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stock is initially below its steady state value, then investment is above its 
steady state rate (Wik = -0.176 < 0) and consumption is below its steady state 
rate (Q = 0.670 > 0). 

Alternative Vahles Of u change q&r Irik and pl in intuitive ways. For 
ex when a is large the representative agent is less willing to substitute 
intertemporally and thus desires very smooth consumption pro&s. Hence, 
there is little reaction of consumption to a shortfall in capital (‘ll,k small). 
Consequently the adjustment to the steady state is slower (pl closer to 1.0) 
than when u = 1.0. When u is small, there is more willingness to substitute 
consumption intertemporally and thus a given capital shortfall occasions a 
larger reduction in consumption. There is thus a more rapid adjustment of 
capital (rl further from 1.0) than with Q = 1. 

3.2.2. Varying work effort 

We are also interested in the pattern of efficient variation in work effort 
along the transition path, how the labor-leisure margin alters the speed of 
capital stock adjustment (rl) and the responses of the price and quantity 
variables. To investigate these effects quantitatively, we reinstate labor as a 
choice variable and suppose that the utility function has the simple form 
u(c, L) = log(c) + @@g(L). The parameter 6, is chosen so that stationary 
hours are 0.20? Our choice of this value is based on the average percentage of 
time devoted to market work in the U.S. during the period 194&1986.21 

The resulting value of p, is 0.953, implying a half-me of just under 14 
quarters for deviations of the capital stock from its stationary level. This is a 
slightly more rapid pace of adjustment than the comparable Uxed labor case 
with u = 1 in table 1, since work effort provides an additional margin along 
which agents can respond. The values of the elasticities are q&= 0.617, 
q- = -0.629, gNk = -0.294, ?,,k= 0.249, s,,,k = 0.544 and ‘It,k = -0.029. 
T&n&ion paths of the key variables are plotted in fig. 1. Starting from an 
initially low capital stock, there is a sustained period in which output and 
consumption are low, but rising, while work effort and investment are high, 
but declining. Temporary variation in work effort is efficient even though 
steady state hours are invariant to growth. 

The economic mechanisms behind these transition paths are important. The 
initially low capital stock has three implications for the representative con- 
sumer in the transformed economy. First, non-human wealth is low relative to 
its stationary level. Second, the marginal product of labor (shadow real wage) 

%I our computations, we directly specify that N - 0.20 in the linear expressions (3.1) and 
(3.2), noting that logarithmic utility implies zero cross elasticities and unitary own elasticities. This 
implicitly specifies the utility function parameter 9,. 

*‘This value is equal to the average work week as a fraction of total weekly hours for the period 
1948 to 1986. 
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is low relative to the stationary level. Third, the marginal product of capital 
terest rate) is high relative to its stationary level. The first and 
uce the representative consu to work additional hours; the 

second factor exerts the opposite influence. ith the particular preferences 
gy under study, the former factors dominate, resulting in hours 

relative to the stationary level - along the transition path from 
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of suboptimal equilibria, as we show 
in our second essay. Nevertheless, a detailed analysis of the over 

s in a business cycle context 

, our strategy works as follows. 
other variables near the station 

as in the previous section. Then, wo 
certainty equivalence perspective, we posit a particular stochastic process for 

nce ( A,+j)T_O with its condit$nal 
t t. In particular, suppose that A, 

sive process with par ter p. Then, given (3.9, the state dynamics 
are given by the linear system 

S,+P [p]= [“d y$]+ (r*;+J = 
where wkA = +l + Q/(1 - p&l) and s; = (&,, &) is the state vector. 

tional linear equations specify how consumption, work effort, invest- 
ment, shadow p$ces and state variables s,. Let the 

and other flow variables of 
equations relating flows to states are 



z,+k - EZ,+klS, = n 
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dynamic character of the 
in general, not be perfectly 
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Our point of departure is the parameterization of Long and Plosser (1983). 
The key features of this specification are additively separable, logarithmic 
preferences, a Cobb-Douglas production function and 100% depreciation. 
This specification is instructive because there is an exact closed-form solution 
that enables us to establish a benchmark for judging our approximation 
methods. The second specification alters the Long-Plosser formulation by 
assuming less than 100% depreciation. This alteration is sufhcient to obtain 
stochastic properties for key variables that are more compatible with common 
views of economic fluctuations. We refer to this case as the ‘baseline’ model- 
it is closely related to the divisible labor economy studied by Hansen (1985).” 
The next two experiments consider some perturbations of the elasticity of 
labor supply. The third parameterization uses an ‘upper bound’ labor supply 
elasticity from the panel data studies reviewed by Pencavel (1986). This 
elasticity is ten times smaller thanthat imposed by the logarithmic preferences 
of the baseline mode. 28 The fourth parameteriza tion ill~trates the conse- 
quences of infinite in&rtemporal substitutability of leisure or, equivalently, the 
indivisibility of individual labor supply decisions stressed by Rogerson (1988) 
and Hansen (1985). 

4.3. Quantitative linear business cycle Models 

The reference point for our discussion is table 3, which summa&es the 
linear systems representation given in eqs. (4.1) and (4.2). That is, table 3 
provides the coefficients, p,, p, Q, of the matrix M and the coefficients of the 
II matrix under two assumptions about persistence of technology shocks 
(p = 0 and p = 0.9). 

Long-Plosser with complete depreciation. Applying the exact solutions found 
in Long and Plosser (1983), the capital stock for this parameterization evolves 

27Thereareatleastthreediff ercnas between our methodolw and that employed.by I+nsen 
(1985) which make our results not dixectly comparable. First, we use a diffbnt heanution 
technique, as discus& above. Seux& we compute the population movements father than 
estimate them through Monte Carlo simulation. Third, we do not filter the series with the Hodrick 
and Prescott (1980) filter. See footnote 31 for a discus&on of d8erences in parameter values and 
of the effects of the Hodrick and Prescott filter. 

**For preferences separable in consumption and leisure, the elasticity of labor supply is 
(1 - l/N)/& where N is the steady state fraction of time devoted to work. Thus if the elasticity 
of labor supply is 0.4 and N - 0.20, then t,, - - 10.0. 

We are reluctant to adopt this economy as our benchmark given the difficulty in interpreting the 
disparity between the elasticity of labor supply of women and men in the context of our 
representative agent economy. Furthermore, Rogersun (1988) has demonstrated that, in the 
presence of indivisibility in individual labor supply decisions, an economy with finite elasticity of 
labor supply may behave as if this elasticity were infinite. Hence, our fourth parameterization has 
preferewes consistent with an Unite ehsticity of labor supply ([,, = 0). 
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according to the stochastic di&renc~ equation, 

L t+l=(l-a)L,+a,= E (1-a)G&_i, 
j-0 

(4 3) . 

which indicates that in our approximation it should be the case that ccl = 
(I- a) and (nkA = 1.0. As emphasized by Long and Plosser, (4.3) illustrates 
that even without long-lived commodities, capitalistic production enables 
agents to propagate purely transitory productivity shocks forward in time in 
keeping with their preferences for smooth consumption. 

The solutions of Long and Plosser also imply that there are simple log-linear 
relations for the flow variables (9, e, i^ and fi), 

In percent deviations from steady state, output, consumption, and investment 
all share the stochastic structure of the capital stock. Work effort, on the other 
hand, is constant (i.e., & = 0). With work effort constant, real wages (propor- 
tional to output per man hour) move just like output. With u = 1, interest rates 
are equal to the expected change in consumption (rl - r = E&+1 - tt). Thus, 
in terms Of (4.2), 7Tyk = qck = gik = ‘ll,k = (1 - (r), VIA = V’A =?‘A = 7TNk = 1, 
and WNk = WN = 0. Finally, ll;k = -a(1 - a) and w,, = (p - a)A,. 

Turning to the approximate solutions reported in table 3, we see that these 
match the exact solutions (4.3)-(4.5) for the parameter values in table 2. For 
example, with a = 0.58, the coefficient p1 =(l-a)=0.42 as required by eq. 
(4.1) above. Further, we see that there are two special features of this 
parameterixation previously noted by Long and Plosser in their consideration 
of multi-sector, log-linear business cycle models. First, the solution involves no 
infiuence of expected future technological conditions on the properties of the 
endogenous variables. This conclusion follows from the observation that the 
linear systems coefficients linking quantity variables to technology (7tkA9 
%A* =NA, etc.) are invariant to the persistence (p) in the technology shock 
process. Second, the relation between work effort and the state variables ((IINk 
and qNA) indicates that the approximation method preserves the other special 
implications of complete depreciation, namely that effort is unresponsive to 
the state of the economy ( qNA = ‘IINk = 0). 

Fundamentally, each of these invariance results reflects a special balancing 
of income and substitution effects. For example, more favorable technology 
conditions (a,, > 0) exert two offsetting effects on accumulation: (i) an 



218 R.G. King et al., Production, growth and business cycles I 

income effect (since there will be more outputs at given levels of capital input) 
that operates to lower saving and capital accumulation and (ii) 
effect (arising from an l ased marginal reward 

to raise saving. complete depreciation 
and substitution eEe.cts exactly offset. 
respect to real interest rates, tb, complete depreciation model also 
dicate how serial correlation in A alters the model’s implications. The 

coefficient q = (p - ar), so that with p = 0 dimini returns predominates 
and an impulse to .A! lowers the rate of return. with high persistence 
(p > cw), interest rates rise due to the shift up in the future marginal reward to 

vestment. 

Long-Plosset with realistic depreciation. Adopting a more realistic deprecia- 
tion rate (8, = 0.025 or 10% per year) dramatically alters the properties of the 
basic neoclassic ustment parameter pl rises from 0.42 to 

ock adjusts more slowly. Second, rkA falls 
is no longer invariant to serial correlation 

e responses can be in terms of the basic economics of 
irst, when there is a lower depreciation rate, it 

state capital stock and a lower 
to 0.025, y/k falls from 2.4 to 0.10. 

a substantial decline in the elasticity TkA. 

ortance of wealth and intertemporal substitution effects. 

a temporally smooth 

of the wealth effect 
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Altering the character of intertemporal tradeoffs also has implications for 
via intertemporal substitution 

emporary (p = 0), a one percent 
calls forth a 1.33 percent change in hours. This impact is attenuated, but not 
eliminated, when shifts in technology are more persistent (gNA = 1.05 when 
p = 0.9). The nature of these intertemporal substitution responses is perhaps 
best illustrated by examinin g impulse response functions, which are derived 
from the coefficients presented in table 3. The two parts of fig. 2 contain 

se responses under our alternative assunqtions about the persistence of 
s. In panel A, when technology shifts are purely temporary, intertem- 

poral substitution in leisure ic very evident. In the initial period, with positive 
one percent t ology shock, there is a onajor expansion of work effort. 
initial period t response is more than one-for-one with 2 (qYA = 
because of the expansion in work effort. The bulk of the output increase goes 
into investment with a smaller percentage change in consumption. 

In subsequent periods, after the direct effect of the technology shift has 
the only heritage is a capital stock higher than its steady state 

change in the capital stock induced by the initial period technology 
shock is ‘worked ofI’ via a combination of increased consumption and reduced 

e impacts on output are smaller, in percentage terms, 
consumption or Gapital, because the transition path b 

the stationary point is associated with negative net investment and negative 
of effort. This means that the response function after one period in 

is determined by the internal transition dynamics given in fig- 

1. The only difference ’ that in fig. 2 the experiment is a positive increment to 
the capital stock of 0. 6 instead of the negative increment of - 1.0. in fig. 1. 

In panel of fig. 2, when technology shifts areAmore persistent, the impulse 
r?sponses involve a combination of exogenous (A) and endogenous dynamics 
(k). There is now a protracted period in which technology shocks serve to 

movements of hours, ou 
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as variable). Labor input is much more variable than consumption and about 
three fourths as variable as output. 

When shifts in technology become more persistent (p = 0.9), there are 
important changes in implications for relative variabilities. Consumption is 
now six tenths as volatile as output, which accords with the permanent income 
perspective and with the altered linear systems coefficients discussed previ- 
ously. Labor input is less than half as volatile as output, which fundamentally 
reflects diminished desirability of intertemporal substitution of effort with 
more persistent sho~ks.~~ 

AI&rations in the labor supply elasticity exert predictable effects on relative 
variability of labor input and output, while having relatively minor implica- 
tions for the relative variability of the components of output. Relative to the 
baseline model, the reduction in labor supply elasticity to the level suggested 
by the panel data studies results in a decline of the variability of labor both in 
absolute terms and in relation to the variability of output. The relative 
volatility of the labor input in terms of output implied by the model is 0.27, 
roughly half of the standard deviation of hours relative to detrended output in 
the U.S. for the period 1948-1986.32 

In table 5 we present some additional time series implications of our 
baseliue neoclassical model. One notable feature is that 9, i^ and # exhibit 
almost no serial correlation in the absence of serially correlated technology 
shocks. This is not true for consumption, wages or interest rates, however, 
which are smoother and correlated with lagged values of output. 

3rTh~ baseline model is structurally identical to the divisible labor economy studied by Hansen 
(1985). It differs, however, in values assigned to parameters. In our notation, Hansen’s economy 
involves a - 0.64, B* = 0.99, yX= 1.00, N - 0.33 and & = 0.025. These alternative parameter 
v&es have implications for the moments reported in tables 4 and 5. Using a.persistence 
parameter p -0.90, the model’s relative volatility measures (standard deviations of variables 
relative to standard deviation of output) are as follows: consumption (0.62), investment (2.67) and 
hours (0.41). Basically, relative to table 4 these results reflect the decline in labor supply elasticity 
implied by N - l/3 rather than N - l/S. The contemporaneous correlations with output are as 
follows: consumption (081), investment (0.92) and hours (0.81). If we filter the population 
moments with the Ho&i&Prescott (HP) filter, then the relative variabilities and correlations are 
altered. For consumption these are (0.25) and (0.80), respectively, for investment they are (3.36) 
and (0.99) and for hours they are (0.55) and (0.98). These alterations occur because the effect of 
the HP filter is to give less weight to low frequencies, downplaying persistent but transient aspects 
of the series in question. [See the graph of the transfer function of the HP alter in Singleton 
(1988).] For example, the correlation of output at the yearly interval (lag 4) is 0.72 in the unfiltered 
Hansen parameterixation and it is 0.08 in the filtered version. It is this sensitivity of results to 
filtering that makes us hesitant to undertake detailed comparisons with results reported by 
Hansen. 

32The inability of the model to generate a sufficiently high variation in labor when the elasticity 
of labor supply is restricted to be consistent with panel data studies has stimulated several 
extensions to the basic neoclassical model. Kydland (1984) demonstrates that introducing agent 
heterogeneity in the model can increase the relative volatility of the average number of hours 
worked with respect to the volatility of labor productivity. Rogerson (1988) establishes that, in the 
presence of indivisibility in individua! labor supply, an economy with finite elasticity of labor 
supply behaves as if it had an infinite elasticity of labor supply. This motivates our interest in the 
fourth parameterization. As Hansen (1985), we find that in this economy labor is too volatile 
relative to output. 
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5.2. Some empirical issues and obszvations 

Since the early part of this century, with the NBER studies of business 
cycles and economic growth under the leadership of Wesley Mitchell and 
Simon Kuznets, it has become commonplace for macroeconomic researchers 
to design models to replicate the principal features of the business cycles 
isolated by the NBER researchers. More recently, the development of statisti- 
cal and computing technology has led individual researchers to define analo- 
gous sets of ‘stylized facts’ about economic fluctuations that models are then 
designed to emulate. 

Our perspective is that the development of stylized facts outside of a 
circumscribed class of dynamic models is difficult at best.33 First, models 
suggest how to organize time series. Further, it is frequently the case that 
stylized facts are sensitive to the methods of detrending or prefiltering. In this 
investigation we take the perspective that the basic neoclassical model has 
implications for untransformed macroeconomic data and not some arbitrary 
or prespecified transformation or component that is de&d outside the 
context of the model [cf. Hicks (1965 p. 4)]. Although we do not perform 
formal statistical tests of model adequacy, the manner in which we proceed 
with data analysis is dictated by the models under study. 

We have considered deterministic labor augmenting technological change 
that grows at a constant proportionate rate as the source of sustained growth 
(trend). The neoclassical model then predicts that all quantity variables (with 
the exception of work effort) grow at the same rate yP The non-deterministic 
components of consumption, output and investment (9, c^ and I?) are then 

t* = log( c,) - log( x,) - log(c), (5 1) . 

4 = log( It) - log( x,) - log(i), 

where y, c and i are the steady state values in the transformed economy. 
Labor augmenting technical progress, log( Xt), can be expressed as the simple 
linear trend 

1%(x,) = log(x,) + t l l%(Y,). (5 2) . 
Thus, in the language of Nelson and Plosser (1982), the implied time series are 
trend stationary. Moreover, they possess a common deterministic trend. There- 
fore, the model instructs us to consider deviations of the log levels of GNP, 
consumption and invzstment from a common linear trend as empirical coun- 
terpart! to 9, c^ and i. Work effort, on the other hand, possess no trend and, 
thus, N is simply deviation of the log of hours from its mean. 

33 See also Koopmans (1947) and Singleton (1988). 
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some perspective on the models’ properties, we sum- 
the corresponding sample moments of 

e consider are the quarterly 
tion of non-durables and service 

weekly hours per capita. 
the log levels of each 

computing deviations from a co on estimated !&ear time trend. The esti- 
mat rend, which co s to an estimate of log( yX) = ( yX - l), 
is 0 ter.35 The real wage is the gross average hourly earnings of 
production or non-supervisory workers on non-agricultural payrolls. 
not to study interest rates because of the well-known difficulties of 
measures of expected real interest rates. 

lots of our empirical counterparts to 9, C, i^ and fi are presented iz fig. 3. 
ir properties are summarized in table 6 in a manner analogous to the 

summary of the baseline model in table 5. Our sample period 
quarter of 1948 (1948.1) to the fourth quarter of 1986 (1986.4). 
of output from the common deterministic trend, which are plotted as a 

ark in each of the panels in fig. 3, have a standard deviation of 5.6% 
in value from - 13.0% to 10%. The sample autocorrelations in table 

6 indicate substantial persistence, suggesting that there may be a non-sta- 
onent to the series not eliminated by removing a common 

efhcients of 0.85 for 
1986.4 sample period. 

e standard deviation of 

er, the autocorrelation 

has a standard 

se it invdves a 
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over the post-war period. The correlation between output and hours 
reported in table 6 is essentially zero! Inspectic, 

sample mean to vary (which is 
correlation between hours 
to stress that there is n eoretical justification for looking at data in 
subperiods. IThe basic neoclassical model that we have been discussing has a 
single source of low frequency variation (the deterministic trend in labor 
productivity) which has been removed from the time series under study. The 
sensitivity of these results to the sample period suggests the possibility of a low 

ncy component not removed by the deterministic trend. This is con- 
with the highly persistent autocorrelation structure of output noted 

low frequency variation in economic data plays an 
important role in empirical research o 

has generally followed 
es, removing separate cycle averages for individual series. Our 

methodology is likely to remove important low frequency 
relations between time series, in a manner broadly similar to the 

computation of correlatkxrs over subperiods. st modem empirical analyses 
of cyclical interactions have also followed practice of removing low 
frequency components from actual and model-generated time series.37 St 

on economic time series 



et al., 

use as our 

companion essay. 

s paper has summ 
the basic neoclassical 
constant rates, the model possesses 
restrictions on preferences for cons 
strictions imply that labor effort is constant in the steady state, they do not 
imply that effort is constant along transition paths of capital ace 
in response to temporary technology shocks. F&her, the in 
stitution made feasible by capital accumulation applies to 
and effort in general equihbrium. 

persistent technology shocks, the basic neoclassical 
m ting some stylized facts of econ fluctuations. 
First, the model generates procyclical employment, consumption and invest- 
m Second, erates the observed 
in estment, nsumption. But alon 
model seems less satisfactory. In particular, the principle serial correlation in 

one notable feature of economic fluctuations - d 
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