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INTRODUCTION

"For deterministic signals, the spectrum is the limit in
the usual mathematical sense, of the sample spectrim Cxx (f) as the re-
cord lenght tends to infinity. However, the white noise example above
shows that when CXX (£) is used to analyze a time series its behavior is
80 erratic as to render it uselss for estimation purposes". (Jenkins and
Watts, pag. 213, 1.968).

This paper reconsiders the positive statement that from the
point of wiew of the applications, deterministic processes do not seem
to have a very great interest and the classical Fourier methods fail
when applied to economic time series. The basic reason is in the trans-
formation used to attain stationarity. A trend definition is proposed
and empirical evidence in frequency damain is offered.
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The object of all science is the formulatlon of laws. While

rved
this is a constant fact in sciences such as Physxcs, it may be obse

-ela-
in this respect that in Economlcs there is a Certaln regreSSLOn in-r

rion to Classical Econamics 1tself “ Sl
although Econanatrxcs appear;,_ the thlrtles w1th the aim of
applying the same nethodologlcal rlgour as that found in Phy51cs, at the

same time the use of harmon1c-analy51s is abandoned, arguing essential

dlf*erences in context and managing to generate the sensation of finding j

onecelf faced w1th a campletely closed situation.

Whlle it is true that numerous efforts were made during the

lBth-Century-ln the field of economics and that of time series in gene-

raly Witﬁiﬁﬁthefso~called uncbserved component method, these trials were i

abandoneafat*the beginning of the present century to give way to autore-

gressive: and moving-average models.

This means abandoning a deterministic conception of econamic
phenamena in favour of an interpretation of an stochastic nature.

in any case, the results caused a type of conclusion to be
drawn which today takes the form of a maintained hypothesis upon which

the econcmist bases his investigation work.

THE SOURCES OF HYPOTHESES IN BECONOMICS

Fram the moment when Physics becomes organized as a science,
we can observe the use of a small mmber of theories, mainly the corpus-
cular and wave ones, which bears a marked contrast with the econanic

field.
eolee
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After our discipline had arisen within Philesophy, it was the
latter which was to be a main source of hypotheses for a long time., It
will suffice to mention the hypothetical case of the raticnal agent, ~——
subject to the principles of utilitarianism, who maximizes profits or
satisfactions, still valid today in the hypothesis of rational expec~
tancy, and in the theory of statistical decision itself.

Undoubtedly, a rational agent endowed with a free will fa-
vours a probabilistic interpretation of economic phenomena rather than a
mechanistic explanation.

If on the other hand Economics is considered as a theof&ﬁbf
choice, this means the optimization of linear functions, which evokes a
second source of hypotheées in the available methods. But if it is ac-
cepted that the phenomena can approximate within a linear theory, this
favours the opinion of those who hold that the main weight must be con-
ceded to the trend, whilst the fluctuations must be limited to the role

of mere accidental deviations from the trend line.
Both sources of hypotheses illustrate the difficulties of

postulating a deterministic wave hypothesis to approximate econamic

phenomena.

PLAUSIBILITY OF A WAVE HYPOTHESIS IN ECONOMICS

Be that as it may, once in any science a determined corpus of
hypotheses and theories have acquired a certain acceptance, any attempt
at revision meets with difficulty. To confirm this statement, I shall

call to mind one of the reasons that Copernicus adduced (page 100, 1982)
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to postulate the hypothesis of the roundness of the Earth: "It is also
deduced because the waters crossed by saiiors have this same form: since
those who cannot make out the land fram land from the ship, can see it
from the“;oé ofg;he_;;st, fram the land to those who remain on the sho-
re, it seems that they are descending little by little as.the ship ad-
vances, until it is finally hidden, asfif?sgttingg;ike;the sun”.

In Econamics also, it iSjpgssib;gﬁﬁéﬁéxgue_analogous consi-
derations in favour of a wave theofjt&i§ i$f$§§fi§ient'tD cbserve the

behaviour of different historical geriééﬁéﬁa §¢rrésPonding graphical

representations.

The empirical evidence of fluctuations is previous to any de-

terministic or stochastic explanatiéﬁ: a;iégical antecedent of classical

theories of the economiC'cycleg:¢Fﬁ9ffP¥?$ént—day probabilistic methods
of time series analysis. e

Consequently, in theﬁﬁgrﬁ;béhaviour of historical series the-
re is a presumption, in my_QPiniéﬂ;faypﬁrable to a wave theory rather
than to a linear cne. S

What is more, the_e&id§n§e Q£ the existence of fluctuations
in econamic phencmena seems to_ﬁe.supporting the position of those who
assign a substantial role to the.égtermination of trend (sometimes des-
cribed an the law which takes into account the long-term behaviour of a
variable), which they try to approximate, not wthin a linear theory, but

by means of polynomials of a higher degree than unity, exponentials, lo-
.-/.o

gistics, etc. The acceptance of the fact that fluctuation exists is

found in everyday language when we speak of observed change in trend.

But the conven}gngggg@EEQStulating a wave hypothesis for eco- ..

namic phenomena can be taken as a natural consecuence of the acceptan—

ce of the fact that the object of a science must be the formulation of

' 1aws.‘1f it is not admitted at the same that the phencmena considered in

the said laws do not show a repetitive and recurring behaviour, such
laws lose all significance.
In short, for the analysis of economic phenomena a determi-

nistic wave hypothesis is being postulated.

THE NATURE OF ECONOMIC FLUCTUATIONS

What I would venture to call an or?hgdc; position at the mo-
ment defends the thesis that the fluctuations observable in econcmic
phencmena lack the regulaﬁity demanded by a deterministic theory; rat-
her, on the contrary, business cycles would be characterized by explosi-
veness, and so this constitutes the explanation of the inadequacy of
harmonic analysis for economic science. Even those fluctuations which
might appear to have a certain regularity can be explained by defects in

the procedures used in the treatment of historical series: "The use of

his method of analysis, often called harmonic analysis, was greatly dis~
credited in later years when, applied indiscriminately, apparently dis-
covered "cycles" even in series that were constructed explicitly for

purposes of testing and thus contained no cycles.™ (Dhrymes, page 422,
ll/.l
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V. HARMONIC ANALYSIS AND TIME SRIES

Thus the validity of harmonlc analys:.s for the treatment of

econdﬁic phencrena depends on the analys::.s of_ mfoxmatlon contained in
historical series, w1th1n the methodology of tlIIE serles analysis.
In the unobserved ccmponents nethod, _we can dlstlngulsh four

classical comoponents: trend, cycle,seasonal:.ty and an _;;regular corpo—

A deterministic wave hypot;lfaes_q;' implies giving a substantial

role to the cycle.

1f it is to have a general chaifaéte" it rrmstbe predicated fram the

four previocus components. There 15 no spe"

cle and seasonality which are dlstlngul _hed 1 _.f--"the perlcd, longer in the cy-
cle than in seasonality, or in terms 'o harmomc' analy51s language, by its
dium for the cycle, or high for

reciprocal, that is, the frequency, low
seasonality. ' " |
Wwith respect to the 1rregular canponent, a deterministic wave hypothe-
sis maintains that only owing to 11m1tatlons in knowledcre, and to needs pro—
duced by the approximation of the functlon by means of the series of harmo-
nics, can it be more operative 3.tc'> consider the rest of the components as
one, and treated as a random component. A deterministic interpretation main

tains that the goodness of the harmonic model allcws us to consider the resi-

dual component as a purely random process (white noise), while those who

R

defend a probabilistic position consider this camponent as autocorrela-

ted noise, as a result of which it is necessary to try out models of
the autoregressive-type.-Of course, this residual camponent would be a
result of the removal of trend and seasonality since they deny the exis~
tence of the cycle. In any case, its behaviour in the form of a fluctua-
tion is accepted without difficulty, whatever the explanation may be.

In the case of the trend camponent, what we are trying to
elucidate is its oscillatory nature. The wave hypothesis states that it
is simply another cyclic component, although through insufficient know-
ledge, that is, limitation in the size of the series, we do not know it
in its totality; consequently the problem is centred on defining a cri-
terion for approximation.

If, from a historical series, we remove trend (and for same
theories, $easonality), there remains the empirical counterpart of a
stationary process.

According to Wold's descomposition theorem, all statiocnary
processes accept two components, deterministic and indeterministic,
which would be brougt together by a harmonic model and an autoregressive
and/or moving average model respectively.

This is a qualitative proposition, and so to impute quanti-
tatively the importance of one and the other is .neaningful only if it
refers to each historical series in particular. When it is stated today

that the deterministic conmponent is practically non-existent in time
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process of camplete induction.

series, this is po more than a statement of particular value derived

only from the empirical evidence considered, which cannot support any
One of the relevant conclusions of this work in my opinion
lies in the part played by the transformation process of each historical
series in particular until it is considered to be the empirical counter-
part of a stationary process. And within the transformation process, it

depends on._the concept of trend prbposed.

TREND

Prufntmm_————

Withiﬁmfhe ambiguity witch this concept is defined, there is
a certain agreement to consider it as the component of the series wich
considers smooth movement over a long periodﬂg?hﬁime.

In the classical method of decamposition, it has been appro-
ximated by low degree polynomial funtions, exponential functions, logis-
tic functions, moving averages, etc.

This interpretation identifies trend with the idea of
average.

an example of this is produced when we estimate a linear
trend by means of least squares; as regression one and two coincide,
this means that the trend passes through the centre of gravity of the
distribution, which determines that although at this point the residual
is zero, at the extreme values of the series, the deviations with res-
pect to the trend function will tend to present their maximum value; and
so the cycle will show an explosive behaviour, a property that we been
atfributing to econcmic phencmena in themselves when it can be explained
only by the series transformation procedure, This assertion may be

Y

generalized to semilogarithmical or doubly logarithmical functions, es-

timated by the least squares method. Of course, it depends ot the histo-

—----rical.series nature. e

But the latter as well as polynamials and moving averages ha-—
ve thg drawback of not permitting a distinction between trend and cycle,
since both are situated in the low frequency band.

In the probabilistic approach to time series, it is usually
supposed that the trend takes the form of a polynomial, which because of
its systematic character, constitutes a perturbation for the stationa-
rity of the procéss, and beééﬁse of this it is more helpful to remove it
than to estimate it. This is based on the proposition: "...the differen-
ces of a polynomial of order k are represented by a polynomial of or-
der k~1." (Rendall, page 47. 1.976). In the case of a linear trend, this
latter would be removed by a first difference; a criterion for determi-
ning the degree of the polynomial would be given by the stabilization of
the variance, given a determined order of differentiation.

Although the present work is based on a deterministic inter~
pretation of economic fluctuations, the behaviour of this transformation
will be examined in the light of harmonic analysis.

Since this procedure is to be applied to a trend-free series,
a concept of trend which avoids the previous dréwbacks is proposed in
the present work. Since in fact we are concerned with an incomplete cy-
cle of which we know only the ascending or descending segment, we can
try t§ approximate it by means of the chord, (Myskis, pag. 181,1975)

which passes through the extreme values of the series.
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1f this cycle is of long duration, the approximation ought to be relati- 5

ve satisfactory. The approximation will be worse when the trend is of
shorter duration; in this case the size of the series, increasing as ti-
me passes, will enable us to discover it.

Even when none of the alternatives is entirely satisfactory,
T believe that it is better than the concepts used so far, since whoever
simply postulates a straight line is supposing that we are dealing with
an infinite period camponent; the trend now proposed cannot solve the
drawback of the insufficient size of the series, but it completely remo—

ves the explosiveness of the cycle, that is to say, we have a regular

cycle which can be approximated by harmonic%éhéleis.

STTMATION OF THE TREND-FREE SERTES USING THE HARMONIC MODEL

The appropriate model for a@prdkiﬁéﬁihéﬂthé oscillatory pro-

cesses contemplated in a wave theory, ban bé éﬁﬁréésed by:

k
C¢ = pZ=0

where Cy indicates the trend-free historical series and the two terms of

(ap cos p Wot + bp sempwo). + Vi (1)

the second member represent the deterministic and indeterministic

camponents,

The deterministic component is approximated by using a linear
carbination of k sinusoids, of frequencies pw,, where
27(/T (2)

indicates the angular frequency expressed in radians, of the cycle or

Wo =

fundamental harmonic, whose pericd T, coincides with the size of the
II/.'

series. In the interpretation of results the true frequency will be

used, expressed in the units in which thé information fram the histori-
cal series is given, for example: months.

fo =wy/ 2J(= 1/T (3)
which allows us to verify how the frequency is the reciprocal of the |
period. Consequently, given a size T of a given historical series, it is
only possible to estimate cycles as bigs as the size of the series, as a
result of which the larger cycles would be included inside the trend.
For increasing values of p, the cycles will be of shorter duration, the
minimum being, in the case of months, the two-month cycle; in fact,

We = ™ =JT ; £=W_ 2Jt=J 2JUT =172

t o
whose reciprocal is two.

(4)

The values apy bp, Fourier coefficients, can be estimated by
the least squares method, with cos pwot and sin pwot acting as indepen—

dent variables.

Thus, model (1) can be interpreted as a multiple regression

model, with the advantage that, as the independent variables are orthogonal
¥

it does not meet with the problem of multicolinearity,

If the wave theory is correct, as k increases, that is to

say, the number of sinusoids, the irregular residual component ought to be
approximated to the counterpart.of the purely random process. On the other
hand, if k does not incorporate same of the important cycles, it will be far
fram such a process, in which case there may be evidence for trying out the

probabilistic alternative using models like those considered in the Box—Jen-

/e




kins methodology.
The amplitude of the cycle is given by

- = 2 (5)
— Ry = \JaZ, + b

given which we define the periodogram, which is defined in slightly dif-

ferent ways; here the following form will be adopted:

(6)
I (wp) = Rp?/4T

which constitutes the series spectrum estimator. The term periodogram 1S -

used for the representation of the pair of values (I (Wp)r Pg)-
The spectruﬁ—is a representation in the frequency domain alternative to
the autocorrelation function in the time domain.

The representation of Wold's decarposition theorem in the
frequency domain corresponds to the existence of a discrete spectrum
_MCOﬁponent (deterministic) and another continuous gne (indeterministic).

In consequence, the negation of the validity of harmonic
znalysis implies the affirmation of the inexistence of the discrete
component. |

In statistical terms, it is said that the periodogram is an
inconsistent estimator; that is, it does not converge to the population
spectrum; as an example, the purely randam process with constant spec—

trum is proposed, and nevertheless, the corresponding periodogram fluc-
t+uates in an erratic way.

To test the validity of these affirmations, we shall proceed
to apply the criterion of convergence derived directly from harmonic
analfsis, that is, the convergence of Fourier coefficients, ap , bp ,

o/

(Rp) to zero, which must result in a succession of decreasing values of

I(wp).

The degree of approximation reached by harmonic analysis,

which is, in short, the meausure of its velidity, is expressed in

Parseval's theorem,

3%

T K T
(1/m F ©Ce-O= § RP2 + T &)y 7
t=1 p=1 t=1

which permits the decamposition of the vériance into harmonics. The
goodness of the approximation will be shown by the high percentage of
explanation of the variance, {in frequency analysis, power), with a sa-
mall number of cycles.

At the opposite extreme we find the purely random process in
which each harmonic contributes a proportion which is constant and equal
for all frequencies; to explain the total variation, it would be neces-
sary in theory to consider an infinite number of sinusoids, so that each
harmonic would contribute a practically null quantity.

Although the convergence and the goodness of the variance ex-
planation constitute the two criteria by which to judge the validity of
harmonic analysis (and or course they are not independent), I shall use
a third criterion, which is the camparison of the transformed series pe-
riodogram with that of the original series, which, in short, will allow
the coherence of the transformation to be known.

To demonstrate the suitability of a wave hypothesis I have
chosen the example of the series of registered applications for telepho—
ne lines in Spain in the period 1.972-1.982, in which I must point out

/e

—r—— - et




| VIII.

the high number of fluctuations, the explanation of which will not be

undertaken in the present work,

FREQUENCY ANAEYSIS OF THE SERTES OF REGISTERED APPLICATIONS FOR

TELEPHONE LINES IN SPAIN (1.972-1.982): (RIGINAL SERIES AND TREND-FREE

SERTES

The results of the estimation of the harmonic model appear in
Table I. As there are 132 observations in the historical series, for
an exact estimation it would suffice to include.ﬁgnpairs of coeffi-
cients; ifﬁit is taken into account that bo_=_9 since the sine func—
tion is odd, it only remains to consider thg coeﬁﬁicient ap correspon-
ding to the freguency/{. -

In accordance with the previoug;c;iteria, we cbserve the con-
vergence of Fourier coefficientééﬁégré;;which is seen in the succes-
sion of decreasing values in the periodogramf in which the major peaks
correspond to low and seasonal frequgpqies.

This conclusion is confirmed when we consider the contribu-
tion to the variance of the different harmonics; the first four harmo-
nics account for 55% of the variancgf whereas from twelve months
onwards (eleventh harmonic), only five out of fifty-three harmonics
contribute one per cent or more, precisely in the region of the six-,
four- and three-month cycles.

The fact that the succession converges means that from a gi-

ven valvue of p upwards, disregard of the remaining harmonics will cea-

oo/

TELEPHONE LINES

TABLE T

FREQUENCY ANALYSIS OF THE ORIGINAL SERIES CF APPLICATIONS FCR

FOURTER COEFFICIENTS

ACCUMULATED

EXPLATNED
VARIATTON

¥ ap by
w3 .. =9.617,328 -3,068,083
w9 358,031 2.631,661
w3 1.750,082 103,359
Wy 1.762,051 -3.218,31l
w5 -270,797 -672,448
Wg 1.673,981 -822,161
w7 -390,603 801,002
wg -52,096 -162,134
wg 2.765,616 -1.403,007
w10 -8935,812 -587,083
w1l 6.371,890 -637,540
W15 351,099 -943,340
w13 -307,842 -9,616
wia 109,041 -519,638
wig 29,571 ~40,481
Wig 891,411 -1.195,943
w17 168,019 -834,196
wig -541,094 ~511,037
W19 388,825 ~534,605
woQ 156,278 -314,393
wo1 629,251 88,505
W2 -783,486 -2.807,379
w3 681,254 130,821
Woq 591,772 526,059
wor 222,609 33,185
Wog 83,008 ~609,614
W27 -482,071 -514,968
wog 214,126 -757,026
wog 517,664 ~299,600
w30 98,487 -163,400
Wil 32,094 ~372,240
w32 1.128,447 -1.451,315
w33 ~2.686,759 216,758
w34 1.032,480 404,258
W35 880,628 99,777
w36 -665,273 358,744
w37 ~72,737 27,863
w3g 377,921 -661,553
w30 -205,665 56,149
w40 680,590 -248,569
Wa1 -307,761 -456,915
W42 -135,146 ~-536,229
W43 1.027,298 -778,489
w4 ~1.058,088 -1.040,540
W45 761,209 541,814
W46 365,649 -151,818

0,445
0,475
0,489
0,547
0,550
0,564
0,567
0,568
0,610
0,615
0,794
0,798
0,799
0,800
0,800
0,810
0,813
0,815
0,817

0,818

0,819
0,859
0,861
0,864
0,864
0,866
0,868
0,870
0,872
0,872
0,873
0,888
0,919
0,925
0,928
0,930
0,931
0,933
0,933
0,936
0,937
0,938
0,945
0,955
0,959
0,960

PERTCDOGRAM
I(wb)

1.070.445.057,000

74.094.982, 260
32.284,425,180
141.411.564,100
5.520.152, 908
34.463.141,290
8.342.192,907
304.637,552
101.019.779, 300
12.819.468,510
430.751.421,400
10.642.470,930
996.422,124
2.961.284,138
33.661,585
23.370.781,860
7.606.250, 463
5.818.727,180
4.590.214,375
1.294.811,554
4.241,501,053
95.238.699,200
5.054.855,797
6.585.437,369
532.102,201
3.976.055,065
5.226.740,059
6.501.468,024
3.757.741,738
382.345,948
1.466.312,698
35.501.216,010
76.320.114,970
12.914.310, 460
8.250.661,354
6.000.911,323
63.729,329
6.097.458,104
477.425,512
5.514.606,339
3.187.908,194
3.212.255,219
17.451.577,620
23,133.181,270
9,170.205,817
1.646.515,366
/e




TELEPHCNE LINES

TAELE 1

FREQUENCY ANALYSIS COF THE ORIGINAL SERIES OF APPLICATIONS FR

FOURIER COEFFICIENTS

ACCUMULATED

EXPLATNED
VARTATION

wp ap

~92,719 179,804
:2; ~753,986 ~178,668
W40 352,790 -214,816
wsQ ~134,946 -459,371
Wi -271,032 167,369
weg ~91,404 -367,132
wes 71,346 ~157,202
w54 933,713 -26,556
wes 32,319 -1.202,979
Weg -96,488 960,920
Wi ~344,208 -246,461
wog -869,685 434,042
w5 527,673 -402,320
WD -294,176 199,244
wg1 -46,063 310,426
weo -583,952 ~791,579
Wg3 400,505 99,203
Wea -420,078 449,413
wes -28,557 -926,830

0,960
0,962
0,963
0,964
0,965
0,965
0,965
0,969
0,975
0,978
0,980
0,984
0,986
0,987
0,987
0,991
0,992
0,994
0,998

PERIODOGRAM

I(wp)

429.899,024
6.303.917,505
1.792.091,354
2.407.906,246
1.065.871,476
1.503.581,212

313.054,519
9.165.201,973

15.212.251,880

9,797.052,117
1.882.590,240
9,923.809,519
4.625.012,678
1.326.029,262
1.034.520,291

10.163.860,440

1.788.297,146
3.975.193,861
9.031.842,036

se to affect significantly the approximation of the function by using
the trigoncmetrical series. |
The importance of the cycles of a duration longer than the
year is confirmed (61.5% of the power), as well as seascnal ones.
Nonetheless, if a trend is supposed to exist, the series cannot be
suitably approximated by a harmonic model.
In Table II are offered the results of the estimation of the
trend-free series, according to the first difference transformation.
The first thing that can be pointed out is the non-conver-
gence. The power has disappeared fram the low frequencies, although it
is retained in the seasonal cycles, but now the maximm ordinate is
found in the four-month cycle when in the original series, apart fram
the eleven-year cycle, it was in the twelve-month one. Or expressed in
terms of contribution to the variance, the twelve-month cycle changes
fram contributing 17.9% to 9.9%. Where the greatest alteration is pro-
duced is in the low frequencies, since the first four harmonics new
account for 0.7%.

Consequently, the transformed series shows little coherence
with the original series, making it evident that the effect of the
transformation into differences displaces the power not only of the
low and medium frequencies, but also of already high frequencies such
as that which corresponds to the twelve-month cycle. Whereas in the
original series the cycles larger than the year account for 61.5%, in

the transformed series their contribution to the vaiance is reduced to
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W32
w33
w34
w35
w36
w37
w3g
w39
‘\740
w4l
w42
w43
w44
w45
w46
W47

FREQUENCY ANALYSIS OF THE TREND-FREE SERIES (

APPLICATIONS FCR TELEPHONE LINES

TARLE IT

FIRST DIFFERENCE) OF

FOURIER COEFFICIENTS

@p
-14,061 461,086
169,566 ~45,949
117,928 ~250,116
-519,882 -275,314
-29,875 82,796
~175,981 -421,407
404,493 83,704
64,505 30,982
~711,717 -1.022,089
-43,952 494,073
~1.051,410 -3.100,538
-444,718 ~40,073
172,525 180,347
~223,526 43,777
84,855 -16,016
-950,525 -284,738
~534,767 136,934
-78,425 585,301
-447,668 -101,518
-200,705 4,719
-93,582 -570,011
-2.005,098  2.132,221
~131,769 -676,387
253,626 -845,824
11,979 -227,524
-510,911 331,768
~26,832 832,413
-778,318 370,456
-592,869 ~265,400
-125,182 42,680
-278,555 304,922
-2.403,375 255,097
3.024,562 2.469,984
-556,778  -1.454,823
743,998 -985,918
1.236,052 248,709
234,880 38,306
-988, 886 450,275
438,533 125,379
-1.017,033 -313,297
119,003 912,426
-175,464 881,894
~2.068,977 222,106
807,010 2.477,160
-595,917 -1.475,090
-580,361 -57,951
412,429 -218,064

ACCUMULATED

EXPLALINED PERTODOGRAM

VARTATTON I(wp)
0,002 2.235,278,453
0,003 1.456.834,698
0,004 803.205,940
0,007 3.635.251,069
0,007 81.383,523
0,009 2.190.689,703
0,011 1.792.241,026
0,011 53.789,825
0,025 16.294.229,400
0,027 2.584.458,855
0,125 112.592.688,400
0,127 2.094.332,049
0,127 654.307,371
0,128 544,962,392
0,128 78.328,789
0,137 10.342.142,900
0,140 3,200.917,828
0,143 3.663.115,091
0,145 2.213.372,218
0,145 423,370,381
0,148 3.504.994,446
0,226 89.987.441,330
0,231 4.988.062,537
0,238 8.190.433,758
0,238 545.281,391
0,242 3,898.118,945
0,248 7.286.060,723
0,255 7.804.814,018
0,258 4,432.056,700
0,259 183.741,139
0,260 1.791.709,170
0,313 61.358.188,330
0,453 160.176.805,700
0,475 25.488.627,900
0,489 16.024.904,350
0,503 16.698.365,860
0,504 594,916,980
0,514 12.401.742,200
0,516 2.185.205,590
0,527 11.896.153,160
0,534 8.893.748,943
0,542 8.492.925,769
0,581 45,483.267,090
0,643 71.298.347,450
0,666 26.586.276,230
0,669 3,573.298,363
0,671 2.286.240,516

TABLE T1

FREQUENTY ANAL
YSIS OF THE TREND-FREE SERIES (FIRST DIFFERENCE) OF

APPLICATIONS FOR TELEPHONE LINES

FOURTER COEFFICIENTS

¥p 8p Bp

w48 1.233,764 865
w49 -630,678 107:3;8
w5 - 36,618 884,934
w5l 706,473 -116,370
w52 57,313 712,248
w5y -99,610 243,887
w54 -1.612,509 ~455,899
w55 ~540,735 2.228,614
wgg 743,602 -1.770,861
w57 675,969 613,587
w53 1.959,389 ~513,775
Wsg -1.036,895_ 609,919
Wg0 753,595 ~307,489
wg1 285,081 -601,184
Wg2 1.128,608 1.679,377
Wg3 -661,771 -254,413
W64 816,574 936,698
wg5 133,990 1.853,955

ACCUMULATED
EXPLATNED
VARIATION

0,692
0,696
0,703
0,708
0,712
0,713
0,739
0,787
0,820
0,828
0,865
0,878
0,885
0,889
0,926
0,931
0,946
0,978

PERTODOGRAM
I(wb)

19.

23.857.323,940
4.299.945,079
8.240.030,427
5.384.950,372
5.363.283,739
729.076,271
29,4%6.173,730
55.242.930,660
38.748.952,620
8.754.,464,752
43.100.626,040
15.201.216,500
6.958.576,242
4,650.151,404
43.004.965,330
5.280.126,118
18.041.124,540
36.293.177,950
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21,

TABLE TTT

FREQUENCY ANATYSIS OF THE TREND~FRE SERIES (STRAIGHT LINE) OF

APPLICATIONS FOR TELEPHONE LINES

2.7% which supports the hypothesis that seeks to explain economic
' FOURIER  COEFFI ACCOUILATED
phenamena within probabilistic theory. w a CIENTS EXPLATINED PERIODOGRAM
< 18] bp VARIATION T (w
Table ITI presents the results corresponding to the trend- v B)
1 -9.728,110  1.462,052
free series, in which the trend is interpreted as the straight line w2 259:066 4.907,068 g'égé 1'2%2'2%3'222'000
W 1.636, ! .639.580,000
that passes through the extreme values of the series. Wi 1.sig,§§i %:g%§:2g3 8;2%3 3§'$33'223'360
__ w5 -388,180 224,775 ’ -750.647,030
The first thing that stands out is the convergence of Fourier wg 1.491,881 —66:478 g:ggg 2§'1§§'3§2'2i3
_ . w7 -500,688 1.429,978 ’ ) g
coefficients and consequently that of the periodogram, so that it pre= we -170,058 392:488 g:ggg 2i'$éi.gég’g;g
o Wg 2.668,177 ~916,696 0 ko
sents a Structure entirely analogous to the original series, with the w10 -1.045,323 —149:956 O:gzg 55'392'232’458
2 w 6. - . . 3
most important peaks in the low—frequency an&}éeééonal cycles., Wig gggﬁéig ~§%§:ggg 8’gi§ 412'?22’?331233
Wy 3 -404,134 344,154 081 me00 1%
The effect of the removal of the trend principally affects :;4 75,005 -203,081 0:812 2’322’13?’?3%
. 15 -72,791 270,739 0,815 &1l
the five-and-a-half-year cycle (second barmonic), whose contribution 216 77ir73l ~921,814 0,821 15 gig.gégrggé
17 41,045  -571,942 0,823 "153.814.
rises from 3.1% in the original series to 10.5% in the transformed :;8 -353,790 ~277,978 0:825 g.ggi‘géérggg
| 19 63,069  -319,157 0,826 $796.921.
cories. The alterations are minimal in the rest of the harmonics. $20 Sié'ioo -111,958 0,826 l.zgg.ggé,igg
' 21 +120 269,341 0,827 138,
As an illustration the results have been uséd to make Table :22 ‘gggr$4s -2.723,951 0,963 Bg'ggg'igg'gzg
) 23 ;726 293,072 0,865 "ial 280,
v, in which we compare the six most important harmonics in relatien $24 i97r392 701,663 0,868 'éiggé'ggg'ggi
to each transfofﬁaﬁion with the original series wgg "gf’ggg 'iié'ggg ) g'ggg 570-990:048
! . gl ' : 2.040.879,588
w7 579,874 ~360, 441 0,871 '
4,896,
part A considers the transformation into differences; there :%g 433*32% ‘Eg;r2§2 0,873 3 922 g;é'gég
' -159,388 0,874 5.032.020,
. .029,7
is not a single cycle with a period larger than the year, and in all xgg _gg'gég : gigrzgg 0,874 24.463:732
=79, - v 0,874 721.899,7
of them except the twelve-month one, the power that the original se- xgg _%.géé,zgg —1.ggg,igg 0,886 29.978.917,553
* . ’ 0,921 83.232.224,870
ries showed is considerably amplified; on the other hand, the diffe- i34 931,379 488,166 0,926 11 '
w35 776,862 196,056 0,928 633,204 500
" r . -2 4,531
rences between the straight line and the former do not meet at a xgg _Zgg’gii igi'ggg 0,932 8.063.550,888
_ - ’ ' 0,932 488.638
w [ . f237
point. Bs a whole, the cycles that accounted for 27.3% now find their 38 285,220 ~269,325 0,934 4.261.660
W39 -318,331 140,763 0,934 1.272.57 'S0
- w e ‘ .272.574,906
power amplified to 46.8%. o -ZZ:EES ~160,025 0,936 3.768. 446, 503
r r 3.466.592,941
W - -
As Part B of Table IV shows, among the most important cycles Wig Sﬁj’égg —égi'ggi 0,938 2.858.008:760
Waa -1.173'842 _979'224 0,944 14.303.864,430
AE w45 660, 398 585,377 o oo 24.546.115,000
yy: oos'oey -i01s 0,958 8.180.604,745
Ve 83 774 »858 0,958 797.155,625
’ 227,326 0,959 897.586,063




APPLICATIONS FOR TELEPHONE LINES

TABLE IT1

FREQUENCY ANALYSIS OF THE TREND-FRE SERIES (STRATGHT LINE) OF

FOURIER  COEFFICIENTS

ACCUMULATED

EXPLATNED
VARTATION

vip 2p s
Wag 861,180  ~131,001
W9 257,459 ~-159,031
w5( -245,622 -415,950
w5 -378,712 222,286
w59 -205,254 -332,853
w53 -49,395 -113,482
w54 819,943 -4,466
wgg -91,989 -1.178,842
w5g -200,606 g72,897
wg -457,802 -237,258
w58 -962,456 448,674
w5g 424,679 -394,474
g0 -388,235 223,825
Wg1l -146,638 322,062
Wg2 -689,697 ~-762,611
Wg3 295,415 112,477
We 4 -542,535 -428,001
vgs -142,243 -920,214

0,962
0,962
0,963
0,964
0,965
0,965
0,968
0,974
0,978
0,979
0,984
0,986
0,987
0,987
0,992
0,992
0,994
0,998

PERTODOGRAM

IW@)

7.970.525,512
961.934,977
2.451.104,150
2.025.570,333
1.606.309,682
160.904,056
7.062.269,334
14.686.278,430
10.365.269,400
2.792.800,961
11.844.879,700
3.529.020,749
2.109.501,213
1.315.408,905
11.105.671,860
1.049.593,817
5.016.163,435
9.107.446,474
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COMPARISON OF RESULTS

First
Difference

33 4 14,0
11 12 9,9 17,2 17,9
22 6 7.9 3,6 3,9
44 3 6,2 1,0 1,0
55 2,4 4,8 0,6 0,6
43 3,1 4,0 | 0,6 0,7
TOTAL +vevercnnonans 46,8 26,4 27,3
First
P Months STRATGHT LINE Difference ORIGINAL
1 132 42,1 0,2 44,3
11 12 17,2 9,9 17,9
2 66 10,5 0,1 31
22 6 3,6 7,9 3,9
9 15 3,5 1,4 4,2
4 33 3,1 0,3 5,9
TOTAL. csnecoannose 80,0 19,8 79,3

IX.

of the transformation in relation to the straight line, there exist
only two seascnal ones, the twelve-month and six-month ones, and in
all of them contribution to the variance in relative terms is slightly
lower that of the original series, except in the five~and-a-half-year
cycle, reaching, with only six cycles, 80%, equivalent to 79.3% in the
original series; the figure of 19.8% from the transformation into 4if-
ferences produces a substantial alteration in the structure of the
spectrum of the original series, difficult to justify since also in
the case of the straight line the stationarity of the process is
reached.

The fact that the transformation of the straight line obser-
ves a high level of coherence with the spectrum of the original se-
ries, and that with only six harmonics we attain an explanation of the
80% variance, constitutes in my opinion valuable empirical evidence
for postulating the validity of harmonic analysis as an approximation
of econcmic phenomena and therefore constitutes a solid basis for pos-~
tulating a deterministic wave theory in Econamics, in the same way as

occurs in Physics,

FREQUENCY ANATYSIS OF THE SERIES OF REGISTERED APPLICATIONS FCR TELE~

PHONE LINES IN SPATN: TREND-FREE AND SEASONALITY~FREE

Since the harmonic model, in certain conditions is statio-
mary, and the seasonal cycles constitute a particular case different

form the rest of the harmonics only in what refers to frequency, the

o/




FREQUENCY ANALYSIS OF THE TREND-FREE AND SEASONALITY-FREE SERTES OF APPLICA-~

TIONS FOR TELEPHONE LINES (V, V )

TAELE V

ACCUMULATED
EXPLATNED
VARTATION

FOURTER CCEFFICIENTS
¥p ap bp

al 735,567 9,650
w2 572,076 -501,652
w3 269,480 -675,085
w4 —62,650 591,851
w5 837,483 69,191
wg -358,940 742,537
w7 254,460 ~333,726
wg 1.141,416 ~824,167
wg -308,403 -109,143
w10 108,881 -88,351
w1t -2,501 7,827
w12 366,959 -582,644
w13 207,160 ~-176,793
W14 374,793 -1.545,122
Wis ~536,874 542,777
wig -672,275 776,886
w17 876,359 -150,289
wig 231,346 339,717
W]g 605,435 111,117
wop 315,425 257,513
wol -215,850 123,825
w99 ~768,947 ~400,393
w23 -973,768 ~469,708
wWoa -484,164 239,016
w5 1,103,373 -829,791
wog 1.253,241 221,378
w97 408,710 764,782
wag -5,500 422,691
Wog 279,634 -854,290
v3Q 578,050 652,950
w3l -551,148 715,254
W32 ~881,168 1.565,578
W33 98,479 -1.188,002
W34 -357,449 ~1.585,101
w35 799,038 1.797,586
W3g 541,222 -1.344,918
w37 ~1.036,745 1.149,775
w3g -252,664 555,321
w39 436,378 -729,384
w40 643,793 753,370
w41 -761,313 958,517
W40 145,585 1.411,927
W43 -891,144 1.035,163
W44 979,810 -2.192,48%
W45 -203,987 1.160,351
w46 1,394,333 1.410,224
W47 - =-12,509 -379,444

855,316 184,014

vag

0,006
0,012
0,017
0,021
0,028
0,035
0,037
0,060
0,061
0,061
0,06l
0,066
0,067
0,093
0,099
0,100
0,118
0,119
0,123
0,125
0,126
0,134
0,146
0,149
0,169
0,186
6,193
0,195
0,206
0,214
0,222
0,256
0,271
0,298
0,339
6,360
0,385
0,389
0,397
0,407
0,423
0,444
0,463
0,524
0,538
0,579
0,581
0,589

PERTODOGRAM
I(wb)

5.167.620,315
5.528.333,009
5.045.458,968
3.382.481,4¢66
6.743.380,644
6.495,423,134
1.681.850,13%
20.597.022,270
1.022.009,654
187.706,861
644,739
4,527.636,050
708.281,168
24.139.397,430
5.565.095,462
9.223,467,087
7.549.596,344
1.613.149,416
3.618.214,409
1.583.329,484
591.329,239
7.177.194,431

11.161.692,670

2.784.034,653
18.200.816,820
15.466.243,410
7.180.453,877
1.706.438,547
9.442.961,139
7.262.101,636
7.786.041,912
30.820.273,730
13.569.997,980
25.213.150,700
36.536.649,750
20.070.001,860
22.887.971,260
3.554.444,045
6.898.667,568
9.377.750,957
14.308.210,720
19.239.281,480
17.816.123,260
55.070.966,350
13.254.663,720
37.556.392,680
1.376.380,455
7.309.285,733

RPN

FREQUENCY ANALYSIS OF THE TREND-FREE AND SEASONALITY-FREE SERIES OF APPLICA~

TIONS FOR TELEPHONE LINES (‘71_ ET 1

TABRLE V

FOURTER COEFFICIENTS

ACCUMULATED
EXPLATNED
VARTATION

“p ap Bp
w49 996,243 =730,408
w5 964,089 661,249
wWs1 -684,039 44] ,964
wsy  1.350,330 199,641
w54 -449,038  -2.723,291
wsy  1.484,880  20.451,407
w5g 798,075 -18,655
w5g -2.736,844 1.168,040
w7 2.020,777 -2.022,208
w5g -41,496  1.099,507
W5g -70,829  -311,315

0,605
0,619
0,626
0,645
0,725
0,792
0,799
0,891
0,976
0,789
0,990

PERIODOGRAM
I(wp)

14.572.188,020
13.051.194,000
6.333.490,086
17.792.704,300
72.746.054,300
61.006.239,010
6.085.496, 609
84.555.512,100
78.045.110,680
11.560.737,120
973.395, 864




removal of this component is pot determined for methodological
reasons. In the Box-Jenkins methodology, this component it usually
seen as having a systematic kind of nature, and for this reason it is
usually interpreted as an obstacle to knowledge of the stationary sto-
chastic process, the generator of the series.

| The procedure usually makes use of the application of a
twelfth difference; consequently to the trend-free series according to
a first difference, there has been applied a seasonal twelfth diffe-
rence to which frequency analysis has been applied even when now the
size of the series is reduced to 120 values and the number of fregquen-
cies considered to 59.

The transformation is effective for the removal of the power
in the seasonal frequencies between 12 and 2.4 months, a consequence
of the subsequent displacement of the power towards even higher
frequencies: in tine original series the cycles shorter than three
months contributed 5% to the variance, ile, 40%, an i!yl,]_z, 60%.

As convergence does not exist either, it can be understood
that this type of transformation favours the stochastic approximation
of econamic phenomena.

To test the effect of one of the most controversial procedu~
res (Slutzky effect) on the trend-free series I have applied A.
Alcaide's method of deseasonalization of the Annual Movenént figures,
which is based on the use of moving totals (in this case, twelve-month

ones), Gated in the last month of the total. They behave in the same
‘./.'

TAELE VI

FREQUENCY ANALYSIS OF THE TREND-FREE AND SEASONALITY-FREE SERIES QF APPLICA-

TIONS FOR TELEPHONE LINES (C.M.A.)

ACCUMULATED

FOURTER COEFFICIENTS EXPLAINED

wp an bp VARIATION
w1 ~115.878,1 =7.769,0 0,791
w2 -12.006,9 45.075,5 0,919
w3 5.950,8 27.491,3 0,96
w4 11.625,7 -13.824,2 0,985
w -5,943,4 ~400,3 0,987
W, 7.658,2 ~7.890,4 0,994
% 1.510,2 2.451,4 0,994
w —-4.349,7 5.417,3 0,997
wo 3.579,2 297,3 0,998
wip 1.312,5 593,% 0,998
w11 1.109,1 -119,3 0,998
W12 272,8 _  1.,557,2 0,998
w13 355,2 478,8 0,998
w14 193,56 2.840,1 0,999
wig 1.725,2 -769,0 0,999
wig 1.496,3 -1.099,5 0,999
w17 -514,1 248,3 0,899
wig 125,8 -337,8 0,999
W]g ~195,8 -257,8 0,999
woQ 158,0 -136,0 0,999
wol 462,9 ~108,7 0,999
W22 1.082,9 357,4 0,999
Lk 982,7 428,2 0,999
Woy4 603,5 -273,6 0,999
wor -421,3 651,7 1,000
Wog -630,6 -148,6 1,000
wo7 58,4 -467,6 1,000
Wog 136,2 -175,% 1,000
wog 8,7 427,7 1,000
w30 -41,9 -272,3 1,000
w3l 357,0 -372,4 1,000
w32 615,6 -748,3 1,000
w33 61,2 570,6 1,000
W34 263,0 582,7 1,000
w35 -115,1 -695,9 1,060
w35 -153,8 472,0 1,000
w37 555,6 ~-474,8 1,000
w3g 196,2 ~156,4 1,000
w3g -53,4 ~169,7 1,000
w40 ~37,4 ~-256,7 1,000
w41 280,9 -343,3 1,000
wWao 115,5 -502,9 1,000
W43 392,1 -297,2 1,000
Wa4 -207,0 571,5 1,000
WG 228,0 —-348,9 1,000
wig ~-355,7 ~417,6 1,000
165,0 41,1 1,000

w47

PERT ODOGRAM
I(wp)

1.288.017.854(11)
2.077.894.802(10)

7.555.246.814,0
3.115.605.128,0
338.849.566,7
1.154,571.449,0
79.164.298,9
460.916.178,8
123,176.948,9
19.818.356,7
11.882.526,8
23.866.477,5
3.383.974,4
77.384,147,4
34.068.796,6
32.924.197,9
3.112.609,5
1.240.782,9
1.000.751,8
415.012,4
2.159.020,5
12.417.973,7
10.972.662,5
4,192.802,1
5.750.649,2
4.008.205,7
2.121.644,7
472.606,6
1.747.549,7
724.819,3
2.540.650,4
8.965.989,7
3.144.867,%
3.902.876,7

. 4,751.012,1
2.353.313,8
5.100.531,4
601.179,8
302.231,9
642.607,0
1.878.916,7
2.542.487,4
2.311.600,6
3.532.462,5
1.658.858,1
2.873.500,3
276.110,4
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TIONS FOR TELEPHONE LINES (C.M.A.)

FREQUENCY ANALYSIS OF THE TREND-FREE AND SEASONALITY-FREE SERIES CF APPLICA-

FOURIER COEFFICIENTS

ACCUMULATED

EXPLATNED
VARTATION

Yp @p Bp

w4g -109,2 -42,5
W49 ~192,7 124,6
w50 =17,5 ~176,6
w51 246,9 -115,9
w52 ~196,1 =117,2
w53 247,2 17,1
w54 ~303,6 -573,1
WSS —2, 8 10 r 5
w56 771,77 ~281,2
w57 -362,3 456,5
w5g 142,8 -238,2
w59 100,8 53,9

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

PERICDOGRAM
I(wp)

131.120,3
502.851,2
355.174,7
710.395,3
498.387,8
5.494.084,7
4,016.592,4
1.127,7
6.441.901,3
3.243.452,4
736.547,6
124.769,7
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way as a moving average, with the unique advantage that they do not
need centring operations., |

The results in Table VI make clear in the first place the in-
tensification of the convergence process: — none of the harmonics fraom
twelve months onwards contributes (0.1% to tﬁe explanation of the va-
rianée, while the ten - and five - year cycles account for 91.9%.

The goodness of the deseasonalization method is brought out
even in maltiples of the seasonal cycles such as the 24-month one
finds its power reduced in relation to those of contiguous fregquen-
cies. On the other hand, the procedure amplifies the power in those
harmonics in which this was important in the original series, and in
the trend-free series according to the straight line, as are first two
(ten and five years) which must not be confused with possibilistic im—
terpretations of the Slutzky effect, according to which it would be
inducing nonexistent cycles. This amplifying effect for the long cy—
cles and attenuating effect for the short cycles corresponds with the
fundamental idea that is sought with the deseasonalization procedure,
which is to make long-term movement evident. It seems logical that the
amplifying effect should be important, given the great importance of
seasonality in the original series.

On the other hand, the removal of seasonality by means of the
variate-difference method, éenerates a series in which the greatest
contribution to the variance is found in the cycles of least duration
‘(2.7, 2.6, 2.3, 2.2, and 2.1 months) and so it can be explained that

wi/es

|

33.

the fluctuations produce the appearance of irregularity, and as a re-
sult, constitute empirical evidence favourable to a probabilistic hy-
pothesis for econamic phenamena.

The proposed transformation enables us to confirm how the in-
consistency is not imputable to the periodogram but to the tyﬁe of |
transformation; the periodogram simply estimates a sinusoid by least
squares in the same way as a straight line would be estimated. We can—
not affirm that the estimated cycles exist in reality, but they do
exist in the data.

The pericdogram correctly represents both the originzl series
and the transformed one.

Our hypothesis evaluated in the light of the periodogram ena—
bles us to confirm that although transformation into differences is
sufficient to reach stationarity, it is not necessary; it falls into
the error of identifying the trend with a polynamial, it is not cohe-
rent with the frequency decamposition of the original series, and in
short, it has only randamness as a hypothesis for formulating econamic
laws, which I believe must be the unrenounceable aim of any science
project.

The analysis of the empirical evidence resulting fram the
straight-line transformation undergone in this work, enables us to ha-
ve at our disposal a methed and a hypothesis whose success in Physics
is an incontrovertible fact.

The generality of a wave theory demands that the irregular

component also should be considered as a particular case of the same

/e




theory.

FREQUENCY AMNALYSIS OF THE TRREGULAR COMPONENT RESULTING FROM THE OMA

TRANSFCRMATION
| ' The irregular compenent constitutes the empirical counterpart
of the purely randam process, whose representation would require an

infinite number of sinusoids to be considered, and it is characterized

by a constant propulation spectrum, which in the case of considering

only positive frequencies, takes the value

(8)
2
Iwy) = U //. I

which indicates that all the frequencies contribute equally to explain

the variance. e

Those who object to harmonic analysis maintain that the pe-

riodogram fluctuates erratically, when it ought to observe the cons—

tancy of the population spectrum, all of which verifies the inconsis-

tency.

T think it is far from being conclusive since it would be ne-

cessary to Jjustify previously that the residual corresponds to a pu-

rely random process. The previous evidence suggests that if the

pericdogram shows peaks at certain frequencies, this means that the

residual is not purely random.

1n Table VII we have carried out the estimation of the resi-~

duals from the CMA transformation, after removing the 59 known

harmonics.

LEPHONE LINES (C.M.A.)

FREQUENCY ANALYSIS OF THE IRRBGULAR COMPONENT SERIES OF APPLICATIONS FOR TE~-

ACCUMULATED

FOURTER OOEFFICIENTS EXPLATNED

¥p ap by VARTATION
w1 -1,3 0,0 0,000
w2 -3,0 -0,9 0,001
w3 -3,3 -0,7 0,001
w4 -3,4 ~0,1 0,001
w5 -3,1 -0,4 0,001
(3 -3,3 -0,4 0,001
w7 =3,2 -0,6 0,001
vg ~3,1 -0,8 0,001
vg -3,3 -0,8 0,001
w10 -3,2 -0,9 0,001
Wil ~3,2 -0,9 0,001
w12 -3,2 -1,0 0,001
w13 -3,1 -1,1 0,001
w14 -3,1 “1,2 0’001
w15 ~-3,1 -1,2 0,001
w16 -3,1 -1,3 0,001
w17 -3,0 -1,4 0,001
w18 -3,0 -1,5 0,001
wig -3,0 ~1,6 0,001
w20 -3,0 -1,7 0,001
w21 -2,9 —1,8 0,001
w22 -2,9 -1,9 0,001
w23 -2,9 -1,9 0,001
w24 -2,8 -2,0 0,001
w25 -2,8 ~2,1 0,001
w26 —217 -2,2 0’001
w27 -2,7 -2,3 0,001
w28 -2,7 ”2,4 0’001
w29 -2,6 -2,4 0,001
w30 ~-2,6 ~2,5 0,001
WBl “2!5 "2:6 0’001
w32 -2,5 2,7 0,001
w33 ~2,4 -2,8 0,001
w34 -2,4 ~2,8 0’001
w35 ~-2,3 -2,9 0,001
w36 2,3 ~-3,0 0,001
w37 -2,2 -3,1 0,001
w38 -2,1 -3,2 0,001
w39 -2,1 -3,3 0,001
w40 _210 =-3,4 ¢,001
w4l -2,0 -3,5 0,001
W42 -1,9 -3,5 0,001
w43 -1,8 -3,6 0,001
W44 -1,7 -3,7 0,001
w45 -1,7 -3,8 0,001
wge  -1.6 ~3,9 0,001
w47 -1,5 -4,0 0,001

PERICDOGRAM
I(ws) LT (wp, )
16,138 2,781
93,679 4,540
108,671 4,688

93,297 4,536
105,520 4,659
101,223 4,617

97,880 4,584
110,103 4,701
105,520 4,659
105,520 4,659
107,334 4,676
103,323 4,658
105,520 4,659
105,520 4,659
107,907 4,681
ip4,660 4,651
107,430 4,677
110,390 4,704
113,541 4,732
111,249 4,712
114,783 4,743
114,783 4,743
113,064 4,728
116,979 4,762
115,833 4,752
120,130 4,789
124,618 4,825
119,557 4,784
124,236 4,822
124,236 4,822
129,297 4,862
129,870 4,867
129,870 4,867
130,825 4,874
136,459 4,916
137,987 4,927
139,897 4,941
146,104 4,984
148,587 5,001
155,176 5,045
151,452 5,020
154,699 5,041
158,327 5,065
165,489 5,109
169,691 5,134
174,275 5,161
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TABLE VIT

LEPHONE LINES (C.M.A.)

oot
05t
00z
05z

0s

ACCUMULATED
FOURIER COEFFICIENIS EXPLATNED PERTODOGRAM

vy 25 by VARTATTON I(w;) LI (wp,)
wag  -L.4 -4,0 0,001 171,505 5,145
wig  -1,3 -4,2 0,001 184,588 5,218
wsg  -1,2 ~4,2 0,001 182,201 5,205
wsy  -1.2 ~4,3 0,002 190,317 5,249
wsp  -1,1 ~4,4 0,002 196,429 5,280
wgy  -1,0 -4,5 0,002 202,920 5,313
wsg  ~0,9 ~4,6 0,002 209,798 5,346
wss  —0,8 4,7 0,002 217,056 5,380
wsg 0,7 ~4,7 0,002 215,623 5,374
wg7  -0,6 ~4,9 0,002 232,716 5,450
wsg  =0,5 4,9 0,002 231,666 5,445
wsg  -0,4 ~5,1 0,002 249,905 5,521
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The results make it possible to verify how the contribution

is 0.1%, or 0.2% at 21l frequencies, except at wj where it takes the
value of 0.

The succession of Fourier coefficients, as well as the last
two columns allow us to confirm that the periodogram is similar to the
mentioned constancy of the population spectrum, so that in this case
also, the empirical evidence is favourable to the validity of harmonic

anzalysis in Econamics.

CONCTL.USION

The previous evidence enables us to try out a wave theory for -

the interpretation of econamic phencmena, The method detects cycles in
the data, but evidently this does not allow us to infer that this is

transferable to the phenamena.

I believe that it would be a considerable advance to prove
the permanence of the cycles independently of the size of the series.

Then, or simultaneously, it would be the moment to begin to
think about the search for the "physical causes®, which explain the

results that allow us to arrive at the formulation of economic laws.
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