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SPECTRAL ANALYSIS OF THE RELATION

BETWEEN EMPLOYMENT CHANGES AND OUTPUT CHANGES, 1958-1966

by

Daniel S. Hamermesh

I. Introduction

This paper discusses some results of a spectral analysis of the relation-
ship between gross changes in employment and changes in output in a large number
of small industry groupings. Comparisons among the industries in thece relation-
ships is made in order to determine if the spectra are different and if the
differences which are found cen be explained by differences in the characteristics

of the labor employed in the industries.

Spectral analysis has been applied to a problem in lsbor economics in
only one case [4]; the cause of this dearth of studies using spectral techniques
has undoubtedly been the limited number of observations we have on most varisbles
relating to lebor. More important, even if we had such information, there are
relatively few problems for which spectral analysis might be expected to give
interesting results. While one could, as Hatanakae [4] has done, examine the
cross-spectra of two seemingly randomly chosen series to exhibit their relation-
shipkat certain low, presumably cyclical frequencies, such enelysis adds little
to our understanding of how workers and firms behave.g/ Indeed, spectral
analysis does not seem to have produced much new evidence sbout cyclical relation-

ships, perhaps because we have so few observations on complete cycles in economic

* The research on which this paper is based wes performed under a grant from
the National Science Foundation to Yale University (NSF-GS-818). I am deeply
grateful to Marc Nerlove for his helpful criticism of the paper, as well as to
M. W. Leiserson for numerous illuminating discussions on the topic with which
this paper deals. '
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activity, or perhaps because these low-freguency movements are of such lrregular
length ﬁs to be undetectable by spectral analysis.g/ Thus the major use of
spectral enalysis in labor economics must be in the analysis of behavior
reflected at higher frequencies, particularly those we call "seasonal," for

it is only at these frequencies that we have enough complete "cycles" of

behavior to meke statistically significant inferences.

II. Theory

Interindustry differences in the relation between employment &nd ocubt-
put represent one area in which a theory can be develqped and then tested by
examining behavior at the seasonal frequencies in a spectral analysis. Moreowver, -
the theory cannot be exemined empirically, at least as 1t spplies to seasonal

changes, by use of the femiliar regression techniques of econcmetrics.

Let Y be output, E employment, K capital, I investment, N
totel new hires, @ total quits, L layoffs and M miscellaneous gross changes
in employment. Assume thet we can identify a group of menufacturing establish-
ments with the same production processes and the same quality of labor used in
these processes. Further assume that there existe a production function (1)

for this group of plants.
(1) () = 2(£)® x(£)H

Differentiating this function logarithmically with respect to time we obtain

(2) %%%% = o %%%% + (l-a) %%%% .

Substituting into (2) for employment change,
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(3) g(z L ANt - Q(t%(;)L(t) + M8 ], (1) %{%

where I(t) 1s net investment.

Since observations on T(t) are not available at the disaggregated

level to which we apply this model, we assume that i E is a constant over

time and rewrite (3) in terms of percentage changes:

(W) 3;=a(n~q~£+m)+b

Since this equation was derived by manipulating the technological relation (1),
it does not by itself give any behavioral implications. It can, however, he
clothed with implications for behavior in different industries if we make some

further assumptions.

Assume that some amount of specific training is required for jobs in
an industry and essume further that firms in the industry have no contrel over
the level of quits from the industryué/ This implies that firms' demand for

new hires and layoffs are residusl demands from the lewvel of quits.

Given these assumptions firms would, in order o avoid making
unnecessary investments in the training of new workers and to avoid losing the
investments in workers they already empleoy, prefer tc modify the size of their
work forces by changing the level of new hires rather than that of layoffs. In
particular, they should prefer to meet seasonal changes in oubput change by
increasing or decreasing new hires and trying to avoid layoffs as much as
possible. The present analysis abstracts from the existence of workers who ars

hired for a short period in full knowledge that they will be laid off at the
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end of that period (women in the canning industry are a standard example of
such a phenomenon). Such hiring and laying off will of course give rise to
seasonality in the layoff serles as well as in new hires. Nonetheless, the
other factor, that involwving the replacement of workers who quit, will give rise
to a seasonal component in new hires which is greater than that in layoffs, if

output change itself has & seasonal component,

If supply conditions are agsumed to remaln constant, firms in the
industry in which training is essential for most workers will have an incentive
to minimize changes in new_hires‘anﬂ layoffs in response to seasconal variations
in output changes. Such firms will try to avoid incurring training costs in
workers who are only needed to help meet seasonal pesks in product demand.
Tndustries in which little training is regquired to ensble potential new hires
to work efficiently might be expected to expand and contract their work force

to a greater extent as product demsnd changes seasonally.

For industries in which training costs are high, we should expect
relatively flat spectra for the series on new hires and layoffs, even when the
series on output change shows decisive peaks at the seasonal frequencies.
Industries in which specific training is reletively unimportant might be ex-
pected to have hires, layoffs and output changes series with spect}a exhibiting
marked peaks. A ccmparison of these spectra for e number of industries thus
provides evidence as to whether the specific training hypothesis is a valid
explanetion for interindustry differences in the behavior of gross changes in

employment,

It may be that a theory of union wage policy and of employer reaction
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to that policy can be constructed that would explain differences in the spectra
of the employment change series both within and among industrieso&/ It is
certainly true that the analysis of this paper d&es not discriminate between
possible causes of the phenomena under consideration, but instead merely advances

the specific training hypothesis as a reasonable one,

Since the series on new hires, quits, ete., represent changes in the

level of employment, we should not expect, ceteris paribus, to find much power

at the lowest frequencies in the spectrum. If, however, the indusiry rate of
growth pr decline changes slowly during the pericd of observation, one would
expect substantial power abt the low freguencies. Such power would also exist

in the spectra for a steadlily growing industry if bissed technologicml changs

were ocgurring in the industry. Labor-saving itechnical change would, for

example, cause & secular decrease in the elasticity of each series on gross
employment change with respect to output change, and this trend might also produce

an accumuiation of power at low frequencies,

IiI. Data

Data for twenty-eight industries form the basis for the analysis pre-
sented here. The industries considered comprise all three~ and four-digit
industries for which monthly production data are availsble and for which these
data are based on physical or value peesares rather than on manhours worked .
(Use of production data based on manhours would have, of course, little walue
in a study relating employment change to output change.)

The production data are computed by the Federal Reserve Board on the
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basis of trade associstion data snd reporis collected by the Bureau of the
Census {3]. The series on new hires, quits and leyoffs are published by the
Bureau of Labor Statistles on the basis of a sample covering the majority of
workers employed in menufacturing. Miscellaneous gross changes in employment

were derived by the followlng identity:

(5) m=(a-n)-(s-q-2)

where & is total saccessions and s +total separations. Because of the diverse
changes contained in this series it is difficult to form any hypothesis about
the shape of its spectrum in different industrles and I ignore it in further
discussion.é/ Data on sll these serlies are aveailable and were used in the

analysis, from January 1956 through December 1966.

The twenty-eight industries were divided into two groups according
to the level of specific treining required in each of them, as estimated by
Eckaus [2] on the basis of the occupational mix in each industry and the
Employment Service's estimates of specific vocational training required for
each occupation. Table 1 shows this breaskdown and also glves measures of the
extent of unionism, of the occupational structure in each industry, and of
wages and salaries per worker in each industry. As can be seen from Tsble 1,
industries in Group I are gemerally those which are more heavily unionized
and in which the wage level is relatively high. This points up the difficulty
of discriminating between the specific training hypothesis and some theory of
em@lgyer behavior in {ihe presence of unionism on the basis of whatever results

this study brings out.



Industry & Group

Group I: Cement,
hydreulic

Iron and gteel
foundries

Alumivum rolling,
drawing and
extruding

Nonferrous foundries

Metal cans
Beating equipment

Household refriger-

ators and freezers

Household laundry
equipment

Radio and TV
recelving sets

Plastic materials
and resins

oynthetic fibers

Group II; Sawmills
and planing mills

Millwork
Veneer and plywood
Glass containers

(continued)

S1C

32k

232

3352

336
3kl

3433
3632

3633

365

2821

2823, 4

2h2

2h31
2432

3201

.,7_

Table I

(1)
Specific
Training
Required

1950

(in years)

1.05
1.15
1.2k
1.2k
1.26

1.26

1.38
1.38
1.38
L1.b7

1.17

.78

.18
.78

(2)

Workers in
Unionized
Establish-
ments, 1958
(percent)

7.9
88.6

88.6

88.6
70.6
70.6
72.8

72.8

72.8

65,4

65.h
43,8

45.8
43.8
-9

(3)

Semi~skilled
and Unskilled
Workers, 1960

(percent )
56.8

50.6

k9.5

49.5
43,4
L3 )
46,0

46,0

46.0

37.9

25.1
0.7

0.7
T0.7
61.9

(4)
Payroll per
Employee, 1963

(dollars)

6522

6179

69k

5950
7081

5603
6501

6291
5033
7130

619%
3856
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Table I (continued)

Industry & Group sSic Specific Workers in Semi-skilled Payroll per
Training Unionized and Unskilled Employee, 1963
Required Establish- Workers, 1960
1950 ments, 1958
(in years) (percent) {percent) (dollars)
Brick and structural 3251 .79 77.9 67.9 4555
_clay tile
Confectionary and 207 .70 68.1 61.9 bhgo
related products
Cigarettes 211 .63 62.6 67.5 5146
Clgars 212 .63 62.6 67.5 3285
Wool weaving and 223 .98 30.1 72.9 4278
finishing
Men's and boys' 231 N3 59.7 80.0 Lo29
suits and coats
Men's and boys! 232 .64 59.7 80.0 2943
furnishings
Peperboard 263 .82 75.5 57.7 6767
Corrugated and solid 2653 97 75.5 59.2 5831
fiber boxes
Tires and inner tubes 301 97 80.6 58.5 7292
Other rubber products  302,3,6 97 80.6 58.5 5537
Leather tanning and 31L .79 49 .3 71.8 5198
finishing
Footwear, except 31k .55 49,3 7.4 3541
rubber

Column 1: Specific Vocationsl Prepsration, in years, as estimated in [2; pp. 187-891.
These figures and those in Column 3 are based on the Census breakdown of industries, a
division which is not as fine as the three-digit SIC breskdown. Thus some of the industries
in our sample fall into the same Census category and will have identical figures in

Columns 1 and 3, while in moet: cases the figures in these colums are based on other,
closely allied industries, as well as on the industry for which we have listed them. While
this is undoubtedly & problem, the estimates in this table are the finest breakdown avaii-
able. Moreover, in view of the similarity of industries grouped together by the Census,
the errors should not, I believe, be overwhelming.
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Teble T (continued)

Column 2: Percent of workers in the industry employed in establishments in which the
majority of workers sre unionized. H. M. Douty, "Collective Bargaining Coverage in
Factory Employment,"” Monthly Lebor Review, April, 1960, page 347.

Column 3: Operatives + service workers + laborers as a percent of total employment
in the industry grouping, Census of Population, 1960, PC(2)-7C, Subject Report,
QOceupation by Industry, Table II.

Column 4: Total payroll divided by number of employees on the payroll in Merch, 1963,
in operating establishments, Census of Manufactures, 1963, Volume I, Summsry Statistics,
"General Summsry," Table III, pp. 45-62.
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IV. Estimates of Spectre and Cross-Spectra

The spectra for the series on new hires, quits, layoffs and output
changes were estimated using prewhitened data, where the prewhitening was done
by a stepwise autoregressive procedurg}[B] that selected from the detrended
sefies x(t) = X(t) - X those lags which gave significant coefficients. The

spectra were then computed using the so-called Parzen weighting scheme for

the autocovariances, with weights defined as:

i)
2 M
64 (1_1%) 0<,B<-2-

R

(6) . (;;—)J

2(1-{%)2

=

<L<M

—

where M is the truncation point in the summation of the series in

M
cxx(o) + 2 ?

xkf oL
ey Cxx(ﬂ) cos Tw(ﬁ) 3

iyl

fxx(k) =

—

the formula for the spectrum of the process x(t) . In this study we restricted
the series to & truncation point of 36 months, since our chservations on the
series were limited to 108 months. Finally, the raw spectra were "recolored”
by dividing at each frequency by the transfer function of the fitted auto-

regression at that frequency.

It is impossible to present graphically all 112 spectra which were
computed in this analysis, so we present four spectra for a typical industry
in each of our itwo groupings and a discussion of results contained in the

appendices. Appendix A presents a coded summery of the shapes of the spectra



= 1]l =

for each of the 112 series. While this coding is unforturmtely based on
what may be arbitrary visual distinctions, it is the only practical way of
sumarizing all the results of the analysis. Remembering that our thecoreticzal
argument hinges on the presence of seasgonslity in the output changes series,
we must first inguire whether this condition is satisfied. In all but four
industries we find strong peaks in the sgpectra of output change at the
seasonal harmonics and only one of the four without strong seasonality fails
to show at least moderate sessonality in the output chenges series. Tha
sssumpbion that there is significant seasonal movement in oubput thus seems
well satisfied. The presence of grester power at the higher frequencies in
these spectra for most industries is undoubtedly due to the use of percentage
output change, a procedure which produces low-order negative autocorrelation

if little positive auloccorrelation existed in the original series.

We also assumed that quit rates in the various industries have
similer spectra, indicating, if layoffs and new hires have substantially
different spectra, that the level of quits is independent of conditicns in
the particuler smsll industry grouping. This assumpiion also appesrs to be
borne out by the results of this analysis. The spectra for the new hires and
layoffs series vary greatly in shape in the different indusiries,; but those for
quits heve, with the exception of the household refrigeration industry (SIC 3632),

moderate or strong seasonsl pesks.

In short, both of our assumptions appear velid (or at least as valid
8s one may ever claim on the basis of empirical work) and we can proceed to

exemine whether one prediction based on the presence of specific training,
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namely the greater seascnality of new hires than of layoffs, is demonstrated
empirically. A comparison of the spectra of these two series in each of the
twenty-eight industries shows eighteen for which the new hires series have
sherper peaks at the seasonal harmenics than do the laycffs series. In six
industries the strength of seasonal movements appesrs the same as between the
two series; while in four others the layoffs series has & stronger seasonal
component than the new hires series. Thus in a substantial majority of
industries the results can be explained by the effects of the specific training

of workers on employer behavior.

Figures Ia, Ib, ITa, and IIb illustrate these results for the non-
ferrous foundries industry, SIC 336, representing Group I, and for the paper;
board industry, SIC 263, representing Group IT. In the both industries the
spectra for both output change and quite have marked peaks at the seamsonal
harmonics, with the spectral density at the harmonics being more than ten times
as great as the density at the nearby troughs in most cases. The greater
seasonality in new hires is especially apparent in the paperboard industry,
in which the spectrum cf the new hires series has seasonal pesks as shrong as
those in the output change series, while the spectrum of layoffs has cnly small
blips at the seasonal harmonics.

The specific training hypothesis also predicts that industries in
what we have desigpated Group I should have spectra for new hires and laycffs
whizh are much flatter than those in the less-skilled industries in Group II.
In comparing the spectra of the new hires series between these two groups we
find that fifteen of the seventeen industries in Group II have new hirss series

with strong or moderate seasonal peaks, while this is true for only five of the



- 13 -
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Figurc II: SIC 263
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eleven industries in Group I. It thus appears that in those industries in
which new workers must be trained for their jobs the level of new hires
fluctuates much less seasonally than 1+ dees in those industries which require

less specific training.

In the case of layoffs there is some evidence, albeit rather weak,
that seasonsl fluciustions are more marked in those industries which reguire
relatively little investment in gpecific training. In five of the eleven
industries in Group I the spectra of the layoffs series show no seasonality,
while this is true for two of the seventeen industries im Group II. (Only
three of the eleven industries In Group I have strong or moderately seasonal
layoffs, while elght of seventeen in Group II have such seasonality,) Assuming
‘that this evidence is not satisfactory support of the specifiec training hypothesis,
I proceeded to examine the spectra on guits in the Group II industries, ir order
to ascertain whether those industries in which the spectra of layoffs were
especially flat were also these in which quits were strongly seasonal. If such
were the case it would indicate that seasconal fluctustions in quits ensbled
firms in these industries to aveid layoffs. Unfortunately, there is no sush
evidence, and we must remain satisfied, st least for the purpeses of this paper,
with the weak evidence that layoffs, like new hires, show the expected differerc=s

between the two types of industry.

These last two points are lllustrated by comparing Filgures Iz, T4,
IIc and IId. In the nonferrcus foundries industry the spectrum of the new hirs:z
series has only small peaks relative to those of the same series for the papsr.

board industry. In addition, laycffs in the nonferrcus fourndries industry hz.=
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no significant seasonal fluctustions, while layoffs from the paperboard

industry have significant, but weak seascnal fluctuations.

Finally, it should be noted that the spectra for new hires, quits
and layoffs in nearly all of the industries have less power at higher
frequencies than at the very low frequencies. As was mentioned above, this
phenomenon could be due to any of several causes, either singly or together,
ranging from technological chenge to growing output. It is impossible by

means of spectral techniques alone to explain this resulb.

V. Conclusions

The theoretical effects of required specific training of workers on
biring and firing appear, for the mcst part, to be substantiated by this
interindustry comparison of seasonal behavior. . We find that in most industries
seasonal fluctuations in new hires are greater than those in layoffs, as
expected if enfrepreneurs minimize costs by aveiding layoffs of those worksrs
in whom they have an irwvestment in the form of specific traininga Furthermore.
it is clear that in industries in which specific training of workers is mcre
important, the level of new hires fluctuates much less seasonally than it
does in those industries in which less specific training is requirsd. This
difference between the two types of industry is alsc reflected, though not

quite so clearly, in the seasonal behavior of layoffs.

The results of this analysis have an interesting implication for
wage theory and perhaps for policy. Popular literature contains many dis-

cussions of the effect of the rise of vested pensicn plans on worksr mobility.
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insofar as they increase the incentives for workers to avoid frequent moves.

0i [6, p. 545] has analyzed empirically the effects of specific training on
workers' desires to remamin in their present jobs. Both of these points are
based on the supply behavior of workers. The results of this Present analysis,
in perticular the weak seasonality of layoffs in most industries s especially
those which require more training of workers, indicate that investment in
training works on the demand as well as on the supply side to decrease the

interfirm mobility of labor.
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32l
252

3352

336
341
3433
3652
3633
565
2821
2823, 4

324
332
3352
336
341
3433
3632

5633
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APPENDIX A

Summary of the Shapes of the Spectrs for the Time Series

S8-F
55=F
WS=-U
S5-U
S55~-U
85-U
55-U
55-U
55-U
S8-U
MS-F

55<D
W5=D
W3-D
W5=-D
M5~-D
Ws-D

NS-D

W3-D

Table A-L

Group I Industries

OQutput Change

sherp seasonal peaks
shexrp seasonal peaks

36-month eycle also
sharp seasonal pesks
sherp seasonal pesaks
sharp seasonal pesaks
sharp seasonal peaks
sharp seasonal pesks
sharp seasonsl pesaks
sharp seasonal pesaks -
sharp peeks at 12, hL-month
¢yeles, irregulsr elsewhere

New Hires
sharp seasonal peaks

sharp peak st l-month
cycle only

weak pesks at all
seasonals

missing l2-month, 2-month
peaks entirely

sharp pesks at 12, 6-month
cycles

weak peaks at all but
2-month cycle

nearly flat except for
high power at low
frequencies

weak peaks at the lower-

frequency seasonal harmonics

55-D
M5-D

88-D
MS=D
55-D
S8=~D
WS-D
85-D
55-D

8S8-D

S58=-D

M5-D

NS-D

NS-D

NS-D

S8-F

W5-D

M5-F

Quits

sharp seasonal peaks

very high power at lowest
frequency

sharp seasonal peaks

high power at lowest frequency
sharp seasonal peaks

sharp seasonal peaks

sharp peak at 6-month cycle
high power at low freguencies
sharp seasonal peaks

sharp seasonal peaks

sharp seasonal peaks

Layoffs
no peaks at high-frequency
seascnal harmonics
irregular Tluctuations
irregular fluctuations
irregulear fluctuations
sharp seasonal pesaks
36-month c¢ycle also

sharp peak at l?»month cyels,
others weak

irregulsr fluctuations
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Table A=l (continued)

365 M3-D fairly sharp peeks, WS<D drregular except for moderste
except at 3, 2-month peaks at 12, 6-month cycles
cycles

2821 88-F sharp seasonal peaks NS-D nearly flat, except for

some power at lowest
frequencies

2823, 4 S8-D sharp seasonal peaks WS-D weak pesks at all but k4

3=month cycles

KEY; = pronounced peaks at all or all but one of the seasonal harmonics

peaks at most or all seasonal harmonics, but some wesk

- peaks at some seasonal harmonies, or small rises at most of the
seasonsl harmonics

-~ no evidence of significant power at the seasonal frequencies

more power at the higher frequencies than the lcwer ones

- spectrim is relatively flat

- more power alt the lower frequencies than the higher ones

& 8 B
]

o o 6
£
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2he
2431
2130

3221
2251

207
211
o120
223

231
232

263
2653
301
302,3,6
311

314

2h2
2hz1

2432
3221

%251
207

S85-U
S55-F
S5-U

S5-U
55-F

S5-U
88-U
88~-U
MS-F

SS=-1
S8-U

55-U
55-U
M5-U
88-U
85-U

55=U

MS-D
M3-D

55=-D
MS-D

M5-D

55-D
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Table A-2

Group IT Industries

Output Change

sharp seasonal pesks
sharp seasconsl peaks
sharp seascnal peaks

sharp seascnal pesks
sharp seasconal peaks

sharp seascnal peaks

sharp seasconal peaks
gharp seasonal pesks
sharp pesks at 12, 6,
and 2-menth cycles
sharp seasonal pesks
sharp peaks, weak only at
12-month cyecle

sharp seasonal peaks
sharp seasona) pesks
all peaks, but weak at
12, b-month cycles
sharp seasonal peaks

sharp geasonal pesks

sharp seascnal peaks

New Hires

peaks at 6, 3, and 2-mcnth
cycles sre weak

peaks &t 6, 3, and 2-month
cycles sre weak

sharp seasonal peaks

weak at 3-month cycle,
missing 2-month cycle
wesk at 4, 3-month cycles,
missing 2-month cycle
missing 3-month cycle

58-D
58-D
S55-D

58-D
S5=-D

S55=D
85-D
Ms-D
85-D

55-D
S8 ~F

55-D
S5-D
88~D
M3-D
55-p

M5-D

MS5-D

WS=D

Ns=D
MS-D

88-F

55 -F

Quits

sharp seascnal peaks

sharp seasonal peaks

sharp seascnal pesks. high
power lowest frequencies
sharp seasonal peaks

sharp seasonal peaks, exosph
at 2-month cycle

eharp peaks, misses 2-month
cycle

sharp seasonal pesks

weak at 12, 3-month cynles
sharp seasonal pe=aks

sharp seasonal pesks
sharp peaks, weak only at
12=month cycle

sherp seasonal peals
sharp seascnal pesks
sharp seasonal peaks

all peaks, sharp only at 6,
L4, and 2-month cycles

sharp psaks; misses 2-mcenih
aycle

wissing W-month cycle, wesi
at Z-month rcyole

Layoffs

weak al 3-menth cycle, missing
2-month cyzle

sharp peak at 12, 2-month n~y:izs,
missing others entiraly

nearly flat, except for D

weak at high-freguency seascial
harmonics

sharp seascnal peaks

sharp seasonal peaks
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212
223
251
232
263

2653

301
302,3,6

311

314

KEY:

MS-D
NS~D
35-D
W5-D
85-D
55-D
85-D

M5-D
M5-D

S5-D

S58-D
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Table A-2 (continued)

peaks at 6, 2~month
cycles are weak
irregular fluctuations

sharp seasonal peaks
all peaks weak

sharp seasonal pesaks
sharp sesscnal peaks

sharp seasonal peaks
week st 6, 3-month cycles
sherp peaks at 4, 2 L.
month cycles

sharp seasonal peaks

sharp seasonal peaks

See key to Teble A-1l

M3-F
M5-U
Ws~-D
W5 ~D
WS-D
Ws-D
Wa-D

NS~D
WS ~D

MS-D

M5-D

weak at 6-month cycle, missing
2-month cycle

sharp peaks at 6, h-month
cycles

sharp peak only at lZ2-month
cycle

see Appendix B

&ll peaks weak

all peaks weak, missing
2-month cycle

weak pesaks, missing high-
frequency seasonal harmonics
irregular fluctuations

all peaks weak

sharp peak at 12-month cycle
misses L-month cycle

weak at 12, 4, and 2,k-month
cycles
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APPENDIX B
Note on the Effects of an Autoregressive Prewhitening Procedure

The prewhitening procedure described in the text selected a 36=
month lag with a coefficient -.439 for the layoffs series in men‘s and boys'
suits and coabs (SIC 231). The spectrum was then computed from the prewhitened

data and recolored by dividing the raw spectrum by the transfer function

(B.1) |L (’5‘—%) |2 = L - ,u39ei56(§_:]6):l {1 - ,h59e"i56(15%) s J =0, 1; o0y 35

which takes the value .3143 at the frequencies %%-5 J =0, 2, coey 36

and 2.072 at the frequencies %5 ; 3= 1, 3, coes 35 . This filter resulited

in the unusual spectrum shown in Figure B.I.a.

Examination of the raw data for this series shows why the siepwise
regression procedure selected a lag of thirty-six months. As is evident from
Figure B.IIL there is only weak seasonality in the deta, and there are two outlying
velues thirty-six months apart (at the troughs in this industry of the 1958 and

1961 recessions).

The spectrum was recomputed without any prewhitening with the resulting
spect:Um shown in Figure B.I.b. The oscillatory pattern has disappeared and we
are left with a weak seasonal psttern. It is interésting to note that this
was the only series for which the prewhitening-recoloring procedure changed
the spectrum significantly from its shape without this procedure. In the sevﬁn

industries for which all four spectra were reestimated without prewhitening, the
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only change was & slight blurring in several of the series in the peaks

at the seasonal harmonics. The relative insensitivity of the spectral shapes
to the use or neglect of prewhitening is herdly surprising, in view of the
absence of really sharp changes in the spectral density function. (In none

of the spectra estimated was there a greater then hundred-fold difference
between adjacent frequencies.) What is surprising is that the peculiar
pattern in the raw data of this series coupled with the prewhitening procedure

should heve comblned to produce such an unusual result.
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FOOTNOTES

An example closely related to the subject of this psper Is an analysis
carried out by Hatemeka [L, pp. 258-242]. He computed the cross-spectrum
of the aggregate layoif rate and the aggregate dlevel of Industrial
production.  As We show below,. this comparison does nof make economic
sense, and its only rationale must be as an examination of two of the
National Bureau of Economlc Resesrch business cycle indicators.

Aside from the difficulty in getting resgluticn fine enough tc allow us
to isolate low-frequency cycles when we have limited amounts of data.
the limited mumber of complete cycles availeble in such data is what
really limits the usefulness of spaciral techniques at low frequencies,
In twenty years of data we may have only three or four complete cycles
and may not be able to make inferences sbout the process generating the
data. For an explieit discussion of this point see [0, p. 280] and

5, pe. 251).

This latier assumption seems Jjustified on the basis of other work 1 hsve
done on this subject. In a simultanecus-equation model in which seasonal
changes are held constant T found that the level of quits sppears to

depend only on the level of wemployment. The walidity of this assumpbion
a8 1%t regards seasconal changes can e substantiaited by speciral analysis.
If we find that the spectra of the seriss on gquits in different indusiries
are similar to each other, yet diff=rent in shape from the spectra of
output changes or the other gross ewplcyment change series for the industry,
we might: infer that they sre related te some factor cr factors not specific
0 any particulsr industry.

Ulman (7] examines the level of quite and that of wages for a cross-section
of industries and cites union pressure in high-wage industries as zausing
wages in those industries tc be grashter than the marginasl produoct of labor
in those industries. This excess is s rent to workers in these industries
and gives them an incentive %o remain at their present jobs. Such an
explangtion sheds no light, however, on interindustry differences in the
behavior of gross changes in employment cver tims.

Miscellaneous gross changes inciude rehires, transfers from other planis
owned by the ssme firm, and "terminaticns of employment because of discharge.
permenent disability. death, retirement, transfers to ancther establisiment
of the company and entrance into the Armed Forzes.” [L, r. 7831,
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