the loss term Akf.
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712 HOUSE, LAITNER, AND STOLYAROV

optimal participation profile that maximizes the household’s lifetime utility. Since
Proposition 1 holds for any participation profile, it must also hold for the optimal
profile. |

Specification (12) allows a great deal of modeling latitude. The fixed cost ii;
could vary with time and/or family size. For example, as more married women have
entered the labor force in recent years, the possible stigma formerly associated
with such employment may have diminished. Alternatively, the cost of separation
from children may be higher when the children are younger.

Even if & is a constant common to all households, a substantial and potentially
interesting heterogeneity of outcomes is possible. Women with young children,
for example, may have a high A;, which will tend to reduce participation in the
labor force. If two women have the same A; and the same w;;, the one whose
husband earns the most will, according to (12), be the least likely to participate in
the labor force herself. Likewise, a woman with a high w;, will, ceteris paribus, be
more likely to seek market employment.

Tangible fixed costs would have similar implications in terms of concentrating
market work into fewer periods. To take an illustration, one might argue that
commuting costs compel a woman seeking part-time market work to accept a
job closer to home at lower wages, so that, in effect, w;; = w(h;;) with w’(.) > 0.
Provided the tangible costs make short hours unattractive, distinguishing between
tangible and intangible costs may, however, be extremely difficult in practice. So,
(12), and hence (1), may deliver a useful approximation. In any event, our data
set provides few covariates for a separate analysis of specific tangible fixed costs.

3.3. Human Capital Accumulation. The basic earnings model of Mincer
(1974) and others allows an individual’s market earnings to increase with experi-
ence. Such a framework complicates a woman’s time allocation problem because
if she forgoes market work in favor of staying at home, she loses both current

- wages and investments in human capital that would lead to higher wages in the
future (e.g., Goldin, 1990; Attanasio et al., 2004). Fortunately, we can extend our
baseline model (12) to incorporate on-the-job human capital accumulation, while
maintaining the validity of (1).

Let H;; be cumulative work experience for a woman of age ¢t. We assume that
H;; accumulates without depreciation (see, for example, Mincer and Ofek, 1982;
Corcoran et al., 1983):

H 1= Hy + hy.

We also assume that wages increase with human capital, though with diminishing
returns:

wi = By - Hy, a € (0,1),

1

where « and B;; are exogenous. B;; may capture aggregate wage growth as well as
differences in individuals’ abilities.
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The following proposition shows that (1) continues to hold, though the parameter
0 has a new interpretation.

ProposITION 3. The solution to problem (13) implies

(18)

where

T
Do A b= 0]

t=>5;

6= %(1 + a).

For a given R; and any s > R;,

(19)

Ais _ Z,:T=S Ny - o!
YI+(1-6)-Y Y o Neot

where o, Y™ and Y are defined in Proposition 1.

Proor. See the Appendix.

Proposition 3 shows that although the value of forgone home production is still
proportional to lifetime earnings, the coefficient of proportionality  now depends
on « as well as £. The parameter « is the elasticity of the wage with respect to
experiential human capital. Expressions (18)—(19) imply that regression Equa-
tion (1) remains valid—with the caveat that the parameter  must be interpreted

with additional care.
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714 HOUSE, LAITNER, AND STOLYAROV

3.4. Endogenous Retirement Decision. We can also allow for an endogenous
choice of retirement age without disturbing our results. To see this, consider the
following change to the utility function: :

1oy fort < R,

. y it

i(cis R) = e 41 fort > R
y Cit ! -

where I > 0 is a flow benefit to being retired (e.g., Rust and Phelan, 1997; Bound
et al., 1999). In addition to choosing the flow allocations {c;; > 0, h; > O},T: 5 the
household now chooses R; when it maximizes its discounted lifetime utility. We
have

PrOPOSITION 4. The optimal solution of (2) with utility function () replacing
u(-) and maximization over R;, ci;, and h, implies condition (7) and Equation ().

Proor. For any given R;, (6)-(7) hold. Enumerating all possible retirement
ages, choose the one yielding maximal lifetime utility. Fixing this R;, we are
done. n

The straightforward nature of the proof of Proposition 4 shows that its results
carry over to formulations (12) and (13) as well.

3.5. Summary. Propositions 2-4 show that, without compromising Equa-
tion (1), we can generalize our framework to include female labor force par-
ticipation decisions, experiential human capital accumulation, and endogenous
retirement decisions. The Corollary to Proposition 1 shows that the inclusion of
a constant term in our basic regression equation enables us to incorporate male
home production as well. The next two sections discuss estimation. Estimation
requires household data on NW;;, Ygl s Yg , and N;. Section 4 describes our data;
Section 5 presents the empirical analysis.

4. DATA

4.1. Overview. We use data from the Health and Retirement Study (HRS)
to construct a comprehensive measure of household net worth and to calculate
lifetime earnings of men and women. The implementation of our empirical strat-
egy also requires data on, among other things, the age of the household, the age
of retirement, and the number of equivalent adults in the household at each date.
This section (and the Appendix) presents a detailed description of our data in-
puts. Readers more interested in our parameter estimates can proceed directly to
Section 5.

4.2. Sample Criteria. We use the original survey cohort from the HRS, con-
sisting of households in which the respondent is age 51-61 in 1992 (Juster and
Suzman, 1995). Our analysis focuses on married couples. The survey waves 1992,
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THE VALUE OF LOST HOME PRODUCTION 715

1994, 1996, 1998, 2000, and 2002 have 4,663 married couples.5 Because wealth
at retirement may be significantly affected by marriage history (e.g., Guner and
Knowles, 2004), we limit attention to couples in which each spouse has been
married only once. This reduces the sample to 3,046 households. The number of
couples with single-marriage spouses for which we can construct lifetime earnings
for both spouses is 1,582 (see below). We require birth dates for all children, which
further limits the sample to 1,581 households.

Our definition of “retirement” is as follows. The HRS asks individuals whether
they are retired; it separately asks whether their retirement status is fully retired,
partly retired, or not retired. In our analysis, an individual is retired if he (or she)
answers yes to the first question, lists his/her retirement status as fully retired, or
works less than 500 hours per year and does not list his/her retirement status as
not retired. In addition, we require males to be collecting Social Security Benefits
and to report the amount. We exclude from the sample males who never worked.
Our procedure classifies each spouse as retired or not. We include in our analysis
only those household observations for which both the man and the woman are
retired by 2002.

We further restrict the sample as follows. As a protection against coding errors,
we exclude any household observation with negative HRS net worth or compre-
hensive net worth above $5 million. We exclude males who are disabled when they
retire, males who retire but later return to work, males who retire before age 56 or
after age 68, couples with age difference exceeding 6 years, and males or females
less than 4 years short of the mean age of death (74 and 80, respectively). After
restricting the sample to households in which both spouses are retired and making
the other adjustments described in this paragraph and below, our final sample has
954 observations from 441 households.

4.3. Demographic Variables

4.3.1. Household size. Our sample includes data from households with differ-
ing numbers of children and differing birth dates for children, age of marriage,
etc. To incorporate this heterogeneity, we follow Tobin’s (1967) procedure for ag-
gregating numbers of family members into a single index of “equivalent adults.”
Specifically, for household i at age ¢, let the number of equivalent adults N, be

(20) Ni=14x5@) o5+ x£() -,

where x5() is an indicator for the presence of the spouse, x €(¢) is number of
children aged 0-20 present in household i at age ¢, and o and «€ are parameters.
Our data set includes the birth date for each child. We assume that children leave
their parent’s household when they reach age 20.°

4.3.2. Household age. We define the age of the household to be the age of the
adult male. The household begins when either the man or the woman becomes

5 Unless otherwise noted, all HRS data is in public-use files—see http:/hrsonline.isr.umich.edu/.
6 We experimented with different departure ages, and they make little difference to our estimates.
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716 HOUSE, LAITNER, AND STOLYAROV

TaBLE 1
DEMOGRAPHIC VARIABLES

Demographic Variables??

Male Age Male Male
of Start Age of Number of Age of Male Female

Statistic Work® Marriage Children Retirement Age Age
Minimum 18 16 0 56 59 56
Median 19 23 3 62 66 64
Maximum 23 36 10 68 70 72
Mean 19.84 23.42 3.07 61.47 66.16 63.71
Coeff. Var. 0.1 0.14 0.47 0.04 0.04 0.04

Nortes: 2Sample is households of “financial respondents” from original HRS with valid, nonnegative
HRS net worth; married with age difference of 6 years or less; both spouses retired (see text); lifetime
earnings are available for both spouses (see text); male retirement age is 56-68; male age is less than
71; female age is less than 77.

YHRS household weight is applied to each observation.
¢The maximum of years of education plus 6 and 18.

independent. We define independence as the maximum of age 18 or the individ-
ual’s years of education plus 6. Prior to marriage, the man and the woman live
apart and thus each contribute 1 to the household’s equivalent adult total. Once
they marry, prior to their first child, the number of household equivalents is 1.5.
Formally, let S be the maximum of 18 and the adult male’s years of education
plus 6, let Sf be the same for the adult female, and let D; be the female’s birth
date minus the male’s. The household begins at age S; with

S; = min {SM, S/ + D;}.

(Note that D; serves only to restate the age of the household in terms of the man’s
age.) For ages s with §; < s < max{SlM, S,-F + D;}, Nis is 1. If M, is the man’s
age of marriage, for max{S¥, Sf + D;} <s < M;, Nj; is 2. If C; is the man’s age
at the birth of the couple’s first child, then Nj, is 1.5 for M; < s < C;. We make
adjustments for children as described above. When all children have left, until the
first adult dies, N, is 1.5. After the first adult’s death, N drops to 1. Males die at
the conclusion of age 74; females die at the conclusion of age 80.

Our framework implicitly assumes that upon reaching age S;, the adults of
household i choose their marriage date and the number and timing for their even-
tual children. In fact, given the model’s nonstochastic environment, parents can
plan at the same time, in detail, their life-cycle saving, retirement age, and pattern
for female market work.

Table 1 presents demographic information on our sample.

4.4. Household Net Worth. 1In every survey wave, the HRS obtains an inven-
tory of each household’s assets. This measure includes the value of the household’s
home, other real estate, automobiles, bank accounts, stocks and bonds, equity in
a family business, and equity in insurance. The HRS also collects information on
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THE VALUE OF LOST HOME PRODUCTION 717

the total value of household debts. Although the difference between the assets
and debts is a measure of net worth, it excludes the value of future pension flows,
Social Security Benefits, and Medicare payments. Our preferred measure of net
worth includes the capitalized value of the latter benefit flows.

4.4.1. Capitalized pensions. To capitalize pension, Social Security, and Medi-
care benefit flows (as well as lifetime earnings below), we assume a constant
net-of-tax interest rate equaling a gross-of-tax interest rate of 5% per year,’ less
an income tax of 11.69% per year.® In other words, r = .05 - (1.0 — 0.1169) =
0.0442. The HRS asks retired households about their pension and Social Security
benefits. To approximate the income tax code, as we capitalize Social Security
benefits, we subject only one-half to income taxes. (We use annual tax rates for
all flows—see the preceding footnote.) For females under 62, we compute future
Social Security benefits on the basis of statutory entitlements (including spousal
benefit shares). Similarly, we project future household benefits on the basis of
statutory rules and our ages of death. We subject private pension bénefits to full
(annual) income taxation. For the first two pensions, and the first two annuities,
the HRS collects data on whether the flow is real or nominal, and on whether the
flow carries survivorship rights. Our calculations assume a nominal interest rate
3% higher than our real rate. (We assume that third pensions and annuities, if
applicable, are nominal and have no survivorship rights).

4.42. Medicare benefits. We capitalize Medicare Benefits as follows: tables
8.A1-2 from the 2001 Annual Statistical Supplement to the Social Security Bulletin
provide annual Hospital Insurance and Supplementary Medical Insurance (SMI)
expenditure as a ratio to premiums from aged participants. Multiplying the ratio
minus one times the per capita SMI premium gives the approximate net annual
benefit for people 65 and over.

Finally, because some retirees continue to work part time, we capitalize remain-
ing lifetime earnings net of taxes.

Table 2 presents detailed information on net worth in our sample. The first
column presents HRS assets less debts. Column 2 presents the capitalized value
of present and future private pension flows. Column 3 presents the capitalized

7 This is roughly the ratio of factor payments to capital to the market value of private net worth.
For the numerator, NIPA table 1.13 gives corporate business income, indirect taxes, and total labor
compensation. The first less the other two is a measure of corporate profits (net of depreciation); the
ratio of profits to profits plus labor remuneration is “profits share.” Multiply the latter times corporate
and noncorporate business income plus nonprofit-institution income, less indirect taxes. To this, add
the income of the household sector (see NIPA table 1.13) less indirect taxes and labor remuneration.
Finally, reduce the numerator by personal business expenses (brokerage fees, etc. from NIPA table
2.5.5, rows 61-64). For the denominator, use U.S. Flow of Funds household and private nonprofit
institution net worth (table B.100, row 19), less government liabilities (table L106c, row 20). Average
the net sum at the beginning and end of each given year. The average ratio 1952-2003 of the numerator
to the denominator is 0.0504.

8 Our yearly tax rate comes from NIPA personal current taxes divided by personal income gross of
contributions for social insurance but less one-half of transfer payments (see the treatment of Social
Security benefits below). The average 1950-2002 is 0.1169.
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718 HOUSE, LAITNER, AND STOLYAROV

TABLE 2
DISTRIBUTION OF HOUSEHOLD NET WORTH: 1984 DOLLARS

Capitalized Future
Private Social Comprehensive
HRS Net Pension Security  Medicare Net

Statistic®? Worth Flows Benefits Flows Earnings Worth

Minimum 20 0 3,042 40,843 0 82,639
Lower Quartile 121,167 0 84,469 58,616 0 366,784
Median 220,215 51,827 110,737 62,322 0 497,393
Upper Quartile 415,188 137,720 129,110 65,750 8,560 686,404
Maximum 4,455,000 1,413,520 250,845 74,604 437,888 4,947,460
Mean 346,483 86,943 103,952 61,836 10,171 609,385
Coeff. Var. 121 1.27 0.37 0.09 0.26 0.73
Observations 954 954 954 954 954 954
Households 441 441 441 441 441 441

Nortes: 2Sample is the same as Table 1.
YHRS household weight is applied to each observation.

value of Social Security benefits. Column 4 presents capitalized Medicare benefits,
and column 5 presents the capitalized value of any remaining lifetime earnings.
Column 6 sums HRS assets less debts, capitalized remaining private pensions,
Social Security Benefits, Medicare Benefits, and remaining earnings. The resulting
“total net worth” is the NW variable used in our analysis. Clearly, private pensions,
Social Security, and Medicare make substantial contributions to the table’s last
column. All figures are present values at respondent age 50, in 1984 dollars.

4.5. Lifetime Earnings. For both men and women, the HRS provides annual
earnings (as well as market hours) in each survey wave. If an HRS participant
signs a permission waiver, we also have his or her Social Security Administration
(SSA) annual-earnings history for the years 1951-91.°

The SSA earning histories are a unique resource. They are not, however, without
disadvantages that complicate the analysis. (i) The Social Security System does not
cover all jobs—the linked data provide no information on nonFICA employment.
(ii) SSA earnings data are right-censored in some cases because they only track
earnings up to the year’s statutory maximum income level subject to the Social
Security tax.!? (iii) Social Security records do not include work hours or wage
rates—though fortunately our analysis does not require that data.

9 Access to this data is more restricted than the HRS survey data. See http:/hrsonline.isr.umich.edu/.

10 The SSA also provides linked W2 tax reports annually for 1980-91. Although the W2 records are
right-censored for confidentiality, the upper limit is substantially higher than the Social Security earn-
ings cap—$125,000 for earnings under $250,000; $250,000 for earnings under $500,000, and $500,000
for earnings above that amount. In practice, we assume right-censoring at $125,000 for all W2 amounts
at or above $125,000. The W2 amounts include non-FICA earnings—and separately identify the latter.
They omit some tax deferred pension amounts. Although they also omit self-employment earnings,
they identify Social Security measures of the latter. In practice, an individual may have multiple jobs,
and we add the corresponding W2 amounts.
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THE VALUE OF LOST HOME PRODUCTION 719

4.5.1. Male earnings. We estimate a statistical model of earnings dynamics
using a maximum likelihood procedure that utilizes censored as well as uncensored
male data (see the Appendix). We utilize SSA earning histories that are available
and full-time earning observations from the surveys. Using the observations for
a male, we estimate his random effect. If he does not have any valid full-time
observations, he is excluded from the sample. Although his SSA history prior to
1992 might have gaps from non-FICA jobs (or he might not even have signed the
SSA waiver), we use the earnings dynamics model to impute his annual earnings
for each year prior to 1992. After 1992, we rely on earnings data from the surveys.
The details are in the Appendix.

Our data include only take-home pay. To account for nonwage compensation,
we multiply measured earnings at each age by that year’s ratio of NIPA total
compensation to NIPA wage and salary accruals. We then subtract employee and
employer payroll taxes (subject to year-specific Social Security earnings cap) and
income taxes at a year-specific average rate. As with pensions, we then capitalize
annual earnings with r = 0.0442.

4.5.2. Female earnings. In our analysis of female lifetime earnings, we are
much more concerned with the possibility of part-time work prior to 1992. We
limit our sample, therefore, to women with linked SSA earning histories. As with
men, we estimate an empirical earnings dynamics equation, which we use (in the
case of women) only to impute right-censored observations. We take remaining
observations prior to 1992—including zeros—directly from the linked data. The
Appendix provides details.

To deal with the possibility of non-FICA employment prior to 1992 (which
appears as a zero in the linked data), we take additional steps as follows. We
re-estimate an earnings dynamics equation using a very comprehensive sam-
ple. In the survey, women are asked how many years of non-FICA employ-
ment before 1992 that they had, and they are given the opportunity to report
an interval of time when such employment occurred. If a women reports that
she has previous years of non-FICA employment and reports the number of
years, we use the earnings dynamics equation to impute such values, proba-
bilistically imputing to years without SSA data. If she reports both the num-
ber of years and the time interval when that employment occurred, we impute
for only years in the reported interval. If a women indicates that she has pre-
vious years of non-FICA employment but provides no information on number
of years, we drop her household from the sample as having incomplete earnings
data.

Finally, as in the case of males, we multiply earnings at each age by the year’s
ratio of NIPA total compensation to NIPA wage and salary accruals and subtract
taxes.

Table 3 summarizes the distribution of lifetime earnings for males and females
in our sample. Average female earnings are only about 20% as high as males,
presumably reflecting lower hours and lower participation rates than males in this
age cohort.
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Our life-cycle model implies a simple relationship between a household’s retire-
ment wealth and the male/female composition of its lifetime earnings. Equation
(1)—or, in the case of male home-production options, (11)—describes the re-
lationship. Using HRS data, including linked Social Security earning histories,
this section estimates the equation’s coefficients. Throughout, we assume that all
households have the same parameters o,y, and p, and that all face the same

TABLE 3

HOUSE, LAITNER, AND STOLYAROV

DISTRIBUTION OF MALE AND FEMALE LIFETIME EARNINGS: GROSS OF BENEFITS,
NET OF TAXES; 1984 DOLLARS (NIPA PCE DEFLATOR)

Male Earnings
(Present Value at

Female Earnings
(Present Value at

Statistic®P Male Age 50) Female Age 50)
Minimum 525,659 0
Lower Quartile 1,203,460 95,632
Median 1,479,490 280,911
Upper Quartile 1,907,780 542,388
Maximum 12,087,400 1,559,910
Mean 1,677,120 358,575
Coeff. Var. 0.56 0.90
Observations 954 954
Households 441 441

Nortes: 2Male sample: once-married males with 9-24 years of education
and at least one earnings observation. Female sample: once-married fe-
males with 9-24 years of education and either linked SSA earnings history
or never worked prior to 1992 (see Table 1).
YHRS household weight is applied to each observation.

after-tax interest rate r.

ESTIMATION AND RESULTS

5.1. Regression. We estimate

(22)

where NW is the comprehensive net worth (see Table 2) of household iatages >
R;, YY is the present value of after-tax male lifetime earnings, Y
value of female lifetime earnings, T is the household’s terminal age and Nj; comes
from (20). Both Y% and Y are present values at age s. We have data from up to six

(21) In(NWi) = Bo +In (Y + (1 - 1) - ¥7) +1n (Z N - [B2] )

Z]Vn ,82] +Z,B1X;]+,Uq+77wy
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THE VALUE OF LOST HOME PRODUCTION 721

waves of the HRS (i.e., 1992, 1994, 1996, 1998, 2000, and 2002). We include year
dummies to control for possible time-varying capital gains that are outside the
scope of the analysis. X; is a dummy variable that is 1 if the data for NW;; comes
from HRS wave j = 3 (1992),...,8 (2002), and X;; = 0 otherwise. To leave the
possibility of a separate constant, we impose constraint (22). The error structure is
the sum of a household random effect, ;, and measurement error in net worth, 7;.
We estimate By, 1, . . . , Bs by nonlinear least squares (NLLS). We use a two-stage
procedure. The first stage estimates (21)—(22) without covariance restrictions. As
in Greene (2003), we use the residuals to obtain a consistent estimate of ai / af,.
The second stage generates FGLS estimates of 8,7 =0, 1,...,8.

Equations (21)~(22) allow us to estimate the baseline model with no male home
production, in which we impose B¢ = 0, as well as the extended model with both
male and female home production. In either case, 8; = 6 and B, corresponds to
g,ie.,

ﬂzsa=exp{—r+;:£}.

On the basis of our theoretical specification, we expect 8; € [0, 1]. We have r =
0.0442, and the existing literature usually sets p > 0 and y < 0; hence, we antici-
pate B, € [e™, %] = [0.9568, 1.0]. Because all households in our sample start with
a husband and wife, the value of &® makes little difference, its only impact coming
at the very end of life when the different mortality rates for men and women affect
household composition. The ratio «/(1 + &%) matters more. Existing estimates of
adult equivalency scales (e.g., Laitner and Silverman, 2005; Fernandez-Villaverde
and Krueger, 2007) suggest ratios from 0.1 to 0.3. Accordingly, we consider vari-
ations in the ratio from 0 to 0.33.

Table 4 presents our estimates. The first three columns report estimates for our
baseline model, which imposes 8™ = 0. In this formulation, 6/ = 6. The estimates
of 6 are significantly different from zero (at the 5% significance level) and sig-
nificantly different from one (at the 1% significance level). The point estimates
are all roughly 0.26, with standard errors of approximately 0.12. The point esti-
mates suggest that, on average, for every dollar that a woman earns in the market,
her household must recover 26 cents of lost home production. Put differently, on
average, every dollar that women earns in the market represents a net increase
in total household income of roughly 74 cents. The estimate of 6 suggests that
as married women’s pre-retirement time allocations have shifted toward market
work in recent decades, the value of forgone home production has been small
relative to their earnings.

The last three columns of Table 4 present estimates for the model with both male
and female home production. We estimate (21)—(22) with an unrestricted constant
Bo and then recover an estimate of ™ from 8y = In (1 — 6™). Given estimates for 6
and 6™, Equation (10) implies 6/ = 8™ + 6 - (1 — ™). (The so-called delta method
yields standard errors for ™ and 6/.) Although the estimates of § are insensitive to
the value of €, the estimate of 6 varies somewhat with the equivalency weight of
children. Nevertheless, the implied point estimates for the female loss coefficient
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722 HOUSE, LAITNER, AND STOLYAROV

TABLE 4
PARAMETER ESTIMATES

. Baseline Case: 6™ =0 . Extended Model: 6™ > 0
Estimated
Parameters®? a€=0 a¢ =015 a¢ =05 a€=0 a€ =015 a€ =05
Bo - - - —0.1474 —0.1100 —0.0469
(0.2981) (0.2947) (0.2774)
[ 0.2645** 0.2630** 0.2608** 0.2576** 0.2567* 0.2567*
(0.1220) (0.1221) (0.1223) (0.1220) (0.1221) (0.1223)
o 0.9762*** 0.9762** 0.9761*** 0.9812** 0.9798*** 0.9777**
(0.0012) (0.0012) (0.0012) (0.0104) (0.0101) (0.0093)
DUM 1992 —0.1944* —0.1949* —0.1960* —0.1873* —0.1902** —0.1951*
(0.1091) (0.1091) (0.1091) (0.1103) (0.1102) (0.1099)
DUM 1994 —0.0573 —0.0569 —0.0563 —0.0521 —0.0533 —0.0550
(0.0602) (0.0602) (0.0602) (0.0612) (0.0610) (0.0608)
DUM 1996 —0.0038 —0.0036 —0.0034 -0.0015 —0.0019 —0.0026
(0.0409) (0.0409) (0.0409) (0.0411) (0.0411) (0.0411)
DUM 1998 0.0419 0.0419 0.0420 0.0407* 0.0412* 0.0420*
(0.0355) (0.0354) (0.0354) (0.0104) (0.0355) (0.0355)
DUM 2000 0.1158*** 0.1157** 0.1157** 0.1104** 0.1120** 0.1145**
(0.0342) (0.0359) (0.0341) (0.0361) (0.0359) (0.0355)
DUM 2002 0.0977** 0.0978** 0.0981*** 0.0898** 0.0922* 0.0962**
(0.0346) (0.0346) (0.0345) (0.0386) (0.0383) (0.0376)
:—“; 0.2578 0.2577 0.2576 0.2589 0.2592 0.2594
Calculated parameters®
g =1—eh 0 0 0 0.1371 0.1042 0.0459
(0.2573) (0.2640) (0.2647)
0f =1—-(1—-8)ef 0.2645* 0.2630* 0.2608** 0.3594* 0.3341 0.2908
(0.1220) (0.1221) (0.1223) (0.2086) (0.2133) (0.2146)
Summary statistics
Observations 954 954 954 954 954 954
Households 441 441 441 441 441 441
Mean sq. err. 0.2263 0.2263 0.2262 0.2266 0.2266 0.2265
R? 0.3097 0.3098 0.3099 0.3095 0.3096 0.3098

Nortes: Significant at: * —10%, ** —=5%, ** —1%
aError structure u; + 7;s (see text); consistent estimate of ai /0% reported.

YEstimated dummy variable coefficients constrained to sum to zero.
¢Standard errors from delta method.

¢/ fall in the range 0.29-0.36, which seems quite close to the baseline model’s
estimate of 0.26. The standard errors of 6/ for the generalized model are relatively
large compared to the point estimates, so that corresponding ¢-statistics are all
roughly 1.5. Although the estimates for 6/ are not statistically significantly different
from zero, they are significantly different from 1. The latter is consistent with a
marginal cost function for forgone home production that increases with labor
market hours. That is, the average cost of forgone home production is evidently
less than the marginal cost, and the total net gain from female market employment
is substantial—on the order of 64-71 cents per dollar of earned.

Since the estimated 6 is clearly less than 1 in the last three columns of Table 4,
6/ is significantly greater than ™. This is consistent with the evidence on home
production hours presented in Figure 1 of Section 2.
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THE VALUE OF LOST HOME PRODUCTION 723

The point estimates in Table 4 for the male coefficient ™ range from 0.046
to 0.137 and are never significantly different from zero. Overall, Table 4 seems
broadly consistent with our baseline model, where the value of male home pro-
duction is zero.

Finally, the time pattern of year-dummy coefficients throughout Table 4 seems
to fit the behavior of stock market for 1992-2002: the dummy coefficients grow
from 1992 to 2000, when the market was rising, and they fall in 2002, after the
stock market had peaked. :

The next subsection considers the implications of our estimates.

5.2. Quantitative Implications. Results in Table 4 indicate that the cost of for-
gone home production due to female labor force participation is relatively modest.
On average, for each dollar a woman earns in the labor market, her household has
a net gain of roughly 75 cents—after purchasing 25 cents of market substitutes for
sacrificed home production. This subsection uses the table’s parameter estimates
to calculate aggregative changes in the level of home production in the recent past
and implications for the elasticity of female labor-market hours.

5.2.1. The net contribution of female participation to GDP. As more women
join the labor force, their earnings augment GDP. Because these women previously
engaged in home production that the National Income and Product Accounts
omitted, the true increase in domestic economic activity is presumably less than the
measured increase. The gap corresponds to the value of forgone home production.
With our estimates of 6™ and 6/, we can calculate the difference between the
measured GDP and GDP net of lost home production.

Measured GDP at time ¢ is the sum of (gross of tax) male flow earnings y™(¢)
and female flow earnings )/ (¢) divided by labor’s share, say ¢,

GDP(t) = % @) + yI@)

On the other hand, the Corollary to Proposition 1 implies that GDP net of pur-
chases of home-production substitutes is

GDP*(1) = % O + Y O] - 67 -y (1) — 07 (o).

Let f(¢) denote the share of measured female earnings in total earnings

y/(1)

TGRS0}

and define w(¢) to be the share of measured GDP devoted to recovering lost home
production. Then
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724 HOUSE, LAITNER, AND STOLYAROV

GDP(t) — GDP*(t) _ 67 -y/(1)+ 6™ y™(1)
GDP(1) L)+ )]

= [0 f(O)+6"- (1= F())]-

w(t) =

Changes in w(t) over time have a direct interpretation: The changes indicate the
value of goods, as a fraction of GDP, formerly produced at home but now part of
measured GDP. As more women join the labor force, and as they choose to spend
longer hours at market work, both f(#) and w(¢) rise.

We can calculate w(f) using our estimates of #” and 6/. The share of female
earnings f(f) comes from the Census data in the Integrated Public Use Micro-
data Series (IPUMS) for the years 1959, 1979, and 1999. We calculate total male
earnings and total female earnings. The ratio f(¢) follows.

Table 5 presents our results. We choose ¢ = 0.7 and calculate the implied change
in w(t) for pairs (9™, 1) of point estimates from Table 4. The change in w(f) from
1959 to 1999 is in tight range 0.024-0.028 (see Table 5). This means that roughly
2.4-2.8% of measured GDP in 1999 consisted of goods and services that were
produced at home in 1959. (Note that this assessment may be an upper bound
because it assigns the same forgone home production to single women as it does
to the married women of our sample on whom our estimation is based.)

Table 5 shows that the reduction in home production output that accompanied
rising female labor force participation did not cause a large reduction in GDP
growth net of home production substitutes. Use the notation X = x/x. Then for
1959-99 the average correction to the annual growth rate of GDP is

GDP* = GDP + (1 — w) = GDP — 0.0007.

TABLE 5
IPUMS CENSUS MALE AND FEMALE EARNINGS OVER TIME: CURRENT DOLLARS

Census Year®? 1960 1980 2000
Number of males 425,022 564,381 748,358
Number of females 445,426 594,511 771,042
Male average pre-tax wage earnings $4,111 $14,300 $36,253
Female average pre-tax wage earnings $989 $5,160 $19,554
Ratio of male to female earnings 3.9664 2.6307 1.7995
Ratio male to total earnings 0.7986 0.7246 0.6428
Ratio female to total earnings, () 0.2014 02754 03572
Change in w () from 1959 to 1999

g™ =0,0/ =026 0.028

0" =0.14,01 =0.36 0.024

o™ =0.10,67 =033 0.025

9™ =0.05,6/ =029 0.027

Nortes: 2IPUMS (see text) are random samples of 1% of U.S. population.
From the samples, we use all men and women age 22-62, including top-
coded observations and zeros.

YData from each Census refer to earnings the years before.
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THE VALUE OF LOST HOME PRODUCTION 725

That is, correcting for goods formerly produced at home but now included in GDP
requires an adjustment to the annual GDP growth rate of less than 0.1%.!!

5.2.2. Labor supply elasticity. Although the main focus of our analysis is the
value of forgone home production, our model, and the parameter estimates, have
implications that extend beyond the measurement of home production output.
Among other things, the model implies a relationship between the value of forgone
home production and the intensive labor supply elasticity for married women.
First-order condition (6) implies a value for the uncompensated, intensive-margin
labor supply elasticity of working, married women. Differentiating (6) shows that

the elasticity of /;, with respect to w,f , holding Al fixed, is

it

din(h])  of

(23) din(wf) 107

The interval of estimates for 6/ is [0.26,0.36]. The corresponding female labor
supply elasticities in (23) vary from 0.35 to 0.56. The latter range includes the 0.43
estimate of the same elasticity for employed married women in Pencavel (1998)—
based on a different modeling framework and different data sources. Our point
estimates of male labor supply elasticity are much lower, 0-0.16.

The magnitude of male and female labor supply elasticities is potentially im-
portant for macroeconomic analyses at business-cycle frequencies (e.g., Benhabib
et al., 1991; Greenwood and Hercowitz, 1991). Our results reinforce the possi-
ble role of female labor-supply behavior in this regard. (See also, for example,
Benhabib et al., 1991; McGrattan et al., 1997; Rupert et al., 2000.) It should be
emphasized, however, that our model’s implications pertain only to the intensive
labor supply elasticity (i.e., the choice of hours conditional on participation). In
our specification, all pre-retirement women participate in both home production
and market work. An extensive margin would emerge only with the inclusion of
a fixed cost of market participation.

We should also point out that even the intensive labor supply elasticity might
be different in a specification with human capital. For our baseline model, the im-
mediate impact on labor supply of permanent and temporary wage-rate changes
of the same magnitude are identical. For the model of Proposition 3 with human
capital, a permanent change in the wage rate would have a larger effect on labor
supply. The intuition is straightforward. In the model with human capital, work-
ing in the market has two distinct payoffs: (i) immediate wage earnings, and (ii)
increased human capital formation, which augments future earnings. A perma-
nent increase in the wage rate increases the current value of both components,
whereas a temporary change affects only the first. Naturally, the intensive labor
supply elasticity for a permanent change in wages is highest for young workers,
who stand to benefit the most from human capital accumulation.

11 Female labor-market participation costs might augment our model’s cost of lost hours at home.
If, as in Section 3, we assume, however, that participation costs take the form of decreases in utility,
there is no need to make further adjustments to GDP.
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726 HOUSE, LAITNER, AND STOLYAROV

5.3. Potential Sources of Bias. This subsection briefly discusses two features
of life-cycle behavior that are present in reality but omitted from our model,
and hence possible sources of bias for our parameter estimates. Bequests and
inheritances are the first; earnings uncertainty and precautionary saving are the
second. We also discuss the potential endogeneity of the level of home production
as a possible source of bias in our modelling specification.

5.3.1. Intergenerational transfers. Our analysis does not include bequests and
inheritances. To show their possible role, let the present value at age s of the
inheritance of household i be I;5, and let the household’s bequest (at death) be
B,—with the latter’s present value at age s being

(24) By =B eI,

Then our baseline life-cycle model implies

ais — Big _ K'(S U)
Y+1-6) Y +hi—B,
After some algebra,
Qjs I;
@) yrra-ay OO ITEa gy
Bj

+ (1 = (s, U))m

This expression closely resembles (7), but the two right-most terms are new.

We have several reasons for thinking that omitting bequests and inheritances in
the present context may not significantly affect our results. First, the omitted terms
seem to be small. Some authors suggest that private intergenerational transfers
may play a significant role in aggregate wealth accumulation (e.g., Kotlikoff and
Summers, 1981; Laitner, 2002); however, to the extent that large-scale transfer
activity is concentrated among the wealthiest family lines, it is unlikely to appear
in middle class samples such as the HRS. (Indeed, Section 4 filters out the few
very high asset figures as protection against coding errors.) Table 3 of Laitner and
Ohlsson’s (2001) analysis of the PSID shows household inheritances averaging
about 2% of lifetime earnings. See also Hendricks (2001). Recent compilations
of inheritances from the HRS (e.g., table 8 of ch. 2 in Perry, 2007) imply similar
percentages. In a steady state with 2% per capita long-term growth and a gener-
ational span of 20 years, if I;; is 2% of lifetime earnings, then B; would average
about 3%—though discounting would make Bj; in (24) smaller. The last two terms
of (25) present the ratio of a weighted average of I;; and B;; to household earnings
net of lost home production. Hence, the two additional terms in (25) should lie
within the range 0.02-0.03. Tables 2-3 of Section 4 show the left-hand side of (25)
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THE VALUE OF LOST HOME PRODUCTION 727

has an average value of roughly 0.30. So, the sum of the new terms is an order of
magnitude smaller than the left hand side of (25).

Second, a share, perhaps a large share, of middle-class bequests may be acciden-
tal in the sense of arising from self-annuitization within family lines (e.g., Hurd,
1987; Kotlikoff and Spivak, 1981). Accidental bequests would tend not influence
our results, because the B;; term of (25) would blend into our regression error
term instead of being a part of household planning.

5.3.2. Precautionary savings. This article’s model also abstracts from earnings
risk. In particular, one might wonder if, in practice, dual earner households need
less precautionary saving due to their diversified labor income. The answer does
not seem clear-cut. The total labor income of a household consists of market
earnings as well as home product. It is likely that women produce substantial
output at home: indeed, households purchase life insurance for housewives that do
not engage in market work (Hong and Rios-Rull, 2006). It is not clear a priori that
dual-earner households have a better diversified labor income. In fact, households
where the wife works at home may be better insured against certain risks, such as,
for example, aggregate shocks to market wages.

Both family-line intergenerational transfers and behavior under uncertainty
are interesting topics for future research. We would argue, however, that neither
necessarily will have a critical effect on our estimates of the value of women’s
home production hours.

5.3.3. Endogeneity of home production. Our modelspecification assumes that
any forgone home production must be replaced with market substitutes and that
the overall level of home production is exogenous. (See the discussion in Sec-
tion 2.1.) Thus, if a woman works in the market, the household must purchase
day-care services or hire a nanny to take care of children. The assumption that
households must recover all forgone home production allows us to identify the
parameter 6 through observed variation in household assets at retirement.

Although analytically convenient, it is possible that, in reality, households may
not recover all of their lost home production. Instead, households could choose
to reduce consumption of home goods instead of replace them with market sub-
stitutes. Alternatively, it may be that market goods simply cannot be substituted
for all forgone home production. In either case, if households recover only some
of the lost home production, then our estimates will be biased downward.

In terms of our model, if we let ¢ Y” be the value of lost home production
and let v be fraction home production recovered with market substitutes, then
our estimates would give 6 = gv. In our framework, we make assumptions that
ensure v = 1 so that our estimate of 6 gives us the value of lost home produc-
tion as a fraction of measured female income. If v < 1 then ¢ = 9v~! > 6. Al-
though this source of bias is possible, we think that households do in fact recover
most if not all lost home production. In many cases, households simply have no
choice but to replace lost cooking, laundry, and child care with appropriate market
alternatives.

This content downloaded from 141.211.139.204 on Tue, 03 Jul 2018 17:17:29 UTC
All use subject to http://about.jstor.org/terms



728 HOUSE, LAITNER, AND STOLYAROV

6. CONCLUSION

We develop a life-cycle model that reveals a relationship between savings and
the value of forgone home production from female labor force participation. We
use this relationship to estimate parameters of the cost function for sacrificed
hours at home. Our estimates indicate that the value of forgone home production is
relatively modest. On average, for every dollar a woman earns in the labor market,
her household forgoes only 25-35 cents of home production. Our estimates suggest
that most of the measured increase in earnings of women entering the labor force
in the past 50 years represents net gain. Unlike earlier papers that essentially
assume a dollar-for-dollar trade-off between home and market production, our
estimates suggest that only minor corrections to GDP are required to account for
the reduction in home product.

Our analysis is a new application of the life-cycle framework. The life-cycle
model has proved valuable for studying fiscal policy (e.g., Auerbach and Kotlikoff,
1987), wage inequality (e.g., Rios-Rull, 1993), the cost of children (e.g., Lee and
Lapkoff, 1988), retirement behavior (e.g., Gustman and Steinmeier, 2000; French,
2005; Laitner and Silverman, 2005), and the importance of liquidity constraints
(e.g., Mariger, 1987; Deaton, 1991). In virtually every case mentioned above,
changes in female labor force participation on the scale of the changes observed
in the past 50 years would have great influence on the analysis. Because of the
scale of recent changes in women’s opportunities and economic behavior, we be-
lieve that studying specifications of the life-cycle model that explicitly incorporate
female labor supply decisions is a priority.

Our results shed light on the elasticity of labor supply for women who participate
in the labor force. Future analysis could estimate the fixed costs of participation
outlined in Section 3 and should enable us to evaluate the elasticity of female par-
ticipation. With more data, our framework can potentially allow one to measure
households’ relative efficiencies at home production as well.

APPENDIX

A.l. Proofs. We will first prove Proposition 3 and then establish Proposition 1
as a special case. Because there is no confusion in doing so, we drop the household
subscript i for convenience.

ProoF oF ProposiTiON 3. Consider the optimization problem (13)—(17). Elim-
inate x, and w, by substituting (14) and (17) into the lifetime resource constraint
(15), which then becomes

T
(A1) S e (y+he B HY — Akf —¢) =0
=8

Fix a participation profile {p,} such that the set P = {¢: p, = 1} is nonempty. Let
). be the Lagrange multiplier on (A.1) and us, . . ., w7 be the Lagrange multipliers
on (16). Define a Lagrangian
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L= Ze"”N u( )—I—AZe‘” Ye+ho B HY — AR —c;)
+ Zut-(mb& ~ H1)-

t=S

The necessary conditions for optimality are

y—1

A2 9L e (&) =neer, s<i<T,

d N,

C t
oL ~rt -1
(A3) ﬁ=ke (XB,Iﬂx 'ht+ll«t—ﬂt—1=0, S+1St_<_T
aL

A4 =—ur=0.
(A4) 0Hr K

Setting h; =0 forall¢ ¢ P,

(AS5) g: =0 re "B, - H +u=re" . A,hE 1 teP
t
Step 1: Prove (18).

Let T = max P < Rbe the last period of participation and let /4, be the optimal
solution to (13)-(17). By (A.4), ur = 0. By definition of P, all t > 7 have &, = 0.
By (A.3), iy = p4q forall £ > 7. Thus, u, =0.

Note that (A.3) implies that

f
re"aB - H* 'y = re ol = i1 — s
H,
= rae'y/ = Hp1 — Hup.
Summing from ¢ = S + 1 to r and using the fact that Hg = 0 (which implies that
2=t e—n)’tf =Yis e—”)’tf) gives
Ao Z e’ f—AaYF Z[Eut 1— Hul.

t=S+1 t=S+1

The second summation can be written as

T
Z [(Hui—1 — Hyuy) = Hsyipus + Hsyopuser + Hsyapusio + - Hephe g
t=S+1 -

— Hypipusi1 — Hspopusio — Hsypzpusys — - — Hy g
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Collecting the terms with common multipliers,

T

Z [Hpi—1 — Hip) = Hspips + psy1[Hsyo — Hsy1]
t=8S+1
+ o - l[H H,._ 1] - Hyp,.

Using Hg11 = hs,pur =0,and Hy — H,_1 = h;_y forall S+ 1 <t <t — 1, we have

(A.6) > b =onYf.
=8

Rewrite first-order condition (A.5) as
(A.7) Xe_”w, . ht + Uy - ht = )\.e_” . s . Ah?.

Notice that because h, =0 allt ¢ P, (A.7) holds for all § <7 < T. Summing (A.7)
from ¢t = S to ¢t = r and using (A.6),

WF(+a) =28 e AL
t=S

Rearranging and using the definition of t establishes (18),

T T 1
Seran =Y ertan = Ty

t=S t=S é

Finally, if the set P is empty, (18) trivially holds, because then Y = 0.
Step 2: Prove (19).

From (A.1) and (18),
T
(A.8) ey e =" (Y +(1-0)Y) =Y"+(1-0)Y
t=S

On the other hand, the resource constraint at age s > R and the fact that ¢; = x;
for all t > R imply

(A9)
T
e’ Ze‘”c =e" Ze"”x =e" Ze‘”(y, + w;h, —x,) =g, all s> R.
t=s t= =S
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From (A.2),
(A.10) ¢ = A7 . N, e

Taking the ratio of (A.9) to (A.8) and using (A.10) establishes (19): for all s > R,
we have

as . — ZtT=s e — ZtT=s N - e(—r+;:—$)t
YW+(A-0)YS Ylisema TN, 7B

Proor ofF ProprosiTion 1. Set @ = 0, and let B, = w,. Repeating Step I and
Step II gives the result. |

A.2. Lifetime Earnings. As described in the text, we have annual earning ob-
servations from linked Social Security records for 1951-91, and we have HRS
survey data for 1992, 1994, 1996, 1998, 2000, and 2002. To compute lifetime earn-
ings for males and for females, we estimate standard earnings dynamics regressions
and use them to impute missing or censored annual values (see text for a discus-
sion of censored data). We assume that men work full time until they retire (see
the definition of retirement in the text); we allow women to enter and exit the
labor market throughout their working life spans.

A.2.1. Male earnings. For male m of age s, let y,,; be real earnings (nominal
earnings deflated with the GDP consumption deflator, normalized to 1 in 1984),
and let X,,s be a vector including a constant, a quartic polynomial in years of
work experience, and time dummies. We think of the polynomial as capturing
the accumulation of human capital through work experience, and we think of the
time dummies as registering the impact of macroeconomic forces of technological
progress. We have one additional constant, a dummy for SSA observations. To
economize on parameters for the computations, we employ a linear spline for our
time dummies. Specifically, we assume that the adjustments to wages caused by
aggregate variation is characterized by constant rates of growth for the periods
1951-60, 1961-65, 1966-70, 1971-75, etc.

We assume that underlying earnings are generated by an equation of the fol-
lowing form:

(A.11) IN(Yys) = Xins * B + U + €mms.

The regression error term has two components: An individual-specific random
effect u,,, and an independent, nonspecific random error e,;. In fact, we have one
random error, e, for observations prior to 1991 and another, é,,, for observations
after 1991. ,

Let L,, be the likelihood of observing a sequence of data generated by (A.11)
for a given individual m. Each individual has three types of observations. Let /,,, be
the set of ages for individual m for which earnings figures from the SSA history are
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732 HOUSE, LAITNER, AND STOLYAROV

not right-censored; let J,,, be the set of ages for which earnings dre right-censored;
and let K,,, be the set of ages from the HRS public data sets 1992-2002 (which are
never subject to right-censoring). Assume that u,,, e,,;, and é,,; are independent
normal random variables with precisions A, k., and h;. Let the normal density,
say, for u, be ¢(u, h,), and let the corresponding normal cumulative distribution
function be ®(u, h,). Define '

Zhs = ln(yhs) — Xis - ﬂ

Then the likelihood for a given individual m is

Lm(ﬂ’ he, he, hu) = /;oo ¢(u’ hu)l_[¢(zm —Uu, he) l_[ [1 - q)(st —Uu, he)]

s€ly s€Jm

x [ ] #(zms — u hz) du.

sekK,,

Our estimates of (8, he, hz, h,), which we call (B, ke, hz, h,), are

~

(ﬁ’ he7 hl” Bu) = argﬁ,gh&hu {_ ; ln(%(ﬂ’ he’ hé7 hu)) N

For individuals with no right-censored observations, one can evaluate L,, in closed
form. If an individual has right-censored observations, L,, must be evaluated
numerically.!?

A.2.2. Earnings data. To minimize complications from mixing full-time and
part-time work, our earnings dynamics equations omit observations from ages
above 60 or past the man’s retirement age. Similarly, we drop annual earnings
amounts below 1,500 hours x statutory minimum wage, and we drop SSA obser-
vations from years with less than four quarters of work. If earnings begin at age S,
we drop observations from ages prior to S + 3. Technically the HRS asks earnings
and hours for the preceding year, but we find it plausible that respondents report
amounts for the current calendar year; thus, we assume survey earnings refer to
1992, 1994, etc., instead of 1991, 1993, . ... As protection against coding errors, we
drop earnings observations above $1 million. Because we focus on couples, we
omit single men. Since the resulting coefficient estimates are quite conventional,
we refer the reader to our earlier working paper House et al. (2005, table A1) for
details.

12'We minimize the log likelihood function with Newton’s method. This article’s calculations use
Compagq Visual Fortran 6.6. The minimization employs Newton’s method (IMSL routine DUMIAH);
we evaluate ®(.) with IMSL function DNORDEF, and we evaluate the integral for u with a 21-point
Gauss-Kronrod rule (IMSL routine DQ2AGS)—truncating the bounds of integration at plus and
minus six standard deviations from 0. Our version of Newton’s method employs user-specified first
and second derivatives.
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A.2.3. Male lifetime earnings. We predict male annual earnings from our re-
gression equation, generating (ys, ys+1, - - - , Yr ). We compute annual earnings from
1992 onward by linearly interpolating and extrapolating from y,99; and survey data.
The last step is meant to capture possible part-time work in years immediately -
before retirement.

We predict missing or censored earnings prior to 1991 as follows. From our
regression equation, we have

E[y; | data] = ¢*P . E[e*|data] - E[e* | data].

Given the large sample size in our regression, we simply set 8 = B. Since ¢; is an
independent random variable, assumed normally distributed, in the SSA sample
we use o, = 1/h,, etc., to set

e%/2, if year < 1991,

Ele® |data] =
e%/2, otherwise.

_ For a given individual, the data provide a vector of errors 7;, a vector of intervals
Z; with Z; = [z, 00), and a vector of errors Zk. Letting f(.) be a density function,
we have

fu, 7, Z;, %)

fulz, 2, 2) = =
v f(zZi, Zj, %)

The statistical model implies

Fu. 7. Zj, Z) = ¢(u. h)[ [z — . k)] J11 - (27 — . k)] [b (2 — . ) du.

iel iel keK

Integrating with respect to u generates the marginal density f(Z;, V4 i» Zk); hence,
we have

Ele* | data]
ffooo e d(u, h)[Tier9(z —u, he)Ties[1 — O(z5 — u, he) ] Trex (26 — u, he) du

B ff?x, o (u, hu)l'l,-esz(Zi —Uu, he)HieJ[l - ®(zj —u, he)]nkeK¢(Zk —u, hz)du .
Table 3 in the text summarizes the distribution of male lifetime earnings.

A.2.4. Female earnings. We are unwilling to assume that women necessarily
work in the labor market full time, even prior to 1991; thus, our imputation pro-
cedure is more complicated than the one that we use for men.

We use the same earnings dynamics equation as for men, though for each ed-
ucation group we estimate the equation twice for women. First, we employ the
same filters as in the case of males—calling this our “exclusive sample.” For each
earnings figure at the censoring limit, we use the maximum of the limit and the
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prediction from the first earnings dynamics equation. See House et al. (2005, ta-
ble A2) for the estimates of the earnings dynamics equation.

Second, we enlarge our data set to what we call our “inclusive sample.” This
includes ages from $ up to retirement, earnings below 1,500 hours x statutory
minimum wage, and those with less than four SSA quarters of work. In 1996
the HRS inquired about the number of years of non-FICA employment and the
corresponding dates. We predict non-FICA earnings for jobs prior to 1980 (after
1980, our data includes non-FICA earnings) with the second earnings dynamics
equation (and the prediction steps described above). If the survey reports, for
instance, two years of non-FICA work 1955-58, we impute an annual amount for
each of the four years but multiply predicted values by one half. If a non-FICA
prediction overlaps an observation in the data, we sum the two. See House et al.
(2005, table A3) for the estimates of the second earnings dynamics equation.

Table 3 in the text summarizes the distribution of female lifetime earnings.
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