Habit Persistence, Asset Returns, ang the Business Cycle

By MicuELE BoiprIN, LAWRENCE J. CHRISTIANO, AND JoNas D. M. Fisuer®

Two modifications are introduced inte the standard real-business-cycle model:
habit preferences and a two-secior technology with limited intersectoral factor
mobility. The model is consistent with the observed mean risk-free rae, equity
premium, and Sharpe ratic on equity. In addition, its business-cycle implications
represent a substantial improvement over the standard model. If accounts for
persistence i outpul, comovement of employment across different sectors over the
business cycle, the evidence of “excess sensifivity” of consumprion growth fo ouipuf
growth, and the “inverted leading-indicator property of interest rates,” that interest
rates are negarively correlated with furure owiput. (JEL D10, EIG, E20, G12)

General-equilibrinm models with complete
markets and optimizing agents have cnjoyed a
measure of success in accounting for business-
cycle fluctuations in guantities. However, these
models have been notoriously unsuccessful m
accounting for the joint behavior of asset
prices and consumption." Two failures in par-
ticular have attracted much attention: the eguity
premiwm puzzie, the fact that returns on the
stock market exceed the retarr on Treasury bills
by an average of six percentage points; and the
risk-free rate puzile, the fact that the return on
Treasury biils is low orn 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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H. Cochrane and Hansen ( 1992), business-cycle
models assume that houscholds eguate inter-
temporal marginal rates of substitution 1 utility
with intertemporal marginal rates of transfor-
mation. Under the complete-markets hypothe-
sis, asset rewrns offer direct chservations on
these margins, and so should provide ar excel-
lent guide tothe further development of business-
cycle models.

This is the perspective acdopted here. Recent
vesearch in the finance literature suggests that
habit persistence in preferences can reconcile
the conswuption and asset-return facts.® This
literature typically takes the aggregaie con-
sumption process as given. In equilibrium
business-cycle models, both asset returns and
aliocations are endogenous. So, introducing
habit persistence into these models has implica-
tions not just for asset returns, but also for
consumpton. cuiput, investment, and employ-
ment. We ask whether one can construct a
business-cycle model with habit persistence,
which is consistent both with key asset-return
facts and with ey business-cycle facts. Our
results suggest that the answer to this question is
“yes.”

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

? We have in mund the early work on habit persistence of
Suresh M Sundaresan {1989) and George M Constantin-
ides (31990: In addiion, there 1 Wayne E. Ferson and
Constantsnides (1991), Craig Burnside (1994}, John Heaton
(1995), Kent Damel and David Marshall (1998), and John
Y. Campbell and Cochrane (1999}
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perticular, if onc simply niroduces habit pref-
erences :nto the standard real-business-cycie
(RBC) model, ‘here is no “mpact o7 the equity
premuium (see Boldrin e al, L9985 Martin Les-
wau and Hareld Uhlig, 2000.) Onc way to un-
derstand tais ‘acuses on the volatil:ty of the rate
of return on eauity. An imporiant componcet 1
this :s the volatiity of capita' gams. In the
stzndard RBC model, this component is a con-
s:ant because the supply of capital is perfectly
elastic at a constant price. By ennanciag the
deswe o smocth consumption, the introduction
of habit preferences amplifies the fluctuations in
the demand for caniial over the business cycle.
But, with capital supply perfectly elastic, this
has mno cfect on capital geins and, aence, a
negligible effect on the volatlity of the return
or eqguity. Other things tne same, failure to
increase the volatility of the retuwrn on equity
translates imio a faliure to incredse the cquity
premium. Not surprisingly, the main effect of
inroducing habit persistence into tne standard
RBC modc! is simply to produce 2 smoother
consumption process.

The preceding consideraiions motivate the
way we constrict our model. Fr addition to
habit preflerences, we incorporate factor-market
inflexibilities which have ‘ne effect of reducing
the elasticity of capita! supply.’ We introduce
these .nflexibilities by replacing the standard
one-sector prodaction technology with a two-
sector specification n which acjusung factors
of production takes time. These features of our
medel are consistent with empirrcal cvidence
that factors are difficult o quickly adjust in
response to shocks. The .ow elasticity of capita.
supply s conswstent with the empirical evidence
presenied ir Austan Goosbee (1998).

We show that our model s consistert with
key features of asset returns. With respect to the
convenaona! measures of business-cycle vola-
tility and comovement with output, it coes
roughly as well ay ‘he standard RBC model.
Significantly, on [four other dimensions our
mode. substandally outperforms the stancard
model. First, the fricticns in our mode: enharce

*For discussions of the asset-pricing implications of
flexibiliry 1 howors worked, see Boldinm et al (1995) and
Lewtav and Uhlig (1997, 2008)) These authors and Urban |
Jermann (1998} also discuss the mnphcations of ¢ fexible
capital-accumulation technology
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its inferns! propagation of shocks, improving its
anility to eccount for the observec persistence
output growtk. Absence of mternal propagation
is & well-known weakness of standard RBC
rmedels (sce Christiare, [98%; Timwothy Cogley
and James M. Nasozn, 1995). Second, the mode!
accounts for te observatior that empioyment
across ciieren’ sectors meves vp and down
together over (he cycle. This is a fundamental
property of business cycies that has proved sur-
prisingly difficuit to mode!l n the stendard
framework * Third. cur model accounts for the
excess sensinivily puzzle: instramental variable
regressions inCicate *3al consimption growa is
strongly refeted to income. while being rela-
tively weakiy related (o intercs. rates (Hall.
1988: Campbel and N. Gregory Mankiw, 1989,
1991). Whie tus ‘s a puzzle for the standard
RBC model, it is not tor ours. Fourth, the modet
accouns for the inverted leading-indicator
property of inievest rates: high intercst raies ars
negatively correlated wiath future ouiput. This
observation 18 oftea ‘hought 1o reflect the oper-
ation o mone:ary-policy shocks. The fuct that
our model. which only nas a technology shock,
can account for i ion, suggests that the role of
monetary-po.icy skocks in the dynamics of the
data may be smaiier than previously thought.

The pian of the paper is as follows. Section I
describes our model and how we assigred val-
ues o s parameters. Section I examines the
asse(-pricing and business-cycle imphcations of
our model. Scction I discusses the related He-
erature. That Lterature offers other reasons, in
addition 1o those stressed here, for teking our
key model assereptions seriously. In addition,
ne lizerature offers 2 variety of aliernative spec-
+Seations that we could in principle have usec to
interfere with houscholds® ahility to smooth
corsumption and genevate melastic capital sup-
oy, In our discussion, we defend our modeling
ducisions agaiust these alternatives. Section IV
concides.

E A Two-Sector Model of the Business Cycle

This sectior presents cur model and dis-
cusses how we selected parameier values.

* For a discussion of the empincal evidence on comove-
ment and & survey of the relevant hterature, see Chustiano
and Terry I Frizgerald (1998

Copyright © 2001. All rights reserved.
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A. Preferences

The preferences of the representative agent
are:

=

() E, 2. BllogicC,

=1

- bC,_]) - H,],

0<B<1,b=0,

where, § < C, denotes time ¢ copsumption. § =
H, denotes time ¢ iabor and £, is the conditional
expectation operator.” When b > 0, household
pmferemes arc characterized by habit persis-
tence.® When 5 = 0, these preferences corre-
spond to those in a standard RBC model.”

The particular specification of preferences that
we adopt hinks 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-
ston.® As explained in Boldrin et al. (1997), the
favorable risk-aversion implications of internal
habit are not shared by the “catching-up-with-

° See Boldnin et al {1999} for 4 discussion of the robust-
ness of our results to alternative ways of treating lewsure m
the utility function. The specification we work with was orig-
mally proposed wid explained i Gary . Hansen (1985)

©The term. #C,_ . 18 sometimes referred to as the
household’s fiabir stock We have explored more general
specifications m which the habit stock 15 also a function of
consumption tn carbier pertods, and have found that this has
hittle smpact on asset prices Chnistiano and Fisher (1998)
cuplain why a model’s business-cycle imphcations are am-
proved by adopting the sunpler formulation 1 1),

7 Habit utsluty functions have the distinctive teature that
the present discounted value o the utility of a consumption
sequence is not necessarily monotone i the consumption ot
any particutar pertod. This reflects the fact that. although the
period utthity function 1s wmereasing 10 cwrent consumMption,
next periad’s utility is decreasing m current consumption. In
the simulations computed for this paper, consumption 18
always well mside the region of posive total marginal
atlity.

¥ For recent empincal evidence on sk aversion see
Robert B Barsky et al (1997)

~Copyright © 2001 Alt rights reserved.: — -- -
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the-Joneses” specification. Throughout our
analysis, we restrict the parameterization of util-
ity 50 that the coefficient of relative risk aver-
sion for weeith gambles averages roughly unity.

Interestingly, in addition to the asset-pricing
studies discussed in the introduction, habit pret-
erences are now being used 1o understand a
wide range of issues in growih, monelary, and
internationa! economics. Several papers are
worth noting. Christopher D. Carroll et al
{1997, 1999) use habit preferences to improve
the imphications of several endogenous growth
models for savings and growth. Jeffrey C. Fuh-
rer (2006) shows that babit preferences are help-
ful for generating hump-shaped consumption
responses 1o monetary shocks. Fipally, Martin
Uribe (2003} argues that habit preferences can
account for the behavior of consumption in peti-
ods surrounding exchange-rate stabilization pro-
grams. Bach of these apphications, like owurs,
exploits the fact that habit persistence induces a
desive for smooth consumplion.

B. Technology

We adopt 2 two-sector specificatton of tech-
nology. mne sector produces consumption
goods and the other produces investment goads:

{2 K*(ZH ) "=¢C,

3y K {ZH) *+{1-8(K . +K,)

K+ K

Here, K,, and K , denote the begmmng of
period stocks of capntal in the consumption and
investment sectors, respectively. Similarly, &

and H, , rzfer to hours worked  the consump-
tion and invesiment-good sectors, with H, =
H ,+H Alsod<a<iand =8 = 1.
Finally, Z, denotes the aggregate state of tech-
nology, v hich is assumed to evolve as follows:

4y Z, = expx)Z,_,, x,~ N&, %),

Yi=0,2Z.; given.
We assume that B, H_,, and H, , are deter-
mined prior to the realization of x,. This is our

way of capturing the notion that it is ditficult to
quickly adjust aggregate employment and its
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sectoral allocation 1 response o 2 shocx, We
also assume that capial, orce installed 1 a
secter, canaot be sinfted to another sector. That
1. we assume that X, anc K, , | | ave doter-
mined as a furction of date 7 state variables. and
cannot be adjusted n response ‘o the reauzation
of x, .

Tae notion that labor and capitai carnot be
instantaneows!ty reallocated between sectors af-
ier @ shock has beer wel documented. The
search literature documents the varous factors
that inhisit the intersectural movement of laber
{see, for exampie, Christopher Phelan are Ail-
berio Trejos [2000] and the papers they cite). A
recent paper by Valerie A. Ramey and Matthew
D. Shapirc (2000} documents the high costs
associate¢ with recliocating capital across
sectors.

Multisector -mode.s of vroduction aave a
longer tradition in macrceconomic theory than
habit prefercnces. Stil’, wniil recently. they
have not been used extensively in macrocce-
nomics.” The pathbreaing contribution 9y
John B. Long and Charles 1. Plosser (1983) is
an important cxcepiion. Key differences be-
tweer. their mocel and ours are thal svecitic
geods are nol idennfed according to their
function (e, capital or consumption), there
is no capual accomulation as all goods core
perishable zfter one periad. factors are instan-
tancously mobile zcross sectors, and prefer-
ences are of the standard, time-separgble form.
Closer in spirt are the recent confrisuaons ny
Ramey and Shapiro (1958} and Phelan and
Treros (2000). Ramey and Shapiro study a two-
sector model with costly sceworal capital realio-
cation and show that it can match cortain facts
about the effects of governyment spending thut
canrot be mutched with 2 standard one-sector
mode.. Pheaan and Treos study 2 labor-
maching model with two sectors of preduction
t0 guamtity e effects of search-and-matching
costs 11 slowing down inicersectoral lubor mo-
bili‘v atter a sector-specific shack. Taey provide
evidence, supporting our operational assump-
tions. that even very small search-and-matching
cosls may sabstantially slow dowe intersectora:

% For earler, mostly theoretical, ctiorts, see Boldrin
{1989} and the lterature mennoned therem See also An-
dreas Horostein and Jack Praschntk (1997) and Michael
Heorvath (2000

MARTH 2001

whor movernen’s after a secterai shift m de-
fnerd

C. Eguilibrizm

We find “he equiiidzivm allocations by solv-
g the folowing p:anning problem: maximize
()subjecito (2), (3}, (4L K K H . H, =
0. the tming assumptions meatiorec afier
equatton (4), and C _(, K . K, 0, 7, 4, B,y >
U given. We appreximrate the solution to the
planning protlem using nonlinear methods de-
scribed in Kenneth L. Judc (1998) and Chris-
vano and Fisher (2000 It is well understood
kow to decentrahize the ailocations that solve
the planner’s proslem by means of competitive
markets, and s0 we de not discuss the detaads
here.®

Prices and rates of retura are devived from the
solution to the planning proolem as follows.'”
In this model, Gie cates of retzm or ecuily may
differ beiween the two scetors. The rate of re-
tarn on ecuity in the conswrpion sector is
giver. by

ki +

5y i, = S i

while the raie of retarn on cquity n the invesi-
meti-good sector 15 given by

73 °
'\U) ri,l"l‘

Y For a decentrahzauon with onc-penod-lived firms, see
Boldrin ot ai (1995) For a decenrralization based on
inhnte-fived frms, see Jermann (1998)

"'Ta compute o2 rate of Teturn on eguiy from the
sslutton o the plamung problem requites making an as-
sumption abhout the debe-to-cquity ratre  Throughout our
analysis we assume that capital 1> 10U-percent equity fi-
nanced In Soldmn et al {(1999) we constder tae mnpact on
om analysts of the assumpuion that debt 1s also used There
we show that nothing essential 1 our results hinges on the
cssumed Jebt-io-cquity 1aun

Copyright © 2001. All rights reserved. -
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where A, and A, denote the Lagrange muliph-
ers on (2) and (3) in the planner’s problem. Here,
Py, deanotes the consumption-good value of a
newly installed unit of capitzl, to be used in pro-
duction at the beginning of period ¢ + 1. Also.
Prp1 18 the value of that same unit of capital at
the end of period ¢ + 1. Werefer to Py, us the date
¢ price of equity and to the expressior, &, , /Py,
as the capital gain during that period.

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

K., K.
(7) r:,-“: NEN! LR

il ot + o r
£+ 13 K.+1 it +1 Ktk; IR E ST
where X, K ..y + K, ... Also, the
risk-free rate of return, r/, is computed using

8) P
{ ry=— "= -1

! ﬁ E EAc,z +1
The time subscript convention used in rf and
7y, identifies the date on which the relevant
payoif becornes known. In both cases, the date
at which the payoff is realized is period ¢ + 1.
The mean equity premium is E(r{ | — r1) and
the Sharpe ratio, S, is defined as follows:'?

E(r{p, = 7))
(%) §= p .

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

Y, = Ct + Ko (1 - 5)K1

In clesing this subsection, we note that the
assumptions which differertiate our nodel from
the standard RBC model are habit persistence
and factor-market inflexibilities. When these as-
sumptions are dropped, i, b = Oand H,. H_ .
H, ., K, and K, , are sliowed to respond to the
period 7 realization of techmology. then our

12 Our definttzon of the Sharpe ratw associated with any
particular asset 1s standard in the hiterature (see, e g., Camp-
bell et al, 1997 p 188).

e s Copyright ©2001
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maodel reduses to the standard RBC model. In
this case, the rate of refurn on equity simplifies
0

{19

" —
Tey1 =

In this version of the model, the technology for
trensforming consumption goods into new cap-
itz} imolies that the supply of capital is perfectly
elastic at #,., = 1.1%

D. Parameterization

The time unit of the model is three months.
We use the following parameter values: 8 =
0.89999, « = (.36, 6 = 0.02%, ¥ = 0.0C40.
and o = 3.018. The indicated value for the
discount factor was chosen to maximize the
model’s ability to account for the risk-free rate.
For the emspirical rationale underlying the other
parameter values, we refer to Christiano and
Martin Eichenbaum (1992).

We nov discuss how we assigned a value o
the remaining model parameier. b. We did so by
optintizing the model’s ability to account for the
medn equity prenuum and the mean risk-free
rate. The reswting value of & 18 0.73. The metric
we used m our optimization procedure is £{5),
where

(D L8)y=[o—8b) ]V, [0 Eb)].

Here, # is the 2 X 1 vector composed of the
sample average of the annual observations on
the risk-free rate and the equily premium re-
poried in Stephen G, Ceccheiti er al. (1993)
(CLM). The 2 X 2 matrix ¥y is CLM’s estimate
of the prdertying sumpling variance. Finally,
fib) is a 2 X 1 vector of the model’s implied
average wnnual risk-free rate and eguity pre-
mium, conditional on b and the other parameter
vatzes.'® In the optimiization procedure we

Y in thi- version of our model, the technology has a
one-sector ‘ormulation ¥, = KXZH) ", C, + 1, = Y,
and K, ., - {} - &K, + I, where I, denotes tune 1 gross
vestinent

" The annual return tor a Jven year v computed 25 the
s of (he ate of return over sach guarter n that year The
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TABLE [-—FINANCIAL STATISTICS”

Twe-sector

One-sector

Statistic® Data* =073 H =10 b5=909 5=0

Er’t i1y 1.20 158 t58 158
(081

B(ree, - 1) 6.63 663 Q.02 4001 0001
(178)

o, 527 24.6 462 038 046
(074)

o, 19 4 184 €57 040 0.48
(156)

Elrj., —19) 34 636 0.03 G602 0002

T e 0 09)

o5 256 21 0.29 4] ¢
10.85)

¥, Py 330 016 016 na® na
©.08)

* Resuits for the models are based on 500 replications of sample s1ize 200

v g, denotes the standard deviation of vanable ¥, and p{x, v) denotes the correlation between variable x and vamable y
Rates of returns are annualized and mn percent terms before stanstics are computed

© Thys column contains estumates (standard errors 1n pasentheses) based on U S data. The saraple period for the asset-return
estimates 1s 1892-1987 and these estimates are taken trom Cecchetit et al (1993) Our emparieal analogue tor Py 1s the S&P
500 composite (DRI database mneumonic FSPCOM) The output measure and the procedure for gstimaung ap , and pi¥, £,.)

is described m Table 3, note ©
¢ This abbreviates “not apphcable.”

allowed for & € [0, .9] subiect to the reguire-
ment that C, < C,_; and A, =< 0 are never
cbserved in the Monte Carlo simulations used to
evaluate £, Let

(12) J = Liby),

where b, minimzes £(b). Under the nuil hy-
pothesis that the model is oue, and ignoring
sanpling uncertainty in the other paramsters, J
has a Chi-square distribution with 1 degree of
freedont. Since J 1s m practice either very smail
or very large, we do not report its value or its
p-value in the analysis below.

IL. Implications of the Model

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

mapping. £, was executed by compuning the average of the
mean risk-free rate and mean equity premum across SU0
arteficaal data sets. each of length 200 guariers

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 - under the heading “Twe-
sector, & = 0.73.” Sigmficantly, the model
almost exactly replicates the mean risk-free rate
and equity premium {which it was optimized to
match) and the Sharpe ratio {(whick it was not
optimized to masch). Interestingly, the model
does reasonably well on the correlation of eg-
uity prices with output and on the volatility of
equity prices. Unfortunately, the latter success
i part reflects the model’s counterfacwally
high prediction for the volatlity of the risk-free
rate. That models like ours do poorly on risk-
free rate volatility is well known and :n partic-
piar is consistent with the findings in Heaton
(19935). However, it is not clear how fundamen-
<al this probiem truly 1s for the approach to asset
prrcing adopted in this paper. There are results
it the Eterature which suggest that 1t is not. For
exampie, Campbell and Cochrune (1999) adoprt
a more elaborate representation of habat prefer-

Copyright © 2001. All rights reserved.
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ences, which has the implication that the risk-
free rate is constant. Similarly, the risk-iree rate
in Constantinides (1990) is also constent, Fi-
nally. Abel (1999) presents a medel wita habit
persistence in preferences which also implies a
realistic amount of volatiiity in the risk-free
rate. '

We now discuss how our habit-persistence
and factor-inflexibility assumptions coniribute
to these results. Without these features (in
which case, the medel reduces to a standard
RBC model} the equity premium and Sharpe
ratic are essentially zero (sce the column
marked “One-sector, » = (7). Even when habit
persistence is iniroduced into that version of our
model (“One-sector, b = 0.97), there 15 still no
equity premium or Sharpe ratio. Why 1» it that
with factor-market inflexibilities, a rise in &
raises the equity premium and Sharpe vatio. but
without these mflexibilities, a rise in & has no
effect?

To gain insight inio this question. it is useful
to rewrite the Sharpe ratio as follows:

13 E(rt,. —r!)y = 8aq,.

This expression indicates that changes in the
equity premium can be understood in terms of §
and ¢, Intuiton appears {© be an unreliable
guide regarding the impact of 5 on 5.'° But, it
is possible ‘o gain inwition about the impact of
b on .. Table 1 indicates that o, does not rise
with b unless there are factor-market infiexibil-
ities. The reason is that in the absence of these
inflexibilities, there is no variation in the capital-
gains component of »; ;. This in tun reflects
that, as noted above, the supply of capital is
perfectly elastic m this version ot the model. As

*5 One difference betwesn Abel’s (1999) specification of
habit preferences and ours is that he adopts a higher level of
nsk aversion. In cur context, this 1s also o strategy for
reducing the volaulity of the nsk-free rate. This strategy
works by redoeing the value of b needed to account for the
mean 7isk-frec rate and equity premuum We found that a
smaller value of & also reduces the volathity of the risk-free
rate A difficolty with this strategy 1s that mereasing the
curvature m the utthity of consumption tends to make em-
ployment countercychical (see the discussion m Section I,
subsection B) This imphication of high nsk aversion is not
evident m Abel’s {1999) work becanse he holds labor
constant.

1% See Boldrm et al (1999) tor a detailed elaboration
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a result. vanation in the return to equity is
driven entirely by variation in the marginal
product of vapital, which is known to be guite
small 1n standard models (e.g., Christiano,
1987). In practice, no amount of variation in the
demand for capital. induced, say. by 2 high &,
can raise o, because it has no impact on capttal
gains, This same reasoning suggests that with
ine.asticity :n capita; supply induced. say, by
our factor-rarket inflexibilities, variatior in de-
mand has a very substantizl ‘mpact 05 &, This
1 why it iv that when these inflexibilities are
preseni. an CHCTeasc 1 & raises o«

We investigatea whether our model’s good
asset-markel implications depend on the pres-
ence of all our factor-market mflexibilittes. In
Boldrin et Al (1999) (BCF) we report evidence
that alf are needed. For example, we considered
the case 1 which #,  anc &, are a function of
the carrent-period shock, but A, X, . and K,
are not (below, we refer to this as the mobile
{abor model) In this case. increasing b to its
upper bound has virtually no impact on the
equity premiam or the Sharpe ratio.

B. Stundard Business-Cycle Statistics

We now consider the implications of the
model for the set of standard business-cvcle
statistics teported in Table 2. The results in
Panei A show that, in terms of conventionail
measures of volatility ond comovement with
output, our mode! performs about as well as the
standard RBC model {see “One-sector, & =
3"y The exception is that our model overstates
sL.ghtly the empirical mzgnitude of the relative
volatility »f consumption. We found that inter-
sectoral rigiditics are important here. For exam-
ple, i the mobile labor model the relative
volatifity of consumption is .32,

Panei ¥ displays the persistence properties of
our model. Tt represents essentially no change
over the standard RBC model when persisience
in comsnmption alone is considered. Each im-
plies that consumption is a near-random walk.
whereas consuraption growth s positively au-
weorrelated in the data. Our model represents a
substantis: ‘mprovement over the standard
model with respect to the autocurrelatior in
ovtput growth. This is practically vero in the
standard model, (.34 in Je data, and 4.36 :n our
model.

- - - e - ..Copyright © 2001. All rights reserved._. _ _ ___
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TaBLE 2— STANDARD BUSIVESS-CYOLE SIATISTICS?

Two-s8cior

One-sector

Statistic? Dhata b= 073 b =0 h =09 5=0
Panel A- -Volatihity and Comoverent with Output

Cy 189 197 196 179 211
021y

g fFy 0.49 .69 0.62 0.30 .53
(0 04)

ooy 239 1.67 183 258 1.86
{0 06)

ogloy 030 051 C &G 0.27 c48
(4355

oY, C 076 0.93 0.92 348 0.99
(G 05)

pi¥, D 0D9hH Cy7 697 098 Cyg
o1y

p(Y. iy U738 86 0.86 099 499
(3 03}

Panel B -Persistence

p{AY,) 034 0.36 336 8.02 0002
WO OT7)

MAC) 024 -005 -022 .90 005
(009}

* Results for the models are hased on 500 replicatrons of sample size 200
P o, denotes the standard deviation of variable 1. p(x, y) denotes the conelanon between » and vanable v, where x and

y are logged and EP fillered puior (o analysis, and pt Ax} denotes the autocorrelation of log x,

13 reported i percent terms

log x,_, The statistic o

“ Ths colummn contans estimates (standard ervors in parentheses) based on an updated version of the Christiang (1988)
database compiled by Fisher (1997) covenng the sample pertod 1564.1-1988-2 The standard errors are based on the GMM
procedure described 1n Christiano and Eichenbaum (1992} For estimation of the relevant sero-frequency spectral density, a

Bartlett window truncated at lag four was used

To understand the persistence properties of
the model, it 15 helpful to study Figure 1. Thrs
displays the response of ¥V, C, [, and H 10 a
positive, one-siandard-deviation shock to
technoiogy, x,, n period O (sce “Two-sector
model”; the responses of two other models are
cisplayed there toc, but these are discussed
fate). The stromg, 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 period ! respoase of outpat
sabstantially larger than the period O response
(see Figure 1A).

C. Other Business-Cyrle Pheromena

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 pusiness-cycle statistics that we consider in-

cludes measures of: (i) the tendency for employ-
ment in different econcmic sectors (0 move up
and down together over the busiress cyc.e; (i}
the lendency for the predictable part of con-
sumption growh ‘o be relatively strongly asso-
ciated with the predictable part of mcome
growih and weakly associated with the real m-
terest rate; wnd i) the tendency for high real
interest rates to be associated with low future
ouiput and high past cuipul.

1. Comovement of Fmployment —A key fea-
fure of business cycles, emphasized at least
since the tire of Arthur Burns and W. C. Mitch-
el' (1946 p. 3}, is that cmpioyment in a broad set
of sectors moves up snd down together during
recessions and expansions. Our model is con-
sistenit with “his phenomencn: the correlation
between outpu: and #, | is 0.70 and between
output anc &, , is 3.86 {see Table 3, Panel A},

Copyright © 2001. All rights reserved.
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FGURE 1. IMPLLSE-RESPONSE FUNCTIONS IMPLITD BY VARIOUS MODELS

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

To understand these findings, consider Figure
2. This exhibits the dynamic responses of sec-
toral employment to a technology shock in our
model (see “Two-sector modet™) and in the
version of our mode! that we have called the
mobile fabor model (“Mobile labor model™).
Recall that in this version of cur model, labor is
intersectorally mobsle, but the total amount of
labor, H,, is still chosen before observing the
date ¢ realization of technology. Note that ir. the
mobile labor model H_, drops and H,, nses
after a positive shock to technology. The reason
is that with the posttive technology shock, there
is a sharp risc m the demand for investmment
goods, which causes labor to leave the con-
sumption sector for the investment sector. In
our model, labor cannot be reallocated between
sectors 1n the same quarter during which the
shock takes place. As a consequence, there 1s a
relatively strong rise in consumption sutput in

S e e = —- —COPVFIght © 2001. All rights reserved . o

the period of a shock. The presence of habit
persisience in consumption then implies that the
value of vconsumption goods is high in subse-
quent periods. This explains why labor does not
leave the consumption sector in the periods after
a positive techrology shock in our model. Table
3, Panel A, confirms that both habit persistence
and intersectoral-factor iremob:lities are impor-
tant for comovement of employment.

2. Excess Sensitiviy of Consumption o In-
come —We now turn to the statistical evidence
which Campbell and Mankiw (1989, 19%1)
(CM) argue is a puzzie from the perspectuive of
equilthrium business-cycie models. They esti-
mate 2 lnear expression relating the predictable
component of consumption growth fo the pre-
dictable component of income growth and to the
interest rate. Applying mstrumental vanables
technigu:s, they find that the estimated coeffi-
cient on income, A, is sbout V2. while the co-
effictent on the interest rate, 6. is close te zero.
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TABLE 3—OTHER BUSIVESS-CYCI ¥ STATISTICS?

Twa-sector

Cne-sector

Statistic® Data 5=073 h =20 b=10% b- 0
Panel A—Employment Comovement

oY, Hp) 0.72 0.7¢ na’ -¢93 na
{08y

;¥ Hy) 386 0.86 486 096 099
(0.04)

Pancl B—Exocess Sensitivity of Consumption 1o Income A, = u + AAY, + #7_, + &g,

A 47 168 093 g8 452
(0 15y

& (1089 .05 125 258 092
(011}

Panel C—Inverted Leading-Indicator Phenomenon

piri_, ¥ —035 -0.36 -020 054 U5l
(011)

ptrl, ¥y 00 -0 15 (N 098 099
(.10}

o5 Y) 016 0.33 04l 635 .38
{0 10)

* Results for the models are based on 5G0 rephications of sample size 200

" &, denotes the standard deviation ot vanable 1, and p(x, y) denoies the correlation between x and varnable v, wherc
and v are logged and HP fltered prior to analysis

¢ The “Data” column for Panels A and €' contains estunates (standard errors w parsntheses) based on the sample perad
18964 1-1988 2 See note ©, Table 2, for a description of the output data and the estimauon procedure Used The sectoral houss
and mterest-rate data are from DRI Basic Economucs Batabase. For the consumpfion sectol we used two alternative measures
an mdex of howrs worked m the service sector (DR: senes LWHPX) and s mdex of hours worked in the nondurable
menufacturing sector {LWHNX) The estunate for the consumption-sector hours-worked correlation is based on LWHPX
The analogous pomt estimate (standard error) based on LWHNX 15 G 83 (0 05) The estimaie for the mvestment-sector hovis-
worked correlation 15 based on hours worked m the durable monufactuning sector (LWHDX) The real mterest rate at date ¢
for the stanstics mw Panel C 15 measured as the nomunat federal funds rate (FYFE) at date 7 less the realized milation rate
between dates s and 7 + | The price for calculaung the inflation rate s the defiator on nundurable and services consumption,
(GCN + GOSYGCNQF + GCSQF), where the mnemonics ire taken from the DRI datebase. Fsnmates for A and 8 in Panel
B are wken from Campbell and Mankiw (1989) The model and data mstrumental variables estumates for A and 8 m Panel
B are based on the mstrument list {&c,_,, Ac,. 5, Ae, 4, 00 5, 0d 4 ¢l o, where A, = lnx, - Iny, .

¢This abbreviates “not applicable ” The correlation 1s not defined mn these cases sinee hours worked producmg

consumptiont goods 13 constant See Chostiano and Fisher (1998) for further discussion

Appeaiing 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 consurmption is
determined by household weckh and its growth
rate 1s determined solely by the rate of mterest.
The coefficient on the interest rate is the recip-
rocal of the coetficient of relative risk aversicn.
This coefficient should be substanually anove
zero on the assumption that risk aversion is
small.

CM interpret the evidence as indicating that
the representative agent optimizing framework
shoul€ be gbandoned as a way of thinking about

Huctnations. Our results suggest ancther mter-
nretation. We show that the medificattons intre-
duced into the standard RBC model to help it
account for asset prices also have the eftect of
raising the impled estimated vaine of A and
reducing the 1mplied estimated value of €. Thus,
an a.termative Interpretation of CMs findings :s
that they previde corroborating evidence in fa-
vor of these modiSeations.”

Crur two-sgctor nodel’s ability ‘o generzie a

7 Marianne Baxrer and fermann (999} document that «
model with bome production can also account for the excess
sensitivity puzzie

Copyright © 2001. All rights reserved.
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Fiotre 2. COMOVEMENT OF EMPLOYMINT
ACROSS SECTORS

high value for A reflects that, under habit
persistence, the intertemporal Euler eguation re-
lates consumption growth to lagged consump-
ton growth, as well as to expectations of future
consumption growth. In this case. the apparent
excess semsitivity to income reflects income’s
statistical role as a proxy for these variabies.
The model’s ability to generate a low value of ¢
is perhaps not surprising in view of the fact that,
at our estimated value for 4, intertemporal sub-
stitufion in consumption is low. Because agents
in our model 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 raie should be interpreted as reflecting
low intertemporal substitution in consumpiion
and not necessarily high risk aversion.

The statistica! relation that 15 a primary focus
of CM’s analysis is:

(t4) AC,=pu+ MAY. 4+ €ri_, + &,

where, Au, = logie,) — log{y,_ ). CM esti-

e Copyright.©2001 .- Allrights reserved..... . . . .
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mate @, A, and 9 by the following two-step
instrumenta’ variables procedure: in the first
step they rcplace the left- and right-hand side
variables in (14) by thewr fHitted 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 esiimate
i, A, and & The first column of Table 3, Panel
B. displays a fypical set of results reporied by
CM Zor these parameter vaiues (see Campbell
and Mankiw, 1989 Table §. row 3).

Table 3. Panel B, also summarizes our mod-
els’” implications for the CM regression. We
report the mean, in samples of typical size, of
instrumentst varizbles regressions i which the
instrument list s {AC,_,, AC, 4. AC, .,
ri. s ri_., vl 5} This mstrument Hst was
chosen because it is representative of the type
used in the lderature. In principle our resulis
could reflect small sample distortions whick can
occnr in instrumental variables estimators when
the instriurents are not very informative for the
right-hand variables. BCF investigate the poten-
tial for poor instrument guality to affect infer-
ence n small sample regressions. We point out
below where this bias affects the gualitative
assessment of the resulis presented i Table
3, Panel B

Consider first the results for §. Consistent
with CM’s observations, the standard RBC
model (see “One-sector, b = 07) implies this
parameter s 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-
jeciing the standard RBC model. However, the
implied value for 8 in our two-sector model (see
“Twao-secior, &b = (.737) 1s close to the corre-
sponding cmpirical value. This reflects that in
this mode:, the coefficient of relative risk aver-
sion (which s unity) and the degree of inter-
temporal substitution are not connected as they
are in the standard RBC model. Nete that both
habit persistence and the two-sector techno:ogy
are imporiant to achieve a low value of § (see
“Two-secior model, # = (7 and “One-sector
model, & = 0.97).

Now cunsider the results for A. Note that the
standard RBC model’s implication for the small
sample mean of this variable 13 consistent with
the corresponding empirical value. However,
Christiano (1989) shows that this reflects the
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maodel’s counterfactual implications for instru-
reni gual:ity. Minor perturbations which im-
prove these implications simultaneously drive
the smatl sampie resalis for A towards zero. The
analysis of small sample bias iz BCF is consis-
tent wich this finding, On this basis, we agree
with CM that the empirical resnits for A also
warrant reiecting the standard RBC model.
Tumning to cur {wo-sector model, the results
indicate that, emoirically, consumption is nof
excessively sensitive to income. Ironicaily, ac-
cording to this model the rezl puzzie is not that
measured consimption is excessively sensitive
o cuerent income. It is instead that consumption
is insufficierntly sensitive. BCF show that this
finding is not cue to a small sample bias.

3. Inverted Leading-Iudicator Phenomenon.
—Real (and zonural) interest raies appear to
covary positively with past (detrended) leveis
of output and negatively with future levels
(see Riccarco Fiorito and Tryphon Kollintzas,
1994, This can be seen 11 Table 3. Panel C.
wh:ch displays the dynamic correlations be-
tween the in9ation-adjusted federal funds rate
and detrendec output. V. V. Chari et al.
(1995) and Robert King and Mark Watsor
{1996} have emphas:zed that these are impor-
tant observations for medels to be consisient
with. They represent a key facter underlying
the belief of some researchers that monetary-
nolicy skocks play an importact rele in the
dynamics of the business cycle. Cne reason
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 Watson
(1896), refiects the view that RBC models are
incapanie ol accounting for the negative as-
sociation between interest rates and future
ouput. Our resulis based on the standard
RBC mode! are consistent with this view.
However. our two-sector model is not. it is
consistent with the nverted leading-indicator
pheromenon. This suggests that the dynamic
ecoromic behavior attributed ‘o monetary
disturbances may, ¢ lcast in part, also reflect
the effects of rea: cisturbances propagated via
mechanisms like those captured by our two-
sector mode..

Consider first the standard RBC model. Note
Gom Table 3, Panel C, how the correlation

MARCH 2001

setween the interest rate and output is positive
at all ieads and lags. Mechanically, the postave
correlation between the interest rate and current
and future output refiects that a positive shock
to technology drives up the rae of interest and
also drives up cwrrent and future output. The
reason for the fise in the interest vate is that the
shock gives rise t¢ a gradual upward response in
consumption. The implications of this with the
time-separable ctility furction are straightfor-
ward: the current incregse In consumption
drives the current marginal utility of consump-
tion down, bt the larger future rise drives fu-
ture margizal utility down even more. The
interest rate rises in response to the positive
technology shock because it is the ratio of these
two marginal utilities. A related way of seeing
this is as foliows. With the time-separable, log-
uiility function, households orefer = comstart
level of consumption over time The positive
technc.ogy shock drives up future consumption
more than present consumption, and for this to
be ar equihibrivm, households must be discour-
aged from using asset markets to reallocate con-
sumption from the future to the present. &t is
precisely the rise in the rate of interest which
has this effect.

Significantly, the two-sector model s consis-
tent with the inverted leading-indicator phe-
nomenon. This is because the rate of interest
falis m the pericd of z positive technology
shock in that model. To see why, notice that
consumption is relatively high in the period of
the shock, compared (o its value in subsequent
periods (see Figure 1). The reasoning above
suggests that this should icad to a fali in the
rate of interes:, assumiryg habit persistence
does not play too greal a role. Consistent with
this assumption, when » is set to zero in the
two-sector model, this model remains consis-
tent with the inverted leading-indicator phe-
nomenon (see “Two-sector, & = 07). We
conclude that our model’s abiliiy t¢ account
for the inverted leading-indicator phenome-
non reffects the factor-marke! inflexibilities
and not habit persistence.

. Comparisen to Alternative
Ome-Sector Models

The literature offers one-sector alternatives (o
the two-sector modeling approach that we have

Copyright © 2001. All rights reserved.
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adopted in this paper. This section discusses
two of these alternatives and conciudes that they
can do as well as our two-sector model w ac-
counting for asset-inarket facts. Nevertheless,
our approach is to be preferred becausc the
alternatives do less well on the business-cycle
{acts.

The aiternatives tc our two-sector technology
we consider can in principle zlso generate in-
elastic capital supply and interfere with con-
sumption smoothing. Fach alternative works
with a version of our mode! in which the sec-
toral allocation of factors of production is per-

mitted to respond in the current period to a
technology shock. With this change. our two-
sector ‘echnology reduces 10 the standard one-
secior specification. We continue to maintzin
the assumption that aggregate hours worked
must be decided prior 1o the realization of the
techrology shock, and we continue to work
with the utility function, (1}, and with our Cobb-
Douglas production function. In each case, we
estimate the value of the habit parameter, b,
vsing the method used for our two-sector
model. To save space. the details of cur find-
ings are not reported here, but can be found in
BCF.

A, Time-to-Plan

The rime-to-plan model is obtained by requir-
ing that investment be decided before the real-
ization of the current-peniod shoeck. Under this
assumption. the guantity of new capital is per-
fectly melasiic in the immediate aftermeth 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 mvesurert in ihis model
recessitates the following change mn the Tormu-
las for Py, and Py, 2 Pp, = ApJA, .
Py = (0 — 81A, JA_, where A, is the
Lagrange multiplier on the capitai-accumula-
tion techmnology in the planner’s problem In the
standard RBC model, A, , = A, always. This
cquality does not hold under the time-to-plan
assumption since it only requires £,
E,_ A ,. The ssumated value of b for this
model is (1.56.

This model’s asset-return implications are
simitar 1o those of our two-sector model. its

.
1 "ﬂkk’,t =

ASSET RETURNS AND THE B 'SINESS CYCLE
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implication: for business cycles are similar to
those of the standard RBC model, except for
consumption. ft substantially overstates the rel-
ative volatiiity of consumption, by muck more
than our two-sector modet does. In addition, this
mode] Imphes that consumption growth is
counterfactually strongly negarively aatocorre-
futed. We view these as significant shortcom-
ings of the iime-to-plan model aud they lead us
o corclude that it does izss well on wmandard
business-cycle statistics than the standard RBC
model.

To understand these results it is helpful to
compare the impulse-response functions for this
madel with those of our two-scctor model in
Figure 1 {see “Time-to-plac model”). The key
difference les in the response of C. In the
time-to-plan model, consumption responds very
strongly in the period of the technology sheck
and then diops sharply, eveninally fellowing the
path of our two-sector model. ”"hxs oversaooting
property awcounts for the negative autocorrela-
fion in consumption growth implied by the
model. That the mitial jump in consumption
exceeds wiat it 18 in our two-sector model ac-
counts for the relatively bagh volatility in con-
sumption a the time-to-plan model.

it 18 also imermtimg to examme the predic-
tions of tae time-to-plan model for comove-
ment, excess sensitivity of consumption, and
the icading-indicator phenomenocn. The impli-
cations for the Campbeil-Mankivw regression,
(14), and {or the leading-indicator phenscmenon
are simila: to those for our two-sector medel. In
the former case, this reflects the properties of
the vtility function and that the instruments in
the first-siage regression are relatively geod.
The t'me-wo-pian model’s success with the in-
veried leading-indicator phenomenon reflects
that toe rate of interest falis 1 the period of a
positive technology shock. This cecurs for the
same basic reason as it does m our {wo-sector
wrodel.

Technicatly, the tme-to-plan mode! is also
czpable of accounting for employment comeve-
ment. However. it is a Pyrrhic victory To ex-
plaie this, note that, as in standard one-sector
models, there is a two-sector interpretation of
the titne-io-plan model. Under that mierpreta-
tion, we can compuie H, ,and #, .. Whea we do
this, we find that the response mf hmh variables
{0 a positive technology shock is generaliy
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positive.® This is why this model implies that
both H, , and H,, are procyclical. But. uiti-
mately we find the tme-te-plan model’s explana-
tion of comovement unconvincmg This is
because under the two-sector interpretation of the
tirne-to-plan model, the assumption that aggregate
hours worked must be decided prior (o the real-
ization of the techmology shock is impiausibic.
The type of considersnions which motivate the
assumption that zggregate labor is difficul: to ad-
Just fexibly i resoonse to shocks seem to suggest
that 1t 15 didficult to Hexibly shift labor across
economic sectors t00. Yet, the time-o-plan model
allows such movements (o occur freely. Of course,
the two-sector inerpretation of the time-fo-pian
model is rot the orly one possible. Another inter-
preiation is simply that the aggregute production
function produces a homogensous, intermediate
output good, which s split bknearly into con-
sumption and irvestment by final-goods frms.
However, 1t is not clear tha! this mterpretatior.
provides the basis for an interesting explanation
of comevement.

B. Adjustment Costs

The adjustinent-cost mode! posits that there
is curvature :n the trade-oft between C, and
K, 1. We obtain this model by repiacing the
capita’-zccumulation tecknology with the spec-
ification used in Jermann {1998):

Ki—\-l = (1 - S)Kg; (b(l;:iK;}K,,

where

A
cy= L
SUMK) =~ 7 {K

3 The explanation mirrors the explanation of comove-
ment m the two-sector model. In the peniod of the shock,
H,, actually diops temporanly because of the predeter-
mned nature of {, Swmce H, s also predetermuned, this
means that £f , surges mn the period that a positive shock
occurs In subsequent pentods there 1s @ strong motive to
increase H, . as the demand for 1mvestment goods tives m
response to an mcrease 1n the return to capital But
rises then 100 because the value of the ouiput of the con-
sumption sector 3% lugh w the perinds after the shock As
the two-sector model. this reflects the interaction between
habit persisience n preferences and the surge in consump-
non that cccurs m the period of the shock.
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and g, a, are chosen so that the balanced growth
path is mvariant to £ Our resulis for this model are
based on & = (.23, which is the value used by
Jermann (1998, This value 18 also near the lower
boun< of tae range of estimales reporfed m tac
cmpitica. literamre on Tobin's ¢ (see Chrisuano
and Fisher, (998, As a resuli, it minimizes the
supply elasticity of capitul—hence, maximizes
the models’ zbil:ty to account for asset retums—
witle siill lying in the range of empirical plausi-
bility. Conditioral on *his value for £, we assigned
values to the other parameters using the method in
our two-sector model. The esumated value of b is
@ 13 voper bound.””

This model nas similar implications for asse!
pricing as our two-sector model and the {ime-
to-pian mode., except that it anderstates the
equity premiura by a little over two percentage
points. The discrepancy 15 nof very important,
however, becaase the gap can be closed by a
modest irersase m carvattre above the log
specification 1 {i). Overall, we find that the
adjustmeni-cost mode! does roughly as well on
asset prices as the other two models.

In terms of 1ts business-cycle implications,
though. this model represents 2 substantial step
backwarc. To see this, note from Figure 1 {see
“Adjustmeni-cost model™) that labor responds
countercyciicaily to a shock, This refiects that
adjustment costs on investment i effect operate
like u tax on .abor. We noted above that the
asset-pricing implications of the model are im-
proved if curvature in uility were to be -
creased modestly. We found. however, that this
charge causes employment to be evenr more
couniercyclical. In contrast with our two-sector
mocel and with the time-to-plan model, where
the difficuities :n adiusting investment only ex-
end for one period, in the adjustment-cost
model such difficulties last for many periods.
Tms is why the drop in hours worked in re-
sponse to a positive tecknology shock is persis-
teat over time.

1% Jermann (1998} also reports a high value of & His
value, (L83, 1s somewhat fower than ours for two reasons he
has ngher curvature in utthity and he assumes hours worked
s comstant. The [orme: amplibes the fluctuations m the
demand {o capital by directly increasing the preference for
smooth consumption The latter amphfics the fluctuations in
the demand for capital ndurectly, by elimmating Huctua-
nons 1 labor as o way to smeoth consumphon

Copyright © 2001. Allrights reserved.
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The adjustment-cost model also has counter-
factual implications for output. As may be in-
ferred from Figure I, the volatility of output is
counterfactualiy low, and its autccorrelation is
strongly negative. These properties of the model
reflect the nature of the hours-worked response
in the model.

We conclude that when standard business-
cycle statistics are considered, the adjustment-
cost model represents a substantia: step in the
wrong direction by comparison with the stan-
dard RBC model. The root of the problem with
the adiustment-cost model hes in the persis-
tently negative response of hours worked ¢ a
positive techrology shock. This in turn reflects
the persistence of the friction introduced with
the adiustment-cost formulation. The relative
success of ow two-sector medel appears to re-
fiect the ntuitively appealing notion ‘hat, in
crder to reduce capital’s short-run supply elas-
ticity, rigidities work best waen their ¢fects are
iransient.

Finaily, consider the implications of the ad-
justment-cost mode! for the other business-
cycle statistics listed in Table 3. This modef also
has a two-sector interpretation, and under this
interpretation 1t has implications for H_, and
H,, When we compute the response of these
variables to & positive technology shock, how-
ever, we find that H, , drops persistently and
H, , uses persistently. after a technology shock.
As aresult, when we compute the correlation of
these variables with output we find that ¥_, is
countercyclical and H,, is procyciicai. Thes,
even if we ignore the implausibility of the as-
sumption that aggregate hours worked must be
decided pror to the technology shock, under the
two-sector interpretation of the adivsunent-cost
model, we find that the model is completely
inconsistent with comovement. The impica-
tions of the adjustment-cost model for the
Campbell and Mankiw regression, (14}, are
ambiguous. Small sample distortions due to
poor instraments make interpreting thesc results
difficuit.

The adjustinent-cost model is qualitatively
consistent with the inverted leading-indicator
phenomenon. According to Figure 1. the time
pattern of consumption after a positive technoi-
ogy shock is very different from what 1 is in the
time-to-plan and preferred two-sector models: it
shows a gradual rise. As explained before, with

BOLDRIN ET AL ASSET RETURNS AND I'HE BUSINESS CYCLE i3

time-separablc preferences this pattern wouid
imply a rise in the rate of interest. Bui, the
relatively high value of b in the adjustment-cost
model produces the opposite, with the {nterest
rate fazling ‘o the period of a shock. Desp:te the
gradual nature of the equilibrivin consumption
response, bouscholds with habit persistence pre-
fer that response 0 be even more gradual. The
fall in tae rate of mterest is required to discour-
age them from attempting io use loan markets to
achieve this, by realincating consumption from
the present tc the future,

Quantitatively, the adiustment-cost model
does not oo as well as the time-to-plan and
two-sector models in accounting for the in-
verted leading-indicator phenomenon. Stifl. we
think that wodel conveys an impertant lesson.
We suspect that the reialively unsmooth con-
sumption response implied by the time-to-plan
and preferred two-sector models is counterfac-
tmal, although we are not aware of data whick
shows this, The adjustment-cost model resuits
suggest thet this unattractive feature of these
medels is not critical to their good performance
or. the inverted leading-indicator phenomenon
and the assct-refurn facts. They give us hope
that moditications which produce smoother
conswmntion responses can be introduced while
not destroving their good empiricel perfor-
manee o1 ‘hese other ditnensions.

iV, Svremeary and Conclusion

We cxplored wwo moditicaizons on the stan-
dard RBC model: the adoption of habit persis-
tence in preferences and the assumption that the
sectoral and aggregate allocation of capital and
labor are cetermined before the current-period
realization of uncertainty. These changes add
just one wnknown parameter o the model, a
measwe of persistence in consuription habit.
We found that the modifications not oaly dra-
matically improve on the standard RBC
model’s asser-pricing implications, they also
substantially improve vpon that model’s imphi-
cations for business cycles.

We now briefly discuss two limilations of our
model. Fisl, we find (in results not reported
here) that our two-sector mode! implies a high
correlatior between consurption growth end
the rate of return on equity— higher than ir the
data. This is a long-standing problem for the

- Copyright©2001. All rights reserved. . R e -
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type of eguilibrizm model used kere. 1o which
our approach, at least Jor the time Seing. has
nothing new t© add.

Second, a key ingredient in our success in
obtaining ar equity premuum is that, in addition
to habit preferences, we intreduced features of
techno.ogy that prevent househoids from inter-
iemporal'y smoothing coasumption as much as
they weunid like to, At the same Gime, cur model
has feft ot an important real-world device for
domg this: inventories. Are our reselts rohust to
the muroduciion of inventories? Determining
the answer with confidence is bevond the scope
of this paper. However, there arc ai icast three
reasons for optimism. First, inveniories are not
a perfect smoothing device, since services and
nondurabies arc a sabstartial part of consump-
tion, and these cannot be stored or ere poorly
storec. Second, the adjustment-cost model de-
scribed 1 this paper offers households shightly
more fAexible smoothing opportunities than
does our two-sector model. Nevertheless. tat
mocdel is also consistent with key features of
asset returns. Thie suggests that the infiexibili-
ties in the two-sector model can be sofiened
{possibly, by 1niroducing mventories) without
sacrificing too much on asset returns. Fmally,
any modeling approach (basec, say, on the
Campbe:l and Cocarane [1999] specification of
prefercnces) which solves the excess volatility
problem with e risk-Tree rate would simuiia-
neously make inventories unatiractive as a
smoothing device. For exzmple, if the rick-free
rate were aiways greater than unity, then in-
ventories would never be held for smoothing
reasons. This s true uncer the (plavsible) as-
sumpiion that inveniories generate & gross rate
of return no greater than unity.

in s, we believe our model makes progress
on the tasx of integrating the analysis of asset
returns and business cycles. Still, the model has
shortcomings aad & final verdict depends on
whether these shortcomings turn ot to be sig-
nals (hat ‘here is something fundamentally
wrong with the model, or whether minor per-
turbations can overcome them. Assessing this is
a tusk for future rescarch.

REFERENCES

Abel, Andrew. “Asse: Prices under Haoit For-
mation and Catcning up with the Joneses.”

MARCH 200f

American Feonomic Review, May 1990 (Pa-
pers and Proceedings), 8X2), pp. 38-42.
. “Rusk Prems snd Term Premia in
General Equiiibwem.” Jowrnal of Moneiary
Economics, Febraary (999, 43(.), pp.

3-33.

Barsky, Rober? B.; Juster, ¥, Thomas; Kimball,
BEles S. and Skapiro, Matthew . “Preference
Parameters and Behaviora. Heterogeneity:
An Experimental Approach in the Health and
Retirement Swdy.” Quarterly Journal of
Economics, May 1997, 112(Z), pp. 537-79.

Baxter, Marianne and Jermann, YUrban J.
“Household Procuction and the Excess Sen-
sitivity of Consumption to Current Income.”
American  Economic Review, September
1999, 894}, pp. 902-20.

Boidrin, Michele, “Paths of Optimal Accumula-
tion in Two-Sector Models,” in Wilham A.
Barnett. Ichn Goweke, and Karf Shell, ecs,,
Economic complexity: Chaes, sunspots, bub-
bies, ond nonlinearity. Cambridge: Cam-
bridge Uriversity Press, 1989, pp. 231-52.

Boldrin, Michele; Christians, Lawrence J. and
Fisher, Jomas D. M. “Asset Prcing Lessons
for Medelirg Business Cycles.” National Bu-
reau of Economic Rescarch (Cambridge,
MA)} Working Paper No. 5262, Scptember
1995,

. “Habit Pers:sicace and Asset Returns
m an Exchange Bconomy 7 Macroeconomie
Dynamics, 997, 1(2). pp. 312-32.

. “Habit Persiscence, Assel Returns and
the Business Cycle.” Federal Reserve Banx
of Chicago Working Paper Mo. 99-14, 1399,

Burns, Arthur and Mitchell, W. C. Measuring
business cvcles, studies in businesy cycles ne.
2. New Yorik: National Bureau of Economic
Research. 1946,

Buraside, Craig. “Hansen-Jagannathan Bounds
as Classical Tests of Assel-Pricing Modcls.”
Journal of Business and Economic Statistics,
Janzary 1994, [2(1), pp. 57-79.

Camnbell;, Johr Y. and Cochrane, John H. “By
Force of Hablt: A Consumptior-Based Ex-
olanaton of Aggregare Stock Marget Behav-
wor.” Journa! of Political Fcomomy. April
1993, 107(2). pp. 205-51.

Camphell, john Y.; Lo, Andrew W, and MacKin-
lay, A, Craig. The econometrics of fmancial
markeis. Princeton, NJ: Princeton University
Press, 1867,

Copyright © 2001. All rights reserved.



VOL. 9§ NO. 1

Campbell, John V. and Mankiw, N. Gregory.
“Consumption, Income, and Interest Rates:
Reinterpreting the Time Series Evidence,” in
Olivier Jean Bianchard and Stanley Fischer,
eds., NBER macroeconomics annual: 1989.
Cambridge, MA: MIT Press, 1989, pp. 185~
216,

— . "The Response of Consumption to In-
come: A Cross-Country Investigation.” Furo-
pean Economic Review. May 1991, 35(4), pp.
723-56.

Carroll, Christopher D.; Overland, Jody and
Weil, David N. “Comparison Utility in a Growth
Model.” Journal of Econvmic Growth, Decem-
ber 1997, 2(4), pp. 339-67.

e “Saving and Growth with Habit For-
mation.” American Economic Review, June
2000. 90(3), pp. 341-55.

Cecchetti, Stephen G.; Lam, Pok-sang and Mark,
Nelsen C. “The Equty Premium and the Risk-
Free Rate: Matching the Moments.” Journal
of Monetary Economics, February 1993,
31}, pp. 21-45.

Chari, V. V.; Christisno, Lawrence J. and
Eichenbaum, Martin, “Inside Money, Out-
side Meoncy, and Shori-Term Interest
Rates.” Journal of Money, Credis, and
Banking, November 1995, Pt. 2, 27(4), pp.
1354 -86.

Christiane, Lawrence J. ~Is Consumption Insuf-
ficiently Sensitive to Innovations in In-
come?”’ American Economic Review, May
1987 (Papers and Proceedings), 77(2). pp.
337-41.

. “Why Does Inventory Imvestment

Fluctuate So Much?” Jowrnal of Monetary

Eeonomics, March/May 1988, 2/(2/3), pp.

247780,

. “Consumption, Income, and Interest
Rates: Reinterpreting the Time Serics Evi-
dence: Comment,” in Oliver Jean Blanchard
and Stanley Fischer, eds., NBER macroeco-
nomics annual: 1989. Cambridge, MA: MIT
Press, 1989, pp. 216--33.

Christiane, Lawrence J. and Eichenbaum, Map-
tin. “Current Real-Business-Cycle Theores
and Aggregate Labor-Market Fluctuations.”
American Economic Review, June 1992,
82(3), pp. 430-50.

Christians, Lawrence f. and Fisher, Jonas 1. M.
“Stock Market and Investment Good Prices:
Implications for Macroeconomics.” Federal

w--- Copyright ©.2001.-All rights reserved. - . ...

BOLDRIN ET AL ASSET RETURNS AND THE BUSINESS CYCLE 155

Reserve Bank of Chicago Working Paper No.

58-6, 1998,

. “Algorithms for Solving Dynamic
Modeis with Occasiopally Binding Con-
straints.” Journal of Economic Dvnamics and
Conrol, July 2000, 8(24), pp. 1179-232.

Christiano, Lawrence J. and Fitzgerald, Terry J.
“The Business Cycle: #t's Still a Puzzle”
Federal Eeserve Bank of Chicago Economic
Perspectives, 4th Quarter 1998, 22(4), pp.
56--83.

Christiane, Lawrence J. and Tedd, Richard M.
“Time to Plan and Aggregate Fluctua-
tions.” Federal Reserve Bank of Minneap-
olis Quarterly Review, Winter 1996, 20(1).
pp. 14-27.

Cochrane, John H. and Hansen, Lars Peter. “As-
set Pricing Explorations for Macroeconom-
ics,” NBER macroeconvmics annual, 1992
Cambridge. MA: MIT Press, 1992, pp. 115~
65.

Cogley, Timothy and Nasom, James M. “Ouiput
Dynamics in Real-Business-Cycle Modets.”
American Economic Review, June 1995,
85(3), pp. 492-511.

Corstantinides, Gesrge M. “Habit Formation: A
Resolution of the Equity Premium Puzzle ”
Journal of Political Economy, June 1990,
98(3), pp. 519-43.

Daniel, Ken' and Marshall, David. “Consumption-
Based Modeling of Long-Horizon Returns.”
Federal Reserve Bank of Chicago Working
Paper Mo. 98-18, 1998.

Ferson, Wayne E. and Constantinides, George M.
“Habit Persistence and Duramlity in Aggre-
gate Consumption: Empirical Tests.” Journal
of Finencial Economics, October 1991,
29(2), pp. 199-240.

Fierito, Riceardo and Koliintzas, Tryphomn. “Styl-
ized Facrs of Business Cycles in the G7 from
a Real Busmness Cycles Perspective.” Euro-
pean Economic Review, Febroary 1994,
38(2), pp. 235-64.

Fisker, Jonas ©. M. “Relative Prices, Comple-
mentarit:es and Comovement among Compo-
nents of Aggregate Expenditures.” Journal of
Monetary Economics, August 1997, 39(3).
pp. 449--74.

Fublrer, Jeffrey €. “Habit Formation in Con-
sumption and Its Implications for Monetary-
Policy Modeis.” American Economic Review,
June 200C, 90(3). pp. 367-90.




156 THE AMERICAN ECONOMIC REVIEW

Gertler, Mark and Glichrist, Simen. “Hump-
Saaped Outout Dynamics in a Forward Loox-
mg Model: Tae Roie of Time-to-Plan.”
Unpub.ished manuscript, Iew YVork Univer-
sity. 1999,

Gaoolshee, Austan. “Investment Tax Incentives,
Prices, and the Sunply of Cepilai Goods.”
Ouarterly Joumal of Economics. February
1998, 1i3(1), pp. 121-48

HzL, Robert E. “Stochastic Implications of
the Life Cycle-Permanent [ncome Hypoth-
esis: Theory and BEvidence.” Journa! of Po-
litical Economy, Decembder 1578, 85(6), pp.
G71-87.

. “Imertemporal Substitation i Con-
sumption.” Jowrnal of Politizal Economy,
April 1988, 96(2), pp. 339-57.

Hansen, Gary B. “Indivisible Labor and the
Business Cycle.” Journal of Monetary Ece-
nomics, Novemoer 1985, 16(3). pp. 309-27.

Hansen, Lars Peter and Singleton, Kenneth [.
“Genera.czed Instrumental Variables Huti-
ma‘ion of Noniinear Rationcl Exopectations
Models.” Economerrica, Sepiember 1982,
505}, pp. 1269--86.

. “Stochasuc Consurtion, Rusk Aver-
sion, and the Temporal Behavior of Asset
Retums.” Journal of Pelitical Economy,
April 1983, 97(2), pp. 249-65.

Heaton, Johr. “Ar Empirical Investigation of
Asset Pricing with Temrporally Dependent
Prefercnce  Specifications.” Ecomnometrice,
May 1995, 63(3), pp. 681-717.

Hornstein, Andreas snd Praschiik, Jack. “Inter-
mediate Inputs and Sectorzf Comovement
the Business Cycle.” Jowrnal of Moneiary
Eeonomics, December 1997, 40(3), »p. 573-
Gs.

Horvath, Michael. “Sectoral Saocks and Aggre-
gate Fluctnations.” Jowrnal of Monetarv Eco-
nomics. February 2000, 45(1), pp. 69-106.

Jermann, Urhan J. “Asset Proeing in Producton

MARCH 200§

Economies.” Jouwrnal of Monetary Econom-
fcs, April 1998, 4/(2), po. 257-75.

Judd, Kenneth L. Numerical methods in eco-
acimes. Cambridge, MA: MIT Press, 1998,
King, Robert and Watson, Mark. “Money,
Prices, Interest Rates and the Business Cy-
cle.” Review of Sconomics and Siaristics,

Feomary 1995, 7801}, pp. 35-53.

Lettan, Martin snd Uklig, Harald. “Prefersnces,
Coasuradon Smoothing, and Risk Premia.”
Cenire for Bcororne Policy Researen Dis-
cussion Paper No. 1678, Ju.y 1997,

. “Can Haoit Formation Be Reconciled
with Business Cycle Facis?” Review of Eco-
nomic Dynamucs. Jaruary 2608, 3(1), pp. 79—
99,

Lomg, joknr B. and Plosser, Charles 1. “Real Busi-
ness Cyeles.” Journg! of Political Economy,
February 1983, 97{1), pp. 32-69.

Mehra, Kainish and Prescott, Edward C. “The
Eouity Premium: A Puzzle.” Journa! of Mon-
etary Economics, Mearca 1985, 15(2), pp.
14561,

Phefan, Christopher and Trejos, Alberte. “The
Aggregate Effects of Sectoral Reallocations.”
Journal of Monetary Economics, April 2000,
2(45. pp. 249-68.

Ramey, Valerle A, and Shapire, RMatthew D,
“Costly Capizal Reallocation and the Ei-
fects of Government Spending.” Carnegie-
Rochester Conference Series on Pubiic
Policy, Junc 1998, 48, pp. 1145-84.

___. “Displaced Capital: A Study of Aerc-
space Plent Closings.” Working paper, Uni-
versity of California, San Diego, 20GC.

Sundaresan, Suresn M. “Intertemporally Deper-
dent Preferences and the Volaulity of Con-
sunryion and Wealia” Review of Financial
Srudies, 1989, 2(1}, pp. 73-89.

Uribe, Martin. “The Price-Consumption Puzzie
of Carrency Pegs.” Working paper, Univer-
sity of Pennsylvanza. 2000,

Copyright © 2001. All rights reserved.



