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A NEW LOOK AT ECONOMTC TIME SERTES ANALYSTS

More then 25 years have gone by since A. Wald [lé] formulated with
decisive clarity the problem of the "decqmposition" of economic time series
as understood by economists at that time. His additional workfbn seasonal -
variations has had surprisingly little influence, although it could have
become the point of departure for other work by virtue of the fact tha£ the
logic and the limitations of the conventional approach of distinguishing the -
usual four components were nowhere shown as clearly. It fell to Burns and
Mitchell [3] to bring the underlying, essentially qualitative approach to

economic time series to its present state, which is unquestionably a state

of perfection but alsc one of impasse since their procedure does not seem to

 be .capable of pignificant extension. ﬂh}s does not-mean, of course, that

this metﬂod may not yield insights into the behavior of time series which
may'bé use}ul in economic analysis. Recent work by G..H. Moore on statis-
tical indicators of business cycle;';s an-example of an interesting éppliu
cation. But by.and large, the Burns and “Mitchell method, which is essentially
Aone of forﬁing simple averégeS on the bagis of points marked .off on the .
given series by ﬁeans of purely subjéétive Judgment, haé gainéd more in the
‘way of respectful comment by reseérchers not directly connected with‘the
National Bureaulof Ficonomic Research, than in forming the basis for their
own independent research. Moreover, writers like Schumpéter [15] have made
rather far-reaching statements about the (alleggd) existence of several
types of cycles which are not easily supporited by the evidence reyealed by
.the National Bureau method. More recent writers on business cycles seem
to pa& little, if any, attention to the problems of decomposition of time
series. o we gain the impression that the gntire field either has been

arrested in its development or that nothing more need he said.
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. This is in vivid contrast to the renewed interest in time series,
other than economic, and to the steady development of powerful metheds for
'tﬁeir analysis. The interest stems from the needs of communication and
Ainformation theory, aﬁd is therefore cl@sély tied up with electrical engi-

neering, although seismography has had an increasingishare in this develop~

- ment. The new methods, notably spectral analysis, have roots that go back

directly to Eouriér analysis. It is safe {0 say that modern communicat@an
theory, with its enermous and growing imﬁact on our daily'life, could not
hﬁve reaéhed'itﬁ preSeﬁf position without our improved sbility to compre-
hend the complicated relationships bétween signal and noise.

We .can concelve of the .economy as being in this position:

_Producers and consumers, being subject to very regular, in many cases

strictly'periodic, influences, send signals of these activities into the

(Linear) time invariant "black box" called “economy." 'Their intermingling

" and the impinging of chance influences produces the aggregative data which

confronts the economist. He wishes to angalyze the data and understand what

periodic influences are responsible for the behavior of the aggregative

- phenomena..

There can be no doubt about the existence of great regularities,

beginning from the daily repetitlion of consumption, production, and trans-

' pertaﬁion, via the more recondite regularities encompassing weeks, menths,

and_sometimes’yéars, to regularities that may escepe our direct observa-
tien. We might indeed contemﬁlate the great regularity of our econemic
activities: Trains and planes have regular schedules; factories open and
close at fixed hours. Millions of people go to and from work at regular
times. Theater performances start and end at fixed times. We risé in‘the
morning and go to bed at night in genersl in a regular pattern. Scheools

have their calendars; banks and stock exchanges keep regular hours and




nowv—the remainders presumsbly being a random series.

days; all agricultural activity is highly regular in a narrow sense (feeding
and tending of cattle), aﬁd_in a wider sense, planting, ferﬁiliziné, harvest-~
ing, ete.. Holidays follow a set pattern, as do fashions and temperature
changes. Energy output is éetermined by peason, length of day, climate, etc.
In the féce of the predominant regularitigs and periodicities pervading
virtually all of our economic activities jn all countries.and at all times—
though épbject to the state .of the technological art—it d4s difficult o

see how anyone could expect the aggregative economic activity to be devoid
of great regularities. Or, rather, why it should be impossible to look
throﬁgh the aégregates and to discover the underlying, constituent rhythms.

Once . these periodicitieé and rhythms have been found, the task of the

.economist is to elimingte them in .order properly to analyze the remainder

which contains the true puzzle of the behavior of the system as we see it

The disassembly of the joint product of all these activities 1s
similar to the task the human ear performs when it identifies the various

misical instruments that participate in an .orchestral pérforménce: the ear

--Fourier—analyzés successfully. If it were not for the earts ability to

apply Fourier analysis with a high degree of accuracy, though not with

mathematical perfection—that is clearly not needed—there would be no

" music; the many instruments of an orchestra would merely produce s ghastly,

aggregative neise, devoid .of any structure. The pﬁysiology of the ear makes
it an analogue computer admirably designed for this purpose.

Economiété have been much lmpressed by Slutzky‘s demonstration [16]
that smooth time series with intuitively distinet periodicities can be
obtained from the summation and averaging of mere random inputs. They were
quick to conclude (correctly) that the utmost care is needed to avoid the

assumption that there must be underlying periodic inputs even when the
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~ -nothing but random fluctustions in the various aggregates. 'This "converse

resulting series appears to show periods. On the other hand there is ﬁo
question whatsoever that economic bime sérigs ere not random series, ag
e#en the simplest test will show. We can therefore_also reject the
hypothesis that the countless reriodic inputs mentioned above produce

. n
of Slutzky's theorem is certainly not true in general., Conéequenﬁly it

ought to be possibvle to discover the regularities which are demonstrably

present in meny basic input series.

. It would be surprising if econ%mic data were not accessible to
methods spec1facally designed for finding periodicities and determlnlng

their energy. Economlc analysis clearly cannot stop at the level of intui-

tive, qudl{tative, and subjective interpretation.of time series in an age

when it is p0531ble to dlscover in the United States the existence of oceanic

-waves of 1 mm. amplltude, 8, length_of one kilomeber and originating at a

. distance of 10,000 miles, in the Irdian Ccean; or to find the echo of s

.
signal sent from Earth to Venus awmongst the radio noise emanating from the

region .of that planet (Incidentally, the latter achlevement orlglnally

took one year to accomplish the repetition of the experiment is now g

matter of a few hours at most.) ) -
Several attempts were made, of course, over the last few decades
to test the appllcablllty of Fourier and periodogram ana1y51s for economic
time series [I1,k 5,6 10,11 21] e resylts were generally deemed unsatis-
factory by the authors themselves and viewed with suspicion by other econo-
mists. The efforts involved in the main .only short time series and as a ’
rule only a few coefficients were computed. On that basis it was, indeed,
difficult to see the fruitfulness of the more advanced methods. Yet it is
difficult to understand, as, e.g., Hafstad has pointed out [8], why Fourier

analysis, Schuster's periodogram analysis and others derived from it (such
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as Bartel's technique), were so quickly discarded. Much of this atbitude
apparently stems from the belief that the situation in the social_éciences
in general, and in econcmic# in particular, ié entirely different from that
of the physical‘sqienceé. This is quite at variance—in a most paradoxical

way—with the fact that until the advent of game theory, though of course

still persisting, economic theory had been modeled after classical mechanicg?

Yét when it comes to analyzing the dynamic behavior of the economy, the
mathematical methods'used by physicists to describe most éomﬁlicated regu-
lar and also highly irregular oscillations and fluctuations of mechanical,
electrigal, and atomic pheﬁomena, often beset by severe and frequent rdndom:

disturbanceé, are supposedly not useful at all! This is an anomaly of the

-first order. One reason, perhaps the principal one, is that an entireLy

unwarranted welght has been placed on the fTact that perlodlcity in aggre-

gate economic affairs is not, "obvious" to the common man, nor to those

who are uﬁtrained‘in the use of the advanced methods (though they claim %o

have the ability to recognize visually fairly regular "eycles" of varying

types). But science has long since passed the point where it can rely

‘principally on the mere, direct and immediate evidence of the senses and

use them as the chief instruments with which to describe adequately the

phenomena to be investigated. - (In all scientific activity there remains,

of course, the unresolved personal judgment and commitment of the investi-

gator.} Clearly economics will also go Tar beyond the point where the data
given by immediate personal experience are nolb the principal elements on
which to base economic analysis. In Tact, this point has been reached;
therefore it is necessary to draw the consequences .

The limitation .of the Work'done in economi.cs Was_furthérmore
paftly conditioned by computational difficulties. Obviously the physical

scientists had been in no better position. But with the experience .of
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- But in economics the usefulness of the mathematical theory itself was doubtedl

merely for the purpose of mass application of existing, but analytically

weak methods. Routine processing of economic time series is ab any rate a

" moment.

- ous development.
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many centuries, if not millénia, they were conditioned to undertaking lengthy,
fédious computations, especially‘in astronomy. Furthermore, they were quick
to defélop analogue computers suitasble for special purposes, such as the
determination of the tides. As long as computétional difficulties are great,

the computation has to be Justified by very strong support from theory [12].

Now the situation is, of course, completely different : computation has be-
come easy to a degree never imagined by earlier researchefs, even in their
wildest dreams. Consequently almost any theory can be used in an experi-
mental manner. Electronic computeré?are likely to transform the entire

field profoundly, provided they are used as scientific instruments and nob

rather dubious procedure, no matter what method may be fashionable at the

-
-

Sﬁraighthéurier analysis and the mare flexib;e periodogram analysis

are far more powerful than the few economic applications would suggest. One

‘should not forget that ships enter and leave harbors on the basis of tables . ‘ j

of the tides, obtained for decades from applying Fourier analysis to infor-
mation hardly more revealing than,fhat avagilable In economics.

Of course, the theory has not stood still, so that at present we
command tools of a cohsiderably more sophisticated nature. Present spectral

analysis,‘firmly anchored in Fourier analysis, is still in a state of vigor-

Spectral analysis determines a function f£(w) which measures the
true contriﬁution to the total variance of the given series that is attri-

butable to a specific frequency o (the inverse of the more comﬁonly used

"period"), as described, for example, by Hannan [9]. f{w) is called the
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"power sbectral density function."” If we were able to estimate f£(w) , we
ﬁpuld bé led to the discovery of Important cconomic mechaniems that underly
the particular, given time scries. Important results on spectral eptimators,
without which the field would remain barren, are due to J. Tukey [2,17].
They are now being further investigated, and are being applied to a large
set of time series of the American economy. |

An important aspect of spectral analysis lies in its restrictién
to stafionary processes, ineo,.to.those that are "femporally homogeneous,"
or, in more conventional terms, show no trenﬁs of various kinds. Since
most economists weuld say that trends, in the mean especially,vnot only .

exist, but are in fact one of the mére significant characteristics of the

-economic syétem, it appears that this would mske spectral analysis of Jitile

- value for economics, restricting its use to the comparatively few geries

witheout sucﬁ trends~¥assuming that all other objections, such as the alleged

*lack of economic periodicities, have been .overcome. But the matter does not

P

-

reat here.

First, it. is possible to proceed in the ordinary way and to elim-

‘inate the trend in the_ﬁean by appiying the standard devices,cufrently in

use and then to apply spectral theory to the.remaining Beries.

Second, we can take a rigorous position based on stabtistical

' theory. Then the situation is this: even though trends in the mean .or the

variance appear to exist, we cannet necessarily draw the conclusion that
the economic system is non-stationary. It may very well be non-stationary;
but it may also be that the system iz stationsry and that the (apparent)
trend in the mean is nothing but the high power residing in the low fre-
Qquencies. The trend in the varisnce is muchgﬁore difficult to deal with
and to interpret since it does not appear clearly in.the "spectrum” esti-

mated without paying any attention to the nonstationarity. These and other
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honstatianarities can be looked upon as changing spectra and are at present

. being actively investigated. Though the trend in the mean presents diffi-

culties, other forms of non-stationarity are even more complex and accord-
ingly more difficult to establish. Tt is hoped, however, that ene can show

that for the practiecal purposes of the economist, the spectrum does not

a depend on .stationarity.

Which of these two possibilities is true, is difficult to decide,
largely because the universe from which the sémple under consideration -is
drawn yields only one sample for each economic variable. This makes a
clearcut decision on the basis of strictly statistical considerations
impossiblé, ‘It is then necessary to introduce other evidence, not described
by the time series under consideration. Such evidgnce exisats in favor of
_asauming non-gtationarity, i.e., eggstence of trends ;n al least the mean of

the series. The reasons adduced are essentially qualitative and heuristic,

 and stem largely from a basic knowlédge about technological interdependencies

=

of different trends.

In view of these uncertaintles the proper approach is to proceed
irrespective of the present, preliminary statements about the stationarity
or non-stationarity ef the population from which economic time series are

dravn and to find out whether the propositions that it is possible to make

'when.SPectral analysis is sﬁccessfully used become valid .or not. It should

be understood that the problem of stationarity is a very deep one. It-
cannot be properly formulated without a thorough analysis of stochastic
processes and it bears on the foundation of the theory of probability.

The opinion,that'specﬁral analysis is inapplicable to econcmic
énd social time series because of their apparent non-stationsrity [T] is
thus certainly unwarrented: it is clearly more difficult to devise spectral

analysis in the first place and %o apply 1t to stabionary series than in
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the conventional way to identif& and eliminate the trends in the mean where

P tﬁey éxist. As might be expected, the view that the spectral method épplies

: oniy to strictly statiohary processes lends suppqrt to the skepticism regard-
ing the usefulness of powerful mathematical methods in economicé. Yet how

could a noﬁ—mathematical approach possibly be more powerful? We therefore

" conclude that the above observation is Justified, according to which trends

AN i

in the mean can be identified and computed either with or without spectral
theory, and that analysis of the series isg warranted.in the spirit of the
~underlying theory.

' | The idea that elther the present state of affairs as represented.
by the Burns-Mitchell method is satisfactory or that truly mathematical

methods are inapplicable, is curiously defeatist. It means either that we

can do no better than Burns-Mitchell, or that it is impossible to invent

new mathematical techniques designed to analyze the (élleged) peculiarities

T R s

" of economic and social time series. " For example, the analysis and applica-
tlon of "almost periodic" functions is far from concluded and may offer

- .
pleasant surprises. Whatever one may think of the fubture of mathematics—

and who could juétify pessimism?—+the ldea that one could stay forever

satisfied with the non-mathematical techniques certainly has to be re&ected°

But it will be muenh more difficult—I think, in fact, hopeless in the long
‘run—ito suggest measures capable of producing decisive progress in that
direction than to apply existing mathematical procedures which have showﬁ
thelr power in a startling mammer in so many diverse fields.

The fact that the subjective-qualitative approach cannot carry
much furtheriis illuminated by .the limitation of disﬁinguishing only four
components in an economic time series. On the basis of laying down
initially any arbitrary number of frequencies as the only possible ones,

“.  the wave components that make up complicated physical phenomena would
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never have been discovered. ZEven gualitative, descriptive work devoted to
-soﬁe_spegific economic time series has,yielded ‘the égnclusion that other
cyclgs exist intermingled in complicated patterns with those generally
accepted (e.g., "short cycles," which are neither seasonal nor of business
cycle length [13]}. There may be many more. Yet the conventional inspec-
tion of time Beries is too uncertain,-too primitive, for the investigator
ﬁo read off vigually, but with confidence, a complex pattern'of cycles or
periods, let alone to find new. ones.
This difficulty doea not arise from an attempt to describe exact

:periods or cycles. Beonomists have, quite correctly, never tried to think
in termsjof "exgctness" in connection with buginess cycles. But this does
' noﬁ excludé the use of modern statistical methods, in particular since
these are not, at any rate, designed ﬁo.measure "exactly" where eycles lie.

Rather, their purpose is to measure the energy at vérious'frequencies, Even

i

“ . @& radlo receiver does not identify a precise frequency but rather a band-

width, and there is no doubt that electrical waves are more gtable and more
easily identified than .econcmic cyclesg '

One of the chief aims of time series analysis is to discover
whether periodic fluctuajions occur, where they lie, and to measure %heir
energy. To assert from the outset that such and such periods do or do not
exist is at best preliminary to the investigation. It is at best a heyrig-
tic ﬁrocedure but it certainly cannot determine once and for all whebher 8,
particulér method for the discovery of frequencies and amplitudes 18 suit-
able. That task arises only after the analysis has been made and the very
difficult problem of the econemic interpretation of the results has to be
faced. |

When frequencies are found with which we are now not familiar,

- it may be unwise to discard them as economically meaningless. We may,
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1gbtead,;have to enlarge our concepis, make new models of theAecenOQy or
of the particular sector being investigated, and seex to Interpret the
evidence thus revealed. It should be observed alse that all time series
énalysis carries with it the idea of predictien. This is latent in all
methods evén though seme who developed them.may neot have sald so expressly.
Hﬁwever, great care has to be used in Judging the value of some methods

solely on the basis of successful prediction: even false theories can

‘sometimeg give "alarmingly accurate descriptions" and excellent predic-

tiong. The history of science 1s full of important examples [20].
The undisputed fact that economic time serieb are smooth—in other

words, definitely not strings of randeom numbers—plays havoc with the idea

-of using the theory of correlation in comparing several series. This is

_true whether or not lags are introduced between two or more series. Cor-

relation meagsures pestulate'randomneSs, i.e., irrelevance of the time order

“_in vwhich the sample is drawn; but in economic time series a given observa-

tion is nob independent of the preceding dne and this is the case for each

serleg of any pair that are to be correlated. Thus 1f one wighes to assume

‘a rigorous, logically unassailable position—as, indeed, one can hardly

avoid doing—serial correlation as commonly understood and praéticed; is

of little avail. Yet the deslre to measure the interdependence of time

gseries is legitimath It 1s, in fact, nothing different from expressing

the belief that an interdependence of economic variables exists and has a
certain structure. The attempt to correlate time series is merely the
extension of these notions into time. In the bame spirit, lead and lag
relationships are of interes£t

Thue the question arises whether spectral analysié,offers pro-

_Cedures that are not subject te the above limitations and objections. This

.18, indeed, the case. Tt would lead too far to describe the technical

|
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procedure [2], especlally since we have only given the barest idea of
épectral.analysis itself. gSuffice it to say that 1t is possiple 1o com-
pute the "im phase" cospectral density function and the “out of phase”
gquadrature spectral density fﬁncfion. From both we can.determine.the
"coherence” of the two series at a,giveﬁ frequency. Other measures
derived from these two dengity Punctions allow us to determine whether
the lag 1% congbant or véries with.differen? frequencies.
It 1s one of the great attractions of these measurements that it

is now poBsible to study the 1ntefrelations of economic time Beries from a
new viewpolnt; instead of looking at the overall behavior of entire series
(allegediy “ccrrelate@"), ve can for the Tirsgt time determine the leéd-lag

-relations for the different frequencieg and explore the possibility that

_ these relationships might depend on, and change with, the short-term—
long~term relations prevailing among economic schtivities. Tn other words,

- _the lag may or may not depend on the particular frequency observed. For

the same set of series there may prevail -another relation when seasonsl

fluctuations are considered thanh when their trends are Iinvestigated.

" Irends are more closely related ta,tren&s than trends Lo seasenals, each
set of these variations having a structure of its own Wﬁich needs to‘be
explored, but for which purpose the uSual.teéhniques appear to ﬁe inade~
quate. The exploration ef these areas by means of invegtigating the
coherencies of tiﬁb Berles pfomises to be exciting and capable of revealing
important ne# in;ights. One can eagily imagine that if these more compli-

. cated ptructures are egtablished, our picture of the econemy could undergo

considerable changes [14]. This will be the conseguence of our ability to

make finer and finer distinctiang in our observations and meagurements—

goal all seientific activity strives to reach, although thereby our life
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It is interesting to note that the development and subsequent

o g Sy ]

épplicatiﬁn of spectral analysis will alsb become of great gignificance

to business. When masé produced commedities sre to be scheduled so that
'the production runs can be matched as closély as pobBsible to the incoming
orders Ho as to minimize costs, it 1is important to identify, and perhaps
predict, the fluctuations in sales. Present wethods do not go beyon& ‘the
-eiiminati@n”of seagonal variations where they are easily discernsble and
“‘the eliminatlon of trends, but the more recondite other fluctuations
egcape ebsérvafion and do not enter into.ﬁrodﬁction_planning ag fully as
i¥ demirable. A further practical interest is, ef course, in the aresa of
stock markets for which a bewildering number of mebhods has been proposed,_

The informatien obtained from time series analysig would be of

1ittle'value wnless it is put into an econometric model of the economy.
The,étﬁdy of individual series is only a filrgt step. Wé cannolb stoﬁ there.
u‘ Entire ¥ets of series have to be Qiewed ﬁqgetper and that'requires the
Tormulatlion of suitable models. By now 4his shoﬁld be a trivial remérk.
Yet when we gee important institutions still trying to aveid commitment to

© any theoretieal model,,stiil hoping that more and more debeription by meaus

of a time series analysis based only on rudimentary menipulations and not

reoted in the fértile developments of modern.mathematical sbatistics which
would bfing about a deeper knowledgé of the economy, we cannot but wonder.

’ Buildingﬁggaels is at once easy and difficult: 1t is easy if a
rather abstract, generai model of little applicability is envisaged; it is
difficul£ when it Is more realistic. Thelﬁroper medium position 1s dic-
tated by the avalilability of dabta in specific form snd by the complication
';. of the model that can possibly be handled mathemétically and computation-
: ?lly (i.e., the more “realistic" it is the more unwieldy if becomes

fnalytically). In this particular instance the further complication is
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introduced that a discrete step forward in the amount of description of the

time Heries ib being teken. The new regults may then be difficult to inter-
éret inﬁuitively; depending, of course,. on the expeqtaﬁiqns of the invegti-
‘gator. Thig might aﬁply, for.examplel to cases (which have actually been
found) wheére two series are little lagged for.their "éhort~term"'but have a
greater lag for their "long-term" comyahents,l

The usual dilemma_arises that the longest series are the mest

-depirable from the point of view of analysis, bub together they may not

yield & reasonable medel sufficiently similar to reality. Furthermore, the
longer the time span consldered, the greater the structural changes in the

economy, due to advancing technolegy, new products, new institutions—in

 fact, one of the aspects of the stationarity problem. Yet these difficul-

ties affect all theorizing in economics and are not restricted to the

ﬁroblem of time geries analysis. But it is in the use of long time series

‘A. Thig has actually been found to be the case for the New York
call, money rate and the Wew York commercisl paper rate, 1876-191%. Cf.
Cow.g. Granger, First Report on the Time Series Project (Econometric
Research Program, Res. Mem. No. 12, 3 Feb. 1960). "This memorandum
deSeribes the initial thinking and the first steps of & Project being

o Actively pursued at Princeton University.
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