Economic and Sociological Phenomena

Related To Solar Activity and Influences’

by EDWARD R. DEWEY

ABSTRACT: A list of 47 cycles in cconomic and sociologleal phenomena that are alleged to fluctuate
with the sunspot cycle (average length 11.11 years), or which are alleged to have periods of about 11
vears, §s presented. The history of the idea that sunspots have cconomic effects is outlined. Variouws
subsldiary cycles have been alleged to exist in sunspot numbers, Some of these are lsted and two are
campared with corresponding ecconomic cycles.

Sunspots with altemate cycles reversed {the double sunspot cycle with an average length of 22,22 years)
are discussed. Fourteen economicand sociological phenomena that are alleged 1o have periods of gbout
this length are listed. The results of a systematic period reconnaissance of the dowble sunspot cvele are
presented. An example of a solar-economic correspondence is given. Allegations of direct influcnees of
individual spots and other solar disturbances are considered. All the allegations of this sort that could
be found are included.

As the length of the successive sunspot cycles varies considerably, comparisons of cveles in terrestrial
phenomena with cycles in sunspots should use identical spans of time for both of the series being com-
pared, Moreover, as there seem to be environmental forces of unknown origin having a great variaty of
period, the effect of such of these forces as have periods about 11 or 22 years long could easily be mis-
taken for the effects of sunspots. Finally, it Is noted that advocates of solar-economic and solar-
socialogical interrelationships have not as vet explained how the association could operate.

CONCLUSIONS: There are sufficient allegations and hints of correlations so that the question of the
effects of solar cycles, either direct or indirect, upon economic and sociological phenomena must
remain open.

However, in ipite of numerous allegations and partial correlations, no conclusive evidence has vet been
developed to show that the so-called 11-year sunspot cycle, or the double sunspot cyvele of 22 vears, ot
any of the subsidiary solar cycles that have beon alleged, have economic or socialogical repercussions,
In addition, evidence of such consequences from Individual sunspots or solar eruptions is sketchy and

lacks corroboration.

In spite of numerous allegations and widespread folklore,
there is, as vet, no conclusive evidence that the dominant
11-year sunspot cycle, or the double sunspot cycle of 22
years, or any of the subsidiary solar cycles that have been
alleged, have any economic or sociological repercussions.
Evidence of economic or sociological consequences of indi-
vidual solar eruptions is sketchy and lacks corroboration.

On the other hand. there are enough allegations, hints,
and correlations so that a thorough, definitive, and final
study should be made to answer, once and for all, the ques-
tion, “Does the sun have direct or indirect economic and
sociological effects in addition to the 24-hour cycle of the
day and the 12-month cycle of the year?”

* A paper delivered September 6, 1968, at the Second International
Svmposium on Solar-Terrestrial Relationship in Physical-Chemistoy
and in the Science of Life, Brussels, Belgium, September 1-7, 1968,
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This paper presents the evidence for association, and
attempts to evaluate it. The paper is divided into five parts
dealing respectively with: I, the 11-year sunspot cycle itself:
I1, subsidiary sunspot cycles; ITI, the double 22-year cycle
of sunspots with alternate cycles reversed; IV, subsidiary
eveles of the double sunspot cycle; and V., individual solar
eruptions.

The dominant 11-year cycle (See Figure 1) is of course
the cycle of chief interest, but minor sunspot cycles have
also been alleged. Moreover, study of the double or 22-year
sunspot cycle is expanding, and interest in individual solar
eruptions is also increasing.

I. THE 11-YEAR SUNSPOT CYCLE
The dominant cycle in sunspot numbers has averaged

11.11 years in length from 1527 through 1966 #although
times between lows of individual cycles have ranged —during
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the last 19 cycles—from B.67 to 13.92 years.!3See Figure 1
for chart of sunspots, 1700—1967.

In view of the wide difference in length of different
sunspot cycles {waves), measurement of the average length
of this so-called 11-year cvele will range from 10.8 years to
11.4 years, or even over a greater range, depending upon the
time over which the measurements are taken. Thus a terres-
trial effect over one span of time might average one length;
over another span of time it might average quite differently.
For accurate comparisons, attempts to find correlations be-
tween the sunspot eyele and economic or sociological cycles
must always be determined over the same span of time.
However, this procedure is not always followed. Most people
assurme that the sunspot evele has an average length of 11.11
vears, regardless of the time span covered, but this is not so.

Table | below lists the chief economic and sociological
cycles, or allegations of cycles, with periods (average wave
lengths) in the general neighborhood of 11 years,

One should not put much weight upon the mere corre-
spondence of period#35%The fact that two phenomena fluc-
tuate in cyeles of about the same length is not too surprising,
especially since so many cycles have been alleged. (The
Catalogue of Cycles, Part I Ecomonies'05 lists nearly 1400
allegations of cycles in economics alone.) However, if the

period of the cycles in two behaviors has been, or can be,
measured so accurately that the values are practically iden-
tical, there is greater evidence of an interrelationship. IF,
in addition, the turning points of the two series come at the
same time there is even more evidence of an association.
(The current timing of the crest of the ideal® 11.11-year
sunspot cycle is 1971.4).44

HISTORICAL

The idea that sunspots might have something to do with
econotnic affairs was first advanced in 1801. In a paper read
before the Royal Society of London in that vear, Sir William
Herschel, a German-British astronomer, called attention to
an apparent relationship between sunspot activity and the
price of wheat37 His studies covered six periods from 1650
to 1800, They were limited to mere correlation, without
remark upon the thythmic nature of the figures.

In 1838, and again in 1847, Dr. Hyde Clarke of England

* An fdeal cycle is the average of all the waves of the given length.
Tts timting ldentifies the dates at which tuming points of the various
waves woulil come if they were all exactly of the determined average
length (petiod). The eurrent timing of the crest of the ideal cycle
records the date of the crest of the ideal cycle (wave) nearest to the
present time.
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Sunspot Murnbers, Alternate Cyeles Reversed, by Years, 1700—1967, Together with the |deal 22.22-Year Cycle. %8
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TABLE 1

LIST OF ECONOMIC AND SOCIOLOGICAL PHENOMENA

ALLEGED TO FLUCTUATE IM CYCLES ABOUT 11 YEARS LONG

{108 YEARS—11.4 YEARS)

Cyeles, September 1968

S-pzm
of Period
Mo, Phenomena Time in
in Years
Years 5
COMMODITY PRICES
| Cotton Prices, US.A,, 18211873 53 11
2 Cotton Prices, US.A, 17311964 234 10,98
3 Grain Prices, England, 1259 1400 142 11.11
4 Grain Prices, U.S.A., No Dates Given —_— 58
5 Pig Tron Prices, LIS A., 1784 -1951 168 11.1
6 Sheep Value, per Head, on Farms, U.S.A., 1867—1963 o7 10.99
7 Wheat Prices, England, 16501800 151 58
] Wheat Prices, Western and Central Curope, 15451869 325 11.000
a Wholesale Commodity Prices, Great Britain, [reland, 178418069 Ha 58
10 Wholesale Prices, All Commodities, US.A., 17201964 245 11.30
STOCK PRICES
11 Combined Stock Prices, 118 A, 1871 1958 bt 10,83
12 Industrial Stock Prices, U.S.A., 18711950 80 10.8
13 Stock Prices, US A 18711964 94 S5
OTHER FINANCIAL
14 Deposits in All Banks, U.S.A., 18341964 131 11.10
15 Post Office Revenues, US AL, 1800-1964 1635 11.0040
16  Reichsbank Clearings, Germany, 18841925 43 10.92
17 Residential Mortgage Loans, U.S. A, 19231942 20 58
18 United States Steel Corparation Farnings, U.S.A., 19001948 44 11
GENERAL BUSINESS
19 Business Activity, U.S. A, 1855—1940 B 11.14
20 General Business Activity, US A, 17501960 211 11
21 Non-Agricultural Business Activity, U5 A, 1875-1931 57 11+
AGRICULTURAL PRODUCTIVITY
22 Corn Acreage Harvested, U.S.A., 186619604 99 10.99
23 Corn Production, Towa, US.A., No Dates Given = 55
24 Cotton Production, U.S. A, 1790—-1964 175 11.38
25 Crop Yields, Canada, 1898 1938 41 11
26 Crop Yields, Wisconsin, US.A., 1866—1947 (Barley, Oals,
Potatoes, Wheat, and Tame Hay) B2 11
27 Crop Yields, Wisconsin, US. A, 18661947 (Comn, Rye,
and Tobacco) ¥ 11
24 Crop Yields, U8 A, 17921951 160 11
29 Grain and Field Pea Production, Canada, No Dates Given - 58
30 Wheat Yields. Eastern England, 18851906 a2 11
31 Wheat and Barley, Bumper Crops in the Near East, 18741940 67 10-12
INDUSTRIAL PRODUCTION
32 Automobile Produetion, US.A., 1925-1936 12 11
33 Lead Production, US A, 1821 1964 144 10.81

Date

of the )
Current Ré?a;'

Tdeal B

Crest
1968 5
1971453 949
— a3
L 3
— 26
197210 Q9
37
1969,53 T
s 17
TS a9
1971.11 B6
— 23
15
197791 99
1971.39 99
LS 100
— 9
— 95
- al
— 102
— 55
1976.36 o9
109
1973.08 99
— 65
- - T
—_ 72
o 73
—_ 16
1975 83
— 18
— 92
1971.78 95

Notes

e = N RE e N PR 8

14,5
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TABLE 1 — Continued

No.

INDUSTRIAL PRODUCTION

Phenomena

Continued

34 Crude Petroleum Production, U.S.A., 1861 —1964

35 Physical Production of Manufacturing, US. A, 18631953
36 Physical Production of Minerals, U.S A 18781927

37  Piglron Production, 1LS.A., 18441958

MISCELLANEOQUS ECONOMICS

3R Business Panics, 11.S.A., 1877-7T8—-1933-34

39 Commercial Crises, France, England, 17931847

40 Economic Prosperity and International Crises, Worldwide,
No Dates Given

41 Sales of a Laxative, U.S.A., No Dates Given

42 Shipwrecks, Indian Ocean, No Dates Given

43 Value of Fisheries, Canada, 1870—1217

SOCTOLOGICAL

44 International Battles, 529 B.C.—A.D, 1900

45 Mass Human Excitability, Worldwide, 500 B.C.—A.D. 1922
46 Drought and Famine in South India, No Dates Given

47 Marriage Rates in 15 Countries, in France, and in Austria,

18671912
MOTES FOR

1. Hint of a evele obtained by periodogram analysis,

2. Benner was the original discoverer of the 11-vear cycle in cotton
peices. He noted crests in 1B25, 1836, 1847, 1858, 1869, Pro-
jecting his 11-vear cycle to date would give a current crest at
1968,

3. The grains included wheat, barley, oats, beans, peas, vetches,
and rye.

4. The author states that the figures seem to correlate with the
sunapot cycle,

5. In inverse phase with sunspot cycle.

6. Periodogram analysis supplemented by careful study of the cvele
in each section of the data. Beveridge says that the amplitude
at 10.8 vears over the whole sequence 1545 to 1852 ia found
ta be much greater than at 11.2 and that if we insist on the best
period to fit the figures, we get something Hke 10.93.

7. Tn inverse phase with sunspot cycles with lag  of one vear.
8. Originally (1 95123 determined as 11.0 years.

%. The author shows that the greatest percentage decline in stock
prices in each sunspot cycle occurs in the year when sunspots,
going up, reach an annual average of 50, or shortly thereafter.

In phase with sunspot cycle.

10,
11. Williams, using data from Si'il:uzﬂing.m continued Silberling’s

work, 1940-1960, and reported that sunspot numbers and
general business activity show a close relationship.

12, Bumper crops of wheat and batley colneide with excessive
rainfall in the Near East. Excessive rainfall in this area recurs in
cveles of 10-12 years (1883, 1893, 1906, 1917, 1929, 1938),
These dates in um coincide with times of sunspat maxima,
he says.

13. Tohnson felt that crop yields of wheat, oats, and barley in semi-
arid regions of Alberta and Saskatchewan might be influenced
by the sunspot cycle,
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14,

18.
19.

20,

21,

22,
23.

Span Date
of Period of the Ref
Tirne in Current CIE Notes
in Years Ideal Ll
Years Crest
104 11.19 1971.49 99 1
91 11.2 1972.2 27 ==
50 114 S 55 —
115 11.2 19722 85
Al 55 - 71 —
55 1 —_ 13 17
_ 55 3 -
e 11 76 18
— 55 =S 62 19
48 =5 17 20
2429 11.241  1970.7 20,24 21
2272 11.11 — Qh 22
— 11 4,59 —
46 S8 = 17 23
TABLE 1

DeLury also claimed Canadian erop vields in wheat, oats, barley,
and r}ﬁ had an inverse relationship to sunspot cycles 1908—
1929,

The tobacco series started in 1869,

Crop yields haye shown a direct comelation with high water
levels in the Great Lakes which in turn have shown a correlation
with the sunspot cyele,

Peaks 1793, 1804, 1815, 1837, 1847, Jevons assipned a period
of 1044 years for commercial crises in England, 1763 -1857.
This period also fitted approximately the crises of 1701, 1711,
1721, 1733, 1742, 1752, and the crises of 1866 and 1877-TE.
This cycle was not listed in Table 1 becausa its pariod is outside
of the arbitrary limits of 108 vears—11.4 years,

Sales preceded by the 11-vear sunspot cycle.

Stewart quotes Henry Jeula of Lloyds and a Mr. Meldum, but
without references Teula refers to shipwrecks in general. Meldum
refers ta those in the Indian Ocean.

DeLury states the value of fish cycle parallels the grain cvele,
i.e., shows an Inverse relationship to sunspots.

The 11-year cycle in war was first discovered in 1951 in data
17511943, g span of 193 vears, and assigned a period of
11 1/7 vears;:20 in 1952, in data 17511950, the period was
revised to 11.2 vears with an ideal crest at 1971.24 Additional
research using data 529 B.C.-A.D. 1900 shows average ideal
period to be 11.241 years, ideal current crest at 1970.7 vears 37

See also reference 36,

DeLury states that the mean cvele for 15 countries (Australia
and 14 European countries) exhibits a positive phase with a lag
of 3 years. The record for France is similar to that of the mean
of the 15 countries, and is almost identical with the mean cvcle
for comparative wheat prices. The mean cyele in the martage-
rates of Austra is in perfect positive phase with the sunspot
evels, 17

Cycles, September 1968



noted an 1 1-year cycle in trade and speculation and advanced
the idea of a physical cause for this regularily. 13

Our knowledge of Dr. Hyde Clarke comes to us chiefly
from Professor W. S. Jewvons, a British economist, who, in
1878, wrote as follows:13

It i% curious to notice the variety of the explanations offered by
comimercial writers concerning the cause of the present [1878] state
of trade....

It ocours to but few people to remember that what is happening
now is but a mild repetition of what has previously happencd time
after time. ... Al kinds of distinct reasons can thus be glven why
trade should be now inflated and again depressed and collapsed.
But, o long as these causes are various and disconnected, nothing
emerges to explain the remarkable appearance of rerularity and
periodicity which characterises these events,

The periodicity of the sarlier portion of the seres is so remarkable
that, even without the corroboration since received, it convinced
sclentific inquirers that there was some deep cause in action. Dr.
Hyde Clarke, for instance, wrote, more than thirty veam ago, a
paper entitled “'Physical Economy—a Preliminary Tnquiry into the
physical Laws governing the Periods of Famines and Panics.™ This
paper was published in the Raifway Register for 1847, and is well
worth reading. In the commencement he remarks: “We have just
gone through a tme of busy industry, and are come upon sorrow and
ill-fortune; but the same things have befallen us often within the
knowledge of those now living. OF 1837, of 1827, of 1817, of 1806,
of 1796, there are men ameng us who can remember the same things
a8 we now see in 1847, A period of bustle, ar of zambling, cut short
in a trice and turned into a period of suffering and loss, is a phenom-
enon so often recorded, that what is most to be noticed is that it
should excite any wonder.” Dr. Hyde Clarke then proceeds to argue
in a highly scientific spirit that events so regulady recurring cannot
be attributed to accidental causes: there must, he thinks, be some
physical groundwork, and he proposed to search this out by means
of a science to be called Physical Economy. Tn the third page of his
paper he tells us that he had previously written 4 paper on the laws
of perlodical or cyclical action, printed in Herapath's Raflway
Magazine for 1838, “At this time,” he says, “it was my impression
that the period of speculation was a period of ten vearsibut T was led
also tolook for a period of thirtesn or fourteen years.... In the course
of these inguirics | looked at the astronomical perods and the
meteorological theories without finding anything at all available for
my purposes.” [*] A little below Dr. Hyde Clarke continues: “Stll
thinking that the interval was an interval of about ten vears, T was,
during the present famine, led to look for a larger period, which
would contain the smaller periods, and as the present famine and
distress seemed particularly severs, my attention was directed to the
famine so strongly felt during the French Revolution. This gave a
period of about fifty-four vears, with five intervals of about ten or
cleven years cach, which T took thus: 1793, 1804, 1815, 1826, 1837,
1847,

Dir. Hyde Clarke was by no means the only statist who adopted a
theory of periodicity thirty or forty years ago....

The peculiar interest of Dr. Hyde Clarke’s speculations consists
in the fact that he not only remarked the cycle of ten or eleven
vears, but sought to explain it as due to physical causes, although he
had not succeeded in discovering any similar astronomical or mete-
orological variation with which to comnect it. Writing as he did in
1838 and 1847, this failure is not to be wondered at.

* The periodicity of the sunspot cycle was not sugeested until a

paper by Samuel Heinrich Schwabe of Dessau, Germany in 1844,

Clarke’s work was supplemented in 1863 by R. C. Car-
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rngton, F. R. 8., an English astronomer ! Carrington, in
that year, published a paper which charted the variations
in frequency of sunspots and the imperial average price of
wheat over the period 17501860, Carrington, comparing
the two curves, called attention to the “general but imper-
fect correspondence between the two curves but warned
that this correspondence was insufficient upon which to base
any conclusions.” On the other hand, he said, “they power-
fully stimulate further inquiry with a view of ascertaining
whether the discrepancy may admit of future explanation.”

In 1875 Professor W, 5. Jevons read a paper before the
Bristol meeting of the British Association entitled “The
Solar Period and the Price of Corn.”3 In this paper Jevons
analyzed the prices of oats, wheat, barley, peas, beans,
vetches, and rve for the period 1259 to 1400 by arranging
them as nearly as possible in 11.11 year arrays, the assumed
length of the sunspot cycle. For each grain and for all grains
combined he found maximum strength in the same year of
his arbitrary arrangement.

On August 19, 1878, Jevons read a second paper on this
subject, this one before the Dublin meeting of the British
Association ® This paper was called “The Periodicity of
Commercial Crises and Tts Physical Explanation.” In it he
withdrew his 1875 paper and admitted to ne suecess in his
attemnpts to discover a regular periodicity in the price of
corn in Europe, However, he noted a well marked decennial
periodicity of 10.444 vears in commercial crises, 1763 to
1857, This fact, coupled with a new determination of the
sunspot period of 10,45 yvears made by a Mr. J. A. Brown
impressed Jevons greatly. He stated, *. . . it becomes highly
probable that two periodic phenomena, varying so nearly in
the same mean period, are connected as cause and effect.” %4

In 1881, the English astronomer, N. R. Pogson traced an
intimate connection between sunspot frequency and grain
prices in Madras, India.??

In 1919, Professor Ellsworth Huntington of Yale advanced
the idea that variations in solar radiation had an effect upon
human beings and thus in turn upon business conditions,
instead of affecting business first and then human beings,
as was commonly believed 60

In 1926, Professor A. L. Tchijevsky of Moscow, in a
paper read at the annual meeting of the American Meteoro-
logical Society at Philadelphia,?® presented an index of mass
human excitability, 500 B.C.-A.D. 192238 This index
showed a consistent patiern of 9 waves of excitability per
century over the entire span of 2422 years,

The index was compiled from “detailed statistical re-
searches in the histories of 72 countries and nations of the
world 96 ATl available works and textbooks in modern and
ancient languages were consulted.

Tchijevsky found not only that his index was charac-

terized by 11.1-year cvecles, but that the crests of these
cycles tended to correlate with all the knowledge available
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to him of crests of sunspot cycles.

More particularily, Tchijevsky wrote:*

As spon as the sunspot activity approaches its maximum, the
number of important mass historical events, taken as a whole, in-
creases, approaching its maximum during the sunspot maximum and
decreasing to its minimum during the periods of the sunspot min-
MU

In the middle points of the cvcle, the mass activity of all humanity,
assuming the presence in human societies of economical, political,
or military exciting factors, reaches the maximum tension, mani-
festing itselfl in psychomotoric pandemics, revolutions, insurrections,
expeditions, migrations, etc.—thus creating new formations in the
existing separate states and new historical epochs in the life of
humanity. Tt is sccompanisd by an integration of the masses, a full
expression of their activity and a form of government consisting of
a majarity.

In the extreme points of the cyvele’s course, the tension of the
all human militarv-political activity falls to the minimum giving way
to creative activity and i accompanied by a gencral decrease of
military or political enthusiasm, by peace and peacetul creative work
in the sphere of state organizations, international relations, science
and art, with a pronounced tendency towards absolutism in the
governing powers and a disintegration of the masses.

The maximum of human activities in correlation with the maxi-
mum of sunspot activity, expresses itself in the following:

a. The dissemdination of different doctrines (political, religious,
ete.}, the spreading of heresies, religious riots, pilatimages, ete.

b. The appearance of social, military and relipious leaders, re-
formers, ete,

¢. The formation of political, military and religious and com-
mercial corporations, associations, unions, leagues, sects, companies,
ete...

In 1934 Dr. Carlos Garcia-Mata and Dr. Felix 1. Shaffner
sel out to prove, once and for all, that the idea of solar-
economic relationships was completely untenable 53 To their
great surprise they found a very close correlation. Only,
instead of a solar-crop correlation as suggested by Herschel
and Jevons they found a solar-manufactures correlation. This
correlation covered the period 1875-1931 and was very
marked. However, the crests and troughs of the solar cycles
came gfter the crests and troughs of manufacturing and of
total production. (Figure 3.) To overcome this difficulty—
because the supposed cause can hardly follow the result—
they postulated that the causative factor was the rate of
change of solar activity. When the rate of change (first
differences) of sunspot areas and solar faculae were compared
with manufactures and with mineral production, the com.
parison was dramatic indeed. Note, however, that they found
little or no correlation with crops.

T have tried to get Dr. Garcia-Mata to bring his 1934 work
up to date, but he says the task would be 2 big undertaking
and would take more time than he has available at the
moment,

In 1936, Loring B. Andrews, Harvard astronomer, called
attention to the apparent correlation over the preceding 200
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Atter Garcia-Mata and Shaffrer 52

years between sunspot a:..tmh-' and wars, international crises,
and economic distress? He conjectured that the cause of
these and other solar-terrestrial correlations might be due
either to the intensity of solar radiation or to emanations of
ultraviolet light. Both of these two solar phenomena are
associated with sunspot activity. Andrews felt that varia-
tion in ultraviolet light is the more reasonable of the two
possible explanations for the economic and sociclogical
correlations.

In 1960, Dewey made an investigation in depth of Tchi-
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jevsky’s work, publishing the results in a paper called “Cor-
responidence Between Tchijevsky’s Index of Mass Human
Excitability and Sunspot Maxirna, 500 B.C.—A.D. 1922.73%
In this study he used dates of sunspot maxima derived by
SchoveB? from old Chinese manuscripts and other sources
which were not available to Tchijevsky.

Dewey found that when one compares all values of
Tchijevsky’s Index of Mass Human Excitability’® with the
vears of sunspot maxima, the crests of the sunspot cycles
follow the crests of the Index by about a vear, on the average.

He concludes, “there probably is some response on the
part of human beings to the sunspot cycle. However, this
response would seem to be to the cvele, not to the spots
themselves, for the maximum of mass human excitability
precedes the maximum number of spots.”36

In 1965, Charles G. Caollins, an investment counselor,
published “An Inquiry into the Effect of Sunspot Activity
on the Stock Market.™ In this article he showed that since
1871 (the date of the earliest good U.S.A, stock price fig-
ures) in each solar cycle, the largest percentage stock market
decline has coincided with or followed the vyear in which
average sunspot number counts have reached 50.

Was Jevons right in thinking that there is a 11.11-year
cycle in British grain prices from 1259 to 14007 Has if
continued? Are the frregularities of the sunspot period re-
flected in the frregularities of the economic data? If the
period of the solar and economic cycles are identical, what
are the mechanics whereby solar variations could affect
human beings? Was Professor Huntington correct in thinking
that it was somehow associated with the emission of ultra-
violet light? Or is there some other explanation? No one yet
knows, but we should know. There is no excuse for failure
to make a full investigation of this subject. :

1. SUBSIDIARY SUNSPOT CYCLES

Turning now to subsidiary sunspot cycles, we face much
the samne situation. Many such cycles have been alleged with

varying degrees of credibility. (See Table 2.}

Many economic and sociological cycles have correspond-
ing periods, but little effort has been made to see il these,
in truth, do have identity of period, if they correspond in
phase with the subsidiary sunspot cycles, and if their irreg-
ularities correspond also. In fact, even the minor sunspot
cycles themselves have not as vet been thoroughly investi-
gated. This investigation, and the relationship of solar cycles
to similar cycles on earth, should be made at the earliest
opportunity.

One provocative comparison, however, involving a shorter
sunspot cycle, has been made. It suggests that an investiga-
tion in depth of minor sunspot cycles and economic phe-
nomena might be very fruitful indeed. T refer to the cycle
about 17 weeks long in daily sunspot numbers, first dis-
covered in data for 1958, 1959, and 1960 and later found
to continue backward throughout 1957, 1956, 1955, and
1954 39 This 17-week cycle in sunspots has the same period,
as closely as it can be measured in the data used, as a
similar cycle in industrial common stock prices, present over
the 63-year span, January 9, 1897 —February 13, 1960.37
The cycle on the sun was even clearer than the cyele in
stock prices over the span of time studied. The cycle in
stock prices was found to erest, ideally, at a fifth of a week
into the week ending July 30, 1960. In sunspot numbers
crests come on the average, 2 1/2 weeks after the ideal
time of crest in stock prices. This behavior corresponds to
the lag of sunspot timing as observed by Garcia-Mata and
Shaffner in manufacturing and mineral production and by
Dewey in Tchijevsky’s Index of Mass Human Excitability.

Another similar example is the 42-vear cycle in sunspot
numbers discoverad in 1954 by G. T. Lane5? This cyele in
these figures was timed and was found to be present in each
half of the series#? It is interesting that this cycle on the
sun troughs ideally at 1970.25%2 just afrer a corresponding
42-year cycle in Arizona Tree Rings at 1969.06 and in
inverse phase with Lord Beveridge's European wheat prices. !
A similar eycle in cotton prices, T1.5.A, 1731-32—-1961-62
crests ideally even earlier, 1957.1.30

TAELE 2

SUBSIDIARY SUMSPOT CYCLES
Periods, in Years, of Subsidiary Cycles in Sunspot Numbers
As Variously Alleged

~ Scientist Pe_rinds in Years Reference
A, Schuster 4.8 8.4 11.13 13.5 B2
K. Stumpff 56 7.3 B8 10,0 11.13 12.9 94
A_E. Douglass 8.5 10.0 1.4 13.5 53
0. Alter 7.6 8.1 8.7 10.0 11.37 Z
H. H. Clayton 5.6 8.1 B.94 9.9 11,17 14
. T. Lane 5.625 7.60 8.36 B.76 9.3 993 11.25 13.0 69
&10.59
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M. SUNSPOT NUMBERS WITH ALTERMATE CYCLES
REVERSED—THE DOUBLE SUNSPOT CYCLE

Automatically, by construction, the double sunspot cycle
must be 22.22 years long if the single sunspot cycle is
1111 years long,

The physical basis for the concept of the double sunspot
cycle is as follows: As is generally known, sunspots are

magnetized and normally oceur in pairs. In one cyele (in the
sun’s northern hemisphere) North spotslead and South spots
follow; in the next 1l-year cycle, South spots lead and
North spots follow. (In the sun’s southern hemisphere the
reverse behavior prevails.) These facts justify reversing al-
ternate sunspot cycles to obtain a series of figures oscillating
around an axis to create a cycle about 22 vears in length.
(See Figure 2.) A number of economic and sociological
cycles have periods of about this length. (See Table 3)

TABLE 3

LIST OF ECONOMIC AND SOCIOLOGICAL PHENOMENA
ALLEGED TO FLUCTUATE IN CYCLES ABOUT 22 YEARS LONG
(21.6 YEARS—22.8 YEARS)

Span Date
of Period of the Ref
No. Phenomensa Time in Current €T Notes
in Years  Ideal RER

- Years Crest
COMMODITY PRICES _

1 Cotton Prices, 11.S.4., 1731-32 193940 209 2134 2 1

2 Horse Prices, 115, A., 1880 1937 38 22.5 1976.5 a7 -

3 Wholesale Commadity Prices, U.S.A., 17901920 131 22 = Bl -
FINANCIAL

4 Combined Stock Prices, US.A., 1E71-1954 86 22 19746 32 2

5 Post Office Revenues, US.A., 1800—1964 165 22,00 1970.93 48 1.3
PRODMUICTIVITY

5] Wheat Yield, US. A, 1887—-1944 58 22 ssen 8 4

g Building Activity, Great Britain, No Dates Given 22 — 4] —

8 Pig Iron Production, US.A., 18541924 71 22 — 68
MISCELLANEOUS ECONOMICS

9 Dollar Sales of a Drug Co., U.5.A., 18841964 81 22 #1975 75 5
10 Advertising Effectiveness of a Drug Co., U.S.A., 1888—1950 63 22 1973 T7.78 =
SOCIOLOGICAL
11 Patents Issued, US.A., 1838 1957 120 23 — 34 =
12 Famine in North India, No Dates Given —_ 22 — 4 -
13 International War Battles, 556 B.C.—A.D, 1900 2456 21.98 *197333 47 7
14 Suicide Rates of Males, New Yaork City, 1866—1932 67 22-24 1976 10 ]

*Trough

MOTES FOR TABLE 3

1. Hint of a cycle obtained by periodogram analysis.

2. A 22.24 year cyele in stock price lows, 1837-1949 i also.

alleged, 1

3. A 22-year cycle in postal recelpls in Milwaukee, Wisconsin, no
dates given, is also alleped 19

4. The analysis is based on Kansas data for 1888 1909 Nebraska,
Colorado, Kansas, and Texas data, 1906 - 1923; and Southemn
Plains data, 19271944,

208

5. Close correlations, 18841950, if sunspot numbers are advanced
slx vears. Reverse correlation after about 1954,

6. The same cyele (22 years) is also alleged for suicides for males
in Philadelphia 19001942, and males and females in Boston and
Philadelphia, 1900- 1942, all with crests similarly timed. 10

7. Originally discovered in 1951 in data 1400-194321 4nd assigned
a petiod of 22 1/7 vears; investigated in 1956 in data 599 B.C.—
AD. 1450 and assigned a perlod of 21,95 years. 3 This period
was later refined to 21.98 vears. 47
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IV. SUBSIDIARY CYCLES OF THE DOUBLE
SUNSFOT CYCLE

Sunspois with alternate cycles reversed, like sunspots
thernselves, evidence hints of minor cycles. The results of a
systematic period reconnaissance of the double sunspot cycle
show the periods of these hints. (Table 4.) Bear in mind
that these periods are merely hints of lengths at or near
which there may be real cycles.

As with the minor cycles of sunspots not reversed, there
are occasional economic and sociclogical correspondences,
but there is, as vet, no convincing evidence of relatedness—
but, of course, there may be interrelationship, notwith-
standing.

There are indications that some of the subsidiary cyeles
listed below are real 32 but no studies have been made in
respect to the significance of most of them. Moreover, there
have been no studies to see the extent to which economic
and sociological cycles of these periods exist; and, i they
do exist, whether or not they synchronize with the solar
behavior; and if they synchronize, what could be the mech-
anism of association.

However, a shorter cycle of 4.00 years, cresting ideally
at 195425, that does have terrestrial correspondences has
been isolated in sunspots with alternate cyeles reversed,
1749—1954.2% Four-year cycles have been found in many
terrestrial phenomena, but they have not been measured
accurately except {or the 4-year cycle in the consumption
of cheese, 18671953, The cheese consumption cycle crests
ideally at 1954.0 and has a period of 4.0 years ! The cor-
respondence is noteworthy because the ideal crests in the
sunspot cycle come one-quarter year after the corresponding
4.0-vear cheese cycle. This behavior is reminiscent of the
findings of Garcia-Mata and Shaffner in respecfito the 11.2-
year manufacturing and mineral cycle, and the findings of
Dewey in respect to both the 17 1/6-week stock price cycle

and the 11.1-year Tchijevsky mass human excitability cycles
referred to earlier.

This correspondence is provocative and suggests that an
investigation in depth might be productive,

. NON-CYCLIC CORRESPOMNDENCES

Sunspot cycles are measured in years, but if individual
solar events have economic and sociological repercussions,
these repercussions would have to be traced in daily figures,
Almost any daily figures would be suitable, if based upon a
large enough sample. For economic comparisons we might
use bank clearings, stock and commaodity prices, labor absen-
teeism, the number of telephone calls, the number of letters
mailed, etc., etc.

For study of possible solar-sociological relationships we
might use daily records of suicides, drunkenness, library
withdrawals, disorderly conduct, want advertisements, riots,
civil commotions, terrorist raids, minor front-line war engage-
ments, accidents, and the like. However, relatively little study
has been given Lo comparisons of this sort.

In the literature one comes across all sorts of references
to the physiological effects of ultraviolet radiation or of
magnetic variations of the sort that might be stimulated or
triggered by the sun. In view of these physiological effects
and correlations it would be natural to suppose the existence
of economic and sociological repercussions, but as far as [
have been able to discover, the subject has been almost com-
pletely ignored by investigators. In fact, T have been able to
find but three persons who have given attention to this
subject: Bernhard and Traute Dall of Germany and A. L.
Tehijevsky of Russia.

Tchijevsky’s work has already been referred to in con-
nection with the 11-year cycle in his Index of Mass Human
Excitability, which cycle he attributed to the effect of sun-

TAELE 4

CYCLE PERIODS,* 12 YEARS AND UP
AT OR MEAR WHICH THERE MAY BE SIGNIFICANT CYCLES IN
SUNSPOTS WITH ALTERMATE CYCLES REVERSED, 1700—-1865

Period Date of Period
in Current Ideal in
Years Crest Years
204.615 2096,.89 37.731
123.721 2087.58 32.048

20,606 2014.58 27423
60,455 199504 25.333
52.157 2010.87 2232
45470 1975.94 21.452

*(htained by systematic period reconnaissance of sunspot numbers with alternate cycles reverse
after adjustment for the 22.22-vear cycle (except, of course, for the 22.22-year cycle itself).
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Date of Period Date of
Current Ideal in Current Ideal
Crest Years Crest
196467 19.777 1977.46
1965.46 17.973 1975.41
1985.01 15.647 1970.53
197649 14.656 1970.52
1982 86 13.782 1969.69
1983.13 12.401 1968.21

52
d
45
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spots. At the end of the paper in which he made this allega-
tion he goes further and states:

During the last War, the author made very interesting observations:
the appearance of large sunspots was immedistely followed by in-
creased activities on different battle fronts simultaneously. The First
observation was made in the middle of JTune 19135 when a large group
of sunspots crossed the central meridian of the sun, and when the
autora borealis were exceedingly powerful in Morth America and
Morthern Europe, and magnetic storms were exceptionally strong
and interfered with telegraph work. At the time of these phenomena,
the hardest and bloodiest fights of the war were heing fought by
Germans, Russians, Austrians, Serbians, French, and Faglish.

Thess observations were the author’s first impulse to begin his
present research work.

The Russian Revolution of Febmary and October 1217, and the
Revolutions in Germany and Austria also followed an exceptionally
powerful rising of sunspots,

There are indications that at the time of the maximum of the
number of sunspots, the number of psychomotoric excesses greatly
increases. For the purpose of finding out this dependence, the author
made a special research which showed that the dates of the greatest
agitations in the masses coincided in time with the dates of great
perturhations in the matter of the sun.

These coincidences, surptising in their significance, give such an
amount of probability to the whole theory, that the author thinks
they justify his assiduous and painstaking study of the subject.

Tchijevsky included in his paper a diagram reproduced
here as Figure 5 showing “coincidence of the episodic leaps
in the sunspot activity and the outbursts of revolutionary
activity in the masses on the territory of Russia during the
period from 1 October 1905 until 1 April 1906 (strikes and
meetings; bombs and allempts; immediate repression),”%6

The work of the DUlls, mentioned above, had to do largely
with physiclogical concomitants of solar outbreaks, but they
did correlate suicides in Berlin, 1917 1919 and 1930—1932,
and in Copenhagen, Frankfort am Main, Hamburg, and
Zurich, 19281932, with days of maximum calcium floceuli
on the sun's surface with the result shown in Figure 6,

Allegations exist of electric cable failures created by mag-
netic storms which in furn are created by sunspots, solar
flares, Efc,,IDE"'lﬂ"' but it was felt that such failures are neither
economic nor sociological phenomena and hence that they
are outside the scope of this paper.

DISCUSSION

The attempt to deduce cause and effect from identity of
period is complicated by the fact, not generally realized,
that there seem to be a multitude of rhythmic (cyelic) forces
that pervade our environment, and that it is these forces
not necessarily emanations from the sun—that may cause
the observed behavior. For instance, a study in depth of
Tchijevsky's work shows that his Index of Mass Human
Excitability has two cyeles in the 11-plus-year range. One,
a weaker one with a period of 11.11 vears corresponding to
the period of the sunspot cycle; two, a stronger one of
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Fig. 5: SUNSPOTS AMND REVOLUTION

Chart to show “coincidence of the episodic leaps in
the sunspot activity and the outbursts of revolution-
ary activity in the masses on the territory of Russia
during the period of 1 October 1905 until April
1906 istrikes and meetings: bombs and attermnpts;
immediate repression}.”

After Tehijevsky 28

11.15 years® It is easy to see how confusion could arise
unless cyclic determinations are very accurate indeed,

The statement—if it is true—that our space is prevaded by
thythmic forces of various periods is probably the most
important contribution of this paper. It casts doubt upon
all allegations of a solar cause of terrestrial cycles when
these allegations are based merely on identity or approximate
identity of period. This is true whether the allegations pertain
to geophysical, physicochemical, elimatological, biological,
physiological, medical, economic, or sociclogical phenomena.

Perhaps sometime in the future we should have a con-
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Fig. 6: SUNSPOTS AND SUICIDES

Suicides compared with heavy concentrations of cal-
cium flocculi on the sun's surface. Suicides in Berlin,
1917-1919, 1930—1932; Copenhagen, Frankfurt-
am-Main, Hamburg, and Zurich, 19281932,

After DUll and Huntington 3

ference similar to this one, but broad enough in scope o
consider all extraterrestrial—terrestrial relationships. This
suggestion is made on the assumption that the drigin of the
unknown forces that cause so many terrestrial cycles is
indeed astronomical.

Ower the years one reads a great many conjectures that
sunspot cycles of various periods have economic, sociclogical,
and other repercussions, Tables 1 and 3 give these allegations
for the 11-year and 22-vear economic and sociological cor-
respondences only. My observation is that in general, regard-
less of period, the sunspot cycles turnaffer the corresponding
earthly cycles they are supposed to create, whenever dates
of turn in both series have been determined. This fact is
illustrated quite clearly by the Garcia-Mata—Shaftner charts
shown above (Figures 3 and 4).

There are several possible explanations for this apparent
anomaly. First, we have the one suggested by Garcia-Mata
and Shaffner themselves, namely that it is the rate of change
of sunspot numbers rather than the actual number of spots
that is the causative factor. Second, we might conjecture
that whatever it is that causes the terrestrial behavior is the
direct result of whatever it is that causes the sunspots —only,
that the response of the sun takes longer. Third, we might
evoke the principle of latitudinal passage. Insofar as the
matter has been studied, it has been found that, on earth,
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cycles of the same period crest later and later as found
from either pole, closer and closer to the equator.106:107 [n
this they correspond to the behavior of sunspots which, at
the beginning of a new cycle, appear at about 40° North
and South Latitude. Then, as the cycle progresses, they occur
closer and closer to the equator in the well-known butterfly
pattern illustrated in Figure 7. On earth the passage, pole to
equator, takes about 70% of the period of the cycle 1% Thus,
a 10-vear cycle cresting ideally at the North Pole on January
1, 1960 would, if found in some other phenomenon at North
Latitude 459 crest ideally 3 1/2 wvears later at mid-1963
(45/90 of TO% of 10.00 years), I found in some other
phenomenon at the equator, it would crest ideally at Jan-
uary 1, 1967, As most terrestrial events with 1 1-year cycles
lie 409 to 55° North Latitude and sunspois lie on the average
al about 14° North and South Latimude, there would nor-
mally be a time lag if the two phenomena were the result
of 4 common cause funmiunirég in the observed way, This
lag would amount to 40%-14% o 70% of 11.11 years to
55°-14° of 70% of 11,11 years. Thus, if latitudinal passage
is 4 determining factor in the situation we might expect
US.A. | lyear cycle erests to precede sunspot cycle crests
by 2 1/4 years; British and European cycle crests to precede
sunspot cycle crests by 3 1/2 years.

Another possible factor to take into account has been
suggested by the late Professor DeLury, Astronomer Royal
of Canada, DeLury found that precipitation in oceanic re-
gions is greater at sunspot maxima (aquene response), while
in inland regions precipitation is less at sunspot maxima
{terrene response), Certain regions near the coast exhibit an
intermediate or terraquene response in which aquene and
terrene responses are blended in various ways.17C. G. Abbot,
former Secretary of the Smithsonian Institution, also finds
evidence of complex climatological association with sunspot
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Fig. 7: SUNSPOTS BY LATITUDE, 19241947

Chart to show the characteristic “butterfly’’ or lati-
tudinal passage behavior of sunspats.g3
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numbers.! Whether or not these complexities occur in solar-
economic and solar-sociological correspondences is not yet
known.

There is no evidence that I know of that the day-to-day
vatiations of the surface of the sun have had economic re-
percussions. On the other hand, there are allegations of
sociological repercussions. This whole subject of day-to-day
economic and sociological relationship is one that deserves
much further investigation. Tt needs to he put on a sound
scientific basis,

If there are repercussions from individual solar events
such as spots or ultraviolet emissions, it would seem reason-
able to suppose that the effects would be greater at those
times of the cycle when spots and emissions are generally
more numerous. That is to say, economic and sociological
behaviors might very well have 10-to-12-year cycles corre-
sponding to and caused by similar cyeles on the sun. There
is some suggestion that they may, but it is by no means
conclusive.

A PROGRAM
What should be done is this: First, each economic and

sociological record where cycles in the 11-vear or 22-year
area have been alleged should be examined, tested, and

evaluated by modern techniques. Second, we should com-
pare with sunspot numbers (or with sunspot numbers with
alternate eycles reversed, as the case may be) all such eco-
nomic and sociological behaviors that withstand initial seru-
tiny. This comparison should be made over the same span
of time. Third, we should examine, test, evaluate, and com-
pare similarly the alleged economic and sociclogical behavior
that might be thought to correspond to or be caused by the
subsidiary solar cycles. Fourth, we should see if the irreg-
ularities of wave length of the earthly cvcles correspond to
those of the cycles on the sun.

In doing all of this we should keep in mind that, because
of latitudinal passage or otherwise, the crests of the sunspot
numbers may very well come after the crests of the associated
economic and sociological behavior. Most particularly, we
must remember that even if there is close correspondence of
period, the earthly cycles—and perhaps the sunspot periods,
also—tnay be the result of other forces. Finally, there should
be extensive research relative to day-by-day association of
economic and sociological phenomena with day-by-day solar
disturbaneces.

CONCLUSION

The evidence in favor of solar-economic and solarsocio-
logical relationship is provocative, but not yet conclusive.
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