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SIXTY-YEAR WEATHER FORECASTS
By C. G. abbot

Research Associate, Smithsonian Institution

I wish to show that by employing a family of periods (which were

discovered to exist in variations of the solar constant of radiation^)

general weather forecasts of temperature and precipitation have been

made with success many years from their base. I do not claim that the

method is equally successful for all stations, or that it is successful at

any station at all times, or that it deals with detailed forecasts, or with

short times like a week or a month. But I hope to show by use of

records of St. Louis precipitation over a course of lOO years, sup-

ported by shorter excerpts from records of temperature and precipi-

tation at several stations, that, from a seasonal point of view, forecasts

for as much as 60 years from base, and over long intervals of time,

such as 5 to 25 years, are successful and give high correlations with

events.

I shall present the matter in two parts. In the first, by means of

charts and correlation coefficients, I shall illustrate and support the

claims just stated. In the second, I shall disclose in considerable de-

tail the method now used to obtain the results.

1. EVIDENCES SUPPORTING MY CLAIMS

Before presenting results I must state several propositions

:

1. Twenty-three members of a family of regular periods are used.

All of these periods, to within i percent, are exact submultiples of 22|

years.

2. This family was discovered in fluctuations of the solar constant

of radiation.^

1 This term has long been used to denote the intensity of the solar radiation

outside our atmosphere at mean solar distance. Daily Smithsonian determina-

tions of it for more than 30 years have shown that it is not quite constant but

varies over a range exceeding i percent.

2 From other types of phenomena, including, among others, basal human pulse

rates, many additional members of the family are known. In all, more than

40 members have been discovered. All are within i percent submultiples of

365^ X 22.i days.
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3. To those who hold that the observed fluctuations in the earth's

supply of radiation from the sun, which I claim to be periodic, are too

small in percentage to affect weather appreciably, I remark that it

makes no difference how the family of periods was discovered, or

whether the effects that I ascribe to solar variation are really of solar

causation. These 2j periods exist in temperature and precipitation,

however they may be produced. But in Part 2 I shall advance sug-

gestions tending to explain the large weather effects from small solar

changes.

4. The forms and amplitudes of these periods in precipitation and

temperature are determined by tabulations of monthly records, pub-

lished in "World Weather Records." Over 1,000 months of records,

ending with December 1939, are used in all tabulations. They fix

mean forms and amplitudes of all the periods, applicable at all times.

5. Every precipitation or temperature value forecasted is obtained

by a synthesis of about 23 terms. Each term depends on more than

1,000 monthly records. In the study of St. Louis temperature and

precipitation, 1,032 months, of the years 1854 to 1939, were employed

to establish the basis, which, accordingly, centers on the year 1897.

6. A determination by such a synthesis of the march of precipita-

tion at St. Louis for any selected year is of the nature of a prediction,

backward or forward, from 1897. Even if the selected year falls be-

tween 1854 and 1939, its own observed monthly mean precipitation or

temperature, though used in computing the basis of the forecast, can

12
have but = li- percent influence on the forecast.

1,032
^

7. Knowing that any curve, even the profile of a girl's face, can be

fairly represented by a Fourier's series of sufficient number of terms,

some critics, at first sight, may think it nothing remarkable that, with

23 terms, the march of precipitation or temperature can be well repre-

sented. But the proposition (6) has nothing in common with such a

Fourier series. The girl's profile would be built by a Fourier's series

solely on measurements taken within that profile. No satisfactory

representation of it could be made by a Fourier's series made from

measures on over 1,000 other girls. In my case 1,032 monthly

records govern the synthesis for each and all years, and over 1,000 of

them lie outside any selected year to be forecasted.

8. Of 100 years of St. Louis precipitation forecasted, 70 seem fairly

satisfactory and yield high correlation coefficients with the events.

The failure of the other 30 is reasonably explained.

9. As shown by Dr. W. J. Humphreys in his "Physics of the Air,"

figure 227, great volcanic eruptions, which throw high columns of
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vapor and dust, profoundly modify weather. He cites the first four

cases in the following list, and I add several more.

Approximate
dates Eruptions

1856 Cotopaxi and others.

1883-1890 Krakatoa and others.

1901-1904 Pele, Santa Maria, Colima, and others.

1912 Katmai.

1924 and 1928 Many great eruptions.

1930 Great eruptions.

1947 Niuafoo Island.

10. Of 30 unsatisfactory years, in lOO years of synthesis of St. Louis

precipitation, these lie in groups as follows: 1854 first half; 1856 to

i860; 1887 to 1889; 1900; 1901; 1905 to 1907; 1912 last half, 1913

first half; 191 5 to 191 7; 1920; 1923 to 1926; 1930; 1940 to 1950. It

will be seen that almost all these unsatisfactory intervals fall either

when tremendous volcanic eruptions occurred or when there was tre-

mendous use of explosives in war or explosions of atomic bombs. As

will be pointed out in Part 2, atmospheric changes alter the lags in

the weather effects of all solar impulses, and of course unequal periods

have unequal lags. These unusual atmospheric disturbances may very

well have mixed up the terrestrial responses to the 23 periods so as

to cause the events to differ from the predictions.

With these propositions stated, I go on to present evidences justify-

ing my claims.

Figure i is a reproduction of an actual synthesis, made to deter-

mine the march of precipitation at St. Louis, Mo., over the five years

1875 to 1879 inclusive. Its 22 columns of precipitation departures are

in percentages of normal, expressed in tenths of a percent, and are

mean values of the periodic percentage departures derived from 1,032

months and meticulously arranged with regard to phases. The 22

periods used in St. Louis precipitation are shown in table i.

Table i.—Periods used in St. Louis syntheses, in months

No I 2 3 4 s 6 7 8 9 10 II

Period 4-1/3 5-1/8 6-1/15 7 8-i/8 9-1/6 9-3/4 lo-i/io 10-6/10 11-1/5 13-1/10

No 12 13 14 15 -16 17 18 19 20 21 22

Period 13-6/10 15-1/6 22-4/5 24-4/s 30-1/3 34-i/5 38-8/10 45-1/2 27-1/48 68-1/2 91

In some other syntheses a period of 19^ months was found to be

overriding the period of 38?io months. In some, the period of 54^

months was strong, and its half, 27^ months, unimportant.

3 It was found that 542 months gave no appreciable departures when relieved

of the overriding period of ^-^^=27^ months.
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The reader will note from figure i that the ranges of the periodic

terms in St. Louis precipitation vary from 5 to 25 percent of normal

precipitation, and the precipitation itself varies through a range of
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Fig. I.—Facsimile of computation of St. Louis precipitation, 1875-1879, compared
with the observed precipitation as percentage of normal. Data from monthly mean
precipitation smoothed by 5-month running means. Dotted curve from summation of

22 regular periodicities, determined as averages over the 84-year epoch, 1854-1939. Full

curve, the event.

over 130 percent of normal. Yet all the work, as stated above, rests

on smoothed 5-month running means, which, of course, greatly di-

minishes the range from that of observed monthly mean values.

The correlation coefficient over these 5 years, between synthesis
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and event, is 80 ±5.2 percent. The average epoch of the synthesis,

'^^77i> is 19^ years earlier than the average basis on which the periods

rest, 1897.

Figures 2 and 3, representing the percentage departures in precipi-

tation at Peoria,* 111. (about 100 miles from St. Louis), and St. Louis

for the 6 years 1934 to 1939, are included with figure 4, representing

departures in temperature at St. Louis for the same years, in order

that these several results may easily be compared. The syntheses

were made with the same periods given in table i, except as stated in

the paragraph which next follows table i. The reader will see, as in

figure I, that even in small details the syntheses often follow similar

details of variation in the events. He will also note the very close

similarity between the precipitation at St. Louis and that at Peoria,

during these 6 years, as well as how closely the syntheses, based on

the mean year of records, 1897, 40 years earlier, follow the actual

events.

It is a severe test to compute correlation coefficients, for often one

or two months' displacements of features, between synthesis and event,

make great differences in ordinates of the curves and strongly reduce

correlation coefficients. However, all three of these syntheses, 40 years

from their mean bases, give correlation coefficients between 50 and

70 percent, with probable errors from % to %5 of the coefficients. It is

to be noted as surprising that the synthetic temperature curve of

St. Louis averages 2° F. above the event in these 6 years. One would

have expected it below rather than above. But possibly if longer

periods, 136 and 273 months, had been used, the displacement would

have disappeared. This displacement of scale was taken account of

in computing the correlation coefficient for St. Louis temperature.

No such adjustment was required in figures i, 2, and 3, or in figure 5

to follow. The reader will note that the ranges, in all these figures of

synthesis and event, are substantially the same.

Figure 5 gives the synthesis and event for St. Louis precipitation

from i860, which, as mentioned above, was the last of several unsatis-

factory years, to 1887, the first of several unsatisfactory years. As
stated above, these unsatisfactory intervals may be reasonably at-

tributed to the violent eruptions of the volcanoes Cotopaxi in 1856 and

Krakatoa in 1883. The good interval, 1861 to 1886, according to

Humphreys, was unusually free from violent volcanic eruptions.^ I

* The Peoria synthesis is made from a new reduction, with latest improve-

ments over that given in Smithsonian Misc. Coll., vol. 117, No. 16, 1952.

^ It takes several years, apparently, for a great volcanic eruption many thou-

sands of miles away to produce its efifects on phases of periodicities in St. Louis

precipitation.
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give in table 2 the mean values of the average deviation in figure 5

for seven 4-year intervals, and the general averages of these seven

quantities, which may be compared to the range of precipitation, 130

percent of normal.

The range of precipitation, i860 to 1887, in 5-month running

means, was a little over 130 percent of normal precipitation.

I cannot but believe that if similar results to figure 5 were computed

for perhaps 50 selected stations over the United States, areas of equal

departures from normal precipitation could be mapped years in ad-

vance, which, unless vitiated by world wars or violent volcanic erup-

tions, would be of much practical use.

I complete Part i with a very ambitious prediction of precipitation

at St. Louis and Peoria shown in figure 6. Counting from 1897, the

middle of their common interval of preparation, the predictions, which

Table 2.

—

Average deviations, in percentages of normal precipitation, bctvoeen

prediction and event for 28 years' synthesis of St. Louis

precipitation. Means of individual monthly differences

Time interval 1860-63 1864-67 1868-71 1872-75 1876-79 1880-83 1884-87 General

Average deviation .. ±17 ±14 ±22 ±13 ±17 ±17 ±17 ±I7

Scale displacement.

Event minus pre-

diction -fs +6 — 8 -I -f8 — 2 -f6 +2

end with 1957, extend 60 years from their mean base, and 18 years

beyond December 1939, the last month used in the preparation of

that base.

Since I have not employed the long periods of iif, 22|, and 45^
years in these syntheses, I feel warranted in adjusting the levels of

the two predictions to suit the prevailing conditions of precipitation,

1952 to 1954. This involved lowering the St. Louis curve of synthesis,

1952 to 1957, bodily, by 20 percent of the normal precipitation. I

made no change for Peoria.

Although the features are similar, it will be noted that observed

precipitation precedes synthesis at St. Louis in 1952 by four months

and follows synthesis at Peoria by four months in 1952 and 1953. Yet

almost throughout the 6 years of prediction, St, Louis and Peoria

syntheses are nearly in step, although resting on two independent

series of observations 80 years long, which ended in 1939. These dis-

placements, between prediction and event, similar to those remarked

in earlier papers, are puzzling. Perhaps the solar mechanism that

operates has slips, making events early or late, as has long been noted

in the i if-year sunspot period.
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We must wait three years to compare these predictions fully with

the events. As a caution therein, it will be recalled that I deal entirely

with 5-month running means.

One notes with pleasure that there is promise of approaching relief

from the prevailing distressing drought in 1957. Its approach and

advance from 1952 are well shown by St. Louis prediction.
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days. This differs by only f percent from Dr. Marshall's longest ptdse

period. Hence all the pulse periods found are aliquot parts of 22f
years.

The original observation that led me to discover the family of

periods in weather was the discovery of more than 20 of them in

measures of the solar constant of radiation. Meteorologists and others

have expressed doubt that the evidence warranted this result. But if it

did, they say, the solar variations claimed, generally of the order of

Vlo percent of the solar constant, are too small appreciably to affect

weather.

With much recent experience in the study of this family of periodici-

ties, I have revised and hope to publish soon my study of more than

30 years of daily measures of the solar constant of radiation. This

revision has yielded highly satisfactory results, and I believe the evi-

dence of the existence, in these measures, of the family referred to

has become more convincing.

But as regards the adequacy of these solar variations to affect

weather, I made a suggestion in my paper "Solar Variation, a Lead-

ing Weather Element." ^ It is this : Temperature depends on wind

direction. Wind direction depends on orientation with respect to

atmospheric cyclones. H. H. Clayton showed some 25 years ago, by

extensive tabulations of atmospheric pressure, that the position of

cyclones varies with the intensity of solar radiation.

I have been interested in checking the first step in this sequence.

My assistant, Mrs. I. W. Windom, collected records of the prevailing

winds and temperature departures from the normal at Washington,

D. C, for about 1,600 successive days. Of these the prevailing wind

could not be determined on about 100 days. The relation of prevailing

wind to temperature departures for the remaining 1,500 days is given

by figure 7. The result is quite definite. The temperature is about

1 2? 5 F. higher when the wind is south, or southwest, than when it is

northwest. That the values in figure 6 are not symmetrical about zero

is merely resulting from the characteristics of the years chosen.

Still it makes no difference for the acceptance of the results of my
present paper whether meteorologists concede solar variation to be

the cause. The family of periodicities, to a number of nearly 30, has

been demonstrated in weather, and at least 24 of them have been used

in the several syntheses I have shown in illustrations.

The periods are not apparent in weather at first sight for several

reasons. First, the normal values published with weather records are

'' Smithsonian Misc. Coll., vol. 122, No. 4, August 1953.
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computed from all the records without regard to the sunspot fre-

quency prevailing. At Peoria the rainfall is about 7 percent higher

at sunspot maximum than at sunspot minimum. If a long term of

years of monthly records is being used to compute such a period as

7 months, mentioned above, the tabulation at Peoria would be thrown

into confusion, if published normals, taking no account of this, were

used. My first step therefore is to compute new normals. I have

chosen to use 20 Wolf sunspot numbers as the dividing line between

high and low sunspot prevalence. Table 3 gives the normals for

Peoria, Albany, Washington, and St. Louis according to my revisions.

Wind OlRCcriON
-Syv vy NW.

Fig. 7.—How Washington, D. C, temperature depends on wind direction. Tem-
peratures Fahrenheit, from about 1,500 consecutive days.

Second, phases depend on the season of the year.^

Terrestrial effects from solar causes lag behind the actuating causes.

Thus the hottest part of summer falls many weeks after the June

solstice, and the warmest part of the day occurs several hours after

noon, at most stations. Lags for my periods depend, in the first in-

stance, on the season of the year. It is not possible to fully compen-

sate for this. As a compromise measure, I divide the year into three

parts—January to April ; May to August ; September to December.

Third, phases depend on sunspot frequency.

s I published this observation in the year 1944 (see Smithsonian Misc. Coll.,

vol. 104, No. 5, p. 27).
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Sunspots are like machine guns, bombarding the earth with multi-

tudes of ions. These ions act as centers of condensation for dust and

water vapor, thus altering the state of the atmosphere, the lags, and

the phases of periods in weather. As a compromise measure, I use a

dividing line at 20 Wolf numbers in my tabulations.

Table 3.

—

Weather normals, taking account of sunspot frequency

{precipitation given in inches')

Sunspot
frequency

High^
Low J

"

High^
Low J

Station and
element Jan.

r 1.84
. Peona precipitation ^

^ o

r 2.56
. Albany precipitation -^

|- ... St. Louis precipitation {

High-i
, . , , , /33°8

Low I

• • Washington temperature • -i
33 7

Highl
Low

High
Low }... St. Louis temperature •••{

30?9

32.7

Station and
element

Sunspot
frequency

Highl ^ . ...
Low f

P^°'''^ precipitation

High^
Low J

'

{I
July

70

40

4.02

3-43

High
Low

High
Low

High
Low

, . Albany precipitation {

\ ..fa-
> ... St. Louis precipitation -^

^ r76?
>. . .Washington temperature. A _^

> ... St. Louis temperature
1 go 4

76?5

2

Feb.

1.87

1. 71

2.52

2.09

2.49

2.46

35-6

34-6

35-1

38.8

3-64

3.89

3-15

3-52

74°9

74.1

77°S

77-4

Mar.

2.80

2.82

2.64

2.96

3-29

3-90

43? I

42.7

44-6

43-3

Aug. Sept.

3-o6 3.56

2.66 3.85

3.18

3.38

3-31

3.32

68?3

68.1

70?5

69.8

Apr.

3-62

2.79

2.45

2.91

3-72

3-79

53°3

53-9

55?6

56.0

Oct.

2.22

2.56

2.69

3.19

2.77

2.71

56?4

56.9

57°7

58.3

May

3-90

3-88

3.03

3.13

4.32

4-36

63°9

64.0

66?o

66.2

Nov.

2.36

2.22

2.76

2.87

2.68

45-5

46.0

44° 5

45-5

June

4.04

24

Dec.

1. 91

1.88

2.09

2.32

2.36

2.54

35°3

36.4

34?8

35-7

Fourth, phases depend on human occupancy, and other secularly

changing conditions. As a compromise measure, in these tabulations

I use 1900, approximately, as a dividing line.

These compromise measures lead me to make 12 tables each for all

the periods, 13 in number, which lie below 20 months. As the num-

^ These values are those published in the paper cited in note 4 above. But

they are so different from those of other stations, that I feared they were partly

erroneous. A revision, however, confirms these.

Year
Total
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ber of repetitions has to be large to eliminate accidental influences, and

more especially to eliminate the influence of over 20 other periods on

the one being tabulated, I omit considering the time of the year in

periods from 20 to 50 months. Normally there are six tables of that

class. For the three still longer periods I omit considering the sunspot

frequency. Thus the tabulations involve 12X 13 +6x4+ 3x2=: 186

tables for the synthesis of monthly precipitation.

The next complication comes from the need to have many repeti-

tions, in order to eliminate interference effects of over 20 periods upon

the one being evaluated. If the 12 tables for periods of less than 20

months each stood alone, the repetitions w^ould be too few. As a com-

promise measure, I make the assumption that the tabulations at differ-

ent times of the year, and at different epochs before and after 1900,

would be nearly the same for a given period, except in phase. With

this assumption, I can combine six tables into one, merely altering the

phases of the separate tabulations into the most harmonious relation.

1 then use the mean values representing these sixfold combinations as

the representatives for all occurrences of the periods being studied.

But I carefully restore the mean assemblies to the phases which each

of their six constituents had, as I tabulate the periods in my synthesis.

To make all this clearer, I now give, in tables 4 and 5, and figure 8,

an actual tabulation for the ii;^-month period in St. Louis precipita-

tion. I use certain symbols which I will first explain. For the three

selected times of the year, and for before and after 1900, I use Oi &i Ci,

02 bz C2, when sunspots > 20 "VVolf numbers, and Oi^ bx^ d^, 02^ ^2^ C2^

when sunspots < 20 Wolf numbers. If, in tabulating, I move values

to bring all six determinations to harmonious phases, I use the symbols

o k, 4', 'f,
to indicate if the phases are left alone, or moved later or

earlier. I add the numbers i, 2, 3, etc., as subscripts, to indicate the

number of lines of displacement. With these explanations given, table

4 shows a determination of "ai." Table 5 shows the assembly of the

six mean columns "ai ^2 &i ^2 ^i C2," which cover all times between

1854 and 1949 when Wolf sunspot numbers exceeded 20. Table 6

compares these "departures" of table 5 with similar ones derived for

Wolf numbers < 20. Table 7 shows the displacements of phases

made to harmonize in table 5, and those made to harmonize phases in

the corresponding table (not shown) dealing with all times from 1854

to 1939, when Wolf numbers < 20. These displacements must all be

restored when using the "Departure" columns for syntheses of precip-

itation. This step will appear, so far as it concerns a time when Wolf
numbers exceeded 20, if one examines figure i, an actual synthesis of

St. Louis precipitation, covering the years 1875 to 1879.
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Table 4.

—

Determination of "a^' {see text), 11-1/3-month period,

St. Louis precipitation

Mar.
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The tendency to make mistakes, in tabulating and adding for s)m-

theses, will be very apparent if one reflects that, when a change comes

between Wolf numbers ^ 20, the computer must change from tables

like table 5 to their counterparts for Wolf numbers< 20; that at all

times he must remember to reverse the displacements indicated by the

arrow subscripts of displacements in those tables ; that for periods not

of whole numbers of months he must insert or reject a month from

time to time ; that he must always start a column in the correct phase;

that when adding the 22 or more columns, as in figure i, he must not

only be sure to correctly read the values, but also their algebraic signs.

With all the care I can muster, I have always found many mistakes,

of one or another of these sorts, when rechecking the whole process,

I give in figure 8 the "departure" curves like those indicated in

table 5, as found for the ii^-month period at St. Louis, when Wolf
numbers > 20. The reader will see from table 6 relating to Wolf
numbers ^ 20 that, though two months displaced in phase, the two

series, coming from entirely different data, are identical in range and

nearly identical in form. These pleasing similarities between such

pairs of series for Wolf numbers ^ 20, representing all the 19 or

more periods which can be thus compared, are almost invariably

found.

This in itself is evidence that the existence in weather of the large

family of periodicities, aliquot parts of 22f years, has a sound basis.

For in all tabulations of many values, leading to a periodic result, the

careful computer always divides the data into two or more sections,

to see if the several groups of data yield the same periodic result. As
just stated this criterion is well met in this research.

But there is another evidence of great weight. The ranges of the

periodic curves in weather are not small. In precipitation at St, Louis,

Peoria, and Albany, the ranges of the periods run from 5 to 25 per-

cent. This is a very great matter, if the critic is inclined to think of

accidental error, and to scout my whole investigation as trifling or

spurious.

In the third place, as seen over the 26 good years shown in figure 5,

the great features, and many of the minor features, found in the

event are seen to be also in the synthesis, and in very nearly the

same amplitudes and positions. That this does not hold true for 30

out of 100 years of synthesis of St. Louis precipitation has been rea-

sonably explained above as probably caused by tremendous disturb-

ances of the atmosphere by violent volcanic outbursts, by the prodigal

bombing during the two world wars, and the Korean war, and by the

tests in recent years of atomic bombs in different parts of the world.



i6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. I28

We now come to a fourth line of evidence even more convincing.

It is held that the large family of periodicities are all, to within i

percent, aliquot parts of 22| years. If so, periods of ^, ^, and ^2 of

22f years, and similar groups of periods of various lengths, are also

related by integral numbers to each other and to 22f years. Accord-

FiG. 8.—The iiA-month periodicity in St. Louis precipitation as averaged
from six independent determinations. A, Wolf numbers above 20; B, Wolf
numbers below^ 20.

ingly, when a tabulation is made to determine the form and range of

one of the longer periodicities, we may often find several shorter

periods, harmonics of it, riding on the long curve. If these shorter

periods are not removed, the longer ones are often unrecognizable.

This is the case. I shall give several illustrations of it. The first is

from the period of 68^ months, shown in figure 9. A and B are



Fig. 9.—The 68i-month periodicity in St. Louis precipitation as modified by
shorter periodicities, aliquot parts of 68^ months.

17
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means—A of 8 repetitions of consecutive values for 68^ months

prior to 1900, and B of 7 repetitions of it after 1900. They show con-

siderable similarity, but the phase of A is, on the whole, 3 months

farther advanced than B. If we displace A backward 3 months, and

take the mean of the two determinations, curve C results. Curve C
gives an indication of three maxima. Taking the average of these and

subtracting, we get curve D. Curve D obviously presents seven humps
somewhat similar and nearly equally spaced. Averaging these features

of curve D and subtracting, we get curve E. Now the halves stand

out very plainly. Averaging the halves of curve E and subtracting,

we get curve F. It obviously contains five similar parts. Having de-

termined their average, and subtracting, we have curve G. It pos-

sibly has II maxima, but is so nearly smooth that I merely drew a

smooth line and used values from that in my synthesis of St. Louis

precipitation. The range of this 68^-month period, curve G, is 13

percent. Thus this single diagram presents for us five submultiples

of 22| years, viz, ^, ^, M2, %o, and V28, none of which would be ap-

parent to one who was unacquainted with the family of periods related

to 22| years.

I now take the 30^-month period in Peoria ^° precipitation for illus-

tration. To somewhat abbreviate the presentation, I start with de-

partures from mean percentages of normal precipitation. That is,

using the symbols above explained and used, I start with ai, 02, ai-, a-^.

In figure 10, A, B (left) and C, D (right) are curves corresponding

to these four symbols. I shift curve A backward 5 months to com-

bine with curve B. This reduction gives us curve E. Proceeding with

curve E, I detect in it the half of 303^ months. Removing this, we
get curve F. In curve F a period of 303- -r- 3 months is seen. Remov-
ing this period, we get curve G. Its range is 7 percent. Proceeding

with curves C and D, they seem best adapted to be treated separately.

From curve C I remove its half-period, yielding curve H, and from

curve H its third-period, yielding curve I. Treating curve D in the

same way, curves J and L result. I now combine results I and L, by

moving I 6 months forward and taking the mean. It yields curve M.
And now a period of 303^-^-7 months is seen. Removing it, I derive

curve N. It has a range of 10 percent. Its phase is about 8 months

in advance over curve G, but the two forms are similar.

As another example I take the period of 45^ months, which is ^ of

10 Having had much experience since my Peoria publication (Smithsonian

Misc. Coll., vol. 117, No. 16, 1952) I have revised that synthesis. This present

illustration is from the revised tabulations, and so are all Peoria data in this

paper.
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22f years, as represented in Peoria precipitation. I select this because,

as I have said above, the periodicities run from 5 to 25 percent of

normal precipitation. As we shall see, the amplitude of this period,

for sunspots > 20 Wolf numbers, is 22 percent ; and for sunspots <
20 Wolf numbers, it is 25 percent, at Peoria. The curves are shown

in figure 11. At the left I plot results d, 02, for Wolf numbers > 20,

Fig. 10.—The 3oi-month periodicity in Peoria precipitation as modified by
shorter periodicities, aliquot parts of 30;^ months. Left, Wolf numbers over 20;
right. Wolf numbers below 20.

in full and dotted curves respectively. Treating a^ first, curve A is

what is found when the period of ^i^^=22| months is removed. A

feeble period of
"'"

months is then removed, yielding curve B.

Though not altogether smooth, no other period seems clearly included

in curve B. As only five repetitions of the 45^-month period were
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available in the original data, I think we should expect nothing

smoother, for 21 other periods interfere with their own features,

as well as 45^ months. Turning to curve a-^. the periods of and

are successively removed, as shown in the dotted curves C and

D. Here, again, nothing more can be removed. I now shift curve

B to 5 months later, and take the mean of it and curve D, yielding

Fig. II.—The 452-month periodicity in Peoria precipitation as modified by
shorter periodicities, aliquot parts of 452 months. Left, Wolf numbers above
20; right, Wolf numbers below 20.

the dotted curve E, to represent the 45^-month periodicity in pre-

cipitation at Peoria, 111., 1856 to 1939, when Wolf sunspot num-

bers > 20. The heavy full curve smooths out the interferences by

other periods, and the accidental errors, and shows an amplitude of

22 percent for the 45i-month periodicity.^^

11 I felt some doubt at one time whether this procedure, of computing subordi-

nate periods from mean values for long periods, would give approximately correct

results. But I satisfied myself in two ways. First, since the later stages of my
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Turning now to the times when Wolf numbers were < 20, the

curves ai^ and a^- on the right of figure 1 1 represent the mean results

of only four intervals before, and four after 1900. I feel sure that no

one, glancing at these two curves, would think that they really indi-

cate a period of 45^ months in Peoria precipitation ! But on removing

"

'

months from 02^, the curve F results. It indicates a period of—-^^

months remaining. Removing this, we get curve G. (At several

places in figure ill trace its course by guide lines.) Curve G is not

smooth, but no subordinate periods are plainly seen. Indeed, from

only four repetitions one could not expect a smooth curve, consider-

ing interferences from 21 other periods. Removing months from

curve a2^, we have the dotted curve H, and from this months is

5
removed, yielding curve I. This also is made irregular by lack of suf-

ficient repetitions of the 45^-month curve in the original data. Curve G
is now shifted 20 months to the right and combined with curve I, yield-

ing the dotted curve J. A heavy smooth curve is drawn to better

represent the 452-month period in Peoria precipitation, for all times

when Wolf numbers < 20, from 1856 to 1939. If the heavy smooth

curve representing times when Wolf numbers < 20 is now displaced

to the left 17 months, and superposed, as shown dotted at K over the

heavy smooth curve representing Wolf numbers > 20, the differences

found are small. However the curve for Wolf numbers < 20 has the

amplitude of 25 percent of normal precipitation at Peoria, while the

other has a range of only 22 percent.

From these reductions, shown graphically in figure 11, we find

periods of ^, V12, Vis, and %o of 22| years. Many other examples

might be given of overriding periods, which are aliquot submultiples

of the periods of greater length, with which they are associated. But

surely these three samples, which disclose periods of ^, ^, ^, Vq,

tabulations are always made with departures from the mean of the long column

representing a long period, half of the departures are above, and half below the

mean. Hence, in making the tabulation for the subordinate period, though half

of the values employed in the tabulation are larger than truly representative

of the subordinate period, the other half are equally smaller than they should

be. These excess and deficient parts nearly cancel, leaving the subordinate

period approximately correct. When it is removed from the longer one, this

longer curve also is approximately correct. As a check, however, I once drew a

smooth curve touching all the low points of the longer curve and computed the

subordinate period from differences between this smooth curve and the original.

Comparing, there was no considerable difference from the characteristics of the

subordinate curve when obtained in the usual way.
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^/i2, /is, V20, %7, ^8, %o and %3 of 22^ years, together with the other

lines of evidence presented above in Part 2, and the close accord

between syntheses and events, shown by using 22 such periods to

predict precipitation many years from base, as in figures i to 5 of

Part I, must be sufficient to justify my claim to the discovery of a

numerous family of periodicities in weather elements. All, to within

I percent, are exact submultiples of 22| years. Very long range

general weather predictions have been and can be made, using them.

I feel that if meteorologists could accept these proofs, governments

would feel justified in supporting similar studies of temperature and

precipitation at numerous stations within their borders. From such

studies maps of expected weather conditions for many years in ad-

vance could be drawn. Such maps, if found to give general conditions

with reasonable approximation, would evidently be of great value for

many industries. The only fly in the ointment seems to be that tre-

mendous disturbances of the atmosphere, such as sometimes are caused

by volcanoes, and also by profuse use of powerful bombs, in war and

in tests, may spoil forecasts of this ambitious type.


