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Abstract for Homework in Macroeconomics II: Basic Theory
and Homework in Macroeconomics II: Aggregate Fluctuations

These papers explore the implications of including home, or nonmarket production
in an otherwise standard model of real business cycle fluctuations. Introducing home
production significantly improves the quantitative performance of the standard model. In
particular the correlation of productivity with output is closer to the data in our model.



I. Introduction

This project explores the implications of including home, or nonmarket,
production in an otherwise standard model of aggregate fluctuations. In
Benhabib, Rogerson and Wright (1990), we demonstrated that the household
sector is large, whether measured in terms of the time allocated to home
production activities or in terms of the estimated value of home produced
output., We also argued that there may be a good deal of substitutability
between the market and nonmarket sectors, and that this may be an important
missing element in existing macroeconomic models. By way of some simple
examples and comparative static analysis, we showed how home production can
have important implications for the nature and jinterpretation of several
macroeconomic phenomena. The goal in this paper is to pursue the argument
further, qualitatively and quantitatively, by incorporating home production
explicitly into the stochastic growth model, and comparing the results with
both existing business cycle models and the actual data.

We use a framework that labor economists have studied for some time.
Symmetrically with market production, household production uses labor and
capital as inputs to produce output according to a stochastic technology.
We expect, a priori, that this would affect market activity for fairly
obvious reasons. To the extent that individuals are willing to substitute
between the market and Thousehold sectors, relative productivity
differentials between the two induce volatility in market wvariables over

time. When productivity in the market is relatively low, for example, we

1 .
The primary reference on household production is Becker (1965), and some

of the ideas developed here are also discussed at a general level in Becker
(1988). The particular formalization we use follows Gromau (1977, 1985);

many details are explored at length in our companion paper (Benhabib,
Rogerson and Wright 1990).



expect that the economy will allocate fewer hours to production in the
market sector and concentrate instead on household activity. It follows
that in a model with household production, fluctuations in aggregate market
variables will depend on the occurrence of relative productivity shocks, and
not just absolute shocks, as is typical in existing macroeconomic models.2
Moreover, the size of fluctuations in market quantities will depend on the
degree to which agents are willing to substitute between home produced and
market produced goods, and not just the degree to which they are willing to
substitute between time and goods at different dates, as in existing models.

In order to examine these effects quantitatively in a controlled
setting, we introduce household production into what is currently the
standard paradigm in macroeconomics — the stochastic growth model, or. the
real business cycle model.3 To facilitate comparison with the existing
literature, we stay as close to it as possible in our basic specification
and functional forms., We also choose parameter values based on the same
principles that earlier studies have adopted; when additional parameters are
introduced, we appeal to additional microeconomic evidence and steady state
consideraticons to tie them down. The essential departure in our economy

from the standard model is that, instead of dividing time between leisure

Notable exceptions would include any models built around sectoral shifts.

Diverse opinions from Prescott (1986) to Blanchard and Fisher (1989) agree
that this is the standard model, although there is much disagreement as to
just how much can be explained without adding various complications. There
is also disagreement on many technical or methodological details, such as
detrending, estimation, etc. Our general message, however, is meant to be
independent of technical details, and independent of whether or not market
failures, government policies, monetary factors, information processing
problems, frictional unemployment, or other complications are empirically
important. Our peosition is that introducing home production will likely

have important effects in any reasonably specified model of macroeconomic
activity.



and market labor, agents have to allocate total hours between leisure, work
in the market, and homework. This simple elaboration turns out to have a
significant quantitative impact, and also leads to a novel interpretation of
several important macroeconomic phenomena,

It has already been established that even very simple versions of the
real business cycle model, as described in Hansen (1985), Prescott (1986),
Plosser (1989), or King and Plosser (1989), for example, do surprisingly
well at accounting for certain salient aspects of the data. Using
functional forms and parameter values that conform to microeconomic studies
and long run observations, it accounts for a sizeable fraction of observed
fluctuations in macroeconomic variables at cyclical frequencies given
reasonable -estimates of the actual process of technological change.
Further, the model predicts phenomena such as the fact that consumption will
be less volatile and investment more volatile than output, as observed not
only in the postwar U.S. data, but also across many countries and time
periods (see, e.g., Bacus and Kehoe 1989). Nevertheless, it is apparent
that the standard model does not do as well along some dimensions as it does
along others.

We identify the following problems with the standard real business
cycle model:

1. output fluctuates too little;

2. relative/to'output, labor hours fluctuate too little;

3. relative to output, consumption fluctuates too little;

4. relative to output, investment fluctuates too much;

5. productivity's correlation with output or hours is far too high;

6. labor hours used to produce consumption goods are countercyclical.

We note that these have been recognized by practitioners of the model in the



past, with the exception of problem 6; we will argue below, however, that it
is central to understanding the nature of the other problems. Also, various
extensions of the basic framework are known to ameliorate some of these
problems when looked at in isolation. We demonstrate that introducing home
production can improve the performance of the model along all of these
dimensions simultaneously.A

In Section II we introduce the basic, one sector, stochastic growth
model, and also present a simple way of disaggregating it into a two sector
model. This allows us to keep track of the hours allocated to the
production of consumption goods and the hours allocated to the production of
investment goods separately, which provides much insight into the workings
of the model. In Section III we discuss calibration, including some
empirical issues that have typically not come up in this literature, such as
the elasticity of substitution between home and market produced consumption
goods as well as the correlation between innovations to the home and market
technologies. In Section IV we analyze the results. Basically, we find
that a model with home production is superior to one without it along every
dimension that we consider. 1In Section V we discuss the sensitivity of our
results to parameter choices, and present some general concluding remarks.

In view of the size of the houshold sector, it seems mnatural to
investigate its impact in macroeconomic models. Our finding is that it

definitely improves the quantitative performance of the standard real

There are, of course, some other problems with the standard model, such as
its failure to account for the observed equity premium, or for certain
nominal phenomena, about which we believe that home production will have
little to contribute; therefore, we do not discuss them in this paper. One
additional area where home production does seem to be important 1is in
modeling investment in consumer durables over the cycle, as documented by
the recent work of Greenwood and Herkovitz (1990). They do a good job of
discussing that issue, so we basically ignore it, and concentrate instead on
some of the other issues.



business cycle model. Furthermore, including home production does not

require a radical departure from the basic framework, nor does it require a
substantial increase in complexity, either conceptually or computationally.
Therefore, based on several criteria, our conclusion is that home production

should be part of the standard business cycle model.



ITI. The Basic Model

. . : : . S
An appropriate starting point is the standard stochastic growth model,
There is a representative agent, with preferences over stochastic sequences

of consumption and labor hours [ct,ht} described by

E Z gruce, h),

where wu(-) 1is 1increasing in . and decreasing in ht’ E denotes the
expectation, and B&€(0,1) is the discount factor. The agent has one unit of
time to divide between leisure and labor each period. Labor and capital are
used to produce output according to a (possibly time dependent) constant
returns to scale technology, subject to a stochastic shock at each date,
Ye = stft(ht,kt). Capital evolves according to kt+1 = (l-E)kt + it, where
it is investment and §€(0,1) the depreciation rate, and the shock S, evolves
according to a law of motion to be described fully below. Feasibility
requires c,. + i, = Yeo h_ =< 1, and nonnegativity, for all t. The initial
conditions (ko,so) are given.

Our immediate goal is to extend this model to include household, or

nonmarket, variables. We begin by generalizing preferences as follows,

E: A U(cmt nt’ mt hnt)’

Although we will extend the standard real business cycle model to include
home production, we ignore many of the interesting extensions that have
already been studied elsewhere, including non-time-separable wutility,
time-to-build investment, variable capital utilization rates, inventories,
indivisible labor, signal extraction problens, heterogeneity, government
spending, taxation, imperfect competition, and a foreign sector. It may
well be interesting to reconsider some of these issues in the context of
models with an explicit home production sector.



where C e is consumption of the market good, e is consumption of the
nonmarket good, hmt is time devoted to market work, and hnt is time devoted
to home work, at date t. The function U(-) is increasing in its first two
arguments, and decreasing in the last two. The market technology is now
written Ye = S f (h k ), where hmt and kmt are hours and capital in

mt t mt' mt

market production, while the mnonmarket technology is e = Sntgt(hnt’knt)'
where hnt and knt are hours and capital in home production. Both are
assumed to display constant returns to scale. Feasiblility requires kmt +

=< kt, where kt is now the total capital stock, plus St + 1 = yt h +

nt t , mt

S 1, and nomnegativity, for all t. Total capital evolves according to

k 1= (l-6)kt + i

the shocks s and s evolve according to a process to
t+ mt nt

£
be described below, and the initial conditions are given.

Notice that in this specification capital is assumed to be freely
mobile between the home and market sectors. By way of contrast, one could
imagine a model where capital in a given sector cannot be transformed once
it is in place. Theoretically these two cases are polar extremes. From a
practical perspective, however, the difference is not substantial in the
present context. Given depreciation, by choosing to not replace worn out
capital in one sector and putting all new investment in the other, the
economy can reallocate a considerable amount of capital across sectors
without actually moving the stuff that is already in place. In the
simulations conducted in this paper, only infrequently does any capital
physically move between sectors, and even then, the amount that does move is
quite small (rarely more than one half of one percent of the stock in the
declining sector). Since at least a small amount of capital probably can be

easily reallocated between the market and nonmarket sectors in the real

world, we believe that the capital mobility issue is simply not of substance



here.

To close this section, we point out that although the models presented
above ostensibly have only one market sector — i.e., they produce a single
market output Yo that can be used either as consumption or capital — they
can always be interpreted as special cases of more general two sector
models. Given constant returns, there is a natural and very simple way to
disaggregate.7 Suppose there are separate technologies used to produce

consumption and investment goods,

)

C = sct¢(hct,k

mt ct

o= sy bthy ki,

where hjt’ k. ~and sjt denote labor, capital and the technology shock in

Jt
sector j, j = ¢ or 1i. If the functional forms and shocks are identical,
¢(-) = P{-) and S.p ™ S0 then efficiency dictates that the capital-laboer

ratios will be the same in the two sectors. Thus, in order to produce twice
as much of the consumption good as the investment good, for example, the
consumption sector will simply use twice as much of each input.

Let T, = ct/yt denote the fraction of output that goes to consumption,

and suppose we have the path of total hours, ht' in the standard one sector

Also notice that in this specification capital is produced exclusively in
the market sector, even though it is used as an input to both the home and
market technologies. In the context of most physical capital and even much
human capital, this is probably reasonable. However, for some other forms
of capital, perhaps especially some forms of human capital, this seems to be
a strong restriction, and it may be worth pursuing models in which it is
relaxed.

7 - .
We do not claim that there are no other multisector models that aggregate

up to these one sector models, only that the disaggregation procedure to be
presented here is a useful one.



economy. Then we can immediately disaggregate by setting hCt - Ttht and hit
= (l-ft)ht. Similarly, let By = Cmt/yt' and suppose we have the path of
market hours, hmt‘ in the home production economy. Then we can disaggregate

by setting hc = up h

¢ Poe and hit = (1-ut)htm. The same procedures can be

applied to capital. Disaggregating in this way does not affect aggregate
market variables: keeping track of the inputs used to produce goods for
consumption purposes and for investment purposes cannot change market
output, consumption, investment, or total inputs. What it can do 1is
generate paths for the sectoral utilization of labor and capital. Below we
will use this to analyze how and why the model without home production has
trouble accounting for some observations, including some observations that

appear on the surface to be unrelated to sectoral phenomena.



III. Calibration

Deterministic steady states for the models described above are fairly
easy to characterize (see Appendix A). However, with the exception of a few
special cases (see, e.g., Long and Plosser 1983), stochastic growth models
with or without home production cannot be solved analytically. 1In order to
study the cyclical properties of the models we therefore follow an approach
pioneered by Kydland and Prescott (1982), and since adopted by many others.8
This approach consists of choosing functional forms and parameter values
based on micro studies and long run observations, and solving the model
numerically. The solution procedure used here employs a quadratic
approximation to the planning problem around its (deterministic) steady
state, which can then be solved analytically using standard techniques.
Statistics will then be computed using data generated by simulating the
approximate model, and compared with the same statistics computed using
actual data.

The functional forms typically employed in the previous literature
(i.e., 1in real business cycle models without home production) are as
follows. Preferences are described by a constant rélative risk aversion

utility function of a consumption-leisure composite,

8 Examples include Kydland (1984), Hansen (1985), Hansen and Sargent (1988),
Kydland and Prescott (1988a) King, Plosser and Rebello (1988), Plosser
(1989), Christiano (19288), Christiano and Eichenbaum (1988), Cho and -
Rogerson (1988), Cooley and Hansen (1989), Greenwood, Herkovitz and Huffman
(1988), Bacus, Kehoe and Kydland (1989), McGratten (1988), and Rotemberg and
Woodford (1990).

An alternative procedure is to solve the original planning problem using
numerical methods; the results of Christiano (1986) or Danthine, Deonaldson
and Mehra (1989) suggest that these two procedures will yield very similar
results for the models studied in this paper.

10



u{c_,h ) =

The market technology is given by a Cobb-Douglas production function

t

g .1-4
ft(ht,kt) - T ktht

where T', if greater than 1, yields exogenous technological growth, The

+ €

", where p&e(0,1) and

shock to technology evolves according to Sp = PS4

€0 is i.i.d. normal. Much has been written on these choices (see Prescott
1986 or King, Plosser and Rebello 1988, e.g.), and will not be repeated
here. However, we note that this specification implies labor's share of
aggregate income is constant and that hours devoted to market work are
independent of the real wage along a balanced growth path, two properties
that seem to characterize the data.lo

We would like to preservé the above structure as much as possible, not
only for the fundamental reasons that led previous researchers to adopt such
a specification, but also to facilitate comparison with their results. We
therefore assume preferences are described by

1-

J'CbLl—b} o

tt

c h h =
mt' nt’' mt’ nt) !
l-r

U(c

where Lt - 1-hmt-hnt is leisure, and

]1/e

e e
= + -
C [ac (l-a)c

0 .
1 If T =~ 1 this economy does not grow, but settles down to a steady state,

in the long run, If I' = 1 this specification implies that hours devoted to
market work are independent of the real wage in steady state.

11



is a CES aggregator over market and nonmarket consumption. The elasticity
of substitution, which measures the degree to which agents are willing to
substitute between ¢ and c is given by 1/(1l-e). Thus, e = 1 implies
perfect substitutes, while e = 0 implies that C = c:ci_a is a Cobb-Douglas
function.11

Some of the preference parameters are fairly easy to tie down. The
discount factor 8 is set to .99. With the interpretation of a period in the
model as corresponding to one quarter of a year, this implies a real annual
interest rate in steady state of 4 percent. A review of the evidence
concerning risk aversion leads to the conclusion that the preference
parameter r is likely between 1 and 2 (see Prescott 1986). However, Hansen
(1986) has found that within this and even a larger range, the wvalue of r
did not have a significant impact on the nature of cyclical fluctuations for

models without home production. Thus, as in much of the literature we set r

= 1, which implies that the momentary utility function can be written
U= b-ln(ct) + (l—b)-ln(Lt).

However, like Hansen (1986}, we did experiment with different values of risk
aversion, and the results of changes in r as well as all of the other
parameters are reported in Appendix B.

The parameters a and b are chosen so that the steady state of the model
yields values for market work and homework that correspond to averages found

in the data. Using the Michigan Time Use Survey, we compute market work and

11 :
In contrast to consumption, we assume that work in the market and work in

the home are perfect substitutes. This simplifies some technical aspects of

the solution procedure, and also gives rise to an easily interpreted notion
of leisure, L = l-hm-hn.

12



homework for an average household consisting of a married couple as
fractions of discretionary time. Our definition of discretionary time
includes market work plus homework plus leisure, all of which are measured
directly by the time use survey (see Hill 1985). The main component not
included in this definition is "personal care" which consists mainly of
sleep. The results of these calculations are hm = .33 and hn = .28.12
Although these numbers are probably quite accurate, the main results
discussed here actually change little when the assumed steady state values
of hm and hn are varied over a considerable range (see Appendix B). In any
case, note that choosing hm and hn is equivalent to choosing a and b, as
there is a unique choice of a and b that implies the model generates given
values for hm and hn in steady state (see Appendix A for details).

The remaining preference parameter 1is the substitution elasticity.
Although we are not aware of any direct estimate of e in the literature,
there is some evidence that 1is suggestive. First, a recent paper by
Eichenbaum and Hansen (1990) uses aggregate data to estimate a model in
which individuals wvalue both the services of market consumption goods and
the flow of services from consumer durables, where the latter is akin to
output from a home production process that uses capital (measured by
durables) but no labor. Although their results are sensitive to wvarious
assumptions, for one set of findings they report there is "very little
evidence against the hypothesis that the services from durable and

non-durable goods are perfect substitutes" (p. 63). This would suggest

12 We disagree with the assumption of Greenwood and Herkovitz (1990) that all

nonmarket time should be interpreted as home production. This leads them to
set hours of home work to .67 and leisure to zero, contradicting the direct
measures in the time use data. In our opinion, the standard approach of
dividing time into L + hm should be replaced by L + hm + hn and not hm + hn'

13



setting e mnear 1, although again, because their framework does mnot
explicitly include time as an input to home production, this estimate might
be regarded tentatively.

Cross sectional data can also provide some information. Consider a
static model, in which each individual i has preferences described by

1n(Ci) + vi(l-hmi-hni),

1/e

where C, = [a,ce. + (l-a.)ce_] with a, an individual specific constant
i i"mi i’ "ni i

distributed across the population. The function vi(-) may also vary across

agents. Suppose that all agents have the same home production technology,

c . = B-hni, but that agent i faces an individual specific market wage, w

ni i

Then it is straightforward to show that the solution to the wutility

maximization problem for i implies

1 e 1
ln(hmi/hni) -3 In(B) - o1 1n(wi) + =1 1n[(1-ai)/ai]

=

0 + alln(wi) + Ei.

The interpretation of the above equation is that it represents the average
time allocation decision as a function of the long run wage.

Using the pooled data from the Panel Study of Income Dynamics described
in Rios-Rull (1988), we estimate the above equation and derive an implied
value of e = 0.6, somewhat lower than the value implied by Eichenbaum and

Hansen's (1990) results.13 In some sense the two methods that were employed

13
We consider this estimate highly preliminary, for a variety of reasons.

For one thing, his sample selection criterion severely under reports low
wage workers (presumably with very low ratios of market to home hours). As
a rough correction, we either adjusted home hours for the two lowest wage
groups so that their total work is the same as the other groups, oOr we
simply ignored the lowest wage groups. Either method results in a point

14



are polar extremes — the first uses aggregate data and abstracts from the
time allocation decision, whereas the second uses micro data and abstracts
from savings and capital. Both are obviously crude measures, although they
are not uninformative. We emphasize the need for further empirical work
along these lines, but for the time being we simply use the mean wvalue of
these two numbers, e — .8, as our base case for the simulations reported in
the next section (Appendix B illustrates how variatioms in this important
parameter matter).

We now describe the structure of technology. As in most of the studies
with which we want to compare results, we set § = .025, implying an annual
depreciation rate of 10 percent. We assume Cobb-Douglas production

functions in both sectors,

£(h k) - rkfpl-?
m m m m

l-n

t.n
g(h k) = T'k'h-

For the simulations reported in the next section, we abstract from exogenous
growth by setting I' = 1, so that the economy ends up fluctuating around some
constant steady state level in the long run. As Hansen (1986) has shown for
the standard model, incorporating a geometric trend by setting I' > 1 does
not affect the economy’s cyclical properties, and since these are the
properties that we focus on here, we simply set that trend to zero.

Since 1-4 equals labor's share of total market income in equilibrium,

we have a direct measure of this parameter from the national income

estimate of about e ~ .6. Note that the data are pooled by wage interval,
and we use the average of the logs of the interval endpoints as the
independent wvariable. The lower endpoint is set at $1.00 and the upper
endpoint at $8.00 (in 1969 dollars).

15



accounts, which leads us to set § = .36.14 Unfortunately, there is mno direct

measure of labor's share in the nonmarket sector, and hence n cannot be
found in an analogous manner. However, it can be determined indirectly by
examining the deterministic steady state of the system. Given values for
hm, hn’ B, § and 4, as discussed above, steady state depends only on 5 (as
shown in Appendix A, the parameters e, a and b matter only inasmuch as. they
influence hm and hn, while the other parameters such as r do not matter at
all for the steady state). Our strategy is to choose n to match certain
aspects of the steady state to averages found in the postwar U.S5. data.
Focusing first on consumption, it seems reasonable to insist that cm/y
lie between .70 and .75 in steady state {total consumption averages about 75
percent of GNP in the postwar data, excluding the foreign and government
sectors; but including expenditures on consumer durables in investment
rather consumption reduces this number to closer to 70 percent). As shown
in Table 1, for this to be true n must be considerably less than §, say
n = .10 as compared to § = .36, consistent with the idea that much homework,
like child care, is extremely labor intensive. We choose a value of n = .08
as our base case for the simulations in the next section, which implies cm/y
= .71, and at the same time, cn/y = ,26. The latter ratio is within,
although at the low end of, the range of estimates reviewed by Eisner

(1988), which puts it between .20 and ,50.

14 < . . . . ; . .
The literature is not unanimous in this choice. Depending on how certain

aspects of the data are interpreted, measurement of labor's share can come
out to be anywhere from .57 to .75 (see Christiano 1988; note that no matter
how it is measured, # is approximately constant over time). Prescott (1986)
argues for 1-§ = .64, greater than the conventional wisdom of .70, because
he wants to include a measure of the service flow from consumer durables in
GNP; but our model suggests that such a measure might better be included as
home and not market production. We use # = .36 here in order to facilitate
comparison with some existing studies, although this and potentially several
other parameters may ultimately need to be to revised.

16



As table 1 shows, larger wvalues of p increase cn/y at the expense of
decreasing cm/y. It seems preferable to match the market consumption ratio,
for at least three reasons: (1) we have less confidence in estimates of cn/y
than of cm/y; (2) the model abstracts from some important considerations
that would tend to increase the size of the home sector, such as taxation on
market activity; and (3) since our goal is ultimately to demonstrate that
including household production makes a difference, we do not want it to
appear as if we have biased things in our favor by having too generocus an
amount of home production. Table 1 also indicates that the steady state
ratio of market capital to {guarterly) output is about 10, consistent with
the evidence, and that when n = .08, 12 percent of all capital is in the
home sector in steady state, which is reasonable if we interpret home
capital as household equipment and furniture.l5

It remains to describe the stochastic structure. The technology shock
in the market — the so-called the "Solow residual®™ — can be more or less
accurately estimated from the aggregate data. For example, Prescott (1986)

finds the process s

p + € fits well with Py = .95, and ¢

5
mt+1 m mt mt mt

i,i.d. normal with a standard deviation of approximately o= .007 (the mean
of € is normalized to 1-pm, so that the unconditional mean of St is one).

Obviously, less is known about the shock to the home technology. One

natural starting point is to assume that it too follows a process of the

form s - s + € where ¢ is i.i.d. i -
nt+l PoSat at’ At i normal with mean 1 P and a
standard deviation o Thus, we need to determine Prr %ne and the
correlation bhetween and . W i - - - -
€ e €t e simply set P P P .95 and o
15

Greenwood and Herkovitz (1990) choose to interpret home capital as all
durable goods (including the housing stock and automobiles), which implies a
greater fraction of total capital is in the home sector, and hence a larger
value of n is required in order to match the data.

17



o, = o = .007 for much of what follows. However, the basic message is
affected 1little by wvariations in these parameters, with one important
exception discussed at length below (the productivity statistics).

This leaves the correlation between the two shocks, which we denote by
v o= corr(em,en). We know of no independent estimate of this parameter. Our
guess 1s that v is certainly positive, but that it iIs also certainly less
than unity (sometimes technological innovations affect productivity mainly
in the market, like microcomputers, and sometimes they affect productivity
mainly in the home, like microwave ovens). Smaller values of vy imply more
frequent relative productivity differentials between the two sectors, and
therefore more frequent opportunities for short run substitution between the
market and the home. Intuitively, then, the smaller is - the greater is the
extent to which home production should affect the cyclical behavior of the
system. We somewhat arbitrarily choose v = 2/3 as the base case for the
simulations reported below, although the basic results would not be affected
very much if we were to choose-7 = 1/2 or 3/4, for example.

We end this section by pointing ocut that the standard model can always

be nested in the home production model by forcing hnt to be zerc in steady

state. This approach does not seem appealing, since the data indicate hnt
is nearly as large as hmt’ on average. However, the standard model can also
be nested by setting e = n = 0, independent of the average size of hnt' In

Benhabib, Rogerson and Wright (1%90), we prove the following result: the
home production economy with U = 1In(C) + A-ln(l«hm-hn), where C is the CES
aggregator defined above and e = n = 0, generates exactly the same paths for
all of the market variables as a model with no home production and

preferences given by

V(cm,hm) - ln(cm) + B-ln(l-hm).

18



This 1s, of course, precisely the specification used in the standard model
without home production.

Thus, a wvalue of e or n somewhat different from 0 is fequired to
generate predictions that are different from thbse of the standard model.
In fact, as n is increased from from n = O to the wvalue of n = .08 discussed
above, as long as e remains near 0 we found that simulations of the home
production economy were still extremely close to the standard model. Hence,
one way to interpret a model without an explicit description of household
production is that it contains the home sector implicitly, but either

assumes that hnt is very small on average or that e is close to zero.

19



IV. Results

As is standard in this literature, our approach is to compare certain
statistics computed from simﬁlations of the models with those computed from
actual post war U.S. time series. We are primarily interested in
fluctuations of the data around some smooth trend, and therefore, as in much
(but not all) previous work in the area we detrend by taking logarithms and
applying the Hodrick-Prescott (1980) filter to all series before computing
any statistics. Table 2a summarizes the behavior of five key macroeconomic
variables, c, = market consumption, i = investment, hm = market hours, k =
capital, and p = average productivity {p = y/hm), in terms of two statistlecs
for each series x: the standard deviation of x relative to the standard
deviation of output, and the correlation of x with output. The data are
quarterly for the period 1954.1 — 1988.2, and the standard deviation of GNP

over this peried is 1.74 percent.

16 < : .
Several comments are in order concerning these numbers, which have been

taken from Kydland and Prescott (1989), unless otherwise noted. The
consumption series corresponds to expenditures omn nondurables and services
only. We added consumer durables to the investment series, and the result
is a standard deviation of 1 relative to y of 2.82, lower than the
Kydland-Prescott number of 3.17. Prescott (1986) also reports the standard
deviation of i for several disaggregated categories of investment; for i =
fixed investment, mnonresidential investment, equipment, structures, and
inventories, we have std(i)/std(y) = 3.01, 2.95, 2.61, 3.41, and 5.09.
Eichenbaum and Christiano (1988) use a comprehensive measure including
government investment, which yields 2.38, a number even lower than ours.
The hours series is from the household survey, which is probably better than
the establishment survey in capturing hours worked (rather than hours paid
for). Using the establishment survey produces a standard deviation of hours
relative to output of .97 and a correlation of hours with output of .88;
this also affects the productivity calculations, resulting in a standard
deviation relative to output of .48 and a correlation with output of .31.
In either case, there is reason to believe that if a more appropriate
quality weighted measure of hours were available the standard deviation of
hours would be somewhat lower and that of productivity somewhat higher (see
Kydland and Prescott 1988b). The statistics on capital are from Cooley and
Hansen (1989), and include nonresidential structures, equipment, residential
structures, and government capital.
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Table 2b provides a summary of the properties of the standard model
without home production using the parameter values described in the previous
section (these numbers are averages over 50 simulations of 143 periods
each). The results are the same as those reported by Hansen {1985) for his
base economy except that some new statistics have been added, corresponding
to the disaggregated employment variables hCt and hit discussed in Section
I1. Many authors have commented on how well this simple and abstract model
captures several important aspects of the actual data, and we concur. For
instance, it replicates the stylized fact that investment is more wvolatile
than output and consumption is less volatile than output, and at least for
some of the wvariables, the correlations with output are quite reasonable.
Nevertheless, as promised in the introduction, we wish to draw attention to
several dimensions along which there appears to be significant room for
improvement.

First, observe that the model economy is not as volatile as the actual
economy: the model has a standard deviation of output equal to only 1.29
percent, compared to the actual 1.74 observed in the data. Of course, this
can be improved by increasing the variance of the technology shock, but this
raises the question, why measure the Solow residuals in the first place? 1In
any case, independently of the overall volatility of the model, consumption
is not volatile enough and investment is too volatile relative to output.
Because output is the sum of consumption and investment and all three are
highly correlated, the standard deviation of y is essentially a weighted
average of the standard deviations of ¢ and i; hence, Iinsufficient
volatility in consumption and excess volatility in investment relative to
output tend to go together. A further difficulty is that total market hours
do not fluctuate enough in the model, which predicts a standard deviation of
h, that is only half as great as that of output. Further still, observe

t
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that although the correlations between output and most of the other
variables are reasonable, the correlation between output and productivity is
significantly off target when compared to the actual data,

We note that these problems are fairly well known, and also, that
various embellishments of the basic framework have been shown to help each
of them in isolation. There is, however, a feature of the model that is not
well understood, but which is intimately related. This is that the model
implies an almost perfect negative correlation between output and the hours
allocated to the production of consumption goods: corr(yt,hct) = -.98. Some
additional results (not shown in the table) are that hct is also highly
negatively correlated with ht' and a fortiori, hit' These predictions fly
in the face of the conventional wisdom concerning actual business cycles,
which is that various sectors tend to move up and down together.17
Furthermore, the following theorem indicates that these predictions are not
only independent of parameter values, but that they are robust in the sense
that they will hold for any specification of the standard model consistent

with the growth observations discussed earlier.

Theorem 1: Consider the model without home production, where preferences and
technology are from the class that implies labor’s share is constant and ht

is independent of the real wage in steady state or along a balanced growth

’ Actually, economists often define the cycle as the recurrent comovement of
the outputs of various market sectors (see Lucas 1976, e.g.); but we doubt
if anyone would argue empirically that the inputs of the various sectors
move out of phase. Without attempting to catalogue various sectors as
consumption or investment, there is no major sector of the U.S, economy that
is known to have countercyclical employment (see Murphy, Schleifer and
Vishny 1989). Using data provided by Donna Costello from five countries
each disaggregated into five sectors, we examined the correlations with
output of each sector’s hours, and the cross correlations between sectoral
hours. Almost all of these correlations were positive, and none were
significantly negative.
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path, In this model, hct and ht are negatively correlated.

Proof: The class of preferences that satisfy the hypothesis of the theorem

is the following: either
(e..h) = e /(1-r) | vin )
Wieesfe Ce t

with r =2 0 and r = 1, or

u(ct,ht) - ln(ct) + v(ht),

where in either case v(:) is a concave function (see King, Plosser and
Rebello 1987 for a proof). Consider the second case (the first case' is
similar). At each point in time, the standard efficiency condition equating
the marginal rate of substitution with the marginal product of labor in the
production of consumption goods reduces to ctv’(ht) = MPLt. Multiplying

both sides by hct/ct, we arrive at:

MPL. -hCt
hctv <ht) -

t

The right hand side is labor’s share of output in the consumption sector,

which will be constant by assumption. Hence, as long as v({-) is (strictly)

concave, an increase in tetal hours ht must be accompanied by a (striet)

decline inh . m
ct

c : §5i : )
orollary: Since hct and ht are negatively correlated, so are hct and hit

We point out that the above results will only be reinforced if labor'’s
share is countercyclical rather than constant (in the actual data it is

approximately constant over the cycle, as well as in the long run, but
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perhaps slightly countercyclical). We would also like to emphasize that our
proof does not restrict the technologies in the investment and consumption
sectore to be the same or subject to the same shock. Hence, moving to a
more general two sector model will not overturn it. The best one can do
within the standard model is to make v(-) linear, in which case the theorem
clearly implies that hours in the consumption sector will be constant over
the cycle. The indivisible labor economy studied by Rogerson (1984, 1988)
and Hansen (1985) is observationally equivalent to an economy with a linear
utility of leisure. In that economy, although the two labor inputs hct and
hit do not move together, at least they do not move in opposite directions
over the cycle.18

The intuition for these results is quite simple. Basically, a
specification that implies hours do not change over time along a balanced
growth path also implies individuals never supply more labor in order to
produce more output for immediate consumption (a result of wealth and
substitution effects that cancel). In particular, in a model that is
otherwise standard except that it ignores capital (i.e., it sets 8§ = 0),
employment is constant, and consumption fluctuates gne-for-one with the
technology shock. Even though agents have the opportunity to work harder
when productivity is high in order to increase consumption even further,
they choose not to; they simply never work more if the only reward is
increased contemporaneous consumption. When capital accumulation is
re-introduced, labor does vary with productivity due to intertemporal

substitution opportunities; but it is still the case that individuals do not

work more to increase current consumption. In fact, since consumption now

18 . ..
In a different but similar structure, Long and Plosser (1983) obtain the

result that employment hours in each sector of a multisector model is
constant.
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moves less than one-for-one with output, individuals spend less time in the
production of consumption goods when productivity is high, and the increase
in total hours of employment all goes to the production of capital goods.

We therefore have the following (somewhat bizarre) characterization of
business cycles in the standard model: good times are periods when resources
flow from the production of consumption goods to the production of
investment goods. But even if one discounts this prediction - say, by
arguing that the standard growth model is "really” only a one sector model —
we think that it is useful to focus on the behavior of hCt because it
provides considerable insight into other, perhaps less controversial,
issues. For instance, tne fact that consumption is too smooth and
investment too volatile relative to output, in the standard model, is easy
to understand given that labor is being moved out of the production of
consumption goods and into the production of investment goods as the cycle
moves from trough to peak. Similarly, the fact that total hours are too
smooth relative to output is easy to understand given that hC is

t

countercyclical; if hct did not decrease whenever hi rose, the sum ht would

t

be more wvolatile. Furthermore, if hCt could be increased during upswings
without decreasing hit total ocutput would also be more volatile,

What is needed is a mechanism that leads to hours in the consumption
sector responding positively to an increase in market productivity. The
addition of a home production sector provides exactly this mechanism. In
addition to the standard motive for increasing labor hours when market
productivity is high (i.e., the motive to accumulate capital), in the home
production economy there is an additional motive to simultaneously
substitute market for home produced consumption. The latter effect involves

the transfer of hours from the home inte the market consumption sector

during upswings in the business cycle, and thereby could produce a
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procyclical pattern to hct' The addition of a household sector implies that
upswings in aggregate market activity may turn out to correspond to periods
when labor flows from the home into all market sectors, rather than periods
when labor flows from the consumption inte the investment sector. This
intuition provides us with the qualitative impact of adding home production;
the question is now one of quantitative importance.

Table 2c¢ reports the results for simulations of the home production
economy using the parameter wvalues discussed in Section ITI. Compared to
the standard model, the wvolatility of investment relative to output has
decreased, while that of consumption has increased. Additionally, the
variability of market hours relative to output 1Is greater than in the
standard model (and probably about as great as we would want it, given the
data may be biased towards veolatility due to the fact that hours are not
quality weighted; see Kydland and Prescott 1988b). Qutput is also more
volatile in the home production economy, with a standard deviation virtually
the same as the U.S. data.19 These improvements can be interpreted in light
of the fact that hct is procyclical in the home production economy, although
not overwhelmingly so. As shown in Appendix B, the correlation between hCt
and Ye is somewhat sensitive to the choices of parameters. However, we see
that as long as it is even slightly positive, the model improves along
several dimensions at once.

The only prediction of the standard model that seems to be closer to

the actual data is the volatility of productivity,; but it misses so badly omn

19
There are some subtle points to be noted here. For example, although

market consumption is more volatile here than in the standard model, it is
really the composite good C that consumers care about, and that is actually
quite smooth. Similarly, hours in home production act something like a
buffer against wvolatility in market labor, so that leisure L is quite
smooth, too. Hence, although market activity in the home production economy
is apparently more volatile, agents in the model actually don’'t mind.
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the correlation between 1 and Ye that getting the standard deviation right
seems to be of little comnsclation. Further, not only does the standard

model predict corr(pt,yt) = .99, it also predicts corr(pt,hm Y = .99 (not

t
shown in the table). Christiano and Eichenbaum (1988), McCallum (1989), and
others harshly criticize this prediction. In the aggregate U.S. cata, ht
and p, are in fact negatively correlated, as shown in Figure la, which plots
percentage deviations (after detrending) in hmt versus pt.zo For comparison,
the data generated by the standard model are plotted in Figure 1b. To say
that these pictures are different would be a seriocus understatement. Of
course, there are several problems with the data, and correcting for
measurement error suggests the true correlation may actually be positive,
perhaps even as high as .44 (see Christiano and Eichenbaum’s Table A.3).
But even under the most favorable assumptions, it is certainly not .99,

The feature of the standard model responsible for this inconsistency
with the data is that it is driven by a single shock to technology (i.e., it
is a "one index" model), which implies a very tight relation between
productivity and output or productivity and hours. Loosely speaking, shocks
to technology shift labor demand and trace out a stable labor supply curve.zl

The home production economy with only a single shock to the market

technology — i.e., with var(en) = 0 — also traces out a stable labor supply

20 -
The true relation between employment hours and productivity, or hours and

the real wage, is an issue with a long history, and we will not attempt to
provide references here. We do point out that in our model p is the average
product, but this is proportional to the marginal product, which equals the
real wage, given a Cobb-Douglas specification. It is generally a bad idea
to make inferences about the marginal product from wage data constructed by
dividing compensation by hours worked, due to well known biases resulting

from long term employment contracts (see Wright 1988 for a recent
discussion).

21 s . .
This is only approximately true, since capital is also varying somewhat
over time,
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curve, as shown in Figure lc. Notice, however, that this curve is much more
elastic than the one in Figure 1b. In contrast to the standard model, which
relies exclusively on intertemporal substitution between work at different
dates, the home production model also includes intratemporal substitution
between market work and homework. By including innovations to the home
technology that are less than perfectly correlated with those in the market
we add a different shock. In fact, the home production economy with only a
shock to the home sector — i.e., with var(em) = 0 — traces out a stable
labor demand curve (again loosely speaking), as shown in Figure 1d.22

When both shocks are present, the net effect is as depicted in Figure
le. The correlation between hmt and P, in this case is .49, which is much
better than the standard model, although perhaps still high. However, for
obvious reasons this statistic is going to be sensitive to the relative size
of the two shocks. Increasing var(en) from .007 to .01 but keeping var(em)
as well as all of the other parameters constant, the correlation between hm
and P, is reduced to .08, which is well within the acceptable range. Other
statistics for this parameterization are shown in Table 2d. Notice that
std(pt)/std(yt) and corr(yt,pt) are alsc quite close to the data in this
case, although market consumption has become somewhat too volatile.

Counter to the conclusion of Christianc and Eichenbaum (1988), we

conclude that there is no problem, in theory, accounting for productivity or

B

Clearly, similar shocks to labor supply could be generated by assuming
that preferences vary over time, which is exactly what is dome in Bencivenga
(1988), and essentially the solution proposed by Christiane and Eichenbaum
(1988), where it is suggested that changes in government spending be used to
measure shifts in the marginal rate of substitution between consumption and
leisure. This is, in fact, a reflection of the general result proved in
Benhabib, Rogerson and Wright (1990), that any economy with home production
is observationally equivalent to another economy without home production but
with different preferences (and in this case, time varying preferences).
The point is that for given preferences the introduction of home preoduction
can make a difference for market variables.
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real wage observations using models driven exclusively by technology shocks.
They argued that this would not be possible, and, therefore, that business
cycle theories based on technological change were in need of a serious
reconsideration. It is true, of course, that our explanation would be more
complete if we had more precise measures of certain key parameters, but this
only leads us to conclude that there 1s a great need for better measurement
in this area. This is similar to the conclusions of Prescott (1986), and

again counter to the conclusions of Christiano and Eichenbaum.
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V. Discussion

Our reading of the results contained in the preﬁious section is that
the existence of a household sector can have a large effect on the behavior
of aggregate market wvariables. In particular, home production improves the
standard model's performance along each of the six dimensions outlined in
the introduction. It is natural to inquire how sensitive these results are
to the particular values of the parameters that we chose, especially since
some of them are not especially well measured. Obviously parameter values
do matter somewhat; for instance, as we alluded to earlier, a wvalue for e
near 0 simply reproduces the statistics of the standard model. 1In Appendix
B we report the effects of changes in the parameters, in a region around our
base case, on six statistics corresponding to the six dimensions discussed
above (the standard deviation of output, and of consumption, investment., and
hours relative to output, plus the correlations with output of p and of hc).
These results are intuitive and easily interpreted; hence, we leave their
analysis to the reader.

Basically, our finding is that home production matters a lot. The fact
that the household sectof is large is incontrovertible. 1In light of this,
we view models without home production as having made the implicit
assumption that the willingness and/or the incentive of individuals to
substitute between market and nommarket activity is small, which is not
necessarily consistent with the evidence. The fact that available evidence

on some important variables is imperfect only leads us to conclude that

23 R . .
For example, increasing e and reducing vy respectively raises agents’

willingness and incentive to substitute between the market and nonmarket
sectors, which leads to a greater impact of home production. If e gets too
low or y too high, we approach the standard model; if e gets too high or «
too low, the effects discussed above become exaggerated.
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future research ought to subject parameters such as the elasticity of
substitution and technological progress in the nonmarket sector to the same
level of analysis that has been afforded other variables, such as the
coefficient of risk aversion and the Solow residual for the market sector.
If theory predicted that the cheice of these parameters was of minor
importance then their values would mnot be of much interest to

macroeconomists; but this is not what theory predicts.
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Appendix A

Here we analyze the deterministic steady state, and demonstrate how the
parameters a and b are chosen. Begin by setting the shocks to their
unconditional means, s = s, = 1, and substituting the constraints into the

m

utility function to yield the objective function

t
E: 4 U[f(hmt’km )'kmt+l'knt+1+(l'6)(kmt+knt)’g(hnt’knt)’hmt’hnt]'

The first order conditions for maximizing this objective are

Ul(t)fl(t) + U3(t) -0 (A1)
U, (t)g, (£) + U, (t) = 0 (A.2)
U (Y E,(E) + (1-6)U (E) = ﬂ‘lul(t+1) (4.3)
U,(E)g,(t) + (1-8)U (t) = B U, (&+1) (A.4)

where the notation F(t) indicates that a function F(:) is being evaluated at
arguments as of date t. In the steady state, of course, these arguments do
not depend on time.

We are given values for the parameters f, §, § and n, plus the steady
state time allocation hz and h;. Using the functional forms described in
the text, (A.3)/immediately implies H(km/hm)ﬂ-1 = ﬂ-1~l+6, and this can be

*
solved for km' The first order conditions also imply the following relation

between the capital labor ratios in the market and household,

n({l-4)
km/hm - 8(1-n) kn/hn'

. * %
which can be solved for kn given the solution for km. Now cz - g(h:,k:) and
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* * % * *
¢ =fth ,k ) - i, where i = é6(k
m m' m

* K %

,C
m T Im

*
+k’ ). Notice that we have solved for the

g2 %

n
* I - -
,hn) without wusing the instantaneous

jag

steady state allocation (c
utility function at all. The strategy is to now determine the parameters a
and b of this function so that this solution satisfies the marginal
conditions (A.1) and (A.2). In fact, the ratio of these conditions is
fl/gl = U2/U1, since U3 - Ua for the preference structure assumed in the
text. This condition is independent of b and can be solved for a unique
value of a. Then (A.1l) or (A.2) can be solved for a unique value of b. The
elasticity parameter e affects the implied values of a and b, but none of
the observable variables, while the risk aversion parameter r does not

affect the steady state at all.



a) The effect of changing e on six key statistics

Appendix B

std(x)/std(y) corr(y,x)
std(y)
X - X =c x = h x =h X =p
m c
.6 1.52 2.82 .36 .60 -.39 .94
0.7 1.58 2.79 A2 .66 -.15 .88
0.8 1.70 2.68 .52 7 .16 74
0.9 2.02 2.64 .67 .91 .36 Y
1.0 2.89 3.10 .90 1.14 43 -.33
b) The effect of changing vy on six key statistics
std(x)/std(y) corr(y,x)
Y std(y)
X = X = C x =h x =h X =7p
m c
1/3 2.00 2.38 .59 .85 .50 .62
1/2 1.88 2.53 .53 .81 .34 .68
2/3 1.70 2.68 .52 .17 .16 .74
3/4 1.62 2.85 .48 .71 -.05 .79
1.0 1.27 3.41 .26 .47 -.90 1.00
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¢) The effect of changing hm on six key statistics

std{x)/std(y) corr(y,X)
h std(y)
m <
X = X =c x =h x = h X =P
m m c
.23 1.90 2.67 .53 .82 .21 .69
.28 1.79 2.68 .53 .79 .19 .71
.33 1.70 2.68 .52 77 .16 74
.38 1.62 2.68 .52 74 .13 .76
.43 1.55 2.67 .51 .72 .10 .78
d) The effect of changing hn on six key statistics
std(x)/std(y) corr(y,x)
h std(y)
n .
X = XK = C x =h x = h X =P
m m c

.13 1.52 2.92 .43 .68 .08 .85
.18 1.58 2.84 47 .72 .04 .81
.23 1.64 2.76 .50 .75 .11 77
.28 1.70 2.68 .52 .77 .16 .74
.33 1.74 2.61 .54 .78 .20 .71
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e) The effect of changing # on six key statistics

std(x)/std(y) corr(y,x)
8 std(y)
X = X = C x = h x =h X =7p
m c
.28 1.92 2.88 .57 .76 .36 .76
.32 1.80 2.77 .54 .77 .26 .75
.36 1.70 2.68 .52 7 .16 74
.40 1.60 2.60 .50 77 .07 .73
44 1.51 2.53 49 .77 -.02 .72
f) The effect of changing n on six key statisties
std(x)/std(y) corr(y,x)
i std(y)
K o= X=2c x = h x = h X =7p
m m c
0 1.52 3.39 4l .75 -.14 .73
.04 1.60 3.02 .46 .76 .02 .73
.08 1.70 2.68 .52 A7 .16 .74
.12 1.80 2.39 .58 .77 .28 .75
.16 1.90 2.14 .64 .77 .38 .77
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g) The effect of changing r on six key statistics

std(x)/std{y) corr(y,x)

r std(y)

x =1 X =c x = h x=h X =p

m m c

0.5 1.83 3.03 a2 .81 -.02 .68
1.0 1.70 2.68 .52 .77 .16 .74
1.5 1.63 2.52 .59 .74 .24 .76
2.0 1.60 2.43 .64 .73 .27 .78
2.5 1.58 2.37 .67 .72 .29 .79

h) The effect of changing ¢ on six key statistics

std(x)/std(y) corr(y,x)
a std(y)
x =1 X =C x = h x = h X =7p
m m : C
.005 1.21 2.68 .52 A7 .16 .74
.006 1.45 2.68 .52 .77 .16 ' .74
.007 1.70 2.68 .52 .77 .16 .74
.008 1.94 2.68 .52 .77 .16 .74
.009 2.18 2.68 .52 .77 .16 .74




i) The effect of changing o

on six key statistics

std(x)/std(y) corr{y,x)
o std(y)
- x =1 X = cC x =h x =h X =D
m c
.005 1.16 2.73 .66 .85 .19 .54
.006 1.42 2,71 .57 .79 .16 .66
.007 1.70 2,68 .52 .77 .16 .74
.608 1.98 2.65 .49 .76 .19 .79
.009 2.27 2.62 47 .75 .23 .83
j) The effect of changing oﬁ on six key statistics
std(x)/std{y) corr{y,x)
o std{y)
n
x =i X =c x =h X = h X =7p
m m c
.005 1.76 2.60 46 .75 .27 .85
.006 1.74 2.64 .49 .75 .20 .80
.007 1.70 2.68 .52 .77 .16 .74
.008 1.66 2.71 .56 .79 .16 .67
.009 1.64 2.73 .62 .82 .17 .60
B.5




k) The effect of changing p o0 six key statistics

std(x)/std(y) corr(y,x)
pm Std()’)
X = X = C X =h x=nh X = p
m c
.00 1.53 2.32 .62 .92 .52 .4l
.50 1.49 2.49 .57 .87 .37 .52
.90 1.67 2.68 .51 .77 .16 .72
.95 1.70 2.68 .52 77 .16 .74
.99 1.70 2.71 .54 .79 .17 .73
1) The effect of changing p, on six key statistics
std(x)/std(y) corr(y,x)
Pl std(y)
X = X = c x = h x =h X = p
m m c
.00 2.00 2.53 .64 .81 44 .84
.50 1.92 2.67 .62 .79 .31 .85
.90 1.73 2.80 .57 .76 .12 .78
.95 1.70 2.68 .52 .77 .16 .74
.99 1.68 2.44 .48 .78 .32 .67
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Table 1: The Effect of 5 on Steady State

n c /Y oY k/y k /Y k /k
.00 .74 .23 10.26 10.26 1.00
.02 .74 .23 10.57 10.26 .97
.04 .73 .24 10.90 10.26 .94
.06 .72 .25 11.24 10.26 .91
.08 .71 .26 11.60 10.26 .88
.10 .70 .28 11.98 10.26 .86
.12 .69 .30 12.37 10.26 .83
.14 .68 .32 12.77 10.26 .80
.16 .67 .34 13.20 10.26 .78
.18 .66 .37 13.65 10.26 .75
.20 .65 40 14.12 10.26 .73
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a) U.S. Data:

Table 2

std(y) = 1.74

x - cn i P km hm
std(x) 49 2.82 .52 .38 .86
std(y?}
cor(x,y) .76 .96 .51 .28 .86
b) Standard Model: std(y) = 1.29
X = c i P k hm hi hc
std(x) 30 3.14 .52 .26 .50 2.66 .25
std(y)
cor(x,y) .90 .99 .99 .05 .98 .98 -.98
¢) Home Production Model: std(y) = 1.71
X = c i P k h h, h h
m m i ¢ n
std(x)
EEET;? .51 2.73 .39 .23 .75 2.40 .59 .70
cor(x,y) .69 .94 .75 .09 .94 .95 .10 .76
d) Home Production Model With var(en) = .01l: std(y) = 1.61
X = c i P k h h. h h
m m i c n
std(x) .68 2.82 48 .24 .84 2.43 .93 .93
std(y)
cor(x,y) .68 .88 .54 .09 .89 .91 .14 .63
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