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A puzzle that has long confronted economists is, why
have wvirtually all industrial market eccnomies been subject to
recurrent fluctuations in output and employment? These fluctua-
tions vary in both amplitude and duration but, as repeatedly
emphasized by Lucas (1981}, all the peacetime cycles exhibit about

the same pattern of ¢co-movements among the variables. The princi-

pal regularities are (1) aggregate output deviates by as much as
five percent from trend in the post-war period, even more in
earlier periods; (2) hours of employment varies almost proportion-
ately to output while the average product of labor varies less and
is not as strongly procyclical; (3) production of producer and
consumer durables exhibit mch greater percentage amplitude of
fluctutations than does the production of nondurables; and (4)
monetary aggregates and velocity measures are procyclical. In
Section 2, these and other business cycle observations are docu-
mented for the U.S. post-war economy. Section 3 documents that
all of the seven other industrial economies examined have had in
the post-war period fluctuations in aggregate output similar to
those in the United States. This supports Iucas's surmise (1981,
p. 218) that "cycles are regularities common to all decentralized
economies.”

If there were large procyclical movements in the mar-
ginal product of labor, there would be no business c¢cycle puzzle.
When the relative price of leisure (nonmarket produced goods) is
high relative to consumption (market produced goods), the house-
hold would respond by chooging less leisure. Movements in mea—

sured real wages, however, may not be closely related to movements



in the marginal product of labor. To obtain estimates of the real
wage compensation paid and hours of employment in a given time
period are measured and their ratio used as the estimate. Com—
petitive equilibrium theory, however, does not require that pay-
ments be contemporaneocus with delivery of goods. The restriction
imposed is that the value of the bundle of event-time contingent
commodities received equals the value of the event-time contin-
gentment payments made (see for example Hall and Lillien (1979)).

For this reason, I focus on the average product of
labor, which is the ratio of two measured quantities. Provided
that the average and marginal products move together the average
should be a good proxy for the marginal. I think there are rea-
sons why they should. First, the work week of capital moves with
the cycle so the capital used by a worker does not change mch
over the cycle. If an individual works U8 rather than L0 hours
using the same machines, output should increase by about 20 per-
cent. Similarly, if a plant is operated two shifts rather than
one and the labor input per shift is not changed, again output
should double. These observations suggest that increases in hours
of employment per household should increase output proportion-
ately. To summarize the small cyclical variations in the average
product of labor along with the large c¢yclical variations in hours
of employment is the key puzzle confronting any expectationally
consistent competitive theory of the cycle.

In Section U4 <certain methodological issues are ad-
dressed. The question is whether an explicit artificial economy

can be constructed which both exhibits business ¢ycles and incor-
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porates assumptions not inconsistent with other findings in eco-
nomics. That the models do not explain unemployment is not both-
ersome, for they are designed to explain the allocation of time
between market and nonmarket activity and not the division of the
nonmarket time between search and other activities. This 1s not
to suggest that the latter allocation is not an important ques-
tion, but rather that the former is important and puzzling.

The first class of models abstract from monetary factors
and use the stochastic growth model structure. It is well known
that the solution to the optimal growth problem is the competitive
equilibrium allocation of the Arrow-Debreu contingent claim vari-
ety for that economy. Given the homogeneity of the households,
the allocation results if there are only spot markets, agents have
ratiocnal expectations, and markets clear. In this sense then,
these models are expectationally consistent theories.

The second class of equilibrium models reviewed rely
upon monetary shocks. The only cones with a precise and complete
specification of the economic environment are the ones developed
by Lucas (1972) and the nominal wage contracting model developed
in Section T. The former abstracts from features that would
provide a propogation mechanism for the monetary shock. The
latter relies upon capital accumulation for propogation. The
papers of Kydland {1983a) and Townsend (1983} attempt to remedy
this. Kydland introduces capital accumulation along with intro-
ducing real cash balances in the utility functions. He explores
whether in this framework monetary shocks can produce fluctuations

of the magnitude observed. Like Lucas, he uses the Phelps (1970)



-4 -

island construct. Townsend explores the implication of lags in
aggregate information becoming available for the propogation of
ghocks. This requires agents to have expectaticnally consistent
expectations of the expectations of others. A one period delay in
the information becoming available radically alters the impulse
response functions from those obtained by Iucas (1975), producing
much greater persistence.

The nature of the empirical discipline of the micro
equilibrium apprcach to the business cycle, I hope, will become
apparent in this review. The models examined have few parameters
and most of these are not free. The value of some parameters are
dictated by micro observations on individuals and firms. The
value of other parameters are implied by the requirement that the
averages of labor share, capital-output ratio, interest rate, and
the like, for the artificial econony be consistent with the his-
torical averages for the actual economy being modelled. The
paucity of free parameters impose great discipline upon the anal-
yeis.

One conclusion of this report 1is that the stochastic
growth structure economy in which technological change is random
displays hbusiness cycle behavior remarkably similar to that ex-
perienced by the U.S. econenmy in the post-war periods With re-
spect to the monetary shock models, the models are not sufficient-
1y well developed, particularly with respect to their propogation
mechanisms, to subject them to empirical tests of this variety.
Progress in this respect is being made as will be apparent in the

Kydland and Townsend reviews.



Section 2

Here the business cycle is defined to be deviation of
aggregate ogtput from a smoothly varying path. Operationally, a
smooth funetion of time is fit to the logarithm of real output
with the deviations belng defined t¢ be the cycle. There are many
ways a curve can be fitted through the data and, provided that the
curve is a smecoth function of time, which method is used matters
only a little.lj Here our measure of smoothness is the average
squared second difference of the function. Consider series xy for
t=1...,T and let s be the smoothed value and di = X - 8¢ the
deviation. The values of {s.} solve

N LA 2
(*) min {7 tzl(xt— T E [(s41m 8¢) = (o= sy 1)) 7
where A > 0 is the penalty on variation as measured by the average
squared second difference.

The use of this measure of smoothness is standard in
numerical analysis. Cubic splines minimize this quantity over all
differentiable functions of time; that is, the curve f: [0,T] + R
is found which minimizes this measure subject to f£(t) = x(t) for t
€ {ty,..0,t,} C [0,T]. The method we employ has been used for 60
years in the actuarial science and by many distinguished scien-
tists including John von Neuman. The solution is easily calcu-
lated, as the first order conditions for program (*) are linear.
By choosing A appropriately, the resulting smooth curve 5y 1s
éssentially the one which would result if one simply fit the data
by drawing a smooth curve. It dominates the judgmental procedure,
for modern high speed computers can compute it at almost zero cost

and others can easily replicate it.
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One question is what value of A to choose. If A = %=,
the fitted curve must be perfectly smooth which implies that the
sy will be of the form s, = By + 818, for only then is A2st = 0.
We found that A = 1600 produced curves with about the right degree
of smoothness, when fit to the logarithm of the real GNP series.
This value is used for the subsequent empirical analysis.

Figure 1 depicts the smooth path and the actusl path of
the logarithm of real GNP for the U.S. economy. As the logarithms
of the series are used, deviations correspond to percentage devia-
tions from the smooth curve. TFigures 2-14 plot deviations of
selected series Jointly with the real GNP deviations, which is our
empirical definition of the cycle. TFigures 2, 3 and 4 show clear-
ly that nondurables fluctuate less and durables more than GNP.
The close relation between output and hours can he seen in Figure
5 and the weak positive association between preoductivity and real
output is shown in Figure 6. That money and its velocity are
procyclical variables is documented in Figure 8 and 9 and the lack
of relation between real government purchases and cutput in Figure
10. Tsbles 1 to 4 present standard deviations of the deviations
of several economic time series and their cross serial correla-
tions with and real output. Variables with highest cross correla-
tion for some k < 0 tend to peak hefore the cycle peaks and those
for which the correlation iz highest for some k > O peak later.
For example, inventory stocks peak later than GNP while the aver-

age work week peaks before GNP.



TMGAIGCIOr-r @& MN~W- MO DZ0wW-TTr—=

LOGGED GNP AND GNP TREND

TI T T F T I T Iy rT T T i T T TrTTr T T T T T T I T I TTd
47 49 51 53 55 57 53 61 83 65 87 83 7L 73 75 77 78 81

—— RAAV GNP -——-— GNP TREND
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DEVIATIONS: GNP & CONS EXP-SERVICES
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PERCENT DEVIATIONS: GNP & NONAG EMPLOYEE HOURS
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PERCENT DEVIATIONS: GNP & PRODUCTIVITY RATE
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PERCENT DEVIATIONS: GNP & REAL WAGES
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PERCENT DEVIATIONS: GNP & M2
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PERCENT DEVIATIONS: GNP & VELOCITY-MZ2
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PERCENT DEVIATIONS: GNP & GOVERNMENT SPENDING
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PERCENT DEVIATIONS: GNP & CAPITAL STOCK-NONRES EQUIP

.= QU AmCEe-OZ0

58 80 62 64 B86 88 70 72 74 78 78 80 82

54 &8

———— GNP

KNREQP



PERCENT DEVIATIONS: GNP & INVENTORIES, NONFARM
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PERCENT DEVIATIONS: ONP & LPI
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Root Mean
Squared Percent-
ape Deviation -5
Gup 1.8 -.D36
Consumption Expenditures 1.3 =155
Services .6 ~.0h0
Hondurables 1.2 .183
Durakles 5.0 .156
Investment Expenditures 8.h 021
Fixed 5.3 LOh6
Nonresidential 5.2 -.234
Structures L.6 -.215
Producers' Durable 6.0 -.237
Equipment
Residential i0.7 348
Honfarm Structures 11.2 -352
Farm Structures 21.6 .005
Producerg' Durable 8.8 -.056
Equipment
Government 2.h -.052
Federal k.2 ~.010
State and Local 1.1 ~.0U5
Net Exports 6.4 —.ko1
Exports 5.9 -.h80
Imports b7 -.032

Table 1

Cyclical Behavicr of Real GNP Components
Deviations from Trend

.13
341
+173
<339
=309
.17k
.222
1m
.088
.11b

485
Ao
L076
+003

.085
Oh7
009
JTh
R {s)
.0B6

-336
R
365
2435
3k
.354
392
051
.061
028

.587
+593
~-.10%
.226

-.109
-.075
+030
—.h65
-.383
+189

-2

.566
648
.532
.5L6
600
237
504
279
.231
271

Cross Correlations with GNP

-1 0 1
.82h 1.000 L824
811 875 672
aan LTI 606
.T11 .763 +59Q
Ths 813 606
L7601 +910 .726
778 .888 TTT
.543 .T9U .B59
B3 .615 702
.556 819 .869
.705 600 34k
706 2596 -3ho
017 .115 .081
a7 A7 287

- 067 — 049 002
-.DBT -.071 011
121 .102 -.005
-.310 -.172 -.075
Q077 «359 L6
.525 .689 697

.566
o1
+523
340
+335
455
.56k
«793
678
-78b

059
+055
057
£115

020
003
.07k
.123
2531
69

.336
2197
b5l
123
.105
207
.3k
657
-580
629

-.159
-.163
000
.021

-.02k
-.021
021
310
564
.250

.143
-.019
.318
~.089
-.097
-.011
J117
JL8Y
433
.h55

-.332
-.336
-.Q02
~.068

.035
-.002
.189
87
602
-050

.2hg

- W66
-.h70

008
-.088

-133
.058
.3k2
576
.538
-.157



Cyclical
Root Mean
Sguared Percent-
age Deviation -5

GNP 1.8 -.036
Labor Iuput

Fmployment (Nonagricultural) 1.5 ~.3h3

Average Weekly Hours {(Mrg) 1.0 013

Hours (Neonagricultural) 1.7 297
Capital Stocks

Total Nonfarm Inventories 1.7 —e 392

Stock of Nonresidential 1.0 -.561

Equipment

Stock of Nonresidential b -+ 567

Btructures

Productivity (GHP/HRS) 1.0 Wbl

Behavior of Factor Inputs and Labor Productivity
Deviations From Trend

L143

-.235
.20h

-.158

-.368

=516

-+539

.521

Table 2

336

~-.080

357

.008

-.283

~ b2

—h7k

.590

Cross Correlations with GNP

-2

-566

-.127

-.259

-.360

.598

.82k

180

<157

572

.1hg

-.032

-.201

.51k

1.000

.783
.848
-852

k81

«233

-.030

»335

684
.ho6

.163

-.0b1

801
249

L7550

.Th0

.sho

322

$ 275

336

683
.004

605

L723

.622

b2k

~.b26

.1L3

.538
-.186

Lhsg

652
LGhl

N Yard

-+510

-.036

.362
-.286

<279

.52k

627

598

—.5h1



Root Mean

Table 3

Cyelical Behavior of Labor Market Variables

Squared Percent-

age Deviation

Nominal Compensation Per Hour {Mfg) .7

Real Compensation Per Hour {(Mfg) 1.2

Civilian Labor Force
Unemployment

Unemployment Turation
Total Accession Rate (Hfg)
Quit Rate

Separation Rate {Mfg)

Layoff Rate (Mfg)

.8

.1

-5
-.269

-+300
-.36h

=.003

-k
-.2h8
Jhes
-.000
+14h
<399
-099
-.128
~.373
~. 164

Deviations From Trend

-3
-.296
<560
Nelol
-.013
.336
371
090
-.307

- 347

Cross Correlations with

-2
-.281
LBh2
.069
-.252
156
591
360
-.328

=-590

-1
-.160
.G6T
.192
-.586
-.052
-772
665
-.183

-.T63

LOLT
.63k
L34
-.875
-.359
792
.893
046

-.780

GNP

1
.019
AT
Lh28

- 003

-.640
-531
871
423

.62

2
—.056
.26h
L3
-. 758
-.803
«312
-T11
-607
-.1b6

3
-.106
.037
.L68
~.576
-.813
.131
CL511
612

052

L
-.098
-.181

<527
-.363
—.Tho
-.0k1
+309
<599

221

5
.00k
-.356
TN
-.160
—-.605
-.189
086
]

.319



Table 4

Cyclical Behavior of Frice Levels, Interest Rates and Money
Deviations From Trend

Cross Correlations with GNP

Root Mean
Squared Percent-
age Deviation -5 -b =3 -2 -1 ¢ 1
Prices
GHP Deflator .9 ~.37h -4520 -.651 -.694 -.631 -.h57 —-.36h
CPI 1.k -.331 -.502 —.653 -.728 -.693 -.5kL8 —.bps
CPI Less Food 1.3 -.164 -.372 -.586 -.72h -.783 .75k -.634
PPI 2.k -.513 -.608 673 -.657 -.5hl -+355 ~.170
PPI Tesg Farm 2.k kot =54 - 667 —-.703 —.62k -.ks7 -.284
Products
Interest Rates )
Treasury Bill Bate 1.3 —.562 -.519 - k38 -.247 071 .387 Nka]
long Term Interest .5 -.L8g -.503 -.518 B e - 1oL | .012 .032
Rate
Real Treasury Bill 1.h ~.123 - 17k -.260 —.2h7 -.215 -.029 039
Rate¥
Monetary Aggregates
M0 .8 -.121 —.067 .018 .109 2334 b Lhhe
ML .0 ~.169 .003 .200 WA478 +633 691 607
t12 1.5 Lhhh V596 LT1T .789 -T50 62h +hos
Velocities
110 1.2 -.158 ~.035 .095 267 .509 JThs H16
1l 1.1 -.112 -.087 -.05% 014 .26 .535 468
M2 1.7 -.569 - 597 582 -.h53 -.184 .168 +251

¥Nominal Rate Less
Inflation Rate

-.282
=271
- ko)

Qo8
-.109

ATl
+068

—-.0h8

bz
Lt
160

Jag
<337
.318

—.1h2
-.084
-.304
.196
.083

Lh6h
124

~.104

RT3
.383
-. 068

226
205
.389

027
L1222
-.128
.356
266

gy
213

—.114

.hls
305
-.283

096
-135
502

2h1
-331
-063
hs58
Lz

bz
L334

-.060

sy
187
-.he2

L0068
.1k8
616



Root Mean

Comovements

Squared Percent-

United States
Germany

Korea

United Kingdom
Japan

Canada
Bustralia

Gouth Africa

age Deviation
1.8

2.0

2.3
1.9

2.2

-5
-.025
-.0h9

.023
.368
-.582
-.391
- 147

-.580

Between

-
211
-.05h
-.100
201
-.588
-.hs7
—.2u6

-«593

Table §

the U.S5. Cycle and the Cycle of Selected Industrial Market FEeenomies
Deviations From Trend

Cross Correlaticns with U.8§.

-3 -2 -1 o 1 2
60 651 .836 1.000 .836 651
011 -.00k .OT .133 .139 .07k
-.156 -.182 —.1h1 ~-.055 -.050 -.013

.1hs - 062 -.176 ~.313 =73 -.531
—.524 ~.387 -.239 ~.118 021 L008
-.h31 -.333 -.160 .118 .172 .205
-.328 ~.bor -.bot ~.300 —.227 -.205
-.567 ~.h01 -.397 ~. 223 -.012 196

(e8]

6o
~.001
-.002
-.53h

.196

«259
-.161

«337

211
-.102
.016
—.hok
+353
.2k2
-.109

Ll

-.025
~.207

.056
-.371

Lo

-.03%

489



Section 3

In Figure 15-21 the cycle for seven industrial market
economies are plotted along with the U.S. cycle. As can he seen
all these countries display fluctuations that are similar in
nature to those for the United States. Table 5 presents the cross
serial correlations between each of these countries' cycles and
the U.S. cycle. The associations are remarkably weak, suggesting
that fluctuations are, in significant part, specific to a coun-
try. A notable exception is the co-movement of the U.S. and
Canada cycle prior to 1970. All major industrial market economies
for which at least 20 years of quarterly data were readily avail-
able were included in the studyﬁg/ The analysis strongly support
Lucas's surmise that all industrial market economies are subject

to husiness cycles.
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PERCENT DEVIATIONS IN REAL OUTPUT: US & CENADA
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PERCENT DEVIATIONS IN REAL OUTPUT: US & GERMANY
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PERCENT DEVIATIONS IN REAL OUTPUT: US & SOUTH AFRICA
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Section 4: Methodology

The methodology employed is that of constructing expli-
cit, artificial economies which display business cycles of the
type industrial market economies experienced in the post-war
period. Necessarily, the economies studied are highly abstract
and clearly unrealistic and, as Lucas {1981, p. 271) emphasizes,
"they are artificial." One rather severe regquirement for a model
is that its equilibrium be computable at reasonable cost given
current technology. In insisting upon computability, this ap-
proach is in the tradition of Scarf (1973), who fostered the
development of algorithms to solve systems of excess demand func-
tions. Since then and, I think, because of that development,
general equilibrium theory has been playing an increasingly impor-
tant role in substantive economics, particularly in the public
finance field. Only if a model's equilibrium can be computed can
the quantitative implications of the model be deduced. All too
often, without restrictions upon +the parameters defining the
artificial economy, sabout the only implication of equiiibrium
theory is that anything can happen, which is not a wvery useful
result.

The Scarf approach is of little use in computing equili-
bria of models designed to explain the business cycle. Business
cycles are recurrent random events, so the commodity point is
necessarily infinite dimensional, being indexed by the history of
shocks and the time period, the number of which is infinite. The
alternative approach, reviewed here, is to assume g representative

or stand-in household with well-defined preferences and a produc-
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tion technology, and then use the competitive construct to deter-
mine eguilibrium behavicr for +the artificial economy hbeing
studied.

The equilibrium for a model 1s a set of stochastic

difference equations

X = F(x

t+1 w)

"

where +the Xy are the state, the €4 i.ied. shocks and @ the para-
neter defining the preferences and technology structure. Given w,
stochastic similations produce equilibrium path realizations for
the artificial econony, say x = {xt}tEO € ¥+ Any statistics {that
is an s:X * R%) sampling distribution can be determined cheaply
using Monte Carlo techniques.

The tréditional econometric approach is to specify some
get of economies, {i, typically a subset of a finite dimensicnal
Euclidean space, and %o select an estimator ;:X + { which has
"good" statistical properties. One estimator commonly used is the
one which maximizes the 1ikelihood function over §i. With the
traditional econometric approach, the domain of the likelihood
function is expanded to X x G* where Q@ C Q¥. For example, if @ is
a small subset of the linear vector autoregressive (VAR) pro-
cesses, as 1t typlcally dis for the structures that can be ana-
lyzed, 9% would be a weakly restricted class of VAR models (see
Sims (1980)). The null hypothesis that ®w € Q is tested versus the
less restricted alternative w € Q% using a likelihood ratio test,
and almost inevitably the theory is rejected. This leads to the

introduction of arblitrary processes on unobserved shocks to tech-
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nology or preferences until a theory is developed that places very
weak restrictions upon the data and passes the test. The view
expressed here is that this is not good inference practice. A
model may mimic the cycle well but not perfectly.

An alternative econometric approach is briefly reviewed
here and applied te the technology-shock equilibrium model in
Section 5. With it, a requirement is that nearly all of the
parameters that define the artificial economy be determined by
noncyclical observations and findings in other economic studies.
For the model in the next section, the fact that the household has
been observed to allocate about one-third of its nonsleeping time
to market activities restricts a key parameter of preferences to
be near one-third. The fact that labor share has been approxi-
mately constant at two-thirds of output (which includes services
of consumer durables) determines another. Unlike the statistical
approach, there are few free parameters and explaining the c¢ycle
is challenging. It is important to enphasize that the artificial
econony mast not only qualitatively mimic the data but alsc mst
quantitatively mimic it and, mimic it to a "reasonable" degree of
accuracys. What is reasonable depends upon the accuracy and reli-
ability of the data relative to the theoretical model and the
nature of the abstractions. Only statistics whose sampling dis-
tributions are not sensitive to "whimsical" assumptions (to quote
Leamer (1983}), that is assumptions of convenience, should be used
to test the theory. If it is a theory of the cycle, these statis-
tics should include the degree and persistence of the fluctuations

as well as the statistics summarizing some of the key co-
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movements. Inconsistency with any of the key cycle facts is

grounds for rejecting the model.

Criticism of the Approach

The maJor skeptics to this approach are the experts in
the application of the statistical disecipline to inference in
economics. The response to their criticisms is that the paucity
of free parameters provides the discipline. Assumptions concern-
ing preferences and technology that are crucial to explaining the
cycle typically can be subjected to test by examining some natu-
rally occurring experiment that is well suited to testing the
validity of the assumption. The experiment might be a negative
income tax experiment conducted by the government, a set of cross
country observations, a panel survey study or some other cheaply
obtainable data set.

Some other criticisms are summarized by the following
questions: f{a) How can equilibrium theory be used to explain
aggregate fluctuations when there currently is ten percent unem-
ployment in the advanced market eccnomies? (b) How can a theory
claim to explain the business cycle if it cannot explain the Great
Depression? (c) How can a model with a representative household
that abstracts from contractual elements be a model of an econcmy
involving hundreds of millions of people each with unique prob-
lems? (d) Given there are externalities, how can an artificial
econony with none serve as a theory of the cycle?

That approximately 60 percent of the people surveyed
report that they are employed and another six that they are not

employed but have sought employment in the previocus four weeks is
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a fact. The successes in labor economics to date have not been in
explaining the time allocated to searching and waiting for employ-
ment but rather in explaining the number of nonsleeping hours
allocated to market activity. Modern contract theory provides a
possible reason for this. Small changes in the underlying en-
vironment sometimes result in large changes in unemployment but
typically result in only small changes in average hours of employ-
ment. I am confident that advances in economic theory will result
someday in models which explain the large secular movements and
cross sectional variations in the unemployment rate. But now,
even regional variations in the association between the cyclical
unemployment and aggregate output are unexplained. Why does un-
employment in the Ninth Federal Reserve District vary half as much
as unemployment naticnally yet employment and output fluctusate the
same amount? I have no answer. There is a regularity in employ-
ment variation which is both important and puzzling and warrants
study.

The answer to question (b) is simply that competitive
equilibrium theory is not suited to modelling economie fluctua-
tions in periods of great political and financial institution
instability. The inability of either the equilibrium monetary or
the technology shock theories to explain the Great American De-
pression is evidence of the discipline of the methodology. If any
observations can be rationalized with some approach, then +that
approach is not scientific.

Perhaps contractual elements are the essence of the

cycles. The nominal wage equilibrium contract model developed in
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Section 7 relies upon it, though good theoretical Justification
for contracting in nominal terms has yet to be developed..?’_/ Quite
likely when the contracting element is properly introduced (that
is, introduced without adding free parameters such as contract
length) the model will resemble Lucas's (1972) competitive mone-
tary shock theory which has prices imperfectly conveying informa-
tion.

Modern contract theory does provide some justification
for abstracting from contractual elements when studying Jlabor
supply. Bruce Smith (1983) has constructed a simple equilibrium
model in which there is an adverse selection problem. If the
econcnetrician abstracts from contractual elements and assumes the
household chooses hours optimally given the wage, as is done by
both labor and macro economists, only the macro economist correct-
ly identifies preferences. For his example the elasticity of
response to temporary changes in the real wage are estimated to be
three using aggregate data and zero when using micro panel data.
This is an important point, for to explain the cycle using either
a monetary or technology shock competitive theory, the elasticity
of response to temporary changes in the real wage must be large.
Micro panel studies find the elasticity near one when it mist be
two or three times that big to rationalize aggregate data using
competitive theory (see Heckman and MaCurdy (1980}, MaCurdy
(1981), and Iucas and Rapping (1969)).

On the other hand, the work of Holmstrom and Weiss
(1983) suggests that contractual elements may increase the magni-

tude of the effect of & common preoductivity shock when there is
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private information concerning individual-specific shocks. Their
contracts are indexed by both the common and individual shocks and
are optimal given +the resource and Incentive Ffeasible con-
straints. The econometrics of private information economies,
however, 1s at an embryotic stage and it is difficult to assess
the quantitative importance of the contractual element for aggre-
gate observation.

The final criticism is that for at least some of the
models, fluctuations are optimal. In order to simplify the ana-
lysis, the theories ahbstract from externalities if they are not
essential to the explanation. In fact there are externalities and
some may be aggravated by Tfluctuations, say externalities asso-
ciated with searching and matching of workers to Jobs~£f Insofar
as this is the case, there is a potential role for stabilization
policy. A closely related issue is that the models abstract from
issues in public finance that arise as the result of agent hetero-
geneity. Optimal taxation policy may result in cyclically wvarying
tax rates and transfers. At this time, however, our knowledge is
far too limited to construct an artificial economies that provide
good estimates of the costs and benefits and the distributional
consequences of alternative stabilization policy rules.

For the study of some phenomena, abstracting from ex-
ternalities 1s inappropriate. Competitive theory with externa-
lities or endogenous policy is more difficult and at a less ad-
vanced stage of development. Kydland (1983a) and Whiteman (1983)
have made some progress in this regard though the parametric class

of economies that they analyze is limited. Paul Romer (1982), who
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has developed a deterministic competitive model with endogenous
growth, relies upon an externality to obtain similtaneously in-
creasing returns at the aggregate level and decreasing returns at
the individual level. His is a growth model but, possibly, that

externality may be important to understanding the cycle.
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Section 5: Shocks to Technology Theory

This theory and its variants build upon the neo-
classical growth economy. That model of Solow (1956) and Swan
(1956) is, in the language of Iumcas (1981, p. 281), "a fully
articulated, explicit, artificial economy" that can be used to
generate economic time series of a number of important economic
aggregates. The model assumes a constant returns to scale aggre-
gate production function with inputs labor n and capital k and an
output which can be allocated either to current consumption ¢ or
investment x. Letting t denote the date, f:R2 + R the production
function, n the labor input, and k the capital stock, the produc-

tion constraint is

<
X, *cy f(kt’nt)

where Xps Cyo ki, ng # 0o It is further assumed that the services
provided by a unilt of capital depreciate exponentially at rate 0 <

§ <1, so

k = (1_6)kt + x

t+l t

Solow completed the specification of his economy by hypothesizing
that the fraction 0 < 0 < 1 of output is invested and the fraction
1 - ¢ consumed along with ng being a constant, say n, for all t.
Thiz model is poorly suited for the study of the cycle
for a number of reasons, the foremost being that the time series
generated by the model are deterministic. The economy converges
monotonically to its rest point and there are no oscillations.

The natural place to introduce uncertainty is in the technology.
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et z; be positive and independently distributed random variables
with bounded support. The technology constraint can be made sto-
chastic by assuming the Z; are miltiplicative shocks to the pro-

duction function:

< .
e, X Sz f(kt,nt)

Now the law of motion of capital,

Kiyq = (l-G)kt + Uztf(kt,n),

is a stochastic difference economy. The economy does not settle
down but rather fluctuates.

The structure is still far from adequate for the study
of the cycle because neither employment nor the savings rate
varies. By being explicit about the economy, the question of what
determines these variables, which are central to the cycle, natur-
ally arises.

This leads to the introduction of a stand-in household
with some explicit preferences.. Abstracting from the labor supply

and uncertainty, the standard form of the utility function is

-]

3 Btu(ct) 0<B<1.
t=0

Here 8 is the subjective time discount factor. The function u:R,
+ R is twice differentiable and concave. The commodity space for

the deterministic version of this model is 2&,, infinite sequences

t}t=0
One could apply the theorems of Bewley (1972) to estab-

of uniformly bounded consumptions {c

lish existence of a competitive eguilibrium for this £, economy



~18 -

even with heterogeneity of agents. That existence argument,
however, does not provide an algorithm for computing the equili-
bria. The alternative approach adopted is to use the welfare
theorems of Debreu (1954), in which the commodity space is only
restricted to be a linear topological space. Given local non-
saturation, competitive equilibria are Pareto optima and, with
some additional conditions that are satisfied for this econony,
any Pareto optimum can be supported as a competitive equilibrium
with redistributions. Given a single agent and the convexity,
there 1s a unigque optimmm which is therefore the unique competi-
tive equilibrium allocation. The advantage of this approach is
that algorithms for cormputing solutions to concave programming
problems can be used to determine the competitive equilibrium
allocation for this econonmy. Cass (1965) and Koopmans (1965)
analyze this deterministic optimal growth problem.

In supporting the optima by a competitive equilibrium,
Debreu's theorem does not guarantee that the separating hyperplane
belongs to 2.1; that is, the value of x € £, is not necessarily

representable as

for some p € &y (since the dual space of %, is larger than i1, &
point made by Radner {1967)). With discounting, however, if a

separating hyperplane exists, say v:{, *+ R, then element p ¢ R’l

also separates, where p; is defined to be v(e') where

e}' =0 for J # i and ei = 1. See Bewley (1972), Prescott and

Lucas (1972) and Brown and Lewis (1981) for further details.
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This endogenizes the savings decisions but, as Cass and
Koopmans show, the economy still converges monotonically to its
steady state without cycling. With uncertainty, the same results
hold if the objective is the expected discounted utility. The
commedity vector is now indexed by the history of the shocks; that

tTO is the commodity point. As is shown by

is {ct(zl,...,zt)}
Brock and Mirman (1972), an optimum to the social planner's prob-
lem exists and the optimum is a stationary stochastic process kt+1

glk,2¢). Rather than settling down, the competitive equili-
brium for this artificial econonmy fluctuates.

The optimal allocation can be supported with spot mar-
kets only provided that agents are homogenous and have rational
expectations. BSpot prices are stationary functions of the econ-
omy's state, that is p; = P(kt’zt)' With this approach it is
necessary to distinguish between capital owned by a single indivi-
dual and capital owned by other people. The optimal law of motion
of an individual's capital is &g, = h(kt=zt’a’t)' Note that the
individual's decision has ne effect upon future prices which are
forecasted using equilibrium functions Xk ,q = glki,zy) and p, =
p(kt,zt). For consistency or in equilibrium the representative

household must be representative, or,
kg = hlkgzyok) = glieg,z,)

for all (ky,z4). With +this formulation, unlike the state-
contingent formalation, expectations of future prices are cru-
cial.il Thus, any cycle theory within this framework is expecta-

tionally consistent.
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As fluctations in hours of employment per household is
the key to the business cycle, the preferences must be modified to
include leisure as well as consumption. This is what Finn Kydland
and I (1982) did. The objective of the stand-in household is

E{ ] Btu(ct,lt)}

t=0
where Et is leisure and 2.t+nt = 1 if the per period time endowment
is normalized to be one. Letting ¢ be the subjective discount
factor, discount factor B is 1/(1+4p).

Micro observations and secular patterns severly restrict
possible utility functions. The facts that leisure has been
nearly constant, that real wages have increased by a few hundred
percent, and that there has been nc trend in the real interest

rate over the last forty years requires

¢ ,(1-9)
ct Yy )Y L1

Y

u(ct,lt) =

where =» < ¥ £ 1 and 0 < ¢ < 1. As average Et is approximately
2/3 (see Ghez and Becker (1975)), I - ¢ must be approximately 2/3
or ¢ = 1/3. Low average real interest rates along with growing
consumption constrain B to be near one. The appropriate value of
B depends upon the time period, which we took to be a quarter of g
Year. We used B = .99 which corresponds to the subjective time
discount rate being 1 percent per quarter, that is 4 percent per
year. Only Y is a free parameter.

This structure does not admit to sufficient inter-
temporal substitution of leisure to account for the data. One way

to introduce greater intertemporal substitution without altering
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the steady state properties of the growth model is to assume the
utility function u is a function of Cy and a distributed lag of

past leisure: that is to assume an objective function

o0 oo
(1) E L B u(ct, )y aint-i)'
t=0 i=0
The a; are constrained to sum to one and ai+l/ai is some constant

n for all i > 1. This implies

(2) ) @ L = ao(l—n )+ (l—ao)(l-n)(l-at)

t-1 t

This structure can be Justified by assuming an unobserved capital
stock in the household sector (see Kydland, 1983a) with household
production being distributed between consumption and investment of
the nonmarket produced goode.

The production side assumes unit elasticity of substitu-

tion between capital and labor: namely

) = n O (1-8)

£k, .n t Tt

t

vhere 0 < 6 < 1. As inventory stocks are a strongly procyclical

variable, inventories ¥y are needed and are introduced as follows.

1-9

8 (ox] + (10)y))

where —* < ¥ < l. Parameter 6 is determined by the average labor

share while the average inventory-capital ratio restricts either o

or Y« The stochastic technology constraint is



_po_
. _ < .
(3) ey +i (yt+1 yt) z, f(kt’nt’yt)

Unlike Brock and Mirman (1972), independent shocks {z } to techno-
logy do not suffice. We assume that technology shocks are unob-

served and are the sum of unobserved shocks X1 and Xoy

It is further assumed that the {x;,} process is first order auto-

regressive with an autoregressive in parameter near one:

(4) Xp 41 - 92 Xt Bpg o

The second component Xx5i is independent of x;, and transitory:

(5) Xo 441 - Spt C

Finally, a noisy indicator z, of Zy is observed:

t

(6) 7 = x.. +X. +E

The shocks €5y are all independent and sufficiently near to bheing
normal so that inference rules based upon normality Iintroduce an
error that is too small to be of concern. With this structure,
expectation of xy = (xlt’XEt) conditioned upon past Zy is a suffi-
clent statistic for forecasting future Zyo This is the standard
Kalman filter result.

A reason for persistence in shocks is that techncleogical
change may be permanent. A new invention which increases the
production possibility set todsy increases it in the future as
well. We found that the artificial economy produces cycles simi-

lar to those experienced by the U.S. economy in the post-war
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period only if the wvariance of the permanent shocks €4 are large
relative to the variance of the temporary shocks Eoge

The final modification was to Introduce multi-stage
production of new capacity with & period required for each
stage. In particular, four quarters are required to build a new
unit of capacity kt with one quarter of the value put in place at
each stage. This expands the number of capital goods from two to
five with there being completed capital kt’ three—~quarters com-
pleted capital S1ts half-completed capital Spt, One-quarter com-
pleted capital Sy, and inventories Yo

At the beginning of pericd t the indicator ;t of the

productivity shock Zy is observed. The employment decision n, and

new capital project decisieon S)¢ are made. Note

k = (1_6)kt + 3

t+1 1t

St41,5 © St,441 § = 1,2,3

are linear laws of motion. Investment is

J I

{8) i, = 1/1+[s1t + s, + 8

+SJ+

3t t

Output, and therefore Zy, 1s subsequently observed and then the
remaining output is allocated between consumption Cy and carry
over inventories Yi+1®

The state wvariables for this economy are the five capi-
tal stocks, the conditional expectations of the two technology
shocks, and the distributed lag of past employment decisions 8y o

The decision variables are employment ny, new investment s),,
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consumption Cy and carry over inventories Y1 The social plan-
ner's problem is to maximize (1) subject to (2) - (8) and the
nonnegativity constraints.

In practice the social optimum for a quadratic approxi-
mation to this economy about its steady state is computed. First,
the rest point for the deterministic version of the econony is
determined. Constraint (3), which mst be binding since consump-
tion is a good, is used to eliminate ¢y in (1). Then the objec-
tive function depends only upon current decision and state vari-
ables and the constraints are linear. The quadratic approximation
about the rest point for the deterministic version of the model
then is made. The resulting problem is the standard linear-
quadratic regulator problem whose equilibrium decision rules,
which specify decisions as a function of the state variables, are
linear and easily computed (see Sargent (1981)). The equilibrium
is a linear vector autoregressive system that can be simulated to
determine whether the behavior of the artificial econony resembles
the behavior of the actual economy.

I found 1t remarkable that this simple structure mim-
icked the post-war business cycle so well. The relative vari-
ability of consumption and investment matched, as did the serial
correlation properties of the model's cycles. Further, hours
moved strongly procyclical with more than half of the variability
in ocutput being accounted for by wvariability in this input. This
is remarkable giving that this structure was the on one con-
sidered and the only parameters that were free and affected equi-

librium behavior in an important way were the variance of the
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rroductivity shocks and the parameters defining the distributed
lag of leisure in the utility function. The standard deviation of
the highly persistent productivity was 0.9 percent per quarter.
This number seems large as intuitively shocks to technology should
average out over the economy. Its magnitude, is consistent with
the magnitude of residuals in estimated aggregate production
functions, but I would have much more confidence in the theory if
micro observations restricted this parameter to bhe near this
value.

The model's fit is far from perfect, which is not sur-
prising given the abstract nature of this artificial economy. The
three principal discrepancies are (1} that inventories are not as
strongly procyclical as in the data; (2) that the cyclical apli-
tude of hours variation is a third too small; and (3) cyclically
the average product of labor and hours are highly correlated. The
first discrepancy is easily remedied by modifying the production
function. A better technology would use the nested CES production
function with labor and capital having unit elasticity of sub-
stitution and with inventories being a poor substitute for the
composit labor-capital input. The second and third discrepancies
would be ameliorated by treating the hours a machine i1s employed
as being endogenous. This would result in the magnitude of hours
variation relative to productivity wvariation over the cycle to
increase. This change, along with small errors in measuring labor
input, would make the fit almost perfect.

An advantage of being explicit about the artificial

econory is that deviations from the theory suggest specification
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changes which not only improve the fit but alse match better with
micro observations. Another advantage of this approach is that it
focuses attention on key feature such as the high intertemporal
substitution of leisure. If some micro observation prove to be
inconsistent with the assumption, this theory of the cycle fails.
Finally, introducing miltiple industries as is done in
Long and Plosser (1983) appears promising. This does not intro-
duce new free parameters, for Iinput-output tables restrict these
new parameters. They find that much less persistence of shocks is
needed to preduce persistence in fluctuations when the industrial

structure is incorporated into the model in this way.



T: An Fconomy With Nominal Wage Contracting
Giving Rise to the Cycle

The purpose of this section is to describe an environ-~
ment, i.e., preferences, endowments, and technology, such that
when households and firms agree on a contract that specifies the
nominal wage one period in advanca, unexpected monetary shocks
have effects on output and employment. The structure of the
economy 1is extremely simple building on the work of Fischer
(1977). It uses the basic frapework of the optimal growth model,
supplemented with the restriction that cash is necessary to make
every transaction, i.e., goods are exchanged for money and money
is exchanged for goods, but goods cannot be exchanged for goods.

We analyze the dynamics of this eccnomy under a specific
notion of equilibrium. It is basically the standard recursive
competitive equilibrium concept, medified to require that the
representative household and the firm agree on the nominal wage
before the current period monetary shock and, consequently, before
the current period's price level, is known. The other goods,
consumption, capital and investment, are exchanged in spot
markets. The money supply 1s exogenous to the model. Its rate of
growth is a random variable. Changes in the stock of money are
brought about through lump sum transfers te the households.

Schematically, the economy evolves in the following
way: At the end of a given period, the household finds itself
with holdings of cash balances and real capital. Households, in
their role of owner of capital stock, pool their capital to form a

firm. They are the residual claimant to the surplus generated by
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that firm. Subsequently, each household, in its role of worker,
agrees with some firm {(not necessary the same firm it owns} on a
labor contract for next period. The contracts that are analyzed
in this section specify the nominal wage before the monetary shock
is observed, and the number of hours the representative worker
will sell to the firm, possibly contingent on the realization of
the shock. After this is reazlied and the market .clearing spot
prices of new capital and consumption are announced, the household
uses the cash balances it holds tc buy these two gcods. 't the
end of the period, the household receives cash from the firm for
which it worked and also dividends from the firm it owned. It is
assumed that in forming their expectations, economic agents effi-
ciently use all the information available to them.

Given this brief degcription, it is possible to analyze
the effect of, say, an increase in the money supply that is larger
than expected: As the nominal wage is fixed, the positive mone-
tary shock increases the price level and, consequently, decreases
the ex post real wage. As the capital stock is also fixed (it is
choseh one period in advance), and profit maximization by the firm
requires that marginal product of labor be equal to the ex post
real wage, this generates an increase in employment and output,
which in turn allows for an increase in consumption and invest-
ment. The larger-than-average investment is the channel through
vhich monetary shocks have ''persistent" effects, as high invest-

ment today results is larger than average levels of cutput in the

future.
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The analysis clearly points out some of the limitations
of the structure we use to explain some of the regularities listed
in the introduction and Section 2. On the one hand, profit maxi-
mization on the part of the firm under full information results in
employment and the real wage being negatively correlated. There-
fore, 1if anything, this model predicts that hours of ermployment
and marginal product are negatively correlated. On the other
hand, the way money is introduced into the model, through the
cash-in-advance constraint, severely limits the possibility of
producing an economy with procyclical velocity measures. In
particular if, as is the case with our example, the cash-in-
advance constraint 1s binding--agents d¢ not want to hold cash
balances in excess of those needed to make the desired transzc-
tions~~then a strong form of the quantify theory obtains where the
income velocity of money is identically one over the cycle.

As is the case with almost every structure, the results
we obtain depend substantially on the equilibrium concept that is
being used, which should properly be regarded as another assump-
tion.. However, the specification that labor contracts which se£
the nominal wage one period in advance may exceed the limits of
"reasonable" assumptions. This is so because it severely re-
stricts the class of labor contracts that can be analyzed and, in
particular, leaves out the indexed contracts--i.e., contracting in
real terms--that turns out to be a type of contract that achieves
the Parete optimal allocation. Therefore, this structure should
be considered as an intermediate step between those models that do

not specify the environment and that use supply and demand curves



- b=

as primitive concepts, and the models--still to be developed—-
vhere ideally both the length of the contract and the fact that it
is written in nominal terms emerge endogenously. However, this
hybrid structure is an inexpensive way of exploring if these
models have any potential to explain the regularities associated
with the cycle. If they do, then the investment of more resources
to understand nomiral contracting seems Justified. If they do
not, it suggests resources might better be allocated to searching
for some other explanation of the business cycle.

Denote by K the per household stock of capital at the

beginning of the period, and let M be also the per household stock

of currency before the current period, per household, monetary

injJection, Mx. Therefore, per capita stock of money follows
M' = M(1+x)

vhere x is a positive random variable and M' next period's rper
household stock of money. It is assumed that the Xy are identi.
cally and independently distributed random variables with E[xtl =
X > 0. We further assume that the distribution of x is known to
all agents in this economy, and that the realizations of the
process are publicly and freely observed. We search for an equi-
librium for which the spot price of the consumption and the in-

vestment good-e-/ at time t is a time invariant function of the

—E-/The technology will be assumed to display a constant
marginal rate of transformation between the consumption good and
the investment good equal to one. Therefore, if both are pro-
duced, their relative price mst be one and, in fact, they are the
same good.
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econonmy wide average variables and the monetary shock
p = P¥(M,K,x).

It is also required of an equilibrium that the rate of return on
capital be the same regardless of which firm the household works,
and that it depends on the same variables as the aggregate price

level. It is given by
u = U*(M,K,x).

Notice that although this period's per capita money stock is M' =
M{1+x), M and x are introduced as separate arguments in the prie-
ing function. This is so because money will not be totally neu-
tral in this economy. In particular, the same value of M' can be
attained by infinitely many combinations of M and {1+x), and each
is associated with a different value of the shock. Given the
nominal wage contract, this unpredictable component has real
effécts, while it is possible to argue that different M's should
have none.

The representative household is assumed to have prefer—
ences defined over, possibly stochastic, sequences of consumption
and leisure given by the utility functional

w
(7.1) gl § Btu(ct 1-h, )}

t=0
where 0 < 8 < 1 is the discount factor and u{+) is concave, twice
differentiable and increasing in its two arguments: consumption
(ct) and leisure (1-h ). The endowment of time is one unit in
every period and labor supply (ht) is restricted to be between

zero and one.
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Consider now the problem faced by a household that at
the beginning of period t has m units of cash and k units of
capital. At this point, and before x is observed, the hcusehold
and a firm agree on a contract that specifies this period's nomi-
nal wage and capital per worker. Given the contract, and after
observing x, the market clearing price, p, and the rate of return
on capital, u, are observed. The household honors the contract
and buys this period's consumption, ¢, and next period's capital,
k', with the post-transfer cash balances that it holds. Finally,
next periocd's cash balances are equal to unspent cash balances,
.wage income and capital income.

Competition by firms for workers results. in the wage
rate being set optimally from the point of view of the household.
If it is set too high, a slightly lower wage increases both fhe
return on capital and the expected utility of the worker. On the
other hand, if w is set below its optimal value, a firm by offer-
ing less capital per worker or equivalently hiring more workers,
given its stock of capital, achieves the same result. Thus, the
equilibrium nominal wage mst be get at the optimal value subject,
of course, to the nominal wage contracting requirement. This
result is assumed in the subsequent analysis.

Notation conventions that are upper case denotes a per
capita value or function while lower case denotes an ihdividual's
value or function. The star denotes a real-valued function.
Functions are defined for nonnegative values of m, M, k, and K and
for values of x which are at least one. Prime denotes the next

period value of a variable.



Fgquilibrium Definition

We are now ready to define a recursive equilibrium for
this econony. The equilibrium elements are three pricing func-

tions
U*(X,M,x) nominal return on capital
We(K,M) nominal wage rate
P*¥(K,M,x) nominal price level

and three allocation functions
C*(K,M,x) per capita consumption
K*(K,M,x} per capita investment
H*(K,M,x) per capital hours of employment

Before we specify the equilibrium conditions, first it is neces-

sary to consider the household's problem.

Household's Problem

Let v*(k,m,K,M) be the discounted expected utility of a
household given it behaves optimally given equilibrium pricing
functions P* and U* and equilibrium investment function K¥. By
Bellman's optimality principle, it must satisfy

v¥(k,m,K,M) = max Ex{ max  fuf{c,h)+Bv¥(k' ,m' k' ,M*)}}
w h,e,k',m'>0

subject to



(i)

(ii)

(ii1)

(iv)

(v)
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the nominal wage contracting constraint P*(K M,x)

fo(K,h). = w;

the cash-in-advance constraint P*(K,M,x) (c+k') < m + Mx;
the equilibrium law of motion of the per capita capital

stock K' = K*(K,M,x);
the law of motion of per capita money supply M' = M{1+x);

the budget constraint m' = m + Mx - P*{K,M,x) {c+k') + wh

+ U*(K,M,x) k.

A staticonary solution to the above is a set of five functions

)
i

v*(k,m,K,M)

c*(k,m,K,M,x)

(1]
1}

k' = k%*(k,m,K,M,x)

m' = m*(k,m,K,M,x)

h = h*{k,m,K,M,x)

Equilibrium requires that for all values of (K,M,x) that the fol-

lowing conditions are satisfied:

1.

2

Goods market clear c*(K,M,K,M,x) + k*{K,M,K,M,x) =

flK,n* (K ,M,K,M,x)].

The representative individual is representative

C*(X,M,x) = c*(K,M,K,M,x)
H¥(K,M,x) = h*(K,M,K,M,x}
K* (K ,M,x) = k*(X,M,K,M,x)
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w (K M)

[

w* (K M K M)

H

M*(1+x) = m*¥(K,M,K,M,x}

This completes the definiticn of equilibrium.

An Example
In this subsection, an example is worked out explicitly
with closed forms for the equilibrium pricing and allocation

functions. The utility function is
ule,h) = 1n c + 2 1n (1-n)

and the per capita production functicn
£(k,h) = k(=% g ca <1,

We restrict our search for an eguilibrium to ones for which the
three pricing functions are homogenous of degree cne in M. This
is Just the restriction that the unit of account does not effect
real allocations. The only real effect of the money supply is

through the shocks x.

To simplify notation in specifying the equilibrium, let

o = 1-9
[{(1-a)+2(1-Ba)}] (1+x)
where x = E, X« 4n equilibrium for this econory is

H*(K,M,x) = 8{1+x)

K*(K,M,x) = Bak® [8(1+x)](l—ﬂ)

n

c*(K,M,x) .= (1-Ba) K* [8(1+x)](l—a)



-10-

PH(K,M,x) = M K% [8(1+x)] (1-2) (1+x)

U*{K,M,x) = M {1+x) « K~}

W (K,M) = [2(1-Ba)+(1-a)] M(1+x).

This allocation is a restricted, equal weight Pareto optimum. The

restriction is that there be no indexing of labor contracts.

Nonoptimality of the Nominal Wage Contract for the Example

The previous example shows that the "optimal™ nominal
contract cannot fully insulate the econonsy from random monetary
shocks. The question arises then whether it is possible to find
another contract that dominates nominal wage contracts.

For this structure, it is a relatively simple exercise
to show that tﬁe "equal weight," Pareto optimal allocation; i.e.,

the solution to the planner's problem, satisfies

_ a . 1-a
¢, = (1-8a) Ky B
- a l-a
Kth = Ba Kt ht
l-a

& = 3058 + 1=

Then 1t is not hard to specify a contract that dominates the
optimal nominal wage contract, in the sense that it achieves
equivalent Pareto optimal allocation. This contract specifies the
real wage given the capital stock; in other words, it reguires
full indexing of the nominal wage to the price level.

For this example it is to set wy /Dy equal to the mar-

ginal product of labor, given K¢ and Hy at its optimal value



-11~

Tt

Py

l-a
2(1-fa) + 1-a"

s 4 -0
(1-a) K, H and Ht =

Then to Justify looking at nominal wage contracting to generate
business cycle type observations it is necessary either to abandon
in some sense the rationality principle or to introduce asymmetric
or private inforrmation to preclude writing contracts contingent on
Py Such an extension does not appear to be straightforward
because equilibrium would require cash balances and capital stocks
to vary across individuals. This greatly complicatess the analysis
for the aggregate state variable must describe this distribution

which results in a high-dimensional state variable.

Summary

At this point, it seems appropriate to summarize how the
medel economy that we analyzed works. The "key" feature that
accounts for the real effects of monetary shocks is the presence
of "long-term" nominal wage contracts. This introduces some
degree of stickiness in the short-run that explains why purely
monetary shocks that affect real wages turn out to influence
output even under rationale expectations. For our model economy,
independent and identically distributed monetary shocks give rise
to positively correlated levels of output {and consequently of
consumption and investment). This "persistence" is due %to the
presence of capital in our econony.

Finally, the cash-in-advance constraint serves only the
purpose of guaranteeing the existence of a well-defined demand for
money. In its absence, money would not be held in eguilibrium.

In the example, money as a store of value is dominated; therefore,
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monetary shocks do not have portfolio effects. Their "real”
effects are truly the result ofrthe presence of nominal contracts.
Hence, it is important to ask whether the specification of the
environment; i.e., preferences, endowments, and technology, im~
plies that economic agents will choose to write contracts in
nominal terms. The answer, at least for the example, is in the
negative. We argued that even within the class of "contract
equilibria” (loosely defined to include every possible equilibrium
where labor is traded using contracts as opposed to spot markets)
it 1is possible to find a contract that dominates the "optimal"
nominal contract; namely, full indexation of the nominsal vage to
the price level. Our environment is not rich enough to preclude

endogencusly contracting in real terms.

Although this nonoptimality of the nominal contract is a
serious criticism to the model of this section, we find it never-
theless useful for two reasons: having worked out the equilibrium
behavior from basic assumptions about preferences and technology
‘allowed us to pose the question about the optimality of the nomi-
nal contract equilibrium. We believe that only models that can
potentially give an answer to this question can be useful in
understanding and evaluating the consequences of the cycle. The
second reason is that our model economy highlights some of the
difficulties of specifying environments that give rise to nominal
contracting as the type of contractual arrangement rational agents
will choose. In order to specify a model economy where this
happens, several modifications could be made. First, we could

introduce some cost of making contracts in real terms. Secondly,
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we could introduce asymmetric information between firms and work-—
ers, although it is not obvioug how this could be done within our
framework. Finally, we could introduce noisy cobservations of the
price level. One way of doing this would be to have spatially
separated merkets as in Lucas {(1972). This, however, introduces
heterogeneity among agents and the problems of computing equilib-

rium with heterogeniety among agents.



Footnotes

EJWE experimented with spectral techniques that filtered
out the low freguency movements and obtained very similar rela-
tions and pictures. The advantage of our apprcach is that it is
readily reproduced. The first-order conditions of the minimiza-
tion are linear and can be solved using standard matrix inversion
routines. The spectral techniques are not so simple to calculate.

gjﬂy readily available we mean the data are on the IMF
tapes.

éjMost of the labor contract models entail contracting
in real terms (e.g., Azariadis (1983}, Chari (1983), Green and
Kahn (1983), Grossman and Hart (1983), Hart (1983) and Stiglitz
(1983)}).

4/ The equilibrium search models of Diamond {1982) sug-
gests the natural rate may not be optimal while the work of Mor-
tensen (1982) finds it depends upon the compensation arrangement
and the model of Lucas and Prescott (1979} find no market fail-~
ure. None of these equilibrium search models have aggregate
fluctuations. One such medel with aggregate fluctuations is
Jovanovic {1983), whose conclusions are closer to Diamond.

éjln Lucas and Prescott (1971), the optimum is supported
as a competitive equilibrium with a stage-contingent commedity
point and as a competitive equilibrium only with spot markets and

rational expectations for the basic growth model structure.
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