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Real-Business-Cycle Models and the Forecastable Movements
in Output, Hours, and Consumption
By JuLIo J. ROTEMBERGAND MICHAEL WOODFORD*
We study the movements in output, consumption and hours that are forecastable
from a VARand analyze how they differfrom those predicted by standard realbusiness-cycle models. We show that actual forecastable movements in output
have a variance about one hundred times larger than those predicted by the
model. We also find that forecastable changes in the three series are strongly
positively correlated with each other. On the other hand, for parameters whose
implications are plausible in other respects, the model implies that output, consumption, and hours should not all be expected to move in the same direction.
(JEL E32, E37)
In this paper we analyze the degree to which
standard real-business-cycle (RBC) models
are consistent with the forecastable movements in output, consumption, and hours. We
focus on forecastable movements in our variables because it is arguable that these constitute the essence of what it means for these
variables to be "cyclical." In particular,
Stephen Beveridge and Charles R. Nelson
(1981) define the cyclical component of a series X, as

where yx is the unconditional expectation of
the rate of growth of X. In other words, the
cyclical component of X is the difference between its current value and the value it is expected to have in the indefinite future, as long
as one abstracts from the unconditional mean
of the growth of X. Ignoringthis mean growth,
the cyclical value is thus nothing more than

the amount by which the series can be expected to decline.
One of the principal attractionsof the RBC
model is its parsimony. The model is supposed
to explain growth that is simultaneouswith the
business cycle using only one set of shocks,
namely stochastic variationsin the rate of technical progress (Finn E. Kydland and Edward
C. Prescott, 1982; Prescott, 1986; Robert G.
King et al., 1988a, 1988b; Charles I. Plosser,
1989). For this model to explain growth (as
opposed to having growth come from a different source), these stochastic variations in
technology must be permanent. This leads us
to follow the literaturethat assumes that technology follows a random walk and that, as a
result, output contains a unit root.'
We then show that, although the model is
constructed so that it can explain the stochastic trend in output, it is unable to account for
the business cycle as we define it. In particular,it is unableto accountfor many features
of the forecastable movements in output,

* Rotemberg: Sloan School of Management, Massachusetts Institute of Technology, 50 Memorial Drive,
Cambridge, MA 02142-1347; and Woodford: Department of Economics, Princeton University, Princeton, NJ
08544. We wish to thank Ludwig Chincarinifor research
assistance, John Cochrane, John Huizinga, Lucrezia
Reichlin, and Argia Sbordone for helpful discussions, two
referees and Ken West for comments, and the National
Science Foundation for research support.

' The existence of a unit root in output remains controversial (e.g., Glenn D. Rudebusch, 1993). We take this
view here because it is frequently argued that such a unit
root exists, and that this is in itself importantevidence in
favor of RBC models (Nelson and Plosser, 1982; King et
al., 1991). We also find it desirable to model "trend"
growth in output as not being constant over our sample
period, while still requiring our theoretical model to simultaneously account for both the "trend" and "cyclical" components of output.

I

Xtcyc3

lim E1[X - XI + T + T log yx]
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consumption, and hours. In the model, a shock
that permanently improves technological opportunities leads to a period of capital accumulation, and this generates forecastable
movements in output,consumption, and hours.
However, we show that these forecastable
movements generated by the model are small
both in absolute terms (given the size of
changes in productivity) and relative to the
overall size of the movements in output. In
particular,we show that the variance of predictable output movements implied by the
model equals about 1 percent of the actual
variance of forecastable movements in output
over the next 12 months. This point is closely
related to criticisms of the RBC model by
Mark W. Watson ( 1993) and Timothy Cogley
and James M. Nason (1995). The latter, in
particular, show that variants of the RBC
model cannot account for the observed degree
of serial correlation of output growth.2
Furthermore, the forecastable movements
generated by the model are of the wrong
kind. The data suggest that forecastable
movements in output, consumption, and
hours are strongly, positively correlated. By
contrast the standardRBC model requiresthat
some of these correlationsbe negative. As we
show below, a technology shock that raises
output also implies that the inherited capital
stock is below the steady-state value of the
capital stock. This leads real interest rates to
rise and, as a result, the current level of consumption must also be below the steady-state
level of consumption. Thus this shock leads to
forecastable increases in consumption. On the
other hand, a standardparametrizationof preferences implies that technology shocks that
raise output also raise the current level of

2 This serial correlation is the source of some, though
not all, of the predictable movements in output that
we document, for the forecastable component of output
movements is found to be significantly larger when a
multivariate-forecastingmodel is used (John H. Cochrane
and Argia Sbordone, 1988; George W. Evans and Lucrezia
Reichlin, 1994). Our test is also not equivalent to the "impulse response function" test of Cogley and Nason
(1995). Unlike that test, our measurement of the size of
the forecastable movements in output identifies a statistic
about which standardsingle-shock RBC models make a
prediction.

MARCH 1996

hours. Since hours are stationaryin the model,
this means that hours are forecasted to decline.
The model thus typically implies that hours
and consumption are expected to move in opposite directions.:
Using standardparameters,a positive technology shock raises contemporaneous output
by less than it raises the expected steady-state
level of output. It thus leads to forecastable
increases in output and, as a result, the model
implies that forecastable increases in output
are positively correlated with forecastable increases in consumption and negatively correlated with forecastable increases in hours. The
use of alternativeparameters,and in particular
the use of a high elasticity of labor supply and
a high labor share, can change this result. In
particular,it can cause the immediate increase
in output due to a positive technology shock
to be larger than the long-run increase. Such a
shock thus leads to expected-output declines,
which means that expected-outputmovements
should be positively correlatedwith expectedhours movements, but negatively correlated
with expected-consumption movements.
In Section I, we document the forecastable
changes in output and other aggregate quantities for the postwar United States, using a
simple vector-autoregression (VAR) framework. In addition to showing the importance
of these forecastable changes, we show that a
definition of the business cycle in terms of
variations in forecasted private-outputgrowth
coincides empirically with other familiar def-

3 This failure of the model thus appears related to the
failures of the representativeagent model of labor supply
documented by N. Gregory Mankiw et al. (1985). They
argue that the procyclical movements of observed real
wages are too slight for a rational household with well
behaved preferences to choose movements in consumption and hours that are as positively correlated as those
found in U.S. data. The currentstudy differs in two ways.
First, we focus only on predictable movements whereas
Mankiw et al. look at overall movements. This makes a
big difference because the RBC model with standardparameter values does predict that unexpected movements
in hours and consumption should be positively correlated.
Second, we follow the RBC literaturein neglecting realwage observations so that, in principle, the model could
be generating real wages that make households choose
forecastable movements in consumption and labor supply
that are positively correlated.
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initions; for example, we show that our dating of cycles on these grounds would be
similar to that of the National Bureau of Economic Research (NBER). In Section II, we
review the predictions of a simple RBC
model regarding forecastable changes in aggregate quantities. In Section III, we present
the numerical predictions from a calibrated
version of the model that uses standard parameter values and compare them to our
empirical results. Section IV considers the
effect of varying the preference parameters
of the model. Section V concludes.
I. ForecastableMovementsin Output,
Consumptionand Hours
In this section we describe the statistical
properties of aggregate U.S. output, consumption, and hours. In particular, we use
a three-variableVAR that includes these variables to study the existence of a "business cycle" in the sense of forecastable changes in
these variables. We use these three variables
because we wish to compare the properties of
the U.S. data to the predictions of a standard
stochastic-growthmodel. This requiresthatwe
use series thatrepresentempirical correlatesof
variables that are determined in that model.
The RBC literaturehas stressed its predictions
for the movements in aggregate output, consumption, and hours. Moreover, the estimation
of a joint stochastic process for these three
variables also implies processes for labor productivity (output per hour) and investment
(output that is not consumed). Thus, we are
in fact estimating the joint behavior of all the
main variables for which the model makes
predictions.
The simple "permanent-income hypothesis" provides an additional reason for including consumption in our VAR since the theory
implies that the share of consumption in total
output should forecast future output growth.
This prediction has been verified by John Y.
Campbell (1987), Cochrane and Sbordone
(1988), Cochrane (1994a), and King et al.
(1991). Likewise, the idea that variations in
the labor input can be used to predict future
changes in output has been used to identify
temporaryoutputfluctuationsin a VAR framework by Olivier J. Blanchardand Danny Quah
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( 1989) and Evans ( 1989).4 Furthermore,as we
explainin the next section,the stochastic-growth
model implies thatexpectedgrowthis a function
of a certainstate variable(the aggregatecapital
stock relative to the technology-adjustedlabor
force). According to that model, both the
consumption-outputratio and hours relative to
the labor force should also be functions of that
state variable, and hence either variableshould
supply all of the informationthat is relevantfor
forecastingfutureoutputgrowth.
As we explain in the next section, we interpret this standardmodel as applying to fluctuations in private output and hours. As a
consequence, our output measure is real private value-added output,5 and our hours measure is hours worked in the private sector.6
Because we assume that technology shocks
lead to permanent changes in technological
opportunities,we suppose that the change (but
not the level) of private value-added output is
stationary. Hours are subject to long-term
changes as well if the labor force grows. In
this paper, we assume that the long-term
growth of the labor force can be modeled as a
deterministictrend.The model we develop below then implies that hours are trend stationary. This is not inconsistent with the data; the
last column of Table 1 reports a rejection, using a Dickey-Fuller test, of the hypothesis that
private hours have a unit root once one allows
for a deterministic trend.7

4 These authorsuse the unemploymentrate, ratherthan
hours, as their measure of variationsin the labor input. For
our purposes, hours are preferable,because of their clearer
relation to the labor input with which the RBC model is
concerned. Because detrendedprivatehours are stationary,
as discussed below, they can serve as a cyclical indicator
in a way similar to the unemployment rate.
5 We measure real private value-added output, or "private output," as the difference between real GDP and governmentsector value-addedoutput,both measuredin 1987
dollars. Using CITIBASE mnemonics, it equals GDPQ GGNPQ.
6 Our measure of private hours comes from the U.S.
Department of Commerce's Survey of CurrentBusiness.
It equals the private sector employee hours for wage and
salary workers in nonagriculturalestablishments. We are
thus implicitly assuming that changes in agriculturalhours
are proportional to changes in private nonagricultural
hours.
7Our results are similar when (like Cogley and Nason,
1995) we use per capita hoursratherthan detrendedhours.
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Because the consumption decision modeled
in the standardgrowth model is a demand for
a nondurableconsumption good, we use consumer expenditure on 'nondurables and services as our measure of consumption. This is
also the consumption measure that one has the
most reason to expect to forecast future output
on permanent-income grounds, and it is the
one used in the studies of output forecastability mentioned above.8
The time series that we use, then, are the
logarithms of private output, consumption of
nondurables and services, and detrended private hours. Letting lower case letters denote
the logarithm of the respective upper case
letters, these variables are Yt, c, and ht,
respectively.9
As King et al. (1988b) emphasize, a standard growth model with a random walk in
technology implies that Yt and c, should be
difference-stationarywhile c, - Yt is predicted
to be stationary.Table 1 shows that,just as in
King et al. ( 1991 ), our data are consistent with
these predictions. Hence our VAR specification is

We prefer to emphasize the results using detrendedhours
because per capita hours still have a slight deterministic
trend;that is, if one allows for a trendin an autoregression
of per capita hours, one can reject the hypothesis of a zero
coefficient on the trend (even though the series passes
some tests of stationarity,and the estimated trend growth
rate is small).
8 For our measure of consumption to be strictly comparable to our measure of output, it should include only
consumption of privately provided goods and services.
Unfortunately,our measure of consumption does include
some government value-added output, particularlyvalue
added by state enterprises like the Tennessee Valley Authority. In all likelihood, this creates only a small mismatch between our consumption and output measures.
9 We use these three series to derive the behavior of
investment and productivity in a way that is consistent
with our theoretical model's accounting identities. Thus
we construct a series for the growth rate of investment
using the relation
scAc, + (1 - sc)Ai,

= AY,.

Following the calibrationof Gary D. Hansen and Randall
Wright (1992), we set sc equal to 0.74. We similarly constructour series for growth in labor productivityfrom our
series for growth of output and hours, using the relation
AP,= A y,A- h,.

MARCH 1996

ut = Aut - I + et

(2)
where

/,(

A anyd
,t

(c, Yt)
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-

(t

andet=cS)

CtY)
(ct- I - Yt- X)

?

and only the first three rows of A need to be
estimated. We denote the variance-covariance
matrix of st by Q.

This autoregression

in-

cludes only two lags. One reason for ignoring further lags is that, when we included
them, these were generally not statistically
significantly different from 0. A second reason is that we want to avoid overfitting our
VAR. Overfitting is a particular concern in
that it could lead us to overstate the extent
to which aggregate variables are forecastable, and thus the extent to which they are
subject to cyclical movements. Table 1 also
presents the estimates from our VAR. As can
be seen from the table, most parameters are
statistically different from zero.
We now discuss how the VAR can be used
to obtain statistics relating to expected movements in our variables. We let Ay' denote the
difference between Yt+ k and Ytwhile Ayt denotes the expectation at time t of this difference. It is given by
(3)

k =
k Ut
Ayt=Byu~

B

k

el(A + A2 + A3+

- +

Ak)

where el is a vector that has a one in the
first position and zeros in all others. For the
case where k = oo, we have (minus)

the

Beveridge-Nelson (1981) definition of the
cyclical component of log Yt, which is
given by
Ayt

=

e'(I

-

A)<Aut.

The expected percentage change in consumption, 'Act is similarly given by
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TABLE 1-REGRESSION

Explanatory
variables

(c

AY

Constant

0.023
(0.016)
0.570
(0.167)
0.002
(0.087)
0.663
(0.166)
-0.618
(0.158)
0.215
(0.128)
-0.314
(0.135)

/AY-,
AxY-2

(c - y)_,
(c - Y)-2

h_,
h-2

-

RESULTS

h

y)

-0.042
(0.014)
-0.469
(0.147)
0.017
(0.077)
0.330
(0.146)
0.568
(0.139)
-0.283
(0.113)
0.316
(0.119)

A(C -y)

Ay-2

0.010
(0.012)
0.570
(0.127)
-0.005
(0.066)
0.490
(0.126)
-0.458
(0.120)
1.450
(0.097)
-0.503
(0.102)

0.005
(0.001)
-0.696
(0.098)

-0.044
(0.013)

Ah
0.344
(0.080)

-0.098
(0.030)
-0.079
(0.019)
0.013
(0.091)
0.129
(0.075)

/Y/\Y2-2
A(c - y)_
A(C-

75

0.122
(0.074)
0.126
(0.075)

Y)-2

Ah_,

0.760
(0.070)
-0.135
(0.074)
3e-4
(8e-5)

Ah-2

Trend

Notes: Data are from 1948.4 to 1993.2. Standarderrors are given in parenthesesbelow coefficient estimates. Ay denotes
the change in the log of private value added, c - y denotes the log of the ratio of consumption to output and h denotes
the log of private man hours in nonagriculturalestablishments (these are detrended in the first three columns).

(6)
v

t

w

2t'wt

k~ut
where e2 is a vector whose second element
equals one while the others equal zero and the
second equality defines Bk. The expected percentage change in hours is given by
5 ct

(5)

/ht = e A ut

ht

By

UBk

t

B

where e3 is defined analogously to el and e2
while the second equality defines Bkh. The expected percentage changes in investment and
in productivity are then computed as linear
combinations of these.
Letting Qu denote the variance-covariance
matrix of u,,our estimate of the (population)
variance of Ayk is

Standard deviations for both actual- and
expected-output changes over different horizons are presented in Table 2. This table also
presents a measure of uncertaintyfor the standard deviations of expected-output changes.
This measure of uncertaintyis the standarderror of the estimate based on the uncertainty
concerning the elements of A and those

of e.10

0
Uncertainty about both of these elements leads to
uncertainty about the quantity in (6) because B' depends on A while Q,, (which equals AQUA' + f2j depends on both A and Q2. Note that vec(Q2) is equal to
(I - A 0 A)-'vec(f2,). Using this formula, we can compute the formula in (6) for different values of the elements of A and Q2. We thus obtain the vector of
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TABLE 2-ESTIMATED

Horizon (in quarters)

MARCH 1996

STANDARD DEVIATIONS OF CUMULATIVE CHANGES IN OUTPUT

1

2

4

8

12

24

00

0.0061
(0.0011)

0.0105
(0.0019)

0.0186
(0.0033)

0.0295
(0.0051)

0.0322
(0.0058)

0.0305
(0.0056)

0.0306
(0.0060)

0.0107
(0.0006)

0.0175
(0.0009)

0.0274
(0.0014)

0.0379
(0.0020)

0.0449
(0.0024)

0.0549
(0.0029)

Standarddeviation of:
/\Y,
/\Y,

Notes: Asymptotic standarderrors are in parentheses. Ayk denotes the change in the log of output from t to t + k while
denotes the expectation of this change based on information available at t.
Ay,

The table shows that the standarddeviation
of the expected changes for output grows as
the horizon lengthens from 1 to 12 quarters.
Because the predictable movements in output
are largest at the 12-quarterhorizon, we focus
mostly on this horizon. The standarddeviation
of the predictable movements over this horizon is above 3.2 percent. To assess the importance of these movements, it is worth looking
at the last row of the table which gives the
standarddeviation of total output movements.
This comparisonshows thatthe variance of the
predictable movements in output equals over
half of the variance of total movements in output over this horizon.
Figure 1 displays the demeaned expected
1 We
declines in output over this horizon.
show expected declines, as opposed to expected increases, because recessions ought to
be associated with expected increases in output and we wish to representthese as low values for our cyclical indicator. In this figure we

have also indicated the troughs of recessions
as determined by the NBER. We see that output is expected to grow fast at these NBER
troughs, so that our measure of the business
cycle coincides closely with the NBER's dating of the business cycle.'2
In Tables 3 and 4 we analyze the comovements between the expected changes in our
five series. We consider two measures of
these comovements. The first is the correlation
between the forecasted movements in two series for a given horizon. We illustrate how
we compute this correlation by focusing on
the correlation of consumption and output
changes that are expected to occur over the
next k quarters. Our estimate of the (population) covariance of these series is given by
B 'QUBk.Thus, the correlationbetween these
two series is given by
(7)

CorrA( c, Ay,)
Bk
Bc fuBk
QuBy

(By
numerical derivatives D of our estimate of the standard
deviation of Ayk with respect to both the elements of A
and those of Qe. The variance of our estimate is then
D'fD where Q is the variance-covariance matrix of a
vector that contains both the elements of A and those
of Qe, as in James D. Hamilton (1994 p. 301). Note that,
the overlapping nature of the data one would have to
use to construct sample values of Ayt does not affect
our calculations because we do not use such sample
values to compute the standard deviation of Ayyk
"It is important to note, however, that the expected
movements in output over the next 8, 12 or infinite quarters are very similar to each other. Similarly, Rotemberg
(1994) shows that the expected movements in output are
nearly the same when the VAR also includes inflation and
interest rates among its variables.

uBy )(By

QuBy)

Other correlation coefficients are computed
analogously. Table 3 shows that the predicted
changes in output are highly correlated with

12 The one case where the indicatorsdiffer is in the case
of the last recession. As would be suggested by our series,
the recovery from this "trough" was initially weak. It is
also worth noting that our series for expected declines in
output is quite similar to the series for linearly detrended
output. This means that our assumption that output has a
unit root probably has a relatively small effect on our
results.
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0.080.070.060.050.040.030.01
0.02
0
-0.01
-0.02
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-0.1

4F~I

~~~9

50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92
FiGURE 1. ExPECTED DECLINES IN PRIVATE OUTPUT AND NBER TROUGHS

the predicted changes in consumption, investment, and hours. For purposes of comparison,
the bottom of the table shows the (more usual)
correlationbetween the overall change in output from one quarterto the next and the corresponding 1-quarterchanges in consumption,
investment, hours, and productivity.This comparison shows that for consumption and hours,
the correlation between forecasted changes is
higher than the correlation of overall changes.
While still high in absolute terms, the correlation of the forecasted-investment changes
with those of output is somewhat lower than
the overall correlationbetween the changes in
these series. Perhaps the most surprising feature of this table is the low correlationbetween
forecasted-output movements and the corresponding movements in labor productivity;
this is much lower than the overall correlation
between these two series. This suggests that
most of the correlation between output and
productivity changes is due to the correlation
of unexpected movements in these two series.
Our second measure of comovement is the
regression of the expected change in a variable
on the expected change in output. In the case
of the regression of expected changes in con-

sumption over k quartersthis measure is given
by
(8)

k
B'
lBk
Bc QuBy

Bk

UBk

This regression-based measure of association
plays a central role in our discussion for
several reasons. First, given the high correlations reported in Table 3, the regression coefficients are also good gauges of the relative
variability of the various series. A regression
coefficient of forecasted-consumption coefficients on forecasted-outputcoefficients below
1 would say, in effect, that forecastedconsumption movements are smaller than
forecasted-outputmovements. Second, such a
regression coefficient tells one about the predicted evolution of the ratio of consumption to
output. Thus a coefficient below 1 says that
the ratio of consumption to output can be expected to decline when output is expected to
rise. This would mean that, as in Campbell
(1987) and Cochrane and Sbordone (1988),
forecastable increases in output are associated
with high ratios of consumption to output. A
third and final reason for focusing on these
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TABLE 3-ESTIMATED

Horizon
(in quarters)
1
2
4
8
12
24
0c

Corr(AC,

MARCH 1996

CORRELATIONS AMONG CHANGES

Ay)
Corr(A,Ai,

Ay,)

Corr(Ah, Ayk)
Corr(Ayp,A,

Ay,

0.693
(0.121)
0.777
(0.083)
0.818
(0.071)
0.819
(0.068)
0.787
(0.070)
0.716
(0.092)
0.682
(0.127)

0.977
(0.010)
0.976
(0.011)
0.976
(0.011)
0.971
(0.014)
0.955
(0.023)
0.886
(0.061)
0.815
(0.143)

0.876
(0.044)
0.887
(0.042)
0.915
(0.028)
0.965
(0.012)
0.977
(0.008)
0.978
(0.009)
0.978
(0.010)

-0.153
(0.170)
-0.130
(0.190)
0.043
(0.242)
0.036
(0.382)
-0.081
(0.469)
-0.093
(0.494)
-0.092
(0.553)

Corr(Ac,, Ay,)

Corr(Ai,, Ay,)

Corr(Ah,, Ay,)

Corr(Ap,, Ay')

0.522(0.054)

0.938
(0.009)

0.748
(0.033)

0.437
(0.061)

Notes: Asymptotic standarderrors are in parentheses. Az, denotes the change in z from t to t + 1 while Az, denotes the
conditional expectation of the change from t to t + k based on infotmation available at t. Correlationsamong expected
changes are computed as in (7).

regression-based measures is that, insofar as
predictableoutputmovements are a good measure of the busitiess cycle, they provide an economical way of discussing the way in which
other variables move over the cycle. In particular, they indicate the percentage by which a
given variable can be expected to change if
one knows that output is expected to increase
by 1 percent.
Table 4 presents regression coefficients of
the expected changes in c, i, h and p on expected changes in y. The table shows that, as
in our discussion above, the elasticity of
expected-consumption growth with respect
to expected-output growth is less than 1; it
is actually below 0.6 for the infinite horizon
and is even lower for shorter horizons.13

1' Note that the intertemporal budget constraint does
not imply that this elasticity ought to be 1 at the infinite
horizon. Indeed, the simple permanentincome hypothesis
irnplies that the coefficient ought to be 0 because consumption changes should be unpredictable. Our finding
that the coefficient is positive is consistent with the large
numberof studies which have found "excess sensitivity"
of consumption to income changes.

While the elasticity of expected-consumption
growth with respect to output growth is
low, the corresponding elasticity of investment growth is substantial. This means that
expected-investment changes are very volatile.
Expected-hours growth responds nearly one
for one to expected changes in output. This
means not only that the series for expected
growth in hours is about as volatile as the
series for expected-output growth but also
that expected-output changes are not associated with significant expected changes in
productivity.
II. A SimpleStochasticGrowthModel
In this section we discuss some properties
of a stochastic-growth model of the kind that
is standardin the RBC literature.The purpose
of this discussion is to provide intuition for the
sort of predictable movements in aggregate
variables that the model generates. We show
that, when technological opportunities follow
a random walk so that the model does indeed
generate stochastic growth, all the predictable
movements implied by the model are those as-
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Horizon
(in quarters)

1
2
4
8
12
24
00
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REGRESSION COEFFICIENTS AMONG FORECASTED CHANGES

AC, on Ay,

Ai, on Ay,

Ahk on AY,

0.236
(0.056)
0.294
(0.052)
0.328
(0.052)
0.353
(0.055)
0.383
(0.065)
0.472
(0.134)
0.539
(0.241)

3.174
(0.159)
3.011
(0.147)
2.914
(0.148)
2.841
(0.155)
2.755
(0.186)
2.504
(0.382)
2.312
(0.685)

1.093
(0.103)
1.073
(0.106)
0.981
(0.105)
0.990
(0.103)
1.018
(0.105)
1.020
(0.112)
1.020
(0.126)

Ap, on Ay,

-0.093
(0.103)
-0.073
(0.106)
0.019
(0.105)
0.010
(0.103)
-0.018
(0.105)
-0.020
(0.112)
-0.020
(0.126)

Notes: Asymptotic standard errors are in parentheses. Az' denotes the expectation conditional on information held at
of the change in z from t to t + k. Regression coefficients are computed as in (8).

sociated with the adjustment of the capital
stock towards its steady-state level. In other
words, there is a single-state variable, namely
the ratio of the current capital stock to its
steady-state level, which explains all the predictable movements generated by the model.
The question of whether the model is
capable of reproducing the predictable movements we observe then boils down to two
issues. The first is whether changes in capital accumulation attributable to technology
shocks can generate predictable output movements of sufficient magnitude. The second is
whether the adjustmentof capital to its steady
state implies, for plausible parametervalues,
that output, consumption, hours, and investment all move in the same direction.
Our model is essentially identical to the
model analyzed in King et al. (1988b) and
Plosser (1989) and differs from other realbusiness-cycle models such as Prescott ( 1986)
and Hansen and Wright (1992) only in that it
assumes a random walk in technology. In order to tighten the relation between the theoretical model and our time series we include
an explicit treatmentof government purchases
and labor-force growth. -But we introduce
them in such a way that the model's predictions are essentially unaltered.
We consider an economy made up of a fixed
number of identical infinitely-lived house-

t

holds. We suppose that there is a variable Nt,
which we call the "labor force." This variable
shifts the preferences of the representative
household so that labor supply grows over
time."4In particular,we let N, grow at the deterministic rate Ey. To ensure the existence of
a stochastic steady state where hours relative
to the labor force are stationary, we follow
King et al. (1988b). We thus assume that,
when the parameter a differs from one, the
representative household at t seeks to maximize the expected value of a utility function
of the form
m0

(9)

Et

Cl-

p

i '+i v (

Ltto+tj

j

while the single-period utility function takes
the form log(C,) + v(Lt0t/N) when a equals
one. In these expressions v is a decreasing concave function, C, again denotes consumption
by the members of the household in period t
and Ltotdenotes total hours worked by the
members of the household in period t.

'4 The fact that our "labor-force" variable is a scale
factor for aggregate labor supply means that it may bear
only a loose relation with the labor-force measure in the
Bureau of Labor Statistics surveys.
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Private output is produced by competitive
firms using the technology
Yt= B(ztLt)- OKt

(10)

where B is a constant, Y,denotes privateoutput
as before, K, the private capital stock, L4is private hours, and zt an exogenous technology
factor, all in period t. Stochastic variations in
the technology factor are the source of aggregate fluctuationsand we assume that the technology factor is a random walk with drift, that
is
(11)

log

Zt =

log -Y + log Zt

+ St

where y, is a positive constant and {s, } is a
mean-zero independently and identically distributed (i.i.d.) random variable.
We assume that the government takes a
fraction r of any private output that is produced and consumes it. The government also
conscripts an amount of labor Lg which we
assume to be a constant fraction Hg of Nt.
These conscripted hours produce what is recorded as government value-added output in
the national income accounts. They can be
thought of as being hired in the competitive
labor market and financed with lump sum
taxes. The existence of a constant fraction of
conscripted hours means that the utility function (9) can be rewritten as
(12)

Et

j =0

1-

o

\NVt+J +

/

Thus, the introduction of conscripted hours
simply changes the function v that relates utility to the level of hours worked in the private
sector.
The competitive equilibrium for this economy is the solution to a planning problem
where, assuming the usual condition for capital accumulation,the plannermaximizes ( 12)
subject to the feasibility constraint

( 13) Ct+Kt+ l
=(-,)B(ztLt)l-

"Kt +(I -6)Kt

where the depreciationrate 6 is a positive constant,less than or equal to 1. It is apparentfrom

MARCH 1996

this that the tax rate r has the same effect on
the equilibrium as a change in the constant B.
As in King et al. (1988b), the solution to
this planning problem has a simple form. The
planner chooses values at each point in time
for the rescaled variables C/lz,N, and L4/Neas
time invariant functions of the rescaled variable K/lz,N, whose logarithmwe denote by K,.
Because the conditional distributionof z, + IIZt
is time invariant, equation (13) implies that
the distribution of K'+ I conditional on information available at t depends only on ipso that
all forecastable movements depend solely on
this state variable as well.
Given that the economy converges to a
steady-state value of K/zN, one can approximate its law of motion for small enough
random variations in z, + I/Z, by a set of loglinear equations. These determine the log of
C/lz,N, and the log of L4/N,as linear functions
of K,. The result is that, as in King et al.
(1988b), both the log of detrendedhours and
the (c, - Yt) are perfectly correlated with K,,
the single state variable that helps predict the
future evolution of the economy. If these
variables are subject to serially correlated
measurement error, one may improve one's
forecast by including current and lagged values of both.15
III. Numerical Results for the Baseline Model

In this section, we compare the predictable
movements in output, consumption, and hours
implied by the calibratedversions of the model
of the previous section to those we found in
the data. For comparabilitywith the literature,
the preference and technology parameters of
our baseline model are, essentially, those
which Hansen and Wright (1992) call "standard." 16 Later, we turn our attention to what
they call the "indivisible labor" model and to
other possible parametervalues.

'5 Of course, one would only recover the forecasts
based on the true value of K if a linear combination of
currentand lagged values of detrendedhours and the consumption share were measured without error.
16 In Rotemberg and Woodford (1994), we use the parameters of King et al. (1988b) and obtain very similar
results.
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STANDARD DEVIATIONS OF CUMULATIVE CHANGES IN OUTPUT

1

2

4

8

12

24

00

Ay\

0.0002

0.0005

0.0009

0.0017

0.0023

0.0036

0.0053

/\Y

0.0057

0.0081

0.0117

0.0170

0.0212

0.0313

Horizon (in quarters)
Standarddeviation of:

Note: /\yt denotes the change in the log of output from t to t + k while A\y, denotes the expectation of this change based
on information available at t.

Following Hansen and Wright (1992), we
set the consumption share sc equal to 0.74, the
capital share 0 to 0.36, the depreciation rate 6
to 0.025 per quarter,and a to 1, and we calibrate,6 so that the steady-statereal interestrate
equals 1 percent per quarter.We also follow
them in assuming a degree of convexity of the
disutility of labor v (H) that implies an elasticity of total hours with respect to the wage
(holding constant the marginal utility of consumption) equal to 2. We set YN to 1.004 per
quarteron the basis of a regression of private
hours on a deterministic trend and, given the
overall growth rate of the economy, this implies that y, equals 1.004 as well. Finally, we
let the standarddeviation for the technology
shocks, ae, equal 0.00732. This value is equal
to the estimated standarddeviation of the innovations in the permanent component of
private output, from the VAR described in
Section 1.17 According to the theoreticalmodel
of the previous section, the trend component
of log private outputin the sense of ( 1 ) should
exactly equal log zt (plus a constant), so that
the variance of innovations in this variable
should equal the variance of { } .18

'7 Our results are in essential agreement with those of
King et al. (1991), who report a standard deviation of
0.007 for the "balanced-growth shock" to their threevariableVAR, which differs from ours mainly in using the
share of fixed investment in private output, rather than
private hours relative to the labor force, as the third variable. Hansen and Wright (1992) also use a value of 0.007.
As is well known, the use of values in this range implies
that the model's implied standard deviation of (overall)
output growth is a respectable fraction of the actual standard deviation of output growth.
18 It has been observed by Marco Lippi and Reichlin
(1993) that identification of shifts in the permanentcom-

This variability in technology generates
forecastable movements in output in the sense
that each technology shock is followed by
changes in the capital stock and this leads
to further changes in output. However, as
Table 5 shows, the model predicts a much
smaller variability in the forecastable component of output than is present in the data. At
the 12-quarterhorizon, the standarddeviation
of the forecastable change in output is predicted to be 0.0029, whereas we estimate it to
be 0.0326. Thus the model accounts for only
1 percent of the variance of the forecastable
changes in output over this horizon. At the infinite horizon (the Beveridge-Nelson (1981)
cyclical component of output) the variance
predicted by the model is equal to 4 percent of
what we find in the data. Similarly, comparison of the first with the last row shows that the
variance of forecastable movements ought to
(according to the model) equal about one percent of the total variance of output changes
over 12 quarterswhereas, in fact, it equals over
half of the total variance.
The model predicts that the standarddeviation of forecasted changes in output rises as
the horizon lengthens. By contrast, the data

ponent of output using a VAR in this way depends upon
an assumption of "fundamentalness" of the movingaverage representationimplied by the estimated VAR, an
assumption that need not be valid in general. That is, it
need not be possible to recover the true permanent shock
as a linear combination of the VAR innovations. This recovery is possible, however, underthe assumption that the
model is valid. The reason is that the model implies that
a linear combination of our included variables is perfectly
correlated with K, while implying, at the same time, that
the innovation in K, is perfectly correlated with the permanent shock.

This content downloaded from 128.59.154.119 on Thu, 21 Nov 2013 16:09:47 PM
All use subject to JSTOR Terms and Conditions

MARCH 1996

THE AMERICANECONOMICREVIEW

82

-

0.3
0.2 Hours

0.1
0
-0.1

output

-0.2
-0.3 //

-0.4

/
//

/ Consumption

-0.5
/f
-0.6I
0
FIGURE

10
2.

20

30

40

50

60

EVOLUTION OF OUTPUT, HOURS, AND CONSUMPTION WHEN CAPITAL STARTS
1 PERCENT BELOW ITS STEADY STATE: BASELINE PARAMETERS

suggest that this standard deviation peaks at
the 12-quarterhorizon, or at any rate increases
little after that horizon. Thus the forecastable
fluctuations predicted by the model have a
somewhat different character than those we
find in the data.
We now turnto the predictions of the model
regarding the forecastable movements in consumption and hours. The analysis in the previous section implies that these movements
should be perfectly correlated with the forecastable movements in output, since all three
are responses to the departure of the capital
stock from its steady-state level. While this
perfect correlation is obviously absent in the
data, we saw that the actual correlation between predictablemovements in consumption,
output, and hours is in fact quite substantial.
To understandthe model's predictions concerning the way in which these variables are
expected to move together it is useful to start
with a plot of the expected time paths of output, consumption, and hours when the technology factor remains fixed, but the capital
stock startsout 1 percent below its steady-state
level. Such a plot is displayed in Figure 2 for

our baseline parameters.Given our earlier development, this figure also describes the evolution of output, consumption, and hours after
a permanent 1-percent technology improvement, since such a shock leads to a 1-percent
shortfall of capital from its new steady-state
level. Note, however, that these plots differ
from the more usual impulse response functions because they do not startat the old steady
state but, instead, report time paths relative to
the steady state that becomes relevant after the
shock. Since we make no attemptat constructing time series for technology shocks, we do
not directly compare the plots in Figure 2 to
the response of the economy to technology
shocks. Rather,we ask whetherthe predictable
movements in our series have similar characteristics to the movements that take place
along the paths described in this figure.
Figure 2 shows that, for these parameters,a
shortfall of capital is associated with an' increase in consumption over time. As mentioned in the introduction,this occurs because
a shortfall in capital raises the marginal product of capital and hence the real rate of interest.
This implies that the marginal utility of con-
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REGRESSION COEFFICIENTS AMONG
FORECASTED CHANGES

\c, on /y,
2.5230

\i, on

h, on y

p,on /y,

-1.9796

-1.0153

2.0153

Note: /\z, denotes the expectation conditional on information held at t of the change in z from t to t + k.

sumption must fall over time and, rathergenerally, this means that consumption must rise
over time. On the other hand, these parameters
imply that the capital shortfall leads hours to
fall over time. The high real interest rates we
just mentioned lead people to postpone not
only consumption, but also leisure so that leisure is initially low (and hours of work are
high). Finally, for these parameters, output
rises over time. This occurs because the capital
inputrises over time and this rise is sufficiently
pronounced that it offsets the effect on output
of the decline in the labor input.
Table 6 provides a convenient summary of
the patterns displayed in the figure. It shows
the regression coefficients of the expected
changes in consumption, investment, hours,
and productivity on expected output implied
by the model. Because our approximation
leads to a linear relation between the predictable changes in ct, Ytand h, and the predictable
changes in K,,these regression coefficients are
independent of the horizon over which one is
predicting the variables under study; the horizon affects only the extent of K's adjustment
towards its steady state.
Comparing Tables 4 and 6, one sees two
importantcontrastsbetween the predictions of
our baseline model and our observations. The
first is that the model predicts that hours
should be declining when output is rising (so
thatthe correspondingregression coefficient is
negative), while the data indicate that hours
and output are expected to move in the same
direction. Because hours are stationary, there
is another way of expressing this contrast.
Whereas the data suggest that a low level of
hours is associated with a forecastable increase
in output, the model implies the reverse. For
the same reason, the model predicts that labor
productivity will rise with output, whereas the
data suggest that there are no important pre-

83

dictable productivity movements associated
with predictable movements in output.
The second contrastconcerns the magnitude
of the coefficient of predictable consumption
movements on predictable output movements.
The model predicts this coefficient to be
larger than 2 whereas our data suggests that
it is significantly smaller than 1. This means
that the model predicts that the variability of
predictable-consumption movements should
be larger than the variability of predictableoutput movements whereas, in practice, it is
not."9The model makes this counterfactualprediction because the high interest-ratechanges
accompanying a shortfall of capital from its
steady state induce a substantialpostponement
of consumption. The model's high consumption coefficient implies that periods of high
expected-outputgrowth should also be periods
in which the ratio of consumption to income
is low. The low coefficient in the data-based
regression is inconsistent with this implication, as are the related studies such as
Campbell (1987) and Cochrane and Sbordone
(1988) which show that a high value of CIY
forecasts high output growth.
The most fundamentalfailing of the model
can be explained simply as follows. The model
generatespredictablemovementsonly as a result
of departuresof the currentcapital stock from
its steady-statelevel. When the currentcapital
stock is relatively low, its marginalproduct is
relativelyhigh so ratesof returnarehigh as well.
With relativelystrongintertemporalsubstitution,
this leads individualsto enjoy both less current
consumptionand less currentleisure than in the
steady state. So, consumptionis expected to rise
while hours of work are expected to fall. More
generally, consumptionand hours are expected

" Note the contrastwith the permanent-incomehypothesis, which predicts no variation in expected-consumption
growth.A similarcontrastariseswith respectto the variability
of unpredictablemovements (or innovations).As Angus S.
Deaton (1987) shows, if income growthis positively serially
correlatedand consumers use only past income growth to
forecast future income, the permanent-incomehypothesis
predicts that the variabilityof innovations in consumption
should exceed the variabilityof innovationsin income. On
the other hand, LawrenceJ. Christiano(1987) shows that a
lower variabilityof consumption innovationtsis consistent
with the RBC model.
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to move in opposite directions.This means that
the regression coefficient of consumption on
outputand the regressioncoefficientof hourson
output should have opposite signs. Instead,the
data suggests that both of these coefficients are
positive.
Hansen and Wright's (1992) "standard"
calibration implies that the predicted decline
in hours when there is a capital shortfall is relatively small so that output is expected to rise
as capital is accumulated.But, as we show below, this prediction can easily be overturned
by using a smaller capital share (so that increases in labor have a bigger effect on output)
and a more elastic labor supply (so that the
predictablehours movements are larger). The
result is that hours and output are expected to
move in the same direction, which solves one
of the problems mentioned above. As we shall
see, the solution to this problem creates another, namely a wrong sign for the regression
coefficient of consumption on output.
IV. AlternativePreferenceSpecifications
An obvious question is whether the problems with the "standard" calibration can
be resolved by changing the parameters in
plausible ways. Accordingly, we investigate
whether changes in the parametrization of
preferences and technology can reverse the
sign of some of the predicted correlations in
ways that would make them consistent with
the data. In particular,we consider changing
threeparameters.These are the elasticity of the
labor supply with respect to the real wage,
holding fixed the marginalutility of consumption (which we denote sHw);the intertemporal
elasticity of substitutionparameter a; 20 and the
capital share 0.21
It should be stated at the outset that such
parametervariationhas very little effect on the

20 Variation in these two parameters suffices to cover
all cases of time-separable preferences consistent with a
stationaryequilibrium. Furtherdiscussion of the parametrization can be found in Rotemberg and Woodford
(1992).
21 This parameteris difficult to measure, because of the
difficulty in allocating the income of the self-employed.
The literaturehas used values ranging from 0.42 (King et
al. 1988a) to 0.25 (Rotemberg and Woodford 1992).
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variance of the predictable-outputmovements
generated by the model. The comovements
between predictable output, hours, and consumption are affected, however, and Table 7
presents a representative sample of our results.22 For each of the parameter values it
gives the model's prediction concerning the
standard deviation of output changes forecasted to occur in the next 12 quarters as well
as the regression coefficients of expectedconsumptiongrowthandexpected-hoursgrowth
on expected-output growth.
The first variant we consider is the "indivisible labor" model of Hansen and Wright
( 1992), which differs from the baseline model
we have been considering only in that sHwis
infinite. This does not change the qualitative
nature of the model's implications. As is well
known, raising the elasticity of labor supply,
raises the immediate increase in hours in response to a positive technology shock. Or, in
our terms, hours are furtherabove their steadystate value when the capital stock is below the
steady state. However, given the other parameters, even this large level of initial hours is
not sufficient for the initial level of output to
be higher than steady-state level of output.
Thus, output is still expected to increase when
the capital stock is below its steady-state level
(as it would be after a positive technology
shock). Thus forecastable changes in output
are still negatively correlatedwith forecastable
changes in hours. In fact, the relatively large
initial level of hours implies that the regression
coefficient of expected hours changes on expected output changes is even more negative.
If, in addition to letting sHwbe infinite, we
raise the labor share to 0.7 (so that the percentage increase in output for a given percentage increase in hours is larger) output
does approach its steady state from above
when the capital stock is below the steady
state. The adjustment of output, hours, and
consumption for this case is shown in Figure
3. It is apparent from this figure that hours
and output now fall together and Table 7
confirms that expected movements in hours
are now positively correlated with expected

22
More variants are presented in Rotemberg and
Woodford (1994).
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TABLE 7-THE
a

1
1
1
0.6
4
4

>HW

2
OO

OO
2
2
0.2

0

G

0.36
0.36
0.3
0.36
0.36
0.36
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EFFECT OF VARYING PARAMETERS
12
S.D.~~
>I12~
S.D.
A\y

0.0057
0.0067
0.0076
0.0074
0.0048
0.0044

"' 2
AiC, on Ay,

2.13
6.42
-10.82
-60.65
0.85
0.88

on A\y,12

L12
i\h,

-0.56
-5.42
11.82
37.84
-0.04
0.13

Note: Az, denotes the expectation conditional on information held at t of the change in z
from t to t + k.

movements in output.23Moreover, the large
positive coefficient of expected-hours growth
on expected-output growth implies that productivity is expected to fall when output is expected to increase which, at least qualitatively,
fits the observed facts.
With these parameters, negative technology shocks cause the capital stock to be
above its long-run level and are thus associated with predictable increases in output.
This is attractive because, as we saw, periods
where output is expected to rise are generally
associated with NBER troughs and it seems
more reasonable to associate such troughs
with negative technology shocks than it is to
associatethem with positive technology shocks.
By contrast, in the "standard" parametrization expected output growth is largest
in the immediate aftermath of positive
technology shocks.
On the other hand, this specification still
implies that expected-hoursgrowth should be
negativelycorrelatedwith expected-consumption
growth. Moreover, because expected-output
growth is predicted to be positively associated
with expected-hours growth, expected-output
growth is now predicted to be negatively associated with expected-consumption growth.
The underlying problem remains that a shortfall of capital from its steady state implies that

23The table shows that one gets qualitatively similar
results even maintaining a 0 equal to 0.36 and an EHW,
equal to 2 as long as one lowers a so that it equals 0.6.
This larger degree of intertemporalsubstitutabilityraises
the level of hours that people work when capital is below
its steady state. As a result, it also leads to an adjustment
path where output converges from above.

consumption should grow over time and, if intertemporalsubstitution is sufficiently strong,
hours should fall over time.
To solve the problem that consumption and
hours are expected to move in opposite directions, one needs to reduce the degree of intertemporal substitution and lower the elasticity
of labor supply. To show what happens in this
case, Figure 4 displays the adjustmentof output, hours, and consumption to the steady state
when capital starts out below the steady state
and 0 is 0.36, a is 4 and CHW is 0.2.24 With
these parameters,a shortfall of capital from its
steady state still leads to a level of consumption that is below the steady state. Because this
level of consumption is higher than in the
baseline case and because the elasticity of labor supply is small, the model now implies
that hours start out below the steady state so
that they rise together with consumption.
Hours can be below their steady state because
real wages are expected to rise in the future,
as the capital stock is augmented.This is offset
by the real interest-rate effect in the "standard" case. Because hours rise together with
the capital stock, output approaches its steady
state from below.
Table 7 shows that, as a result, the regression coefficients of both expected-hours
and expected-consumptiongrowth on expectedoutput growth are positive. Moreover, the regression coefficient of expected-consumption
growth on expected-output growth is smaller

24 Table 7 shows that maintaining an sHw equal to 2
while letting a equal 4 still leads to the same qualitative
results as the baseline case.
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than one (because, in the figure, consumption changes less than output). This is consistent with our findings in Table 4 and it
means that, as is true in the data, the consumption share is expected to fall when output is expected to rise. Thus, in this case, the
model's prediction is the same as that of the
naive "permanent income" model. While
the coefficient of expected hours on expected output is positive, as in Table 4, it is
much smaller (because the figure shows only
modest changes in hours). The result is that,
unlike what is true in the data, the model
predicts that productivity is expected to rise
together with output.
In spite of this shortcoming, these parameters fit a remarkablenumberof the regularities
concerning the comovements between the predictable movements in output, hours, and consumption. However, they worsen significantly
the model's ability to match the Imomentsthat
are usually stressed in the RBC literature. In
particular, and not surprisingly in light of
Figure 4, the predicted standard deviation of
the overall 1-quarterchange in hours falls sig-

nificantly. It now equals only about 3 percent
of the standarddeviation of changes in output.
At the same time, the model predicts an
excessive volatility of consumption. The
predicted standard deviation of consumption
changes from one quarterto the next now exceeds the correspondingstandarddeviation for
output. But perhaps the biggest problem with
assuming such a low intertemporalelasticity
of substitutionof consumption is that it results
in a strong negative correlation between the
overall change in hours and the overall change
in output. This may be surprisingbecause the
correlation between the predicted changes in
the two variables is now positive, as in the
data. The problem is that the predictable
movements remain small relative to the unpredictable movements. And positive shocks to
productivity now lower hours while raising
output,contributingto an overall negative correlation between these variables. Note, finally,
that for these parameters the model implies
that periods of low employment are induced
by positive (as opposed to negative) technology shocks.
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V. Conclusions
We have demonstrated that the forecastable movements in output, consumption, and
hours-what we would argue is the essence
of the "business cycle" -are inconsistent
with a standard growth model disturbed
solely by random shocks to the rate of technical progress. In the case of a standard
calibration of parameter values, the model
predicts neither the magnitude of these forecastable changes nor their basic features,
such as the signs of the correlations among
the forecastable changes in various aggregate quantities. We have also argued that the
use of parameter values- outside the range
typically assumed in the real-business-cycle
literature does little to improve the model's
performance in this regard, while significantly worsening the model's performance
on dimensions emphasized in that literature.
Various possible interpretations might be
given for the failure of this particulartype of
stochastic growth model to explain the business cycle. It may be that the business cycle is
mainly caused by disturbancesother than tech-

nology shocks, that the model errs in its account of the dynamic response to technology
shocks, or that the technology shocks that
account for the business cycle have serialcorrelation properties very different from
those assumed here.
In Rotemberg and Woodford (1994), we
offer a preliminary analysis of the last possibility. Solow residuals are often taken in the
RBC literature to be a direct measure of
growth in the technology factor (e.g., Prescott,
1986), as the growth model would imply.
These residuals are found to have little serial
correlation,and this supportsthe random-walk
specification assumed above. However, there
are many familiar reasons why Solow residuals might not be a good measure of true
productivity growth (e.g., imperfect competition, overhead costs, unmeasured variation
in factor utilization). An alternative source
of information about the serial-correlation
properties of technical progress is provided
by empirical studies of the diffusion of individual productivity-enhancing inventions.
This microeconomic literature (e.g., Edwin
Mansfield, 1968) suggests that such innovations
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diffuse relatively slowly through the economy, so that one should expect positive serial correlation in total factor productivity
growth. But we show in Rotemberg and
Woodford ( 1994) that forecastable productivity growth of this kind still leads to forecastable movements in hours that are of negligible
amplituderelative to those reportedhere.
In Rotemberg and Woodford (1994) we
also consider whether the RBC model could
account for forecastable movements if, in addition to the permanent technology shock
considered here, there were other, purely transitory disturbances.The model would in that
case provide a useful "propagation mechanism" by which the effects of shocks evolve
over time. We found, however, that the introduction of additional disturbances to the
equilibrium conditions of the model does not
solve the comovement problem identified
here, regardless of the nature or magnitude of
the disturbances contemplated, as long as
these additional disturbances are sufficiently
transitory. Thus the additional disturbances
(whether they represent additional transitory
components of the productivity factor, or
shocks of some other kind) would have to exhibit significant persistence, and the mechanism by which these disturbancespersist over
many quarterswould turn out to be a crucial
source of business-cycle dynamics-in essence, a propagationmechanism in addition to
those present in the basic growth model.
But it is not obvious that one should assume
that the equations of the basic model are correct except for the absence of stochasticdisturbanceterms. Quite possibly, the standard
growth model must be modified to include
other sources of dynamics before it can be
used to model business cycles. Some obvious
candidates would include inventory dynamics,
slow adjustmentof the work force as assumed
in models of "labor hoarding," or slow adjustment of nominal wages and/or prices as
assumed in models with overlapping nominal
contractsor costs of price adjustment.This last
class of models in particular seems, at least
from an intuitive point of view, capable of explaining our principal findings. In particular,
one expects contractions in aggregate demand
to reduce output, consumption, and hours
when prices or wages are rigid. One would

MARCH 1996

thus anticipatethat all three series rise together
in the aftermathof a negative shock to aggregate demand. However, the issue of whether a
model of this type can explain our quantitative
findings remains a topic for future research.
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