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1. INTRODUCTION

The guestion of whether the American economy has become
more or less stable since WW I has been investigated using
two broad conceptual and statistical methodologies: (1} standard
frequency technigques which are ideally suited to the study of
cycles but require covariance stationarity of the series, and
(2} the sequence-of-turning-points approach (characteristic
of much of the N.B.F.R. research) in which each "cycle" is

analyzed sui generis. This study produces a relatively

detailed statement of increasing stability in total manufacturing

activity in the U.S. economy over the period 1920-1972 using

a compromise, freguency approach to non-stationary processes
which requires only a semi-permanence in the cyclic properties
of the series.

The most commonly employed measure of stability in a time
series is its variance, with increasing stability associated
with decreasing variance. In Section 2, the variance of a
series is shown not to be a sufficient statistic in this
context. The variance is presented as just one member of a
family of possible stability indices, and several more useful
indices are shown to correspond to the variance of simple
transformations on the original series, particularly a firste
difference of logarithms transformation. on the smoothed
series. In Section 3, the variance of this transformed series

ig then decomposed into the variance contributions at several




important freguency bands, and the changing absolute and
relative importance of these variance contributions are

estimated. Section 3 concludes with a summary statement
of the evolving cyclic properties of TMA over the entire

period.

2. THE CONCEPT AND MEASUREMENT OF STABILITY.

Although the term "more stable" must be associated with
a reduction in variation measured in some manner, it is clear
that, depending on the purpose of the investigation, some types
of variation (e.g., growth, seasonal fluctuations) will be
more or less important to the investigator than others. The
fregquency analysis of a random process provides an ideal
framework in which to formalize this observation in such a
way as to suggest the most appropriate measﬁre of stability.

Any stationary random process X, can be represented as

t

o0

(1) X_= [ e

e O

AL az ()

where the random variation in Xt ig attributed to the random

amplitudes associated with the different frequency components

exp (1At). This representation affords the variance decomposition

o0

G; = [ dF (})

—®

where the non~decreasing function of freguency

F(A) = E[dZ2(A)-dZ{A}]

is termed the spectral distribution function. Under general

conditions, F(x) is differentiable, and we can define the spectral

density function f£(X) as dF(x) = f£(A)dax.




Depending on the purpose of the study, the investigator
can specify, in varying degrees of detail, a new function p(X)
which reflects his relative concern over different sources of
variation. An ideal index of stability would therefore be
defined as

o0

p =/ p(A)E(N)EA

-0

For example, if an industry is investigating variation in
final demand over time, 1t may well assig£ relatively high
values to p{A) corresponding to "business cycle” frequencies,
since this source of variation imposes the greatest adjustment
costs in terms of changing the rate of employment of labor and
capital, etc.

Using the variance of a series as a measure
of its stability [e.g., Howrey(6), Friedman(3)] involves
an aggregation over variance contributions associated with
cycles of different duration in which all cycles are weighted
equally -— p(A) = 1 for all A. Since the ratio of the estimated
postwar (1/47 - 3/72) to the estimated prewar (1/21 - 12/41)
variances in the Federal Reserve Board's monthly index of total
manufacturing production -- TMAt -~ is 14.6, this measure of
stability implies that manufacturing activity has been

considerably less stable over the postwar period.

The estimated spectra {not shown] of TMAt for these two
periods indicate that the increased postwar variance is largely
attributable to increased power at very low freguencies.

Inspection of the series presented in Figures 1.A and 2.A also
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suggests that the more rapid postwar growth in levels accounted
for a large part of the greater variation about the mean.
Traditionally, such low frequency oscillations associated with
growth in the economy have been dealt with separately from
questions of stability, in part because the long cycles are
not relevant to short-run decision making. In this study, we
will discount these low frequency components in defining our
index of stability.

This could be accomplished directly by estimating fTMA(A),
defining a p(A)* which assumes low values at low frequencies,

and then calculating

[2+]

p¥ = £ p () * gy (A

OO

Alternately, for two series X and Yt related by some linear

t
operator
a
Y, = L h.X .
t j=p (t-3)
their spectra bear the relationship fY(A) = H(k)fX(A), where

the transfer or gain function H(X) is the squared modulus of

the Fourier transform [the frequency response function] of the

weighting sequence {hj}. If p(Ar)* is chosen to correspond to
the transfer function of a simple operator L, we can first

transform TMA, to Z, = L{TMA,) and then estimatel

t t t

* = g2
o S
This alternate procedure :3 recommended when, ag in the present

case, there is considerable power at the frequencies we seek to

discount, since it avoids some of the problems of "leakage" of



power across frequencies encountered in estimating fTMA(A)

directly. This problem of leakage of the dominant power at

low frequencies will also lead us to analyze the time paths

of the variance contributions by certain freguency components

in the transformed series rather than TMAt in section 3 below.
The first difference of logarithms transformation filters

low frequency components. Using the variance of the log

first difference series FDL,_ as an index of stability in TMA,

corresponds to the use of the weighting function2

po(A) = 2(l-cosi) 0 < A <m
since
fFDL(K) = 2(l—cosk)fTMA(h)
and
2 = - _
Tepy, © {waDL(A)dK = {mZ(l cosh)fTMA(x)dA
pz(k) is presented in Figure 3.

Since the ratio of the postwar to the interwar estimated

2

variances of FDLt is .501, using OFDL

as an index of stability
leads to the conclusion that, apart from greater low frequency

variation, manufacturing activity was more stable in the postwar

period.

The estimated spectra [not shown] of FDLt for both periods
suggest that the first three harmonics of the annual cycle
(with periods of 6, 4, and 3 months) contributed heavily to
the variance of the series. Since very high frequency
contributions to variance also do not correspond tQ the_usual

notion of instability, the index should be further refined to
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discount very high as well as very low frequency components.
An index with this property is the variance of a trans-

formed series FDLSt in which TMAt is filtered by a six month

moving average prior to the first difference of logarithms

2

FpLg a5 @ measure of stability in TMA

transformation. Using @ t
corresponds to the weighting function

o, (1) = {[cos(A/2)sin(31)1/sin(2/2) 12[2(1-cosA)]  O0<A<T
As seen 1n Figure 3, p3(K) discounts both(low and high frequencies
most heavily.

Since the ratio of the estimated postwar to prewar variances
of the FDLSt series is .22, we conclude that manufacturing
activity has become even more stable than was suggested by the
ratio of the FDL_ variances (.5}).

There are three important conclusions to this discussion.
First, excepting the unlikely situation in which a researcher
is indifferent regarding the source (by broad frequency bands)
of variation, the variance of a series is an inadequate measﬁre
of stability. Second, this frequencf approach enables us to

view the variances of a variety of computationally simple

transformations on a series as stability indices which emphasize

2
FDLS

different freguency sources of variation. Although ¢ is a
useful index in the present study, the choice of index will
obviously vary with the purpose of investigation and the nature
of the time series being studied.3 Finally, we have made
explicit the implied weighting of fregquencies in our choice of
G;DLS and, on the basis of this measure, have concluded that

manufacturing activity has been considerably more stable in the
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postwar than in the interwar period.

3. THE EVOLVING STABILITY IN TQTAL MANUFACTURING ACTIVITY.

In the previous section, we broadly identified a band of
frequency components which we consider to be relatively more
important in the analysis of stability, and suggested that
these frequency components in TMAt could be investigated
without some of the distortion introduced from the high power
at very low and very high frequencies by ﬁse of the filtered

series FDLSt. In this section, we will consider the eveolution

of the index U;DLS by estimating the changing cyclic properties
of the FDLSt series within as well as between the inter- and

post-war periods. Two questions are particularly important:
(1) did the relative importance of the frequency components

of evolve over time, i.e., did cycles of different

CEDLS
duration stabilize independently, and (2} how did UéDLS evolve
over time, i.e., did the stability in manufacturing activityl
evolve within these periods due to a general increase or decrease
in the variance contributions of most frequencies in the range
of interest. In order to address these questions, we must first
generalize the representation of a random process given in (1)
above.

Tt has been shown [4,7] that a wide class of random, not
necessarily stationary processes X, can be represented as
{2) Xy = {mwt(K)dZ(K)

where the orthogonal process Z{A) 1is a function of a suitably-

chosen variable assuming values -« < A < «. For fixed t, wt(k)
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is a function over the axis of reals: varying t in the index
JSet T generates a set 5 of distinct “"spanning" functions wt(l).4
The representation (1) above of a stationary process identifies
» with frequency and employs the set S' of complex exponentials
{elht,—m<A<m}.
Priestly [8] has considered a class of semi-stationary

or oscillatory processes which involve a process of orthogonal

increments where each function wt(k) is viewed as an amplitude

modulated harmonic

obtained by altering the carrier wave elxt by the modulating

5

function At(A). Since it is totally improbable that the

changes in the variances of FDLSt and TMAt between the inter-—
and post-war periods occured abruptly, and since previous
empirical studies [e.g., Burns & Mitchell (2)] have noted large
changes within these periods in the rise and fall of the cycles
in a variety of different series related to manufacturing, it

is more realistic to view FDLSt as a semi-stationary process.

We thus assert that FDLSt admits to a representation6

(e 4]

(3) FDLS,_ = f 2, (Ae

- 00

lltdZ(A)

The evolutionary spectral distribution function of FDLS, is

therefore given as

2

ar, (X)) = (A (})[7aF (A)

where dF(A) E[AZ (A} -dZ(A)]. Assuming F(A) differentiable,

the derivative ft(A) of F, (A) will be taken as the evolutionary

t

spectral density function
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This leads to the notion of the instantaneous variance
o0

2
oy = i) ft(k)dk

-0
which, in the present case, we have also adopted as the
"instantaneous" index of stability in TMAtw

In this view, the two objectives of this section can be
pursued by estimating the |At()\)|2F hereafter referred to as
the value of the instantaneous spectrum at freguency A, associated
with narrow frequency bands in the FDLSt series.

In order to estimate any At(k) assoclated with a narrow
band of freguencies centered on A%, FDLSt could be passed
through a band-pass filter which cuts out all frequenciss outside
of this interval. As a practical matter, it is impossible to
produce such a filtering effect, although we can design simple
filters in the form of moving averages which are relatively
successful in purging a series of all but very low frequencies.
This has led to the development of the technique of demodulation
[1,5], a two~step procedure of first shifting the A* band of
frequencies to the origin and then passing the transformed
series through a low-pass filter. Assuming that the spectra
ft(h) have a local maximum at A* and that At(k*) varys slowly,
the resulting series ﬁt(x*) igs an estimate of the time path
of At(k*).

Figure 4 presents the estimated spectra of the FDLS, series

for the interwar and postwar periods. These estimates, which are

also estimates of the "distorted" spectra of TMAt, fepresent
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additional evidence for a changing cyclic rhythm and also
indicate that frequency bands centered on the annual, 2 1/2,
and 5 year cycles are important sources of variation at
various times over the entire period.

Figures 1.B and 2,B present estimates of the time-varying-
amplitudes squared of freguency bands centered on these cycles.
[These estimates, TMAt, and FDLSt have all been plotted with
a common time axis to aid comparison]. In interpreting these
results, it is important to note that the estimates at different
frequencies are largely uncorrelated, although successive values
of gt(k*) for each )A* will be serially correlated.7 These are,
of course, only estimates and the weight of limited experience
in this type of research indicates that tliey are of rough
descriptive value only.

These results and those of the previous section support
the following observations on the cyclic behavior of manufaéturing
activity over the entire period. First, the relative contribution
to vériance of the different frequency components of the FDLSt
series appears to have been generally stable within the inter-
war period, but the relative contribution to variance of these
components was not so stable in the postwar period. Although
all three frequency bands show a generally declining amplitude
in the postwar period, the amplitude of the annual component
declined (except for two reversals) throughout the period while
the amplitude associated with the 2 1/2 year cycle does not
appear to have declined significantly from its interwar level

(except briefly in mid 1956) until well into the sixties. 1In
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this important respect, there appears to have been a fundamental
difference between manufacturing in the inter- and post-war
economies.

Our first conclusion is therefore that stabilization
has occurred independently at different frequency bands in
the postwar period. Although these results must be carefully
examined, we might hypothesize that: (1) the continuous decline
in the relative importance of seasonal variation in the post-
war period may have been due to the decline in the relative
importance of agriculturally-related manufacturing, technological
advances which reduced the effect of seasonal changes in the
output of industries like construction, and Improved management
techniques (e.g., production smoothing) which buffered production
against seasonal swings in demand, and (2) the eventual decline
in cyclic activity in the 2 1/2 to 5 year range in the early
sixties may be credited, in part, to more deliberate fiscal and
monetary management.

As a second observation on these results, the overall
movements in the values of the instantaneous spectra presented
in Figure 1.B suggest a slight positive trend in the variance
of the FDLSt series in the prewar period. Since G;DLS also
serves as our index of stability in TMAt, we conclude that
manufacturing activity may have been growing less stable over
the interwar period. The estimates presented in Figure 2.B
suggest that OéDLS was not only lower on average in the postwar

period but was also declining throughout, particularly in the

decade of the sixties.
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As a related observation, the instability in the level of
manufacturing activity, measured by G;DLS’ las tended to
decline in periods of growth in manufacturing over the entire
fifty year period. This result is emphasized by the decline
in variance contributions of all frequency bands studied in
the periods 1926~28, 1934-36, and 1961-65 of steady growth in
levels.8 This positive empirical relationship between stability
and growth should serve as an important part of the empirical

base of any theory of growth cum cycles.



FOOTNOTES

4 The alternate procedure is analogous to the practice of
pre-whitening in spectral estimation, where the problem of

leakage is also encountered.

2/ pz(x) is the transfer function of the first difference
operator only. Granger & Hatanaka [5] have demonstrated that

if X is a stationary log-normal process, H(A) for the logarithmic
transformation will be roughly 1 for all X provided the ratio
ux/ox is large (4.2 for the postwar TMA_ series). Ag a practical
matter, our estimates of the spectra of 1ldgs and levels were

similar in shape.

3/ We do not claim this index to be an ideal measure of
stability, although it has reasonable properites which correspond

to our intuitive notion of stability.

4/ If there exists one set S8 of functions wt(k) to be used
in the representation (2), there are infinitely many such sets [7].
Even the set of complex exponentials used in (1) above and the set
of functions used in (3) below are not unique, but have been
chosen so as to maximize the time interval over which the prdcess

can be treated as approximately stationary.

5/ The family of modulating functions

AL (A = f eltudHA(

are chosen such that the moduli of the Fourier transforms of

u)

the At(A) -- |dHK(u)! -- have absolute maxima at u=0,i.e., the
At(k) vary slowly with time. This assures a natural association
of wt(k) with the frequency A {the modulus of each wt(A) will

assume an absolute maximum at A»] and alsc permits the estimation

of the envelope A, {x) of wt(A).

t

6/ Granger & Hatanaka [5], Chapter 9, have advanced an alternate
rationalization of the representation (3) [but where At(h)
modulates frequency as well as amplitude] by viewing the process
as the result of applying a different, time-invariant linear

filter at each t to a stationary white noise series.



FOOTNOTES -- 2.

7/ The demodulation procedure is computationally simple, but
involves several judgements on the part of the user regarding

the length and number of moving averages which serve as the filter.
The longer the moving averages, the narrower the band of frequencies
reflected in At(l), the greater its variance at each t, the

stronger the correlation between successive At(k), and the more
observations lost on each end of the series [see 1,5]. The
estimates presented in Figures 1.B and 2.B were obtained by

passing the transformed series twice through a centered moving

average of 41 obgervations.

8/ This result does not bear out the dire Marxian prediction

that growth under capitalism will be increasingly less stable.
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