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Habit Persistence, Asset Returns, and the Business Cycle

By MicHELE BOLDRIN, [LAWRENCE J. CHRISTIANO, aND JoNas D. M. FisHeR*

Two modifications are introduced into the standard real-business-cycle model:
habir preferences and a two-sector technology with limited intersectoral factor
mobility. The model is consistent with the observed mean risk-free rate, equity
premium, and Sharpe ratio on equity. In addition, its business-cycle implications
represent a substantial improvement over the standard model, It accounts for
persistence in output, comovement of employment across different sectors over the
business cycle, the evidence of “excess sensitivify" of consumption growth to output
growth, and the “inverted leading-indicator property of interest rates, " that interest
rates are negatively corrvelated with future owtpur. (JEL D10, E10, E20, G12)

General-equilibrium models with complete
markets and optimizing agents have enjoyed a
measure of success in accounting for business-
cycle fluctuations in quantities. However, these
models have been notoriously unsuccessful in
accounting for the joint behavior of asset
prices and consumption.! Two failures in par-
ticular have attracted much atiention: the equity
premium puzzle, the fact that returns on the
stock market exceed the return on Treasury bills
by an average of six percentage points; and the
risk-free rate puzzie, the fact that the return on
Treasury bills is low on average. For the most
part, the response of business-cycle researchers
has been to ignore the asset-pricing implications
of their models.

This is unfortunate. As emphasized by John
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IL 60208; Fisher: Economic Research Bepartment, Federal
Reserve Bank of Chicago, 230 South La Salle Street, Chi-
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of Boldrin et al. {1995). We are grateful to anonymous
referees for comments which led to significant improve-
ments. Boldrin thanks the Fundaecidn BBV, Christiana
thanks the National Science Foundation, and Fisher thanks
the Social Sciences and Humanities Research Council of
Canada for financial support. The views expressed herein
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' Early discussions of this include Robert E. Hall {1978),
Lars Peter Hansen and Kenneth I, Singleton (1982, 1983),
and Rajnish Mehra and Edward C. Prescott (1985},
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H. Cochrane and Hansen (1992), business-cycle
madels assume that households equate inter-
temporal marginal rates of substitution in utility
with intertemporal marginal rates of transfor-
mation. Under the complete-markets hypothe-
sis, asset returns offer direct observations on
these margins, and so should provide an excel-
lent guide to the further development of business-
cycle models.

This is the perspective adopted here. Recent
research in the finance literature suggests that
habit persistence in preferences can reconcile
the consumption and asset-return facts.” This
literature typically takes the aggregate con-
sumption process as given. In equilibrivm
business-cycle models, both asset returns and
allocations are endogenous. So, introducing
habit persistence into these models has implica-
tions not just for asset returns, but also for
consumption, cutput, investment, and employ-
ment. We ask whether one can construct a
business-cycle model with habit persistence,
which is consistent bath with key asset-return
facts and with key business-cycle facts. Our
restlts suggest that the answer to this question is
“yes.”

Constructing a satisfactory model is not as
straightforward as it might at first seem. In

 We have in mind the eacly work on habit persistence of
Suresh M. Sundaresan {1989) and George M. Constantin-
ides (1990). In addition, there is Wayne E. Ferson and
Canstantinides (1991), Craig Bumnside (1994), John Heaton
(1995), Kent Daniel and David Marshall {1998, and John
Y. Campbell and Coachrane (1999).
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particular, if one simply introduces habit pref-
erences into the standard real-business-cycle
{(RBC)} model, there is no impact on the equity
preminm (see Boldrin et al., 1995; Martin Let-
taw and Harald Uhlig, 2000.) One way to un-
derstand this focuses on the volatility of the rate
of return on equity. An important component in
this is the volatility of capital gains. In the
standard RBC maodel, this component is a con-
stant because the supply of capital is perfectly
elastic at a constant price. By enhancing the
desire to smooth consumption, the introduction
of habit preferences amplifies the fluctuations in
the demand for capital over the business cycle.
But, with capital supply perfectly elastic, this
has no effect on capital gains and, hence, a
negligible effect on the volatility of the return
on equity. Other things the same, failure to
increase the volatility of the return on equity
translates into a failure to increase the equity
premium. Not surprisingly, the main effect of
introducing habit persistence into the standard
RBC model is simply to produce a smoother
consumption process.

The preceding considerations motivate the
way we construct our model. In addition to
habit preferences, we incorporate factor-market
inflexibilities which have the effect of reducing
the elasticity of capital supply.® We introduce
these inflexibilities by replacing the standard
one-sector production technology with a two-
sector specification in which adjusting factars
of production takes time. These features of our
model are consistent with empirical evidence
that factors are difficult to quickly adjust in
response to shocks. The low elasticity of capital
supply is consistent with the empirical evidence
presented in Austan Goolshee (1998).

We show that our model is consistent with
key features of asset returms. With respect to the
conventional measures of business-cycle vola-
tility and comovement with output, it does
roughly as well as the standard RBC model.
Significantly, on four other dimensions our
model substantially outperforms the standard
model. First, the frictions in our model enhance

*Far discussions of the asset-pricing implications of
fexibility in hours worked, see Boldrin et al. {1995} and
Lettau and Uhlig (1997, 2000). These authors and Urban J.
Jermann {1998) also discuss the implications of a flexible
capital-accumulation. technology.
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its internal propagation of shocks, improving its
ability to account for the observed persistence in
output growth. Absence of internal propagation
is a well-known weakness of standard RBC
models (see Christiano, 1988; Timathy Cogley
and James M. Nason, 1995). Second, the madel
accounts for the observation that employment
across different sectors moves up and down
together over the cycle. This is a fundamental
property of business cycles that has proved sur-
prisingly difficult to model in the standard
framework.* Third, our model accounts for the
excess sensitivity puzzle: instrumental variable
regressions indicate that consumption growth is
strongly related to income, while being rela-
tively weakly related to interest rates (Hall,
1988; Campbell and N. Gregory Mankiw, 1989,
1991). While this is a puzzle for the standard
RBC model, it is not for ours. Fourth, the model
accounts for the inverted leading-indicator
praperty of interest rates: high interest rates are
negatively correlated with future output. This
abservation is often thought to reflect the oper-
ation of monetary-policy shocks. The fact that
our model, which only has a technology shock,
can account for it too, suggests that the role of
manetary-policy shocks in the dynamics of the
data may be smaller than previously thought.

The plan of the paper is as follows. Section [
describes our model and how we assigned val-
ues to its parameters. Section II examines the
asset-pricing and business-cycle implications of
our madel. Section III discusses the related lit-
erature. That literature offers other reasons, in
addition to those stressed here, for taking our
key model assumptions seriously. In addition,
the literature offers a variety of alternative spec-
ifications that we could in principle have used to
interfere with households’ ability to smooth
consumption and generate inelastic capital sup-
ply. In our discussion, we defend our modeling
decisions against these alternatives. Section IV
concludes.

I. A Two-Sector Model of the Business Cycle

This section presents our model and dis-
cusses how we selected parameter values.

* Por a discussion of the empirical evidence on comove-
ment and a survey of the relevant literature, see Christiana
and Terry J. Fitzgerald (1993).
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A. Preferences

The preferences of the representative agent
are:

(1) E; D, Bllog(C,—bC, 1} - H,],

=0
0<B=<1,b=0,

where, ¢ << C, denotes time ¢ consumption, 0 =
H, denates time ¢ labor, and E, is the conditional
expectation operator.” When b > 0, household
preferences ate characterized by habit persis-
tence.® When b = 0, these preferences corre-
spond o those in a standard RBC model.”

The particular specification of preferences that
we adopt links the household’s habit to its own
past consumption {“internal habit”}, rather than
aggregate, economywide consumption. The latter
corresponds to the “catching-up-with-the-
Joneses” specification studied by Andrew Abel
{1990). We adopt the internal habit specification
because, as emphasized in Constantinides
{1990), this specification is capable of account-
ing for a high equity premium while not con-
tradicting evidence which suggests that
households have moderate levels of risk aver-
sion.® As explained in Baldrin et al. (1997), the
favorable risk-aversion implications of internal
habit are not shared by the “catching-up-with-

3 See Baldrin et al. (1999) for a discussion of the robust-
ness of our results to alternative ways of treating leisure in
the utility function. The specification we work with was orig-
inally propased and explained in Gary D. Hansen (1985).

5 The term, bC,_ ., is sometimes referred to as the
household's #abit stack. We have explored more general
specifications in which the hahit stock is also a function of
consumption in earlier periods, and have found that this has
little impact on asset prices. Christiano and Fisher (1998)
explain why a model’s business-eyele implications are im-
proved hy adopting the simpler formulation in (1).

? Habit utility functions have the distinctive feature thac
the present discounted value of the utility of a consumption
seqilence is not necessarily monatone in the cansumption of
any particular period. This reflects the fact that, although the
periad utility function is increasing in current consumption,
next period's utility is decreasing in curment consumption. In
the simulations computed for this paper, consumption 13
always well inside the region of positive total marginal
utility.

8 For recent empirical evidence on risk aversion see
Robet B. Barsky et al. (1997).
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the-Foneses” specification. Throughout our
analysis, we restrict the parameterization of util-
ity so that the coefficient of relative risk aver-
sion for wealth gambles averages roughly unity.

Interestingly, in addition to the asset-pricing
studies discussed in the introduction, habit pref-
erences are now being used to understand a
wide range of issues in growth, monetary, and
international economics. Several papers are
worth noting. Christopher D. Carroll et al
(1997, 1999) use habit preferences to improve
the implications of several endogenous growth
maodels for savings and growth. Jeffrey C. Fuh-
rer {2000) shows that habit preferences are help-
ful for generating hump-shaped consumption
responses to monetary shocks. Finally, Martin
Uribe (2000) argues that habit preferences can
account for the behavior of consumption in peri-
ads surrounding exchange-rate stabilization pro-
grams. Each of these applications, like ours,
exploits the fact that habit persistence induces a
desire for smooth, consumption.

B. Technology

We adopt a two-sector specification of tech-
nology. One sector produces consumption
goods and the other produces investment goods:

(2) K:(ZH.,) *=C,
(3) -K:;Tr(Zrlc-{r'\r)l—rl + (]- - 8](1{“ + KI,:)
=N S S

Here, K., and K;, dencte the beginning of
period stocks of capital in the consumption and
investment sectors, respectively. Similarly,
and H, , refer to hours worked in the consump-
tion and investment-good sectors, with H, =
H, +H, Ao <a<landd=§= 1L
Finally, Z, denotes the aggregate state of tech-
nology, which is assumed to evolve as follows:

“y Z,= CXP(x;)Zr—u Xy N(i, 0—1):
Yi=0,Z_, given
We assume that H,, H, ,, and H,  are deter-
mined prior to the realization of x.. This is our

way of capturing the notion that it is difficult to
quickly adjust aggregate employment and its
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sectoral allocation in response to a shock. We
also assume that capital, once installed in a
sector, cannot be shifted to another sector, That
is, we assume that K., and X ., | are deter-
mined as a function of date ¢ state variables, and
cannot be adjusted in response to the realization
of x, ..

The notion that labor and capital cannot be
instantaneously reallocated between sectors af-
ter a shock has been well documented. The
search literature documents the various factors
that inhibit the intersectoral movement of labor
{see, for example, Christopher Phelan and Al-
berto Trejos [2000] and the papers they cite). A
recent paper by Valerie A. Ramey and Matthew
D. Shapiro (2000) documents the high costs
associated with reallocating capital across
sectors.

Multisector models of production have a
longer tradition in macroeconomic theory than
habit preferences. Still, until recently, they
have nat been used extensively in macroeco-
nomics.” The pathbreaking contribution by
John B. Long and Charles I. Plosser (1983) is
an important exception. Key differences be-
tween. their model and ours are that specific
goods are not identified according to their
function (i.e., capital or consumption), there
is no capital accumulation as all goods are
perishable after one period, factors are instan-
taneously mobile across sectors, and prefer-
ences are of the standard, time-separable form.
Closer in spirit are the recent contributions by
Ramey and Shapiro (1998) and Phelan and
Trejos (2000). Ramey and Shapiro study a two-
sector maodel with costly sectoral capital reallo-
cation and show that it can match certain facts
about the effects of government spending that
cannot be matched with a standard one-sector
model. Phelan and Trejos study a labor-
matching model with two sectors of production
to quantify the effects of search-and-matching
costs in slowing down intersectoral labor mo-
bility after a sector-specific shock. They provide
evidence, supporting our operational assump-
tions, that even very smal} search-and-matching
costs may substantially slow down intersectoral

? For eatlier, mostly theeetical, efforts, see Boldrin
{1989) and the literature mentioned therein. See also An-
dreas Horastein and Jack Praschnik (1997) and Michael
Horvath {20007,
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labor movements after a sectoral shift in de-
mand.

C. Equilibrium

We find the equilibrium allocations by solv-
ing the following planning problem: maximize
(1) subjectto (2), 3), (40, K, ., K; . H. . H;, =
0, the timing assumptions mentioned after
equation (4), and C_, K, 5, K, 0, H. . H; g =
0 given. We approximate the solution to the
planning problem using nonlinear methods de-
scribed in Kenneth L. Judd (1998) and Chris-
tiano and Fisher (2000). It is well understood
how to decentralize the allocations that solve
the planner's problem by means of competitive
markets, and so we do nat discuss the details
here. 1

Prices and rates of return are derived from the
solution to the planning problem as follows."!
In this model, the rates of return on equity may
differ between the two sectors. The rate of re-
turn on equity in the consumption sector is
given by

Zr+1 er+1
ol —————

[~ e
+ Pu,
Kc‘r+1 ] ot

Pk',r

(5) -"‘j‘r+1= -1,

while the rate of return on equity in the invest-
ment-good sector is given by

(6) r?,f-!—l
Zr Hr’ l-—a
Pyor e + e
_ ' K:’.r+l ' -1
Pk‘,r '

Here, P,., = A JA,, and P, = (1 — )P, ,

19 For a decentralization with ane-period-lived firms, see
Baldrin et al. (1995). For a decentralization based on
infinite-lived firms, see Jermann (1994).

"' Ta compute the rate of return on equity from the
solution to the planning problem requires making an as-
sumption about the debt-to-equity ratio. Throughout our
analysis we assume that capital is 100-percent equity fi-
nanced. {n Boldrin et al. (1999} we consider the impact on
our analysis of the assumption that debt is alse used. There
we show that nothing essential in our results hinges on the
assumed deht-to-equity ratio.
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where A, and A,, denote the Lagrange multipli-
ers on (2 and (3) in the planner’s problem. Here,
Py, denotes the consumption-good value of a
newly installed unit of capital, to be used in pro-
duction. at the beginning of period ¢ + 1. Also,
Py i+ 18 the value of that same unit of capital at
the end of period £ + 1. We refer to Py, , a3 the date
¢ price of equity and to the expression, £y /Py,
as the capital gain during that period.

We define the aggregate rate of return on
equity, ¥;, (, in the following way:

(7) . Kc\r+ Lo, " Kf,r+ L.
Yie1 = Fora Fir+ 1
K;+l K:+l

where K, .,
risk-free rate of return,

=K. ,¢1 ¥ Kiivy- Also, the
r4, is computed using

®) T

pl= 1.

f ﬁE ;Ac,.r + 1

The time subscript convention used in »Z and
¥, identifies the date on which the relevant
payoff becomes known. In both cases, the date
at which the payoff is realized is pcnod t+ 1.
The mean equity premium is E{r7, | v ¥4) and
the Sharpe ratio, S, is defined as follows: '

_ E(r{  — ?“{)
T ’

&

We measure aggregate output, ¥,, in base-
year prices, because that is how the output data
used in the empirical analysis are measured. We
take the base vear in the model to be the steady
state, when the relative price of the investment
and consumption good is unity:

Y= Cot Ky — (1 — 8)K,.

In closing this subsection, we note that the
assumptions which differentizte our model from
the standard RBC model are habit persistence
and factor-market inflexibilities. When these as-
sumptions are drapped,ie.b = Qand H, H_ .
H; . K. .2and K, , ate allowed to respond to the
period ¢ realization of technology, then our

12 Qur definition of the Sharpe ratio associated with any
particular asset is standard in the literature (see, e.g., Camp-
bell et al., 1997 p. [88).
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model reduces to the standard RBC model. In
this case, the rate of return on equity simplifies
to

(Zr+lH.r+l T
o ————

+ P
Kr+l ) k41

(10) #¢,, = P, — 1.
nl

In this version of the model, the technology for
transforming consumption goods into new cap-
ital implies that the supply of capital is perfectty
elastic at P, , = 1.13

D. Parameterization

The time unit of the model is three months.
We use the following parameter values: 8 =
(0.99999, & = 0.36, § = 0.021, x = 0.0040,
and ¢ = 0.018. The indicated value for the
discount factor was chosen to maximize the
model’s ability to account for the risk-free rate.
Far the empirical rationale underlying the other
parameter values, we refer to Christiano and
Martin Eichenbaum {1992).

We now discuss how we assigned a value to
the remaining model parameter, 5. We did so by
optimizing the model’s ability to account for the
mean equity premium and the mean risk-free
rate. The resulting value of b is 0.73. The metric
we used in our optimization procedure is £(h),
where

(11)  L(b)=[p—£(6)]V5 [ B~ 1))

Here, #ip is the 2 X 1 vector composed of the
sample average of the annual observations on
the risk-free rate and the equity premiwm re-
ported in Stephen G. Cecchetti et al. (1993)
(CLM). The 2 X 2 matrix VT is CLM's estimate
of the underlying sampling variance. Finally,
f(h) is a 2 X 1 vector of the model’s implied
average annual risk-free rate and equity pre-
mium, conditional on b and the other parameter
values." In the optimization procedure we

¥ 1n this version of our madel, the technalogy has 2
ane-sector formulaton: ¥, = KMZHY ", C, + I =¥,
and K, ., ={l — 8K, + I, where [, dcnotcs time £ gross
invegtment.

' The annual return for a given year is computed as the
sum af the rate of return over each quarter in that year, The
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TaRLE | —FINANCIAL STATISTICS®

Two-sectar One-sectar
Statigtic” Data® b= 0.73 b =10 b =105 h=10
Er{ 1.19 1.20 1.58 1.58 1.58
{0.81)
EGt, , — ) 6.63 663 0.02 0.001 0.001
(L.78)
a,i 5.27 24.6 0.62 (.38 0.46
(0.74)
[ 19.4 13.4 0.57 .40 0.48
(1.56)
E(ri, =17 0.34 0.36 0.03 0.002 0.002
7 (0.09)
b, 8.56 121 0.29 0 0
(0.85)
p(Y, P 0.30 0.16 .16 na? na
(0.08)

* Results far the models are based an 300 replications of sample size 200.

® g, denotes the standard deviation of variable x, and p(x, ¥) denates the correlation between variable x and variahle y.
Rates of returns are apnualized and in percent tarms before statistics are computed,

© This calumn contains estimates (standard errors in parentheses) hased on U.S. data. The sample periad for the asset-return
estimates is 1§92-1987 and these estimates are taken from Cecchetd et al. {1993). Our empirical analogue for P, is the S&FP
300 campasite (DRI database mneumanic FSPCOM). The output measure and the procedure for estimating op, and p(¥, P,

15 deseribed in Table 3, note <,
4 This abhreviates “not applicable.”

allowed for b € [@, 0.9] subject to the require-
ment that C, = bC,_, and A, =< O are never
observed in the Monte Carlo simulations used to
evaluate f. Let

(12) J = Lby),

where 51,. minimizes £(#»). Under the null hy-
pothesis that the model is true, and ignoring
sampling uncertainty in the other parameters, J
has a Chi-square distribution with 1 degree of
freedom. Since J is in practice either very small
or very large, we do not report its value or its
p-value in the analysis below.

II. Implications of the Madel

We show that our model is consistent with
key features of asset returns. In addition, it

mapping, f, was executed by computing the average of the
mean risk-free rate and mean equity premium across 500
artificial data sets, each of length 200 quarters.

dominates the standard RBC model with respect
to the business cycle.

A. Asset Prices

The asset-pricing implications of our model
are reported in Table 1 under the heading “Two-
sector, b = (.73.” Significantly, the model
almost exactly replicates the mean risk-free rate
and equity premium (which it was optimized to
match) and the Sharpe ratio (which it was not
optimized to match). Interestingly, the model
does reasonably well on the correlation of eqg-
uity prices with output and on the volatility of
equity prices. Unfortunately, the latter success
in part reflects the model’'s counterfactually
high prediction for the volatility of the risk-free
rate. That models like ours do poorly on risk-
free rate volatility is well known and in partic-
ular is consistent with the findings in Heaton
(1995). However, it is not clear how fundamen-
tal this problem truly is for the approach to asset
pricing adopted in this paper. There are results
in the literature which suggest that it is not. For
example, Campbell and Cochrane (1999) adapt
a more elaborate representation of habit prefer-
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ences, which has the implication that the risk-
free rate is constant. Similarly, the risk-free rate
in Constantinides (1990) is also constant. Fi-
nally, Abel {1999) presents a model with habit
persistence in preferences which also implies a
realistic amount of volatility in the risk-free
rate.”

We now discuss how our habit-persistence
and factor-infiexibility assumptions contribute
to these results. Without these features (in
which case, the model reduces to a standard
RBC model) the equity premium and Sharpe
ratio are essentially zero (see the column
marked “One-sector, b = 0). Even when habit
persistence is introduced into that version of our
maodel (“One-sector, b = 0.97), there is still no
equity premium or Sharpe ratio. Why is it that
with factor-market inflexibilities, a rise in &
raises the equity premium and Sharpe ratio, but
without these inflexibilities, a rise in & has no
effect?

Tao gain insight into this question, it is useful
to rewrite the Sharpe ratio as follows:

(13) E(re,, — 1) =So..

This expression indicates that changes in the
equity premium can be understood in terms of §
and .. Intuition appears to be an unreliable
guide regarding the impact of & on §. 16 But, it
is passible to gain intuition about the impact of
b on a,.. Table | indicates that .« does not rise
with b unless there are factor-market inflexibil-
ities. The reason is that in the absence of these
infiexibilities, there is no variation in the capital-
gains component of #;, ;. This in turn reflects
that, as noted above, the supply of capital is
perfectly elastic in this version of the maodel. As

3 One difference between Abel’s (1999) specification of
hahit preferences and aurs is that he adopts a higher leve] of
risk aversion. In aur cantext, this is also a strategy for
reducing the volatility of the risk-free rate. This strategy
works by reducing the value of b needed to account for the
mearn risk-free rate and equity premium. We found that a
smaller value of & alsa reduces the volatility of the risk-free
rate. A difficulty with this strategy is that increasing the
curvature in the utility af consumption tends to make em-
playment countercyclical (see the discussion in Section ITI,
subsection B}. This implication of high risk aversian is not
evident in Abel’s (1999) wark because he holds labaor
constant.

16 See Boldrin et al. (1999) for a detailed elaboration.
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a result, variation in the retwn to equity is
driven entirely by variation in the marginal
product of capital, which is known to be quite
small in standard models (e.g., Christiano,
1987). In practice, no amount of variation in the
demand for capital, induced, say, by a high b,
can raise @, because it has no impact on capital
gains. This same reasoning suggests that with
inelasticity in capital supply induced, say, by
our factor-market inflexibilities, vartation in de-
mand has a very substantial impact on ¢,-. This
is why it is that when these inflexibilities are
present, an increase in b raises @ ..

We investigated whether our model’s good
asset-market implications depend on the pres-
ence of all our factor-market inflexibilities. In
Boldrin et al. (1999) (BCF) we repott evidence
that all are needed. For example, we considered
the case in which H; , and H_ , are a function of
the current-period shack, but H,, K, ,, and K,
are not (helow, we refer to this as the mobile
tabor model)) In this case, increasing b to its
upper bound has virtually no impact on the
equity preminm or the Sharpe ratio.

B. Standard Business-Cycle Statistics

We now consider the implications of the
model for the set of standard business-cycle
statistics reported in Table 2. The results in
Panel A show that, in terms of conventional
measures of volatility and comovement with
output, our model performs about as well as the
standard RBC model (see “One-sector, b =
(""). The exception is that our model overstates
slightly the empirical magnitude of the relative
volatility of consumption. We found that inter-
sectoral rigidities are important here. For exam-
ple, in the mobile labor model the relative
volatility of consumption is (.32,

Panel B displays the persistence properties of
our model. It represents essentially no change
aver the standard RBC model when persistence
in consumption alone is considered. Each im-
plies that consumption is a near-random walk,
whereas consumption growth is positively au-
tocarrelated in the data. Our model represents a
substantial improvement over the standard
model with respect to the autocorrelation in
output growth. This is practically zero in the
standard model, 0.34 in the data, and 0.36 in our
maodel.
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TABLE 2—STANDARD BUSINESS-CYCLE STATISTICS®

Two-sector One-sectar
Statistic" Data® b =0.73 =14 =09 b =4
Panel A—Volatility and Comavement with Qutput

Ty 1.89 1.97 1.96 1.79 211
{0.21)

FpdTy 040 0.69 0.62 0.30 0.53
{0.04)

g iy 2,39 1.67 1.83 2.58 1.86
{0.06)

Tyldy 0.80 0.51 0.50 027 0.48
{0.05)

p(¥, ©) 0.7é 0.95 Q.92 0.48 0.99
{0.03)

pl¥, Iy 0.96 057 097 0.98 .99
(0.01)

oY, H) 0.78 0.86 0.86 0.99 099
{0.05)

Panel B—Persistence

plAY,) 0.34 0.36 0.36 0.02 0.002
{0.07)

p(AC,) 0.24 —0.05 -022 0.90 0.05
{0.09)

* Results for the models are hased on 500 replications of sample size 200.
® &, denotes the standard deviation of variable x, p(x, ¥} denotes the correlation between x and variable y, where x and
y ate logged and HP filtered prior to analysis, and p(Ax) denotes the autocorrelation of lag x, — log x, _ . The statistic a

is reparted in percent tepms.

© Thig column contains estimares (standard efrors in parentheses) based on an updated version of the Christiana (1988)
database compiled by Fisher {1997) cavering the sample periad 1964:1-1988:2. The standard errors are based on the GMM
pracedure deseribed in Christiano and Eichenbaum (1992). For estimation of the relevant zero-frequency spectral density, a

Bartlett window truncated at lag four was used.

Tao understand the persistence properties of
the model, it 1s helpful to study Figure 1. This
displays the response of ¥, C, I, and H to a
positive, ane-standard-deviation shock ta
technology, x,, in period ¢ (see “Two-sector
model”; the responses of two other models are
displayed there too, but these are discussed
later). The strong, positive autocorrelation in
output is in part due to the delay in the response
of hours worked (see Figure 1B). This has the
effect of making the peried 1 response of output
substantially larger than the period 0 response
(see Figure 1A).

C. Other Business-Cycle Phenomena

Here, we expand the set of business-cycle
statistics and find that our model emerges as
clearly superior to the standard one. The new set
of business-cycle statistics that we consider in-

cludes measures of; (i) the tendency for employ-
ment in different economic sectars ta move up
and down together over the husiness cycle; (ii)
the tendency for the predictable part of con-
sumption growth to be relatively strongly asso-
ciated with the predictable part of income
growth and weakly associated with the real in-
terest rate; and (iii) the tendency for high real
interest rates to be associated with low future
output and high past output.

1. Comovement of Employment.—A key fea-
ture of business cycles, emphasized at least
since the time of Arthur Burng and W. C. Mitch-
ell {1946 p. 3}, is that employment in a broad set
of sectors moves up and down together during
recessions and expansions. Our model is con-
sistent with this phenomenon: the correlation
between output and H, , is 0.70 and between
output and H, , is 0.86 (see Table 3, Panel A),



VAL 91 NO. 1
A: Cutput
NaERN T rrveverseTeE ===
o L
O
S
2~
]
L5
el
i
= a
a
&
a =+ e Twa—azector rmodel
=] &— Time—to—plan maodel
+— Adjustment —cast madel
a P S R S T S T PR
2 —a g 2 4 & & 10 12 14 14 18 20
Periods after shock
C: Consumption
@l
o
o
=l
B
B
F K
=
i
B a
L1}
o
g
T
A al
2 -2 g 2 4 6 A 14 12 14 16 tA 20

Periads after shack

BOLDRIN ET AL.: ASSET RETURNS AND THE BUSINESS CYCLE

137

B Labkor
o
[au]
RD.“
o
=
Boaf
=
au
=g
B
4ot
=
ool
(a9
~
I -2 o 2 4 A& & 10 12 14 16 18 24
Pariada after shaock
0. Investment
@
(4%
<L
o
=
a2 el
'E“_t\.l
R
U
o
P
0 —
L]
9@
2ol
uDL
a*’
a
Sh m L A
@ -2 0 2 4 €& B 10 12 14 16 18 =20

Periads after shack

FiGURE 1. IMPULSE-REsPONSE FUNCTIONS IMPLIED BY VARIOUS MODELS

and hours worked in each sector responds pos-
itively to an unexpected increase in technology.

To understand these findings, cansider Figure
2. This exhibits the dynamic responses of sec-
toral employment to a technology shock in our
madel {see “Twa-sector model”) and in the
version of our model that we have called the
mobile labor model (“Mabile labor model™).
Recall that in this version of our model, labor is
intersectarally mobile, but the total amount of
labor, H,, is still chosen before observing the
date ¢ realization of technology. Note that in the
moahbile labor madel H_, drops and H;, rises
after a positive shock to technology. The reason
is that with the positive technology shack, there
is a sharp rise in the demand for investment
goods, which causes labor to leave the con-
sumption sector for the investment sector. In
our madel, labor cannot be reallocated between
sectors in the same quarter during which the
shock takes place. As a consequence, there is a
relatively strong rise in consumption output in

the period of a shock. The presence of habit
persistence in consumption then implies that the
value of consumption gaods is high in subse-
quent periods. This explains why labor does not
leave the consumption sectar in the periods after
a positive technalogy shack in our model. Table
3, Panel A, confirms that both hahit persistence
and intersectoral-factor immobilities are impor-
tant for comovement of employment.

2. Excess Sensitivity of Consumption to In-
come.—We now turn to the statistical evidence
which. Campbell and Mankiw (1989, 1991)
(CM) argue is a puzzle from the perspective of
equilibrium business-cycle models. They esti-
mate a linear expression relating the predictable
component of consumption growth to the pre-
dictable component of income growth and to the
interest rate. Applying instrumental variables
techniques, they find that the estimated coeffi-
cient on income, A, is about Y%, while the co-
efficient on the interest rate, 4, is close to zero.
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TasLE 3—OTHER BUSMESS-CYCLE STATISTICS?
Twao-sector One-sector
Statistic® Data® = 0.73 & =1 b =109 b=1
Panel A—Employment Comavement

pl¥, He) .72 Q.70 na* —0.93 na
{0.08)

p(¥, Hy) 0.86 0.36 0.84 0.96 .99
(0.04)

Pancl B—Excess Sensitivity of Consumption to Income: AC, = w + AAY, + 84_ + &,

X 0.47 Lo .93 018 0.52
(0.15)

o 0.089 .05 1.25 2.58 .92
(¢.11)

Panel C—Inverted Leading-Indicator Phenomenon

plrd_ ¥ —0.35 —0.30 —.20 0.54 Q.51
(0.11}

plrd ¥ 0.00 —0.15 0.01 0.9% 0.99
(0,10

alrf a2 F)) .16 0.33 .41 .35 038
{Q.10)

* Results for the models are based an 500 replications of sample size 200.

¥ &, denotes the standard deviation of variable x, and p(x, v} denotes the correlation between x and variahle y, where x
and y are logged and HP Altered prior to analysis.

“The “Data” column for Panels A and C contains estimates (standard errars in parentheses) hased on the sample period
1964:1-1988:2. See note ©, Table 2, for a description of the output data and the estimation procedure used. The sectacal hours
and interest-rate data are from DRI Basic Econamics Database. For the consumption sectar we used twa alternative measures:
an index of hours worked in the service sector (DRI series LWHPX) and an index of hours worked in the nondurable
manufacturing sector (LWHNX). The estimate for the consumption-sector hours-worked correlation is based on LWHPX.
The analogous paint estimate (standard error) based on LWHNX is 0.83 (0.05). The estimate for the investment-sector haurs-
worked correlation is based on hours worked in the durable manufactuning sector (LWHDX). The real interest rate at date ¢
for the statistics in Panel C is measured as the nominal federal funds rate (FYFF) at date ¢ less the realized inflation rate
between dates # and ¢ + 1. The price for caleulating the inflation rate is the deflator on nondurable and services consumption,
{GCN + GCSWGCNQF + GCSQF), where the mnemonics are taken from the DRI database. Estimates far A and 8 in Panel
B are taken from Campbell and Mankiw {1989). The model and data instrumental variables estimates for A and 6 in Panel
B are hased on the instrument list {Ae, _4, Ac, 4, Ac, _ 4, r{,a, rf g vl ), where Ax, = lnx, — lnx,_ .

?This abbreviates “not applicable.” The correlation is not defined in these cases since hours worked producing

cansumption goods is constant, See Christiang and Fisher (1998) for further discussion.

Appealing to standard optimizing models, CM
argue that household maximization implies the
coefficient on income should be zero and the
coefficient on the interest rate should be large.
In these models, the level of consumption is
determined by household wealth and its growth
rate is determined solely by the rate of interest.
The coefficient an the interest rate is the recip-
rocal of the coefficient of relative risk aversion.
This coefficient should be substantially above
zero an the assumption that risk aversion is
small.

CM interpret the evidence as indicating that
the representative agent optimizing framework
should be abandoned as a way of thinking about

fluctuations. Our results suggest another inter-
pretation. We show that the modifications intro-
duced into the standard RBC model] to help it
account for asset prices also have the effect of
raising the implied estimated value of A and
reducing the implied estimated value of 8. Thus,
an alternative interpretation of CM’s findings is
that they provide corroborating evidence in fa-
vor of these modifications.’

Our two-sector model’s ability to generate a

'? Marjanne Baxter and Jermann (1999} docament that a
maodel with home production can also accaunt far the excess
sensitivity puzzle.
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ACROSS SECTORS

high value for A reflects that, under habit
persistence, the intertemporal Euler equation re-
lates consumption growth to lagged consump-
tion growth, as well as to expectations of future
consumption growth. In this case, the apparent
excess sensitivity to income reflects income’s
statistical role as a proxy for these variahles.
The model’s ability to generate a low value of 6
is perhaps not surprising in view of the fact that,
at our estimated value for &, intertemporal sub-
stitution in consumption is low. Because agents
in our madel also have low risk aversion, our
framework provides a formal basis for Hall's
(1988) suggestion that the weak empirical rela-
tion between consumption growth and the in-
terest rate should be interpreted as reflecting
low intertemporal substitution in consumption
and not necessarily high risk aversion.

The statistical relation that is a primary focus
of CM’s analysis is:

(14) AC,=u + AAY, + 0rl_ + &,,

where, Au, = log{u,) — log{u,_ ;). CM esti-
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mate p, A, and @ by the following two-step
instrumental variables procedure: in the first
step they replace the left- and right-hand side
variables in (14} by their fitted values, after
regression on a set of instruments; in the second
step they run an ordinary least-squares regres-
sion on this modified version of (14) to estimate
i, A, and 8. The first column of Table 3, Panel
B, displays a typical set of results reported by
CM for these parameter values (see Campbell
and Mankiw, 1989 Table 3, row 3).

Tahle 3, Panel B, also summarizes our mod-
els' implications for the CM regression. We
report the mean, in samples of typical size, of
instrumental variables regressions in which the
instrument list is {AC,_,, AC,_;, AC,_,,
rf_ 4 r_4, ri_s}. This instrument list was
chosen because it is representative of the type
used in the literature. In principle our results
could reflect small sample distortions which can
occur in instrumental variables estimators when
the instruments are nat very informative for the
right-hand variables. BCF investigate the paten-
tial for poar instrument guality to affect infer-
ence in small sample regressions. We point out
below where this bias affects the qualitative
assessment of the results presented in Table
3, Panel B.

Consider first the results for 6 Consistent
with CM’s observations, the standard RBC
model (see “One-sector, b = 07) implies this
parameter is roughly unity (the reciprocal of
risk aversion in that model). This is more than
two standard deviations away from the corre-
sponding empirical estimate, and warrants re-
Jecting the standard RBC model. However, the
implied value for @ in our two-sector model (see
“Twao-sector, b = (0.73") is close to the corre-
sponding empirical value. This reflects that in
this model, the coefficient of relative risk aver-
sion (which is unity} and the degree of inter-
temporal substitution are not connected as they
are in the standard RBC maodel. Note that both
habit persistence and the two-sector technology
are important to achieve a low value of 8 (see
“Twa-sector model, b = 07 and “One-sector
model, b = (1.9”).

Now caonsider the results for A. Note that the
standard RBC maodel’s implication for the small
sample mean of this variable is consistent with
the corresponding empirical value. However,
Christiano (1989) shows that this reflects the
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model's counterfactual implications for instru-
ment quality. Minor perturbations which im-
prove these implications simultaneously drive
the small sample results for A towards zero, The
analysis of small sample bias in BCF is consis-
tent with this finding. On this basis, we agree
with CM that the empirical resuits for A also
warrant rejecting the standard RBC model.
Turning to our two-sector model, the results
indicate that, empirically, consumption is #not
excessively sensitive to income. Ironically, ac-
cording to this model the real puzzle is not that
measured consumption is excessively sensitive
to current income. It is instead that consumption
is insufficiently sensitive. BCF show that this
finding is not due to a small sample bias.

3. Inverted Leading-Indicator Phenomenon.
—Real {and nominal) interest rates appear to
covary positively with past (detrended) levels
of output and negatively with future levels
(see Riccardo Fiorito and Tryphon Kollintzas,
1994}, This can be seen in Table 3, Panel C,
which displays the dynamic correlations be-
tween the inflation-adjusted federal funds rate
and detrended output. V. V. Chari et al.
{1995) and Robert King and Mark Watson
(1996) have emphasized that these are impor-
tant ahservations for models to be consistent
with. They represent a key factor underlying
the belief of some researchers that monetary-
policy shocks play an important role in the
dynamics of the husiness cycle. One reasan
for this belief is that the monetary-policy
shock interpretation seems straightforward.
Another reason, which appears to receive
support in the results of King and Watsan
(1994), reflects the view that RBC models are
incapable of accounting for the negative as-
sociation hetween interest rates and future
output. Qur results based on the standard
RBC model are consistent with this view.
However, our two-sector model is not. It is
consistent with the inverted leading-indicator
phenomenon. This suggests that the dynamic
economic hehavior attributed to monetary
disturbances may, at least in part, also reflect
the effects of real disturbances propagated via
mechanisms like those captured by our two-
sector mode].

Consider first the standard RBC model. Note
from Table 3, Panel C, how the correlation
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between the interest rate and output is positive
at all leads and lags. Mechanically, the positive
correlation between the interest rate and current
and future output reflects that a positive shack
to technology drives up the rate of interest and
also drives up current and future output. The
reason for the rise in the interest rate is that the
shock gives rise to a gradual upward response in
consumption. The implications of this with the
time-separable utility function are straightfor-
ward: the curent increase in consumption
drives the current marginal utility of consump-
tion down, but the larger future rise drives fu-
ture marginal utility down even more. The
interest rate rises in response to the positive
technology shock hecause it is the ratio of these
two marginal utilities. A related way of seeing
this is as follows. With the time-separable, log-
utility function, households prefer a constant
level of consumption over time. The positive
technology shock drives up future consumption
more than present consumnption, and for this to
be an equilibrium, households must be discour-
aged from using asset markets to reallocate con-
sumption from the future to the present. It is
precisely the rise in the rate of interest which
has this effect.

Significantly, the two-sector model is consis-
tent with the inverted leading-indicator phe-
nomenon. This is because the rate of interest
falls in the period of a positive technology
shock in that model. To see why, notice that
cansumption is relatively high in the period of
the shock, compared to its value in subsequent
periods (see Figure 1). The reasoning above
suggests that this should lead to a fall in the
rate of interest, assuming habit persistence
does not play too great a role. Consistent with
this assumption, when b is set to zero in the
two-sector model, this model remains consis-
tent with the inverted leading-indicator phe-
nomenon (see “Two-sectar, 5 = 07). We
conclude that our model’s ability to account
for the inverted leading-indicator phenome-
non reflecis the factor-market inflexibilities
and not habit persistence.

III. Comparison to Aliernative
One-Sector Models

The literature offers one-sector alternatives to
the two-sector modeling approach that we have
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adopted in this paper. This section discusses
two of these alternatives and concludes that they
can do as well as our two-sector model in ac-
counting for asset-market facts. Nevertheless,
our approach is to be preferred because the
alternatives do less well an the business-cycle
facts.

The alternatives to our two-sector technology
we congider can in principle also generate in-
elastic capital supply and interfere with con-
sumption smoothing. Each alternative works
with a version of our model in which the sec-
toral allocation of factors of praduction is per-
mitted to respond in the current period to a
technology shock. With this change, our two-
sector technology reduces to the standard one-
sector specification. We continue to maintain
the assumption that aggregate hours worked
must be decided prior to the realization of the
technology shock, and we continue to work
with the utility function, (1), and with our Cohb-
Douglas production function. In each case, we
estimate the value of the habit parameter, b,
using the method used for our two-sector
model. To save space, the details of our find-
ings are not reported here, but can be found in
BCF.

A. Time-to-Plan

The time-to-plan model is abtained by requir-
ing that investment be decided before the real-
ization of the current-period shock. Under this
assumption, the quantity of new capital is per-
fectly inelastic in the immediate aftermath of a
shock. This assumption has been studied by
Christiano and Richard M. Todd (1996) and
Mark Gertler and Simon Gilchrist (1999).

The tming of investment in this model
necessitates the following change in the formu-
las for P, and Py, .12 Py, = Ap A,
Poov1 =1 — 8)Ap JA, ., where Ay is the
Lagrange multiplier on the capitai-accumula-
tion technology in the planner’s problem. In the
standard RBC model, A,., = A, always. This
equality does not hold under the time-to-plan
assumption since it only requires E, _ | A,., =
E,_A,, The estimated value of b for this
model 1s 0.66.

This model’s asset-return implications are
similar to those of our two-sector model. Its
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implications for business cycles are similar to
thase of the standard RBC model, except for
consumption. It substantially overstates the rel-
ative volatility of consumption, by much more
than our two-sectar model does. In addition, this
model implies that consumption growth is
counterfactually strongly negatively autocorre-
lated. We view these as significant shortcom-
ings of the time-to-plan model and they lead us
to conclude that it does less well on standard
business-cycle statistics than the standard RBC
maodel.

To understand these results it is helpful to
compare the impulse-response functions for this
model with those of our two-sector madel in
Figure 1 (see “Time-to-plan model™). The key
difference lies in the response of C. In the
time-to-plan model, consumption responds very
strongly in the period of the technology shock
and then drops sharply, eventually following the
path of our two-sector model. This overshooting
property accounts for the negative autocorrela-
tion in consumption growth implied by the
model. That the initial jump in consumption
exceeds what it is in our two-sector model ac-
counts for the relatively high volatility in con-
sumption in the time-to-plan model.

It is also interesting to examine the predic-
tions of the time-to-plan model for comove-
ment, excess sensitivity of consumption, and
the leading-indicator phenomenon. The impli-
cations for the Campbell-Mankiw regression,
(14), and for the leading-indicator phenomenon
are similar to those for our two-sector model. In
the former case, this reflects the properties of
the utility function and that the instruments in
the first-stage regression are relatively good.
The time-to-plan model’s success with the in-
verted leading-indicator phenomenon reflects
that the rate of interest falls in the period of a
positive technology shock. This oceurs for the
same basgic reason as it does in our two-gectar
model.

Technically, the time-to-plan model is also
capable of accounting for employment comove-
ment. However, it is a Pyrrhic victory. To ex-
plain this, note that, as in standard one-sector
maodels, there is 4 two-sector interpretation of
the time-to-plan model. Under that interpreta-
tion, we can compute i, and H, ;. When we do
this, we find that the response of both variables
to a positive technology shock is generally
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positive.'® This is why this model implies that
hoth H,, and H,, are procyclical. But, ulti-
mately we find the time-to-plan model’s explana-
tion of comovement unconvincing. This is
because under the two-sector interpretation of the
time-to-plan model, the assumption that aggregate
hours warked must be decided prior to the real-
ization of the technology shock is implausible.
The type of considerations which motivate the
assumption that aggregate labor is difficult to ad-
just flexibly in response to shaocks seem to suggest
that it is difficult to flexibly shift labor across
economic sectors toa, Yet, the time-to-plan model
allows such movements to accur freely. Of course,
the two-sector interpretation of the time-to-plan
maodel is not the only one possible. Another inter-
pretation is simply that the aggregate production
function produces a homogenecus, intermediate
output good, which is split linearly into con-
sumption and investment by final-goods firms.
However, it is not clear that this interpretation
provides the basis for an interesting explanation
of comovement.

B. Adjustment Costs

The adjustment-cost model posits that there
is curvature in the trade-off between C, and
K, .. We obtain this model by replacing the
capital-accumulation technology with the spec-
ification used in Jermann (1998):

Kr+[ = (] - S)K; + (ﬁ(fx"{Kr)Ku

where

a Ir L -1
(i)(lfl'{K.r] - 1_71;5 (E) + i

¥ The explanation mirrors the explanation of comove-
ment 10 the two-sector model. Jn the period of the shock,
H,, actually drops tempararily hecause of the predeter-
mined nature of 7. Since H, is also predetermined, this
means that A, , surges in the period that a pasitive shock
oceurs. In subsequent periods there 13 4 strong meotive to
increase H, ,, as the demand for jnvestment goods rises i
respense to an increase in the return to capital. But, H,
rises then too because the value of the output of the con-
sumption sector 1s high. in the penods after the shock. As in
the two-sector madel, this reflects the interaction between
hahit persistence in preferences and the surge in consumgp-
tion that accurs in the period of the shock.

MARCH 2001

and a,, a, are chosen so that the balanced growth
path is invariant to & Our results for this model are
based on £ = 0.23, which is the value used by
Jermann (1998). This value is also near the lower
bound of the range of estimates reported in the
empirical literarure on Tobin’s ¢ (see Chyistiano
and Fisher, 1998.) As a result, it minimizes the
supply elasticity of capital—hence, maximizes
the models” ability to account for asset returns—
while still lying in the range of empirical plausi-
bility. Conditional on this value for £, we assigned
values to the other parameters using the method in
aur two-sector model. The estimated value of 5 is
at its upper bound.'?

This model has similar implications for asset
pricing as our two-sector model and the time-
to-plan model, except that it understates the
equity premium by a little over two percentage
points. The discrepancy is not very important,
however, because the gap can be closed by a
madest increase in curvature above the log
specification in (1}. Overall, we find that the
adiustment-cost model does roughly as well on
asset prices as the other two models.

In terms of its business-cycle implications,
though, this model represents a substantial step
backward. To see this, note from Figure 1 (see
“Adjustment-cost model”) that labor responds
countercyclically to a shock. This reflects that
adjustment costs on investment in effect operate
like a tax on labor. We noted above that the
asset-pricing implications of the model are im-
proved if curvature in utility were to be in-
creased modestly. We found, however, that this
change causes employment to be even more
countercyclical. In contrast with our two-sector
model and with the time-to-plan model, where
the difficulties in adjusting investment only ex-
tend for one period, in the adjustment-cost
model such difficulties last for many periods.
This is why the drop in hours worked in re-
sponse ta a positive technology shock is persis-
tent aver time.

19 Jermann (1998) alse reports a high value of &. His
value, 0.83, is samewhat tower than ours for twa reasons: he
has higher curvature in utility and he assurmes hours waorked
is constant. The former amplifies the fluctuations in the
demand for capital hy direetly increasing the preference for
smooth consumption. The latter amplifies the fluctuations in
the demand for capital indirectly, by eliminating fluctya-
tions in labor as 2 way to smooth consumption.
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The adjustment-cost madel also has counter-
factual implications for output. As may be in-
ferred from Figure 1, the volatility of output is
counterfactually low, and its autocorrelation is
strongly negarive. These properties of the model
reflect the nature of the hours-worked response
in the model.

We canclude that when standard business-
cycle statistics are considered, the adjustment-
cost model represents a substantial step in the
wrong direction by comparison with the stan-
dard RBC model. The root of the problem with
the adjustment-cost model lies in the persis-
tently negative response of hours worked to a
pasitive technology shock. This in turn reflects
the persistence of the friction introduced with
the adjustment-cost formulation. The relative
success of our two-sector model appears to re-
flect the intuitively appealing notion that, in
order to reduce capital’s short-run supply ¢las-
ticity, rigidities work best when their effects are
transient.

Finally, consider the implications of the ad-
justment-cast model for the other business-
cycle statistics listed in Table 3. This model also
has a two-sector interpretation, and under this
interpretation it has implications for H, , and
H,,  When we compute the respanse of these
variables to a paositive technology shock, how-
ever, we find that H,, drops persistently and
H, , rises persistently, after a technology shock.
As aresult, when we compute the correlation of
these variables with output we find that H, , is
countercyclical and H,, is procyclical. Thus,
even if we ignore the implausibility of the as-
sumption that aggregate hours warked must he
decided prior to the technology shock, under the
two-sector interpretation of the adjustment-cast
model, we find that the model is completely
inconsistent with comovement. The implica-
tions of the adjustment-cost model for the
Campbell and Mankiw regression, {14}, are
ambiguous. Small sample distortions due to
poar instruments make interpreting these results
difficult.

The adjustment-cost model 1s qualitatively
consistent with the inverted leading-indicator
phenomenon. According to Figure 1, the time
pattern of consumption after a positive technol-
ogy shock is very different from what it is in the
time-to-plan and preferred two-sector models: it
shows a gradual rise. As explained before, with
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time-separable preferences this pattern would
imply a rise in the rate of interest. But, the
relatively high value of » in the adjustment-cast
model produces the opposite, with the interest
rate falling in the period of a shock. Despite the
gradual nature of the equilibrium consumption
response, households with habit persistence pre-
fer that response to be even more gradual. The
fall in the rate of interest is required to discouwr-
age them from attempting to use loan markets to
achieve this, by realiocating consumption from
the present to the future.

Quantitatively, the adjustment-cost model
does not do as well as the time-to-plan and
two-gsector models in accounting for the in-
verted leading-indicator phenamenon. Still, we
think that model conveys an impaortant lesson.
We suspect that the relatively unsmooth con-
sumption response implied by the time-to-plan
and preferred two-sector models is counterfac-
tual, although we are not aware of data which
shows this. The adjustment-cost model results
suggest that this unattractive feature of these
models is not eritical to their good performance
on the inverted leading-indicator phenomenon
and the asset-return facts. They give us hape
that modifications which produce smoother
consumption responses can be introduced while
nat destroying their good empirical perfor-
mance an these other dimensions.

IV. Summary and Conclusion

We explared two madifications an the stan-
dard RBC medel: the adoption of habit persis-
tence in preferences and the assumption that the
sectoral and aggregate allocation of capital and
labor are determined before the current-period
realization of uncertainty. These changes add
just ope unknown parameter to the model, a
measure of persistence in consumption habit.
We found that the modifications not only dra-
matically improve on the standard RBC
madel’s asset-pricing implications, they aiso
substantially improve upan that model’s impli-
cations for business cycles.

We now briefly discuss two limitations of our
model. First, we find (in results not reported
here) that our two-sector model implies a high
cotrelation between consumption growth and
the rate of return on equity—higher than in the
data. This is a long-standing problem for the
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type of equilibrium model used here, to which
our approach, at least for the time being, has
nothing new to add.

Second, a kev ingredient in our success in
abtaining an equity premium is that, in addition
to habit preferences, we introduced features of
technology that prevent households from inter-
temporally smoothing consumption as much as
they would like to. At the same time, our model
has left out an important real-world device for
doing this: inventories. Are our results robust to
the introduction of inventories? Determining
the answer with confidence is beyond the scape
of this paper. However, there are at least three
reasons for optimism. First, inventories are not
a perfect smoothing device, since services and
nondurables are a substantial part of consump-
tion, and these cannat be stored or are poorly
stored. Second, the adjustment-cost model de-
scribed in this paper offers househaolds slightly
more flexible smoothing opportunities than
does our two-sector model, Nevertheless, that
model is also consistent with key features of
asset returns. This suggests that the inflexibili-
ties in the two-sector model can be softened
(possibly, by introducing inventories) without
sacrificing too much on asset returns. Finally,
any modeling approach (based, say, on the
Campbell and Cochrane [1999] specification of
preferences) which solves the excess volatility
problem with the risk-free rate would simulta-
nequsly make inventories unattractive as a
smoothing device. For example, if the risk-free
rate were always greater than unity, then in-
ventories would never be held for smoothing
reasons. This is true under the (plausible) as-
sumption that inventories generate a gross rate
of return no greater than unity.

In sum, we believe our model makes progress
an the task of integrating the analysis of asset
returns and business cycles. Still, the model has
shortcomings and a final verdict depends on
whether these shortcomings tum out to be sig-
nals that there is something fundamentaliy
wrong with the modei, or whether minor per-
turbations can overcome them. Assessing this is
a task for future research.
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