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This paper constructs a simple model of home production that 
demonstrates the connection between the intertemporal elasticity 
of substitution in market consumption (IES) and the static elastic- 
ity of substitution between home and market consumption (SES). 
Understanding this connection is important because there is a large 
body of empirical evidence suggesting that the IES is small, but lit- 
tle evidence on the size of the SES. We use our framework to shed 
light on the properties of a home production model with a low IES. 
We find that such a model must have three fundamental properties 
in order to match key aspects of aggregate U.S. data. First, the 
steady-state growth rate of technology must be the same across 
sectors. Second, shocks to technology must be sufficiently posi- 
tively correlated across sectors. Third, capital must be used more 
intensively in the market sector than in the home sector. A home 
production model with these three properties can be surprisingly 
successful at reconciling the RBC paradigm with evidence for a 
low IES. 

RECENTLY THERE HAS BEEN CONSIDERABLE INTEREST in 
modifying the standard real business cycle model to include home production. Au- 
thors such as Benhabib, Rogerson, and Wright (1991), Greenwood and Hercowitz 
(1991), Greenwood, Rogerson, and Wright (1995), and Rupert, Rogerson, and 
Wright (1997) have documented the importance of the home sector in the U.S. econ- 
omy, and have shown that home production can improve the quantitative perfor- 
mance of the standard model. 

In almost all these studies, households derive utility from three "goods": market 
consumption, home consumption, and leisure. Home consumption is considered to 
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be a substitute for market consumption, as, for example, a home-cooked meal is a 
substitute for a meal in a restaurant. Leisure is distinct from both these forms of con- 
sumption and is modeled in a traditional manner, as time not occupied by home or 
market production. 

In this paper we adopt a different perspective. We argue that households value 
their leisure time because of what they can do with it. Valued leisure is not the resid- 
ual time unoccupied by production; after all, time spent in prison is unproductive, 
but does not generate utility in the same way as time spent at home. From this point 
of view, it is natural to think that valued leisure is the output from a home production 
function in which home or leisure time, home capital, and home technology appear 
just as market time, market capital, and market technology do in the market produc- 
tion function. Accordingly we follow Greenwood and Hercowitz (1991) and use a 
model in which households derive utility from two "goods": market consumption 
and home consumption, where the latter replaces the traditional leisure variable. 

Even more importantly, we assume that home consumption enters the utility func- 
tion separably from market consumption. All the home production studies to date 
have analyzed nonseparable specifications. While this approach has yielded many 
important insights, we think it is useful to consider a separable alternative. We do 
this for two reasons. First, the traditional real business cycle literature commonly as- 
sumes that utility is additively separable over consumption and leisure. Hansen 
(1985), for example, writes utility as the sum of the logarithms of consumption and 
leisure. Since we are treating home production as a generalization of the traditional 
concept of leisure, it is logical for us to modify the traditional model by simply re- 
placing leisure with home consumption in the utility function. 

Second, aggregate data offer no evidence of any important nonseparability be- 
tween market consumption and labor hours (see Eichenbaum, Hansen, and Singleton 
1988; Campbell and Mankiw 1990; Beaudry and van Wincoop 1996). For example, 
Campbell and Mankiw find that although there is substantial predictable variation in 
hours, it is not significantly related to predictable consumption growth as it should be 
if utility over leisure and consumption were additively nonseparable. This evidence 
suggests that consumption and nonmarket hours can be well characterized by an ad- 
ditively separable utility function over consumption and nonmarket time, or, more 
generally, over consumption and some function of nonmarket time, as would be the 
case in models with home production. 

The properties of models with nonseparable utility over home and market con- 
sumption have been studied extensively in the literature. Greenwood, Rogerson, and 
Wright (1995) provide a survey. Utility is typically modeled as a constant elasticity 
of substitution utility function over home and market consumption. It is now well 
known that these nonseparable models can come closer to matching the dynamic 
properties of U.S. data than do standard (separable) RBC models without home pro- 
duction. The home production models do better at matching the volatility of output, 
the volatility of investment, hours and consumption relative to output, and the corre- 
lation between hours and productivity. 

All these studies have implicitly assumed a relatively high value for the inter- 
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temporal elasticity of substitution (IES) in market consumption. This creates two 
problems. First, the standard RBC model of Hansen (1985) sets the IES equal to one, 
so it is not clear whether the improved performance of home-production models is 
merely due to the increase in IES or to some other aspect of home production. Sec- 
ond, a high IES is inconsistent with a large and growing number of empirical esti- 
mates of the IES that are much lower, indeed close to zero. Researchers have 
overwhelmingly found little connection between the rate of consumption growth and 
ex ante real interest rates; see Campbell and Mankiw (1989), Hall (1988), Attanasio 
and Weber (1993), Ludvigson (1999), and the international evidence in Campbell 
(1999).1 In this paper, we ask whether the good performance of home production 
models survives when utility is modeled as additively separable over home and mar- 
ket consumption and when the IES is taken to be much lower than in previous studies. 

In the standard real business cycle model, King, Plosser, and Rebelo (1988) 
pointed out that an additively separable specification for utility requires log utility 
for consumption to obtain constant labor supply along the balanced growth path. 
This restriction is undesirable because it forces the IES to equal one. We escape this 
restriction by introducing steady-state technological progress in the home sector. 
Thus we are able to study the effects of introducing an empirically plausible IES into 
the standard RBC model. 

In our model there is a tight link between the intertemporal elasticity of substitu- 
tion in market consumption and the static elasticity of substitution between home 
and market consumption (SES). Our assumption of additive separability implies that 
these two elasticities are equal. While equality follows only from additive separabil- 
ity, a tight positive relationship between the IES and the SES is not unique to our 
framework; using parameter values typically assumed, it is also a feature of the most 
commonly employed model in the existing home production literature. We discuss 
this further in Appendix A. 

This positive relationship between the IES and the SES is important because there 
is little direct empirical evidence on the value of the SES. The existing home pro- 
duction literature has focused attention on the choice of value for the SES, placing 
virtually no emphasis on the value of the IES implied by this choice. Indeed the im- 
plied value of the IES typically goes unmentioned. Nevertheless the most popular 
home production specifications imply that the IES is less than one only if the SES is 
less than one. We argue that existing evidence for a low IES suggests that the SES is 
also low. By contrast, the existing home production literature assumes a high SES 
(and by implication a high IES), and this assumption is critical for the improvements 
in the quantitative performance of real business cycle models documented in the 

1. Beaudry and van Wincoop (1996) provide a dissenting analysis. The evidence cited above is based 
on studies that use postwar data at frequencies ranging from one month to one year. A possible caveat is 
that developed countries have experienced accelerated growth since the early 1800s, which should have 
increased real interest rates markedly if the IES is low, yet it is not clear that real interest rates have shown 
any large increase since that time. However, the measurement of real interest rates in historical data is 
problematic, since default rates were higher and inflation rates were more variable than they have been in 
modern data. 
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literature. To the best of our knowledge, this paper is the first to consider the proper- 
ties of home production models when the IES is less than one. 

To explore the theoretical properties of a model with time-separable preferences 
across home and market consumption, we use a standard representative-agent frame- 
work with isoelastic utility. Leisure time interacts with a home technology process, 
and possibly with home capital, to produce home goods and services, and affects 
utility only through its role as an input to home production. We solve the model 
using the analytical approach of Campbell (1994). To facilitate comparison with the 
existing literature, we use the solution to simulate the model's endogenous variables, 
comparing their relative variability and comovements with those found in aggregate 
U.S. data. Several special cases are studied, including a benchmark model which as- 
signs a minimal role to the home sector, and a more general model which allows for 
home technological change and the use of home capital. 

Our results suggest that a low-IES home production model must have three prop- 
erties in order to match key features of U.S. aggregate data. First, in steady state, bal- 
anced growth requires the home and market sectors to display the same long-run 
growth rate of technology. Second, procyclical variation in both market hours and 
market consumption around the steady state requires a sufficiently positive correla- 
tion between the technology shocks to the home and market sectors. Equivalently, 
intersectoral productivity shocks must be small. This result contrasts with the exist- 
ing literature that typically requires large intersectoral productivity shocks to im- 
prove the quantitative performance of the traditional RBC model. Third, there must 
be home capital but the capital intensity of the home sector must be less than that of 
the market sector. We find that a home production model that displays these three 
properties can be surprisingly successful at reconciling the RBC paradigm with evi- 
dence for a low IES. 

There is an extensive labor supply literature that examines how individuals allo- 
cate time between market and home activities Juster and Stafford (1991) provide a 
survey. The literature finds that nonmarket time is used productively and that the 
value of what is produced in the home sector is quite large. Time-use diaries indicate 
that time spent in housework and active leisure is roughly the same across house- 
holds among developed countries (though it is higher for women than for men) and 
the total amount of such time represents a significant fraction of hours per week. Ev- 
idence from time-use diary data suggests a moderate convergence toward equality in 
market and nonmarket time of men and women from 1965 to the 1980s in several de- 
veloped countries, a pattern that coincides with growing after-tax wage equality over 
the same period. This evidence is not directly informative about substitution elastic- 
ities, however, because changing wages have both income and substitution effects on 
labor supply. Nevertheless, almost all of these studies conclude that nonmarket pro- 
duction activities represent a quantitatively important aggregate phenomenon, and 
that the value of home produced output is quite large (Eisner 1988). 

The rest of this paper is organized as follows. Section 1 presents the model and as- 
sumptions. Section 1.1 discusses the steady state, while section 1.2 outlines the solu- 
tion procedure for studying the economy's response to technology shocks out of 
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steady state. Section 2 presents the approximate analytical solutions, focusing on 
how technology shocks influence the model economy. Section 3 presents time-series 
simulations of the model, and compares its dynamic properties with those of the 
standard RBC model and the U.S. data. Section 4 concludes. 

1. THE MODEL 

Consider an individual who receives utility from consumption of market goods, 
C, and home goods, H. This representative agent maximizes expected lifetime 
utility: 

00 

Eo , pt U(Ct, Ht ) v ( 1 ) 
t =0 

where p is the discount factor restricted to be between zero and one, and preferences 
are specified as 

cl-7 H1-k 

U(C H ) = ' + 0 ' (2) 

The intertemporal elasticity of substitution in market consumption is given by 1/Y. 
Output is produced in both the home and market sectors according to the following 
Cobb-Douglas production technologies: 

Yt = Ktl (AtNt), (3) 

and 

Ht = Dt D (Zt (1-Nt )) ' 

where Yt is market output, Kt is market capital, Dt is household capital, and Nt is the 
portion of labor's endowed time allocated to market activities. At and Zt are labor- 
augmenting technological shocks to the market and home production sectors, re- 
spectively. 

Two points about the preferences and technologies specified above deserve men- 
tion. First, nonmarket time is assumed to be devoted entirely to home production 
rather than divided between leisure and home production hours. This captures the 
idea that leisure is not valued for its own sake, but for what can be done with it. Sec- 
ond, equations (2) and (4) taken together indicate that home production equals home 
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consumption period by period; thus investment requires the production of market 
goods. More specifically, if the evolution of each capital stock is denoted by 

Kt+l-(1-6)Kt + Ikt 

and 

Dt+l= (1-6)Dt + Idt v (6) 

where 6 is the common rate of depreciation, Ikt is gross business investment, and Idt 
is gross household investment, the resource constraint for market output is given by 

Yt Ct + Ikt + Idt (7) 

The first-order conditions are as follows. For market capital accumulation, the 
standard Euler equation holds: 

Ct 7 =pEtCt+7[(l-oc)Kt+l(At+lFt+l) +(1 6)] (8) 

where the quantity in brackets is the gross marginal product of market capital, de- 
noted Rt+l. For household capital accumulation a similar intertemporal condition 
holds: 

Ct = pEtCt+l (1-D)Dt+:l(Zt+l(l-Nt+l))Do c'+rl + (1-a) , (9) 
_ t+l 

where we define the quantity in brackets analogously as the gross marginal product 
of home capital. Finally, for the allocation of labor between market and home activ- 
ities there is a static first-order condition: 

tcKtl °tAt°tNt°t lCt 7 = oHt DDt Zt (1 Nt) . (10) 

Equation (8) forms the basis for the empirical investigations cited in the introduc- 
tion which test for nonseparabilities between consumption and leisure in the stan- 
dard RBC model (that is, where Ht = (1 -Nt)). It is straightforward to derive a 
loglinear approximation of (8) which demonstrates an implication of the separable 
specification, namely, that consumption growth is only a function of the expected 
real interest rate (the marginal product of capital), and is not related to expected 
hours growth: Et/\ct+ l R + a Etrt+ l, where a denotes the IES. By contrast, when 
consumption and leisure appear nonseparably, for example, if U(C,1 -Nt) = 
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[ ' ( 1 ') ] a loglinear approximation of the analogous first-order condition in 

this case implies that there exist constants Ro, o1, and ca2 such that EtAct+l 0 + 
slEtrt+ 1 + cs2Et Ant+ 1- This follows from the fact that, in the nonseparable specifica- 
tion, a multiplicative term involving nonmarket time would appear in the first-order 
condition for market capital accumulation, (8), and from the fact that market hours 
are simply one minus nonmarket hours. Thus, empirical research cited in the intro- 
duction that finds no relation between expected hours growth and expected con- 
sumption growth is consistent with an additively separable utility function. 

These same principles may be applied to RBC models with home production sec- 
tors. Note that the additively separable home production specification considered in 
this paper has precisely the same first-order condition for household capital accumu- 
lation (8) as does the standard RBC model. It follows that, just as in the standard 
RBC model, an approximate loglinear equation for consumption growth may be ob- 
tained in which expected consumption growth is related only to the expected real in- 
terest rate, again consistent with empirical evidence cited above. The presence of a 
home production sector does not eliminate the implication that expected consump- 
tion growth should be related to expected hours growth if utility is nonseparable. Ap- 
pendix A provides more discussion on the empirical evidence for nonseparability as 
it relates to various home production specifications. 

1.1 The Balanced Growth Path 
The driving force of steady-state growth is technological progress, and we assume 

that At, Zt' Yt, Kt, Ct, Dt, and Ht grow at the common gross rate, G, along a balanced 
growth path. It is standard in this literature to assume that market hours are constant 
along the balanced growth path. Although there is some evidence that market hours 
have declined since 1870, the decline seems to have largely ceased in the postwar pe- 
riod and the data suggest that hours have remained approximately constant since 
1960 (Cox and Alm 1999; Cooley and Prescott 1995). 

Equation (10) illustrates how hours can be constant along the balanced growth 
path in this model, even if utility over market consumption is not logarithmic. Taking 
logs and first differences of both sides, the equation implies that the following rela- 
tionship holds along the balanced growth path: 

(1 - a)g + ag - Yg = -kg + (1 - )g + g, (11) 

where lowercase letters denote logs of variables. If D = 1 and there are no shocks to 
Zt' the model is essentially the standard one, except that there is now steady-state 
growth in Z. Without steady-state technological progress in the home sector, the 
right-hand side of (10) would be constant. This would imply that the right hand side 
of (11) is zero, requiring Y = 1. This restriction in traditional RBC models pins down 
the curvature of the utility function over consumption. By contrast, steady-state tech- 
nological progress in the home production sector permits a continuum of values for 
Y without violating balanced growth. Thus, an important advantage of our framework 
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is that we may free up the curvature of the utility function over market consumption, 
and study the effects of introducing a range of values for the IES into the standard, 
additively separable RBC model. This advantage would be lost if we divided non- 
market time into that devoted to productive activities and leisure. Consequently, the 
treatment of hours is an important ingredient in our approach, allowing us to study 
the model's properties over a range of preferences not previously analyzed. Appen- 
dix A provides details concerning the implications of such divisibility in nonmarket 
time for the curvature of the utility function when utility is additively separable. 

Two other aspects of equation (1 1) are worth noting. First, no matter what the val- 
ues of oc, , , and X, balanced growth requires the steady-state growth rates of At and 
Zt to be the same. Second, no matter what the values of oc and , a restriction neces- 
sary for balanced growth is X = . We impose this from now on. Although this intro- 
duces two new restrictions in order to match the evidence for balanced growth, we 
believe that these new conditions which allow us to free up the curvature of utility 
over market consumption-are more desirable than maintaining the traditional RBC 
constraint of logarithmic utility since, unlike the log utility specification, they are not 
directly contradicted by empirical evidence. 

Along the balanced growth path, (8) becomes 

G7= pR, (12) 

where 

R,+l-(1-°C)( K ) + (1-b) . (13) 

Rt+ 1 is the gross marginal product of market capital, equal to a constant, R, along the 
balanced growth path. Note that equation (12) pins down the value of p, given G, R, 
and . By combining (12), (8), and (3), the steady-state output to capital ratio can be 
obtained: 

y /AtNA r+6 

K t K, ) (1-oc) (14) 

where the approximate equality arises from setting R 1 + r. Because the first- 
order condition for market capital accumulation is the same as in the standard RBC 
model, (14) is the standard result for the output to capital ratio. 

Equations (12) and (9) can be combined to yield the steady-state ratio of home 
production to home capital: 

H 8 Zt(l-N) 8 (r + 6)Ht (15) 

D \ Dt J (1-[5)0CY 
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From (10), the steady-state ratio of home to market capital is 

D (1-N)a(1-) (16) 
K N(1-) 

Equation (16) implies that the steady-state ratio of home to market capital is equal to 
the steady-state ratio of home to market hours, if the share of market capital in mar- 
ket output is the same as the share of home capital in home output. 

Finally, equation (16), along with (5), (6), and (7) together imply that the steady- 
state market consumption to market output ratio is 

C = 1-°t (1-) ( g + ^ ) N r + 6 ( 17) 

By combining (17) (14), and (16), an expression for steady-state C/D can be ob- 
HI D 

tained. This can be equated with the ratio CID = H I C v implied from (15), which 

explicitly links A/Z and (1-N)IN given 0. It is difficult to know how to calibrate 0. 
Fortunately, it is much easier to calibrate N, and by considering a number of special 
cases for A/Z, we can leave the constant 0 undefined in modeling fluctuations. We 
discuss these cases along with calibration assumptions next. 

1.2 Fluctuations around Steady State 
Away from steady state, the model consists of a system of nonlinear expectational 

equations. To solve this model we use the analytical technique of Campbell (1994), 
which seeks an approximate solution by transforming nonlinear equations into log- 
linear difference equations. Each equation is loglinearized around steady-state ratios 
of variables given above, so that variables in logs represent deviations from steady 
state. Below, we review the procedure only briefly, and refer the reader to Campbell 
(1994) for details. 

Before solving the model, a number of parameter values must be chosen. Two 
difficult parameters to set are D and the ratio A/Z. Given that there is little direct 
evidence on the values of these parameters, we consider six special cases. The first 
four of these compare symmetric with asymmetric specifications of capital shares 
and technology shocks across the home and market sectors. These four cases are 
given as follows: Case 1: D = 1, oc < 1, Zt= 1; Case 2: t = 1, oc < 1, Zt= At; Case 
3: a = oc, Zt= 1; Case 4: a = oc, Zt= At. In all the cases market technology At varies 
stochastic ally. 

These cases cover a range of possibilities. Case 1 minimizes the role of the home 
production sector by eliminating both home capital and innovations in home tech- 
nology; thus, it is most similar to the standard RBC setup. The only difference from 
the standard RBC model is that home technology grows deterministically in steady 
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state. Thus we call this the deterministic home technology model. With the further as- 
sumption that the IES-1/ = 1, this case is observationally equivalent to Hansen's 
(1985) divisible labor model with log utility over consumption and leisure. We will 
refer to Case 1 with the IES--1/ = 1 as the standard RBC model. 

Case 2 allows fluctuations in home technology, perfectly correlated with market 
technology, but assumes that home capital does not enter the household production 
function. We will refer to this case as the stochastic home technology model. To un- 
derstand intuitively how home technology might improve when market technology 
improves, consider the example of the development of the Internet; this appears to 
have accelerated U.S. productivity growth in the late l990s, but it is quite plausible 
that it has also improved the ability of nonmarket time to produce utility (modeled 
here as home output) through home shopping, Internet chat, Web surfing, and so 
forth. Alternatively, consider the effect of oil price shocks in the 1970s (not literally 
technology shocks, but often treated as such in simple two-factor RBC models). 
High oil prices reduced the productivity of market hours; they may also have re- 
duced the productivity of nonmarket hours by reducing the affordability of travel and 
the comfort of home temperatures during the winter. 

Case 3 adds home capital, with the same capital share as market capital, but as- 
sumes only nonstochastic growth in home technology; we will refer to this case as 
the home capital model. Finally, Case 4 restricts both the technology shock and the 
share of capital to be the same across the home and market production functions. We 
will refer to Case 4 as the symmetric home production model. 

Note that the symmetric home production model is the analogy to the stochastic 
home technology model when we allow for home capital in the home production 
function. In each case, a 1 percent change in At translates into an ot percent change in 
technology in the home and market production functions. Thus, shocks to technol- 
ogy affect the home and market sectors symmetrically. We call Cases 2 and 4 sym- 
metric technology shock cases and compare them with Cases 1 and 3, in which 
technology shocks create changes in relative productivity across the home and mar- 
ket sectors. 

Cases 3 and 4 both assume that the capital intensity of home production is the 
same as the capital intensity of market production ( = ot). Thus we call Cases 3 and 
4 symmetric capital share cases. While the assumption of symmetric capital share is 
appealing in its simplicity, it implies an unreasonably low value for the steady-state 
consumption-output ratio in equation (17), equal to about 0.25 when ot = 2/3. This 
problem does not arise when t = 1, for in that case C/Y = .75, a value that is slightly 
higher than the U.S. data, but still plausible. To handle this problem while still al- 
lowing for the presence of capital in home production, we consider two additional 
cases which set t = .92, a value that allows (17) to roughly match the mean con- 
sumption-output ratio of 0.667 in postwar U.S. data.2 These two cases are Case 5 

2. This value for the share of labor in home production is also used in Benhabib, Rogerson, and 
Wright (1991). Adding home production to the RBC framework provides an extra degree of freedom, al- 
lowing the researcher to match the empirical consumption-output ratio in order to set . 



(the labor-intensive home capital model): ox = 213, t = 0.92, Zt = 1; and Case 6 
(labor-intensive home production model): a = 213, a = 0.92, Zt = At. Cases 5 and 6 
imply that capital is used as an input to household production, but far less intensively 
than in Cases 3 and 4. For all six cases, we assume that log deviations from steady- 
state technological progress follow a first-order autoregressive process, at+l = Qat + 
£t+ 1, 0 ' ¢ ' 1. We discuss the model's solution in each of these cases below. 

Parameters in these models are calibrated at quarterly rates as follows. The steady- 
state growth rate g is set to 0.005 (2 percent at an annual rate), the steady-state real 
interest rate, r, is set equal to 0.015 (6 percent at an annual rate); ot, labor's share in 
the market production process, is set to 0.667 as discussed above; the discount rate, 
6, is set equal to 0.025 (10 percent at an annual rate), and N, the steady state alloca- 
tion of hours to market activities is taken to be 1/3. We allow for the IES and Q to 
take on a range of values, discussed below. Table 1 summarizes the parameter values 
as they are calibrated for each case. 

In the models with home capital, we further assume that capital can be reallocated 
between the home and market sectors within the period. This assumption implies 
that the gross marginal products of home and market capital [defined implicitly by 
the two intertemporal first-order conditions (8) and (9)] are equated within the pe- 
riod, and allows us to define a single summary capital stock state variable, Ft-Kt + 
Dt, rather than having each capital stock enter the model separately. Defining a sin- 
gle capital stock state variable greatly simplifies the analytical solution procedure.3 

An analytical solution to the system of nonlinear equations is sought by trans- 
forming the model into a system of approximate loglinear expectational difference 
equations. As before, lowercase letters denote logs of variables. In Cases 1 and 2, 
this procedure yields a loglinear solution for the log deviation from steady state as a 
function of the two state variables, kt and at, equal to 

TABLE 1 
CALIBRATED PARAMETER VALUES 

Parameter Case 1 Case2 Case 3 Case4 Case S Case 6 

oc 2/3 2/3 2/3 2/3 2/3 2/3 
D 1 1 2/3 2/3 0.92 0.92 

Zt 1 At 1 At 1 At 

g 0.005 0.005 0.005 0.005 0.005 0.005 
r 0.015 0.015 0.015 0.015 0.015 0.015 
N 1/3 1/3 1/3 1/3 1/3 1/3 
6 0.025 0.025 0.025 0.025 0.025 0.025 

NOTES: oc is the share of labor in market production; 6 is the share of labor in home production; Z is the home technology shock; A is the mar- 
ket technology shock; g is the steady state growth rate (quarterly rate); Z is the steady state real interest rate (quarterly rate); N is the steady 
state allocation of hours to the market sector; o is the home and market capital depreciation rate (quarterly rate). 

3. When each capital stock enters the problem separately, the analytical solution procedure requires 
solving a pair of quadratic equations for the elasticity of market consumption with respect to each capital 
stock. This makes the problem intractable since the solution to this highly nonlinear system has at least 
four roots. 
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Vt= llvkkt + llvc7at (18) 

for vt= ct,kt+ l,nt,yt,ht, and where llA1r denotes the partial elasticity of y with respect to 
x, assumed constant. Similarly, for Cases 3-6 the procedure yields a solution for the 
log deviation from steady state as a function of the two state variables, gt and at: 

Vt= llvfAt + llvaAt a (19) 

for vt = ct,gt+l,kt,dt,nt,yt, and ht. The elasticities are complex functions of the para- 
meters in the model and the steady-state ratios of variables discussed above. An ap- 
pendix, available upon request, gives the complete analytical solutions for each 
case.4 

A property our model shares with the standard RBC model is that elasticities with 
respect to the current period capital stock (1l k or llf) depend on the IES and there- 
fore on the elasticity of substitution between home and market consumption but 
not on the persistence parameter in the technology process (see Campbell 1994). 
This is because elasticities with respect to the capital stock measure the effect on cur- 
rent variables of an increase in capital, holding fixed the level of technology. 

2. ELASTICITIES AND THEIR INTERPRETATION 

2.1 General Properties of the Model 
The model we have presented has two important properties. First, the static elas- 

ticity of substitution between home and market consumption (SES) is equal to the in- 
tertemporal elasticity of substitution (IES).5 This model yields a one-to-one 
correspondence between willingness to substitute market consumption over time, 
and willingness to substitute between market and home-produced goods. It is impor- 
tant to recognize that a tight positive relationship between the IES and the SES is not 
an unusual aspect of our framework. In fact, as Appendix A demonstrates, for the 
most popular nonseparable home production specification studied in the literature, 
the relationship between the IES and the SES is virtually identical to the one-to-one 
mapping implied by this model for values of the IES less than or equal to one. Ap- 
pendix A provides details. Values of the SES typically assumed in the home produc- 
tion literature are as high as 5, implying that the IES is well above unity, at variance 
with a large number of empirical estimates cited above which suggest that the IES is 
close to zero. Although there is little direct empirical evidence on the size of the SES, 
Appendix A illustrates that it may be identified by setting it in accordance with the 
implied value of the IES, a parameter for which we do have direct empirical evi- 

4. This appendix may also be found on the web at www.ny.frb.org/rmaghome/economist/ludvigson/ 
ludvigson.html. 

5. The static elasticity of substitution between home and market consumption is defined as allnn(pt,ct 

where PsIIPC is the shadow price of home goods, equal to U9(ct Ht) . 



TABLE 2 
ELASTICITIES WITH RESPECT TO CAPITAL AND TECHNOLOGY FOR CASES 1 AND 2 

IES IES 
0 0.2 1 5 0 0.2 1 5 

Elasticities Case 1: Deterministic home technology model Case 2: Stochastic home technology model 

nck 0.04 0.21 0.54 1.19 0.04 0.21 0.54 1.19 
*-k 1.00 0.97 0.94 0.92 1.00 0.97 0.94 0.92 
k All ¢ -0.08 -0.26 -0.24 0.22 -0.08 -0.26 -0.24 0.22 

nyk 0.28 0.16 0.17 0.48 0.28 0.16 0.17 0.48 
a/Zk 0.04 0.13 0.12 -0.11 0.04 0.13 0.12 -0.11 

aCa 0.00 0.02 0.07 0.23 0.01 0.04 0.07 0.12 
nka 0.08 0.09 0.13 0.17 0.18 0.17 0.13 0.09 
aBa Q = 0 -0.01 0.20 0.71 1.43 1.32 1.11 0.71 0.25 
a,,a 0.66 0.80 1.14 1.62 1.55 1.41 1.14 0.84 
nhsl °.°° - 0.10 - 0.36 - 0.72 0.01 0.11 0.31 0.54 

aCa 0.05 0.17 0.29 -0.36 0.12 0.30 0.29 -0.18 
nka 0.07 0.06 0.09 0.25 0.16 0.11 0.09 0.13 
aBa Q = 0.95 -0.11 -0.06 0.45 1.70 1.09 0.65 0.45 0.39 

}a 0.60 0.63 0.97 1.80 1.39 1.10 0.97 0.93 
/la 0.05 0.03 - 0.22 - 0.85 0.12 0.34 0.76 0.47 

nca 0.32 0.37 0.46 - 7.0 0.75 0.65 0.46 - 0.36 
>a 0.OO 0.01 0.06 0.29 0.00 0.02 0.06 0.15 

n ¢= 1 -0.64 -0.41 0.24 1.86 -0.16 0.04 0.24 0.47 
a 0.24 0.39 0.83 1.91 0.56 0.69 0.83 0.98 

/?a 0.32 0.21 - 0.12 - 0.93 0.75 0.65 0.55 0.43 

NOTES: ¢ is the persistence parameter on the market technology process; IES is the intertemporal elasticity of substitution in consumption. 
The table reports the elasticities of market consumption, c, next period's market capital, k, market labor supply, s1, market output, y, and home 
output, /1, respectively. The first panel reports TlCk T1g.g;, T1Z1k 11X, /Zg.; the elasticities c, k, t1, y, and /1, respectively, with respect to this period's 
market capital which do not vary with ¢. The last three panels give nc., Tlk Zla T1l, //6Z; the elasticities with respect to market technology 
for selected values of ¢. Table 1 gives a summary of the parameter values for each case. 
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dence. This approach is adopted here. Thus we extend the existing home production 
literature by considering models in which the IES and the SES are valued below one. 

A second property of the general model concerns the behavior of market hours as 
market and home consumption become highly complementary. As the IES ap- 
proaches zero, even though the agent becomes infinitely averse to shifting the ratio 
of market to home consumption, market hours can change; in fact they adjust pas- 
sively to insure a fixed ratio of home to market consumption. 

2.2 The EJfects of Home and Market Technology Shocks 
In this section, we consider how innovations to market and home technology in- 

fluence consumption, labor supply, output, and the capital stock. These effects are 
given by partial elasticities with respect to at. We focus our discussion on these elas- 
ticities, though elasticities with respect to capital which do not depend on the spec- 
ification of technology shocks are also provided in the tables for reference. Table 2 
reports elasticities for Cases 1 and 2, the deterministic and stochastic home technol- 
ogy models in which capital is not used in home production. Table 3 reports elastic- 
ities for Cases 3 and 4, the home capital and symmetric home production models in 
which capital is used in the home sector as intensively as it is in the market sector. 



TABLE 3 
ELASTICITIES WITH RESPECT TO CAPITAL AND TECHNOLOGY FOR CASES 3 AND 4 

IES IES 
0 0.2 1 5 0 0.2 1 5 

Elasticities Case 3: Home capital model Case 4: Symmetric home ploduction model 

aC 0.11 0.31 0.59 1.21 0.11 0.31 0.59 1.21 
nf 1.00 0.98 0.96 0.90 1.00 0.98 0.96 O.90 
nkg 1.44 1.06 0.49 - 0.75 1.44 1.06 0.49 - 0.75 
ndy All ¢ 0.78 0.97 1.26 1.87 0.78 0.97 1.26 1.87 
nllf 0.44 0.06 -0.51 - 1.75 0.44 0.06 -0.51 - 1.75 
a, 0.78 0.40 -0.18 - 1.14 0.78 0.40 -0.18 - 1.14 
aslf 0.11 0.31 0.59 1.21 0.11 0.31 0.59 1.21 

aCa 0.00 0.01 0.05 0.35 0.01 0.02 0.05 0.10 
nfa 0.03 0.04 0.08 0.26 0.08 0.08 0.08 0.07 
nka - 0.01 0.24 1.24 5.97 1.32 1.29 1.24 1.14 
nda ¢ = ° 0.00 - 0.12 - 0.62 - 2.98 - 0.66 - 0.64 - 0.62 - 0.57 
a Ba -0.01 0.24 ] .24 5.97 1.32 1.29 1.24 1.14 
nva 0.66 0.91 1.91 6.64 1.98 1.95 1.91 1.81 
/la 0.00 - 0.12 - 0.62 - 2.98 0.01 0.02 0.05 0.10 

nca 0.05 0.08 0.23 1.57 0.15 0.25 0.23 - 0.11 
nfa 0.02 0.03 0.06 0.15 0.07 0.06 0.06 0.09 
nka - 0.10 0.10 0.88 3.54 1.04 0.83 0.88 1.55 
nda ¢ = 0.95 0.05 - 0.05 - 0.44 - 1.77 - 0.52 - 0.42 - 0.44 - 0.77 

a - 0.10 0.10 0.88 3.54 1.04 0.83 0.88 1.55 
a,,a 0.57 0.77 1.54 4.20 1.70 ].50 1.54 2.21 
/la 0.05 - 0.05 - 0.44 - 1.77 0.15 0.25 0.23 - 0.18 

nca 0.30 0.22 0.41 2.16 0.89 0.70 0.41 - 0.21 
nfa 0 00 0.02 0.04 0.10 0.00 0.02 0.04 0.10 
at.a -0.59 -0.18 0.51 2.34 -0.44 -0.06 0.51 1.75 
nda Q = 1 0.30 0.09 - 0.26 - 1.17 - 0.22 0.03 - 0.26 - 0.87 
aBa -0.59 -0.18 0.51 2.34 -0.44 -0.06 0.51 1.75 
nya 0.07 0.49 1.18 3.01 0.22 0.60 1.18 2.41 

a 0.30 0.09 - 0.26 - 1.17 0.89 0.70 0.41 - 0.21 

NOTES: ¢ is the persistence parameter on the market technology process; IES is the intertemporal elasticity of substitution in consumption. 
The table reports the elasticities of market consumption, c, next period's aggregate capital,g, market capital, k, home capital, d, market labor 
supply, s1, market output, y, and home output, h, respectively. The first panel reports flCf. Tlfg. Tlg;t. Tl(r. Tl,,f. Tl ,f, fl,,f. the elasticities c, f k, d, t1, y, 
and h, respectively, with respect to this period's aggregate capital which do not vary with ¢. The last three panels give llcf, Tlg. T1g;X; TlXsf. Tl,,f, ll ,f, 
TlS,f, the elasticities with respect to market technology for selected values of ¢. Table 1 gives a summary of the parameter values for each case. 

Table 4 reports results for Cases 5 and 6, the two models that allow for capital to be 
used less intensively in the home sector. 

In all the tables we consider a range of values for the IES and the persistence pa- 
rameter ¢. The IES is set equal to 0,0.2,1, and 5; thus we include a high IES as used 
in other home-production studies, the unit IES of the standard RBC model, an em- 
pirically plausible low IES of 0.2, and the extreme case of IES = 0 which illustrates 
various theoretical properties of low-IES models. The persistence parameter ¢ is set 
equal to 0,0.95, and 1; a persistence of 0.95 nicely captures the properties of long- 
lasting but less-than permanent technology shocks. 

The left-hand panel of Table 2 gives consumption, capital, employment, and out- 
put elasticities for the deterministic home technology model, Case 1. This model 
generalizes the standard RBC model by freeing up the curvature in the utility func- 
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TABLE 4 
ELASTICITIES WITH RESPECT TO CAPITAL AND TECHNOLOGY FOR CASES 5 AND 6 

IES IES 
0 0.2 1 5 0 0.2 1 5 

Elasticities Case 5: Labor-intensive home capital model Case 6: Labor-intensive home production model 

ncf 0 05 0.23 0.55 1.42 0.05 0.23 0.55 1.42 
nf 1.00 0.98 0.95 0.91 1.00 0.98 0.95 0.91 
nkf 1.02 0.94 0.88 0.98 1.02 0.94 0.88 0.98 
ndy All ¢ 0.95 1.18 1.34 1.06 0.95 1.18 1.34 1.06 

0.05 -0.16 -0.30 -0.05 0.05 -0.16 -0.30 -0.05 
} 0.37 0.20 0.09 0.29 0.37 0.20 0.09 0.29 

nhf 0.05 0.17 0.25 0.11 0.05 0.17 0.25 0.11 

nca 0.00 0.02 0.07 0.31 0.01 0.04 0.07 0.05 
nfa 0.06 0.07 0.12 0.20 0.18 0.16 0.12 0.03 

*n ° °° 0.08 0.33 0.88 0.64 0.56 0.33 - 0.12 
nda ¢ = ° 0.0 1 - 0.22 - 0.95 - 2.54 - 1.85 - 1.60 - 0.95 0.34 
la - 0.01 0.20 0.85 2.28 1.66 1.44 0.85 - 0.30 
nya 0.66 0.83 1.34 2.48 1.99 1.81 1.34 0.43 
/za 0.00 - 0.11 - 0.47 - 1.25 0.01 0.13 0.45 1.09 

nca 0.05 0.14 0.28 0.30 0.16 0.33 0.28 - 0.25 
nfa 0 05 0.05 0.08 0.20 0.15 0.11 0.08 0.07 
nka - 0.04 0.00 0.21 0.89 0.54 0.36 0.21 - 0.03 
nda ¢ = 0.95 0.11 0.00 - 0.63 - 2.55 - 1.55 - 1.04 - 0.62 0.08 
n -0.10 0.00 0.55 2.29 1.39 0.93 0.55 -0.07 

Zla 059 0.66 1.11 2.49 1.77 1.41 1.11 0.61 
nha 0 05 0.0O - 0.30 - 1.26 0.16 0.41 0.62 0.96 

nca 0.32 0.32 0.45 0.29 0.95 0.78 0.45 -0.42 
nfa °.°° 0.02 0.05 0.20 0.00 0.03 0.05 0.09 
nka - 0.22 - 0.12 0.12 0.89 - 0.02 0.06 0.12 0.02 
nda ¢ = 1 0.64 0.35 - 0.34 - 2.55 0.05 - 0.18 - 0.34 - 0.06 

a - 0.58 - 0.31 0.30 2.29 - 0.05 0.16 0.30 0.05 
nya 0.21 0.42 0.91 2.49 0.63 0.80 0.91 0.71 
/a 0.32 0.17 - 0.17 - 1.26 0.95 0.83 0.75 0.89 
NOTES: ¢ is the persistence parameter on the market technology process; IES is the intertemporal elasticity of substitution in consumption. 
The table reports the elasticities of market consumption, c, next period's aggregate capital,g, market capital, k, home capital, d, market labor 
supply, s1, market output, y, and home output, h, respectively. The first panel reports net 8; ¢ ndf ,,f, nyf ,f, the elasticities c, g k, d, t1, y, 
and /1, respectively, with respect to this period's aggregate capital which do not vary with ¢. The last three panels give nef ntfs nkf f ,,f sf 

,f, the elasticities with respect to market technology for selected values of ¢. Table 1 gives a summary of the parameter values for each case. 

tion over consumption. As a result, it is worthwhile elaborating on several features of 
this case. First, as already noted, when the IES = 1, this case collapses to the stan- 
dard Hansen RBC model with divisible labor and log utility over consumption and 
leisure. Hence the elasticities in the IES = 1 column of the left-hand panel of Table 
2 are the same as those given in Campbell (1994), which uses the analytical tech- 
nique employed here to solve the standard model. 

Second, the elasticity of consumption with respect to a positive technology shock, 
, is increasing in persistence for low IES, but decreasing for high IES. When the 

IES is low, substitution effects are weak and the agent responds primarily to the pos- 
itive income effect of a technology shock which increases with its persistence. When 
the IES is high, substitution effects are important. A nonpersistent technology shock 
with ¢ = O has no substitution effect because it increases output today but does not 
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change the expected future marginal product of capital. A persistent technology 
shock, however, increases the interest rate and motivates a large substitution into 
consumption tomorrow; hence consumption elasticities can be very small or even 
negative when the IES is high and technology is persistent. 

Third, when the IES is sufficiently small, the response of labor supply to a positive 
technology shock (Tlna) is negative. Equivalently, consumption and hours are nega- 
tively correlated since flca is positive for small values of the IES. This counterfactual 
prediction can be understood by referring back to (10), setting T = Zt= 1 and Ht = 
(1-Nt). Equation (10) shows that if the real wage is constant, the marginal utility of 
consumption will be perfectly correlated with the marginal disutility of labor hours. 
As consumption rises the marginal utility of consumption falls, requiring a decrease 
in the marginal disutility of work, or an increase in leisure, and producing a negative 
correlation between market hours and consumption. Procyclical variation in the real 
wage offsets this effect, but is not strong enough to reverse it if marginal utility de- 
clines rapidly. A small IES implies rapidly declining marginal utility and thus a neg- 
ative correlation between hours and consumption. 

This result illustrates a fundamental difficulty with the standard RBC model with 
a low IES: it predicts that market hours will be countercyclical. Table 2 shows how 
symmetric shocks to home technology can remedy this problem. The right-hand 
panel shows the elasticities for Case 2, the stochastic home technology model, when 
t = 1, but Zt= At. In this case, shocks to technology affect the home and market 
sectors symmetrically. This change has no effect on labor supply elasticities when 
the IES = 1; it increases the elasticities for IES < 1 and reduces them for IES > 1. 
For low IES, the impact of the change is large enough to make labor supply elastici- 
ties positive unless the persistence of technology shocks is extremely close to one. 
Thus symmetric home technology shocks make it possible to obtain procyclical 
labor supply in a real business cycle model with a low IES. 

The underlying mechanism for this effect is that home technology shocks, like 
market technology shocks, have both income and substitution effects. The substitu- 
tion effect draws labor into home production, while the income effect pushes labor 
away from home production. When the IES is low, the income effect dominates and 
home technology shocks offset the shift to home production that is caused by market 
technology shocks. On net market hours show a tendency to increase because tech- 
nology shocks stimulate investment (particularly when ¢ < 1) and market output, 
unlike home output, can be used to accumulate capital. 

Put another way, a home production model with a low IES requires that relative 
productivity shocks between the market and home sectors should be small, because 
such shocks tend to produce an inverse relation between market hours and market 
consumption. This finding contrasts with the results of previous home production 
studies which emphasize the importance of large relative productivity shocks across 
sectors in order to improve the quantitative performance of the standard model. The 
reason for the difference, as we have already emphasized, is that previous studies 
have assumed that the IES and SES are high, so substitution effects dominate income 
effects. Table 2 shows that with a high IES, market hours are particularly procyclical 
when there is relative productivity variation across sectors. 



JOHN Y. CAMPBELL AND SYDNEY LUDVIGSON : 863 

Table 3 reports results for the two cases in which capital is used in the home sec- 
tor with the same intensity as in the market sector. As in Table 2, the left-hand panel 
has deterministic home technology, so that market technology shocks are intersec- 
toral shocks, while the right-hand panel has stochastic home technology perfectly 
correlated with market technology. 

Case 3, the home capital model, is reported in the left-hand panel of Table 3. 
The value of the IES has several notable effects on the elasticities in this case. The 
elasticities of market consumption, market output, and market hours are generally 
increasing in the IES; the more willing individuals are to substitute both intertempo- 
rally and intratemporally, the larger are the effects Ot1 the economy of a technology 
shock to the market sector. Specifically, when the IES (equivalently, the SES) is very 
large, a persistent technology shock induces a very large substitution into market 
consumption and market output, and out of home consumption. This pattern is the 
opposite of the deterministic home technology model, Case 1 (which, like Case 3, 
has no technology shocks but, unlike Case 3, omits home capital). This indicates 
that, with the share of home capital in home production as large as it is in the home 
capital model, intersectoral substitution effects dominate intertemporal substitution 
effects, whereas the opposite is true when home production uses no capital. 

The right-hand panel of Table 3 shows elasticities for Case 4, the symmetric home 
production model. In this case, both sectors utilize capital and technology in the 
same proportion, and shocks to technology across sectors are perfectly correlated. 
This implies that nks = a,7a; capital shifts across sectors in the same proportions as 
labor, to maintain the appropriate capital-labor ratio in each sector. As in Table 2, and 
for the same reasons, the addition of symmetric home technology shocks to the 
model increases the low-IES labor supply elasticities, making them positive for all 
but the most persistent technology shocks. 

Table 4 gives the elasticities for Cases 5 (the labor-intensive home capital model), 
and 6 (the labor-intensive home production model). These cases differ from those in 
Table 3 only in the value for the share of home capital, 1-? which is set equal to 
0.08, rather than 1/3. Turning first to the results for the labor-intensive home capital 
model in the left-hand panel of Table 4, note that the consumption and labor supply 
elasticities follow a pattern similar to that of the deterministic home technology 
model in Table 2. The consumption elasticities decline when IES rises above one, in- 
dicating that intertemporal substitution effects dominate intersectoral substitution ef- 
fects, while the labor supply elasticities are rising in IES. This finding is not 
surprising since the labor-intensive home capital model differs from the determinis- 
tic home technology model only in setting a = 0.92 rather than one. In addition, 
many of the labor supply elasticities in the labor-intensive home capital model are 
negative for low values of the IES, implying that this model shares the counterfactual 
prediction of the deterministic home technology model that market hours will often 
be countercyclical when the IES is less than one. 

The solutions for the labor-intensive home production model, presented in the 
right-hand panel of Table 4, look like a hybrid of the solutions for the stochastic 
home technology model in the right-hand panel of Table 2 and the symmetric home 
production model in the right-hand panel of Table 3. Recall that in each of these 
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models, technology shocks influence both the home sector and the market sector, but 
labor is used more intensively in home production in the home technology model 
(which is 100 percent labor intensive because it has no home capital) than in the 
symmetric home production model (where capital represents one-third of home pro- 
duction). The labor-intensive home production model has a capital intensity in home 
production that lies between that of the home technology model and the symmetric 
home production model. 

In one important respect the labor-intensive home production model differs from 
the two models for which it is a hybrid. When the IES is very large, the labor supply 
elasticities are negative while the home capital elasticities are positive. This occurs 
because a given change in labor-augmenting technology has a larger impact on the 
marginal product of labor in home production than it does in market production, a 
situation that motivates a strong substitution into nonmarket hours and a reallocation 
toward home capital. This effect is absent from the home technology model and the 
symmetric home production model, where shocks to technology affect the home and 
market sectors symmetrically. 

Finally, notice that the labor-intensive home production model does not display 
the counterfactual prediction that market hours are always countercyclical when the 
IES is sufficiently small. Instead, for small values of the IES, the labor-intensive 
home production model produces positive labor supply elasticities for all values of ¢ 

except in the limit as ¢ approaches one. The intuition for this result is the same as be- 
fore and concerns the fact that a technology shock produces little intersectoral pro- 
ductivity variation. Because a technology shock affects both home and market 
production, a positive technology shock leads to an increase in both home and 
market consumption, and therefore does not reduce the marginal utility of market 
consumption relative to home consumption as much as in the models for which tech- 
nology influences only the market sector. Thus the labor supply elasticities in the 
labor-intensive home production model are much larger when the IES is low (and in- 
come effects are strong) than in models where there are strong intersectoral shocks. 

3. SIMULATION RESULTS 

The elasticities discussed above summarize how the model's properties change 
with key parameter values. The results indicate that the solution is very sensitive to 
the assumed values of the IES and ¢. To gain further understanding into the model's 
predictions at empirically plausible values of the IES and ¢, and to compare them 
with those of other RBC and home production models, it is useful to undertake sim- 
ple time-series simulations of the model. We can then carry out the exercise typically 
performed in the RBC literature of asking how well moments from the simulated 
data match those from the U.S. data. 

We focus on the model's properties when the IES is set equal to empirically plau- 
sible levels. A survey of the many studies cited above which estimate this parameter 
suggests that it is well below one, and in many cases close to zero. Therefore, we 
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consider 0.20 to be a conservative value for this parameter, and we use it in the sim- 
ulations reported below. 

We choose parameters for the technology process that are fairly standard.6 In par- 
ticular, we assume that the AR(1) process for the log technology is given by at = 
O.95at_l + £t, where £t is normally distributed with a standard deviation equal to 
0.007. Using allocation rules implied by the elasticities reported above, 100 simula- 
tions of 150 periods each are computed. Each simulation consists of a random sam- 
ple of 150 realizations of £t, which is then used to compute the values of each of the 
other variables in the model using the decision rules reported above. The simulated 
data are Hodrick-Prescott filtered before computing any statistics, again following 
the home production literature. 

Panel A of Table 5 gives selected moments from U.S. quarterly data over the pe- 
riod 1959:1-1996:4 7 for the following log real variables: output, y; consumption, c; 
investment, i; average productivity, w; market capital, k; and market hours, n. For 
each of these variables, the table gives the percent standard deviation in the variable 
relative to the percent standard deviation of y, and the cross correlation of the vari- 
able with y. Data details are given in Appendix B. 

Panel B uses simulated data to summarize the cyclical properties of the standard 
RBC model (Case 1 with IES = 1). The panel reveals several well-known discrepan- 
cies between the model's predictions and key aspects of the U.S. data. These dis- 
crepancies can be summarized as follows: compared to the data, output is not 
volatile enough; relative to output, consumption and hours are not volatile enough; 
relative to output, investment is too volatile, and productivity (w) is too highly corre- 
lated with output. Existing home production studies have documented significant 
improvements in the standard model's performance, along all of these dimensions, 
as the result of explicitly incorporating a household sector into the standard model 
(for example, see Benhabib, Rogerson, and Wright 1991). Next, we ask whether 
those improvements are maintained in our model with a low intertemporal elasticity 
of substitution in consumption. 

Panels C-H of Table 5 show statistics computed from the simulated data for Cases 
1-6. Note that, for these results, Case 1 is simply the standard model with IES = 0.2 
instead of IES = 1. 

Turning first to the results for Cases 1 through 4 (Panels C-F), Table 5 reveals that 
none produce results that represent a clear improvement over the standard model's 
performance. Instead, for these cases, generalizing the standard model to include 
home technological progress and a low intertemporal substitution elasticity appears 
to significantly deteriorate its quantitative performance along several dimensions. 
For example, in every case, the volatility of consumption relative to output is 

6. Our parameter choice for the variance of technology shocks coincides with Benhabib, Rogerson, 
and Wright (1991), Greenwood and Hercowitz (1991), and Greenwood, Rogerson, and Wright (1995), 
while our choice of Q is consistent with Benhabib, Rogerson, and Wright and Greenwood, Rogerson, and 
Wright. 

7. This sample period applies for all series except the capital stock, for which the most recent data runs 
from 1959:1-1994:1. 



TABLE 5 
SIMULATION RESULTS 

x = 

C i Xt' k tz 

A. U.S. Data: std(y) = 2.0 

std(x) .49 2.44 .65 .25 .76 
std(y) 
corr(x,y) .90 .97 .65 .38 .76 

B. Standard RBC Model, IES = 1: std(y) = 1.0 

std(x) .35 3.08 .56 .33 .47 

corr(x,y) .90 .99 .98 .04 .98 

C. Case 1, Deterministic home technology model, IES = 0.2: std(y) = 0.7 

std(x) .28 3.18 1.10 .33 .13 
std(y) 
corr(x,y) .98 .99 .99 .01 -.77 

D. Case 2, Stochastic home technology model, IES = 0.2: std(y) = 1.0 

std(x) .28 3.21 .43 .35 .60 
std(y) 
corr(x,y) .98 .99 .96 .02 .98 

E. Case 3, Home capital model, IES = 0.2: std(Y) = 0.7 

std(x) .11 1.3 .88 .19 .15 
std(y) 
corr(x,y) .94 .99 .99 .68 .85 

F. Case 4, Symmetric home production model, IES = 0.2: std(Y) = 1.4 

std(x) .17 1.3 .45 .56 .55 
std(y) 
corr(x,y) .98 .99 .99 .98 .99 

G. Case 5, Labor-intensive home capital model, IES = 0.2: std(Y) = 0.6 

std(x) .21 2.57 1.01 .26 .04 
std(y) 
corr(x,y) .97 .99 .99 0.00 -.12 

H. Case 6, Labor-intensive home production model, IES = 0.2: std(Y) = 1.3 

std(x) .24 2.51 .35 .34 .67 
std(y) 
corr(x,y) .98 .99 .97 .74 .99 

NOTES: A11 Series are filtered using the Hodrick-Prescott technique. The following variables are in logs: y is output, c is market consumption, 
i is investment, k is market capital, zz is market hours, and av is average productivity. The top of each panel is the percentage standard devia- 
tion of output; std(x)/std(y) gives the standard deviation of the series A relative to that of Y and corr(x,y) gives the correlation of x with y. The 
numbers are averages over 100 simulations of 150 periods each. 
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smaller, and the correlation of productivity with output is higher than in the standard 
model. Both the deterministic and stochastic home technology models, Cases 1 and 
2, produce investment that is too volatile relative to output, whereas the home capital 
model and the symmetric home production model, Cases 3 and 4, produce too little 
investment volatility. Furthermore, Cases 1 and 3 have output less volatile than the 
standard model, and only Case 4 yields output that is more volatile than the standard 
model. 

The existing home production literature documents that models with a household 
sector perform significantly better than the RBC benchmark along all of these dimen- 
sions. As previously noted, however, the most popular of these specifications implies 
that the IES is greater than one by imposing a value for the SES that is greater than 
one. Yet the RBC benchmark to which these models are compared is the standard 
model which fixes the IES at unity, making it difficult to determine how much of the 
documented improvement is due to the inclusion of a home production sector, and 
how much is due to the higher IES assumed in the home production fieamework. Our 
specification allows us to both fix the value of the IES at a common level across the 
RBC benchmark and home production model, and to give the IES an empirically 
plausible value. Thus, although the first four home production models considered in 
Table 5 perform worse than the standard model with log utility over consumption and 
hours, we do not believe the latter is an appropriate benchmark to which models of 
home production with low IES should be compared. Instead, we argue that Case 1, 
which minimizes the role of the home production sector but permits a more empiri- 
cally plausible IES than the standard model, is the relevant benchmark. 

Table 5 shows that, relative to Case 1, the symmetric technology shock cases 
(Cases 2 and 4) represent improvements along several dimensions over the low IES 
benchmark. For example, Case 1 predicts a counter-factual negative correlation be- 
tween market hours and output. This is consistent with the negative labor supply 
elasticities (Tlnc.7.) found in Table 2 when IES = 0.2. By contrast, the symmetric tech- 
nology shock cases yield procyclical market hours and also match the data more 
closely in the relative volatility of hours and wages.8 

Nevertheless, some problems remain with the low IES models, even for those 
models in which technology shocks across sectors are symmetric. The most notable 
difficulty is the volatility of investment relative to output: in the home technology 
model, investment is too volatile, while in the symmetric home production model it 
is not volatile enough. In both models, consumption is still too smooth relative to 
output. The last two panels of Table 5 demonstrate, however, that these difficulties 
with the relative volatility of investment and consumption are largely ameliorated in 
the models for which there is home capital and a realistic value for the steady state 
consumption-output ratio (equal to 0.667). The fact that investment is not volatile 
enough in the symmetric home production model is a mere artifact of the un- 

8. The home capital model, Case 3, also delivers procyclical market hours for IES = 0.2 (although not 
for lower values of IES), but it does not deliver any improvement in the relative volatility of both hours 
and wages over the low IES benchmark. 



868 : MONEY, CREDIT, AND BANKING 

realistically low steady-state consumption-output ratio (equal to 0.25) implied by 
setting ot = D = 2/3 (recall the discussion in section 1.2). Since output is the sum of 
consumption and investment, the standard deviation of y is a weighted average of the 
standard deviation of c and i, with the weights equal to the relative shares of c and i 
in y. When consumption is a very small share of output, as it is in the symmetric cap- 
ital share models Cases 3 and 4, investment is very smooth since consumption is far 
less volatile than output. By contrast, when consumption is a large share of output, 
for example equal to 0.75 as it is in both the standard model and the home technol- 
ogy model, investment must be quite volatile since consumption comprises the 
largest fraction of output and is far less volatile than output. Finally, when the con- 
sumption share is set to 0.667 to match the aggregate data, as it is in the labor-inten- 
sive models, investment can have about the right amount of volatility and can still 
account for the fact that consumption is smoother than output. 

In summary, the labor-intensive models both yield improvements over the low IES 
benchmark along the investment volatility dimension. In fact, the labor-intensive 
home production model produces a value for the relative volatility of investment that 
is very close to that found in the data. Nevertheless, of these two labor-intensive 
models, it is clear that the labor-intensive home production model which has tech- 
nology shocks that are perfectly correlated with those of the market sector per- 
forms much better than the labor-intensive home capital model, where technology 
shocks are uncorrelated across sectors. Significantly, unlike all the other models, the 
labor-intensive home production model (Case 6) represents an improvement along 
all the dimensions discussed above over both the low IES RBC benchmark (Case 1) 
and the standard RBC model. The labor-intensive home production model delivers 
more volatile output than these benchmarks; relative to output, the model delivers 
less volatile investment, more volatile market hours, and comparable consumption 
volatility. Furthermore, the labor-intensive home production model produces a corre- 
lation between market hours and output that is not only positive but close to empiri- 
cal values. This finding is striking in light of the general difficulty of reconciling the 
RBC paradigm with empirical evidence for a low IES. 

Given these successes of the labor-intensive home production model, we further 
explore the persistence of output for that model, along with its comovement with 
other variables, in Table 6. The table presents cross-correlations of model variables 
with output in Panel B; for comparison, these correlations are given for the U.S. data 
in Panel A. Output from the model economy does display persistence, consistent 
with the U.S. data, though it is clearly not as persistent as the latter. Lagged con- 
sumption and investment both covary positively with output in the model economy, 
though this covariation dies out more quickly than in the data; labor hours also move 
positively with output at the first lead and lag, but the comovement is too small at far- 
ther leads and too large at farther lags, whereas the opposite is true for productivity. 
Thus, the match between the model economy and the data is fairly good, but clearly 
imperfect. 

In summary, the simulation results presented in this section demonstrate that the 
additively separable model of home production studied here, with a low value of the 



TABLE 6 

CROSS-CORRELATIONS OF OUTPUT WITH X = 

y C i ZI W 

A. U.S. Data 
X(-4) 0.32 0.31 0.30 -0.15 0.67 
X(-3) 0.54 0.52 0.52 0.07 0.77 
X(-2) 0.74 0.69 0.71 0.31 0.80 
X(- 1) 0.90 0.83 0.87 0.55 0.77 
X 1.00 0.90 0.97 0.76 0.65 
X{ + 1) 0.90 0.80 0.88 0.87 0.40 
X(+2) 0.74 0.66 0.72 0.86 0.16 
X(+3) 0.54 0.50 0.52 0.78 -0.05 
X(+4) 0.32 0.29 0.30 0.66 -0.26 

B. CaSe 6, LabOr-intenSiVe hOme PrOdUCtiOn mOde1 
X(-4) 0.07 -0.03 0.08 0.12 -0.04 
X(-3) 0.22 0.13 0.24 0.27 0.12 
X(-2) 0.42 0.35 0.43 0.46 0.33 
X(- 1) 0.68 0.63 0.68 0.70 0.62 
X 1.00 0.98 0.99 0.99 0.97 
X{ + 1) 0.68 0.72 0.67 0.64 0.73 
X(+2) 0.42 0.50 0.41 0.36 0.52 
X(+3) 0.22 0.32 0.20 0.15 0.34 
X(+4) 0.07 0.18 0.05 0.00 0.20 

NOTES: Cross-correlations computed from simulated data of the home production model 6. A11 series are filtered using the Hodrick-Prescott 
technique. The following variables are in logs: y is output, c is market consumption, i is investment, k is market capital, s1 is market hours, and 
ov is average productivity. 

JOHN Y. CAMPBELL AND SYDNEY LUDVIGSON : 869 

IES and technology shocks that are perfectly correlated across sectors, can yield sig- 
nificant quantitative improvements over the standard RBC model which has a higher 
IES. This improvement is even more dramatic relative to a low IES RBC benchmark 
that specifies the same value for the IES as in the home production model. Neverthe- 
less, some features of the data, such as the comovement of hours and productivity 
with output, remain imperfectly captured by the home production model considered 
here. Constructing a framework that preserves the quantitative features of a low IES 
home production model while improving upon the cyclical properties of hours and 
productivity remains a topic for future research. 

4. CONCLUSIONS 

Little evidence is available to calibrate several key parameters in models with 
home production. One such parameter is the static elasticity of substitution between 
home and market consumption (SES). Yet theoretical models in the existing house- 
hold production literature typically assume that home and market consumption are 
highly substitutable. Our strategy for calibrating the SES is to calibrate the intertem- 
poral elasticity of substitution (IES) instead, making use of the positive relation that 
exists between the two parameters. In doing so, we rely on a large body of empirical 
evidence which suggests that the value of the IES is substantially below unity. 



870 : MONEY, CREDIT, AND BANKING 

The framework studied in this paper allows us to explore several possible general- 
izations of the standard real business cycle model. A minimal generalization de- 
emphasizes the role of the home production sector, but relaxes the restriction of the 
standard model that the IES must be one to permit balanced growth. The most gen- 
eral specification incorporates a complete home production function with household 
capital and stochastic shifts in household technological progress. The value of the 
IES has a critical effect on the time-series properties of all these models. 

While previous studies have concentrated on home production models with high 
values for the IES, we have explored the properties of a home production model with 
a low IES. We develop a low IES benchmark by introducing steady-state technolog- 
ical growth into the home sector of an otherwise standard, time-separable real busi- 
ness cycle model. 

A long-standing difficulty in real business cycle theory is that preferences that 
have rapidly declining marginal utility of consumption make it difficult to capture 
the cyclical properties of consumption and hours worked, and often lead to a deteri- 
oration of the model's quantitative performance along several other dimensions. Our 
results demonstrate how these problems can be resolved, and provide three key in- 
sights about the underlying structure of a home production model with a low IES. 
First, freeing up the curvature of the utility function while maintaining balanced 
growth requires that the home and market sectors display the same long-run rate of 
technological progress. Second, when the IES is low, the cyclical behavior of market 
hours is not well captured in a home production model with a high degree of inter- 
sectoral productivity variation. In contrast to models that impose higher values for 
the IES, intersectoral technology shocks are not helpful because they make market 
hours and market consumption move inversely. Third, to match many cyclical prop- 
erties of the data, capital must be present in the home sector but must be used more 
intensively in the market sector than in the home sector. A home production model 
that incorporates these three properties can be surprisingly successful at reconciling 
the real business cycle paradigm with evidence for a low IES. 

The home production model proposed here is radically different fiom the existing 
literature in several respects. Conceptually, home production is thought of as the pro- 
duction of valued leisure. The model has separable utility across market and home 
production; it has very weak substitution effects, so household behavior is domi- 
nated by income effects; and it has stochastic home technology that moves in paral- 
lel with market technology. The first of these properties is consistent with 
econometric evidence that time-varying market hours do not affect the marginal util- 
ity of market consumption. The second property matches evidence that the intertem- 
poral elasticity of substitution in market consumption is close to zero. The third 
property is plausible if leisure activities benefit from the same technological ad- 
vances in travel, telecommunications, and computing, for example that affect 
market production. Thus we believe that the model is an appealing alternative to 
existing models of home production. 
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APPENDIX A: IMPLICATIONS OF ALTERNIATIVE SPECIFICATIONS 

I. Nonseparabilities and Home Production 
The evidence cited above that there is little relation between expected consump- 

tion growth and expected hours growth can shed light on whether there may be im- 
portant nonseparabilities between home and market consumption in RBC models 
with a variety of home production specifications. To see this, note that home produc- 
tion models are simply generalizations of standard RBC models, where nonmarket 
time is (at least in part) productive rather than unproductive. For example, in the case 
of the home production model considered in this paper, utility derived from nonmar- 
ket time is replaced by utility derived from some function of nonmarket time, where 
this function is given by Ht = Dtl (Zt(l-Nt))t. In this case, the first-order condi- 
tion (8), which must hold in equilibrium, is precisely the same as that in the standard 
RBC model with additively separable utility over consumption and leisure. Expected 
consumption growth is again unrelated to expected hours growth, consistent with the 
evidence cited in the introduction. By contrast, like their nonseparable RBC counter- 
parts, nonseparable home production models will always imply that expected con- 
sumption growth should be related to some function of expected hours growth. For 

example, given the utility function, U(C,Ht)- (CbHtI b)l-' -l and combi i thi 

with a particular functional form for Ht (for example, Ht = Dtl (Zt(l-Nt))t) it is 
immediately evident from a loglinearization of the appropriate first-order condition 
for market capital accumulation in this model, that expected consumption growth 
will again be related to the expected growth rate in market hours, as well as, in this 
case, the expected growth rates of home capital and home technology. Similar ex- 
pressions relating expected consumption growth with expected growth in market 
hours may be obtained for other nonseparable home production specifications. Thus, 
the presence of a home production sector does not eliminate the implication that ex- 
pected consumption growth should be related to expected hours growth if utility is 
nonseparable between home and market consumption. Accordingly, evidence that 
there is little relationship between expected consumption growth and expected hours 
growth is suggestive of a separable utility function, regardless of whether the model 
under consideration is a standard RBC model with utility specified over consump- 
tion and leisure, or a more general RBC model with home production in which util- 
ity is specified over home and market consumption.9 

9. If leisure is introduced explicitly in a nonseparable home production model, with leisure, Lt= 1 - 
N,}l, - N,1t, expected consumption growth will then be related to expected leisure growth, in addition to ex- 
pected market hours growth, and expected home capital and technology growth. Again, the presence of a 
home production sector does not eliminate the implication that expected consumption growth should be 
related to expected hours growth if utility is nonseparable between home and market consumption. 
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II. Divisibility of Nonmarket Time 
cl 7 Hl x Consider the separable utility function U(Ct,Ht,Lt) = I'-r +°1 1' >, + 

0 (1 N,,,, N,g ) 
2 1 -£ , where Lt-1-Nmt-Nht is leisure, Nmt is market time and Nht is 

home time devoted to productive activities. For the problem using this utility func- 
tion, the single static first-order condition (10) would be replaced by two first-order 
conditions, one for the choice of market hours and one for the choice of nonmarket 
production hours: 

oeKtl ttAt0tN°?1tt Ct Y-02(1-Nmt-Nht) ° ' 

elHt-XDDtl ZtiNS2t 1 _ 02(1-N,nt-Nht) O . 

It is clear that, since each of these equations must hold in equilibrium, along any bal- 
anced growth path with constant market and nonmarket hours, the parameters Y and 
X must both equal unity and we are back in the world of traditional RBC models in 
which the curvature of the utility function is restricted by balanced growth. Such a 
specification would be far more restrictive than the one studied in this paper, which 
allows the parameters Y and X to take on a continuum of values ranging from zero to 
infinity. 

III. Relation between the IES and SES 
This section shows that the positive relation between the SES and IES is not an 

unusual aspect of our framework (see Figure 1). Consider the most popular prefer- 
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FIG. 1. Relationship between IES and SES 
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ence specification in the home production literature, for example the one found in 
Benhabib, Rogerson, and Wright (1991) and McGrattan, Rogerson, and Wright 
(1993). This specification is a nonseparable model with leisure, home consumption, 
and market consumption entering a nonseparable CES utility function of the form 
U = u(C)v(L)-(C)b(l-r)L(l-b)(l-r)/(l-r), where L is leisure and C is a composite 
consumption good consisting of market and home consumption equal to [ace + 

(1-a)H]lle. In this model the SES equals 1/(1-e). 
Defining the IES in this case as-Ucl(ucCc) it is straightforward to show that 

IES = -ac / ac 
[(b(l-r)-l)c-l(ac/ac)2 +a2c/ac2]c 

The relationship between the IES and the SES depends on the value of r; the studies 
which use this specification set r = 1.1° Using the steady-state values of C, H, mar- 
ket hours, hm and home hours, hn it is straightforward to compute the value of the 
IES implied by the value of the SES. Figure A1 illustrates this relationship using the 
parameter values and the values of a and b consistent with steady state allocations 
given in Benhabib, Rogerson, and Wright (1991). Note that the value of the IES ap- 
proaches zero only when when the SES is also close to zero. Moreover, for a range 
of values of the IES less than one, the nonseparable CES model implies virtual 
equality between the IES and the SES. 

APPENDIX B: DATA 

This appendix reviews the data used to compute the summary statistics in the first 
panel of Table 5. All series are per capita, measured at quarterly frequency, season- 
ally adjusted, and chain weighted in 1992 dollars, except where otherwise noted. 

Consumption 
Consumption is the sum of personal consumption expenditures (PCE) on non- 

durables and services, excluding expenditure on housing services, 1959:3-1996:4. 
Source: Bureau of Economic Analysis (BEA). 

10. McGrattan, Rogerson, and Wright (1993) estimate a higher r (about 5), but because the standard 
error is large, they cannot reject the hypothesis that r = 1 and so they too keep r at unity. Greenwood, 
Rogerson, and Wright (1995) and Benhabib, Rogerson, and Wright (1991) also set r = 1. 

11. We are aware of only two studies that attempt to estimate the value of e in the home production 
model specified above. McGrattan, Rogerson, and Wright (1993) use aggregate data, and Rupert, Roger- 
son, and Wright (1995) use household level data from the Panel Study of Income Dynamics (PSID). It 
should be noted that neither of these studies estimate values for e that are nearly as large as 0.8; the former 
study estimates e = 0.385, while the latter study finds a very small (and imprecisely estimated) value of e 
for single men, and a statistically significant but small value of e for single women. 
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Investment 
Total investment series is defined as residential and nonresidential investment plus 

personal expenditure on consumer durables. Source: Bureau of Economic Analysis 
(BEA). 

Hours 
This series is aggregate hours of all wage and salary workers in nonagricultural in- 

dustries, in millions. These data are monthly and converted to quartelely averages 
over the period 1959: 1-1997:2. Source: Bureau of Labor Statistics. 

Capital Stock 
This series is the constant-cost net stock of fixed nonresidential structures and 

equipment, in billions of 1987 dollars from 1959-1994 at annual frequency. The 
data are linearly interpolated to quarterly frequency. Source: Bureau of Economic 
Analysis. 

Output 
The output series is constructed as consumption plus investment, following Ben- 

habib, Rogerson, and Wright (1991). 

Productivity 
Average productivity (proportional to the real wage with Cobb-Douglas technol- 

ogy) is output divided by hours, defined above. 
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