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ABSTRACT

We apply the Business Cycle Accounting Method developed in Chari,
K ehoe and McGrattan (2005) to the U.S. Great Depression and to postwar
U.S. data. We develop a spectral decomposition based on the population
propertiesof the stochastic process generated by the model. We decompose
the variance of output into the variance induced by each orthogonalized
innovation to the wedges. We show that investment wedges play a minor
rolein the Great Depression and a modest rolein postwar data.

*  This paper is based on a keynote address given by V. V. Chari at the XX Jornadas de
Economia Conference in Montevideo, Uruguay. The authors thank the National
Science Foundation for support. The views expressed herein are those of the authors
and not necessarily those of the Federal Reserve Bank of Minneapolis or the Federal
Reserve System.

Revista de Economia- Segunda Epoca Vol. XII N° 2 - Banco Central del Uruguay - Noviembre 2005



REVISTA DE ECONOMIA 7

In Chari, Kehoe and M cGrattan (2005), we propose and demonstrate
the use of asimple method, called business cycle accounting for guiding
researchers in developing quantitative models of economic fluctuations.
Our method has two components: an equivalence result and an accounting
procedure.

In our earlier work, we show an equivalence result, that a large
class of modds, including models with variousfrictions, are equivalent to a
prototype growth model with time-varying wedges which resemble time-
varying productivity, government consumption, labor taxes, and capita
incometaxes. Welabel thetime-varying wedgesefficiency wedges, labor
wedges, investment wedges and gover nment consumption wedges.

In our earlier work, we focus primarily on an episodic method of
applying our accounting procedure. This procedure uses data together with
the equilibrium conditions of a prototype growth model to measure the
wedges, then feedsthe values of these wedges back into the growth model,
one a atime and in combinations, to assess what fraction of the output
movements can be attributed to each wedge separately and in combinations.

In our earlier work, we apply our episodic procedure to two actual
U.S. business cycle episodes: the Great Depression, and the 1982 recession.
We show that the investment wedge cannot account for either the downturn
or the dow recovery during the Great Depression and plays only a minor
role in the 1982 recession. We aso show that a smilar procedure applied
to postwar U.S. data yields similar results: the investment wedge plays a
minor rolein U. S. business cycles.

Inthis paper, weinvestigate acomplementary spectral decomposition
based on the population properties of the modd’ s stochastic process. The
results with this spectral decomposition match those of the initial
decomposition: the investment wedge plays a minor role in the prewar
period and a modest role in the postwar period.

Our findings suggest that models with credit market frictions
operating through investment channdls, such as those in Bernanke and
Gertler (1989) are not promising avenuesfor studying the Great Depression
and that thesefrictionsplay alimited rolein postwar recessions. Our findings
also suggest that sticky wage mechanisms with monetary shocks, as in
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Bordo, Erceg, and Evans (2000) or modd swith fluctuating monopoly power,
asin Cole and Ohanian (forthcoming), are more promising avenues.

This paper confirms our earlier substantive contribution that existing
models of credit market frictions, such as those of Bernanke and Gertler
(1989) and Carlstrom and Fuerst (1997) can account for only asmdl fraction
of thefluctuationsin the Great Depression and that sticky wage mechanisms
with monetary shocks, as in Bordo, Erceg, and Evans (2000) or models
with fluctuating monopoly power, asin Cole and Ohanian (forthcoming),
are more promising avenues.

1. Prototype Growth Model

The prototype economy that we use in our accounting procedure is
a growth model with four stochastic variables: the efficiency wedge A,
the labor wedge1-t ,, theinvestment wedge 1/(1+t ,,), and the gover nment
consumption wedge g,. Inthemodel, consumers maximize expected utility
over per capita consumption ¢, and per capita labor I,

¥
[o]
E.a bU(c hN
t=0
subject to the budget constraint
C +(@+t)x =1 t)wl +rk +T,

and the capital accumulation law

@+ D)kiy =1 d)k +x (1)

where k, denotes the per capita capital stock, w, the wage rate, r, the
rental rate on capital, b the discount factor, d the depreciation rate of capital,
N, the period t population equal to (1+1 )", and T, lump-sum taxes.

The firms production function is F(k,,(1+@)'l,), where (1+ )"
islabor-augmenting technical progressthat isassumed to grow &t aconstant
rate. Firms maximize AF (k,(1+9)'l,)- r.k - wl,. The equilibrium is
summarized by the resource constraint,
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GHX+G =V, )

where y, and g, denote per capita aggregate output and per capita
government consumption, together with

Y. = AF(k,(1+9',) (3)
- Sb = AU+ F

Uct It It (4)
Ug@+t,) =bEU [ A, Fe, + Q- d)(1+t,,)] (5)

where, here and throughout, we use notation like U, U, F,; and F,, to
denote the derivatives of the utility function and the production function
with respect to their arguments. We assume that g, fluctuates around a
trend of (1+q)".

Notice that in this benchmark prototype economy the efficiency
wedge resembles the productivity parameter and the labor wedge and the
investment wedge resemble tax rates on labor income and investment
income.

2. Estimating the Stochastic Process for the Wedges

We choose parameters of preferences and technology in standard
ways, as in the quantitative business cycle literature, and then use the
equilibrium conditions of our prototype economy to estimate the parameters
of a stochastic process for the wedges.

In terms of the data, we proceed as follows. Throughout we use
annud data. Given data on investment x, and an initid choice of capita
stock k,, we construct a series for the capital stock using the capital
accumulation equation K,,, = (1- d)k, + x. We aso adjust output and its
components to remove sales taxes and military compensation and to add
the service flow for consumer durables. (In atechnical appendix, available
on request, we describe our data sources and computational methods in
detail.)
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We estimate the stochastic process for the wedges as follows. We
assume that the production function has the form F(k, 1) =k?** and the
utility function has the form U (c,1) = logc+y log(l - ). We choose the
capital share a = .35, the depreciation rate d = .046, the discount factor b
= .97, the time alocation parameter y = 2.24, and the endowment of time

| equa to 5,000 hours per year.

Next consider equations (2)—(5), which summarize the equilibrium
of the prototype economy. We substitute for consumption c, in (4) and (5)
using the resource congraint (2) and then log-linearize (3)—(5) to obtain
threelinear equations. We specify avector AR1 processfor the (demeaned)
four wedges § =(logA .t ,t,,/000,) of theform

Sa =R +Ps+Qhy, (6)

where h, isstandard normal and i.i.d. and Q islower triangular. We then
have seven linear equations, three from the equilibrium and four from (6).
We can then solve this system of equations for linear decision rules for
output y,, investment x, and labor I..

We then use the maximum likelihood procedure described in
McGrattan (1996) to estimate the parameters P, P, and Q of the vector
AR1 process for the wedges using data on output, investment, labor, and
government consumption. We choose initid conditions for the wedges so
that in the starting year, the economies are on a balanced growth path, at
their observed initia values for consumption, investment, government
consumption, capital stock, and employment. We estimate separate sets of
parameters for our Great Depression and our postwar analyses. The
parametersfor our Great Depression analysis are estimated using datafor
19011940 while those used in our postwar analysis are estimated using
datafor 1955-2000. (For amore detailed discussion of our estimation, see
the technical appendix available upon request.)

In our Great Depression analysis, we impose the restriction that the
covariance between the innovations to government consumption and to the
other wedgesis zero. We impose this restriction to avoid having the large
movements in government consumption associated with World War |
dominate the estimation of the stochastic process. Table 1 gives the



REVISTA DE ECONOMIA 11

parameter values for P and Q and the associated standard errors for our
two periods. It isworth noting that for the postwar data, we found severa
parameter configurations with likelihoods only dightly lower than the
parameter estimates that we use.

3. Spectral Decomposition of Variance

In our earlier work, we develop a decomposition of the movements
in the data based on the redizations measured using the modd. In this
paper, we develop a decomposition based on the population properties of
the stochastic process generated by the model. In our spectral method, we
begin by orthogonalizing the innovationsto the wedges. At each frequency,
we then decompose the variance of output into the variance induced by
each orthogondized innovation.

The spectral method is complementary to the episodic method in our
earlier work. The spectral method has the advantage that is based on the
popul ation properties of themodel. Assuch, it captures not just the behavior
of asingle episode that actually occurred, but it aso captures behavior in
other episodes that could have occurred but did not. The disadvantage of
this method is that it requires us to orthogonalize the innovations to the
wedges. Our difficulty ininterpreting these orthogondized innovations makes
drawing sharp lessons about underlying models harder using this procedure
than using our episodic method.

We orthogonalize the innovations to the wedges as follows. We
choose one of 12 possible orderings of the wedges. Consider first the
following ordering: the efficiency wedge first, followed in sequence by the
labor, investment, and government consumption wedges. Given thisordering,
we rewrite (6) as

Sn = Ps + Q8

where Q is the lower triangular matrix that solves QQ' = V and the
covariance matrix of & is the identity matrix. With this ordering, the
innovation to the efficiency wedge affects all the other wedges
contemporaneoudly, while the innovation to the labor wedge affects the
labor, investment, and government consumption wedges only and so on.
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We can write our equilibrium in state-space form as follows. Let
X, = (logk,, 5) denotethe statein period t. The state evolves according to

Xt+l = A>(t + Det+l' (7)

Thefirst row of (7) isthetransition law for the capital stock, and the
associated value of g, isidentically zero. Therest of the system describes

the vector autoregressive process for the four wedges. The matrix D is
given by

-& 0u
& Q
Let Y, =(logy,,logl log x,log g,)¢ denote the vector of output,

labor, investment, and government consumption. Using the linear decision
rules, we can rewrite this vector as

D

Y, =CX,. (8

Using standard methods (as, for example, Sargent 1987), we see
that the spectral matrix of Y isgiven by

S(w) =C(e"l - A)'DD¢le™ - Ay 'Cd (9)

where wmeasures frequency. Let S;(w) be the element in theith row and
jth column of this matrix. Each such element can be decomposed into four
pieces that sum up to one at each frequency w as follows. Define the
spectral matrix associated with each innovation k, k =1, . . ., 4,

S¥(w) =C(e"l - A)y'Deg, DAle™ - A§*C(

where g, isamatrix with aonein the kk element and zeros elsewhere,
and let Sf(w) denote the ij element of S*(w). Since output is the first
variablein Y,, our decomposition of the variance of output is given by

€S,(W) Siw) SS(wW) Si(w)u
8S,(W) " Sy(W) S,(W) S (W)
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Theterm Sf (w)/ S, (w) isinterpreted as the fraction of variance of
output at frequency w attributable to the innovation in wedge k.

So far we haveillustrated our procedure using a specific ordering of
the wedges. For each of the 12 possible orderings, the same procedure
applies.

Findings

For each wedge, we compute the average contribution to the spectrum
over the 12 possible orderings. In Figure 1, we plot this average for the
efficiency, labor, and investment wedges for the period from 1901 to 1940.
We seethat at business cycle frequencies (between two and six years) the
combined contribution of the efficiency and labor wedgesis over 80% and
the contribution of the investment wedge is less than 15%. This result
reinforces our basic finding that investment wedges played at best aminor
role in the prewar era. In Figure 2 we plot the analog of Figure 1 for the
period from 1955 to 2000. Here the combined contribution of the efficiency
and labor wedges is roughly 60% while investment wedges contribute a
little over 30%. This result suggests that investment wedges played a
somewhat more important role in the postwar era.

4. Conclusion

This study, like our earlier work, is aimed at applied theorists who
are building detailed models of economic fluctuations. Once such theorists
have chosen the primitive sources of shocks, they need to choose the
mechanismsthrough which such shocks|lead to fluctuations. Our accounting
procedure, by focusing on the wedges, can be used to suggest promising
mechanisms and rule out |ess promising ones.

We have found that investment wedges play, at best, aminor rolein
the Great Depression and a modest role in postwar business cycles. The
findingsimply that existing models of credit market frictions, such asthose
of Bernanke and Gertler (1989) and Carlstrom and Fuerst (1997), can
account for only asmall fraction of thefluctuationsin the Great Depression
or more typical U.S. downturns. These findings are our substantive
contribution.
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These findings do not imply, of course, that frictions in financia
markets are irrelevant for business cycle fluctuations. Indeed, we have
shown in Chari, Kehoe and McGrattan (2005) that a detailed economy
with input-financing frictions is equivaent to a prototype economy with
efficiency wedges. In this sense, while existing models of credit market
frictions are not promising, new models in which financid frictions show
up as efficiency and labor wedges are.

It would be interesting to apply our methods to other countries,
including Uruguay, to seeif our substantive findings hold up in other cases.



REVISTA DE ECONOMIA 15

Refer ences

Bernanke, Ben S. and Gertler, Mark, 1984. “ Agency Costs, Net Worth, and
Business Fluctuations.” American Economic Review, March 1989, 79(1),
pp. 14-31.

Bordo, Michael D.; Erceg, Christopher J. and Evans, CharlesL, 2000. “ Money,
Sticky Wages, and the Great Depression.” American Economic Review,
December 2000, 90(5), pp. 1447-63.

Carlstrom, Charles T. and Fuerst, Timothy S, 1987.“ Agency Costs, Net Worth,
and Business Fluctuations: A Computable General EquilibriumAnalysis.”
American Economic Review, December 1997, 87(5), pp. 893-910.

Chari, V. V.; Kehoe, Patrick J. and McGrattan, Ellen R, 2000.“ Business Cycle
Accounting.” Research Department Staff Report 328, Federal Reserve Bank
of Minneapolis, 2000.

Cole,Harold L.and Ohanian, LeeE, 2001.“ New Deal Policiesand the Persistence
of the Great Depression: A General Equilibrium Analysis.” Research
Department Working Paper 597, Federal Reserve Bank of Minneapolis, 2001.

McGrattan, Ellen R, 1996.“ Solving the Stochastic Growth Model with a Finite
Element Method.” Journal of Economic Dynamics and Control, 1996, 20,
pp. 19-42.

Sargent, Thomas J, 1987. Dynamic Macroeconomic Theory. Cambridge, Mass.:
Harvard University Press, 1987.



REVISTA DE ECONOMIA

ANEXO
Fizure 1
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