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Macroeconomists often divide private economic activityvolatilities of consumption and investment relative to mar-
into two sectors, the business sector and the household sé&t output, the volatility of hours worked in the market rel-
tor. A lot of effort has gone into modeling the activities of ative to either market output or productivity, the correla-
businesses; much less so, into modeling the activities dfon between market hours and productivity, and the corre-
households. Our purpose is to redress that imbalance. Wation between investment in household and business cap-
argue that placing the household sector on an equal fooital. Some significant deviations between the model and
ing with the business sector enriches an otherwise stahe data remain, but adding home production to real busi-
dard real business cycle model and improves its ability tamess cycle models appears to be a promising avenue of
account for fluctuations in U.S. economic activity sinceresearch.

World War 1. The Basic Model

Considering the relatively minor role households hav he basic real business cycle model with home production
played in business cycle modeling to date, some may fin Y P

: : - s ontains a large number of identical infinitely lived house-
the size of this sector surprising. This is true whether yo . e
measure its size by the amount of time spent there, th olds. They have preferences described by this utility func-

capital stock it uses, or its output. Studies such as the™ -
Michigan Time Use survey indicate that a typical married SN o
couple spend 25 percent of their discretionary time on unld) U= 3 Blblog(C) + (1-b)log(,)]
paid work in the home, such as cooking, cleaning, and . . o
child care, compared to 33 percent on work for pay in thél\a,l ?gg?&:;ﬁglncgn:zronngg%';i?eﬁg;ségggéeaﬁgdg‘fv;%s our-
market (HlII 1984, Juster and Stafford 1991). T_he_ postwaF hased in the market... and a0ods and services produced
U.S. national income and product accounts indicate that g I Sy I 9 P
investment irhousehold capitafdefined as purchases of M the homeg,.. In particular,
consumer durables and residential structures) actually e>&) C, = [act, + (1-a)c

= . - :

ceeds investment ousiness capitgdefined as purchases
ﬁ'he parametee < 1 controls the household’s willingness

of producer durables and nonresidential structures) b
substitute betweat), andc,; the larger i, the greater

about 15 percent. Finally, those who have attempted t
measure the value of the household sector’s output ha R \ . .

/i this willingness. Leisure equals total time, which we nor-
alize to unity, minus hours worked in the markg,,

come up with figures ranging between 20 and 50 perce

of the value of measured gross national product (Eisnet ; . .

1988). Clearly, the household sector is large, and this sughinus hours worked in the homey. That is,

gests that the economics of the household (dubbed herg

home economigss important. ()
The significance of home production in economic activ- . . .

ity has Io%g been recognizeél) by labor economists (Beckdrduations (1), (2), and (3) can alternatively be written as

1965, Pollak and Wachter 1975, and Gronau 1977, 1985). N ot

But its relevance for business cycle research has only r 9 U= thoB U(Ce: Gt e i)

cently been investigatédThose who have begun to fol- \yhere

low the lead of labor economists have found that the costs

of paying more attention to the household in real businests)  u(cy.Gy.hy.hy) = (/e)loglagy + (1-a)c]]

cycle models are small compared to the benefits. All that -

these models require is a home production function that + (1-bJlog(1-hy~h,).

transforms home labor and capital into home output, just A each date. the household is subject to two types of

as the standard market production function transforms ma “onstraints. Oné is thearket budget constraittat allo-

ket labor and capital into market output. The householq.4ies total after-tax income over its uses:

and business sectors simply need to be treated symmetri-

;=1 —hy — hy.

cally. 6 + X + Xy = W(1-T)hy, + 1 (1T
The benefits of including home production in standard( ) G X X = WL Ty (1T
real business cycle models lie in the enriched set of choices + Otk + Ty

such models produce: With home production, households ) ]

must allocate their time among leisure, business work, an@S is shown by the left side of (6), income can be used for

home work; in the standard model, their only choice is bethree purposes: the purchase of market consumption goods

tween leisure and work. Household choices are similarlj@nd servicesg,,; investment in business capita|,; and

expanded when it comes to allocating output. With homdnvestment in household capital,,. Here

production, they must divide output among consumption,

investment in business capital, and investment in house- W, = the real wage rate in the market.

hold capital; in the standard model, their only choice is

between consumption and investment. An enriched set of "t

choices results in a model which allows more substitution

into and out of market activity in response to the state of T, = the tax rate on labor income.

the economy. T, = the tax rate on capital income.
The upshot of this greater degree of substitutability be-

tween market and nonmarket activity is that the home pro-

duction model can outperform the standard real business

cycle model in accounting for several basic aspects of the Tt = & lump-sum transfer payment from the government.

U.S. data. These include the volatility of market output, the

= the price at which business capital can be
rented to firms.

O, = the (tax deductible) depreciation rate on
business capital.



The right side of (6) shows that the household’s incomg12) X = Kys = (10K

derives from three sources: after-tax labor income _

(1T, )hy,; after-tax capitalincome LTk + 8Tk ) Xt = Kuwea — (1)K

and lump-sum transfer payments from the governiient,
The household is also subject to theme production

constraintat each date:

In each period, the government taxes labor and capital
income, transfers, back to households, and consumes the
surplus. Hence, government spending is given by

) G = g(th’K-'t’ZHt) - kut(ZHt th)l_n. 14) G = \NthMtTh +r, kMtTk - TkaM kMt -T

The home production function in (7) yields consumption : : . :
P (Y P here, agair,d,, ky, is the depreciation allowance. Feasi-

of the home goods and services as a function of the timg. =" = “< .
ility implies that market output is allocated across market

spent in home work and the household capital stoc - : o
brought into the period plus a shock tezmprepresenting consumption, total investment, and government spending:

technological change. Note that there are no uses fo _
home-produced output other than consumption—it cannc(lS) Y= Cy ¥ X + Gy
be sold or transformed into capital, for example, the way imolici ‘ hat all .
that market-produced output can. This is a key asymmet§Or simplicity, we assume from now on that all revenue is
between the market and home sectors: only the former cdffPated back lump-sum to households, so @at 0 in
produce capital. what follows:

An example (taken from Greenwood and Hercowitz A competitive equilibrium for this economy is defined
1991) may help to illustrate the economic environment bell the usual mannerThe representative firm solves a se-
uence of static problems at each date: maximize instanta-

ing envisioned. A meal cooked at home combines fooc?'eous orofity, — . b, .k ... taking as givemgicf. 4.}
roduced in the market using capital and time with hom - Wme Tt AR Sl

Eooking services that use ca?)italpand time at home to cré%he household maximizes expected utility subject to the

ate, when mixed with leisure, the end good: utility. In the'°Me production and market budget constraints, taking as

spirit of Becker (1965), one can interpret the market proJivén stochastic processes fon . T, z,). Given the sto-
duction functionf(-) and the home production function chastic processes for the technology shocks and the initial

g(-) as producing intermediate goods and services, whicfapital stock, arquilibriumis a set of stochastic process-

: ; : : for the real wage, the rental rate, and transfer payments
are then used in(-) with leisure to make the final prod- &S ©, '
uct, utility.? {w,r;, T}and guantltles (:Mt,%,hv,t,mt,lg\m,mgthat solve
There is a representative firm in the economy, with 20t the firm's and the household's problems and satisfy

constant returns-to-scale technology described by the maif2€ feasibility condition (15).

ket production function: Calibration
o Lo The model developed above will now balibrated. This
@B ¥ =Ttk Zu) = K@) involves picking values for the model’'s parameters either

on the basis of a priori information or so that, along the
wherey, is market output and,, is a shock representing model’s balanced growth path, values for various endoge-
technological change in the market. For quantitative analynous variables assume their average values over the post-
sis, we need to be precise about the nature of technic@lar U.S. period. Therefore, in order to calibrate the model,
progress. We assume here that= A%, andz, =A%,  we need to derive some properties of the balanced growth
where)'is a deterministic component aiigi andz, are  path- that is, the equilibrium path to which the economy

stochastic processes with converges whem,, = z,, = A' for all t. In this case, the
economy converges to a path on whigh= h,, andh,, =
9  109G:1) = PmlogGy) + Eurt hy, are constant while all other endogenous variables grow

at rateA, so thaty, = yA' for some constan, G, = c\\'
for some constart,,, and so on.

To describe this in more detail, substitute the market
budget and home production constraints into the house-
hold’s objective function and then differentiate to obtain
the first-order conditions:

(10)  109C.t) = PulogZy) + Erpen-

The innovations,, ande,, are independent and identical-
ly distributed over time, with standard deviationg and
oy, and contemporaneous correlatioithe parameters,,
andp,, govern the degree of persistence in the shagks

andz,. ) _
In%estment augments the capital stock according to thg16) P Un(OW(1=T1) = —U()
law of motion: (A7) ha w080 = -u 0
(11)  kyy = (10 ky + 1Dk + X (18) ke u®Ir(1-1) + 1 =gy + dyTd = W(t-1)B

19 cu (D) + u,(t)g,(t) = u,(t-1
wherex, = x,, + X, is total investment. The aggregate 19) kit OB + 0G0 = (1B

capital stock can be divided between business (or markefjnere the notatiofi(t) means that the functidhis evalu-
and household capital at a point in time accordingto o at its arguments as of date

K * K. We assume that capital can be freely trans-  gqations (16) and (17) are the efficiency conditions
formed between its two uses, although it may depreciatg,yeming the allocation of labor to business and house-
at different rates in the two sectdrinvestments in the  o1q production. Take equation (16), for example. The
two capital goods are defined residually by right side of this equation shows the disutility.£), that

the household will realize by allocating an extra unit of



time to market production. The left side shows the benefitto capture all forms of government regulation, interference,
in terms of extra utility, that the household will earn by in- or any other institutional disincentive to invest in business
creasing the amount of time in market production. Specifi€apital, not only direct taxation. Second, the capital share
cally, after taxes, the unit of labor will be exchanged forcoefficient in the market production functiod, which is
the equivalent ofv(1-T1,,) units of market consumption calibrated below, turns out to be sensitive to the choice of
goods generating, (t)w,(1-T,) extra units of utility. Opti-  the capital income tax rate. Settipg= 0.70 implies a val-
mality dictates that the marginal costs and benefits from alie for6 that is consistent with independent evidence from
locating time to market production be equalized. the national income and product accounts. (We will return
Equations (18) and (19) are the efficiency conditionsto this issue.)
governing the accumulation of business and household We now use (20)—(25) to match the following six ob-
capital. Consider equation (19). Suppose that the househadgrvations: the two capital/output ratios, the two invest-
decides to purchase an extra unit of household capital ahent/output ratios, and labor hours in the two sectors. The
timet — 1 at the expense of consuming a unit of the markepostwar U.S. national income and product accounts yield
consumption good. This leads to a utility lossigf-1)/3,  ky/y = 4,k,/y = 5,%,/y = 0.118, andg,/y = 0.135, on av-
which is the right side of (19). The production of home erage, where household capital is measured by consumer
goods and services in peribchowever, increases lmy(t)  durables plus residential structures and business capital is
units, which are worthu,(t)g,(t) in utility terms. Also, at measured by producer durables plus nonresidential struc-
this time, the household can sell the undepreciated portiotures. Averaging data from the 1971 and 1981 time use
of this capital for (1-§,,) units of the market consumption surveys, we findh, = 0.25 andh,, = 0.33 for a typical
good, resulting in a utility gain ofi,(t)(1-9,). Thus, the household, where these numbers are defined as fractions of
total gain in periodt utility is u,(t)(1-9,) + uy(t)g,(t), discretionary time (24 hours per day minus personal care,
which is the left side of (19). which is mainly sleep). These six observations determine
The first-order conditions from the firm’s problem are §,,, 8,4, 6, n, and two of the three preference parameters
f,(t) = w, andf,(t) = r,. That is, the firm hires factor ser- a, b,ande.
vices—for labor and capital—up to the point where mar-  The system (20)—(25) has a simple recursive structure.
ginal products equal factor prices. These expressions, Bquations (24) and (25) yield,, = 0.0247 andd, =
conjunction with the assumptions on functional forms, al-0.0218, which we approximate by setting the two depreci-

low (16)—(19) to be simplified to ation rates to a common value &f= 0.0235. Equation
(22) yields® = 0.29, and then (23) yields = 0.32/ The
(20) abc,'Cey(1-9)(1-T,) = (1-b)hy,/I value® = 0.29 is also exactly what we compute from the

national income and product accouhiBaree preference

(21)  (1-8)bgiC™(1n) = (1-b)h/ parameters remain to be specifiadh,ande, but we only

(22) (-t yk, = AP - 1 +8,(1-1) have two equations left. In what follows, we consider sev-
eral alternative values @f,which is the parameter that de-

(23) n(-a)ciCyTak, =MB -1 +8,. termines the elasticity of substitution betwegpandc,,,

- _ . and for each alternative solve for the valuesaaind b

Additionally, equations (12) and (13) imply that from (20) and (21). A® varies,a andb will change, but
Oy, Oy, 6, andn will not.

(24)  xulky=A -1+, Finally, we need to specify the parameters describing

25) Xk, =A-1+3,. the stochastic elements of the model. As in much of the lit-

erature, we sg,, = 0.95 and seb,, so that the innova-

ion in L ® has a standard deviation of 0.007. We then set
v = Py anda,, = g, so that the home shock mimics the
arket shock. This leavgs which is the correlation be-
een the innovations,,, ande,,. Unfortunately, there is

We now proceed to choose parameter values, settin
some values based on a priori information and setting th
others according to the balanced growth conditions. Sinc

we interpret the period as one quarter, weAsetl.005 in little independent evidence to guide us in choosing this

order to match the quarterly growth rate of output in the arameter. In what follows. as with the preference param
U.S. datd The discount factor is set so that the annual reaP A INW WS, as wi P p :

rate of return on assets in the model is 6 percent, WhiCﬁtaeer’SV\(l)e report the resuilts of experiments with different
yields3 = 0.9898. We set the labor income tax rate te v #05 rfr\llm arize. all of the parameters e dvhave
0.25, the average value in the series in McGrattan, Roger- u 12€, P XeEidy hav

son, and Wright 1992, which is based on the definitions€€" S€t The parametemeasures households’ willing-
ess, and the parametaneasures households’ incentive,

in Joines 1981. The effective tax rate on capital income i Move economic activity between the home and the mar
more controversial, and there is a wide range of estimat v ! ity )
et. Higher values oé mean that households are more

in the literature. For example, the series in MCGrattanWilling to substitute consumption of one sector’s output for
Rogerson, and Wright 1992 impligsis about 0.50 on av- hat of the other. Lower values ginean that the technol-

erage, while Feldstein, Dicks-Mireaux, and Poterba (1983 .
estimatet, to be between 0.55 and 0.85 in the period®9Y Shocks more frequently take on different values across
1953-79 k sectors, and this implies a greater incentive to move re-
: ources across sectars. As will be shown in the next sec-

We use the mean of the Feldstein, Dicks-Mireaux, and ; . o ; ;
Poterba estimates and set 0.70, This is higher than the 10" changing either the wilingness or the incentive to sub-
itute between the home and the market can affect the im-

numbers used in some other studies in the real business C?fcat‘ons of the model for business cvoles
cle literature, but for two reasons we think it is the right Ical usi YyCIes.

number for our purposes. First, given that we are trying totW To ilose thISdT]eCtIOI’], W; r(iturn ct:o th% |nteract(|jor|1 b?h
model both market and nonmarket investment, we want een taxes and nome production. .onsider a model with-

out taxation under the standard assumption that the entire



capital stock enters into the market production function, sdf n > 0, whene = 0, the home production model gener-
thatk,,/y is about 9. Then, calibrating the model as we didates results that are close to the standard model. As is well
above, we find = 0.34, which is close to the value im- known, the statistics generated by the standard model dif-
plied by the national income and product accounts and typfer from the data along several dimensions; therefore, so
ically used in the real business cycle literatUiéowever,  do the results generated by model 1:

zero taxation is clearly counterfactual. If we sgt 0.70,

then in order to gek, fy = 9, we need to sel = 0.66 e Output is less volatile in the model than in the data.

which seems far too high. Even a more conservative tax Spgcificgl(lsy,f thehpercegtallge standasradefeviar:ior(\j of out:
rate oft, = 0.50 implies tha® = 0.48, which still seems putis 1. orF e model versus 1.96 for the ata.-

far too high. Intuitively, when capital income is taxed, we ~ ® In the model, investment fluctuates too much while
must assume the marginal product of capital is big in order ~ €onsumption is too smooth. This is demonstrated by
to get households to accumulate a stock as largg /s a relative standard deviation for investment of 2.82 in
9, and® is the key parameter governing this marginal ~ the model as compared with 2.61 in the data, while
product. In a home production model, we do not interpret the standard deviation of consumption is 0.41 in the

all capital as market capital; therefokg/y is 4 rather than model and 0.54 in the data.
9. This in combination with taxation implies that= 0.29, e The hours-worked series in the model is not volatile
which is just what we observe in our data. enough relative to either output (0.41 for the model

vs. 0.78 for the data) or productivity (0.68 vs. 1.06).

o Hours worked and productivity are highly positively
correlated in the model as reflected by a correlation

Simulation

The model developed will now be simulated in order to as-
sess its business cycle properties. The analysis consists of < .
comparing a set of summary statistics characterizing the ~ CO€fficient of 0.96, but not in the data where that co-
movement of variables in the model with the correspond- ~ €fficient is —0.12.

ing set describing the postwar U.S. data. The accompany- e The two investment series are positively correlated in
ing table lists some summary statistics for the U.S. econo-  the data (with a correlation coefficient of 0.30), but
my and for several versions of the model to be described  not in the model (-0.09).

below® We focus on the following statistics: the standardgee Benhabib Rogerson, and Wright 1991 for additional
deviation (in percent) of; the standard deviations relative giscussion of t’hese result’s.

toyofx, Gy, hy, andw (and relative tav for hy,); the cor- In model 2, we raise from 0 to 2/3. This corresponds
relation betweern,, andw; and the correlation between g 3 sjtuation where households are much more willing to

X andxy. _ _ substitute betweer, andc, than in model 1. Notice that,
The variablew can be interpreted either as the real wageyenyeen models 1 and 2

or, equivalently, as the average product of hours worked B i

in the market (that is, productivity), since the wage equals * The volatility of output increases from 1.36 to 1.60.
the marginal product in equilibrium and the marginal prod- e The relative volatility of investment falls from 2.82 to
uct is proportional to the average product with a Cobb-  2.34, and that of consumption rises from 0.41 to
Douglas technology. Investments in the two capital stocks ~ 0.61.

are defined by letting business capital be producer struc- , The hours-worked series becomes more variable rel-

tures plus equipment and letting household capital be resi-  ative to output (from 0.41 to 0.52) and to productiv-
dential structures plus consumer durables. Totalinvestment ity (from 0.68 to 1.00).

is the sum. Consumption is defined to include nondurables The correlation between hours and productivity de-
plus services minus the service flow imputed to the hous- * liahtly (f 0.96 1o 0.86 P

ing stock. Market output is defined to be consumption plus creases s 'g_ y (from 0.96 to ” ) )
investment and government spending. Market hours are ® The correlation between the two investment series de-
from the household survey. creases a lot (from —0.09 to —0.82).

In model 1, we se¢ = 0, implying that the elasticity of Hence, increasing the value efmoves the model in the
substitution betweeny, andc, is unity. We also set the  right direction vis-a-vis the data, except for the correlation
correlation between the shodkgande, toy=2/3,asin  petweerx,, andx,,.

Benhabib, Rogerson, and Wright 1991 (although when Benhabib, Rogerson, and Wright (1991) seandy

e= 0 the value ofy does not matter for the results). Ex- more or less arbitrarily. Another approach is to estimate
cept for minor details, model 1 is the base model in Greenthe model using maximum likelihood techniques, as do
wood and Hercowitz 1991 and is designed to minimizencGrattan, Rogerson, and Wright (1992). This procedure
the role of home production. This can be seen by notingjeldse = 0.4 andy = 0 (after rounding), which we use in
that, whene = 0, the home production model generatesmodel 3. These parameter values correspond to a situation
the same values fa,;, hy, ky, andk,; as a model with- - where, as compared to model 2, households are less will-
out home production and a momentary utility functioning to substitute between the two sectors, but there is more

given by of an incentive to do so. Notice that models 2 and 3 yield
similar results. This illustrates the interaction between the
(26) V=alog(cy) + (1-a)nlog(k,) assumptions that households are more willing to substitute
+ [(1-8)(1n) + (1-b)/bllog(1-h,,). (a higher value o) and they have greater incentives to

do so (a lower value of): raisinge for a giveny is very

If = 0, this reduces to a standard utility function that ig-Similar to loweringy for a givene > _

nores home production. Although neither model 2 nor 3 does well in terms of
Hence, the home production model replicates the rethe correlation betweeln, andw (0.86 and 0.95, respec-

sults of the standard model exactly when n = 0. Even tively, vs. —0.12 in the data), this is a statistic that can in



principle be matched by introducing home production. In-ness capital. Building a model that better accounts for
tuitively, the standard model with shocks only to the mar-these phenomena remains an open project.
ket technology is driven by a shifting labor demand curve, Let us summarize the findings from these experiments.
S0 simulations trace out imy,w) space a stable upward- With e = 0, the model generates second moments that are
sloping labor supply curve and yield a correlation betweersimilar to those of a standard model without home produc-
the two variables close to unity. What is needed is a secoriibn. By increasinge for a giveny, we can affect the vola-
shock to shift labor supply, such as a preference or homtdity of output, investment, consumption, and hours in the
technology shocké Home technology shocks change theright direction. A similar effect can be obtained by de-
amount households are willing to work in the market at acreasingy for a givene. These results do not require a
given wage, shifting the labor supply curve and reducindarge home shock, and in fact, the model performs about
the hours/productivity correlation. In models 2 and 3, thisas well if the home technology is nonstocha%tielow-
effect is present but small. Increasing the standard deviaver, the larger the home shock, the better the resulting
tion of the home technology shock can reduce the correlazorrelation between hours and productivity implied by the
tion between hours and productivity much more, howevermodel. The correlation between investments in the two
see Hansen and Wright 1992 for further discussion.  sectors can also be improved by considering a more gener-
We now turn to the correlation betweey) andx,,  al home technology, although this tends to reduce the im-
which the above models do not capture well at all. Thepact of home production along other dimensions.
problem is that in times of high relative market productiv- luSi
ity, households want to move inputs out of the home ancfc_ionc usion

into the market (since that is where they can build capital ome production is empirically sizable, and we have sug-

in order to spread the effects of a temporary produ ctivitygeSted that there may be interesting interactions between

rise into the future). The movement of resources betweef’?)er r:)org]tg ﬁg%?a:ggagsg;ﬂﬁbvgﬁ Q%éen;izzvg?azg\gréorégl
the two sectors is part of what makes a home productio P P

model work: the reallocation of hours from nonmarket to us&gfs\?wfg ?Leag;ﬁgﬁlléW:r;&eeqefﬁjﬁaifdtﬁgemrgﬁg:t'crfn
market labor, rather than exclusively from leisure to labor'"! ' P '

as in the standard model, increases the volatility,pfor replicate long-run properties of the U.S. data, including
a given technology shock. But it also leads to a problemine oPserved allocation of capital and time to both market
How can we make households want to invest in both busi‘§an| home production. Finally, by simulating the model,

ness and household capital at the same time that the mals analyzed its business cycle properties. Adding home

ket and home labor inputs are moving in opposite direcPFOdU.‘?tion to a typical real business cycle model improves
tions over the cycle? its ability to account for the standard features of observed

Greenwood and Hercowitz (1991) approach the probpusmess cycles. There do remain deviations between the

e by assuming amre general home producton unciol 2% 025 ST 95 me Sspectsof e enacr o
than we have used up to now: y

results depend on households’ willingness and incentive to
- WLy substitute between the home and market sectors and on the
@7) ol kz) = [k + (L) (@ih)*] functional form of the home technology. There is unfortu-

for ¢ < 1. (Note thaty = 0 reduces to the Cobb-Douglas nately not a lot of independent evidence on the parameters

case we have considered.) They also assume that tIQénCFFt'Pg ]'Ehtese featureshc;f the m(t)_del, ?Ed It seems dw;)r_tlh-
shocksz, andz, are highly correlated, so that when a pos—W e for future research to investigate this in more detai.
itive technology shock hits the market, it also hits the

home. When a positive shock arrives, siragds labor- . _ _
augmenting, it is possible to move hours out of the NOMEccearcheited by Thamas - Cooley 6 be publihed by Priceton Unversy Press
and into the market and still end up with more effective(Princeton, N.J.). The article appears here with the permission of Princeton University

H : : H _ Press. The authors thank Thomas Cooley as well as Frank Diebold, Gary Hansen, Ellen
hOUfS In the home' That Iﬁ*l hH can increase Whlth de McGrattan, Edward Prescott, and Warren Weber for comments. Ellen McGrattan al-

creases. ThLIS, effective hours in home production can iNewed the authors to use her computer programs. Lorrenzo Giorgianni and Shawn

i i i i ingewitt provided research assistance. Much of this work is based on previous research
crease dunng upswings in market aCtIVIty’ and dependln@ith Jess Benhabib and Zvi Hercowitz; they played an instrumental role in developing

on Y, this can imply a desire to increase capital in thetne line of research presented here, and the authors thank them. The National Science
home. Foundation provided research support.

Model 4 uses the technology in (27) with= —1/2,y = ‘rorinstance Suction has been added (o otherwise standard real busi
_ . or instance, home production has been added to otherwise standard real business
0'991 ance = 2/3 and otherwise keeps the parameters aé/cle models by Benhabib, Rogerson, and Wright (1991) and Greenwood and Herco-

described above. As can be seen, this does generate a p@g-(1991). A dynamic general equiliorium model with home production has been

e : developed by Rios-Rull (forthcoming) to study life cycle, business cycle, and cross-
itive correlation betweeﬂM ar]dXHI as demonstrated by sectional wage behavior. Macroeconomic models with home production have been

the correlation coefficient of 0.50. (Recall that the numberestimated by Fisher (1992) and McGrattan, Rogerson, and Wright (1992). And infla-

for the data is 0.30 ) However. it requires a hlgh Correla_tion’s impact in a home production model has been analyzed by Fung (1992).
N ! 2The appropriate decision-making unit in reality is a household or family, which

ti(_)n between the ShOCkS, and if the two Sh.OCkS are V.er}ﬁay, of course, consist of more than one individual. This implies that it may be possi-
highly correlated, the model does not entail frequent inle to consume a home-cooked meal, for example, without actually cooking it. At the

. : . nlevel of abstraction adopted here, however, the household is taken to be one single-
centives to substitute between home and market activi inded decision-making unit with no internal bargaining or disagreement. This may

Therefore, generating a positive correlation betw%eand not be particularly realistic, but it does make things simpler. Pollak and Lundberg (1991)
XH involves sacrificing at least part of the other improve_discuss bargaining within the family and provide references to the related literature.

. . . 3Although capital is freely mobile between the home and the market at a point in
ments that can be achieved by mtroducmg home PrOdUerne, in the experiments that we conducted it is rare that any capital physically moves

tion. It is not obvious how to resolve this tension. Addi- between sectors, since typically gross (if not net) investment in each is positive. Hence,

: : : it i free mobility seems to play little role. What is important, however, is that capital does
thI’l&”y, the U.S. data dlsplay a clear phase Shlft’ with In_not have to be committed to either sector until the shocks have been observed. Green-

vestment in household capital leading investment in buSiwood and Hercowitz (1991) assume that capital does have to be allocated in advance,



which has some advantages in terms of the results. We adopt the specification here Benhabib, Jess; Rogerson, Richard; and Wright, Randall. 1991. Homework in macro-
simplicity. economics: Household production and aggregate fluctuafionsal of Politi-

“More generallyG could enter the utility function, and we could assume ®at cal Economy99 (December): 1166-87.
in the model mimics government spending in the data (its stochastic properties or @raun, R. Anton. 1990. The dynamic interaction of distortionary taxes and aggregate
least its average value). Note, however, that if we assume government spending is a  variables in postwar U.S. data. Working paper. University of Virginia.

perfect substitute for market consumption in the utility function, then a modefSuith  chyistiano, Lawrence J. 1988. Why does inventory investment fluctuate so much?
0 generates exactly the same statistics as a modelGwitid, except for the fact that Journal of Monetary Economicl (March/May): 247—80.

Gu changes one-for-one to offset changeSin Christiano, Lawrence J., and Eichenbaum, Martin. 1992. Current real-business-cycle

5 . . P .
Due to the presence of distorting taxes, equilibrium allocations are not generally  theories and aggregate labor-market fluctuatiémserican Economic Review
Pareto optimal, so we have to work with the equilibrium directly rather than the social 82 (June): 430-50.

planner’s problem. The discussion here is notintended to be particularly rigorous.GreerI]::isner Robert. 1988. Extended accounts for national income and pra al of
wood and Hercowitz (1991) define more carefully a recursive competitive equilibrium fEconomic Liter'atur ©6 (December): 1611-84 P

for the model. The solution procedure we use here is described in detail in McGrattan, A - ) . .
forthcoming. Feldstein, Martin; Dicks-Mireaux, Louis; and Poterba, James. 1983. The effective tax

rate and the pretax rate of retudournal of Public Economicg1 (July):
129-58.

Fisher, Jonas D. M. 1992. Relative prices, complementarities, and co-movement. Manu-
script. Northwestern University.

Swe report exact parameter values later, in the notes to a table; in the text, we round
off most parameter values to a few digits.
“It looks as though one needs to know the paraneetarorder to determing
from (23); howevera can be eliminated from (23) using the other conditions. . . . L .
8 . R . Fung, Siu C. 1992. Inflation, taxation, and home production in a real business cycle
To computed from the national income and product accounts, we subtract propri- model. Manuscript. University of Western Ontario
etor’'s income from total income, as is standard, and also subtract the service flow at- : pt X . T . .
tributed to the housing stock from output since this is home and not market output. Th&reenwood, Jeremy, and Hercowitz, Zvi. 1991. The allocation of capital and time over

result is® = 0.29 in our sample. the business cycldournal of Political Economy9 (December): 1188-1214.
9Depending on details, such as how one treats proprietors’ income, the national ifréenwood, Jeremy; Rogerson, Richard; and Wright, Randall. Forthcoming. Household

come and product accounts indicate fabuld be anywhere between 0.25 and 0.43. production in real business cycle theoryRrontiers of business cycle research,

(See Christiano 1988, for example.) Prescott (1986) argu@s<@.36 while, as indi- ed. Thomas F. Cooley. Princeton, N.J.: Princeton University Press.

cated earlier, we fin@ = 0.29. Gronau, Reuben. 1977. Leisure, home production, and work—The theory of the alloca-
10The U.S. data are quarterly and are from the 41-year period 1947:1-1987:4. Of- tion of time revisitedJournal of Political Econom§5 (December): 1099-1123.

ten in the literature, only data after 1955 are considered, presumably to eliminate the . 1986. Home production—A surveyHendbook of labor economics,

effect of the Korean War. Summary statistics are similar in the two periods (Hansen ed. Orley Ashenfelter and Richard Layard, pp. 273-304. Amsterdam: North-

and Wright 1992). We take logarithms and detrend using the Hodrick-Prescott filter (as Holland.
described in Prescott 1986) before computing statistics, both for the U.S. data and f‘iuiansen, Gary D., and Wright, Randall. 1992. The labor market in real business cycle
data generated by the models. The notes to the table provide more details. theory. Federal Reserve Bank of Minneapolis Quarterly Revi€a(Spring):

[ prove this statement, first substitute the home production constraint into the 2-12.
instantaneous utility function; then maximize with respect to home work, and substitutg-jj Martha S. 1984. Patterns of time use. Time, goods, and well-beingd. F.
the maximized value back into the utility function. This yields the reduced form utility Thomas Juster and Frank P. Stafford. Ann Arbor: University of Michigan Press.
funcilon n (2_6)' F‘?’ detalls, see Greenwood, Rogerson, and Wright, forthcomlng: Joines, Douglas H. 1981. Estimates of effective marginal tax rates on factor incomes.

20One might think that the parameter values from McGrattan, Rogerson, and Wright Journal of Business4 (April): 191-226.

1992 would do even better than indicated by the results in the table since, after all, the uster, F. Thomas, and Stafford, Frank P. 1991. The allocation of time: Empirical find-
were estimated by fitting the model to the aggregate time series. Several points are rele- ings. behavioral models. and problems of measurendentnal of Economic
vant in this regard. First, the model in that paper differs from the one here in certain Li?er’ature 29 (June): 471’_522p
respects, such as the fact that it includes stochastic taxation and government spendiRﬁ;. ’ ) . . . . .
Second, although we use the sasady, some of the other parameter values are dif- cGrattan, Ellen R. 1991. The macroeconomic effects of distortionary taxation. Dis-

ferent. Finally, the econometric technique used in that paper takes into account aspects ~ uSsion Paper 37. Institute for Empirical Macroeconomics (Federal Reserve Bank

of the time series other than the small number of second moments computed from fil- of Minneapolis). ForthcomingJournal of Monetary Economics.
tered data considered in the table; for example, estimation trades off the fit at business . Forthcoming. Notes on computing competitive equilibria in linear mod-
cycle frequencies against the fit at longer run frequencies. els. Journal of Economic Dynamics and Control.

BChristiano and Eichenbaum (1992) argue for preference shocks, which they iderMcGrattan, Ellen R.; Rogerson, Richard; and Wright, Randall. 1992. Estimating the
tify with changes in government spending. The idea is that, as long as government stochastic growth model with household production. Manuscript. Federal Re-
spending is less than a perfect substitute in utility for private consumption, an increase serve Bank of Minneapolis.
in G entails a negative wealth effect which shifts labor supply. Stochastic tax shockspoljak, Robert A., and Lundberg, Shelly. 1991. Separate spheres bargaining and the

as in Braun 1990 or McGrattan 1991, can have similar effects in terms of shifting labor marriage market. Manuscript. University of Washington.

Sngly' . . . . Pollak, Robert A., and Wachter, Michael L. 1975. The relevance of the household pro-
“This is because even if the home technology is nonstochastic, shocks to the mar-  dyction function and its implications for the allocation of tirdeurnal of Politi-

ket production function obviously stillinduce relative productivity differentials between cal Economy83 (April): 255-77.

the sectors. Prescott, Edward C. 1986. Theory ahead of business cycle measurieetanal Re-

serve Bank of Minneapolis Quarterly Revig@/(Fall): 9-22. Also, 1986 iReal
business cycles, real exchange rates and actual polie@eKarl Brunner and
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The Effects of Adding Home Production to a Real Business Cycle Model

Ratio of Standard Deviations Correlation
% S.D. Variable Relative to Market Output “HA?)Lkrit M?)Lkrest i‘r? \éejéngts
of Relative to and and
Market Total Market Market  Market Market Market Household
Output Investment  Consumption  Hours Wage Wage Wage Capital
U.S. Time Series, 1947-87* 1.96 2.61 54 .78 73 1.06 -12 30
ModelsT
1. Standard:
Home Production Minimized 1.36 2.82 M M 60 .68 .96 -.09
(e=0, y=2/3)
2. Increased Willingness to Substitute
Between Home and Market 1.60 2.34 61 52 52 1.00 86, -82
(e=2/3, y=2/3)
3. Increased Incentive to Substitute
Between Home and Market 1.59 244 53 A48 53 91 95 -75
(e=0.40, y=0)
4. More General Home Production
Function and Highly Correlated
Technology Shocks 1.21 2.95 .38 39 62 63 95 50

(e=2/3, y=099, y=—1/2)

*All data are quarterly and are divided by popufation, fogged, and detrended using the Hodrick-Prescott filter. Nominai variables are converted into. 1982 doflars. The specific time

series used are gross national product minus gross housing product (for market oufput, y); fixed nonresidential private investment (for business investment, x,,); private
residential investment plus personal consumption expenditures on durable goods (for household investment, x,); personal consumiption of nondurables plus services minus

gross housing product (for market consurmption, ¢,,); and hours worked by the employed fabor force, from the household survey (for market hours, fy,). The market wage (W),

or productivity, is calculated by dividing market output by market hours.

TAIl the models use these parameters: A = 1.004674, B = 0.9898, t, = 0.25, = 070 8y0= 8, = 00235, 6 = 0.2944, v = 0.3245, aand b defermined 0 that A, = 0.33 and

hy=025, pyy= p,y= 095, and 6, = &, determined so that the innovation in 7} has standard deviation 0.007. Model 4 uses a CES home production funcnon with y =

~0.5017. Model statistics are sample means over 50 simulations, each the same length as the U.S. data.

Saurce of U.S. data: Citicorp’s Citibase data bank




