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The value of  aggregate returns  to scale—the percentage 
change in output from  a given percentage change in fac-
tor inputs—has important implications for  the sources of 
shocks that lead to business cycle fluctuations.  With con-
stant or decreasing returns to scale, business cycle mod-
els driven largely by technology shocks are consistent 
with a number of  business cycle facts,  in particular, with 
procyclical labor productivity. In contrast, with constant 
or decreasing returns to scale, business cycle models 
driven primarily by monetary shocks are inconsistent 
with procyclical productivity. With constant or decreas-
ing returns to scale, the marginal product of  labor is di-
minishing; therefore,  an increase in labor input brought 
about by a monetary shock alone drives down productiv-
ity. With increasing returns, however, monetary shocks 
can generate procyclical productivity in otherwise stan-
dard models. Moreover, if  the value of  returns to scale is 
sufficiently  large, equilibria may not be unique, and as 
Benhabib and Farmer (1994) show, self-fulfilling  beliefs, 
or animal spirits, alone can generate fluctuations  that are 
difficult  to distinguish from  fluctuations  in the standard 
real business cycle model driven by technology shocks. 
In fact,  business cycle fluctuations  in economies with a 
sufficiently  large returns to scale value can be due to vir-
tually any shock that moves factor  inputs. Thus, our abil-
ity to evaluate the importance of  the sources of  business 
cycle fluctuations  depends on the value of  aggregate re-
turns to scale. 

While the value of  returns to scale is important for 
evaluating the sources of  business cycle shocks, measur-
ing returns is difficult.  First, there is an identification 
problem: model economies with any value of  returns to 
scale are observationally equivalent if  the unobserved 
stochastic process generating the shocks is unrestricted. 
Second, although researchers have come up with vari-
ous ways of  confronting  the identification  problem to 
measure returns to scale, the resulting estimates often 
cover a wide range of  values, including significant  de-
creasing and large increasing returns to scale. Moreover, 
the estimates often  have large standard errors and corre-
sponding wide confidence  intervals. Consequently, firm 
conclusions about the value of  returns to scale are hard 
to draw; thus, the importance of  various sources of  busi-
ness cycle shocks are hard to evaluate. 

In this article, we analyze the measurement of  aggre-
gate returns to scale. We first  show why there is an iden-
tification  problem and discuss what assumptions are re-
quired to solve that problem. We then conduct a simple 
analysis that sheds light on how precisely returns to scale 
can be measured. In this analysis, we compare the tech-
nology shocks inferred  from  aggregate production func-
tions that are identical except for  the value of  returns to 

*The authors thank Tom Holmes, Narayana Kocherlakota, Ed Prescott, and 
Warren Weber for  helpful  comments and Jenni Schoppers for  expert editorial advice. 
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scale. If  we can measure returns to scale precisely, then 
the technology shocks should be sensitive to changes in 
the value of  returns to scale. With precise measurement, 
the technology shock inferred  from  the assumption of  de-
creasing returns should be different  from  the technology 
shock inferred  from  the assumption of  increasing returns. 
Alternatively, with imprecise measurement, the shocks 
should be insensitive to changes in the value of  returns to 
scale. 

We conduct our analysis for  values ranging from  sig-
nificant  decreasing returns up to substantial increasing 
returns. Our main finding  is that the technology shocks 
inferred  from  this range of  values are nearly identical. 
For this range of  values of  returns to scale, the correla-
tion of  the shocks is close to one and the shocks have the 
same serial correlation properties and similar variances. 
Unfortunately,  these results have negative implications 
for  how precisely we can measure aggregate returns us-
ing standard measures of  inputs and output. The simi-
larity of  the series suggests that the likelihood functions 
researchers use to estimate returns to scale are insensitive 
to variation in this parameter and, consequently, that 
measurement of  returns to scale will not be precise. 

To conduct our analysis, we construct a model econ-
omy similar to models used in the literature, derive an 
observational equivalence result, and show how research-
ers have restricted the stochastic process for  the shocks 
to identify  returns to scale. We then show how restrict-
ing the shock process also implies, in principle, sharp re-
strictions on the covariance properties of  the technology 
shocks. We go on to show that the covariance properties 
of  the innovations to the technology shock are nearly the 
same for  a wide range of  returns to scale values. 

The Model 
In this section, we construct our basic model economy 
and characterize a set of  functions  that constitute an equi-
librium. 

Our basic model is similar to the one used by Benha-
bib and Farmer (1994). Our model has a measure 1 num-
ber of  identical households. The households' preferences 
are given by 

(1) 

where (3 is the discount factor,  u is the utility function,  ct 
is consumption of  the single physical good produced in 

the economy, 1 - lt  is leisure  (nonmarket time), and dt  is 
a preference  (home production) shock.1 

The household's budget constraint is given by 

(2) yt + (1-5)kt  = ct + kt+l  + bt+l - rtbt  + Tt 

where bt and rt denote the household's borrowing level 
and the gross interest rate, respectively, and xt  denotes a 
lump-sum tax. 

Per capita production of  the household is given by 

(3) y=\F(kvlt)Y* 

where kt  and lt  denote the household's levels of  capital 
and labor and Yt  is aggregate per capita output.2 Fol-
lowing other work in the literature, we assume that the 
production function  F(-)  is a linear homogeneous Cobb-
Douglas function.3  The term \ is the aggregate technolo-
gy shock. The parameter § determines the value of  the 
externality and, consequently, aggregate returns to scale. 
The economy is defined  as neoclassical  if  <() = 0. 

For generality, we allow for  different  sources of 
shocks that might lead to business cycle fluctuations— 
technology shocks, government spending shocks, prefer-
ence shocks, and shocks to extraneous factors  (,sunspots). 
We define  £, as a 4 x 1 vector of  independent and identi-
cally distributed random variables, with e! = { e j ^ . We 
let the period t realization of  the technology shock, the 
government spending shock, the preference  shock, and, 
where relevant, the sunspot variable be given by A?(ef), 
#,(£'),  dt(jg\  and v/e'). 

The government's budget constraint is 

(4) & = V 

The aggregate level of  (per capita) output is given by 

(5) Yt  = [\F(Kt,Lt)]l'W  = [ A ^ L j - T 1 ^ 

where Kt  is the period t capital stock and Lt is the period 
t labor input. 

1 Because households are identical, there is no borrowing in equilibrium in this 
economy. 

2The assumption that the aggregate externality depends on the level of  per capita 
output, rather than aggregate output, is motivated by the observation that large coun-
tries do not seem to be systematically more productive than small countries. 

3Our results do not depend on the Cobb-Douglas functional  form;  we only re-
quire that F  be homogeneous. 
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