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ECONOMIC CYCLES: THEIR LAW
AND CAUSE

CHAPTER I
INTRODUCTION

THERE
is a considerable unanimity of opinion among
experts that, from the purely economic point of view,
the most general and characteristic phenomenon of a
changing society is the ebb and flow of economic life,
the alternation of energetic, buoyant activity with a
spiritless, depressed and uncertain drifting. ~ u r i n gthe
creative period of the rhythmic change each factor in
production receives an augmenting income, and the
mutual adjustment of interests in the productive
process is brought about in a natural way, primarily
through the operation of competitive law. The period
of decline in the cycle presents a sharply contrasted
aspect of industry. With the organization of capital
and labor at first unchanged, the amount of the product
falls; each of the interested factors seeks a t least to
retain its absolute share of the product; friction and
strife ensue with a threatening of the disruption of
industry. What is the cause of this alternation of
periods of activity and depression? What is its law?
These are the fundamental problems of economic
the solution of which is offered in this Essay.
Political Economy began to make progress in a
rational way when the Physiocrats put forth their
of the dependence of all forms of economic life
1
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upon agriculture. Another momentous step was taken
in the direction of theoretical development when the
English economists formulated the law of diminishing
returns in agriculture and traced its all-pervasive
influence in the production and distribution of the
product of industry. The desideratum of economic
dynamics a t the present time is the discovery of a law
that shall be to a changing society what the law of
diminishing returns in agriculture is to a society in a
comparatively static condition.
The full truth in the old Physiocratic doctrine has
not been exploited. The Department of Agriculture
of the United States reaffirms the central idea of the
doctrine in its motto: "Agriculture is the Foundation
of Manufacture and Commerce," and in the spirit of
this motto it publishes invaluable statistical data.
I t is proverbial that the farmer is a t the mercy of the
weather. If it be true that the explanation of economic
cycles is to be found in the law of supply of agricultural
products, it is surely wise in a study of rhythmic economic changes to inquire whether the law of the changing supply of raw material is not associated with a law of
changing weather. Is there a well-defined law of changing weather?
Supposing that it is possible to discover that the
weather passes through cycles of definite periods and
definite amplitudes, it will then be necessary to show
how the crops are affected by the weather and how the
cycles of the weather are reproduced in cycles of the
yield of the principal crops.
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menthe changes in the physical yield of the crops
are shown to be dependent upon changes in the weather,
the next stage in the investigation is to connect the
yield with its value, and this brings one face to face
another unsolved problem in theoretical economics.
The most recent phase of economic theory opens with a
description of the "law of demand," which from the
time of Cournot, Dupuit, and Gossen has been assumed
in all theoretical discussions, but there has been no
method for finding the statistical equation to the law.
I t will be necessary to overcome the difficulties of this
problem before a solution can be offered of the more
fundamental inquiry as to the law and cause of cycles in
economic phenomena.
When the physical yield of the crops has, on the one
hand, been related to the cycles of the weather and, on
the other, to the prices of the respective crops, it will
then be possible to take the final step and to show how
the cycles in the physical yield of the crops produce the
cycles in the activity of industry and the cycles of
general prices, and how, finally, the law of the cycles of
the crops is the law of Economic Cycles.

Cycles of Rainfall

CHAPTER I1
CYCLES OF RAINFALL
"The first thing that in my opinion ought to be done towards
making the observations useful for scientific purposes is to perform
that kind of more perfect averaging which is afforded by the harmonic analysis. There is a certain amount of averaging done, but
that is chiefly daily averages, with monthly averages, and yearly
averages; but the more perfect averaging of the harmonic analysis
would give the level of the variation of the phenomenon."
-I.,oRD KELVIN,in his testimony before the Meteorological Committee of the Royal Society, 1876.

FROM
the point of view of the relation of changing
weather to the varying fruitfulness of agriculture, the
most important factors that are usually included in
the term, weather, are temperature and rainfall. We
begin our investigation with this common belief and
inquire, in this chapter, whether the varying amount
of annual rainfall is subject to any simple law.
In order to carry forward the inquiry as to the existence of a law of annual rainfall an analysis must be
made of a long record of precipitation. Our choice of
a record is limited by two conditions: First, our object
in investigating the periodicity of rainfall is the hope
of throwing light upon the periodicity in the yield of
the crops, and this expectation obviously makes it
desirable that the record of rainfall shall be as representative as possible of the conditions of precipitation
4
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in our leading crop area; secondly, as the existing
meteorological records are of unequal lengths and of
reliability, it is necessary to take the best long
records t,hat can be found within the limits of the crop
area.
The principal region of grain production in the United
States is in the Mississippi Valley, but the meteorological records of the Middle West do not extend through
a long period of time. I n order to achieve the two ends
of having a long record of precipitation and of having
the record typical of the conditions in the grain area,
the device has been adopted of investigating rainfall in
the Ohio Valley-which affords the longest record obtainable in the neighborhood of the central Mississippi
region-and of showing that the rainfall of our leading grain state, Illinois, follows the same law as the
rainfall of the Ohio Valley.
The stations in the Ohio Valley with long rainfall
records are Marietta, Portsmouth, and Cincinnati.
Their mean annual rainfall since 1839 is given in
Table I of the Appendix to this chapter. The graph
of the course of rainfall in the Ohio Valley since 1839
is traced with other graphs on Figures 4, 5, and 6. The
problem that must now be faced is the question as to
whether the sequence of annual rainfall in the Ohio
Valley follows a simple law, and if so, to give a quantitative formulation of the law.
The data were taken from Bulletin W of the Weather Bureau of
the United States and from the Annual Reports of the Chief of the
Weather Bureau.

6
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The Use of Fourier's Theorem

A preliminary examination of the rainfall data of the
Ohio Valley leads to the conclusion that there is probably no secular trend to the data, that is to say, there
is probably no tendency of the rainfall to increase continuously or to decrease continuously with the flow of
time. I t is true that when the amount of rainfall is
correlated with time, the coefficient of correlation is
r = - .227f .075, where the coefficient is three times its
probable error and is therefore suggestive of a decrease
in the amount of rainfall with the flow of time. Moreover, if a straight line is fitted to the data, the indicated
annual decrease in the rainfall is seven hundredths of
an inch. But these facts are no justification for holding to a secular decrease in the amount of annual
rainfall. For, in the first place, if there are cycles in
the amount of the rainfall, the low degree of the observed correlation might be due to the data of rainfall
including incomplete cycles; in the second place, the
record is drawn from only three stations and because
of the limited number of stations might give an accidental, low degree of correlation between amount of rainfall and time; and in the third place, improvements
in the method of taking the observations might have
introduced changes that would account for the observed small annual decrease in the amount of rainfall. I n view of these considerations, it is probably
best to proceed with our problem on the assumption
that there is no secular trend in the amount of annual
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rainfall. 1 this assumption is true, it follows that, in
$1 probability, the course of rainfall in the Ohio Valley,
is cyclical, or a combination of cycles.
an inductive treatment of any form of rhythmic
cyclical change it is necessary that the method
adopted shall satisfy two conditions: (1) I t shall be
consistent with recognized mathematical processes;
(2) I t shall afford means of testing the degree of probability that the results are not chance phenomena.
Unless the method rests clearly upon an approved
mathematical process, it is scarcely possible to say
whether the attained results may not be entirely formal;
and unless the findings are tested for the degree of their
probability, there is no assurance that the adduced
cycle may not be a chance occurrence. The literature
in which rhythmic phenomena are treated in a statistical way t,eems with fallacies and uncertainties that
illustrate the need of observing the above conditions;
for the method frequently adopted of smoothing the
data is so arbitrary that one is a t a loss to know whether,
after all, the alleged periodicity may not, in fact, be due
to the process of smoothing; and, in addition, one is
left in doubt as to whether an indefinite number of
cycles other than the particular one adduced might not,
with equal or greater probability, be obtained from the
same data.
The method that was employed to reach the results
of this chapter rests upon the analysis invented by
Joseph Fourier,' which is called, in English treatises,
lThe

most philosophic exposition of Fourier's theorem is in
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harmonic analysis. The perfection of the method
whereby the findings may be subjected to the test of
probability is the work of Professor Arthur Schuster
of Manchester.
We may begin the presentation of the method with a
definition of a series of terms that constantly recur in
the treatment of periodic phenomena. Figure 1 will facilitate the exposition by affording
a graphic description of the
terms dealt with.
Suppose that the point Q
moves uniformly in the circle
of Figure 1, that is to say, supFIGURE
1.
pose that the point Q describes
equal arcs in equal times and, therefore, proportional
arcs in different times. Then, if the measurements of
the arcs of the circle are made from the point A and
the reckoning of time is begun when Q is a t E, the
angle A 0 E is called the angle a t epoch, or simply

the epoch of the uniform circular motion. The
radius of the circle is the amplitude of the motion;
the time of going once around the circle is the
period of the motion; the ratio of A Q to the
of the circle is the phase of the motion.
1f from each position of Q a perpendicular is dropped
upon the diameter of the circle, G H, the foot of the
perpendicuhr will describe a simple harmonic motion.
The amplitude of the simple harmonic motion is onehalf of the range of the motion, that is, one-half of G H,
or the radius of the circle. The period of the simple
harmonic motion is the interval between the passing
of the point P twice through the same position in the
same direction. The distance of the point P from the
middle of its range, 0, is a simple harmonic function
of the time, 0 P = y = a sin (ntfe), where a is the radius
of the circle-or the amplitude of the simple harmonic
motion-e is the angle of epoch, and n is the angle described by the moving point Q in the unit of time. The
period of the simple harmonic motion is, in the above
2rr
nt e
case, -.
Its phase is --n
2w .

8

Fourier's own work: ThBorie analytique cle la chuleur. I n Freeman's
English translation the treatment is found on pp. 137-212.
The fundamental memoirs of Professor Schuster are
"On the Investigation of Hidden Periodicities with Application
to a Supposed 26 Day Period of Meteorological Phenomena."
Terrestl-iul Afagnetisrn for March, 1898.
"The Pcriodogram of Magnetic Declination as obtained from the
records of the Green!vich Observatory during the years 1871-1895."
Camlwidge Philosophical Society Transactions, Vol. 18, 1899.
"On the Periodicity of Sunspots."
Philosophical Transactions of
the Royal Societu of London, A, Vol. 206, 1906.
"The Periodogram and its Optical Analogy.'' Proceedings of
the Royal Society of Lorltlol~,A , Val. 77, 1906.

9

+

Figure 2 presents a graph of simple harmonic motion. As in Figure 1, the point Q moves uniformly in
the circle; the point P perfoms simple harmonic motion
according to the formula y = a sin (nt+ e), where a is
the amplitude of the motion, or radius of the circle, e
is the angle of the epoch, namely, A 0 E, and n is the
arc described by Q in the unit of time. If time is meas-

10
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ured upon the line B C, the sinuous curve of Figure 2
is the graph of the function, y = a sin (nt+e).

The importance of simple harmonic functions in
the study of periodic phenomena grows out of the fact
that any periodic curve however complex can be expressed mathematically by a series of simple harmonic
functions. By the help of Fourier's analysis a periodic
function may be put in the form
( 1 )y = A , + a, cos kt + a, cos 2 kt + a, cos 3 kt + . . .
+ b, sin kt b, sin 2 kt + b3 sin 3 kt + .

..

+

If in (I), we put,
a , = A , sin el; a, = A , sin e,; a , = A , sin e,; &c.,
b1 = A 1 cos el; b, = A, cos e,; b, = A , cos e,; &c.,
We get,
( 2 ) Y = A , +A1 sin (kt + el) + A , sin ( 2 kt e,)
+ A 3 sin (3 kt + e,) + . . .
where y is expressed as a series of sines. In a similar
manner, equation (I) may be expressed as a series of
cosines,

+

The few exceptions to the general rule are discussed in the
mathematical texts that develop Fourier's theorem.

the use of Fourier's theorem for the purpose of
periodic phenomena, we follow a process
to the use of Taylor's theorem in the simpler
demonstrations of mathematical economics. By far
the greater part of Cournot's pioneer treatise and of
subsequent work of his school is based upon the assumption that, if the economic function under investigation is y =f ( x ) , then f (x+h) may be expanded by
Taylor's theorem, and the first terms of the series may
be used as an approximation to the form off ( x ) . Similarly, in our use of Fourier's series, the attention will be
focussed upon a few harmonics as a first approximation
to the solution of the problem in hand of expressing
in mathematical form the periodicity of annual rainfall.
Assuming that any periodic function may be expressed as a Fourier series, the problem is presented of
determining the values of the coefficients. The series,
as we know, is of the form
Y = f ( t )=A,+alcos k t + a , c o s 2 k t +

...

+ b1 sin kt + b, sin 2 kt + . . .

What are the values of the first term and of the coefficients of the sines and cosines? In order to deduce
the necessary values, we shall have need of the following lemma:

If m and n are two unequal integers and k is put equal
2?r

to T ,then
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ST

caosmkt cos nkt dt

sin m k t sin nkt dt

=

=

ST

sin rnkt cos nkt dt
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0,

To determine the value of all multiply throughout

by cos kt and integrate between limits o and T.

0,

=

0.

The lemma may be proved to be true by evaluating the
three integrals according to the usual methods. The
first integral, for example, becomes

lTCos
=+
m k t cos nkt dt

cos ( m - n ) kt+cos ( m + n ) kt 1dt

But k

=

2r
-,
T

and,

Or

+ b,J;in

rf

( t ) oos kt dt

= a,

...

l r c o s 2 kt dt, since
0

0

Jsin

kt cos kt dt +

0

kt oos kt dt are both equal to zero and a11 the other

0

+

sin ( m - n ) kt

- [ 2(m-n) k
-

13

+

sin ( m n) kt
2(m+n) k

cos m k t cos nkt dt

1.

=

terms on the right-hand side of the equation, according
to our lemma, disappear. But

0.

cosZkt dl

=

ST'

+ cos
kt dt
2

=

4 [ t + sin2k2 kt]:=
-

5

0

With the aid of this lemma we may proceed to evaluate the coefficients in Fourier's series. If we integrate
the series between the limits o and T, we get,

But all of the terms except the first on the right-hand
side of the equation will vanish, and consequently

and as a result, we have

0

whole period T, the constant term in Fourier's series is
equal to the value of the mean ordinate of the original
curve.

( t ) COS kt dt

Therefore al is equal to twice the mean value of the
product f (t)cos kt.
In a similar manner the value of any other coefficient
may be determined. Take, for example, b,. Multiply
throughout by sin nlct and integrate between o and T,

fi
Since j ' j ( t ) d t is the area of the original curve for one

fTf

(t) sin nkt dt

=

l-cos

b,,

0

sin 2 nlct
b { ~ [ t - 2 nk

and, consequently, b.

loj1

=

2

T

= n

ST

nkt

dt

=

5

jTfsin nkt

Therefore b,,
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is equal to twice the mean value of the product
f (t) sin nkt.
Having found the algebraic values of the coefficients
in Fourier's series, we may now proceed to determine
their statistical equivalents in the case of annual rainfall.

and a definite phase. The questions that one is interested to have answered are: ( I ) What is the law of
the distribution of Fourier coefficients when the data
are analyzed for all possible periods; and (2) how may
the true cycles be separated from the accidental,
spurious cycles that are obtained when the data are
exhaustively analyzed?
I n Figure 3 the results of a detailed, laborious examination of the data of annual rainfall in the Ohio
Valley are presented in graphic form. On the axis of
are measured, within assigned limits, the
possible lengths of cycles in the 72 years of rainfall.
By extending the calculations to 36 years, we obtain
for the assumed periods a record of possible recurrences varying from 2, in case of the period of 36
years, to 24, in case of the period of 3 years. On the
axis of ordinates are measured the squares of the coefficients of the first harmonic in the Fourier series
corresponding to the lengths of periods recorded on
the axis of abscissas. The numerical values of these
squares are given in the fourth and eighth columns of
Table I1 in the Appendix to this chapter. The method
of deriving the values may be illustrated by taking the
cycle of 8 years. Suppose, as a first approximation,
that the equation to Fourier's series is put in the algebraic form

14

The Periodogram of Rainfall
If the length of a cycle of rainfall were known beforehand, the preceding exposition of Fourier's theorem
would suffice to determine, from the data of precipitation, the amplitudes and phases of the harmonic constituents of the Fourier series descriptive of the rainfall
cycle. But in the problem before us of analyzing the
rainfall data of the Ohio Valley, we do not know whether
there are many cycles or only one cycle or, indeed,
whether there are any cycles a t all. And there is no
short method of solving the problem.
Suppose, for example, it were assumed from a priori
considerations that the amount of rainfall is affected
by sunspots, and, as sunspots are known to occur in
periods of about eleven years, suppose it should be inferred that the annual rainfall will likewise show a period
of eleven years. If the rainfall data of the Ohio Valley
are examined for an eleven years period, it will be found
that the data yield a definite amplitude and a definite
phase for a cycle of eleven years, but this fact is no
warrant for holding that there is a true rainfall period of
eleven years. Every other grouping of the seventy-two
years record will likewise show a definite amplitude

Y

= F(t) = A ,

+ a, cos kt + b, sin kt]= A,'+'A,

15

'sin (kt + e).

Then the corresponding arithmetical values derived
from the Ohio rainfall data are

16
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y = F(t) = 41.19-3.13 cos
=

2r
-t
8

17

2%
+ 2.69 sin t
8

41.19+4.13 sin

The values of the terms a:, bi, A: are respectively
(3.1339)2, (2.6938)2, (4.1325)2, and these values are
given in the proper columns of Table I1 in the Appendix. I n Figure 3, the values of A2 for the several
periods are measured on the axis of ordinates.
An examination of Figure 3 will illustrate the truth of
a statement advanced a moment ago. It is clear from
the course of the periodograph that if one were to
take any period a t random between the limits of 3
years and 36 years, he would in every case obtain a
finite value for the amplitude of the selected cycle; and
if, by chance, selection should fall upon, say, 18,or 21, or
29, or 36 years, an argument might be made with some
degree of plausibility that a real cycle had been discovered, But, in truth, the real significance of no one
cycle taken a t random can be judged apart from its
place in the distribution of all the cycles that can be
derived from the data.
This last point is of fundamental importance. The
only object of investigating cycles of rainfall or cycles of
economic phenomena is that the knowledge of the
The terms periodograph and periodogram were coined by Professor Schuster.
The periodograph is the curve tracing the values of Az; the
periodogram is the surface between the periodograph and the base
line giving the lengths of the periods. Schuster: "The Periodogram of Magnetic Declination," p. 108.
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constant recurrence of the cycles may place one in a
position to foresee and utilize the dependent phenomena.
But the control of phenomena dependent upon a cycle
presupposes that the cycle is itself a real phenomenon
with a natural cause, and that consequently ,it ~ e r s i s t s
with an increase in the number of observations. If,
however, an apparent cycle of any length taken a t
random is obtained from the given data, one would
surely misspend his time if he were to set about the
search for its cause, and were to derive conclusions based
upon the hypothesis of the persistence of the cause.
The cycles due to formal, accidental causes must be
discriminated from the cycles with natural causes.
The separation of true cycles from spurious or
accidental cycles is facilitated by the periodogram of
observations. If, following Professor Schuster, we call
the square of the amplitude of any given period the
"intensity" of the period, then it may be said that the
probability of the reality of a period is dependent upon
the ratio of its intensity to the mean intensity of the
periodogram. Or, again following Professor Schuster,
if we call the mean intensity of the periodogram the
I 6 expectancy," then the reality of a period is dependent
upon the ratio of its intensity to the expectancy of the
periodogram. For instance, if in case of a given period
the ratio of intensity to expectancy is, say, 3 to 1, then
in about one case in twenty we should expect to obtain
by chance a greater amplitude than the amplitude of
the particular period in question. If, on the other hand,
See the preceding note.
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the ratio were say, 7 to 1, a greater ratio would not
occur by chance once in a thousand times.'
With these facts in mind, let us again examine Figure 3. I t is clear that the principal periods needing
attention are those respectively of 8, 29, 33, 36 years.
In case of the 8 year cycle there can be very little
doubt a s to the existence of a true periodicity approximating 8 years in length. The ratio of the square of
its amplitude to the mean square amplitude of the
periodogram is 6.71 to 1. We may accordingly accept
with considerable confidence the existence of a natural
period of rainfall in the Ohio Valley approximating
8 years in length.
The cycle of 33 years, inasmuch as the ratio of the
square of its amplitude to the mean square amplitude
of the periodogram is 3.27 to 1 is in all probability a
true cycle. The doubt that exists is due to the smallness
of the ratio and the few recurrences-only two 2 Schuster: "The Periodogram of Magnetic Declination," pp. 124125.
Those who deprecate the use of such meager data should consider well the testimony of Lord Kelvin before the Meteorological
Committee of the Royal Society, 1876.
Question 1710. "The sum which parliament will give for this
purpose being a limited sum, do you think that it would be well to
reduce the number of observations in order t o have more money to
spend upon the reduction of observations? I think at all events until
one eleven years period, the sun spot period, is completed, it would be
wrong to reduce the number of observation^.'^
Question 1735. "Supposing that you had one of these analyses
calculated for a period of 11 years, would each year's observations
and still more each period of 11 years observations, require to be
introduced into this analysis so that you would have an analysis of
22 years, and an analysis of 33 years, and so on from time t o time,
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that our data afford. A greater confidence in the existence of a real period of 33 years is given by the fact that
Briickner claims to have found a true period of about
35 years in an examination of a vast mass of rainfall
material all over the world. Accordingly, the existence
in the Ohio Valley of a real 33 years period of rainfall we
shall assume to be very probable.
The other two periods of 29 years and 36 years are
not easily disposed of. But in the first place, the ratios
of the squares of the respective amplitudes to the mean
square amplitude of the periodogram are not such as to
justify the acceptance, with any degree of confidence, of
the existence of true cycles of 29 years and 36 years.
I n the second place, they are both so close to the period
of 33 years as to cause a doubt as to whether they may
not be spurious periods that are likely to appear in the
neighborhood of a real p e r i ~ d . ~
Considering the short range of our data it would not
be properly cautious to press the point of the existence
of any definite real cycle. But this much is certain:
If there are true cycles in the data of the 72 years of
rainfall in the Ohio Valley, there is far greater probability that two cycles are those of 8 years and 33
years than of any other round numbers between 3 and
or, being done, would it be done once for all? I cannot say whether
anything with reference to Terrestrial Meteorology i s done once for all.
I think probably the work will never be done."
Edward Briickner: Klimaschwankungen seit 1700. Briickner's
period fluctuates greatly in length and has an average value of 35
years.
2 Schuster: "The Periodogram of Magnetic Declination," p. 130.
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36 years. Moreover, the periods of 8 years and 33
years afford the most probable basis derivable from the
data upon which to reason both as to the future course
of rainfall in the Ohio Valley and as to the course of the
phenomena dependent upon rainfall.
Assuming, then, that for the purpose in hand, the 33
years and 8 years periods are the most probable and
valuable, we turn to the consideration of the equation
to the graph giving the course of rainfall in the Ohio
Valley.

The Equation to the Rainfall Curve
It will be helpful to approach the algebraic description of the cyclical movement of rainfall in the Ohio
Valley, by observing how we obtain a n increasingly
accurate account of the actual rainfall by superposing
the constituent cycles. We shall use, as an index of the
relative fit of the several curves, the root-mean-square
deviation of the observations from each curve.
If, as a preliminary step, the raw data of the course
of annual rainfall are examined, it is found that the
mean annual rainfall in the Ohio Valley is 41.19 inches,
and the root-mean-square deviation about the mean is
S = 6.70 inches.
If the long 33 years cycle is considered Iry itself, i t
appears that the root-mean-square deviation about the
33 years curve is S = 6.39 inches. The graph of the
33 years cycle is given in Figure 4. Its equation is

22
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the origin being a t 1839. This curve traces in bold
outline the general course of rainfall. I t gives the
ground-swell of the rainfall movement.
If the 8 years cycle is superposed upon the 33 years
cycle, the root-mean-square deviation about the curve
becomes S =5.66 inches. The graph of the combination
of these two curves is traced in Figure 5. Its equation is

the origin being a t 1839. A point of interest with regard
to the flow of the curve is the rapidity with which it
rises from the least minimum to the greatest maximum,
and the slowness with which it then descends to the
subsequent least minimum.
If the 8 years cycle and its semiharmonic of 4 years
are combined with the 33 years cycle and its semiharmonic of 16.5 years, the root-mean-square deviation
about the compound curve becomes S =5.29 inches.
The graph of the curve is given in Figure 6. Its equation is
yx41.19 + 2.88 sin

the origin being a t 1839. In this closer approximation
the characteristic rapid rise to a general maximum and
slow fall to a general minimum is reproduced. Another
characteristic is the longer interval that the curve
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Cycles of Rainfall

lingers at the minima and the short period during which
it flows in the neighborhood of the maxima.'

discovered for the Ohio Valley are likewise the cycles
that exist in the heart of the grain producing area.
Among the states of the Middle West, Illinois is
probably the most highly representative of American
cereal production. It produces the largest crop of
corn,' which is the leading American cereal, and it
ranks second in the production of oats. Most of the
other cereals that are produced in the upper Mississippi
Valley are likewise cultivated with success in Illinois.
Another fact that makes Illinois a desirable state for
our purpose is that its meteorological records are fairly
long and are obtainable from so many stations as to be
representative of the weather conditions in the entire
state. This last fact is all-important if the statistics
for crop production of the whole state are to be considered in relation to the weather cycles of the state.
In Table I11 of the Appendix to this chapter the
record of the annual rainfall in Illinois is given for a
period of 41 years.2 The ideal direct method with
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Rainfall in the Corn Belt
Thus far we have dealt with the law of rainfall only
in the Ohio Valley. The object in taking the Ohio
data, rather than the data of a state more representative of the leading cereal area, was to make an investigation of a longer meteorological record than is afforded
by the data of the central Mississippi Valley. But our
purpose in dealing with met~eorologicalrecords at all is
to show the dependence of crops upon the cyclical
movement of the elements of the weather. We must,
therefore, prove that the cycles of rainfall which we have
1 I should like to make clear the method I have followed in the
derivation of the equations to the curves. My object was to obtain
a summary description of the general course of rainfall in order that
I might discover, later on, whether the characteristic general features of the movement of rainfall are reproduced in the changing
yield per acre of the crops. As a first step I tried to detect the real
cycles in rainfall and I believe I have shown that, if the 72 years
record is sufficiently long to reveal the true cycles, then the most
probable lengths of the cycles are, in round numbers, 33 years and
8 years respectively. With so short a range of data I regarded it as
useless to attempt to calculate the lengths of the periods to a greater
degree of precision. I next had tb derive the equations to the curves
showing the characteristic general course of rainfall, and it seemed
to me that, for this purpose, the method described in the text for
evaluating the coefficients in a Fourier series might properly be
used. If the 33 years cycle were taken as the fundamental cycle,
then the 8 years cycle would be approximately the fourth harmonic
in the series, and the 4 years cycle would be the eighth harmonic.
The arithmetical process for computing the coefficients is indicated by Professor Schuster in Hidden Periodicities, pp. 13, 14 and is
briefly described by Professor Perry in an article on "Harmonic
Analysis" in The Electrician, for February 5, 1892.
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This statement was accurate when it was first written. But in
1912 Iowa gained by a narrow margin the first place among the corn
producing states.
The raw data were taken from Bulletin W of the Weather Bureau of the United States and from the Annual Reports of the Chief
of the Weather Bureau. The stations used in computing the mean
annual rainfall were:-In Northern Illinois: Aurora, Cambridge,
Chicago, Tiskilwa, Galva, Kishwaukee, Ottawa, Winnebago, and
Henry. I n Central Illinois: Charleston, Carlinville, Coatsburg,
Decatur, Griggsville, Knoxville, Havana, LaHarpe, Pana, Peoria,
and Springfield. I n Southern Illinois: Cairo, Cobden, Carlyle,
Golconda, Flora, Greenville, McLeansboro, Mascoutah, Mt.
Camel, and Palestine.
All of these stations do not present full records for the 41 years,
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reference to these data would be to compute the
periodogram in the same manner in which it was computed in the case of the Ohio Valley data, and then compare the periodograms. But this method has not been
followed. A less direct, and far less laborious, process
has been adopted. We know from the Ohio data that
there are two cycles of rainfall, a 33 years cycle and a n 8
years cycle, and we know, furthermore, that when the
curve for rainfall in the Ohio Valley is computed for the
33 years and 8 years periods and their semiharmonics, a
good fit to the data is obtained. The questions that are
asked with reference t o the Illinois data are these:
If we assume the existence of a 33 years period and an
8 years period in the Illinois rainfall data, will the
rainfall curve fit the Illinois data as well a s the Ohio
curve fits the Ohio data? Will the Illinois curve reproduce the characteristic features of the Ohio curve?
A presumption in favor of a n affirmative answer to
these questions is suggested by the fact that the correlation between the annual rainfall in the Ohio Valley and
the annual rainfall in the state of Illinois is r =6.00.
The graph of the curve of rainfall in Illinois is given
in Figure 7. Its equation is
y=38.53+3.03 sin

the origin being a t 1870. The root-mean-square deviabut in no year were fewer than seven records obtainable while for a
large proportion of the years the thirty records were complete.
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tion of the observations from this curve is S =4.20. I n
case of the Ohio curve the root-mean-square deviation
was S =5.29. But this is a better relative fit for the
Illinois curve than we have a right to claim, because in
Ohio the mean annual rainfall is 41.19, while in Illinois
the mean is 38.53. If we express the relative scatter of
the observations about the curve as the ratio of the
root-mean-square deviation of the observations to the
mean rainfall, we get for Ohio and Illinois, respectively,
S1=.128; S' =.log.
In Figure 8, the Ohio curve for 1870-1910 is placed
upon the same chart as the Illinois curve for the same
flow of time, and the degree of correspondence of the
two curves is seen to be so close that, with due allowance
for the difference in their mean annual rainfall, they
seem to be almost congruent.
We may say, therefore, that the two curves fit their
respective data equally well.
Our problem has now received its solution. Annual
rainfall in the chief grain-producing area of the United
States has no secular trend, but its mean course is the
resultant of causes producing two cycles of 33 years
and 8 years respectively. The manner in which these
cycles of rainfall produce a rhythmical expansion and
contraction in the yield of the crops we shall examine in
the next chapter.
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TABLE 11.-THE

APPENDIX
TABLE I.-ANNUAL

RAINFALL

IN THE

OHIO VALLEY

y

=

F(t)

=

A,

PERIODOGRAM
OF RAINFALL
VALLEY

+ a1 cos kt + bl sin kt

=

A,

IN THE

OHIO

+ A1 sin (kt t e )

--3.7449
4.5692
,5417
.3623
5.9707
17.0778
,3447
.6168
1.7547
,5514
,0051
,2748
,2737
,8115
1.0421
3.8602
3.4199
1 6255

-

'

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

.0046
,2454
,8471
.3551
.2755
,0566
,9692
.6227
4.2657
,6464
.6112
,5776
2.3199
.2017
,0456
,0036

4.4260
2.4237
,8714
.0678
,1327
.OW2
,0019
,0300
1.1153
,4767
.5923
1.1168
5.9974
1.7652
1.7914
6.8567

4.4306
2.6691
1.7185
.4229
,4082
,0568
,9711
.6527
5.3810
1.12:?1
1.2035
1.6941
8.3173
1.9669
1.8370
6.8603

Mean value of A 2 = 2..5459
- .
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CHAPTER I11
RAINFALL AND THE CROPS
TABLE 111.-ANNUAL RAINFALLIN ILLINOIS
YEAR

RAINFALL 1N INCHES/

YEAB

1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890

29.65
36.53
33.98
41.62
32.91
40.34
45.50
42.76
37.61
36.10
42.31
42.32
49.04
47.81
45.83
40.80
36.16
33.40
39.41
36.27
40.34

1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901

-

1

:

1904
1905
1906
1907
1908
1909
1910

Mean
- ..-

"It is mere weather

. . . doing and undoing without end."
-WILLIAM JAMES.

RAINFALL
IN INCHES

-

I

34.11
44.17
35.89
28.99
32.92
38.27
37.44
49.09
34.95
36.19
27.17
42.65
35.97
39.33
37.33
38.10
40.61
36.76
44.74
34.34
38.53

INthe preceding chap her the course of annual rainfall
in the great cereal-producing area of the United States
has been shown to move in cycles: There is a groundswell of thirty-three years in length upon which cycles
of eight years in duration are superposed. Our object
in studying the rhythmic changes in the volume of rainfall was to bring these changes into relat,ion with the
variations in the yield per acre of the crops, and in the
present chapter we shall be able to realize our purpose.
The actual course of the varying yield per acre of the
crops will be shown to have both a secular and a cyclical
movement; these two movements will be separated for
representative crops; and the cyclical movements will
be shown to be dependent upon the cyclical movements
in the weather represented by the cycies of rainfall.
The Secular Trend in the Yield of the Crops
The state of Illinois was chosen in the preceding
chapter to illustrate the general conditions of rainfall
in the Corn Belt of the Middle West, and we shall now
examine the statistics of the yield of its most important
crops.
35
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According to the Yearbook of the Department of
Agriculture for 1912, we find the acreage and value of
the leading Illinois crops as they are given in the
subjoined Table :

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)

Crop
Corn
Oats
Hay
Wheat
Potatoes
Barley
Rye
Buckwheat
Tobacco

Acreage

Value of Crop

10,658,000
4,220,000
2,512,000
1,183,000
137,000
57,000
48,000
4,000
900

$174,791,000
54,818,000
4 1,152,000
8,641,000
8,302,000
952,000
538,000
70,000
62,000

I t is clear, from this Table, that five crops-corn, oats,
hay, wheat, and potatoes-make up the bulk of the
crops of Illinois, and one could not go far wrong if he
based his generalizations as to the conditions of agriculture in the state upon these five crops. But for the
purposes we have in view, in this and other chapters, it
is not possible to utilize the statistics of wheat production because both spring and winter wheat are grown in
the state, and the statistics of their relative yield and
price are not given in the published material for the
long record covered in our investigation. Accordingly,
the crops that have been actually used in our inquiry
are corn, oats, hay, and potatoes. These crops total
93.13 per cent. of the crop acreage and 96.45 per cent. of
the crop value as these quantities are given in the above
Table.

Rainfall and the Crops
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As the yield per acre of the various crops may show a
secular as well as a complex cyclical change, it will be
necessary, before their cyclical elements can be brought
into relation with the corresponding cyclical changes of
rainfall, to eliminate from the recorded course of the
yield per acre of the several crops the element of change
that is secular in character.
The method that has been adopted here to effect the
elimination of the secular change is simple, but to secure
a first approximation, it is adequate. For a period of
time covered by the statistics, a change is regarded as a
secular change if, for the period of time taken as a
whole, the yield per acre of the crop shows a tendency
either to increase or to decrease. In order to determine
whether there is a secular change in the yield per acre,
for a certain period of time, the yield data are correlated
with time, and the existence or non-existence of a
secular change is inferred from the relative magnitudes
of the coefficient of correlation and its probable error.
If there be a secular change, the calculation of the
coefficient of correlation of the yield with time is then a
first-step toward the elimination of the secular element
by means of a regression equation in which the coefficient of correlation is a factor.
The method may be illustrated by taking the history
of the yield per acre of corn. I n Figure 9 the actual
yield per acre in Illinois is plotted for the period 18701910. The straight line showing the secular trend of the
yield is the graph of the regression equation between
the yield per acre and time. The correlation of the
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yield per acre and time is r = . 3 8 2 ,090,
~
and the regression equation is, y = .204x+26.93, where y = yield per
acre, x =time, and the origin is a t 1870. The secular
trend is eliminated by means of the facts summarized
in the regression equation: Beginning with the year
1870, as many times .204 are subtracted from the
yield per acre for the several years, as the respective
years differ from 1870. For example, the yield for the
year 1872 was 39.8 bushels per acre; consequently the
reduced yield for that year was 39.8 - 2(.204) = 39.8.408 =39.39. Figure 10 traces the yield per acre of corn
freed from the secular trend.
Of the four leading crops of Illinois that form the
basis of our investigation, only two, corn and potatoes,
show a significant tendency to secular change. The
correlation between the yield per acre and time is,
for hay, r = .013* .I05 and, for oats, r = .043* .105;
consequently the figures for the yield per acre of these
two crops have not been reduced. I n the case of
potatoes, r = .122*.104, and the regression equation
is y = .233x+70.51, where the origin is a t 1870. The
figures for the actual yield per acre and the reduced
yield per acre for corn and potatoes, as well as the
figures for the yield of hay and of oats, are given in
Table I of the Appendix to this chapter.
The indicated secular trend in potatoes is not significant in
the mathematical sense, because the probable error of the coefficient
of correlation is nearly as large as the coefficient itself. I have
nevertheless eliminated the indicated secular trend before using the
data.
The raw data were taken from Bulletins 56, 58, 62, 63 of the
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Critical Periods Of Growth
If the rhythmical changes in rainfall are to give the
clue to the changes in the yield of the crops, the variations in the rainfall must be closely related with the
variations in the yield of the crops. But different crops
have different times of planting and of harvesting,
different periods of growth, and different requirements
of moisture at the various stages of growth. The direct
way to find whether the course of rainfall determines
the course of the varying yield of the crops is first to
ascertain the critical season for every crop; and then to
compare the course of the yield of each crop with the
course of the rainfall of its critical season.
The method of discovering the critical period of a
crop may be illustrated in the treatment of corn. In
Table I1 of the Appendix to this chapter, the mean "
monthly rainfall for Illinois is tabulated for seven
months, March, April, May, June, July, August, and
September. Table I of the Appendix records the data
Bureau of Statistics of the United States Department of Agriculture
and from recent Yearbooks of the United States Department of
Agriculture.
The raw data were taken from Bulletin W of the Weather
Bureau of the United States and from the Annz~aiReports of the
Chief of the Weather Bureau. The stations used in computing the
mean monthly rainfall Tere, in Northern Illinois: Aurora, Cambridge, Chicago, Tiskilwa, Galva, Kishwaukee, Ottawa, Winnebago
and Henry. In Central Illinois: Charleston, Carlinville, Coatsburg,
Decatur, Griggsville, Knoxville, Havana, LaHarpe, Pana, Peoria
and Springfield. In Southern Illinois: Cairo, Cobden, Carlyle,
Golconda, Flora, Greenville, McLeansboro, hlascoutah, Mt.
Camel and Palestine.

Economic Cycles: Their Law and Cause

Rainfall and the Crops

referring to the yield per acre of the several crops after
the secular trends have been eliminated. These two
Tables furnish the statistical material for ascertaining
the critical periods of the respective crops. The facts
as to the times of planting and harvesting may be
obtained from an article in the Yearbook of the United
States Department of Agriculture, 1910, pp. 488-494,
on "Seedtime and Harvest: Average Dates of Planting
and Harvesting in the United States." The method of

The critical periods for the other crops are, for oatsMay, June, July, r = .290; for hay-March,
April,
May, June, r = .620; for potatoes-July and August,
r = .666. The critical season for corn, as we found a
while ago, is July and August, r = 589.
The high correlation between the yieId of the crops
and the rainfall of their respective critical seasons
promises well for the theory as to the relation of the
cycles of rainfall and cycles of crops. In the last chapter
we found that by examining the periodogram of annual
rainfall in the Ohio Valley, cycles of eight years and of
thirty-three years were discovered; and that by taking
periods of thirty-three years and eight years with their
semiharmonics, a good fit to the annual rainfall curve
was obtained. I t was then shown that the annual rainfall in Illinois is correlated with the annual rainfall
in the Ohio Valley, the correlation coefficient being
r = .600. Upon the basis of this relatively high correlation, it was assumed that the annual rainfall in Illinois
passed through similar cycles to the rainfall in the
Ohio Valley, and we found that this assumption was
justified by the facts inasmuch as the harmonic analysis
applied in the same way to the Illinois data afforded as
good a fit as when it was applied to the data of the
Ohio Valley. Since in two of the four representative
crops the correlation between the yield and the rainfall
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detecting the period of critical relation between yield
and rainfall consists in ascertaining, for each crop, the
month or combination of months, within the interval
between planting and harvestingll whose rainfall gives
the highest correlation with the ultimate yield per
acre of the crop. The time for planting corn in Illinois,
according to the official publication cited above, begins
about April 30, it is general about May 13, and it ends
about June 2. The average time for harvesting, according to the same publication, begins about September 26,
is general by October 29, and ends about December 10.
The correlation between the yield of corn per acre
(secular trend eliminated), and the rainfall for June is,
r =.069; for July, r =.496; for August, r=.293; for
September, r = .087; for July and August combined,
r =.589. The critical period of growth for corn has,
therefore, been assumed to be the interval of two
months-July and A u g ~ s t . ~
1 For some purposes it would be desirable to test the correlation
beyond these limits.
Of course all possible combinations of months have not been
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exhausted in the above case, nor have we made any attempt t o
place the critical period for a smaller interval of time than a month.
If for any other period a closer relation could be found than r = .589,
the conclusions that we draw from our investigation would only be
strengthened.
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of the critical season of growth is greater tjhan the
correlation between t2heannual rainfall in Illinois and
the annual rainfall in the Ohio Valley, there would
seem to be excellent ground for believing that the cycles
of the yield of the crops would flow congruently with
the cycles of rainfall during their respective critical
periods.

Cycles in the Yield of the Representative Crops and the
Corresponding Cycles of Rainfall
The method of bringing the cycles of rainfall for the
critical period of growth of the several crops into relation with the cycles of the respective crops is similar to
the method that was employed in passing from the
cycles of annual rainfall in the Ohio Valley to the
corresponding cycles in the state of Illinois. The
laborious but direct way of treating the problem would
be to compute the periodogram of rainfall for the
critical period of growt,h of each crop, and then to compare the results with the corresponding periodograms of
the respective crops. I t may be that this laborious
process may eventually have to be followed. The
process that has been adopt,ed in the present investigation makes several assumptions which it is highly
desirable to have clear in mind. I t is assumed
(1) That the course of the annual rainfall is the mean
course of the rainfall of the parts of the year
and that, consequently, by computing the
periodogram of annual rainfall, we obtain a
general type of curve for describing not only

Rainfall and the Crops
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the annual rainfall but also the rainfall of
any considerable part of the year. Or, more
concretely, that the annual rainfall and the
rainfall of any considerable part of the year
may be described by a n equation of the form
9 = A,

+ A , sin

+ al sin

(g +
(g +
t

e,)

+ A, sin (&t + e2)

t

ql)

+ % sin ($t + q 2 ) ,

where the constants in the series may be different for the several parts of the year.
(2) That where the correlation between the yield per
acre of a particular crop and the rainfall of its
critical season is high, the same general t8ype
of equation will fit both groups of data, the
data of rainfall and the data of the yield per
acre of the crops.
(3) That both of the preceding assumptions are
greatly fortified if the compound curves deduced from the actual data of rainfall and
yield satisfy a reasonable test of fit to the data.
The working out of the consequences of these assumptions is exhibited in Figures 11, 12, 13, and the
equations descriptive of the several curves appear on
the corresponding Figures.
To measure the degree of fit of the curves to their
respective data, we shall employ a coefficient K, which
may be described as the ratio of the arithmetical sum
of the deviations of the observations from the curve

46

Rainfall and the Crops

Economic Cycles: Their Law and Cause

r

5

Tons o f hdY per acre
0
a

:

?

:
<

?

47
P 3

N

01
CC

Economic Cycles: Their Law and Cause

48

a
I

I

Bushels o f corn per acre
0

I

C

V,

9

I

.

I

"I

I

I

I

1

Rainfall and the Crops

49

divided by the area included between the curve and the
straight line indicating the mean value of the observations. I n the equation to the compound cycle describing the typical curve with which we shall have to deal,
the first term gives the mean value of the observations,
and the remaining four harmonic terms trace the area
about the horizontal line drawn at a distance from the
base line equal to the mean value of the observations.
The reason for adopting this complex coefficient K is
that the curves whose relative degrees of fit are in
question apply to qualitatively different things. From
the method of calculating K, it follows that the smaller
the value of K , the better is the degree of fit of the curve
to the observations.
Passing now to the calculations referring to the
representative crops, we find,
For potatoes, the correlation of the yield per acre
with the rainfall of its critical period-July and August-is r = .666. The measure of the fit of the compound cycle of thirty-three years and eight years with
their semiharmonics is, in case of the yield per acre,
K = 1.97, and in case of the rainfall of the critical period
of growth, K = 1.30.
For hay, the correlation of the yield per acre with
the rainfall of its critical period-March, April, May,
June-is r = .620. The measure of the fit of the compound cycle to the data is, in case of the yield per acre,
K = 1.57, and in case of the rainfall of the critical season,
K = 1.63.
For corn, the correlation of the yield per acre with
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the rainfall of the critical season-July and Augustis r = .589. The measure of the fit of the compound
cycle to the data is, for the yield per acre, K = 1.52,
and, for the rainfall of the critical season, K = 1.30.
For oats, the computation of the equation has not
been carried out because no critical period of growth
could be found in which the correlation between yield
and rainfall was higher than r = .3. The correlations
were, for March, r = -.181; for April, r = -.147; for
May, r = 120; for June, r = .297; for July, r = .140; for
May, June, and July, r = .290.
Referring now to the Figures 11, 12, 13 and to the
calculations that have just been reviewed, we observe
that the compound cycles of yield per acre and of the
rainfall of the critical seasons flow almost congruently,
and that the compound cycle of thirty-three years
and eight years with their semiharmonics fits the yield
data nearly as well as it fits the rainfall data.

must be devised for measuring the fluctuation in the
yield of the crops when the crops are taken all together;
and (2) a method must be devised for combining the
rainfall of the critical periods of the growth of the
several crops. These two steps we shall now consider.
I n regard to the first of these desiderata, i t is clear
that the measure of the fluctuation of crops taken as a
whole should be based upon the best measure of the
fluctuation of the yield of the crops taken singly. Moreover, there is a general agreement that the standard
deviation of a frequency scheme is a good measure of
the scatter of the observations about their mean value.
A natural step, therefore, would be to assume that if
the observations form a series in time, a good relative measure of their fluctuations a t different epochs is
afforded by the ratio of the deviations of the observations from their mean divided by the standard deviation. For example, the mean yield of oats in Illinois,
for the period 1870 to 1910, was 31.4 bushels per acre,
and the standard deviation of the yield for the same
period of time was a =5.2 bushels. The yield per acre
for the year 1910 was 38.0 bushels. If A be taken to represent the deviation of the yield of any year from the
mean yield of the whole period, then the A for 1910 was
38.0-31.4=6.6, and the fluctuation for 1910 was
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Cycles in the Index of Crop Fluctuations and in the Corresponding Index of Mean Eflective Rainfall
Does the cyclical movement of rainfall give a rhythmic movement to the fluctuations in the yield of the
crops taken all together? The preceding section has
treated the relation of the yield of the separate crops
to the rainfall of their respective critical seasons; we
now inquire whether the yield of all of the crops taken
together shows a tendency to conform to the cyclical
movement of rainfall. In order to answer this question
two preliminary steps must be taken: (1) A method

A
--

o

5.2

= 1.27.

51

Similarly, for the year 1908, when the

yield was 23.0 bushels, the fluctuation was,

A
-=
u

-

1.62.

It happens that in the case of oats, there is no secular
trend to the yield, but when the secular trend exists,
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it must be eliminated before the fluctuation is computed.
I n Table I11 of the Appendix to this chapter the
fluctuation for each of the forty-one years 1870-1910
is given for corn, oats, hay, and potatoes. By taking
the algebraic sum of the fluctuations for all the crops
for any given year and dividing by four-the number of
the crops-a measure of the fluctuation of the crops
taken all together is obtained. This measure we shall
refer to a s the index of the fluctuation of crops. The
index for each of the years 1870-1910 is recorded in the
last column of Table 111.
The index of crop fluctuation computed in the manner that has just been described is regarded as a more
accurate measure of the fluctuation of crops than
would be obtained from a n index formed by taking as
the fluctuation for each year, in case of each crop, the
ratio of the deviation from the mean divided by the
mean. If the crops differ in their coefficients of variation, that is to say, if the ratio

5,where M is the mean

yield and a is the standard deviation, is not the same
for all crops, then the crop with the largest coefficient of
variation would receive the largest weight in the general
index. The coefficients of variation for the crops in
5.84

5.17 -

- .217; for oats, ---- our Table are, for corn, 26.93
3 1.44

18

- 330. If
-.164; for hay, 1.31 = .137; for potatoes, 23.25
70.51
the usual method of forming index numbers were employed in this case to nieasure crop fluctuations, the

several crops would, in consequence of their different
receive disproportionate weights. The
method of calculating the index which we have employed obviates this difficulty.
Having now obtained an index of the fluctuation of
crops,we next consider the method of combining the rainfall of the critical periods of growth for the several crops.
The method will be clear if we bear in mind that the
critical period of growth of a crop is the combination of
months whose rainfall gives the highest correlation with
the yield. The mean effective monthly rainfall for the
critical period of a crop is the total rainfall of the critical
period of growth divided by the number of months making up the critical period. I n case of hay, for example,
the critical period of growth is March, April, May,
June. The mean effective rainfall for any given year
would be the total rainfall for the four months, March,
April, May, June, divided by the number of the months.
If the mean effective monthly rainfall for the several
crops is summed for each year and divided by the number of crops, a measure is obtained of the mean effective
monthly rainfall for the crops taken all together. In
Table IV of the Appendix to this chapter the mean
effective rainfall of the several crops, and of the crops
taken all together, is tabulated for each of the years
1870-1910.
We have now an index of the fluctuation of crops and
an index of the mean effective rainfall of the critical
Periods of the crops. The correlation between the
two series is r = .584. I n Figure 14 are traced the graphs

Rainfall and the Crops
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of the compound cycles that describe the two series,
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Passing now to a summary of the contents of this
chapter, we may collect our results in a series of propositions.
(1) The yield per acre of the four representative
crops, corn, hay, oats, and potatoes is associated with the amount of the rainfall of their
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each graph consisting of two cycles and their semiharmonics, a thirty-three years cycle describing the
g r o u n d - ~ ~ eand
l l the smaller cycle of eight years sumrnarizing the minor cyclical movements. The measure
of the degree of fit to the observations is, in case of the
yield curve, K =2.46, and in case of the rainfall curve,
K = 1.68. The yield curve reproduces the general
characteristic features of the rainfall curve.
Our findings with reference to the crops taken together are similar to what we discovered in case of the
single crops: The yield per acre and the rainfall of the
critical season are highly correlated; the rhythmical
movements of the yield and of the effective rainfall
may be accurately described by a compound cycle of
thirty-three years and eight years with their semiharmonics; and the yield curve reproduces the general
characteristics of the curve of effective rainfall.

a

respective critical periods of growth. In
three out of the four cases the degree of correlation lies between r = .589 and r = .666.
(2) The rhythmical changes in the yield per acre of
the crops and in the rainfall of the respective
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critical seasons may both be accurately described by a compound cycle cornposed of a
thirty-three years cycle with its semiharmonic, which summarizes the ground-swell of
the movement, and a superposed cycle of eight
years with its semiharmonic, describing the
shorter rhythmical movements.
(3) In three of the four representative crops, the
compound cycles summarizing the changes in
the rainfall of the critical periods of growth
and the changes in the yield per acre of the
crops are so nearly congruent that, considering the high correlation of the yield with the
rainfall, one may conclude, with a high degree
of probability, that the rhythmical movement
in the weather conditions represented by
rainfall is the cause of the cycles of the crops.
(4) The index of the fluctuation of the crops taken
together, and the index representative of the
mean effective rainfall during the critical
seasons are highly correlated, r = .584.
(5) The rhythmical changes in the index of the
fluctuation of the crops and in the index of
the mean effective rainfall are accurately
described by a compound cycle which is made
up of a thirty-three years cycle and an eight
years cycle with their semiharmonics, and
these two compound curves are, in their general characteristics, much alike.
(6) The investigation of the crops taken singly and
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taken together leads to the general conclusions :
( a ) that there is a rhythmical movement
in both the yield of the crops and in the
rainfall of the critical periods which is
summarized in a compound cycle, in
which the constituent elements are a
ground-swell of thirty-three years and
its semiharmonic, and a shorter superposed cycle of eight years with its
semiharmonic ;
(b) that the cyclical movement in the
weather conditions represented by rainfall is the fundamental, persistent cause
of the cycles of the crops.

Raznfall and the Crops

APPENDIX
TABLE I -THE CROPSOF ILLINOIS
YEAR

PER
YIEIDPERACREO F
YIELDPERACREo r
PER
I N BUSHELS ACRE OF
CORN,IN BUSHELS POTATOES,
HAY IN ACREOF
TONS OATS IY
ACTUAL REDUCED ACTUAL REDUCEDTon = 2000 BUSHELS
YIELD
Ibs
YIELD
YIELD
YIELD

P
A
-

1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
IS01
1902
1903
1904

1905
1906
1907
1908
1909
1910

35 2
38 3
39 8
21 0
18 0
34 3
25 0
29 0
27 1
35 0
27 2
19 4
23 0
25 0
30 0
31 4
24 5
19 2
35 7
32 3
26 2
33 5
26 2
25 7
28 8
37 4
40 5
32 5
30 0
36 0
37 0
21 4
38 7
32 2
36 5
39 8
36 1
36 0
316
35 9
39 1

35 2
38 1
35 4
20 4
17 2
33 3
23 8
27 6
25 5
33 2
25 2
17 2
20 6
22.4
27 1
28 3
21 2
15 7
32 0
28 4
22 1
29 2
21 7
21 0
23 9
32 3
35 2
27 0
24 3
30 1
30 9
15 1
32 2
25 5
29 6
32 7
28 8
28 4
238
27 9
30 9

81
61
75
40
55
128
75
93
67
88
75
48
85
92
79
87
67
33
80
99
30
92
52
53
50
77
97
38
70
96
90
35
118
72
108
75
97
87
71
91
75

-81 0
60 8
74 5
39 3
54 1
126 8
73 6
914
65 1
859
727
45 4
81 8
89 0
75 7
83 5
63 3
29 0
75 8
94 6
253
87 1
46 9
47 6
44 4
71 2
90 9
317
63 5
89 2
83 0
27 8
110 5
64 3
100 1
66 8
88 6
78 4
62 2
81 9
65 7

-

1 18
1 31

1 35
1 25
1 20
1 37
1 40
160
1 49
121
145
1 30
1 25
1 45
1 40
1 30
1 34
80
1 40
1 39
130
1 25
1 25
1 21
1 14
66
1 38
129
1 56
1 29
1 27
1 08
1 50
1 54
1 36
1 35
98
1 40
1 53
1 45
1 33

(

26 0
33 1
36 6
30 0
17 5
33 0
20 0
370
35 9
320
318
33 4
40 7
36 1
32 8
32 8
31 8
29 5
35 8
37 5
210
34 0
26 3
27 2
36 1
24 4
28 0
320
29 0
38 0
38 0
28 2
37 7
26 6
32 0
35 5
29 5
24 5
23 0
36 6
38 0
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CHAPTER IV
THE LAW OF DEMAND
Kann man nicht die Nachfragefunktion genauer feststellen, so
genau, dass wir nicht bloss ein eindeutiges, sondern ein konkretes
Resultat gewinnen? Ich glaube die Antwort xu hijren: Welch'
ein phantastisches Unterfangen-Unberechenbarkeit der wirtschaftlichen Vorgange-steter Wechsel-u. s. w!

JOSEPHSCHUMPETER.

QUESTIONS
affecting for the most part the supply of
commodities have thus far been the object of our investigation, but the inquiry as to the cause and law of
economic cycles must extend to a consideration of
cycles of values and prices. Since the rhythmical
variation in the supply of crops produces its effect upon
crop prices in accordance with the laws of demand for
the several crops, the obvious first and necessary step
in bringing the results of the preceding chapters to bear
upon the question of tjhe cause and law of economic
cycles is to solve the problem of the relation between
the variations in the supply of the several crops and
the resulting variations in their respective prices. It
is required to derive from existing data the concrete
laws of demand for the representative crops.

The Theory of Demand
The mathematical treatment of the theory of demand
furnishes two doctrines that are of importance in our
62
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work: The doctrine of the uniformity of the
demand function and the doctrine of the elasticity of
demand. The exposition of these two doctrines will be
facilitated by reference to Figure 15, in which, according to the usual practice, quantities of commodity are
measured upon the axis
of abscissas, and the corresponding prices per
unit, upon the axis of
ordinates.
The doctrine of the
uniformity of the demand
\nl
function, which is trace- 1
I I

YI

1

I1

M

M'

X

to Cournot'l but is 'FIGURE15. The law of demand.
especially stressed by
Professor Marshall, has been put in these words:
"There is then one general law of demand viz., that
the greater the amount to be sold, the smaller will
be the price at which it will find purchasers; or, in other
words, that the amount demanded increases with a
fall in price and diminishes with a rise in price.'' Re-

' Cournot: Recherches sur les principes mathhatiques de la thdorie
des richesses, $5 21, 22. Assuming that the relation between price
and the amount demanded is represented by F(p), he says, p. 54:
"Si la fonction F(p) est continue, elle jouira de la propri6t6 commune
toutes les fonctions de cette nature, et sur laquelle reposent tant
d'applications importantes de l'analyse mathkmatique: les variations de la demande seront sensiblement proportionelles aux variations du prix, tant que celles-ci seront de petites fractions du prix
orkinaire. D'ailleurs, ces variations seront de signes contraires,
cJest-&-direqul&une augmentation de prix correspondra une diminution de la demande."

The Law of Demand
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ferring to Figure 15, this statement means that if a t
any point in the demand curve DD', say the point P,
a straight line is drawn tangent t o the curve, then the
trigonometric tangent of the angle which the line makes
with the positive direction of the axis of x, is negative.
In Professor Marshall's words: "The one universal
rule to which the demand curve conforms is that it is
inclined negatively throughout the whole of its length."'
As we proceed we shall find that the law of demand for
some commodities does indeed conform to the type of
curve which has just been described, but i t will be a part
of the work of the next chapter to show that the doctrine of the uniformity of the demand function is an
idol of the static state-of
the method of cceteris
paribus-which has stood in the way of the successful
treatment of concrete dynamic problems.
Assuming that the law of demand for a given commodity is represented by the descending curve DD' in
Figure 15, the elasticity of demand for the commodity
when O n l units are bought is measured by the ratio
MM' . QP - is to say, in general terms, if the price
OM . P ~ That

of the commodit,y undergoes a small change, the amount
of the commodity that is demanded likewise undergoes
a small change, and the degree of the elasticity of demand for the commodity, in the given state of the market, is measured by the ratio of the relative change in

'

Marshall: Principles of Economics, 4th edit., pp. 174,174 note 2.
In the subsequent reasoning we shall call tk-is type of demand
curve the negative type.

the amount demanded to the small relative change in
the price. Or, more definitely, if "a fall of 1 per cent.
in price would cause an increase of 2 per cent. in the
amount demanded, the elasticity of demand would be
two;" if "a fall of 1 per cent. in price would cause an
increase of 'I3 per cent. in the amount demanded, the
elasticity of demand would be one-third; and so on." 1
I t will be observed that the theory of elasticity of
demand in this classical form is presented from the
point of view of infinitesimal changes in the two variable~-, price and commodity demanded. I t gives
the degree of elasticity of demand for a point in time,
for a given state of the market assuming all other
things to remain the same; and for this reason it may be
said to treat of elasticity of demand from a statical
point of view. But this is not its most serious limitation.
I t postulates a knowledge of the demand curve, and
while it gives an exposition of the method by which the
degree of elasticity of demand might be determined
provided the demand curve were known, there have
been grave doubts as to whether the practical difficulty
of deriving the demand curve would ever be overcome.
The problem before us is to derive the demand curve
from statistics; to measure the degree in which it is an
accurate description of the changes of actual industry;
and to give the numerical coefficients of elasticity of
demand for typical commodities.

' Marshall: Principles of Economics, 4th edit., pp. 177-178,
note.
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Two fundamental defects in the current theoretical
method of treating economic questions are exemplified
in the case of the theory of demand: first, the assumption is made that all other things being equal (the old
cceteris paribus), an increase in the supply of the commodity will lead to a corresponding fall in the price;
secondly, it is assumed that the concrete problem of
the relation of price and supply of commodity will be
simplified by attacking first the constituent elements
of the question rather than by attacking directly the
problem in its full concreteness. Neither assumption
is satisfactory nor indeed admissible. The "other
things" that are supposed to remain equal are seldom
mentioned and are never completkly enumerated; and
consequently the assumption that, other unmentioned
and unenumerated factors remaining constant, the law
of demand will be of a certain type, is really tantamount
to saying that under conditions which are unanalyzed
and unknown, the law of demand will take the supposed
definite form. The burden of proof is upon anyone
using this method to show that the assumption does not
a t least involve a physical impossibility.
The second of the above two assumptions is not more
satisfactory than the first. I t reproduces the defects
of the first assumption with others superadded. The
movement of prices results from changes in many
factors: According to the statical method, the method
of cceteris paribus, the proper course to follow in the

The Law of Demand
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explanation of the phenomenon is to investigate in
turn, theoretically, the effect upon price of each factor,
,-@teris paribus, and then finally to make a synthesis!
~~t if in case of the relation of each factor to price the
assumption caeteris paribus involves large and a t least
questionable hypotheses, does one not completely lose
himself in a maze of implicit hypotheses when he speaks
of a final synthesis of the several effects? We shall not
adopt this bewildering method, but shall follow the
opposite course and attack the problem of the relation
of prices and supply in its full concreteness.
The fruitfulness of the statistical theory of correlation
stands in significant contrast to the vast barrenness of
the method that has just been described, and the two
methods follow opposed courses in dealing with a
problem of multiple effects. Take, for example, the
question of the effects of weather upon crops. What a
useless bit of speculation it would be to try to solve, in a
hypothetical way, the question as to the effect of rainfall upon the crops, other unenumerated elements of
weather remaining constant? The question as to the
effect of temperature, caeteris paribus? How, finally,
would a synthesis be made of the several individual
effects? The statistical method of multiple correlation
formulates no such vain questions. I t inquires, directly, what is the relation between crop and rainfall,
not caeteris paribus, but other things changing according to their natural order; what is the relation between
crop and temperature, other things conforming to the
observed changes in temperature; and, finally, what is
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the relation between crop and rainfall for constant
values of temperature? The problem of the effects of
the constituent factors is solved only after the more
general problem has received its solution. This method
offers promise of an answer to the question as to the
relation between the effective demand price and the
supply of the commodity.
The chief difficulties in the computation of statistical
laws of demand are due to changes that occur in the
market during the period to which the statistics of
prices and of quantities of commodities refer. In order
that the statistical laws of demand shall have sufficient
validity to serve as prediction formula, the observations
must be numerous; and in order to obtain the requisite
number of observations, a considerable period must be
covered. This usually means that, during the interval
surveyed in the statistical series, important changes
occur in the condition of the market. But in case
of staple commodities, such as the agricultural products
with which we shall have to deal, the effects of those
changes in the condition of the market that obscure the
relation between prices and amounts of commodity may
be largely eliminated. As far as the law of demand is
concerned, the principal dynamic effects that need to
be considered are changes in the volume of the commodity that arise from the increasing population, and
changes in the level of prices which are the combined
result of causes specifically responsible for price cycles
and of causes that produce a secular trend in prices.
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The effects of these two fundamental changes may be
eliminated approximately by a single statistical device,
namely, by deducing the law of demand from a generalized treatment of the elasticity of demand.
The degree of elasticity of demand, according to the
classic formula, is measured by the ratio of the relative
change in the amount of the commodity that is bought
to the relative change in the price per unit of the com*odity.
Suppose, now, that instead of restricting
this conception to infinitesimal changes in price and in
amount of commodity, we extend it to the finite changes
that actually occur in the market. Then, the relative
change in the amount of commodity that is bought
may be correlated with the relative change in the
corresponding price, and the resulting appropriate
regression equation will give the statistical law of
demand for the commodity. By taking the relative
change in the amount of the commodity that is demanded, instead of the absolute quantities, the effects
of increasing population are approximately eliminated;
and by taking the relative change in the corresponding
prices instead of the corresponding absolute prices, the
errors due to a fluctuating general price level are partially removed. If the observations should cover the
period of a major cycle of prices, and the commodity
under investigation should be a staple commodity such
as the representative agricultural products with which
we shall have to deal, the above method of deriving the
demand curve will give an extremely accurate formula
summarizing the relation between variations in price
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and variations in the amount of the commodity that is
demanded.
The method may be illustrated by deriving the law of
demand for corn. In Table I of the Appendix to this
chapter are recorded, for the period of 1866-1911, in the
United States, the quantities of corn annually produced, the corresponding prices per bushel, the relative
changes in the quantity produced and the relative
changes in the price per bushel. If the correlation of
the relative change in the amount of corn that is produced and the relative change in the corresponding
price per bushel of corn is assumed to be linear, the
coefficient of correlation is r = -.789, and the equation
of regression is y = -.8896x+7.79, the origin being a t
(o,o). (See Figure 16.)
In Tables ' 11, 111, IV, of the Appendix to this
chapter, similar data are given for hay, oats, and
potatoes. The coefficients of correlation are, for
hay, r = -.715; for oats, r = -.722; and for potatoes,
r = -356. The regression equations are,
for hay, y = -.7643x+3.61;
for oats, y = -1.0455x+6.93;
for potatoes, y = - 1.2194x+15.75;
the origin in all cases being a t (o,o).
The high coefficients of correlation that have just
been given were obtained on the assumption that the
correlation between relative change in amount de1 The data of the Tables I, 11, 111, IV were taken from the Yearbook of the Department of Agriculture of the United States, for
1911.

FIGURE
16. The law of demand for corn.
y = - .8896x

+ 7 79, origin at (0, 0).
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manded and relative change in price is linear. We shall
see later on that the two variables are even more
intimately associated than would be suggested by the
high coefficients of correlation. Just now we wish to
know the form of the law of demand when the restriction involved in the assumption of linearity of regression is removed. What will be the statistical laws of
demand for the representative commodities corn, hay,
oats, and potatoes, if the regression of relative change in
price upon relative change in quantity of commodity is
assumed to be skew and of the type y = a+ bx +cx2+dx3?
The question is answered by fitting, according to the
Method of Least Squares, the equation y =a+bx+cx2+
dx3 to the data of Tables I, 11, 111, IV of the Appendix
to this chapter. The results of the computations are
exhibited in Figures 17, 18, 19,20 of the text.
The statistical laws of demand for the commodities
corn, hay, oats, and potatoes present the fundamental
characteristic which, in the cIassical treatment of demand, has been assumed to belong to all demand
curves, namely, they are all negatively inclined; that is
to say, speaking from the point of view of average
results, "the greater the amount to be sold, the smaller
will be the price at which it will find purchasers, or, in
other words, . . . the amount demanded increases
with a fall in price and diminishes with a rise in price." '
FIGURE
17. The law of demand for corn.

Marshall: Principles of Economics, 4th edit., p. 174. In case of
the law of demand for hay, there is a slight upward turn a t the extremity of the curve. This is due to one extreme observation, and
the variation is not a significant exception to the above general rule.

Y = -94

- 1.0899~+ .02391x¶- .000234x3,origin at (0, 0).
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Percenfage chanje in fheproducfion o f oafs

FIGURE
19. The law of demand for oats.
Y = 8.22 - 1.1904s - ,00663~2 .000273xs,origin at (0,0).

+

y

=

FIGURE
18. The law of demand for hay.
4.17 - .9460x - .00770xz .000385x3, origin at (0, 0).

+
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But unlike the classical theory of demand which was
limited to the simple enunciation of this one characteristic, c ~ t e r i sparibus, the statistical laws that have just
been derived apply to the average changes that society
is actually undergoing. They summarize the change5
in prices that are to be expected from changes in the
supply of the commodity, thus enabling one to predict
the probable variation in price that will follow upon an
assigned variation in the amount of the commodity.
They exhibit the connection of probable results not
only in a qualitative but also in a quantitative form.
The Prediction of Prices

FIGURE
20. The law of demand for potatoes.
y = 1.77
1.50622
.02489xe
.000197x3, origin a t (0,0).

-

+

-

I t has been said that the statistical laws of demand
enable the economist to predict the probable variation
in price that will follow upon an assigned variation in
the quantity of commodity that is to be sold. How
accurate are the results of prediction that are based
upon the statistical law of demand?
The accuracy of the prediction in the case of any
given commodity will vary according to the degree of
fit of the type of curva that is assumed to represent the
relation between the relative change in price and the
relative change in the quantity of the commodity. If,
for example, the commodity in question is corn in the
United States, and the type of demand curve is assumed
to be linear, then, according to the results in foregoing
pages, the correlation between the two variables is
r =--.789, and the regression equation is y =-.8896~
i-7.79, the origin being a t (o,o). (Figure 16 will facili-
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tate the discussion of the case.) By means of this law
of demand it is possible to predict the probable change
in the price that will follow upon a given change in
the quantity to be sold. In 1911, in the United States,
the quantity of corn produced was 2,531,488,000
bushels, and the mean farm price on December 1, 1911
was 61.8 cents. In 1912 the quantity of corn produced
was 3,124,746,000 bushels; what, then, was the probable
price of corn on December 1, 1912? The percentage
change in the quantity produced was 23.44. Substitute this value for x in the formula for the law of
demand y = -.8896x +7.79, and solve for the value
of y. I t is found that the probable change in price would
be a fall of 13.06 per cent., which, since the price in
1911 was 61.8 cents, would give 52.7 cents as the probable price for December 1, 1912, whereas the actual
price was 48.7 cents.
According to the theory of linear correlation, the
accuracy of the regression equation as a prediction
formula is measured by S = C u d1 - r2, where r is
the coefficient of correlation between the variables,
uu is the standard deviation of the variable y about
its mean value, and S is the root-mean-square deviation of the actual observations about the regression
line; or, in other words, S2is the mean value of the
mean-square deviations about the regression line, of
the observations in the several arrays of y's. From
the Table of the Probability Integral it is known
that in a symmetrical distribution of observations
about their mean value, 68 per cent. of all the observa-
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tions fall within * the root-mean-square deviation of
the observations from their mean value ; 95 per cent.,
between k twice the root-mean-square deviation; and
99.7 per cent. between * three times the root-meansquare deviation. I t is therefore possible, by means
of the Probability Integral, to affix the degree of probability that a deviation shall fall within any given
or submultiples of the root-mean-square
deviation. I n case of the use of the linear law of demand for corn in the United States as a prediction
formula, the root-mean-square deviation of the observations about the demand curve was S = u , d 1 2 =
15.92 per cent. That is to say, if we assume the law of
demand that was based upon observations from 1866
to 1911 to hold in 1912, then it is 95 to 5, or 19 to 1,that
the percentage variation in the actual price for 1912
from the percentage variation as calculated from the
law of demand will be between * 2 (15.92)) or 31.84
per cent. The calculated percentage change in the
price for 1912 was a fall of 13.06 per cent.; the actual
fall was 21.20 per cent., giving a difference of 7.14 per
cent.
The precision with which the linear law of demand
may be used for the prediction of the price of corn in
the United States justifies the belief that for some purPoses it is unnecessary to seek a greater degree of
accuracy than is afforded by the simple linear laws.
But it is well to be able to reach the
degree
of precision, and for this reason we have fitted, to the
data of the Tables in the Appendix, the more complex
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curves y = a bx+cx2+dx" the graphs of which, in case
of the representative commodities corn, hay, oats, and
potatoes, are given in Figures 17, 18, 19, 20. What is
the gain in precision when the more complex curve is
substituted for the simple straight line? The scatter
of the observations about the straight line of regression
was measured, a while ago, by taking the root-meansquare deviation of the observations about the line,
I n order to compare
that is, by using S = u,d1 -1-2.
with this result the distribution of the observations
about the more complex curve, y =a +bx+cx2+dx3,
the distribution about the latter curve will likewise be
measured by the root-mean-square deviation of the
observations, I n the little table given below, the
measures of scatter of the observations for the two
types of demand curves are presented in a form that
will make comparison easy.

Crops

Corn. . . . . . . . . . . .
Hay. . . . . . . . . . . . .
Oats . . . . . . . . . . . . .
Potatoes. . . . . . . . .

/

When the regression is linear

When the regression is skew

15.92 per cent.
9.53 " "
16.02" "
21.28 " "

7.36 per cent.
4.65 " "
10.17

1

9.94

"
"

"

"

-

Tt is clear that in all cases a gain in precision is obtained by using the more complex curve.
Before leaving this topic a remark should be rnade
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that has a bearing upon the a priori theory of demand.
In treatises on pure economics, particularly in those in
which mathematical analysis is employed, the masters
of the a priori method point out what they regard as
the extreme difficulty of the actual problem of the relation of price to quantity of commodity-a difficulty
growing out of the interrelation of the many factors in
the problem. If, to limit the illustration to a simple
case, one wishes to know how the price of corn is related to the quantity of corn that is produced, he is
told that the problem is inextricably complex: If there
is a deficiency in corn, then hay, or potatoes, or oats,
or all three may be substituted in part for corn, and consequently the variation in the price of corn that follows upon a deficiency of corn cannot be traced without knowing in what degree, when the price of corn
varies, hay, oats, and potatoes are used as substitutes.
But this is not all. The degree in which hay, oats, and
potatoes are substituted for corn is dependent not only
upon the price of corn but also on their own several
prices, and these latter prices are, in turn, dependent
upon the supply and price of corn! This statement of
the problem, complex as it appears, is unduly simplified; and it is presented not in order to ridicule the work
of the masters who have elaborated the method of
stating the problem in the form of simultaneous equations, but to show how hopelessly remote from reality
is the very best theoretical treatment of the problem
of the relation of price to the quantity of commodity,
and to suggest, from the results of the meceding pages
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of this chapter, how imaginary, theoretical difficulties
are dispelled by solving real problems.
Of course it is theoretically possible when there is a
deficiency in the production of corn, that oats, hay, and
potatoes may be substituted in part for corn, but instead of conjuring up these and other possibilities that
are never tested, would it not be wise to ascertain first
just how closely is the variation in the price of corn
related to the variation in its own supply? When the
statistical investigation is made and it is found that
the correlation coefficient is r = -.789, and that when
a skew relation is assumed instead of the usual linear
relation, the connection between the variables is still
closer, one sees very clearly, if our illustration is a
typical case, that for most of the problems of actual
life, it is unnecessary to face the complex possible interrelation of phenomena contemplated in the theoretical treatment. For the sake of economy of time and
of talent, theoretical and statistical work should go
hand in hand. Even the complex theoretical problem
that has just been sketched may be tested as to its
hypotheses and conclusion by the statistical method
of multiple correlation.

tion, we are able, by means of the laws of demand for
the several commodities, to measure their respective
degrees of elasticity of demand. I t will he recalled that,
in the form in which the laws of demand have keen
p-esented in preceding pages, the variable x has been
taken to represent the relative change in the quantity
of the commodity, and the variable y, the corresponding
relative change in the price. The coefficient of the
dx
elasticity of demand, therefore, is equal to - when x is
dy
zero. All that is needed to obtain the measure of the
degree of elasticity of demand is to differentiate y with
respect to x in the equation to the law of demand,
place x =zero, and then take the reciprocal of the result.
The method may be illustrated in case of the four
representative commodities, corn, hay, oats, and potatoes. The law of demand for corn-see Figure 17-is
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Elasticity oj' Demand
The coefficient of the elasticity of demand for a
commodity has been described as the ratio of the relative change in the quantity of the commodity demanded
to the relative change in the price, when the relative
changes are infinitesimal. Starting with this descrip-
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y = .94- 1.0899~+ .02391~2
- .000234~3
dy
Therefore, - = - 1.0899 + 2(.02391)x- 3(.000234)xz
dx
d~ = -1.0899, dx =---- 1 - .92
When x = 0,dx
dy
1.0899

and consequently the coefficient of the elasticity of
demand for corn is -.92. Since the law of demand for
hay is
y = 4.17-.946x -.0077x2 + .000385~5

d_y
= -.946 when x
dx

=

zero,

and the coefficient of elasticity of demand is -1.06.
For similar reasons the degrees of elasticity of demand
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for oats and for potatoes are respectively, -34 and
h.66.
I n obtaining these numerical values for the coefficient
of elasticity, the laws of demand for the respective
crops have been assumed to be parabolas of the third
order. If the linear laws of demand had been taken for
the purpose, the coefficients of elasticity would have
been different. For example, the law of demand
for corn-see Figure 1 6 4 s y = -.8896x+7.79 which
would give

=-.8896,

or

ax
-

d!i

=-1.12,

whereas the

coefficient was -.92 in case of the more complex curve.
This discrepancy between the results when different
types of curves are used for the demand curve shows the
need of care in drawing conclusions that are based upon
numerical values of the coefficient of elasticity. The
discrepancy does not invalidate the method. When
different measures of degrees of elasticity are afforded
by different types of curves, there, is a perfectly satisfactory criterion which makes it possible to decide
between different coefficients of elasticity: The coefficient is to be preferred which is deduced from the demand curve that fits the data with the highest degree of
probability. The demand curve that fits best the data
affords the best measure of the degree of elasticity of
demand.
The conclusions of this chapter may be briefly summarized. In the closing quarter of the last century
great hopes were entertained by economists with
regard to the capacity of economics to be made an
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rrexact science." According to the view of the foremost
theorists, the development of the doctrines of utility
and value had laid the foundation of scientific economics
concepts, and it would soon be possible to
in
erect upon the new foundation a firm structure of
interrelated parts which, in definiteness and cogency,
would be suggestive of the severe beauty of the
mathematico-phy~icalsciences. But this expectation
has not been realized. On the contrary, faith in the
possibility of an adequate "exact" treatment of the
science has progressively diminished, and interest in
economic theory in general has decidedly lost ground.
There must have been something fundamentally wrong
with the traditional handling of the subject, for certainly it must be admitted that the parts of a science
most worthy of study are precisely those parts which are
concerned with the general and the universal. Why,
then, should there have been the gradual dissipation of
interest in theoretical economics?
The explanation is found in the prejudiced point of
view from which economists regarded the possibilities of
the science and in the radically wrong method which
they pursued. I t was assumed gratuitously that
economics was to be modeled on the simpler mathematical, physical sciences, and this assumption created
a prejudice a t the outset both in selecting the data to be
investigated and in conceiving of the types of laws that
were to be the object of research. Econoniics was
to be a "calculus of pleasure and pain," a "mechanics of
utility," a "social mechanics," a "physique sociale."
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The biased point of view implied in these descriptions
led to an undue stressing of those aspects of the science
which seemed to bear out the pretentious metaphors,
One would naturally suppose from this manner of
conceiving the science that the economic theorists
would a t once have entered upon their task with the
methods that had proved themselves useful in the
physical sciences. But this they did not do. They
seemed to identify the method of physical sciences with
experimentation, and since, as they held, scientific
experimentation is impossible in social life, a special
method had to be devised. The invention was a disguised form of the classical cceteris paribus, the method
of the static state.
The point of view that has been exemplified in this
chapter is that the facts in their full concreteness must
never be lost from sight ; that the laws which are sought
are of necessity, a t first, proximate laws, laws that
obtain in full empirical reality, and are means of arriving a t laws of larger generality; that the method to be
followed is the method which makes progress from the
data to generalization by a progressive synthesisthe method of statistics.'
With regard to the methodology of the social sciences, the
writings of Cournot are always helpful. The following quotation
is taken from a treatise published thirteen years after his epoch
making Recherches sur les principes mathbmatiques de la thborie des
richesses.
Si nous restons dans l'ordre des causes secondaires et des faits
observables, le seul auquel la science puisse atteindre, la thkorie
mathematique du hasard . . . nous apparait comme l'application
la plus vaste de la science des nombres, et celle qui justifie le mieux
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Starting with this point of view and pursuing the
that has just been described, we have attacked
the old problem of the form of the law of demand. We
have obtained the concrete laws of demand for representative commodities, have affixed the degree of precision with which the laws may be used as formulz for
predicting prices, and have measured the elasticity of
demand for the respective commodities.
In all likelihood it will be said that what we have
achieved is not exactly what the partisans of the method
of cceteris paribus proposed. To this criticism we reply
that their immediate problem of the relation of price and
quantity of commodity, cceteris paribus, was vaguely
conceived and actually abandoned by those who sought
to give it definiteness, as being incapable of concrete
I'adage: M u n d u w ~regunt numeri. E n effet, quoiqu'en aient pens6
certains philosophes, rien ne nous autorise h croire qu'on puisse
rendre raison de tous les ph6nomhnes avec les notions dlCtendue, de
temps, de mouvement, en un mot, avec les seules notions des grandeurs continues sllr lesquelles portent les mesures et les calculs du
gbom8tre. Les actes des 6tres vivants, intelligents et moraux ne
s'expliquent nullement, dans lJ6tat de nos connaissances, et il y a
de bonnes raisons de croire qu'ils ne s'expliqueront jamais par la
mecanique et la g6om6trie. 11s ne tombent donc point, par le c6t6
geometrique ou mecanique dans le domaine des nombres, mais ils
s'y retrouvent placbs, en tant que les notions de combinaison et de
chance, de cause et de hasard, sont suphrieures, dans l'ordre des
abstractions, A la geometric et A la mkcanique, et s'appliquent aux
ph~norn6nesde la nature rivante comme A ceux que produisent les
forces qui sollicitent la matiere inorganique; aux actes rCflkchis des
libres, comme aux determinations fatales de llappCtit et de
l'instinct.
Essai sur les jondements de nos connaissances et sur les caractLres
de la critique philosophiq~ce, vol. 1, pp. 64-65.
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solution; that when the problem is clearly stated, it
admits of solution by means of a method which we have
indicated, the method of multiple correlation; and that
what we have achieved is the solution of their ultimate
problem of the relation of price and quantity of commodity in a dynamic society.
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TABLE 1V.-THE
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AND THE PRICE
OF POTATOES
IN
THE UNITEDSTATES

CHAPTER V
THE MECHANISM O F CYCLES
"Agriculture is the Foundation of Manufacture and Commerce."
-Motto of the United States Department of Agriculture.

THUSfar in our investigation of the cause and law of
cycles, we have shown that the annual rainfall
in the principal grain-producing area of the United
States passes through definite, well-defined cycles; and
that the yield of typical, leading crops is so closely
related to the rainfall of their respective critical seasons
that the cyclical movement of the rainfall of the critical
seasons is approximately reproduced in the yield per
acre of the corresponding crops. These cycles of crops
constitute the natural, material current which drags
upon its surface the lagging, rhythmically changing
values and prices with which the economist is more
immediateIy concerned. In order to understand the
connection between the flow of the undercurrent of
agricultural yield and the surface changes of values and
prices, we have taken the necessary first step of connecting the prices of agricultural commodities with
their supply. But the supply varies with the acreage as
well as with the yield, and consequently to carry further
Our investigation we must know how closely the prices
crops are related to their yield.
93
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The Prices of Agricultural Commodities Correlated with
the Yield of the Several Crops
The method employed in the preceding chapter to
derive the law of demand of the several crops contained
two stages: As a first stage, the correlation between the
relative change in the total supply and the corresponding relative change in price was assumed to be linear,
and upon the hypothesis of linearity of regression, the
demand curve was computed and the degree of accuracy
with which prices might be predicted from such linear
demand curves we showed how to measure. The second
stage in the theory of demand curves was to assume a
skew relation between relative changes in price and
supply, and we found that the degree of accuracy with
which prices might be predicted from the skew demand
curves was greater than when the law of demand was
assumed to be linear. We shall follow these two stages
in treating the relation between the yield per acre and
the price of the crops.
If the correlation between the relative change in
yield per acre and the relative change in price is assumed to be linear, we obtain for the coefficients of
correlation in case of the four typical crops, the values
placed in the first row of the accompanying Table,
which, for purpose of comparison, also presents the
corresponding coefficients in case of the linear demand
curves.
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A COMPARISON
O F THE COEFFICIENTS
O F CORRELATION
IN
CASE OF LINEAR
YIELD-PRICE
CURVES
AND OF LINEAR

I
Relative change in
yield per acre and
relative change in
I price

/i

Corn

-,

1

Oats

-. 656

815

l~elative change in11
total supply and
--.789
relative change in
price

Hay

-,

I

I

I

I
--,715

1 potatoes1

7 18

-.722

-,

873

I

I

I

I
--.856

The data used in the above computation were, in
case of the yield-price curve, the average yield per acre
of the respective crops in the whole of the United
States and the corresponding average prices for the
United States, on the first of December of the years in
which the crops were produced. The data for the
demand curves, i t will be recalled from the preceding
chapter, were the total supply of the respective crops
in the United States and the corresponding prices on
December 1. The period covered in both cases was
from 1866 to 1911, inclusively. The data were obtained from recent Yearbooks of the United States
Department of Agriculture.
It appears, from the coefficients of correlation given
in the above Table, that i t is possible to predict the
prices of the crops from the yield per acre with the same
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precision with which prices may be predicted from the
demand curves. Or, to put the idea in another form,
the productivity of the soil is as closely related to the
prices of crops as the supply of the commodity is related
to the same prices. In the chapter on the "Law of
Demand," we found that, when the relative change in
the supply is given, the mean shift in the corresponding
change of price may be obtained from the regression
equation, and that, furthermore, the root-mean-square
deviation of the observations may be computed by
the formula S = c v d l - r 2 . This same formula may
be used for a similar purpose in case of the yield-price
curves.
We come now to the second stage in the derivation of
the relation between price and the yield per acre of
crops. We assume that the relation between the yield
per acre and the price of a crop is skew, and that the
relation between the two may be expressed by an
equation of the form y =a+bx+cx2+dx3.
In Figure 21, the skew yield-price curves of our four
representative commodities are drawn to a percentage
scale. The equations to the curves, which were computed by the Method of Least Squares, are given upon
the Figure. The root-mean-square deviation of the
observations from their respective yield-price curves
are given in the following Table which, for purposes
of comparison, reproduces the coefficients that were
found, in the preceding chapter, to measure the deviation of the observations about the skew laws of demand.
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FIGURE
21. The relation between the price and the yield per acre of the
several crops.
When the origin is a t (0,O),the equations are
For corn, y = .17 - 1.2989s .01892x2- .000137x3.
For hay, y = 1.17 - 1.02152 .01549x2 f .00009x3.
For oats, y = - 1.49 - 1.13462 .02324x2 - .000238x5.
For potatoes, y = .49 - 1.48632 ,01993~2
- .000141xa.

+
+

+
+
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Corn

yield-Price

Curves

Demand
Curves

1

Hay

I

Oats (Potatoes1

I I I I I
--

/

5.48

5-72

7.36

4.65

7.05

)

10.17

9.39

1

0.94

1

From the results given in the last two Tables, it is clear
that the prices of the representative crops are as closely
related to the yield per acre as to the total supply of the
crops. This conclusion is of importance in the task of
connecting the cycles in the productivity of the soil with
the cycles in values and prices.
I n obtaining the preceding close relations between the
changes in prices and changes in yield, the figures for the
whole of the United States were employed. The object
of broadening the field of observation from the detailed
investigation of the Middle West to the whole of the
United States was two-fold: First, it seemed likely, a
priori, that a more intimate relation between prices and
yield would be obtained if the large market of the whole
country were substituted for the local market of Illinois;
secondly, because the object of this chapter is to bring
the physicaI cycles of crops into relation with the
industrial and commercial changes of the whole country,
and to this end it seemed desirable that the crops of the
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whole country should be considered. We need, however, to assure ourselves that, in taking this more
comprehensive view of the yield of crops, we have not
lost the characteristic cyclical movement of the yield
which we discovered in the more limited study. We
desire to know how closely the yield per acre of the
whole country is correlated with the yield per acre of
our representative state of Illinois.
The correlations of the annual differences in the yield
per acre in Illinois and the annual differences in the
yield per acre in the United States were, in case of our
four typical crops, for corn, r = 355; for hay, r = .745;
for oats, r = .800; for potatoes, r = 343. The period
covered in all cases was from 1866 to 1912 inclusively.
The data were obtained from Bulletins, 56, 58, 62, 63
of the Bureau of Statistics of the United States Department of Agriculture and from the recent Yearbooks of
the same Department. A reference to the Table given
a moment ago will show that the yield per acre of crops
in Illinois is a t least as closely related to the yield per
acre of the same crops in the United States, as the prices
of the several crops are related either to the supply
of the crops or to the yield per acre of the crops. Moreover, the very high values of the coefficients leave but
little room for doubt that the cyclical movement of the
yield per acre in the Middle West is representative of
the movement of the crop yield in the whole of the
United States.
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Rising and Falling Prices as Related to Yield-Pria
Curves
Thus far it is clear that the prediction of agricultural prices is dependent upon a knowledge (1) of the
law of the variations of price with the yield per acre,
and (2) of the law of the annual change in the yield per
acre of the several crops. If the relation between prices
and yield per acre were constant, the theory of agricultural cycles would be completely elucidated; for, once
having discovered the law of the relation of price to
yield per acre, nothing more would be necessary then
to connect the yield with the meteorological conditions
of its critical season, and the resulting prices for a long
term of years could be predicted with great probability.
But the relation between the price of the crops and the
yield per acre varies with the level of general prices, and
it is of the first importance to know the manner of variation.
If the course of prices in the United States for the
period 1866 to 1911 is examined, it will be seen that,
in general terms, we may with justness characterize the
period 1866 to 1890 as a period of falling prices, and the
period 1890 to 1911 as a period of rising prices. If
therefore, in case of each of our representative commodities, we construct two yield-price curves, one
for the period of falling prices and one for the period of rising prices, we shall, by comparing the two
curves for the two periods, discover how the demand
curves, or yield-price curves, vary in periods in which
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the movement of general prices is in opposite directions.
I n Figure 22, the eight curves are drawn. Comparing the curves in the two periods for each of the four
representative crops we infer that
(1) the demand schedule or yield-price curve is high
when the general level of prices is high; and
the demand schedule is low when the general
level of prices is low;
(2) the general run of the curves remains nearly the
same. That is to say, the principal difference
between the period of falling prices and period
of rising prices is that the yield-price schedules
move down or up.
These are general statements in which quite obvious
deviations are ignored and which, consequently, do
not pretend to quantitative accuracy. The construction of the curves is dependent upon too few observations to admit of attaching significance to the apparent
exceptions to the rule.
Since the prices of the representative crops are, as we
know, dependent upon the yield per acre and the law
of the relation between prices and the yield per acre,
and since, as we have proved, the yield-price curves
move with the general level of prices, our desideratum
is to discover what determines the change in the level
of general prices.

102

Economic Cycles: Their Law and Cause

The Mechanism of Cycles

103

T h e Volume of Crops and the Activity of Industry
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FIGURE
22. The relation between the price and the yield per acre of the
several crops.
When the origin is a t (0,0), the equations are
yrs. 1866-1889, - .-, y = - - 2 . ~ 1 . 0 2 9 9 x + . 0 1 9 2 6 x ~ . 0 0 0 3 1 2 x 3 .
For corn
yrs. 1890-1911, -, y = 3.06-1.4894x+.01737x~.000049x3.
yrs. 1866-1889, - - -, y =-5.72-1.6435s+
.07798x2-.000574x3.
hay
Iyrs. 1890-1911, -, y = 5.41- .7306x-.00S91x~+.000075x3.
yrs. 1866-1889, - -- , y = -2.78-1.6039~-.00546xZ+
.000778x3.
F O ~oats
yrs. 1890-1911, -, y =
.99-1.0240~+.02394~~.000383~~.
yrs. 1866-1889, - - -, y =-3.92-1.4424~+.01684~2--.000020x3.
1890-1911, -, y =- . 9 1 - 1 . 6 0 6 8 ~ + . 0 3 8 3 1 ~ ~ . 0 0 0 3 9 7 ~ ~ .
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We shall approach the problem of the cause of the
changing level of prices by considering two preliminary
which will enter into the subsequent argument: (I) Is there any relation between the changing
volume of the crops and the changing volume of those
goods whose fluctuations are generally regarded as indices of the activity of trade? (2) Is the
law of demand for crops the type of law that is reproduced in the demand for all commodities, or is it not
rather the case that the law of demand for pure producers' goods is of a different type from the law of
demand for those commodities of which our four crops
are samples?
The first of these two questions we shall consider in a
form modified to bring its significance to bear upon the
results that have already been established. The volume
of crops varies with the extent of the acreage and with
the average yield per acre. The question of interest
to us a t this point is whether the volume of producers'
goods fluctuates with the yield per acre of the crops.
w e shall investigate this question, and, as a means of
carrying forward our inquiry, we first construct an
index number of the yield per acre of crops. The nine
crops of the United States whose yield per acre throughout a long period is recorded in the Yearbooks of the
Department of Agriculture are: corn, wheat, oats, barley1rye, buckwheat, potatoes, hay, cotton.' If, in case

' The figures for the yield per acre of cottoll, 1870-1610, were ob-
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of each of these crops, the mean yield per acre for the
years 1890-1899 is taken as a base, and the yield per
acre for each of the years 1870-1911 is expressed as a
ratio of the base, comparable indices for the crops during the period of forty-two years will be obtained. I n
order to combine the nine series of figures into a series
that shall be representative of the whole of agriculture,
the several series must be properly weighted. The
method of weighting that was adopted in this particular
case was to assign to each crop an importance proportionate to its value as compared with the total value of
the nine crops in 1911. The several weights were: for
corn, 36; wheat, 12; oats, 9 ; barley, 3; rye, .7; buckwheat, .3; potatoes, 6 ; hay, 16; cotton, 17. The index
numbers are given in Table I of the Appendix to this
chapter.
Before comparing the index number for the yield
per acre of the crops with the volume of producers'
goods, we must make sure that we are keeping close
to the results obtained from a detailed investigation
of our four representative crops. If an index number of
the four representative crops is constructed upon the
same principle as the index for the nine crops, how
closely would the indices be correlated? I n computing
the index of the yield per acre of the four representative crops, the weights assigned were: for corn, 50;
hay, 28; oats, 15; potatoes, 7. The index is given in
tained from Circular 32, Bureau of Statistics, U. S. Department of
Agriculture. The yield for 1911 was obtained from the Yearbook
of the Department of Agriculture, 1911.
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Table I of the Appendix to this chapter. The coefficient of correlation between the index for the four
representative crops and the index for the nine crops,
is r = .960.
1t is a common observation of miters on economic
crises that the production of pig-iron is an unusually
good barometer of trade. The amount of pig-iron
that is annually produced swells with the activity
and volume of industry and trade, and it is among the
first commodities to indicate the general shrinking in
the ultimate demand which checks the activity of
trade and causes its temporary decline. Is there any
relation between the movement of this barometer of
trade, the production of pig-iron, and the cycles of the
crops? Can it be that the increase and decrease of the
"ultimate demand" which lies back of the flow and
ebb of trade has its source in the cyclical movements
of the yield per acre of the crops?
The data for testing whether there is a relation between the yield per acre of the crops and the annual
production of pig-iron are the statistics of the annual
production of pig-iron and the index numbers of the
yield per acre of our nine crops.
The method of testing the relation presents difficulties, and as it will be used again to measure the relation
between the cycles of crops and the cycles of general
prices, we shall have a firmer grasp upon our problem
if we stop now to gain a clear idea of the terms that
continually occur in the argument. In any one of the
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series of figures that we shall use there are three distinct
movements which need to be discriminated, and when
any two of the series are compared, another important
characteristic of the series requires to be taken into
account. The three movements that are combined in
each series are:
( a ) The continuous fall or rise of the figures with the
flow of time. This movement will be referred
to as the secular trend of the figures;
(b) The rhythmical fluctuation of the figures about
their secular trend. When this movement
superposed upon the secular trend is the object of investigation, the combined movement
will be referred to as the general cyclical
movement of the figures. When the rhythmical movement unaffected by the complicating trend is being considered, it will be referred
to simply as the cycles of the figures:
(c) The year to year temporary fluctuation about
the general cyclical movement. These fluctuations will be referred to as the deviations of
the figures.
When the cycles of any two series are compared, it will
frequently happen, particularly if the one series is the
cause of the other, that there is a considerable interval
between the corresponding parts of the cycles in the
two series. This interval will be referred to as the lag
of the second series.
We shall be interested throughout the rest of this
chhpter primarily in the interrelations of cycles of
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crops, cycles in the activity of industry, and cycles in
general prices. But we approach our general problem
by considering first the temporary fluctuations which
we have agreed to call deviations, and we inquire
whether there is a relation between the deviations of
the yield of the crops and the deviations in the production of pig-iron. The method that was adopted was
first to obtain the general cyclical movements of the
two series by averaging, in case of each series, the
figures for each year with the figures that immediately
preceded and followed the given year. For example,
the index number of the yield per acre for the years
1870, 1871, 1872, 1873 were respectively 108, 105, 110,
99. The smoothed figure for the yield per acre in 1871
108+105+110 323
would therefore be
- --- = 107.7. Simi3
3
larly, the smoothed index for 1872 would be 104.7. I n
Tables I1 and I11 of the Appendix to this chapter are
presented the original and the smoothed figures for the
production of pig-iron and for the index number of the
yield per acre of the nine crops. The statistics of the
production of pig-iron were obtained from the Statistical Abstract of the United States for 1912, p. 774.
After the general cyclical movements of the two series
were determined, the deviations of the actual figures
from the smoothed figures for each of the years were
calculated for both series of figures. These deviations
are also given in Tables I1 and I11 of the Appendix to
this chapter. The question upon which these differences are to throw light may be put in this form: I s
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the deviation of the yield per acre of the crops from its
general cyclical movement associated with the deviation, in the following year, of the production of pigiron from the general cyclical movement of pig-iron?
The answer is found by correlating the differences,
always remembering that the difference for the yield
per acre in any given year is to be taken with the difference of the production of pig-iron in the following
year. The coefficient of correlation is r = .254.

the yield per acre of the crops and of the production of
pig-iron.; in columns 3 and 6, the values of the linear
secular trends are given; and in columns 4 and 7, the
deviations of the cyclical movement from the secular
trend are recorded. These last deviations are the material for calculating the connection between the cycles
of the yield per acre of the crops and the cycles of the
production of pig-iron.
If the deviations of the cycles from their respective
secular trends are correlated, the coefficient of correlation reaches the value, r = .625, but we must not be
content to assume that even this relatively high coefficient represents the full degree of the relation between the cyclical movement of the crops and the
cyclical movement of the activity of industry as that
activity is typified in the production of pig-iron. I t is
quite likely that the good or bad crops may produce
their maximum effect a t a considerable interval after
the period in which the crops are actually harvested.
Time is required for the changing productivity of
crops to work out its maximum effect, and this causes
a lag in the adjustment of the cycles of the activity of
industry to the cycles of the yield of the crops. We
must therefore measure the amount of the lag.
If instead of correlating the cycles of the yield of the
crops and of the production of pig-iron for corresponding years, we correlate them for lags of various intervals,
we shall find it possible to determine the lag that will
give the maximum coefficient of correlation, and this
Particular value of the lag we may then regard as the
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We come now to the association between the cyclical
movement of the yield per acre of the crops and the
cyclical movement of the production of pig-iron. Each
of these movements is superposed upon a rising secular
trend, and before we can test the degree in which the
cycles are related the secular trends must be eliminated.
If, as a first approximation, the secular trend in each
case is assumed to be linear, then by fitting a straight
line to the data, it is possible to calculate the fluctuations of the cycles of crop yield and of production of
pig-iron about their respective trends, and these fluctuations may be correlated. I n Table IV of the Appendix
to this chapter, the data for the calculation of the connection between the cycles are given. I n columns 2
and 5 are tabulated the general cyclical movements of
1

The equations t o the linear secular trends are, respectively,

y = .1844x+98.57, for the yield per acre of c r o p ; and y=582.71~+

9525, for the productio~lof pig-iron. The origin in the first case is
a t 1871 and in the latter case, a t 1890. The first equation nas computed from the data for the years 1871-1906, and the second equation, from the data for 1871 to 1910.
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interval of time required for the cycles in the crops to
produce their maximum effect upon the cycles of the
activity of industry. When the calculation of the coefficients of correlation is made according to this plan,
it is found that for a lag
Of
Of
Of
Of
Of

zero years,
one year,
two years,
three years,
four years,

r = .625;
r = .719;
r = .718;
r = ,697;
r = .572.

I t is clear, therefore, that the cycles in the yield per
acre of the crops are intimately related to the cycles in
the activity of industry, and that it takes between one
and two years for good or bad crops t o produce the
maximum effect upon the activity of the pig-iron industry. Figure 23 illustrates the general congruence
of the cycles of the crops and of the cycles in the production of pig-iron when a lag of two years is eliminated.
As to the general question concerning the relation
between the harvests and the activity of industry, we
may conclude from our statistical inquiry that there is
a positive, intimate connection, and very probably a
direct causal relation, between the bounty or niggardliness of nature and the flow or ebb of trade.l

A New Type of Demand Curve

h moment ago, we saw that two preliminary problems
had to be treated before we could pass to the direct
1 In a later section of the chapter the method that has been used
in treating this problem will be employed for another purpose and
will then be illustrated in dctail by means ~f graphs.
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consideration of the cause and law of cycles of general
prices. The first of these preliminary problems, namely,
the influence of the bounty of nature upon the volume
and activity of trade, we have just discussed, and we
come now to the second preliminary problem, which
we shall put in the form of a question: Are all demand
curves in a dynamic society of the same type as the
demand curves for the representative crops: corn, hay,
oats, and potatoes?
This question must be answered as a preliminary to
the more fundamental inquiry as to the cause of cycles
of general prices, because if we assume that all demand
curves are of the same negative type, we are confronted
with an inlpossibility a t the very beginning of our investigation. Upon the assumption that all demand
curves are of the negative type, it would be impossible
for general prices to fall while the yield per acre of
crops is decreasing. I n consequence of the decrease
in the yield per acre, the price of crops would ascend,
the volume of commodities represented by pig-iron
would decrease, and upon the hypothesis of the universality of the descending type of demand curves, the
prices of commodities like pig-iron would rise. I n a
period of declining yield of crops, therefore, there would
be a rise of prices, and in a period of increasing yield of
crops there would be a fall of prices. But the facts are
exactly the contrary. During the long period of falling
prices from 1870 to 1890, there was a decrease in the
yield per acre of the crops, and during the long period
of rising prices from 1890 to 1911, there was an increas-

ing yield of crops. I t is obviously inadmissible to
assume that in a dynamic society there is one law of
demand for all commodities. The dogma of the uniformity of the law of demand is an idol of the static
state.
If there are differences in types of demand curves,
it is quite likely that as one type has been illustrated by
the crops, another type will be exemplified by pure
producers' goods. We shall accordingly investigate
the demand curve of pig-iron, our representative producers' good.
In Table V of the Appendix to this chapter is contained the material for the computation of the law of
demand for pig-iron. The annual percentage changes
in the production of pig-iron were computed from the
figures of annual production, which were taken from
the Statistical Abstract for 1912, p. 774. I t was impossible to obtain directly the mean prices for which the
annual production was sold, and consequently the percentage change in the mean price could not be computed directly. The device that was utilized to approximate these percentage changes is illustrated in
Table V of the Appendix. As the data needed for the
solution of the problem were the annual percentage
changes in the mean price and not the actual mean
annual prices themselves, it was regarded as sufficient
for our purpose to substitute for the unobtainable annual percentage changes in the mean price, the mean
annual percentage changes in the prices of representative kinds of pig-iron. The annual prices for the lead-
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ing four kinds of pig-iron were obtained from the Statistical Abstract for 1912, p. 572, and the annual percentage
changes in the prices of the four kinds, together with
their mean annual percentage changes, are given in
Table V of the Appendix. The second and last columns
of Table V were used in computing the law of demand
for pig-iron in the United States.
The graph of the law of demand for pig-iron is given
in Figure 24. The correlation between the percentage
change in the product and the percentage change in the
price is r =.537. The equation to the law of demand
is y = .5211x-4.58, the origin being a t (o,o). Our representative crops and representative producers' good
exemplify types of demand curves of contrary character. In the one case, as the product increases or decreases the price falls or rises, while, in the other case,
the price rises with an increase of the product and falls
with its decrease.
The two preliminary difficulties are now cleared
away. We know that as the yield per acre of the crops
increases the physical volume of trade for producers'
goods increases; and we know, furthermore, that the
law of,demand for a representative producers' good is
such that as the product increases the price increases.
If now a third fact, which has already been established,
be added to these two, an hypothesis conformable to
the three facts may be made which will give a working
theory for examining whether the cycles in crops produce the cycles in general prices. The third fact to
which reference is made is that the law of demand for
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the crops falls during a period of falling general prices,
and rises during a period of rising general prices. With
these facts in mind it is not difficult to conceive how
general prices may fall during a period of diminishing
yield per acre of the crops and rise during the period
that the yield is increasing. The falling yield in the
crops would lead to a diminution of the volume of trade,
a decline in the demand for producers' goods, a fall in
the prices of producers' goods, a decrease in employment, a fall of the demand curves for crops, with the
final result of a fall in general prices. Similarly, a
rising yield in the crops would lead to an increase in
the volume of trade, an increase in the demand for
producers' goods, an increase of employment, a rise
in the demand curves for crops, with the final result of
a rise in general prices. Provided the interrelation of
the economic factors are in accordance with this description, then it would follow that the cyclical movements in the yield of the crops should be reproduced
in cyclical movements of general prices. If the actual
facts bear out this deduction, there can be no doubt
that the cause and law of economic cycles have been
discovered.

very fortunately there are two series that overlap in the
middle of the period, so that it is possible to construct a
covering the whole term of years. The two series of
index numbers in question are the Falkner index for ((a11
extending from 1870 to 1890, and the index of
the Bureau of Labor for ('all commodities" extending
from 1890 to 1911. Since these two have the year 1890
in common it is possible, by applying the simple rule of
proportion, to reduce the Falkner series to the base of
the series published by the Bureau of Labor. The two
original series and the continuous series are given in
Table VI of the Appendix to this chapter.
The test of the theory that the cause and law of
economic cycles are the cyclical movements of the
yield per acre of the crops will be given in answer to two
questions: First, are the deviations of the indices of
general prices from their general cyclical movement
correlated with the deviations of the indices of the yield
per acre of the crops from their general cyclical movement? Secondly, are the cycles of prices and the cycles
of crops correlated? The answers to these two questions
are the substance of the following paragraphs.
In Tables I11 and VI of the Appendix to this chapter
are given the indices of the yield per acre of the crops
and the indices of general prices. The Tables likewise contain the smoothed indices and the deviations of
the actual indices from the smoothed indices. The
smoothed series were obtained in the manner that was
described when the relation between the yield of the
crops and the ~roductionof pig-iron was being treated.
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The Fundamental, Persistent Cause of Economic Cycles
To put the theory to the test of facts we require an
index number of general prices throughout the period
covered by most of the investigation in this Essaythe period from 1870 to 1911. There is no one index
number covering this period for the United States, but
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It will be recalled from that description that the
smoothed index for any given year is the mean of three
actual indices: the actual index for the given year, the
actual index for the year preceding the given year, and
the actual index for the year following the given year.
The quantities whose correlation is in question are the
deviations of the actual indices of general prices, and of
yield per acre, from their respective smoothed series.
The results of the computation are as follows:
From 1870-1911, r = .303,
From 1870-1890, r = .370,
From 1890-1911, r = .250.

I n the first row the correlations were obtained from
the continuous series in which the Falkner index was
adjusted t o the index of the Bureau of Labor. I n the
second row the correlations were derived from the
Falkner index unaltered. I n the third row the correlations were computed from the index of the Bureau of
Labor. We infer that the deviations from their general
cyclical movement of thejndices of general prices vary
directly with the deviation from their general cyclical
movement of the indices of the yield per acre of the
crops.
The second of the two questions as to the cause and
law of the cycles of general prices was stated in this
form: Are the cycles of prices and the cycles of crops
correlated? The preceding paragraphs have presented
the resultJsof the inquiry as to the relation between the
deviations of actual prices and of yield from their
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respective general cyclical movements. The present
question concerns the relation of the cyclical movements themselves, after their respective secular trends
have been eliminated.
It will be recalled that the general cyclical movements
were obtained by a process of smoothing the actual
series of the indices of prices and of yield per acre, the
process consisting in the formation of a progressive
mean of the indices for three consecutive years. These
smoothed series, which are given in Tables I11 and VI
of the Appendix to this chapter, form the data of the
present investigation.
The method of the investigation is presented in Figures 25, 26, 27. I n the first of these three Figures, the
general cyclical movements of prices and of yield per
acre are described according to the data of Tables I11
and VI. The graphs bring out clearly the rhythmical
motions of both prices and yield and a comparison
of the curves suggests that the price curve is a lagging
reproduction of the yield curve. But before the amount
of the lag and the degree of correlation between the
cycles can be computed, the secular trends in the two
series of values must be eliminated. From Figure 25 it
is apparent that the price cycles move upon a falling
secular trend while the yield cycles move upon a rising
secular trend. If it is assumed as a first approximation
that these secular trends are both linear, the equation to
the trend for prices is y = - .3702x+122.01, and to the
trend for the yield per acre, y = .1844x+98.57, the origin, in the former case, being a t 1875 and, in the latter,
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at 1871.' These two equations make it possible to
eliminate the secular trends upon which move the
cycles of prices and the cycles of yield. The results of
the calculations are given in Table VII of the Appendix
to this chapter.
Figure 26 presents the cycles of yield per acre and the
cycles of general prices after the secular trends upon
which they were respectively superposed have been
eliminated. It is quite evident, now, from the appearance of the graphs, that the cycles of yield per acre and
the cycles of general prices are closely related, and that
the cycles of prices lag several years behind the cycles of
crops. What is the amount of the lag and how closely
are the cycles correlated? Both of these questions may
be answered a t once by following the method that was
adopted to measure the lag in the cycles of pig-iron
production. If the cycles of the yield per acre are
correlated with the cycles of general prices we find, for
a lag of three years in general prices, r = .786; for a lag
of four years, r = 300; for a lag of five years, r = .710.
The cycles in the yield per acre of the crops are, therefore, intimately connected with the cycles of general
prices, and the lag in the cycles of general prices is
approximately four years.
Figure 27 presents the two series of cycles with the
lag of four years in the cycles of prices eliminated. I t is
1 The first equation was computed from the data for 1875-1910,
and the second equation, from the data for 1871-1906.
2 The data for the calculation are given in columns 4 and 7 of
Table VII in the Appendix to this chapter.
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surely not an exaggeration to say that the congruence of
the two rhythmical movements of crop yield and general
prices is so close as to justify the inference that the one
series is the cause of the other. Every important
rhythmical feature of the yield curve is reproduced in
the price curve: the long cycle which in both curves dips
below the horizontal between 1880 and 1900, and the
smaller superposed cycles that move upon the large
ground-swell. The one apparent exception occurs in
the price movement between 1887 and 1891 in which
the price curve does not keep close to the yield curve.
But this is not a real exception. For, in the first place,
the price curve is convex between these limits, that
is to say, it shows a tendency to conform to the yield
curve; and, in the second place, since in the price
curve a lag of four years has been eliminated, the date
a t which the disturbance occurs is really four years
later than would appear from the dates on the chart.
That would place the disturbance a t about 1893, which
was the year of the panic with extraordinary conditions in the state of the currency and the money market.
Considering the high correlation between the two
series of cycles and the harmony of their congruence
with the theory of economic cycles embodied in this
Essay, we conclude that the cycles of the yield per
acre of the crops cause the cycles of general prices and
that the law of the cycles of crops is the law of the cycles
of general prices.
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The chief results of this chapter may be summarized
in a few propositions:
(1) The yield per acre, for the whoIe of the United
States, of the four representative crops, corn,
hay, oats, and potatoes is so closely correlated
with the yield per acre of these crops in Illinois
as to render it very probable that the cause of
the cycles of the yield in the United States
is the same as the cause of the cycles in Illinois.
The meteorological cause of the rhythmical
changes in the yield of Illinois has been discussed in a n earlier chapter.
(2) The prices in the United States of the four
representative crops are as closely related to
the yield per acre of the crops as the prices are
related to the total supply of the respective
crops. For the purpose of prediction of prices,
therefore, the yield-price curve is as useful as
the demand curve.
(3) The curves representing the relation between the
yield per acre and price, in case of the four
representative crops, fall during a period of
falling yield and falling general prices, and
rise under the contrary circumstances.
(4) The falling or rising yield per acre of the crops
leads to a falling or rising volume of trade in
producers' goods. If the ~roductionof pigiron be taken as a representative producers'
good, then
(a) The deviations of the annual production
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of pig-iron from the general cyclical
movement in the production of pig-iron
are directly correlated with the deviations, in the preceding year, of the
yield per acre of the crops from their
general cyclical movement ;
(b) When the lag in the production of pigiron and the secular trend in both the
production of pig-iron and in the yield
per acre of the crops are eliminated, the
cycles of production of pig-iron are very
closely correlated with the cycles of the
yield per acre of the crops. The coefficient of correlation is r = .719.
(5) Unlike the law of demand for the crops, the law of
demand for a representative producers' good
is such that as the supply increases the price
rises, and as the supply decreases the price
falls.
(6) With the falling of the yield per acre of the crops
there is a falling volume of trade, a falling
price of producers' goods, an increase in unemployment, and a fall in the yield-price
curves for the crops. The contrary conditions
prevail under a rising yield per acre of the
crops.
(7) The ultimate effect upon general prices of the
process described in (6) is that
(a) The deviations of general prices from
their general cyclical movement are
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directly correlated with the deviations
of the yield per acre of the crops from
their general cyclical movement ;
(b) When the lag in general prices and the
secular trend in both prices and yield
per acre are eliminated, the cycles of
general prices are very closely correlated with the cycles of the yield per
acre of the crops. The coefficient of
correlation is r = .800.
(8) The law of the cycles of crops is the law of the
cycles in the activity of industry and the
law of the cycles of general prices.
(9) The fundamental, persistent cause of the cycles
in the activity of industry and of the cycles of
general prices is the cyclical movement in the
yield per acre of the crops.
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CHAPTER VI
SUMMARY AND CONCLUSIONS
These cycles of crops constitute the natural, material current
which drags upon its surface the lagging, rhythmically changing
values and prices ~ i t hwhich the economist is more immediately
concerned.

THEprincipal contribution of this Essay is the discovery of the law and cause of Economic Cycles. The
rhythm in the activity of economic life, the alternation
of buoyant, purposeful expansion with aimless depression, is caused by the rhythm in the yield per acre of
the crops; while the rhythm in the production of the
crops is, in turn, caused by the rhythm of changing
weather which is represented by the cyclical changes in
the amount of rainfall. The law of the cycles of rainfall
is the law of the cycles of the crops and the law of
Economic Cycles.
We shall recapitulate the main stages by which this
conclusion was reached and shall take occasion, as the
stages are reviewed, to suggest the care that must
be observed in interpreting the statistical generalizations which form the structure of the argument.
When we begin to think seriously about the cause of
Economic Cycles we are greatly impressed by the wide
diffusion of these cyclical movements among the peoples
of the world, and the inference appears to be inevitable
that there must be some physical cause a t work to
135
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account for so general a movement. As the most
fundamental need of mankind is the need for food, it
seems probable that the observed rhythmical economic
changes may be produced by the physical cause through
its effect upon the food supply. If this be so, then, as
the fluctuations of the food supply are known to be
subject to the supposed caprices of the weather, it
seems not unlikely that the physical cause may be one
or more of the elemental forces that are summarized
under the term weather. The variation in the quantity
of the rainfall is one of the weather changes known to
have a marked effect upon the yield of the crops, and
if this fact is taken into consideration with the preceding
reasoning, we have a working theory as to the cause of
Economic Cycles: The changes in the weather represented by the changes in the quantity of rainfall cause
the changes in the yield per acre of the crops, and the
variations in the yield of the crops cause the economic
changes known as Economic Cycles. With this working theory in mind, we examined appropriate data with
reference to three things: (1) The periodicity of rainfall; (2) the effect of rainfall on the crops; (3) the relation of the yield of the crops to Economic Cycles.
First, then, as to the periodicity of rainfall. The
problem as to whether the quantity of rainfall passes
through definite cycles involves two practical questions
that affect the utility and the validity of the results that
may be attained. These questions are, first, as to what
rainfall data shall be used in the investigation of possible
rainfall cycles; and, second, as to the method that shall
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be adopted to establish the existence of the cycles and
to ascertain their characteristic lengths, amplitudes and
phases. In our investigation, the choice of rainfall data
was suggested by the scope of our general problem.
Supposing that we could find definite periods in the
varying amount of the rainfall, we should then desire to
know the relation of rainfall to the yield of the crops,
and the relation of the yield of the crops to Economic
Cycles. I t was necessary, therefore, that the data
of rainfall should refer to an area in which important
crops are produced, and it was desirable that the data of
both rainfall and crops should refer to a highly dynamic
society. For these reasons we collected the material
for our investigation from the central part of the United
States.
The method adopted in an investigation of the
periodicity of rainfall must satisfy three conditions:
(1) I t must exhaust the data in the search for possible
cycles; that is to say, the data must be made to yield
all the truth they contain relating to the particular
problem in hand. Frequently in the past, spurious
periodicities have been presented as real periodicities,
chiefly because the investigator started with a bias in
favor of a particular period and did not pursue his
researches sufficiently far to determine whether his
result was not one among many spurious, chance
periodicities contained in his material. In the search for
real periodicities the data must be exhaustively analyzed. (2) The method must render possible the discrimination between a true periodicity, having its
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origin in a natural cause and persisting with a change in
the samples of statistics, and a spurious periodicity
which is purely formal, having its origin in accidental
characteristics of the statistical sample and disappearing, or radically altering its character, when different
samples of statistics are made the basis of the computation. (3) The method must not only make possible
the isolation of real periodicities, but it must likewise
enable one to determine their essential characteristics,
their length, phases and amplitudes. The method we
adopted in our researches, which is based upon the
harmonic analysis, satisfies these three conditions.
The result of our investigation as to the periodicity of
rainfall in the upper Mississippi Valley was the discovery that the annual rainfall passes through two
cycles of approximately thirty-three years and eight
years in length. The amplitude and phases of these
two cycles were ascertained, and the equations to the
separate cycles were calculated. The two cycles were
then superposed, thus giving the general cyclical movement of rainfall; the equation of this compound cycle
was computed and the graph was drawn. I t was found
that the curve of the rhythmical movement of rainfall
computed from the equation to the superposed cycles
fitted excellently well the actual observations of rainfall.
These results constitute the solution of the first part of
our general problem: Rainfall in the principal crop area
of the United States passes through cycles of thirtythree years and of eight years.
The caution that should be observed in the use of our

conclusions is suggested by the method that was em-

138

139

ployed and the subject that was investigated. The
inquiry is a statistical study of an aspect of meteorology,
and, therefore, the caution to be exercised in the use
of the conclusions is the caut'ion that should be applied
to statistical work in general and to meteorology in
particular. As far as the statistical work is concerned,
it should be observed that the data were drawn from a
limited area of the United Stmates
and covered, a t most,
seventy-two years. Consequently, while there seem to
be very good reasons in favor of the belief that, for the
purpose for which they were used, the data were representative of the whole country, it is highly desirable
that similar studies should be made for other places and
other times. Furthermore, the present investigation
was limited to a study of the periodicity of rainfall, but
a more adequate research would embrace the periodicity
of temperature and of other weather elements, together
with aninvestigation of the interrelation of the elements.
Before passing on to consider the caution to be observed
in the use of statistical studies of meteorology, a word
should be said in justification of the limitation of the
inquiry to the periodicity of annual rainfall. The object of taking annual rainfall was to ascertain the mean
periodicity of the rainfall of the critical seasons of the
several crops. It would have been more satisfactory to
investigate the periodicity of the rainfall of the critical
season in case of each crop, but, because of the extreme
laboriousness of the calculations, a device had to be
adopted to limit the amount of computation.
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I n regard to the use of statistical generalizations in
meteorology, we have the cautious opinion of Lord
Kelvin: "I cannot say whether anything with reference
to Terrestrial Meteorology is done once for all. I
think probably the work will never be done.'' There
is always need of checking up statistical conclusions in
the light of new data, and this necessity applies to the
generalization that in the Mississippi Valley the annual
rainfall passes through a double cycle of thirty-three
years and eight years. This conclusion is undoubtedly
warranted by the data that lie a t the basis of the investigation, but it would be a grave fault, indeed, to
hold that the cycles do not alter with the flow of time.
Whether they change or retain their characteristics can
be determined only by accumulating more data than
are a t present available.

of spring wheat from the yield of winter wheat; and,
secondly, since the growth seasons and critical periods
of these two varieties of wheat are different, it seemed
unwise to attempt to connect the rainfall of any season
with the yield per acre of wheat in which the figures for
the yield referred to spring and winter wheat taken
together.' For these reasons the representative crops
were limited to corn, hay, oats, and potatoes; and the
yield per acre of these several crops throughout a long
period of time, together with the rainfall of their
respective critical seasons, form the numerical data of
the investigation.
The method of determining the critical seasons was to
find, by the use of the statistical theory of correlation,
the month or months, in the lifetime of the several
crops, the rainfall of which gave the highest correlation
with the ultimate yield. This preliminary inquiry
afforded a partial answer to our general question as to
the relation between rainfall and the crops. We found
that in case of each of the crops the yield per acre is
directly connected with the rainfall of some critical
period, and in all of the crops except oats the connection
is very close. I t seemed probable, therefore, that since
the rainfall passes through definite cycles, and since
the yield per acre of the crops is intimately related with
the rainfall of their respective critical seasons, the yield
per acre of the crops should likewise pass through the
double cycle described by the rainfall of the critical
seasons.
The investigation of the relation of the cycles of the
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We come now to the second part of our g6neral
problem, namely, to the consideration of the relation
between rainfall and the yield of the crops, and again
the questions of data and method must be settled.
I n choosing the data, the prime consideration was to
make sure that the crops selected should be representative of the conditions of crop-producing in the Middle
West. The five principal crops in the Middle West are
corn, hay, wheat, oats, and potatoes, and of these five
all except wheat were taken to serve as representative
crops. Wheat was omitted because of technical difficulties: First, it is impossible, except for recent years,
to separate in the published statistics the yield per acre
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crops to the cycles of the rainfall of the critical seasons
was carried out in two ways, first for the crops taken
singly, and then for the crops taken all together. I n the
inquiry relating to the separate crops, the equations to
the double cycle in the yield per acre and to the double
cycle in the rainfall of the corresponding critical seasons
were computed, and the graphs were drawn. When the
graphs of the cycles of the crops were superposed upon
the graphs of the cycles of rainfall of the respective
critical seasons, the two curves were found to present a
very remarkable congruence. I n the inquiry relating
to the crops taken all together, an index number of the
yield per acre of the crops and an index number of the
mean effective rainfall of the critical seasons were constructed. The equations to the double cycle in both
indices were computed, their graphs were drawn and
then superposed. I t was found that the characteristic
features of the rainfall curve were reproduced in the
curve of the index number of the yield per acre of the
crops.
These results, referring both to the crops taken singly
and to the crops taken all together, are the answers to
the second part of our general question: The yield per
acre of the representative crops is closely connected
statistically with the rainfall of the respective critical
seasons, and the relation is so close that the cycles of
the yield per acre of the crops reproduce in characteristic ways the cycles of the rainfall of the critical
seasons. The fundamental, persistent cause of the
cycles of crops is, therefore, the rhythmical movement
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in the conditions of the weather represented by the
cycles in the amount of rainfall.
In the cautious use of the preceding generalizations,
one will bear in mind that only four crops have been
investigated, and that, in ascertaining the critical
seasons, the monthly rainfall has been used. The
critical seaons could undoubtedly be determined more
accurately if the figures for the weekly rainfall were
employed. Furthermore, the inquiry has been limited
to the relation of the yield of the crops to rainfall,
whereas a more adequate study would include a t least
the effects of temperature.
Thus far the investigation has established the law
and cause of the cycles of the crops: The cause of the
cycles in the physical productivity of the crops is the
cyclical variation of the weather represented by the
cycles of rainfall, and the law of the cycles of rainfall is
the law of the cycles of the crops. I n order to bring
these physical results into relation with the rhythmical
movements of prices and values, we had first to show
how the prices of the several crops vary with their
respective supplies. I n technical terms, we had to
discover the laws of demand for the individual crops.
The equations to the law of demand for corn, hay,
oats, and potatoes were computed, and the graphs were
drawn. The degree of precision with which these
demand curves might be used as f o r m u l ~for predicting
prices was ascertained, and the coefficients of the
elasticity of demand for the representative commodities
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were calculated. The equations to the law of demand
for all four crops conformed to a single type, indicating
that as the supply of the commodity increases, the price
falls. For reasons that were explained in the discussion,
we named this type of demand curve the negative type.

prices. I n all of these relations, the yield-price curves
were found to be as accurate and as satisfactory as
the demand curves themselves.
With the possession of the yield-price curves, showing
the relation between the prices of the crops and their
varying yield per acre, it might seem that the problem
of agricultural cycles a t least was completely elucidated.
As we know how the periodicity in the yield of the crops
follows upon the periodicity in the rainfall, and how the
prices vary with the yield, one might conclude that
the course of prices could be predicted for a long time.
The inference would be entirely true but for the fact
that the demand curves and the yield-price curves move
alternately up and down with the flow of time. This
complication made it necessary to investigate the
rhythmical movement of the yield-price curves, and
we found that the demand curves, or yield-price curves,
rise or fall with the level of general prices and with the
level of the index of the yield per acre of the crops.
The preceding facts seemed to involve a contradiction
with an a priori doctrine of theoretical economics.
According to the economic dogma of the uniformity of
the demand function, all demand curves are of the
negative type: As the amount of the commodity increases, the price falls. But if this be true, how is it
possible for a fall of general prices to accompany a fall
in the index of the yield per acre of the crops? If the
yield per acre of the crops decreases, then, according to
the yield-price curves and the demand curves, the price
of the crops will rise. Moreover, as the profits of trade
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I t will be recalled that the three divisions of our
general problem were (1) the periodicity of rainfall;
(2) the effect of rainfall upon the crops; and (3) the
relation of the yield of the crops to Economic Cycles.
The elaboration of a method for calculating the demand
curves placed us in position to examine the third and
final part of the problem. The law of demand for the
crops connects the price of the several crops with their
respective supplies, but the supply is dependent upon
both the yield per acre and the extent of the acreage.
I n order to bring our findings with regard to the periodicity in the yield per acre into relation with prices and
values, it is clear that we must know the relation
between the variation in the price of the commodity
and the yield per acre of the commodity. This question we examined a t length, and found the tie between
price and yield per acre to be as close as the tie between
price and supply. To differentiate between demand
curves and curves showing the relation between yield
per acre and price, we called the latter curves, yieldprice curves. We deduced the equations to the yieldprice curves for the four representative commodities
and measured the degree of precision with which their
equations might be used as formulze for predicting
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and commerce are largely dependent upon the volume
of the crops, it seems likely that the demand for general
commodities would decrease with a deficiency in the
harvests, and, according to the dogma of the uniformity
of the demand function, the prices of general commodities should rise. The ultimate result of bad harvests,
therefore, would be a rise in general prices. The facts,
however, bear out the contrary view. General prices
fall with a decrease in the yield per acre of the crops.
A consideration of this difficulty led to the discovery
that there is a positive type of demand curve as well as a
negative type. For a representative producer's good,
for example pig-iron, the law of demand is such that as
the amount of commodity increases the price of the
commodity rises, and as the amount of the commodity
decreases the price of the commodity falls. The existence of both positive and negative types of demand in a
highly dynamic society suggested a working theory
which seemed to account for the interrelation of all
the known relevant facts, and which may be stated in
compact form. The rhythmically varying yield per
acre of the crops is the cause of Economic Cycles:
When the yield increases, the volume of trade, the
attivity of industry and the amount of employment
increase; the demand for producers' goods increases and
the prices of producers' goods rise; the demand curves
for agricultural commodities rise; with the ultimate
result of a rise of general prices. The contrary changes
would follow upon a fall in the yield per acre of the
crops.

Beyond what we had already established, this theory
of the interrelation of economic changes required for
its complete demonstration the proof of the existence of
two fundamental relations, to wit, that the cycles in the
yield per acre of the crops are reproduced
(1) in the activity of general industry;
(2) in the movement of general prices.
I n order to test whether these relations actually exist,
an index number of the yield per acre of the crops was
constructed for the nine crops, corn, wheat, oats, barley,
rye, buckwheat, hay, cotton, and potatoes. To make
sure of keeping close to the results already established
for the representative commodities corn, hay, oats, and
potatoes, the correlation of the index of the nine crops
with the index of the four representative crops was
computed and found to be r = .960.
As the production of pig-iron is generally regarded as
a good "barometer" of the activity of industry, we
sought an answer to the above first question by investigating whether the cycles in the yield per acre of
the nine crops were reproduced in the cycles in the
production of pig-iron. The inquiry involved the
problems of the separation of the cyclical and the secular
movements in the production of pig-iron, and the
ascertainment of the amount of the lag in the cycles
of pig-iron behind the cycles in the yield per acre of the
crops. We found that it talres between one and two
years for the stimulation of increasing harvests to work
out its maximum effect in promoting the activity of
industry as that activity is represented in the "barom-
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eter" of industry, the production of pig-iron; and
that, when an allowance is made for a lag of two years
in the adjustment of the pig-iron industry, the cycles
of the yield per acre of the crops are generally reproduced in the cycles of the production of pig-iron, the
relation being so close that the coefficient of correlation
is r = .718.
To find the relation of the cycles in the yield per acre
of the crops to the cycles in the movement of general
prices, we made use of a n index number of general
prices extending from 1870 to 1910, and of our index
number of the yield per acre of nine crops covering the
same interval of time. The problem of separating the
cyclical movements in these two series from their
secular movements was solved, and the lag of the cycles
of general prices behind the cycles in the yield of crops
was found to be about four years. The coefficient of
correlation between the cycles in the yield of the crops
and the cycles in the general prices lagging four years
behind the crop cycles reached the very high value
r = 2300. When the lagging cycles of general prices were
plotted and their graph superposed upon the graph of
the cycles in the yield per acre of the crops, the two
curves were found to present a degree of congruence so
close as to justify our working theory that the fundamental, persistent cause of the cycles of prices is the
rhythmical movement in the yield per acre of the crops.
The cycles in the yield per acre of the crops are followed
a t an interval of about two years by the cycles in the

activity of industry and of the volume of trade, and a t
an interval of about four years in the cycles of prices.
These conclusions brought to a close the last part of
our general problem of the cause and law of Economic
Cycles.
The links in the sequence of causation were completely established: The fundamental, persistent cause
of the cycles in the yield of the crops is the cyclical
movement in the weather conditions represented by the
rhythmically changing amount of rainfall; the cyclical
movement in the yield of the crops is the fundamental,
persistent cause of Economic Cycles.
I n the Introduction to this Essay it was observed that
economic dynamics stands in need of a law that shall
be to a changing society what the law of diminishing
returns is to a society in a relatively static state. We
may now formulate the law: The weather conditions
represented by the rainfall in the central part of the
United States, and probably in other continental areas,
pass through cycles of approximately thirty-three years
and eight years in duration, causing like cycles in the
yield per acre of the crops; these cycles of crops constitute the natural, material current which drags upon
its surface the lagging, rhythmically changing values
and prices with which the economist is more immediately concerned.

