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ment consumption). We find that  demand shocks are roughly twice as important  
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1 Introduction 

This paper is about the impulse and propagation mechanism of US business 
cycles. We present estimates of the parameters of a model of the US economy 
that was studied in earlier work by Benhabib and Farmer (1994) and Farmer 
and Guo (1994). The model is a modified version of the real business-cycle 
economy pioneered by Long and Plosser (1983) and Kydland and Prescott 
(1982) that allows for the effects of increasing returns in production of the 
kind studied by Baxter and King (1991). Our earlier work showed that 
economies with increasing returns-to-scale are able to perform at least as 
well as real business-cycle economies at explaining the second moments of 
employment, consumption, GDP, and capital when business cycles are driven 
by "animal spirits" rather than by fundamental shocks to technology. We 
also demonstrated that a model driven by animal spirits looked to be a more 
promising way of accounting for the dynamic patterns among real variables 
in the postwar quarterly data. This study pushes our earlier work farther 
by formerly estimating the model as opposed to calibrating the values of the 
parameters; our estimation technique applies classical simultaneous equation 
methods to a linearized version of the model using US annual time series. 
Our linearization method follows the techniques laid out in King, Plosser, 
and Rebelo (1988). 

The Benhabib-Farmer (1994) paper showed that a necessary condition for 
animal spirits to be a potentially important source of business-cycle fluctua- 
tions was the requirement that the labor-demand curve should slope up with 
a slope that is greater than the slope of the labor-supply curve. Although 
it has been known for some time that externalities can potentially cause the 
labor-demand curve to slope up (Robert Hall (1991)), the possibility that this 
phenomenon might occur in practice has typically been considered unlikely. 
Our parameter estimates of labor demand imply that this phenomenon is not 
only theoretically possible but it also is consistent with US data?  

In theoretical work on the possibility of animal spirits as a driving force 
of economic fluctuations, Benhabib and Farmer (1994) found that the labor- 
demand curve should be steeper than the labor-supply curve; however, in 
their theoretical work they maintained the assumption that labor supply as 
a function of the real wage holding constant the level of consumption should 
have a non-negative slope. In our econometric work, we find evidence that 
this condition is also violated; in other words, not only does the labor-demand 

1Our work is in the same spirit as recent papers that apply econometric techniques to 
real business-cycle models. Examples include work by Altug (1989), Braun (1994), Chris- 
tiano and Eichenbaum (1992), Leeper and Sims (1994), and McGrattan (1994). Unlike the 
work in this tradition, our theoretical model admits the possibility that the equilibrium 
of the economy may be indeterminate if one fails to explicitly model a process for beliefs 
that is independent of preferences, endowments, and technologies. 
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curve slope up, but  we find that the labor-supply curve slopes down. 
We view the work presented in this paper as preliminary. Our main pur- 

pose in embarking on this exercise was to show that a model in which beliefs 
independently influence outcomes is capable of being formally compared with 
data. Our general impression, on discussing the idea with our colleagues, is 
that there is a good deal of skepticism to the idea that models with inde- 
terminate equilibria have any use in helping to explain the data. It is often 
asserted that models of multiple equilibria can explain anything; that they 
are incapable of being refuted and that they are therefore bad science. We 
have tried to show in this paper, provided one is prepared to parameterize the 
process by which agents form beliefs, that models with multiple equilibria can 
be formulated and tested in much the same way as standard intertemporal 
general equilibrium models. 

Although we believe that we have met with some success in demonstrating 
that formal econometric methods can be applied to models with indetermi- 
nate equilibria, our work has also raised a number of puzzles that need to 
be explained. The most significant of these puzzles is that when we identify 
the labor-supply curve using exclusion restrictions, we find that labor supply 
as a function of the real wage - -  holding constant consumption - -  slopes 
down. This finding violates our maintained assumption of a representative 
agent with separable convex preferences. In our view, the most promising 
resolution of this puzzle is to drop the assumption of separability. The rep- 
resentative agent model - modified to allow for increasing returns-to-scale - 
should be treated on its own terms as a description of the behavior of aggre- 
gate data, and the existence of puzzles generated by this approach should be 
seen as part of the growing pains of a new research agenda. 

2 T h e  d a t a  

We begin with a description of the data that we used for the study. All 
time series are taken from the US National Income and Product Accounts 
for the period 1929 through 1988. Since our definitions are not standard, 
we present time series plots of the data in Figures 1 through 3. Our main 
deviation from standard practice has been to aggregate private consumption 
and government consumption into a single consumption series. Similarly, 
to construct our capital stock data, we aggregate private investment and 
government investment into a single aggregate investment series, and we 
integrated the total investment series using the capital accumulation identity 
assuming an annual depreciation rate of 6% and an initial 1929 value of 
aggregate capital of 1,869 billion 1987 dollars. 2 In other words, our capital 

2We chose the starting value of capital by integrating values of investment for data 
from 1890. Our earlier investment series is constructed from consumption and GDP data 
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series is constructed from the equations: 

I(t+l ~ (0.94)Kt + It, (1) 

K19~9 = 1,869. 

Our GDP series is also nonstandard and is constructed from the identity: 

Y - I + C ,  (2) 

where I and C are the total (including government) investment and con- 
sumption series described above. This construction differs from the national 
income and product definition by excluding net exports, although the differ- 
ence is not great as net exports never account for more than 4% of GDP over 
the period that we study. 

Figure 1 graphs our constructed capital series on the left-hand panel and 
our total consumption series on the right-hand panel. These two figures 
also plot the ratios of capital to GDP and consumption to GDP. Both of 
these ratios pass a Dickey-Fuller test for stationarity at the 5% level whereas 
capital, GDP, and consumption are each individually nonstationary. 

The employment series that we use in our work is a measure of full-time 
equivalent employees that is available from the NIPA accounts on an annual 
basis from 1929. Figure 2 graphs this series as a ratio of total US population. 
The employment-to-population ratio has trended upwards over the period as 
a consequence of increases in female participation in the postwar period. 
We allow for this upward trend in our model specification by allowing a 
nonstationary taste shifter that permits the supply of labor to drift up over 
time. 

Figure 3 presents data on growth rates of various series used in the formal 
model that we introduce below. The left panel of the figure plots the growth 
rates in GDP, population growth, and employment growth against time. 
The right panel plots GDP growth, consumption growth, and net investment 
(capital growth) against time. These five series are used in our econometric 
analysis to disentangle the slopes of labor-demand and supply curves. 

The main econometric innovation in our paper is to use classical exclu- 
sion restrictions to identify the slopes of the labor-demand and supply curves. 
Capital enters the labor-demand curve, but not the labor-supply curve. Sim- 
ilarly, consumption enters the labor-supply curve but not the labor-demand 

in Balke and Gordon (1986) assuming that government investment and consumption is 
divided in the ratio 4 to 1 as in the post-1929 NIPA accounts. Government expenditure 
data for the pre-1929 period is from Historical Statistics of the United States: Colonial 
Times to 1970, U.S, Government Printing Office, 1975. We experimented with various 
capital stock series using alternative assumptions about depreciaton and alternative meth- 
ods of estimating the initial 1929 level of capital with little difference to our parameter 
estimates. 
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curve. Unlike more standard examples of rational expectations models in 
which forward-looking expectations prevent one from using these exclusion 
restrictions to identify parameters, we are able to exploit the theory of ra- 
tional expectations in indeterminate systems. Roughly speaking, the prop- 
erty of indeterminacy invalidates the cross-equation restrictions of classical 
rational expectations econometrics and allows us to use lagged values of en- 
dogenous variables as instruments to identify parameters of labor-demand 
and supply equations. This procedure would not be valid in a standard real 
business-cycle model because one would expect not to be able to find instru- 
ments for the endogenous variables that were simultaneously uncorrelated 
with the error terms to each equation. We explain below why this criti- 
cism does not apply to the case of an indeterminate rational expectations 
equilibrium. 

3 T h e  m o d e l  s t r u c t u r e  

This section of the paper describes the theoretical assumptions that we make 
in order to derive a set of three simultaneous equations in three endogenous 
variables that we will estimate by classical simultaneous equations methods. 
There are three parts to the develpment of the model. We begin with a 
review of previous work by Benhabib and Farmer (1994) and Farmer and 
Guo (1994). In the second part of the section we develop the Benhabib- 
Farmer-Guo model by introducing explicit assumptions about the nature of 
driving uncertainty of the model - -  these assumptions are made to conform 
to our preliminary tests of the stationarity properties of the data described 
in the previous section. Finally we will show how the theoretical model can 
be linearized to arrive at three simultaneous equations in three endogenous 
variables, each of which is predicted to be a stationary equation with an i.i.d. 
error. 

3 . 1  The equations of the model 

Following Benhabib and Farmer (1994) and Farmer and Guo (1994) we as- 
sume that the data can be described " as if" it were chosen by a representative 
family that solves the problem: 

[ 1 ] t ( l o  9(C,) -Vt (Z,) Maz U= £ Et i--+-7 -~t Nt 
t = O  

subject to the constraints: 

K , + ,  = K , ( 1  - 5)  + E - G ,  

i f ,= g ,,V,,j < 

1+'/ 1 ) 
1 + 7  ' p > O ,  (3) 

(4) 

(5) 
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The notation Kt refers to aggregate capital, Yt is aggregate GDP, Zt is ag- 
gregate employment, Nt is population, Ct is aggregate consumption, A, a,/3 
and 5 are parameters, and Ut and Vt are aggregate shocks that we specify 
more completely below. Unlike the standard real business-cycle model, we 
allow the parameters a and/3 to sum to more than one. In our earlier work 
we showed how either externalities at the level of the economy or individual 
increasing returns plus imperfect competition can reconcile this specification 
of the production function with a theory of distribution. The key to this 
reconciliation is to distinguish between the social technology and the private 
technology. 

Equation (5) represents the social technology which explains how aggre- 
gate GDP will respond if all families in the economy expand their use of 
inputs simultaneously. This function is conceptually distinct from the pri- 
vate technology given by equation (6). 

Yt' = A(I(t)4 ~ (Z~)' b U,X,, (6) 

where the superscript "i" indexes the individual family. In an economy in 
which externalities are important, the term Xt, which is taken as given by 
the representative family, is equal to: 

_(u,)°-°(z,) 
x ,  , , (7) 

where (K/m) and (Z/N) represent the average inputs of capital and labor by 
other families in the economy. In a symmetric equilibrium, when all families 
take the same actions, K i and Z i will be equal to (K/N)  and (Z/N) and (7) 
may be substituted into (6) to give the social technology, (5). 3 

Equations (4) and (5) comprise two of the key equations of our model. 
Equation (4) is the GDP accounting identity; this identity holds in our data 
set, by construction, with a value of (1 - 6) equal to 0.94. Equation (5) is 
the social production function; these two equations are supplemented by the 
first-order conditions of the representative family's optimizing problem: 

V~-~ \~) = b~ ,  (8) 

= 0.94 + aK--7~+l j . (9) 

3Externalities to explain social increasing returns were first used in the endogenous 
growth literature by Paul Romer (1986). Our use of externalities to explain procyclical 
productivity in models driven by demand shocks follows the work by Baxter and King 
(1991), although the Baxter-King specification does not result in indeterminate dynamics. 
An alternative explanation of social increasing returns based on monopolistic competition 
is worked out in Benhabib and Farmer (1994) and similar specifications are discussed in 
Gal{ (1994) and Chatterjee and Cooper (1993). 
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Equation (8) is an intra-temporal first-order condition that instructs the 
representative family to equate the slope of its indifference curve (the left- 
hand side of equation (8)) to the private marginal product of labor (the 
right-hand side of equation (8)). If the economy's allocation problem were to 
be decentralized, both sides of this equation would be set equal to the real 
wage. In a subsequent section of the paper we introduce data on the real 
wage and present evidence on the magnitude of the parameters/3 and 7 that 
is important to understanding our explanation of the propagation mechanism 
of business cycles. 

Equation (9) is an inter-temporal first-order condition that is often re- 
ferred to as a "stochastic Euler equation." The left side of this expression 
represents the utility that would be given up by a representative family that 
decides to allocate an additional commodity unit to future consumption. The 
right side expresses the expected utility gain from this reallocation; the fu- 
ture expected marginal utility is discounted by the time preference factor 
(1/(1 + p)) and multiplied by the additional return gained by waiting and 
using the resources in production in the future period. 

A key to our results is the distinction between the parameters a, b, a, and 
/3. Equation (8) equates the slope of the representative family's indifference 
curve: 

\ ~ /  , ( 1 0 )  

to the private marginal product of capital, 

b Y-£. (11) 
Zt 

In a decentralized allocation the parameter b would represent labor's share 
of GDP and in real business-cycle economies this statistic is typically used 
to calibrate the value of labor's marginal product. In our economy, however, 
the private agent does not take into account the effect of its employment 
decision on the productivity of other firms (the effect of Z and X), and as a 
consequence labor's share "b" will typically be less than the labor elasticity 
of the social technology, "/3". 

Just as the parameter "b" measures the share of GDP going to labor, so 
"a" measures the share going to capital and in an economy with externalities, 
"(f' will typically exceed "a". In the real business-cycle version of the model, 
on the other hand, one has the parameter restrictions: 

= a , ~ = b , ~ + / 3 = l .  (12) 

The key to the earlier work by Benhabib and Farmer and Farmer and Guo was 
to show that when the parameter/3 is bigger than (1 -t-V), it becomes possible 
for the model to display very different behavior from that of a standard 
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rational expectations real business-cycle model. One of the contributions of 
our current work is to demonstrate that there is considerable evidence to 
suggest that  this condition is satisfied in practice. 

3 .2  Modeling fundamental uncertainty 

In earlier work we calibrated a version of the model and, in this earlier work, 
we followed the route that is typical in the calibration literature by using 
data that had been passed through the Hodrick-Prescott filter. 4 Since our 
objective in this paper is to estimate the parameters of the model using more 
standard econometric methods, we have chosen not to filter the data, and 
we have instead chosen to pursue the implications of our model economy for 
low-frequency movements as well as high-frequency movements. 

Preliminary tests indicate that the logarithms of consumption, invest- 
ment, and GDP are all I(1) time series - we also are unable to reject the 
hypothesis that  the logarithm of employment per person is I(1). s Theoret- 
ically, it is not possible for the logarithm of employment per person to be 
an integrated series since it is bounded above by the time endowment of the 
representative family; nevertheless, the series may be well approximated by 
an I(1) variable over finite samples. In our econometric work we make the 
working assumption that both U and V are I(1) series and we model them 
with the stochastic process: 

log(Ut+l) = log(Ut) + ?£t+l 

log(Vt+l) = log(Ut) -~ ~;t+l 

(13) 

We impose the assumptions; 

Et [~t+l] = [~] Var(ut+l vt+l) = a, for all t. 14) LVt+l J ' , 

The variable U represents a nonstationary productivity shock; the vari- 
able V is a nonstationary taste shifter that we hope will pick up the effect of 
increasing labor-force participation over time. In other words, our assump- 
tion about the fundamental uncertainty in the model is that the productivity 
shock and the taste shock are each logarithmic random walks with drift. We 
allow for the innovations in these variables to be correlated with covariance 
matrix f~, although it is our prior belief that the covariance between inno- 
vations in the taste shock V and innovations in the productivity shock U 
should be zero. To model population growth, we assume that  Art also is a 

4Hodrick and Prescott (1980). 
5We conform to standard notation in referring to a time series as I(p) if the p'th 

difference of the series is covariance stationary. 
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logarithmic random walk with drift, and we model the stochastic properties 
of population growth with the statistical model: 

log(Nt+l) = log(Nt) + dnt+l, (15) 

where d n  is an observable stationary random variable with mean O. 

3 . 3  The structural form 

For the purposes of estimating the parameters of the model, we first find a 
representation of the system in which the errors to each equation are sta- 
tionary. It is relatively easy to show that, in the absence of uncertainty, the 
model has a unique balanced growth path in which the ratio of capital to 
GDP is a constant, GDP per capita, capital per capita, and consumption per 
capita grow at a fixed rate, and employment per capita grows at a different 
fixed rate. Appendix A shows how to find the equations that represent this 
balanced growth path, and it derives a representation of the model in which 
the ratio of GDP to capital and the growth rates of consumption, capital, 
GDP, and employment are all stationary variables. This result is important 
for our econometric work since, under the maintained hypothesis that the 
model represents the true data generation process, it implies that in the rep- 
resentation of the system expressed by equations (16) - (19); equations (16), 
(17), and (18) each describes a relationship between stationary variables: 

d y t  - t 3 d z t  - a d k t  - (1 - a - / 3 ) d n t  - u t  = O, (16) 

d y t  - (1 + "7)dz t  - dc t  + (1 + " / ) d n t  - v t  = 0 (17) 

Equation (16) represents the production function and equation (17) the labor- 
market equilibrium condition in terms of logarithmic differences of the state 
variables. The variables d y , d k ,  dc ,  d n ,  and d z  are logarithmic differences 
of GDP, capital, consumption, population, and labor supply, respectively. 
Equations (18) and (19) represent the representative family's Euler equation 
(9) and the accounting identity (4) in terms of logarithms and logarithmic 
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differences of the state variables: 6 

dct = dnt  - p + 1og(0.94 + aexp (y t  - let)) + wt,  (18) 

kt = log{O.94exp(k t_1)  + ~xp(y t_ l )  - -  exp(ct_l)}, (19) 

where y, k, and c are the logarithms of GDP, capital, and consumption and 
wt is the Euler equation error defined by the identity: 

wt -= [ct - E,_l{Ct}] - [nt - Et- ,{nt}]  + [Qt - Et-~{Qt}] + O(x~), 
where (20) 

Qt = 1og(0.94 + aexp(y t  - k t )) ,  

and O ( x  2) represents terms of order x 2 or higher where x is the vector of 
deviations of c, y, n, and k from their nonstochatsic balanced growth paths. 

4 E s t i m a t i o n  of  t h e  m o d e l  

This section of the paper describes how we estimate the parameters of the 
theoretical model and it describes the results of estimation using annual US 
time series data. The section has five parts. We begin by describing the 
theory that directs us to choose lagged values of the endogenous variables as 
instruments in the estimation. Secondly, we present evidence on the quality of 
our instruments by showing the first-stage regressions from a two-stage least 
squares estimation procedure. The final three parts of the section present 
our empirical results along with a battery of tests of goodness of fit and 
parameter constancy. 

4 . 1  Obtain ing  instruments 

We begin with a discussion of how we plan to identify the parameters of our 
model. To recover estimates of the parameters {%/3, % p, a, ~2, ~} we use an 

6Taking logarithms of equations (2) and (3) we can express the logarithm of GDP, 
as a function of the logarithms of consumption and capital and of the logarithms of the 
disturbance terms U and V: 

Yt = A0 + AlCt -]- A2kt -[- A3•t -[- A4log(Ut) + Aslog(Vt). 

Linearizing equation (4) leads to: 

n ,  - -  Ct m_ E t { T l t _ [ .  1 - -  C t T I  - -  p .~- 1og[0.94 + aexp(y,+l - kt+,)] + O(x2)}, 

which given the definition of w, in equation (20) leads to the structural equation: 

dct+l = dn,+l - p + Iog(0.94 + aexp(yt+l - k~+l) + w,+l. 
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instrumental variables estimator on the system: 

dyt = adkt  + fldzt + (1 - a - fl)dnt + ~ + (ut - ~t), (21) 

dC t = d y  t - (1 q- "~)dz  t q- (1 q- ~ [ ) d n  t - v - ( Y t  - ~ ) ,  (22) 

d c , =  dnt - p + 1o9(0.94 + aexp[yt - kt]) + w,. (23) 

Since the capital stock series is constructed from the identify (4), it is pre- 
determined at date t; we also treat the logarithm of population, nt, as ex- 
ogenous. Equations (21), (22) and (23) thus constitute three simultaneous 
equations in differences of the three endogenous variables dct, dyt ,dzt ,  the 
level of the endogenous variable yt, and the two exogenous variables kt and 
dnt. To estimate the system, we need instruments for the differences of the 
endogenous variables dy and dz and the level of the endogenous variable y, 
that are highly correlated with dy, dz, and y but are uncorrelated with the 
error terms u, v, and w. 

To find instruments for the endogenous variables we show, in appendix 
B, that the reduced form of the system can be written as a pair of nonlinear 
difference equations in the state variables ct and kt: 

d c t + l  : fl(ct, kt+l, nt+l, d n t + l ;  Wt+l, Ut+l, vt+l), 
(24) 

dkt+l - f2(kt, ct, nt; Ut, Vt). 

The work of Benhabib and Farmer [1994] showed that when there are no 
stochastic disturbances, that is, when {w, u,v ,  dn} is identically zero, this 
system is locally stable around the balanced growth path if the parameters 
of the system satisfy the condition: 7 

> 1 + 7 (25) 

As we illustrate below this condition is equivalent to the statement that 
the labor-demand curve slopes up with a slope that is steeper than the slope 
of the labor-supply curve. The importance of the condition is that,  when it 
holds in practice, the economy no longer displays a unique rational expec- 
tations equilibrium. For any given initial stock of capital, there will be a 
continuum of paths each converging back to the steady state. In stochatic 
versions of this economy, condition (25) is sufficient for the existence of mul- 
tiple stationary rational expectations equilibria, each of which is associated 
with an arbitrary time series process for the Euler equation error wt. 

7The Benhabib-Farmer condition for indeterminacy is necessary and sufficient only 
in the continuous time model. In discrete time it is a necessary condition, but the gap 
between/3 and 1 + 7 that is sufficient to allow for indeterminacy increases as the period 
of the model gets larger. 
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In more standard examples of rational expectations models, it is typical 
to find that  the reduced form of the system (24) displays "saddle path sta- 
bility." In other words, the linerization of the dynamics around the balanced 
growth path leads to a dynamical system for which the matrix that governs 
stability has one root outside, and one root inside, the unit circle. In his more 
familiar case one must solve one root of the linearized system "forward" to 
find the unique initial value of consumption that is consistent with paths 
that converge back to the stationary state. The nonlinear reduced form of 
a standard real business-cycle model has a simpler structure than (25) given 
by: 8 

dct+l = f l  (kt+l, nt+l, dnt+l; Ut+l, Vt+l), 

dkt+l =- f2(kt, ct, nt; Ut, V~). 

(26) 

The first equation of the system (26) (the real business-cycle reduced form) 
is simpler than (24) (the Benhabib-Farmer reduced form) since lagged con- 
sumption "ct" and the Euler equation error, "wt+l", do not independently 
enter the function that determines consumption in period t + 1. In the 
real business-cycle reduced form, consumption does not vary independently 
of the exogenous variables k and n, and consequently lagged consumption 
would not be expected to be a good instrument for current consumption. In 
indeterminate systems, on the other hand, there is information in the move- 
ment of lagged consumption that helps to predict current consumption and 
which is uncorrelated with the contemporaneous shocks to u,v, and w. In 
our econometric work we exploit this idea to use lagged values of the en- 
dogenous variables as instruments for current values of these variables. Our 
instruments are valid under the maintained hypothesis that  the system is 
indeterminate, that  is, under the hypothesis that ~ is greater than 1 + % 

4 . 2  Identification 

This section discusses the assumptions that are used to identify param- 
eters in our econometric work. We begin by reporting evidence on the 
quality of our instruments by presenting the first-stage regressions used in 
our two-stage least squares estimates. The process that we used is equiva- 
lent to regressing each of the variables, dy,dz, and dc on the instruments, 

aFarmer (1993) discussed the theoretical issues involved with multiple rational expec- 
tations equilibria in more depth than we are able to cover in this paper. If the model were 
exactly linear, the function fl(.) would correspond to the eigenvector associated with the 
root of the difference equation that was within the unit circle in the representation for 
which the state variables are written as functions of their own future values. In nonstochas- 
tic systems, the solution process is equivalent to choosing ct+l as a function of kt+l and 
nt+l to place the system on the convergent branch of a saddle path. 
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dyt-1, dct-1, dzt-1, kt-1, ct-1, dn, and dk in a first-stage regression. In the sec- 
ond stage, r ight-hand size endogenous variables in each of the three s tructural  
equations are replaced by their reduced-form estimates from the first-stage 
regressions. Table 1 reports the coefficient estimates for each of the three 
first-stage regressions and Table 2 reports summary  statistics of goodness of 
fit - -  each of the first-stage regressions explains approximately 40% of the 
variation in the first differences, dy, dc, and dz. 

Table 1 

dy dc dz 
Coef S.Err. T-St. Coef S.Err. T-St. Coef S.Err. T-St. 

const 
dyt- 1 

dct- 1 
dk 
dn 
dzt- 1 
]¢t-1 
Ct-  1 

0.125 0.129 0.965 
0.709 0 .540  1.314 
-0.301 0.579 -0.520 
-2.354 0.760 -3.097 
7.622 2.667 2.857 
0.349 0 .388 0.899 
-0.262 0.138 -1.891 
0.281 0 .147  1.904 

0.028 0.098 0.292 
0.643 0 .409 1.570 
-0.303 0.440 -0.689 
-0.867 0.577 -1.503 
3.460 2 .024 1.709 
0.200 0 .295 0.680 
-0.057 0.105 -0.544 
0.061 0 .112 0.550 

0.113 0 .089  1.269 
0.729 0.371 1.963 
-0.610 0.398 -1.531 
-1.769 0.522 -3.383 
4.011 1.834 2.186 
0.220 0.267 0.825 
-0.233 0.095 -2.449 
0.253 0.101 2.495 

Table 2 

dy dc dz 
R-squared 0.427925 0.419115 0.427524 
Adjusted R-squared 0.350915 0.340919 0.350460 
S.E. ofregression 0.056029 0.042533 0.038545 
Durbin-Watson stat 2.188178 2.199180 2.043795 

Visual evidence of the fit of each of these first-stage regressions is given 
by Figure 4 which reports the actual,  fitted, and residual series for each of 
the three regressions. 

An impor tant  part  of the paper is our claim tha t  we can identify the 
parameters /3 and V and tha t  the evidence suggests tha t  /~ is greater than  
1 + 7. Table 3 lists the variables in each of three s t ructural  equations - -  the 
endogenous variables are underlined. 

Formally, our system is identified because, equation by equation, we have 
at least two exclusion restrictions - tha t  is, the order condition is satisfied. 
One can also check tha t  the rank condition for identification is satisfied. 
Informally -- our method  identifies the coefficients/3 and 3' from the fact tha t  

240 



~. o ~ o~ 
c~ o c~ c? o 

i 

8 

1 

o. o- o,- ~ ~ ~ 

"? 

2, 
e -  i 

0 

i b 

v 

I J .  

" 0  
e-  
¢0 

I 

M 

241 



Table 3 

Equation (i) 

Equation (ii) 

equation (iii) 

dyt dkt dzt dnt 

dct dzt dyt dnt 

dct dnt yt-1 kt-1 

capital enters equation (i) and consumption enters equation (ii) but not vice 
versa. 

Consider the relationship between GDP and employment in the data. 
Joint movements in GDP growth and employment growth that are associated 
with innovations to the growth of capital (holding constant consumption 
growth) are identified as movements along the labor-demand and supply 
schedule - (equation (ii)) - this picks out the parameter 7. Similarly, joint 
movements in GDP growth and employment growth that are associated with 
innovations in consumption growth (holding constant the growth in capital) 
are identified as movements along the production function - (equation (i)) - 
this picks out the parameter/3. 

4.3 Estimating the parameters of the propagation mechanism 

In the introduciton to the paper we claimed that our study would shed light 
on both the propagation mechanism and the relative importance of different 
impulses to the business cycle in the United States. We begin by reporting 
estimates of the structural model that are potentially responsible for prop- 
agating an impulse through the system. We are particularly interested in 
the hypothesis that /3 is greater than 1 + 7. In addition to uncovering the 
propagation parameters, our study is also capable of discovering the relative 
magnitude of different impulses to the system by estimating the parameters 
of the variance-covariance matrix of different shocks. We refer to this evi- 
dence as estimates of the impulses to the system and we report our evidence 
on the impulse to the US business cycle later in the paper. 

Our data consists of 60 annual observations for the period from 1929 
through 1988 on the logarithms of consumption, GDP, capital, employment, 
and population which we refer to as c, y, k, z, and n. We also constructed the 
logarithmic differences of each series which we refer to as dc, dy, dk, dz, and 
dn. Our study estimates equations (21) through (23) by weighted two-stage 
least squares using lagged values of dc, dz, and dy, lagged values of c and 
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k, and contemporaneous values of dk and dn as instruments. Attempts to 
estimate the system by iterated three-stage least squares, a method that is 
asymptotically equivalent to full information maximum likelihood, were un- 
successful as the variance-covariance matrix of the residuals is near singular. 
We report our estimates of the variance matrix of the driving shocks of the 
model later in the paper. Our weighted two-stage least squares estimates 
suggest that one of our equations is mis-specified which is a further reason 
to avoid using a systems technique that might contaminate parameter esti- 
mates of correctly specified equations. The method of weighted two-stage 
least squares is equivalent to two-stage least squares on each equation with 
the exception that the objective function is weighted by the inverse of the es- 
timated variance of the residuals from each equation. The choice of weighted 
two-stage least squares as an estimation technique allows us to conduct joint 
hypothesis tests on parameter restrictions across equations of the system 
while avoiding the cross-equation contamination from mis-specification re- 
ferred to earlier. 9 

Table 4 lists the equations that we estimated in restricted and unrestricted 
versions - in the remaining part of the paper the roman numerals (i), (ii), 
and (iii) will refer to these three equations. The table reports the determi- 
nant of the residual covariance matrix that results from applying weighted 
two-stage least squares to the unrestricted and restricted systems - notice 
that this determinant is not very different in the two cases implying that the 
restrictions are likely to be accepted by formal hypothesis tests. The param- 
eter estimates for the full sample of 60 observations are reported in Table 5 
for the unrestricted case and for the case in which we impose the parameter 
restrictions implied by the theory. The unrestricted system contains eleven 
parameters and the restricted system contains seven. Wald tests for the four 
implied parameter restrictions'are reported in Table 6. The restrictions that 
generate hypothesis H1 and hypothesis H3 are equivalent to the assumption 
that only per capita variables are important in the labor market. One would 
not necessarily expect these hypotheses to hold in an economy in which ex- 
ternalities matter since population growth may generate scale economies that 
cause the use of factors to become more efficient as the economy adds more 
people. There is some evidence for this possibility in the fact that H1 has 
a p-value of only 5% suggesting that the specification of externalities at the 
level of the individual family, as maintained in our study, may be incorrect. 
The per capita specification is more parsimonious than an alternative speci- 
fication that would allow population to enter the production function with a 
separate coefficient, and since it is not is not wildly at odds with the data we 

9We also tried estimating each equation by two-stage least squares on each equation 
separately; this method gives very similar parameter estimates to weighted two-stage least 
squares. 

243 



have chosen to mainta in  the hypothesis  in the remaining par t  of our  study. 

Table 4 

Estimated 
Equations 

Unrestricted 

Restricted 

Unrestricted and Restricted Equations 
Estimated by Weighted Two-Stage Least Squares 
(i) dy = C(1) + C(2)dz + C(3)dk + C(4)dn 

(ii) dc -- C(5) + C(6)dz + C(7)dy + C(8)dn 

(iii) dc = C(9) + C(lO)dn + 1og[0.94 + C(ll)exp(y - k)] 
(i) dy = ~ + j3dz + c~dk + (1 - c~ - ~3)dn 

(ii) dc = -9  - (1 + 7)dz + dy + (1 + */)dn 

(iii) dc = - p  + dn + 1og[0.94 + aexp(y - k)] 

Determinant 
of Residual 
Covariance 

1.81E-10 

1.91E-10 

Table 5 

c(1) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
c(s) 
c(9) 
c(10) 
C(11) 

Coefficient Std. Error T-Statistic Coefficient Std. Error T-Statistic 
Unrestricted parameter Estimates 

-0.013005 0.012303 -1.057099 
1.234075 0 .106475 11.59032 
0.060988 0 .153604 0.397048 
1.681520 1 .053550 1.596051 
0.012323 0.005978 2.061332 
-0.255425 0.145206 -1.759044 
0.898716 0 .110620 8.124381 
-0.385579 0.503193 -0.766263 
-0.043405 0.046257 -0.938352 
0.409386 1.494178 0.273987 
0.294383 0.108484 2.713608 

0.158928 
1.403088 

7 -O.557008 
p 0.049086 
a 0.289822 

0.006822 
-0.003052 

Restricted Parameter Estimates 
0.153418 1.035914 
0.119683 11.72340 
0.059129 -9.420291 
0.045193 1.086134 
0.107108 2.705872 
0.004829 1.412639 
0.001938 -1.574523 

Hypothesis  H2 tests the restr ict ion tha t  G D P  enters the labor-market-  
clearing equat ion with a unit  coefficient. This restr ict ion is implied by the 
Cobb-Douglas specification of the product ion  function,  and the fact tha t  it 
has a relatively high p-value (36%) is support ive of this specification. Finally, 
the hypothesis  H4 tests the assumption tha t  it is per capi ta  consumpt ion  tha t  
enters the Euler equation; this hypothesis  has a p-value of 69%. A fur ther  
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indication of how well these restrictions fit the data is given in Figures 5 and 
6 which graph the residuals from the restricted and unrestricted estimates of 
the equations of the system. 

Although we have stressed the fact that the four restrictions reported 
in Table 6 fare relatively well by the standards of much of the literature 
that tests equilibrium models of the business cycle, it should be noted that 
our model is already relatively loosely parameterized by the standards of 
real business-cycle models. In particular, we have relaxed the restrictions 
c~ = a,/3 = b. and a + ¢t = 1. We did not estimate the parameter b in this 
study although estimates in the calibration literature range from 0.5 to 0.7 
based on labor's share of GDP. The Wald test of the hypothesis/3 = 0.7 has 
a zero p-value based on our estimates. The hypothesis oL = a fares much 
better with a p-value of 67% but this is mainly because there is very little 
information in the sample on the value of a. The constant returns-to-scale 
assumption, c~ + /3  = 1, also fares badly with a p-value of 0.3% and the 
combined hypothesis of constant returns, with a = 1, fares even less well 
with a p-value of 0.1%. Table 7 collects the information on these additional 
tests of the restricted model. 

Table 6 

Wald Tests Null Hypothesis Chi-Square P- Value 
HI: 
H2: 
H3: 
H4: 

Joint Test of H1 - H4 

C(4) = 1-C(2)-C(3) 3.82 0.05 
C(7)=1 0.84 0.36 
C(6) + C(8) = 0 1,24 0.26 
C(10) = 1 0.15 0.69 
C(4) =1-C(2)-C(3) 
C(7) = 1 9.02 0.06 
C(6) + C(8) + 0 
c o o )  = 1 

We have reported the results of two sets of the hypothesis test of our 
model - and we have argued that our specification fares relatively well using 
the criterion of tests of implied parameter restrictions. Further statistics of 
goodness of fit for the two sets of regressions are reported in Table 8. For the 
most part these statistics are supportive of the maintained hypothesis that 
the structural form is a good representation of the data, with one important 
exception. For the structural estimates to be valid, the error in each equa- 
tion should be serially uncorrelated. Diagnostic tests on the residuals from 
equations (i) and (ii) support the hypothesis that (u) and (v) are serially 
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Eqn, (iii) Restricted resids. 
- - - -  Eqn, (iii) Unrestricted resids. 

Figure 6 

R e s t r i c t e d  a n d  U n r e s t r i c t e d  R e s i d u a l s  f r o m  E q u a t i o n  ( i i i )  
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Table 7 

Wald Tests of 
the RBC restrictions Null Hypothesis Chi-Square P-Value 

H6: 

H7: 

H8: 

H9: 

fl = 0.7 29.2 0.00 

c~ = a 0.17 0.67 

a + fl = 1 8.67 0.003 

c~ + fl = 1, 17.69 0.001 

c ~ = a  

uncorrelated, but the residuals from equation (iii) show a very low value of 
the Durbin-Watson statistic. This statistic should be close to 2 under the 
hypothesis of no serial correlation. 

Table 8 

R-squared 
Adjusted R-squared 
S.E. of regression 
Sum squared resid 
Durbin-Watson stat 

EQN. (i) EQN. (ii) EQN. (iii) 
Unrest. Restr. Unrest. Restr. Unrest. Restr. 

0.83 0.81 
0.82 0.80 

0.029 0.031 
0.049 0.053 
1.60 1.55 

0.93 0.92 
0.93 0.92 

0.014 0.015 
0.011 0.013 
2.13 2.09 

0.30 0.29 
0.28 0.28 

0.044 0.044 
0.113 0.114 
1.11 1.093 

To check the hypothesis of uncorrelated errors, we report the Ljung-Box Q 
statistics for the first ten lags from the residuals to each equation in Table 9. 
Under the hypothesis of no-serial-correlation the Q statistic has a chi-squared 
distribution. Table 9 reports the p-value for this hypothesis at each of the first 
ten lags for the three sets of residuals from the restricted regressions. The 
properties of the residuals from equation (i), the production function, and 
equation (ii), the labor-market-clearing equation, allow one to accept the 
hypothesis of no serial correlation. The residuals from the Euler equation 
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(equation (iii)), however, display significant auto-correlation, implying that 
this equation may be mis-specified. 1° 

Table 9 

Lag 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

EQN. (i) EQN. (ii) EQN. (iii) 
Q P-Value Q P-Value Q__ P-Value 

1.7 0.18 0.19 0.66 12.64 0.00 
2.7 0.26 1.19 0.55 13.23 0.00 
5.8 0.12 5.78 0.12 19.11 0.00 
6.9 0.13 5.78 0.22 26.84 0.00 
7.3 0.20 7.72 0.17 32.16 0.00 
8.3 0.22 8.22 0.22 32.17 0.00 
8.3 0.30 8.26 0.31 32.35 0.00 
9.2 0.32 8.52 0.39 35.51 0.00 
9.5 0.39 8.56 0.48 35.80 0.00 
11.2 0.34 8.57 0.57 37.01 0.00 

4 . 4  Parameter constancy 

As a further check on the consistency of our structural model, we estimated 
the structural parameters of our system for recursive samples beginning for 
the period 1929 through 1948 and adding one year of data at a time. Figures 
7 and 8 report the results of these recursive estimates. The solid line in 
each figure plots the point estimate of each parameter for successively larger 
samples and the dashed lines plot two-standard error bounds. We find a high 
degree of parameter stability over the sample period, and for the most part 
our estimates fall within a range that conforms with our prior. The main 
exception is the finding of a negative value of 3  ̀which does not conform to 
our initial expectations. However, as we report below, although the finding 
of negative 3  ̀ is inconsistent with globally convex indifference curves, it is 
nevertheless possible to make economic sense of the value of 3' that we find 
in practice. 

1°We are aware of more general versions of general equilibrium models that nest the 
model studied in this paper by generalizing equation (iii). In particular, versions of the 
overlapping generations model studied by Blanchard (1985) and Weil (1989). In future 
work, we plan to estimate models in this class in the hope of explaining the failure of the 
representative agent's Euler equation. In this study, however, we merely note that our 
estimates of the parameters p and a that appear in equation (iii) are likely to be biased. 
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The parameter c~ represents the elasticity of real GDP with respect to 
capital in the social production function. Our point estimate of c~ is low at 
0.16 although the parameter is very imprecisely estimated. The parameter/3 
is important for our study since it is key to understanding the dynamics of 
an indeterminate system. Our earlier work showed that a value of/3 greater 
than 1 + 7 is a necessary condition for the system to display an indeter- 
minate steady state; our point estimate of/3 is a little more than 1.4, and 
we are able to bound this away from 1 for the entire sample period by two 
standard errors. Since our estimate of 7 is negative and less than one in 
absolute value, we find that in the US data the indeterminacy condition is 
satisfied. Our finding of a value of/3 greater than unity means that not only 
does our estimate of the social production function violate the assumption 
of constant returns-to-scale in capital and labor, it also satisfies the property 
of increasing returns-to-scale in labor alone. It has long been known that a 
regression of GDP on employment leads to a coefficient bigger than unity, 
but the large magnitude of the least squares regression coefficient has usu- 
ally been ascribed to simultaneous equations bias; employment is correlated 
with the error term in an OLS regression. Our analysis suggests that this 
interpretation of the relative magnitudes of employment and output fluctua- 
tions at business-cycle frequencies is mistaken since we continue to estimate 
high values of/3 even after accounting for simultaneous equations bias with 
instrumental variables. H 

Figure 8 reports recursive estimates of "p", the rate of time preference and 
"a", the share of GDP going to capital. Although these estimates fall within 
bounds that we find a priori reasonable, 0.04 for the rate of time preference 
and 0.2 for capital's share of GDP, there are reasons to be skeptical of the 
specification of this equation since we find the Euler equation error to be 
autocorrelated, a fact that is inconsistent with the assumption that it is 
unforecastable. 

4 . 5  Estimating the impulse 

Along with the parameters of the propagation mechanism, we also estimated 
the means and the variance-covariance matrix of the disturbances to our 
model. The two parameters that explain growth and the change in labor 
supply per person over time are represented by the "drift" parameters u and 
v. We estimated ~ to be equal to 0.6% per year and 0 to equal -0.3% per 
year although both parameters have large standard errors. A negative drift 
for V implies that the disutility of labor effort has been falling over time 
which is how our specification accounts for the slow upward movement in 

11This result is consistent with the work reported by Caballero and Lyons (1992) for 
disaggregated data and the results of Baxter and King (1991) using quarterly US data. 
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labor supply over the sample period. 

To estimate the variance-covariance matrix of the shocks u,v, and w, 
we regressed the squared residuals and the cross-products of residuals from 
each equation on constants for successively increasing samples beginning with 
1929-1948 and ending with 1929-1988. This gave us a set of six regressions 
on constants that we estimated by ordinary least squares. The results of 
these six recursive regressions are reported in Figures 10 and 11. There is a 
strong tendency for the diagonal elements of the variance matrix (Figure 10) 
to fall over time reflecting the fact that the economy has been more stable in 
the postwar period at least using measured statistics. The covariance terms 
(graphed in Figure 11) are all small and the covariances of w and u and v 
are both zero. Our prior belief was that  all of the covariance terms would be 
zero, but we cannot reject the fact that  u and v are negatively correlated. 12 

Tables 10, 11, and 12 report our estimates of the elements of the variance- 
covariance matrix of the residual together with t-statistics (in parentheses). 
Tabe 10 reports estimates for the entire sample, and Tables 11 and 12 split 
the sample in 1950 to illustrate the point that the variance of the shocks to 
the economy has dropped dramatically in the postwar period. We suspect 
that the main reason for this drop in variance is the fact that the Second 
World War and the Great Depression, the two most significant macroeco- 
nomic events of the century, both occurred in the first part of the sample, 
although it is also possible that changes in the methods of data collection are 
partly responsible for this effect as suggested by the work of Christina Romer 
(1986). Each of the tables reports an "approximate" variance-covariance ma- 
trix of the shocks that rounds up the point estimates, scales them by a factor 
of 104 and sets the insignificant elements to zero. For the entire sample, 
shocks to productivity, u, and Euler equation errors, w, dominate the prefer- 
ence shocks "v" to the labor-market-clearing equation. If we identify "u" with 
"supply shocks" and "w" with "demand shocks," our model finds that over 
the entire sample demand shocks are roughly twice as important as supply 
shocks. The breakdown into two sub-periods indicates, however, that since 
the war both sources of disturbances have been of comparable magnitude 
and both are an order of magnitude smaller than in the prewar period. 13 

12We believe that this negative correlation indicates possible mis-specification in our 
labor-market equations. It occurs because productivity shocks are associated with upward 
shifts of the labor-demand crve. Since the model is setting the slope of the labor-demand 
curve upward, sloping more steeply than the slope of the labor-supply curve, a positive 
productivity shock tends to reduce employment. To the extent that productivity shocks 
are responsible for business fluctuations, the model tries to offset this effect by causing the 
labor-supply curve to shift at the same time that the labor-demand curve shifts. 

13Robert Hall (1986) has argued that consumption shocks have been responsible for 
considerable portions of postwar US business-cycle fluctuations. Our evidence suggests 
that the role of consumption shocks may be even greater in the prewar data. 
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Table 10 

Exac t  V C V  M a t r i x  14 Approx .  V C V  M a t r i x  
1 9 2 9 - 1 9 8 8  1 9 2 9 - 1 9 8 8  

U V W U V W 

U 

V 

W 

0.000871 -0.000156 0.000424 u 
(3.882359) (2.529995) (1.044602 
-0.000156 0.000214 0.000131 v 
(2.529995) (5.193638) (0.763579 
0.000424 0.000131 0.001908 w 

(1.044602) (0.763579) (1.803317 

10 -1 0 

-1 2 0 

0 0 20 

Table 11 

Exact  V C V  M a t r i x  Approx .  V C V  M a t r i x  
1 9 2 9 - 1 9 4 9  1 9 2 9 - 1 9 4 9  

U V W 11 V W 

U 

V 

W 

0.001797 -0.000174 0.000381 u 
(3.227344) (0.981370) (1.044977 
-0.000174 0.000335 0.000565 v 
(0.981370) (3.312943)(0.524820) 
0.000381 0.000565 0.004919 w 

(1.044977) (0.524830)(1.749583) 

20 -2 0 

-2 3 0 

0 0 50 

Table 12 

Exact  V C V M a t r i x  Approx .  V C V M a t r i x  
1 9 5 0 - 1 9 8 8  1 9 5 0 - 1 9 8 8  

U V W U V W 

U 

W 

0.000234 -0.000106 5.45E-05 u 
(3.981910) (3.181049) (1.543076) 
-0.000106 0.000161 -1.35E-05 v 
(3.181049) (3.517864) (0.558053) 
5.45E-05 -1.35E-05 0.000162 w 

(1.543076) (0.558053) (3.459460) 

2 -1 0 

-1 2 0 

0 0 1.5 
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In earlier work (Farmer and Guo (1994)) we identified Euler equation 
errors with "animal spirits." We are more reluctant to make this connection 
in the present study since our consumption series adds together private and 
government consumption and, to the extent that these two variables are not 
perfect substitutes, our model is mis-specified. This mis-specification will 
show up as fluctuations in w that arise as a result of changes in government 
purchases. A good example of this phenomenon is the increase in government 
spending during the Second World War, an increase that generates the largest 
residuals in our sample to both u and w. But although we are reluctant to 
identify Euler equation errors with animal spirits, it is possible, nevertheless, 
to identify fluctuations in w with "demand shocks" and fluctuations in u 
with "supply shocks" and using this identification our estimates suggest that 
demand shocks are roughly twice as important as supply shocks over the 
entire sample in the sense that the variance of w is twice that of u. In 
the postwar period, on the other hand, this situation is reversed and since 
1950 supply shocks, identified as the variance of u, have been a little more 
important than demand shocks as causes of business-cycle fluctuations. 

5 E v a l u a t i n g  our  resu l t s  

The ideas that we have presented in this paper present a rather unorthodox 
interpretation of the mechanism that is responsible for business fluctuations. 
In particular, the acceptance of our approach might appear to require some 
rather heroic interpretations of the evidence - particularly the relative slopes 
of demand and supply curves. In this section of the paper we present our 
own views on this issue together with some additional evidence that seeks to 
shed light on the features of the data that cause us to reverse the traditional 
labeling of the slopes of demand and supply curves. We begin with this ad- 
ditional evidence - and we follow up our additional econometric results with 
a discussion of the resolution of the aggregate results with microeconomic 
evidence from labor-market studies. 

5 . 1  The labor market 

Although we have talked in terms of labor-demand curves and labor-supply 
curves, the estimates of the parameters /3 and ~/ reported earlier did not 
make use of wage data. As a check on the consistency of our explanation we 
estimated the equations: 

dwt  --- "/(dzt -- dn t )  + ( d c t  -- dn t )  d- V d- vt,  (27) 

dwt  = a ( d k t  - dn t )  + (/3 - 1)(dzt - d n t )  + ~ - et, (28) 
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where dw is the log difference of the real wage and ¢t is an additional sta- 
tionary disturbance. Equation (27) equates the real wage to the slope of the 
representative family's indifference curve, and equation (28) equates the real 
wage to the slope of the production funciton. Both equations are estimated 
in log differences. 

To construct the real wage series used to estimate these equations, we 
divided compensation to employees, from the national income and product 
accounts, by full-time equivalent employees to give a measure of the nominal 
wage, and we weighted this series by the GDP deflator to give our measure 
of the real wage, w. Figure 12 plots the first difference of our real wage 
series against labor productivity (y - n). These series were assumed to be 
identical in our earlier work since we ascribed all sources of disturbance in 
the labor market to the taste shift parameter, v. Although the hypothesis 
that the series are identical is clearly false, productivity and the real wage 
have moved closely together with a correlation coefficient of 0.85. 

Table 13 reports the results of estimating equations (27) and (28) by two- 
stage least squares. The key parameters 7 and/3 are estimated at -0.6 and 
1.46 using real wage data as opposed to point estimates of-0.56 and 1.4 in 
the work reported in Table 2. Since the estimates in Table 2 did not make 
use of data on the real wage, the finding that our estimates in Table 13 are 
remarkably close to our previous estimates is further confirmation of the fit 
of our theory with the evidence. 

-y 

/ 3 - 1  
OL 

Table 13 

Coefficient Std. Error T-Statistic 
-0.011980 0.001849 -6.480692 
-0.602510 0.056224 -10.71630 
0.004390 0.004483 0.979103 
0.465429 0.144056 3.230889 
0.326190 0.110273 2.958030 

To provide visual evidence of the fit of our labor-demand and supply 
curves, in Figure 13 we have broken down the two-stage least squares esti- 
mates into stages and graphed the implied labor-demand and supply curves. 
The points on these curves are constructed by running the first-stage re- 
gressions to generate instruments for consumption and labor supply. The 
second-stage equations are then estimated in steps by regressing forecast la- 
bor supply and the wage on the remaining variables in each equation and 
plotting the unexplained components of the wage and employment against 
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each other. The figure illustrates the fact that this procedure leads to esti- 
mates of a labor-demand curve that slopes up (~ is bigger than one) and an 
estimate of labor-supply that slopes down (3  ̀is negative). 

Since the assumption that 3' > 0 is required for the period utility function 

ZI+-y 
u = l o g ( C )  (29) 

1 + 3 '  

to be quasi-concave the finding that 7 is negative in our estimates is poten- 
tially a problem, since it implies that the household's maximization problem 
may not admit an interior solution. In the following section we discuss two 
potential resolutions of this puzzle. 

5 . 2  Puzzles and extensions 

The finding that "labor-supply slopes down" follows directly from our iden- 
tification assumption. Capital enters the labor-demand curve and not the 
labor-supply curve. Consumption, on the other hand, enters labor-supply 
but not labor-demand curve. How should one deal with this anomalous find- 
ing? 

One possible route is to reject equilibrium theory outright. This is the 
approach advocated by Mankiw, Rotemburg, and Summers (1985) who es- 
timated a similar model to the one studied in this paper, although these 
authors do not allow for externalities in production. We advocate a different 
route. We believe that the Real Business Cycle approach is a useful start- 
ing point but, when the model is in conflict with the evidence, it should be 
amended in a minimal way to allow for consistency with the facts without 
dropping the equilibrium assumption. We have shown how externalities can 
be used to explain an upward sloping labor-demand curve - but what of 
downward sloping labor supply? The spirit of our approach suggests that we 
should amend the labor market of our model in a minimal way - for example, 
we might drop the assumption that utility is separable in hours and consump- 
tion since nonseparable preferences allow for the possibility that labor supply 
might slope down. 

A simple example of a period utility function with the right properties is 
described by equation (30): TM 

U - (C - A) 1-° 
1 - 0  Z ~,0> 1 , x > 0 ,  

where the parameter "A" measures subsistence consumption, C is consump- 
tion and Z is labor supply. The period indifference curves for this utility 
function are graphed in Figure 14. 

14Note that U is an increasing concave function of C, for C greater than minimum 
consumption, A, and it is a decreasing convex function of labor supply, Z. 
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These preferences imply that labor supply will fall as the real wage in- 
creases as the income effect dominates the substitution effect everywhere. In 
the one-period problem in which consumption equals the real value of labor 
supply, this is easily seen in Figure 14 - as the budget line rotates up so 
labor supply drops. It is also true that the labor-supply curve generated by 
these preferences, holding constant consumption, is a decreasing function of 
the real wage. 

Solving the problem of downward sloping labor supply in this way is 
itself likely to raise additional puzzles. For example, Mankiw, Rotemburg, 
and Summers (1985) pointed out that a downward sloping labor supply of 
this kind implies that consumption is not a normal good. But one should not 
expect a new research agenda to solve all puzzles from its inception - and 
consequently the proper response to a new puzzle is not to give up a promising 
approach. Perhaps, for example, one might add additional activities to the 
utility function such as search or home production that might help to resolve 
the puzzle. 

There is no good answer to the question - why should one maintain the 
equilibrium assumption - other than the belief that it will prove to be an 
important component of a progressive research program. For the past twenty 
years macroeconomists have had difficulty communicating with each other, in 
part, because there has been considerable disagreement over the implications 
of the equilibrium assumption. In our view, this disagreement has been mis- 
placed. The assumption that all prices adjust to equate supply and demand 
is not falsifiable - it is an organizing principle that enables us to make sense 
of a complex world. The argument that arose from the use of the equilib- 
rium assumption was mainly a disagreement over equilibrium in conjunction 
with other assumptions such as absence of externalities, perfect competition, 
etc. We are not arguing that the world should be modeled as if it satisfies 
all of the assumptions of an Arrow Debreu general equilibrium model - on 
the contrary - it seems to us that dropping some of these assumptions will 
be a necessary part of the agenda that we advocate if the tools of demand 
and supply are to be used to make sense of the data. By agreeing to main- 
tain the equilibrium assumption, it does not seem to us that much is lost. 
The gains, however, are potentially large since the equilibrium agenda allows 
communication between economists with very different prior views of the 
functioning of a private enterprise economy. The main inessage of our work 
is that dynamic general equilibrium theory is a suitable organizing frame- 
work for macroeconomics providing one realizes that the welfare theorems 
that guarantee optimality of equilibrium are theorems and not tautologies. 
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6 Conclusion 

This paper has argued that annual US data is well-described by an intertem- 
poral general equilibrium model in which there is an indeterminate balanced 
growth path. It has been known for some time that general equilibrium 
models could display indeterminate equilibria, but this result has typically 
been taken to be a theoretical curiosity. In earlier work with Michael Wood- 
ford (Farmer and Woodford (1984)), Farmer has argued that indeterminacy 
is important because in models with indeterminate equilibria it is relatively 
easy to construct examples of business fluctuations that are driven by "belief 
shocks." is The Farmer-Woodford example, however, was a long way from re- 
sembling an economic model that might be convincingly matched with time 
series data. Benhabib and Farmer (1994) provided an additional reason to 
be interested in mdoels with indeterminacy by showing that the familiar 
real business-cycle model of the economy, when supplemented by  empirically 
plausible externalities, could provide an explanation of the propagation mech- 
anism of US business cycles. Farmer and Guo (1994) calibrated an economy 
in this class and showed that it is capable of providing an explanation of busi- 
ness fluctuations with the same degree of precision as the real business-cycle 
model. Our current paper takes this previous work several steps farther by 
providing a complete econometric model of the economy and estimating the 
parameters of this model using annual data. Our estimated model remains 
structurally stable over sixty years of US data, and it provides an explanation 
of the impulses and the propagation mechanism of US business cycles that 
can be interpreted in terms of the rational choices of goal-seeking individual 
agents in a well-specified economic environment. 

The fact that a theoretical model displays indeterminacy has often been 
cited as a reason for avoiding such a theory; it might be thought that indeter- 
minacy means that one is unable to use a model to make predictions about 
the future path of the variables that one is trying to explain. This argument 
is, however, incorrect since as long as agents use the same method in each 
period to forecast the future, the prices and quantities that they forecast will 
be qualitatively no less predictable than in an environment with a unique 
rational expectations equilibrium. The effect of indeterminacy is to admit 
an additional possible source of fluctuations to the economy; in addition to 
shocks to preferences and technologies, business cycles may also be driven by 
the self-fulfilling beliefs of individual agents. 

We believe that general equilibrium models that permit the existence 

lSAzariadis (1981) calls these belief shocks "self-fulfilling prophecies." Cass and Shell 
(1983) use the term "sunspots" and Howitt and McAfee (1992) prefer the term "animal 
spirits." In all cases these terms refer to allocations in general equilibrium models that are 
different across states of nature even though preferences, endowments, and technologies 
remain unaltered. 
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of indeterminate equilibria may potentially explain a wide range of business- 
cycle phenomena that are otherwise difficult to understand. In recent related 
work Beaudry and Devereux (1993) and Jong-Yann Lee (1994) have shown 
that models in the same class we study here, supplemented with a motive to 
hold money, can explain the phenomenon of "sticky prices" in the context of 
a general equilibrium market-clearing model. In the international context, 
Guo and Sturzenegger (1994) have calibrated an international model in which 
there is an indeterminate equilibrium and shown that this model performs 
well in comparison with an international real business-cycle model at explain- 
ing the covariances of consumption, employment, and GDP across countries. 
We hope that the arguments presented here will persuade our colleagues that 
general equilibrium models with indeterminate equilibria will not only pro- 
vide interesting qualitative explanations of a wide range of phenomena but 
that these explanations may also be fleshed out with empirical evidence to 
provide quantitative assessments of the way that the macroeconomy works. 
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Appendix A 

This appendix derives a stationary representation of the model and shows 
how to find the balanced growth path. First, define the transformed variables: 

Ct ,. Kt Zt 
, dt  =- aria £ -- (30) 

=- Ut*~ N-~i '1(' NtCt Ntq t '  

where ~5 and qJ are defined implicitly by the equations: 

Oa-~qj-Z _ U, q-fl+~) -= V. (31) 

Using these definitions one may rewrite equations (4)1 (5) (8), and (9) in 
terms of transformed variables: 

Gt+1Kt+I =/~(t(1 - 5) + ~ - Ct, 

B = Akg2~,  

d ,-~.1+-¢ b~t, t ~t = 
^ 

C-~- = ~ 0 . 9 4 + a K t + a j j  , 

(32) 

(33) 
(34) 

(35) 

where {Ft} and {Gt} are stationary stochastic processes defined by the equa- 
tions: 

c])t+l Xt+l 
Ct+l • 

¢# t Nt 

Ot+l 
Ft+~ = Ct 

(36) 

When there is no uncertainty in the model, the variables U and V and N 
grow at constant rates given by the expressions: 

U t + l  _ Vt+l 1~t 4- I 
Ut - exp(ft), Vt = exp(~), Nt =- exp(©), (37) 

and since q) is a function of U and V implicitly defined by equation (31), it 
follows that, in the nonstochastic steady state, Ft and Gt are also constant. 
We denote the stationary values of Ft and Gt as F and G. G represents 
the growth factor of GDP, capital, and consumption on the balanced growth 
path and F represents the exogenous growth factor of population. To derive 
the balanced growth path of the model, set Ft+l = F, Gt+l = G, and solve 
equations (32)- (35) for the steady state values of {/~', 2, C, I/} as functions 
of the parameters of the model. 
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Appendix B 

This appendix derives the reduced-form equations (24) discussed in the body 
of the paper. First write the transformed equations (33) and (34) in terms 
of logarithms (using lowercase letters to denote logs.) 

~)t = odh + ~}t + log(A) ,  (38) 

~t + (1 + 7)}t = log(b) + ~)t, (39) 

and solve these equations to write (~)t - ~:t) as a linear function of ]ct and 5t: 

(Yt -- ~t) ---- /~0 "-~ "~lCt -'~ -~2~t • (40) 

Similarly write the transformed Euler equation (35) replacing (yt+l - let+l) 
from (40): 

- 5t = E t [ -S t+ l  - p + log(0.94 + aexp(Ao + Al5t+l + A2Jct+l)) + O(x2)], (41) 

which can be rewritten in the form: 

- ~t = -~ t+ ,  - P + log(0.94 + aexp(Ao + .~lCt+l "~- .~2]¢t+1)) + e~+l, (42) 

where the error term "e" is an expectational difference defined by the expres- 
sion 

et+l  ---- gt[H(Ct+l, J~t+l)] - H ( c t + l ,  ~7t+1), (43) 

and the function H(.) is the negative of the first three terms on the right- 
hand side of (42). Dropping terms of O(x 2) it follows from the definitions of 

and k that et+l depends only on expectational differences of consumption 
and on the innovations to population growth, to U and to V. It follows from 
the implicit function theorem that around the balanced growth path there 
exists a function f l  such that: 

dct = f l ( c t - 1 ,  kt, nt,  dnt; wt, ut, vt), (44) 

which is the function f l ( . )  in the body of the paper. The function f2(.) is 
found directly by expressing the capital accumulation equation in terms of 
logarithms of the state variables, consumption, and capital and solving for 
GDP using (38) and (39). 

Substituting this expression into (18) and combining it with equation (19) 
generates the nonlinear reduced form of the system in the two-state variables 
c and k: 

d c t =  f l ( Ct_ l , ]ct, at, d n t  ; w t  , u t  , vt  ), 

dkt =--/2(kt-1, et-1,7"~t-1; Vt-1, Vt-1) .  

(45) 
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