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REAL BUSINESS CYCLE THEORY: WISDOM OR WHIMSY?

A BSTRA CT

This paper assesses the em pirical plausibility  of the  view th a t aggregate 
p roductiv ity  shocks account for most of the variab ility  in  post W orld W ar II US ou tpu t. 
W e argue th a t the  type of evidence forw arded by proponents of th is proposition is too 
fragile to  be believable. F irst, our confidence in the evidence is fundam entally  affected once 
we abandon the  fiction th a t we actually  know the  true  values of the  s tru c tu ra l param eters 
of s tandard  Real Business Cycle (RBC) models. W hat th e  d a ta  are telling us is th a t,  while 
p roductiv ity  shocks play some role in generating the  business cycle, there  is sim ply an 
enormous am ount of uncerta in ty  about just w hat percent of aggregate fluctuations they 
actually  do account for. T he answer could be 70% as K ydland and P resco tt (1989) claim, 
bu t the  d a ta  contain alm ost no evidence against either th e  view th a t th e  answer is really 
5% or th a t the answer is really 200%. Second, we show th a t point estim ates of the 
im portance of technology shocks are extrem ely sensitive to  sm all pertu rba tions in  the 
theory. Allowing for labor hoarding behavior in an otherw ise s tan d ard  RBC model reduces 
the ability  of technology shocks to  account for aggregate fluctuations by 50%. This finding 
provides some support for the  view th a t m any of the m ovem ents in  th e  Solow residual 
which are labelled as productiv ity  shocks m ay be an artifac t of labor hoarding type 
phenom ena.
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This paper discusses two simple questions which are of fundam ental im portance to 

macroeconomists. F irst — which impulses have been the prim ary sources of fluctuations in 

postw ar US aggregate output?  Ju st how im portan t have aggregate technology shocks been? 

Second, how reliable are existing answers are to  the first question?

The answers to  these questions obviously m a tte r from the perspective of optim al 

public policy. B ut just as im portan t, the perceived answers also m a tte r because they 

influence the research agenda of macroeconomists. Around 1977 it seemed just as obvious 

to the representative graduate  student as it was to  M ilton Friedm an or Robert Lucas th a t 

m onetary instab ility  is a critical determ inant of aggregate o u tp u t fluctuations. G ranted 

there was substan tial disagreem ent about the nature  of the relationship betw een m onetary 

and real phenom ena. But the critical point is th a t those years were m arked by enormous 

am ounts of research aim ed a t understanding the  propagation m echanism s by which 

m onetary policy affects aggregate economic activ ity . T h a t th is was a critical item  for 

business cycle research was, by and large, simply taken for granted.

The situa tion  has clearly changed. Since K ydland and P re sco tt’s (1982) apparent 

dem onstration th a t productiv ity  shocks can account for all o u tpu t variab ility  in  the post 

W ar US, the  need for an adequate theory of m onetary and fiscal sources of in stab ility  has 

come to  seem m uch less pressing. Not surprisingly, the am ount of research devoted to  these 

topics has declined precipitously.

Does the evidence in fact provide such overwhelming support in  favor of the basic 

claim  of existing Real Business Cycle (RBC) theories so as to  rationalize th is fundam ental 

shift in our view of the  business cycle? In my view it does not. This is because th e  evidence 

in  favor of the  proposition th a t productiv ity  shocks can account for m ost of the  variab ility  

in  post W orld W ar II US ou tpu t is simply too fragile to  be believable.

(I) Small pertu rba tions to  the  theory a lte r the conclusion in  a basic way.

(II) Small changes in  the sta tis tica l m ethods used a lter th e  conclusion in  a basic
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way.

(III) Small changes in the sam ple period alter the conclusion in a basic way.

(IV ) And m ost im portan tly , our confidence in the  conclusion is fundam entally  

affected once we abandon the convenient fiction th a t we actually  know  th e  tru e  values of 

the struc tu ra l param eters of standard  RBC models.

Indeed, once we quantify  the uncertain ty  in model predictions arising from 

uncertain ty  about model param eter values, calibrated or otherw ise, our view of w hat the  

d a ta  is telling us is affected in a first order way. Even if we do not p ertu rb  the  s tandard  

theory and even if we im plem ent existing form ulations of th a t theory  on the standard  

postw ar sam ple period and even if we use the s ta tionary  inducing transform ation  of th e  

da ta  th a t has become standard  in  RBC studies — even then  the  strong conclusions which 

m ark th is lite ra tu re  are unw arranted. W hat the d a ta  are actually  telling us is th a t, while 

technology shocks alm ost certainly play some role in generating the  business cycle, there  is 

sim ply an enorm ous am ount of uncertain ty  about ju st w hat percent of aggregate 

fluctuations they actually  do account for. The answer could be 70% as K ydland and 

P resco tt (1989) claim , b u t the  d a ta  contain alm ost no evidence against e ither the  view th a t 

the answer is really 5% or th a t the  answer is really 200%.

U nder these circum stances, the  decision to  drastically  de—em phasize the  im portance 

of trad itional im pulses like m onetary and fiscal shocks in  business cycle research ought to  

be viewed as whimsical, in  the  sense th a t Learner (1983) uses th a t term . An inference is 

just not believable if  it  is fragile. And a decision based on a fragile inference is whimsical.

In th is paper I discuss the  first and fourth  of the  aforem entioned conten tions . 1 To 

do th is it  is useful to  consider the  q uan tita tive  im plications of one widely used RBC theory  —

iFor a discussion of points II and III see Christiano and Eichenbaum (1989) and Burnside, Eichenbaum 
and Rebelo (1990).
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the indivisible labor model associated w ith G ary Hansen (1985) and R ichard Rogerson

(1988). According to  this model, the tim e series on the beginning of period t cap ital stock, 

kj., tim e t consum ption, ĉ ., and tim e t hours worked, n .̂, correspond to the solution of a 

social planning problem  which can be decentralized as a P are to  optim al com petitive 

equilibrium . The planner ranks stream s of consum ption services, and leisure, T —n .̂, 

according to the criterion function:

(1) e J L / S *  {1»(c. )  +  «(T—n )}. 
u t = o  1 1

Here T  denotes the  representative agen t’s tim e endow m ent, E q is the tim e 0 conditional 

expectations operator, 0 is a positive scalar, and (3 is the subjective discount ra te , 0  <  P <

1.

There are at least tw o in terpreta tions of the term  involving leisure in ( 1 ). F irs t, it 

m ay ju st reflect the  assum ption th a t individual u tility  functions are linear in leisure. The 

second in te rp re ta tion  builds on the assum ption th a t there are indivisibilities in labor 

supply, so th a t individuals can either work some fixed positive num ber of hours or not a t 

all. Assuming th a t agen ts’ u tility  functions are separable across consum ption and leisure, 

Rogerson (1988) shows th a t a  m arket s tructu re  in which individuals choose the  probability  

of being em ployed ra th e r th an  actual hours worked will support the  P are to  optim al 

allocation. U nder these circum stances, criterion function ( 1 ) represents a reduced form 

preference ordering w hich can be used to derive the  P areto  optim al allocation using a 

fictitious social planning problem . The param eter 0 places no restric tions on the  elasticity  

of labor supply a t the  m icro level of the individual agent. A t th e  m acro level, the  

param eter 0 serves only to  pin down steady s ta te  per capita  hours worked. For linear (In or 

level) solutions of th e  type  used in the litera tu re , the value of 0 has no im pact on model
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m om ents like the  vo la tility  of hours worked or the  vola tility  of o u tp u t . 2 

O utpu t, y^, is produced via the  Cobb Douglas production function

(®> 7, = Atk { ~ V h t)“

where 0  <  a  <  1 , 7 * is the  constant unconditional grow th ra te  of technology, and At is an 

aggregate shock to  technology which has the tim e series representation

(4) At =  A j* 1 exp(et ).

Here c, is a serially uncorrelated iid process w ith m ean e and s tandard  error a  , and  pa is at €

scalar satisfying |p a | < 1 .

The aggregate resource constrain t is given by

(5) ct +  km - ( l —£)kt < y t .

The param eter 6, w hich governs the depreciation rate  on capital, is a  positive scalar 

satisfying 0  <  6 <  1 .

To discuss the  q u an tita tive  im plications of the  theory, it  is convenient to  denote the  

m odel’s s truc tu ra l param eters by the  vector 'k. Given a value for 'P, it  is straightforw ard  to  

deduce the  m odel’s im plications for a wide variety  of m om ents which m ight be of in terest. 

For exam ple, th e  analyst m ight be in terested  in understanding the  m odel’s q u an tita tiv e  

im plications for an object like th e  variance of aggregate ou tpu t. E xisting  RBC studies do 

th is by conditioning on a particu lar value for V  and then  com pare th e  m odel’s prediction 

for the  variance of o u tp u t w ith the corresponding m om ent in  th e  d a ta . W hen RBC analysts

2For a review of some of the solution procedures which have been used in the RBC literature, see 
Christiano (1990).
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say th a t the model accounts for A% of the variance of ou tpu t, w hat they  m ean is th a t their 

model yields a value of A given by

(6) A = ^ mW / ^ d,

Here the num erator denotes the variance of model ou tput, calculated for a specific value of 

ty, and the denom inator denotes the variance of actual US ou tpu t. The claim th a t 

technology shocks account for most of the fluctuations in postw ar US ou tpu t corresponds to  

the claim  th a t A is a large num ber, w ith the current estim ate being betw een .75 and 1.0, 

depending on exactly which RBC model is used (see for exam ple Hansen (1988)).

To evaluate this claim, we abstrac t, for the m om ent, from issues like sensitiv ity  to 

small pertu rba tions in the theory. As decision m akers, some obvious things we m ight w ant 

to know are:

How m uch inform ation is there in the da ta  about A?

Is our calculation of A sensitive to small perturbations in tf?

And just w hat is a small perturbation  in 'P?

U nfortunately, th e  existing RBC lite ra tu re  does not offer m uch help in answering 

these questions. Basically th is is because th a t lite ra tu re  makes li tt le  use of formal 

econom etric m ethods, either a t the stage when model param eters values are selected, or at 

the stage when the  fully param eterized model is com pared to  th e  data . Instead  a variety  of 

inform al techniques, often referred to  as "calibration" are used. Irrespective of w hat o ther 

virtues or defects calibration techniques m ay possess — one lim ita tion  is clear. By ignoring 

sampling uncerta in ty  in  the  m om ents which underlie the  values of th a t are u ltim ately  

adopted, calibration exercises do not lead, in any na tu ra l way, to  a definition of w hat a 

small pertu rba tion  in  $  is. This precludes the  possibility of quantifying the sam pling
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uncertain ty  inherent in  model predictions. Consequently, calibration exercises do not 

provide any inform ation about how loudly the da ta  speak on any given question.

In recent work Lawrence C hristiano and I discuss one way to  circum vent these 

problems, in a way th a t is sim ilar in spirit to  existing analyses of EBC models, bu t which 

uses form al econom etric tools (see C hristiano and Eichenbaum  (1990)). T he basic idea is to  

use a version of H ansen’s (1982) Generalized M ethod of M om ents procedure in which the 

estim ation criterion is set up so th a t, in effect, the estim ated  param eter values succeed in 

equating model and sam ple first moments of the data. As it tu rns out these values are very 

sim ilar to  the  values em ployed in existing RBC studies. For exam ple, m ost RBC studies 

(see for exam ple P resco tt (1986)) assume th a t the quarterly  depreciation ra te , 6, and the  

share of capital in  the aggregate production function, ( 1 —a), equal .025 and .36, 

respectively. O ur procedure yields point estim ates of .021 and .35, respectively.

The key difference between the  procedures does not lie so m uch in the  point 

estim ates of R ather the  difference is th a t, by using form al econom etrics, our procedure 

allows us to  tran sla te  sam pling uncertain ty  about the m om ents which define our estim ator 

of $  in to  sampling uncerta in ty  regarding itself. This inform ation leads to  a n a tu ra l 

definition of w hat a sm all pertu rba tion  in  $  is, which in  tu rn , makes it possible to  quantify  

uncerta in ty  about the  m odel’s second m om ent im plications. T he net result is th a t it  is 

possible to  convey how m uch confidence we have in sta tem ents like:

The model accounts for A% of the  variab ility  of ou tpu t.

Before reporting the  results of im plem enting th is procedure for th e  m odel discussed 

above I m ust digress for one m om ent and discuss the  way in which grow th is handled. In  

practice em pirical m easures of objects like yt  display m arked trends, so th a t some 

stationary  inducing transform ation  of th e  d a ta  m ust be adopted. A varie ty  of alternatives 

are available to  th e  analyst. For exam ple, according to  the  balanced grow th model
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described above, the d a ta  ought to  be trend  stationary , w ith the  In of real variables, 

excluding per capita hours worked, growing as a linear function of tim e. So one possibility 

would be to  detrend the tim e series emerging from the model as well as the actual d a ta  

assuming a liner tim e trend  and calculate the m om ents of the linearly detrended series.

A different procedure involves detrending model tim e series and the  d a ta  using the 

filter discussed in Hodrick and P rescott (1980). A lthough our point estim ates of the vector 

'P were not obtained using transform ed data , the second m om ents results were generated 

using th is transform ation of model tim e series and US data.

I do this for th ree reasons. F irst, many authors in  the RBC lite ra tu re  report results 

based on the Hodrick P resco tt (H P) filter (see for example K ydland and P rescott (1982), 

Hansen (1985), P resco tt (1986), K ydland and Prescott (1988) and Backus, Kehoe and 

K ydland (1989)). In order to  evaluate their claims, it seems desirable to  m inim ize the 

differences between our procedures. Second, the HP filter is in  fact a sta tionary  inducing 

transform ation for trend  sta tionary  processes (see King and Rebelo (1988)). So there  is 

nothing logically wrong w ith using HP transform ed data. Using it  ju s t am ounts to  the  

assertion th a t you find a particu lar set of second m om ents in teresting  as diagnostic devices. 

And th ird , all of the  calculations reported in this paper were also done w ith  linearly 

detrended d a ta  as well as grow th rates. The qualita tive results are very sim ilar, while the  

q u an tita tive  results provide even stronger evidence in favor of the  points I wish to  make. 

So presenting results based on the HP filter seems like an appropria te  conservative 

reporting strategy.

The first row of T able 1 reports results for the baseline indivisible labor model in 

which the  only shocks to  the  environm ents are stochastic shifts in th e  aggregate production 

technology. Here, a denotes the s tandard  error of the linearly detrended  Solow residuals, 

crn denotes th e  value of the  s tandard  error of the  In of per cap ita  hours worked generated 

by th e  estim ated  model, while a  denotes the  corresponding stan d ard  erro r of th e  In of per
J

capita output. The statistic An denotes the ratio of the variance of the In of per capita

7

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



hours worked im plied by the  model to the  variance of the In of actual per cap ita  hours 

worked in the  US. The variable A denotes the ratio  of the  variance of the  In of per cap ita
J

ou tpu t im plied by our model to  the ratio  of the  variance of the  In of per cap ita  post war 

real ou tpu t. N umbers in parentheses denote the s tandard  errors of the  corresponding 

statistics. All uncerta in ty  in  model statistics reflects only uncerta in ty  regarding the values 

of the struc tu ra l param eters . 3

Two key features of these results deserve com m ent. F irs t, the  s tan d ard  error of 

is very large. This is tru e  even though the s tandard  error of our point estim ate of the 

coefficient on capital in the  production function is very small (see footnote 3). Second, our 

point estim ate of A equals 80%. This is consistent w ith claims th a t technology shocks 

explain a large percentage of the  variability  in postw ar US o u tpu t. B ut notice th a t the  

s tandard  error of A is very large. T here is simply an enormous am ount of uncerta in ty
y

regarding w hat percent of the  variab ility  of ou tpu t the model accounts for. As it  tu rns ou t, 

this uncertain ty  alm ost com pletely reflects uncertain ty  regarding th e  law  of m otion of th e  

Solow residual, p and a  , and hardly at all uncertain ty  regarding the values of th e  o ther 

param eters of the m odel . 4

A different way to  sum m arize th is uncertain ty  is to  consider th e  graph  of th e

confidence in terval of A , depicted in  figure 1. Each point on the  graph is generated  by
* 2 * 2  fixing A a t a specific value, A , and then  testing  the hypothesis th a t =  A a  The

vertical axis reports th e  probability  value of our te st s ta tis tic  for the  corresponding value of

A. To see just how li ttle  inform ation th is model and th e  d a ta  contain regarding A, consider

the question: W hat values of A could we reject a t the  5% significance level? T he answ er is:

3The data and econometric methodology underlying these estimates are discussed in Burnside, 
Eichenbaum and Rebelo (1990). Our point estimates of a, 9, 6, p&, and <Ĵ  equal .655 (.006), 3.68 (.04),
.021 (.0003), .986 (.002) and .0089 (.02). Numbers in parentheses denote standard errors. We compute <7a

using the formula <Ta =  [<7*/(l —/?!)]’**.

4See Burnside, Eichenbaum and Rebelo (1990).
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Not many. Even granting th a t our algorithm  breaks down when calculating probability 

values for negative values of A, we ought to be very com fortable believing th a t the model 

explains anywhere between 5% and 2 0 0 % of the variance in  per capita  US output. 

Evidently, the model and the data , taken together, are alm ost com pletely uninform ative 

about the role of technology shocks in generating fluctuations in  US o u tp u t . 5 Decisions 

based solely on the point estim ate of A are whimsical in  the extrem e. If you thought th a t
V

m onetary policy was the  key im pulse in the business cycle — there  is v irtually  no evidence 

here to  change your mind.

B ut w hat about the point estim ate itself of A ? Ju st how sensitive is it to  small
y

pertu rbations in the  theory?

One in teresting  pertu rba tion  is to  consider the effects of labor hoarding on the 

analysis. E xisting RBC studies in terp re t all movements in  m easured to ta l factor 

productiv ity  as being the  result of technology shocks or to a m uch sm aller ex ten t as 

reflecting classical m easurem ent error in hours worked. Various au thors, ranging from 

Lawrence Summers (1986) to  Robert Lucas (1989) have conjectured th a t m any of the 

m ovem ents in  the Solow residual which are labelled as productiv ity  shocks are actually  an 

artifac t of labor hoarding type phenom enon . 6 To the ex ten t th a t th is is true , em pirical 

work which identifies technology shocks w ith  the Solow residual will system atically  

overstate  their im portance to  the  business cycle.

In fact, there is a  substan tial am ount of evidence th a t th e  tim e series properties of

5Our method for estimating the model’s structural parameters amounts to using an exactly identified 
version of Hansen's (1982) Generalized Method of Moments procedure. Presumably the confidence 
interval could be narrowed ny imposing more of the model’s restrictions, say via a maximum likelihood 
estimation procedure or an over identified Generalized Method of Moments procedure. Using such 
procedures would result in substantially different estimates of thus making comparisons with the 
existing RBC literature very difficult. See Christiano and Bichenbaum (1990) for a discussion of this 
point.

6For a more general critique of RBC models, see McCallum (1989).
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Solow residuals are inconsistent w ith the notion th a t they represent exogenous technology 

shocks. For exam ple Hall (1988) has argued th a t if Solow residuals represent exogenous 

technology shocks, then  under perfect com petition, they ought to  be uncorrelated  w ith  

different measures of fiscal and m onetary policy. As it tu rns out th is im plication is 

counterfactual. Evans (1990) has pointed th a t the Solow residual is actually  highly 

correlated w ith different measures of the money supply. Hall (1988) him self presents 

evidence they are also correlated w ith the grow th ra te  of m ilitary  expenditures. In  

in terpreting  his results as evidence of im perfect com petition, H all argues th a t labor 

hoarding alone will not produce significant procyclical behavior in the  Solow residual, given 

perfect com petition and flexible prices.

In ongoing research, Craig Burnside, Sergio Rebelo and I have tried  to  assess the 

sensitiv ity  of inference based on Solow residual accounting to the  L ucas/Sum m ers critique. 

The model th a t we use incorporates a particu lar type of labor hoarding in to  a perfect 

com petition, com plete m arkets RBC model. Its purpose is to  dem onstrate , in a  

quan tita tive  way, the fragility  of existing claims about the  cyclical role of technology 

shocks. O ur basic findings can be sum m arized as follows:

(I) RBC models can, in  fact, be quite sensitive to the  Lucas/Sum m ers critique. Allowing 

for labor hoarding in our particu lar model reduces the ability  of technology shocks to  

account for aggregate ou tpu t fluctuations by over 50%.

(II) W e find th a t H all’s (1988) conjecture notw ithstanding, labor hoarding w ith perfect 

com petition and com plete m arkets, is fully capable of accounting for th e  observed 

correlation betw een governm ent consum ption and the  Solow residual.

O ur model setup can be described as follows. Suppose, as in  th e  s tandard  indivisible 

labor model, th a t if  an individual goes to  work there is a  fixed cost, £, denom inated in  

term s of hours of foregone leisure. If  a person does go to  work, he stays there  for a  fixed
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num ber of hours, h. The tim e t criterion of this person is given by

(7) ln (cf) +  0 n (T —£ —et h).

Here denotes tim e t privately  purchased consum ption and e  ̂ denotes the level of tim e t 

effort. The tim e t criterion function of a person who does not go to  work is simply given by

(8 ) ln (c f) +  0ln(T).

The aggregate production technology is given by

(9) y t =  At k t ( 7  Nt et h) .

Here N̂ . denotes the  to ta l num ber of bodies going to  work at tim e t.

Proceeding as in Rogerson (1988) it is easy to show th a t, since agen ts’ criteria  

functions are separable across consum ption and leisure, the social p lanner will equate th e  

consum ption of em ployed and unem ployed individuals. The P a re to  optim al com petitive 

equilibrium  corresponds to  the solution of the social planning problem

M aximize

CO

(10) E 0  1  ln (c j)  +  0 N ,ln (T -  -  et h) +  0 ( l-N t )ln(T )} ,

subject to  the  aggregate resource constrain t

(11) A jk f -V N ^ h )0 = cf + g, + kt+1 -  (l-i)k t.
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Here gt represents tim e t  governm ent consum ption, which evolves according to

(12) gt = (7t)gt?iexP(/it)’

where is a serially uncorrelated iid process w ith m ean e and standard  error a^  while pg 

is a scalar satisfying |p g | <  l . 7

If we assume th a t the  social planner sees the  tim e t realization of the  technology 

shocks and governm ent consum ption before he chooses N̂ . and et , then  th is model is 

observationally equivalent to  the  s tandard  indivisible labor model, m odified to  incorporate 

governm ent consum ption in to  the aggregate resource constrain t. T he second row of Table 1  

reports the  results of incorporating g^ alone in to  the  analysis . 8 W hile th e  effect of this 

pertu rba tion  is very im portan t for sta tistics like the  correlation betw een hours worked and 

real wages (see C hristiano and Eichenbaum  (1990)), its  effect on sta tis tics  like a  or is 

minim al.

How can we p ertu rb  the model so as to  capture labor hoarding ty p e  behavior? O ne 

particu larly  simple w ay to  do this, which does not change the nonstochastic steady sta te  of 

the model, is to  just change the  inform ation structu re  facing agents when they  m ake the ir 

work decisions. In  particu la r, suppose th a t m ust be chosen before, ra th e r th a n  after, 

tim e t governm ent consum ption and the level of technology is known. To provide a bound 

for the  effects of labor hoarding in  this setup, we m ain ta in  the  assum ption th a t the  shift 

length, h, is constan t.

T he basic idea underlying th is pertu rba tion  of the  base line m odel is th a t it  is costly 

for firms to  vary the  size of their work force. In the  lim it it is sim ply not feasible to  change

7See Aiyagari, Christiano and Eichenbaum (1989) for a discussion of the effects of government purchases 
in the stochastic one sector growth model.
8Our point estimates of Of, 9, 6, pa, <7̂ , Pg, and <7g equal .655 (.006), 3.68 (.04), .021 (.0003), .986 (.027), 
.0089 (.02), .979 (.021) and 0145 (.001). See Burnside, Eichenbaum and Rebelo (1990) for details.
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their em ploym ent decisions conditional on their views about the  fu ture s ta te  of dem and

and technology, and then adjust, w ithin a period of fixed tim e, to shocks along other

dimensions. In our model this adjustm ent occurs by varying labor effort and is costly

because workers care about effective hours of work. Consequently labor m ust be

com pensated for working harder. W e need not be precise about the precise com pensation

scheme because the optim al decentralized allocation can be found by solving the

appropria te  social planning problem  for our model economy.

Burnside, E ichenbaum  and Rebelo (1990) show th a t, in  th is model, th e  In of the 
* *

Solow residual, St , the In of the true  technology shock, A t and the  In of effort, e^, are, in 

equilibrium , tied  together via the relationship

£ $ $
(13) St — A j +  ,

Here the  superscript * denotes the  deviation of the In of a variable from  its steady s ta te
*

value. The equilibrium  law of m otion for e^ is of the form

(14) et  =  Tj k* +  t2 N* +  t3 A* +  x4 g*

employment in response to every bit of new information regarding the state of demand and

technology. One way to capture this is to consider environments where firms must make

where th e  x ’s are nonlinear functions of the structu ra l param eters of the  model.

G iven our estim ates of the struc tu ra l param eters, bo th  and are positive . 9 

This implies th a t,  o ther things equal, it is optim al to  work harder w hen faced w ith a 

positive innovation in  governm ent purchases or technology, i.e. effort will be procyclical

9For this model our point estimates of a, 9, 6, p&, G ̂  Pg, and <Tg equal .655 (.006), 4.57 (.17), .021
(.0003), .981 (.027), .0062 (.02), .979 (.021) and .0145 (.001). See Burnside, Eichenbaum and Rebelo
(1990) for details.
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Consequently naive Solow residual accounting system atically  overestim ates the  level of 

technology in booms, system atically underestim ates the level of technology in recessions 

and system atically  overestim ates the  variance of the tru e  technology shock.

To understand  the dynam ic properties of the model, it is useful to  consider the 

im pulse response functions of the  system , evaluated a t our estim ates of th e  m odel’s 

s truc tu ra l param eters. Excluding the param eters which govern th e  law of m otion of the 

true technology shock, these estim ates are alm ost identical to  those of the  s tandard  

indivisible labor m odel (see footnotes 6 and 8). Figure 2 presents th e  response of the  system  

to  a 1% innovation in governm ent consumption. By assum ption em ploym ent cannot 

im m ediately respond to  th is shock. However, effort rises by over 15% in th e  first period and 

then reverts to  its steady s ta te  level. Panel (a) shows the im plied m ovem ent in  th e  Solow 

residual. Since effort has gone up in the first period bu t to ta l hours of work hasn ’t changed, 

the  Solow residual increases by about .25%. This is true  even though there has been no 

technology shock whatsoever. Naive Solow residual accounting falsely in terp re ts  th e  increase 

in average p roductiv ity  to  a shift in technology ra ther th an  an exogenous increase in  

governm ent consum ption. As panel (d) shows, labor productiv ity  rises in  th e  first period by 

.1% in  response to  the  1% innovation in  governm ent consum ption. Like th e  m echanism s 

em bedded in Lucas (1970) or Hansen and Sargent (1988), th is sim ple p e rtu rb a tio n  of th e  

model provides, a t least in  principle, an a lternative to  technology shocks as th e  sole 

explanation for the  procylical behavior of average productiv ity .

Figure 3 shows how th e  system  responds to  a 1% innovation  in  technology. Given 

agents willingness to  in tertem porally  su bstitu te  effective leisure over tim e, they  respond to  

the shock in  th e  first period by increasing effort by about .4 of a percent. As a result the  

Solow residual rises by 1.3% in response to  the  1% technology shock. Again naive Solow 

residual accounting exaggerates the tru e  m agnitude of th e  technology shock.

How do these errors tran sla te  in to  inference for A ? From  the  th ird  row of T able 1
J

we see th a t th e  value of a  declines from .017 to  .012. This transla tes  in to  a 50% reduction
J
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in A which falls from .82 to .41. Evidently the point estim ate of A^ is quite sensitive to 

our perturbation  of the theory. Notice also th a t the s tandard  error of A is reduced 

substantially , a t least relative to its value in the s tandard  model. Basically this reflects the 

fact th a t our point estim ate of the standard  error of the true technology shocks drops from 

.053 to .032.

Figure 4 plots the confidence intervals for A implied by the three models which I 

have discussed. In all cases the maxim al p value occurs at our point estim ate of A . 

Allowing for labor hoarding has two major effects. F irst, it shifts the whole d istribution to 

the left — this reflects the fact th a t the point estim ate of A is now about .4 ra ther than  

about .8. Second, the whole graph becomes more centered around th e  peak. Now a t the 5% 

significance we can reject values of A th a t are less than  20% and those th a t exceed 80% .10

Finally before leaving my discussion of the labor hoarding model — let me point to  

one more b it of subsidiary evidence in favor of th a t model relative to  existing EB C  models. 

Suppose th a t we regress the growth rate  of the Solow residual on the  grow th ra te  of 

governm ent consum ption. According to existing RBC models, this regression coefficient 

ought to  equal to zero. In fact it equals .184 and is significantly different from zero .11 

Interestingly, our labor hoarding model implies th a t the probability  lim it of th is regression 

coefficient is .104 w ith s tandard  error of .026.12 Taking sam pling uncerta in ty  in to  account 

one cannot reject, a t conventional significance levels, the view th a t th e  model fully 

succeeds in accounting for the  observed correlation between the Solow residual and 

governm ent consum ption .13 S tandard  RBC models obviously can n o t.14

10 In part this increase in precision reflects the fact that we must impose more of the model’s structure in
order to disentangle changes in work effort from technology shocks.
llrrhe standard error of this regression coefficient is .076.
13This standard error reflects sampling uncertainty on our estimates of the model’s structural parameters.
13Hall (1989) argues that time varying effort is not a plausible explanation for explaining this correlation. 
To argue this, he first calculates the growth rate of effective labor input required to explain all of the 
observed movements in total factor productivity. From this measure he subtracts the growth rate of 
actual hours work to generate a time series on the growth rate in work effort. He argues that the implied 
movements in work effort are implausibly large. This calculation does not apply to our analysis because it
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After all is said and done, w hat is my answer to the question advertised  in th e  title  

to this talk: "Real Business Cycle Analysis: W isdom or W him sy?". My answer is — both. 

On the whimsy side, I have tried  to  convince you th a t the substan tive  claims in this 

lite ra tu re  regarding the cyclical role of technology shocks are exceedingly fragile. Decisions 

based on those claims ought to be viewed as whimsical.

On the wisdom side we have learned th a t dynam ic stochastic general equilibrium  

models can be used to  successfully organize our thoughts about the  business cycle in a 

quan tita tive  way. W e have learned th a t technology shocks play some  role in the business 

cycle. B ut we have not learned just how large th a t role is. Finally, to  its  great credit, work 

on q u an tita tive  Real Business Cycle models has rem inded us th a t em pirical work whose 

sole purpose is to  answer the question: "Is the Model True" is not likely to  very useful. Of 

course the  model is not true. T h a t much should have been obvious before we sta rted . And 

it has been obvious to  theorists all along. To take an obvious exam ple — nobody objects to  

Lucas’ (1972) model of the  Phillips curve because old people aren’t random ly whisked away 

in the m iddle of the night via unobservable helicopters. A form al s ta tis tic a l test which 

rejected the model because of th a t fact w ouldn’t be very useful or change anybody’s m ind 

about anything.

Convincing stru c tu ra l em pirical work ought to  address the question: Does th e  model 

succeed quantitatively in accounting for those features of the d a ta  it  was designed to  shed 

light on. B ut good em pirical work also ought to  tell us just how loudly th e  d a ta  speak in  

favor of a given hypothesis. And ju st as im portan tly  it also ought to  help us understand  — 

a t w hat cost did we succeed? W hat didn't we explain? W hat steps appear to  be th e  m ost 4

presumes that there are 710 shocks to productivity, an assumption which is clearly at variance with our 
model.
l4Burnside, Rebelo and I are currently pursuing our labor hoarding model to see whether it is 
quantitatively consistent with (a) the fact that average productivity leads the cycle, i.e. average 
productivity is positively correlated with future output and hours worked, and (b) the fact that average 
productivity tends to fall at the end of expansions (see Gordon (1979)). McCallum (1989) points out that 
existing RBC models fail to account for the dynamic correlations between average productivity and 
output.
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promising in the inevitable and ongoing in teraction  between d a ta  and theory?

I conclude by try ing to  draw  one final lesson from the way in which theorists 

proceed. Theorists are often told to  be leery of econom etricians bearing free param eters. 

They already know th a t they ought to  be leery of qualita tive conclusions which emerge 

only under highly specialized assum ptions. Their response to  th is problem  is to  engage in 

theoretical fragility  analyses. Indeed, Robert Lucas’ (1989) paper on "The Effects of 

M onetary Shocks W hen Prices Are Set in Advance" provides an excellent example of this 

type of analysis. In m otivating  his paper Lucas writes:

Models of monetary economies necessarily depend on the assumed conventions about the way in 

which business is conducted in the absence of complete markets, about who does what, when, 

and what information he has when he does it. Such conventions are necessarily highly specific, 

relative to the enormous variety of trading practices we observe. Do the various rigid price 

models have enough in common to have useful empirical or policy implications, or does 

everything hinge on the accuracy of assumptions in constructing each specific example?

Lucas concludes th a t the  substan tive im plications which emerge from  this class of models 

are, in  fact, qu ite robust. W hether one agrees or not is not germ ane to  th is ta lk . W hat is 

germ ane is th e  effort to  address the  question.

U nfortunately, despite some im portan t exceptions, no tab ly  Ed Learner’s (1984) 

work on in ternational trad e  and recent work by Hansen, Sargent and Roberds (1990) on the  

tim e series im plications of m artingale models of consum ption and taxes, i t ’s hard  to  th ink  

of m any analog exam ples in  the  em pirical litera tu re . T he tim e has come for more 

em piricists to  follow suit. A bsent a greater willingness to  engage in  em pirical fragility 

analysis, s truc tu ra l em pirical work will sim ply cease to  be relevant. W e m ay continue to  

publish, bu t our influence will surely perish.
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