Prior 1 1aking departures, all other
transformations —such as logs and
simple meving averages—should be
made Lo smoeth out randoms. Then a
spectral apulysis, or a visual scan with
a cycle finder such as the Ehrlich
Cycle finder, can find the important
eycles 16 be tested. From this point,

T TIITTT1 TTTT i TS T TIT T T (T =
FFG. 2 Syntkests of @ thort cycleand « longer cyole, which served as dhe trendiine far the deorfer cycis.

in spectral analysis, but the analyst
should exporiment. This technigue
tends to create ragged data series,
which might need additional smooth-
ing. Alse, one data point will be lost at
the beginning and cne at the end of the
data. First differcnces can be easily
computed with the CAP 11 program
—especially in spectral analysis —or
in & spreadsheet.

3. Cycle Subtraction

This method of detrending canaot
casily be done withoul a computer,
although the principle is simple. Any
cycle with a length that is ap-
proximately (he length of the data
series can be subirzcled from the
sexics. In most cascs, this will suceess-
fully detrend the data, The Spectral
Analysis program in CAP 1T ¢an be
used to eusily identify the cycle o he
subtracted.

4. Dapartures

Departures aré probably the best
way to completely detrend data, A
centered moving average is tuken of
the original time scrics. This moving
average is then sublructed from the
original data. The result is a new Gme
series composed of the departures, or
residuals of the moving average.

The data will be completely
detrended, but only in regard to the
length of the moving average. For ex-
ample, a 4l-month departure will
detrend the data only for cycles within
about 10-15% of ibe Jeogth of the
moving  average. Thercfore, only
cycles from 35 to 47 months shouid be
soughl with this departure series.
Thus, the analyst will have to do many
dilferent analyses in order to conduct
a complete analysis on any one time
serigs. This 15 why so many analysts
ignore (his method,

moving-average departure files for the
varions  cycle lonpths  should be
creared and the testing begun. The
Foundatiorn’s CAP III program i
specifically designed Lo create depar-
ture files and then analyze the duta.

Adding Back the Trend

Once the dita has heen detrended
and the cycle analysis is complete, the
trend should be added back into the
data. This can be done in one of
several ways:

1. Take antilogs of the log data and
convert Lhe data back Lo the nomber
represented by the logarithm,

2. Add the moving average used n
the departures back ito the original
data.

3. Find a long cycle that ap
proximates the trend and sum it with
the cycles. {This is one of the best
methods.)

4. Compute the long-term trend
and add this trend 1o (he cycle projoe-
tion,

When adding trend 10 cycles, be
cautipus, The historical trend can
change, @nd counter-lrend correc-
tiows or rallics often can distort the
long-term trend. Therefore, be very
careful. Examine the important long
cycles. II they are near an important
turn, the trend shovld be added only
with great care.
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From the Archflf

Originally printed in Financia! Analysts Jounal,
November-Decermber 1965; reprinted with

permission in Cycles, March 1966,

 The Effect of Sunspot Activity
on the Stock Market

olur phenomena have been a

sonrce of scicatific interest and

investigation since Sir William
Hersched, in 1801, found a correlation
between sunspol activity and ler-
restrial phenomena, Ferschel ob-
served that periods of ow sunspot
activity correspond with sparc crops,
while bountiful sunspot activity had a
Tike cifcet on agricultural yickl, On the
basis af his studies, Herschel then cor-
rectly predicied, during a drought
year, a number of ensuing years of
agriculiueal plenty for Britain.

Subscquently, the periodicity of the
sunspol vvile was announced, and
Schwabe, in 1844, estimaled the
average levgth to be approximately
ten years. Further observations and
investigations have disclosed other
facets—such as the relation beiwecn
sunspol phenomena and atmospheric
conditions vn carth, and (he electro-
magnelic nuture of sunspots and its
disturbance of the earth’s magnetic
Geld, with conscquent interference
with radio communicalion.

Modern seicnee is giving consider-
able attention o sular phenomena in
relution to disruption of the carth’s
magnétic field, to buman health, and
to weathur, iocluding rainfall, tem-.
perature, and cyclone frequency. The
security analys’s imterest is more

Charles J. Coilins is the wellHmown
financial anafvst who brought R.N.
Ellion and the Elfioit Wave to the

attention of the pubiic in the 1930s.
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by Charles J. Colfins

directly concerned with the effect of
solar phenomena on business, and on
speculation us videnced by the ebb
and flow of prices over our stock ex-
chunges. Here we must turn to W,
Stanley Jevons as the first to give
prominence 1o a correspondence be-
tween sunspot variation and the busi-
ness cycle.

Before consulling Jevons and
others who bave followed up Jevons'
initial hypothesis, # might be well (o
have some knowiedge of sunspot ac-
tivity itsell. Tabile 1 Bsts data covering,
the 1% cycles that bave laken place
since Rudolph Woll, nsing old abscr-
vilions of the sun from 1749 to 1849,
began publishing the figurcs in the kast
pamed year. These data have been
released since 184% by (he astron-
omers of the Zurich Observatory

TABLE L v, "
THELAST 1% H .10
SUNSPOT CYCLES H .
{Haged o nbserved 3 a0
Wolf Wumbers) 1 i3]

] 0u

[ LLxi
* Low point o dare T an
{February 1965) 2 0
** Fracions are in 1 g gg

manths, or twelhs, 1 0
rather than fexths. 1z o0 31870

1a 4.2 12-1B80
i irder to obiain cyce }f g-g éiggi
durifong, this series . g
(uniihe Tables 3, fand -5 03 §1023
£ wses monhly rather L7 02 3-1633
than yearly means of 18 03 4-194d
the sunSpot PRt 19 [ 1-1854

(Wolf, Wolfer, Brunner, and
Waldmeicr) in the Observalory’s
Astronomische Mitteilungen.

The obscrvations arc taken daily,
and are averaged for the month s well
as the year. The observed numbers,
which are more immediately available
month by month, are subsequeatly
smoothed. It is the obscrved rathor
than the smoothed count that is given
in Table 1. Of minor interest, but ac-
counting for the fractional values, the
monthly sunspot number 8 the mean
of the daily values of the relative
sunspol pumber, R The relative
sunspol number is R = K(10g+s)
wherc g is the number of sunspot
groups and 5 is the total number of
distinet spots. £ 15 a seale factor that
depends on the observer and is in-
tendexl o cifect the conversion to the

g::l Gate c:‘::.‘“ig 13’.:,':,‘"
1in
8.8
L)

1311
1z.2
128
b-1843 mn:
2-1843 R
a-13a6 3.3
1-146% 108
3-1379 22
112889 108

0O A-thd 15
Nz 21207 0.0 B-Lila 112
1545 81917 05 BT 1032

8.0 T-182% 0.2 21533 104
1ag2 91938 0.3 -1l A0R
2013 5-1947 0.2
25338 10-1957 3.4

8 1-1964 o4
A% T-1bEgY

=1




scale otiginated by Wolf. A sunspol
cyele is often measured from low point
to low point, or minimtm to minimum.

1t will be seen from Table 1 that the
sunspot count recedes, ouce a peak
has heen passed, to a figure of under
ten la zero, Peaks, on the other hand,
have varicd [rom as low as 62.3 1o as
high as 2335, Lpis latter figure charac-
terizing the cycle that is now conclud-
ing or may have concluded. Of grealer
intesest is the (.y‘,lc s durulion, run-
ning from arcund ninc to 14 years, The
average length of the 18 completed
eycles listed in Tuble 1is 11 years—
and, if extremes be struck oul 1o obtain
modul length, the length varies, but in
the mean it is 10 years 7 moaths.

A rather inlcresting feature of
sunspots is their behavior, as dis-
cussed in a paper by Drs, Garcia-Mata
and Shaftner, 1o which study fater rel-
crence will be made. At the beginning
of the cycle, the spots arc distributed
in two belts, butwoen 20° und 40°
Iatitude on both sides of the sun’s

" equitor. As the cycle progresses, they
appear each year nearer the equalor,
and al the end of the period are
centered around the equator at about
60° on cither side.

Millienths of

Then the ncw cycle is suddenly an-
oounced by pew spols (with reversed
magnetic polarity} at  about 4P
latrtude and, as the spets of the old
cyele that are near the equator disap-
pear, the twy belts of the new cycle are
again formed in the greater latitudes.
Because of the reversal of magnetic
polarity with each successive sunspot
cycle —that is, from the southern solar
hemisphere to the northem solar
hemisphere, thea vice versa--some
investigators fecl that the complete
solar cycle is around iweaty-twe and
one-quartesr years in lenglh, or @ com-
bination of two successive cycles as
given in Table L.

Stndying industrial vrises between
1721 and 1867, Jevons oblained an
average of 1043 yoars between them.
He could see oo reason why the
hpman mind “in iis own sponlancous
action” should scket 50 exact a period
to vary in —and, having noted a some-
what similar interval For the sunspot
cyide, he attributed the industrial
waves (0 some outside, or cxtrater-
restrial, phepomena related Lo the
solur period.

Jevons reasoned that variation in
the number of sunspots produced cor-
responding variation im crops, and

that, through this channcl, busmess
cycles were brought about. Later
studics, particwlarly those of Dr, C.(G
Abbot of the Smaiihsonian [ostitution,
have demonstrated that varistions of
the sun’s cmission of radation, which
variation is tied in with sunspid ac-
tivity, arc associaied with weather
changes. Weather, in turn, affects
crops.

¥, Warren M. Persons, however,
following dolailed statistical anatysis,
demonstrated, so far as the United
Stmes was concerned, that the cor-
relation  bolwecn  physical  crop
production and total values is almaost
nil. Undes the law of supply and
demand, redundant crops  Jower
prices, short crops raise them. Thus,
yield and total value arz Dot
synonymous, Persons” findings tend to
vitiate Jevon’s vicw as o vuriation in
agricultural  yield causing similar
variation in general indusicial aetivity;
bus Jevon's question still remains as (o
why these periodic variations in in-
dusirial phenomena seem o cor-
respond with Lhe solar cycle,

Thas there is a correspondence be-
tween solar activity and gencral m-
dusteial  production  has been
demonstratcd by Garcla-Mata and

The [
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Fi6. 1. Comparison of senspol stsdies with secular swings in industrial production. By Gorvia-Mmia and Shaffwer.
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Shaffner [Quarterly Jownal of Eco-
nomics, November 1934), Pointing out
that Persons’ index of industrial pro-
duction of manufacturers in the
United States, smoothed For year-1o-
year fluctuations, showed that five
cycles appeared clearly botween the
actual bottoms of 1876 and 1932,
making an average of 11.2 years, they
also fonnd that the average of the last
five sunspot cycles was 11.16 years.

They farther indicated that =
graphic correlation of both the
sunspot and business curves should be
inverse -~ that is, an lncreasc in son-
spols corrclates with a decreuse in
business. A graphi¢ comparison with
the solar curve inverted showed that,
to obtain a high corrclution throngh
agrecmcnts of tops and bottoms, & lag
of three or more years was required —
that is, the inverted solar curve plotted
three or more years shead ol the busi-
NEES CUrve.

Garcia-Mata and Shallner made
various other tesis of solar phenomena
and businss— such as comparisons of
business activily with the yeaely ehan-
ges of the areas of solar faculae, and
also with the effect of sunspots accord-
ing o the latitude from which they
emanated —and, in cach instance,
found a cerrespondence, One graph
comparing their sunspat studies with
secular swings in isdustrial produc-
tion is shown in Figure 1.

One particularly interesting aspect
of the Garcia-Mata/Shalfner com-
parisons of yearly chunges of (he total
area of solar faenlae with the index of
physical prodoction {excliding crops)
in the United Siates over the 1875 (o
1932 interval was the appearance of
two shott, though sharp, business
panics {those of 1903-04 and 1913-14)
that showed no relationship to the
solar curve.

The solar curve, al the tme, called
for notmal to above-normal business
(Sew Figure 2). These penods were
preceded by bwo great volcanic erup-
tioms - - Mount Pele in Antilles in 1902,
and Kalmai in Alaska 1912 —each of
which cast into the aimosphere
thousands of tons of volcanic dust.
Distributed  within a few months
around the carth by atmospheric
winds, the dust remained aloft for 2
nutmber of years, forming a sort of en-
velope around the globe and reducing
considerably, on earth’s surface, the
radiation that was being produced by
the sun. T other words, the normal
influence on earth of solar phenomena
for the years in question was miligated
by a sereen of volcanic ash,

Their findings were summarized by
Garcia-Mata and Shaffner as follows:

Summing up. we can say that, from a
statiricad posu of vicw, these appears to
be a dear correlation between the major
gThkes of nonggriculiuml business ac-

tivity i $he Ulnired States and the solut
vyule of 11+ years; bur, so far, we have
been unable bo deicemine whether the
st correlation is with the curve of the
tatal amount of the solar diklorhancey
with a lag of soveral years, of with the
cyile Formed try the yearly inceease or
degreage i disturbancss in the solag sup
face (spots, faculue, et ), or whether the
cxistence or abmencs of spots pointing
directly to ibe earth in the sulur ceniral
zone, ot throwgh some othee featwre of
the solar cycle. From a fogcal poiut of
view, all of the evidence atcumuluted
seems 10 show that it is havdly possible
ter believe that the eelalions fevealed are
wholly accidental.

Somcone has stated that, i a
delivery truck is seen ta arive every
morning belween pine and ten at a
certain corner on Moadays for 26 con-
sccutive weeks, there can bu no as-
surance that il will appear again on the
morning of the 27th week, But if the
observer, seeking the cause of this
phenomenon, tiads that this is the
delivery of a certain chemical necded
woeekly to operale a maching io a plant
that runs ycar-in and year-oul, he may
then predict for the 27th Monday with
some degree of certitude.

In seeking a working hypothesis for
the statistical telationship belween
solar activily and buosiness, Gaicia-
Mata and Shaffner referred to onc of
the many competing theories of busi-
ness floclustions —the voe that at-
tributes such changes to psychological
cause. Professor Pigon of Cambridge
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has been one of the leading more
recent protagomists of this theury,
which is to Lhe offect that a cumulative
error of optimism on the part of the
interdependent business community
Jeads [o over-cxpansion, or boom. As
awareness of the gxcess occurs, a
cumulative error of pcsc.imi:m devel-
ops and overcontraction, or recession,
enstes. Thus the peychological cycle
repeals, ad infimitom.

To reconcile the psycholag;cal
theory of the business cycle with their
findings, Garcia-Mata and Shaffoer
added, “We need, then, to assime that
the variations of solar activity affect
directly, or through some terrestrial
mechanism, the psycholngical TCac-
tions of human beings.”

Among the propusitions set forth in
demonstrition of this relationship
were cerlain harmonious biological
phenomena, such as the death raie
cvcle, the birth rate cycle as pradau..r-
mmed by the curve of conception, and
sudden changes in the course of
chronic illness. As possible mech-
anisms of the relationship, reference
was made Lo the wide vanations in
nltraviolet light received by the earth
from (he sun, and the known cffect of
solar variation on the magnetic activily

of the carlh and an eosuing direct
electrical elfect upon human beings.
1f sodar phenomena have & direct or
inditeer influence on human psychol-
ngy, it then is logical 1o assume that the
solar-human relationship will show up
in the fuctuations in slock prices.
While changes in human psychology
from pessimism Lo uptimism, and the
reverse, will be registered in the busi-
pess curve, the change cannat be s0
sudden or 5o vinlent as in the stock
markel. This is becanse business com-
mitments often lake months to be
processed, or consummaled physical-
Ty, while stock market commitments
are registered fully in the price struc-
ture oa the duy they are made. In this
womnection, no voe whe hved through
ihe Scptember-November 1929 break
in the Amerivun stock market will ever
guestion the dramatic way in which
reversed paychology can allccl prices.
I the alorcrocntionsd monograph
on sofar and economic relationships,
Garcia-Mata and Shaffner dealt with
the stock market, but only with respect
bo turning points in the 1929 and the
1932 periods. Thepughout these two
hootic intervals - which included the
turn-about (v major decling and the
turn-ahout to major advance —a high
degree of correlstion was demon-

strated between solar phenomensa and
New York Stock Exchange prices.

Subsequent to the CGarcia-Matal
Shaffner  study, Edgar Lawrence
Smith has been onc of the more
prominent protagonists in the further
development of sunspot-economic
theory. Bearing in mind, however, that
sunspot activity as a cansative agest
affecting business and  production
cycles 15 still a highly comtroversial
subject among scientists, it might be
well 1o revert, [or 2 moment, to Jevons,
whose inquiring mind more than a
centory ago gave first prominenee to
the matter.

William Stanley Jovons, @ prolific
and brilliant writer, was born in Liver-
pool in 1835 and, at the time of his
death in 1882, occupied the foremost
position in England, both as a logician
and as an economist. His Elemientary
Lessons in Logic became 1he most
widely read basic textbook in logic in
the English langnage. Other of his
principal works were the Theory of
Folitical Keonomy and the Principles
of Seichce.

Jevons' specalatiors on the com-
nection belween commercial crises
and the incidence of sunspot activity
are fonnd in his work, evestigations in
Crirendy and Finance. I is from the
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position taken by Jevons in this par-
ticular thearetical digrussion that the
matter has heen further developed in
the writings of others.

Edgar Lawrence Smith, whose
Convron Stocks as Long Term Invest
ments (1924) has been one of the most
widely read books i Lhe investment
field, has devoted considerable atten-
tion to solar phenomena and stock
market flactuation. Smith's studies are
given in detail in two books, Tides in
the Affairs of Men (1939 and Commen
Stocks and Business Cycles (1930,

Smith points out that nearly all ob-
servers from Jevons oo have reeog-
nized the elzwent of mass psychology
as a large [actor in (e upsurge of busi-
ness and expansion of credit and
prices, unti they reach extremes from
which they fall, somelimes precipi-
tously, in an atmosphere of panic, He
adds, howcwver, that onc school of
thoughi hetd that i was the movement
of business and prices that cawsed the
feeling of optimism or possimism,
while another school felt that it was
change in the “public tempee” that
nitiated the upturms or downtarns,

At this point, Smith cites a number
of aulboritics whio, as had he, obscrved
that, in each decads in its like vears (as
1905, 1915, 1925, 1935, 1945, 1955, for

illustration}, many commercial phases

were almost alike. ITe gnes on to men-
tion Dr, William F. Potersen’s inves-
ligations, piven in his books, The
Patient and the Wearher and AMan,
Weather, Swr, which record in great
detail  the  many  physical  and
psychological changes that oceur in
human grganisms as they coincide
with changes o their jmmediale en-
virpument, usually rucorded by the
Weather Bureau,

(m the basis of his own and gthers’
ohservations, Smith arsived at (he fol-
lowing  solur-cconomic  hypothesis
which, he states, can only be prelimi-
nary, its final definition awaitmg “co-
operative study by groups conversant
with the several divisions of scicnee
imvolved and, in all probability, |it]
must awail forther research in cach of
these divisions.” Smitk states:

1. All changes in quantily, content, and
angle of solar radizlion {radigtion is
wied here to inelode all classes of solar
cmanation, not merely light and heat)
reaching the carth’s atmosphers cause
refative changes in this atmosphere, and
hence in the enviranment of man.

2, A preponderance of Fhese almos-
pheric changes are recorded propor-
tonately in chenging types of weather,
wer shorier or longer periods, oa a
worldwide basis, and arc recorded in

telative  weather  data at widely
scparated weather stations,

3. The activilies, healeh, and mental out-
ook of populations awe sffected by
changes in envioamental conditions,
and these effoens ar measrable in
records of man's behavier—notably in
certain basic economic seqacs,

4. Becauee of these relationships, at Jif-
ferent points on the eatth's surface it is
possible 13 Find weathet thata that can be
uscd as an index of probable human
TESPonsE W total envion menta] change.

Putting this hypothesis 1o the test,
Smith combined eainfall and tempera-
ture readings as weather data for 4
cloe o probable changes in muss
psychology and consequent cconomic
changes, some of which are recorded
in ntermittent swings in the common
stock price level. In commenling on
his raiofall-temperatore method of
measurement, Smith added:

1 have no singic measurement for “1otal
CIVIFORICAL and remain uncertaln ax
13 the particilar cicment in the coviton-
ment that may have a dominating effect
upan mass psychology. Is i related mone
chosely o chinging choctrical stimulasts,
or b temperaturs or rainfall changes, or
even fo the changing comtenl of solar
maniation itself? Any ot all of these may
be mvohed, bul 2y they are 1o preater or
lesger extent intereelated with asch
mher, [ have madc my experiments with
the more eadily obtainable da, e,
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